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INVESTIGATION OF POLAR ANTICYCT.BCENESIS AND 
ASSOCIATED VARIATIONS OF THE ZONAL INDEX 

bY 
Jerome Nauaias 
February 1945l 

The formation and development of polnr anticyclones cons t i tu tes  
one of the  most i m p o r t a n t  meteorological problems of extended range 
weather forecasting. While there  have been some hlghly s igni f icant  
attempts t o  formulate the  problem from a t heo re t i ca l  standpoint, notably 
by E. Wexler, the  synoptic aepecte have, up to now, received l i t t l e  
at tent ion.  The nature of t h i s  problem hae been considerably illuminated 
i n  recent  years by the  rout ine preparation of da i ly  and five-day mean 
Northern Hemisphere weather charts,  3 h a  pressure charts ,  and zonal 
indices (expreeelng the  strength.of t he  various circumpolar wind belts, 
such ae t he  prevail ing Wt36terliee ) e  

The winter of 1940-41 (December-hbrulrry) 'K~B characterized by M 
absence of marked cold a i r  ou tb raah  i n  the  United' States ,  and there- 
fore d id  not present an abundant Supply of data about strong polar 
MtiCyClOne8. 
t he  lat ter half  of February, and It had a marked influence on the  
weather over North America f o r  at  least t w o  weeke. 
cyclone reached i t e  maximum in t ene i ty  during t h e  period February 19-23, 
when t h e  pressure at the  center  averaged about 1050 mb.2 
map f o r  t he  period. 
shown i n  F i g .  B3, where s o l i d  l i nes  are isobars and five-day mem 
pressure changes s ince the  Preceding week are shown by broken l ines.  
The e f f e c t  of t h i s  polar anticyclone upon t h e  weather of the  United 
Statee is s t r ik ing ly  i l l u s t r a t e d  by departwee from normal of t he  five- 
day mean temperature8 (F ig .  1). I n  the  northeastern United States the  
temperature did not average subnormal i n  s p i t e  of t he  etrong prevail-  
ing norther ly  f low,  because m a r i t i m e  air, ra ther  than oontinental, 
m e  brought around the  deep cyclonic vortex over Newfatandland. 
five-day m e a  pressure IpcLpB, on which me a l so  shown f ive-day mean 
preseure changes during the  preceding week, f o r  perlode leading up t o  
t h i s  cold air outbreak, are shown i n  Figs* 10-15. 

Howaver, M unusually strong polar high developad i n  

Thia polar anti- 

an the  mean 
The trmendoue extent of t h i s  development is 

The 

"he noteworthy f e a t w e e  of these mapa eeeent ia l  t o  t he  folluwing 
discuseion are : 

1. The e p l i t t i n g  of t he  Aleutian low from n s ingle  intense center  
during the  period February 1-5 t o  a double center i n  the  period February 
5-9 md thereafter,  t he  WRdual eeparation of these low preeeure centers  
and t he  development of a r idge between them with more or  lese continu- 
ouely rising preesure8. 
abnormally heavy rains i n  Southern Calif ornia  dur ing February. 

The eastern law center  m e  reeponaible f o r  the  

%hie paper WEB or ig ina l ly  prepared in11942. 
2The lack of data over the  r ion immediately ndJncent t o  t h e  North 

Pole makes It impossible to?'ix t h i e  value more def in i te ly .  

F i g s .  10-E are given a t  t h e  end of t h e  report .  
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Fig. 2-Succrsrive positions of certain five- day mean presswe crnlers during February 1945 
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2. "he gradual northward displacement of the Siberian anticyclone, 
with t h e  anticyclone f i n a l l y  crossing the polar regions. 

For the sake of convenience the  successive posit ions m d  in t ens i t i e s  
of the  various c e l l s  with which we are concerned are shown i n  Fig. 2.  
The r egu la r i ty  of movement of these c e l l 8  must  not be considered as the  
movement of a s ingle  low o r  high pressure area. Indeed, the  individual 
da i ly  Northern Hemisphere maps f o r  t h i s  period show a complex series of 
occluding wave disturbances which on the average go t o  make up the 
eastern Pacif ic  low preseure center,  and mother  set  of wave8 which r eeu l t s  
In the  formation of the  western center.  I n  the  mean, however, we ge t  a 
picture  which shave t h a t  these apparently complex da i ly  perturbations are  
8uperimpoeed upon a f a i r l y  regular long-period trend. 

It w i l l  be noted t h a t  the  r idge separating the  two c e l l s  of the  
Aleutian Law coincides with the  posit ion of centers of mnximum pressure 
rise. Moreover, t he  diroct ion of movement of t h i s  pressure change area 
suggests t h a t  it is re la ted  t o  the  subsequent building up of the  polar 
high, t h a t  le ,  t h a t  the Pacif ic  pressure r ise  i n  Bome manner cumbines 
w i t h  t h e  Siberian high (and Its associated pressure rise), eventually 
producing the etrong polar high developed during the  period February 19-23. 

It is apparent t h a t  very marked polar anticyclogeneeis tnkee place 
during the  period February 12-23. This may be seen by comparing the  areas 
enclosed by the  1035 mb. ieobar i n  F i g s .  13,14, and 15. It is t h s  purpose 
of t h i s  paper t o  suggest a hypothesi8 f o r  combining the  Pacif ic  pressure 
risee,  which takes place a lo f t ,  with the  eubeequent polar anticyclogeneeis, 
a?d a l so  t o  euggest a phyeicalmech6d8m by means of which the  var ia t ions 
i n  zonal index may eventually lead t o  development of strong polar highs 
such a8 th i e  one. 

During t h e  past  several  years da i ly  radiosonde obeervations have 
been m a d e  at a number of etatlone in Alaska. Theee eoundinge o f fe r  M 
especial ly  i l luminating picture  of the  behavior of the  upper a i r  during 
the  period preceding and during t he  formation of the polar anticyclone. 
The da i ly  variatigne i n  t he  height of the  tropopnuee and tho temperature 
a t  t h i s  l eve l  fo r  Fairbanks, Alaska, are  presented in t he  upper portion 
of Fig. 3 while i n  the  lm portion are ehown the  simultaneous d a i l y  
f luctuat ions i n  eurface pressure and the  difference i n  preseure between 
t h e  surface and E , O O O  fee t .  
by assuming it t o  be the  leve l  of grea tee t  s ignif icance discont inui ty  of 
lapse rate i n  t he  upper atmosphere. During t h i e  par t icu lar  period mul- 
t i p l e  tropopauses were not comon. Typical soundings during the  period 
are  shown in  Fig. 4. The graphs, of Fig  3 bring out among other  things 
the  well-known f a c t  t h a t  t he  pressure var ia t ions observed at t he  ground 
are the  resul t  of complex changes of mass i n  the  atmosphere. 
the r ise  i n  surface pressure from the  15th t o  the  lAth we8 due i n  lnrge 
par t  t o  changes which were taking place -- nbove 15,000 f t . ,  a8 t he  pressure 
a t  t h e  eurface from the  15th t o  the  18th increased by 23 mb., while t he  
contribution due t o  changes i n  the  layer of atmosphere between the  eurface 
m d  15,000 ft. Thus, the  r i s e  i n  preesure at  the  8 U r f a C t 3  

The height of t h e  tropopause wae determined 

For exmple, 

wRe only 10 mb. 
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Fig. 3-Time grophs of certain aerological data for Fairbanks, Alaska during February 1941 

\. 

is only pa r t ly  explained by t he  replacement of xd2'mBr by colder 
air at levels below 15,000 f t .  
leve ls  is 6180 accompanied by the  trend toward higher and colder 
stratoephere.  
pressure at  Fairbanks did not coincide with the  greatset r i e e  of 
the  tropopause, because t h e  pressure r i se  taking place a t  high 
levele wae o f f s e t  by t h e  warming in t he  lower troposphere ( i .e . ,  
t h e  preesure difference of t h e  layer  between the  eurfece and 
15,000 f t .  f e l l  15 mb., while t h e  pressure a t  15,000 f t .  ac tua l ly  
roe8 7 mb. during t h e  in t e rva l  February 13-16). 

The r iee  of preseure a t  upper 

It ehould be noted t h a t  the  grea tee t  r i e e  of surface 

Theee short-  period f luctuations of tropopause height end 
temperature are superimposed upon more gredual rises which laeted 
from one t o  two weeks beginning around February 7. 
period t rends in which t h e  ehorter  period var ia t ion8 a r e  smoothed 
out, are i l l u e t r a t e d  In Fig. 5 where five-day mean values ewe 
plot ted i n  euah a manner t h a t  a point plnced a t  February 7 indi-  
catee the  mean ve.lue for  t h e  five-day period February 5-9; a 

These long- 

TEMPERATURE 

TROPOPAUSE 
AT THE 
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Fig. 5 - Five-doy means of certain meteorological quontitios for February 1941 

point at  February 14 represents the mean for the  period February 
12-16, and eo on. Also shown in t h i a  figure are the  behavior of 
the  zonal index1 for t he  hemlaphere as a hole and fo r  t he  region 
bounded by t he  loneltudes SOOW. t o  l8O0W.'  The values plot ted in 
t h i s  f i gu re  m e  mean  values f o r  five-day periods corresponding 
t o  periods of the  mapa e h m i  i n  Figs. 10-15. 
five-day mean 8ea l e v e l  preseuree observed a t  l a t i t ude  6SON. lon- 
gi tude 120°W., a point over North America where t h e  preseure 
increased much more than it ddd a t  Fairbanks, a8 Fairbank8 w m  
some dietance weet of the  center  of the  polar high. 

Also 8h0W-1 m e  the  

T h e  gradual r i s i n g  trend of t h e  tropopauee and t he  aseociated 
drop i n  temperature dur ing  t h e  f i r e t  par t  of February are shown i n  
t h e  f i r e t  graph of Fig. 5. 
t h e  surfece pressure and of the  preeeure difference between the 
surface and 15,000 f t .  
rose 9 mb. from the period February 12-16 t o  the period of February 
15-19 (C t o  D), t h e  contr ibut ion of the  lower troposphere from the  
surfaco t o  15,000 f t .  was ac tua l ly  decreased by one mi l l ibar  (frum 
C' t o  Dr). 
therefore  due to  changes in t he  air e t ruc ture  above 15,000 f t . ,  
which were cmnected with t h e  change in densi ty  of t he  upper tropo- 
sphere and laver stratosphere.  It eeem t h a t  the preaeure rlee 
area appearing on the  mean maps i n  the  Pac i f ic  and moving eastward 
was Intimately aeeociated w i t h  t he  high cold etratoephere. 
t h e  center  of t h e  p r 9 E B W e  r i a e  moved i n  over northern Canada, t he  

The eecond graph shows the  var ia t ion  of 

While the  five-day mean eurfme preeaure 

P rac t i ca l ly  a l l  of the rise during t h i s  period wae 

When 

b e  average difference i n  preeaure between l a t i t ude  35' and 55' 
converted by w e  of the  geoBhtophic wind equation t o  an average 
zunal wind speed. In t h i e  period, da ta  from met of Europe w r e  
not dvai lab le. 

%he index determined for t h i s  portion of t h e  Northern Hemisphere 
is ca l l ed  t h e  North American zonal index. 
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variat ions i n  surface pressure were greatest. 
second grnph of Fig. 5, i n  which 8 large part of the  indicated 
surface pressure r ise  may reasonably be a t t r ibu ted  t o  the  superim- 
posit ion of the  tropopauee crest. 

This is shown i n  the  

We then a r r i v e  a t  t h e  f h i r l y  simple model of the  deve lopent  
of t h i s  strong polar high. 
over t he  polar regions is reinforced bg the  superimposition of (I 

high cold tropopause, or by what we mag c a l l  _c_-II_ the  crest of R tzopo- 

A ehallow polar antlcyclone-forming$ 
---cIIL--- -- 

P U B 8  wave* 

We mag throw fur ther  l i g h t  on t h i s  hypothesi8 by t h e  char t s  
of preesure and pressure change a t  10 km. These charts ,  ~ 1 8 0  

conRtructed f o r  five-de.y periods corresponding t o  the  periods of 
other chsste  i n  t h i s  report ,  are shown i n  Fig. 6, where the  broken 

l i nes  are t he  l i nes  of five-day mean pressure chnnge since t h e  
preceding week's flve-day mean chest. 
level charts  t ho t  Rn (Ire8 of r i s i n g  preaeure d r i f t e  enstward from 
the  North Pacific and Alaskan area i n t o  the region where the  rmsximum 
polar anticyclogeneeie occurs (l.e., ovor n o r t h e a t e r n  Cmccda) 
The obeerved d r i f t  of t h i e  mea I s  Indicated by the double arrow In 
t h e  chnrt  of February 15-19, and the  dotted arrow indicates  Its 
probable path, a8 determined by extrapolation, for the following 
half week, Februory 19-23, when the  aeo l eve l  pt.eB8W86 were high- 
eet  In northweetern Canada. The lack of radioeonde data i n  these 
meas prohibi ts  verifying t h i s  extrapolation. The pressure a t  10 
km. over Fairbank8 (not displayed) show CUI almost idsn t ica l  
variation t o  the  graph Of tropopause height. 

It is c l ea r  from theee high- 

It seeme poasible t h e t  t h i s  combina.tion of shallow poler highs 
and high leve l  pressure rises occurs more frequent ly  then we are  
wont t o  believe. The Cl~188lc8.l cor re la t ion  coef f ic ien ts  of Dine8 show 
( 2 )  t h a t  there  I s  a cor re la t ion  (over England) of 0.82 between the  
temperature a t  4 lan. a n d  the  preseure a t  9 km., and aloo thb t  nn 
equally high cor re la t ion  (0.84) exis ts  between the height of the  
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tropopause and the  pressure a t  9 k m . l  
cold tropopause usually goes with e warm lower troposphere, t h i s  
cor re la t ion  eccounts only f o r  perhaps (0.82)2, or  roughly 7@ of 
the  variation, while among t he  other SO$ may be included the  type 
of caee with which we a r e  concerned. This r e s u l t  is a l s o  in 
accord with recent s tud ies  by Brier (10) showing t h a t  at Fairbanke 
i n  t h e  f a l l  only about SO$ of the  var ia t ion  of surface pressure can 
be a t t r i bu ted  t o  the  change i n  the  s t ruc tu re  of t h e  lower troposphero 
below 4 km. It seem8 l ikely,  then, t h e t  t h e  upper stmoephere above 
4 Ian. must play an important pa r t  In bringing about these large 
variat ions i n  surface pressure. Th&e r e s u l t  is, of course, i n  
accord with t h e  Dines ( 2 )  and Schedler (4 )  coeff ic iente ,  which 
suggest t h a t  most of t h e  varlettione in pressure obeerved a t  t h e  
surface over Europe are due t o  excess or d e f i c i t  of ma88 above the  
9 km. lev&. 
neCe138arlly mean t h a t  t he  surface preeeura var ia t ione or ig ina te  in 
t he  s t ra tosphere (although S t k  (5) su&ysts t h a t  they do),for the 
s t ra toepheric  changes may r e s u l t  from processes or iginet ing i n  the 
lower troposphere ( R B  brougttout by Bjerlmee end others ( 6 )  ). 

Thus, while a high end 

It must be emphasized t h a t  t h i s  resu l t  does not  

We w i l l  now consider t he  re la t ionship  between t h e  deta presented 
above and the  var ia t ion  of t h e  zonal index. During the  .period of 
formation of the polar anticyclone there  w88 a s h w p  fall ,  of the  
zonal index (Fig. 5 )  which l e  in egreement with the  Roseby theory 
(7). However, a t  the  beginning of t h e  period under discuselon, the 
Aleutian low s p l i t  i n t o  two d i s t i n c t  centere This occurred during 
the  period February 5-9 wherens, d u r h g  the period February 1-5 it 
wae a eingle Intense center.  The zonnl index increased In t h i s  
i n t e rva l  and continued t o  increase f o r  t he  succeeding period, 
February 8-12, when the  Pac i f ic  low remined  e p l i t  i n t o  two cell.8. 
This fact at first glance seem contradictory,  s ince,  according t o  
Roseby (7 ) ,  a decreasing zonal index is eupposed t o  be associated 
with a s p l i t  Aleutian low. It w i l l  be remembered, however, t h a t  
Roseby'a t heo re t i ca l  anelysis  of the  plfmetary f l o w  pat terns  of 
atmospheric c i rcu la t ion  has its s t a r t i n g  point on the east coasts  
of continents where polar air  flawing off t o  sea  is rapidly heated. 
This heating induces changes i n  v o r t i c i t y  of the westerly f l o w  which 
r e s u l t  in wave pat terns  i n  t h e  upper a i r  currents  s imi la r  t o  those 
shown i n  F i g .  7. It seem reaeonsble t h a t  t he  continent of Etlrasla, 
which has by far the  g rea t e s t  land mms i n  the  Northern Hemisphere, 
might be t h e  s e a t  of the  or ig in  of f luc tua t ions  in  zonal index; 
t h a t  le ,  t he  slowing down of t h e  zonal c i rcu la t ion  might first take 
place there  and determine t h e  spacing of the wave t r a i n  i n  the  pre-  
va i l ing  weeterllee,  I f  t h i s  is true,  a decrease In  t h e  Index over 
Euraeia ahould precede both t h e  e p l i t t i n g  of t h e  Aleutian low md 
t h e  f a l l  of the  Zonal Index over thls Northern Hemisphere. 

--- 

- 
Similar coef f ic ien ts  have also been determined by 'Haurwitz f o r  
Boeton and f o r  Canadian s t a t ions  (3). 
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~ i g . 7 -  Schematic representation of developments following a fall In the 
Asiatic zonal Index. 
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In the  case treated above, the zonal index over Aeia, ae meaeured 
by the preeeure difference between latitude8 45" t o  65" 1 f e l l  frcm 
45.2 mb. fo r  the period February 1-5 t o  -2 .7  mb. f o r  the period February 
5-9, and t o  -3.9 mb. fo r  the  period February 8-12. Thue, one of the  
first eigne of the s p l i t t i n g  Aleutian law and the subeequent drop in  
the zonal index e e w  t o  be expressed i n  the Aeiatio index. That th ie  
is not an unueual circuwtance l e  shown by the lag correlation coeffi- 
ciente found by Allen (8) between indices fo r  varloue eectione, the par- 
t i cu l a r  eectione he chose being e h m  i n  Fig. 8 .  
repeaked i n  Table 1. 

Hie coefficients are 

Table 1. - 
Zonal Index Correlatione (after Allen) 

Seotione 

Asia-Asia 0.54 
ABIa-P~i f iC 0.49 - 0.20 0.02 
Aeia-America 0.03 0.06 0.28 0.24 0,42 
Asia-Atlantic 0.24 0 . u  0.49 0.32 0.10 

More recent correlatione of a eimilas nature have been h e  by 
Stone end Willett (11) who, u s i ~  e l igh t ly  different  geographical 
eectione, obtained the  value4 shown in  Tablee XI and 111. 
however, appliee t o  the  "max-min index", an 
etrength of the  weeterliee wing the  20" l a t i tude  band i n  which tbey 
are etrongeet. 
tion t o  another.) 

Table 111, 
index which meaeures the 

(The zone is thus not fixed but variee from one s i tua-  

Zonal 

Seotione - 
hi& Aela 
At3 la- Pac if I C  
Aela- America 
hia-AtZMtlC 

Table 11. 

Index Correlatione (a f te r  Stone and Wil le t t )  

0.41 -0.. 05 0.23 - 0.43 
0.02 0.03 0.23 -0.16 
0.29 0.24 0.45 0. w 

--- 
bata from la t i tude  35" were not available over b i a ;  the  data were 
taken between lcmgitudee 40" E. and 160' E. 
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Fig. 8- Geographical regions used in computing sectional indices 
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Table I11 

Yax-blin Zond Indlces (a f te r  Stone and Wmett) 

Sect 10x18 100 &a% One Week Lag Two Weeks Lag 
1932 -33 35-36 1932 -33 35-36 1932-33 35-36 

Ae l a  -Asia 
Asia-Pacif i c  0.12 0 .w 0.11 0.08 0.30 0.1s 
Asia-America 0.19 0.16 0.42 -0.02 0.16 0 .os 
Asia-Atlantic 0.03 0.00 -0.17 0.31 0.17 0.05 

From these data it may be 88811 tha t  there are pmdonrtnately posit lve 
coeff ic ients  fo r  lags of one and two weeks, although the  correlations are 
low and by no meane conclusive. 
hypotheeie t h a t  a slowlng down of the circulat ion over Aela iefollcntedby a 
slowing down i n  o ther  portlone of the hemiephere. 
the  prevail ingly posit ive correlations found by Allen (8) between the 
Asiatic index and the  total '  zonal Index one and two weeks h t e r .  

But they eeem t o  lend some support t o  the 

Tlzi8 18 a leo  indicated by 

1932-33 1938-39 

One week lag 0.55 0.42 
Two weeke lag 0.49 0.19  

I 

In  part these coefficient8 include the well-known "bjocking" e f fec t , l  
i n  which sharp f a l l e  i n  the  Index over the eastern Atlantic and nestern 
Europe precede, by about a week, fa l le  In the  index over north America. 
eeema highly l i k e l y  from Fige.  10, 11, and 12 t h a t  the i n i t i a l  blocking 
mechanism, ae expreeeed by the d is t r ibu t ion  of preesure changee over the 
eastern Atlantlo, ha8 begun t o  operate. 

It 

One l a  tempted to epeculate be t o  jua t  how the extreme slowing down of 
the c i rcu la t ion  occur8 and how t h i e  may be aesociated with the developmnt of 
the Polar high. 
par t icu lar  case discuesed above was ae follows (the period8 given are when 
the  act ion first began In a pronounced manner): 

The chronological order I n  which events occurred i n  the 

1. F a l l  i n  the zonal index over A s i a  and omet of "blocking" i n  the 
eastern Atlantic (January 29-February 2 ) .  

2 .  S p l i t t i n g  of the Aleutian low into two ce l l s  and the builhing up 
of' a ridge between the two low pressure cells (February 5-9). 

3. F a l l  of the  zonal index and North American Index (February 8-12).  
4. Development of the polar high (February 15-19). 

I n  order t o  elucidate our hypothesle, we shall  refer t o  the echematlc 
representation ehown In  Pig. 9, which starts out with Rossby's planetary 
flow model (7)  as a baeie. 
convergence of warm and cold a i r  mest38 and, hence, two f ronta l  system. 
Theee systems In turn  give r i s e  t o  cyclone wave8 which transform the potent ia  
energy of  mas^ dietribution, repreeented by the  solenoid concentration a t  
the  fronte,  i n to  k ine t ic  energy. 

The ~ e n e r a t l o n  of the two troughs leads t o  

The resul tant  epeed-up of certain a i r  

1For a complete explanation, eee ( 8 ) .  
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Fig.9 - Schematic representation of planetary flow pattern for the 
case of low index (af ter  Romby). 
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currents is indicated In Fig .  7, where velocity A became8 A' md 
velocity B becanes B'. 
(isentropic) shearing s t resses ,  causing supergradient winds at C 
and D, which-are then banked t o  t h e i r  r ight ,  tending t o  build UP 
a compensating pressure gradient t o  balance the non-gradient 
motion. A s  a resul t ,  a i r  is piled up a t  P, and the convergence 
leads t o  a preesure rise l i k e  tha t  observed in  Figs. 12, 13, and 
14, The convergence presumably goes*on through a deep lager1 80 

tha t  the stratosphere itself may be l i f ted,  and In t h i s  m e r  a 
tropopause wave mag be in i t ia ted .  This 1s eswnt i a l ly  the  reverBe 
of the divergence procese suggested by Palmen (9 )  by means of 
which the tropopause is a t  times considerably depressed. Thie 
effect  is probably superimposed upon the advective transport of 
southerly air  with high stratosphere i n  advance Of the trough. 

Theee accelerated currents lead t o  lateral 

The wave crest ,  once formed, nay after a time break away 
and move ea8twa.rd or northeastward, bringing with it preseure r ieee  
a t  luwer levels. Finally the  c r e s t  of the, tropopauee moves over 
polar regions. If' it becomes superimposed on a cake of air already 
cold--an incipient polar anticyclone--i t  reinforces It,  so t ha t  a 
very strong polar high may be developed. On the  other hand, if the  
tropopause c re s t  moves over r e l a t ive ly  warm polar a i r ,  only a weak 
polar high is formed. 
d u r i w  1940 In periods November 9-13 and December 7-11.' 

Apparently t h i s  l a t t e r  condition ocqurred 

Aerological soundings show tha t  the preesure changes appear- 
ing  a t  the surface along the Alaskan coastal  region are  often 
a ~ s o c i a t e d  with t h i s  high leve l  rise or tropopause c res t .  I n  f ac t ,  
the  onset of large preesure rise8 in  the Gulf of Alaska on the 
five-day mean sea levelmape I s  in i t s e l f  a qui te  effective olue t o  
the subsequent formation of the  polar high over northern North 
America. An examination of sea' l eve l  pressure end pressure change 
mps  for the  winters o? 1932-33, 1940-41, and 1941-42, indicate6 
tha t  the frequency of polar anticyclones i n  the week follawing the 
occurrence of pressure rises i n  the Gulf of A l a s k a  waa greater  than 
the normal expectancy of polar highs. 

Once the North American polar high is formed, the  zonal 
index over North America falls, and it soam poseible tha t  the 
sequence of events which occurs in the  Pacific follawlng a drop 
in  the Asiatic index may ala0 wow i n  the Atlantic, namely, 
s p l i t t i n g  of the Icelaqdic law with the dsvelopnent of a ridge 
between ce l l s ,  making up the typ ica l  low index pattern- 

'beesure change charts  8% the 3 km. level  show tha t  the r ieee a re  
f u l l y  ae great aa the  surface pressure r ieee  shown between the two 
ce l la  of the  Aleutian low on Figs .  11, 12, 13, 14 and 15. 

2!l'!he maps fo r  theee perlode are  not reproduced here- 
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According t o  t h l e  hypothesis, general  fall8 In  the  zonal Index 
might be In i t i a t ed  over Asia with progressive low Index conditione 
becoming established i n  the general  direct ion from west t o  eas t  m 
well ae from eaet t o  west, which may a b 0  be referred t o  a8 "blocking". 

When both factor8 operate, namely blocking i n  the eaetern Atlantic 
and a slowing down in a zonal flow off the Asiatic coast, a pronounced 
f a l l  i n  the zonal Index 88 a whole I s  indicated. 
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Fig.10-Five day mean pressure chart for February I-5,1941, 
with isobars and weekly isallobars. 
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Fig. 1 1 -  Five day mean pressure chart for February5-9,1941, 
with isobars and weekly lsallsbars. 
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Fig. 12- Five day mean pressure chart for Februory8-12,194i, 
with isobars and weekly isallobars. 
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Fig.13- Five day mean pressure chart for February 12-16,1941, 
with isobars and weekly isallobars. 
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Fig.14- Five day mean pressure chart  for February 15-19,1941, 
wlth isobars and weekly Isallobars. 
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