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ABSTRACT 

The abnormal win ter of 1976-77 over North America 

~s examined in this paper. From the point of v~ew of the general 

cl.rculation it was found that a negative 500 mg height anomaly 
"'"" 

over the Pac~fic Ocean, a positive dev~ation over the North-

west Amer~ca and a negatl.ve deVl.atlon over the Mld-eastern 

Unl.ted States were associated Wl.th an ampll.fled trough-rl.dge-
~ 

trough pattern over Paclf~c-W. coast-M~d-eastern Unlted States. 

It was also found that the nblock~ngn activ~ty over the West 

coast, as a functl.on of the lncreased mer~d~onal~ty of the 

zonal flow, was the highest in the last 28 years resultl.ng ~n 
4. 

the extreme cll.matl.c characterl.st~cs whl.ch tooK place over 

North Amerl.ca during this period. 
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( RESUME 

Cette êtude porte sur l'hiver anormal de 1976-77, 

au-dessus de l'Amêrique du Nord. Du point de vue de la 

c1rculation gênêrale, la hauteur de la surface isobare 500 mb 

pr~sente une anomalie nêgative au-dessus de l'Ocêan Pacifique, 

une d~nat10n positive au-dessus du Nord-Ouest de l'Am~ique 
1 

/ du Nord et une dêviation nêgat1ve au-dessus du Mid-Est des 

Etats-Un1s. Ces anoma11es sont assoc1eês avec un patron 

amp11f1é creux-crête-creux au-dessus du Pac1f1que, de la côte 

Ouest et du M1d-Est des Etats-Un~s. On montrè aUSS1 que 

l'act10n de blocage sur la côte oue~t, en fonc~n du flux , 

mér~d1onal accru, est la plus grande des 28 dern~ères 

ann~es. Cec1 entraîne les cond~tions climat1ques extrêmes 

qU1 sêvirent au-dessus de l'Amêrique du Nord durant cette 

Période. 
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( CIlAPTER l 

INTRODUCTION AND DATA MANIPULATION 

l . l INTRODUCTION 

Durlng the end of 1976 and the beg1nnlnq of 1977 a 

s('\"C're wei'\t her i'\nomaly tooK place over North Amer 1ca The 

C-"!Wr1enCe of mf>tf>orology i'lSCertalns that a wcather abnormallt) 

15 o,om('thIn(; that lS not unusual. DCspIte thlS, rluorous weather 

t,attt'rns (1vpr larqe and Important rClJlons of the parth Immedlate-

l j , j r a w 0 ur a t t e n t 1 0 li . One of thern 15 lno1sputahly the One 

under p>-amlnat1on. 

Sorne current descrIptlons of the 700 ~b cIrculatIon and 

also of the varlablilty of the cIrculatIon durlng each month of 

thlS perIod, are glven ln Monthly Weather ReVlew by Wagner (1977 

b, c), Dlckson (1977) and Taubence (1977), stresslng the lmport-

Flnce of a rldge over the West coast. Other numerous statlstlcs 

of observed temperatures and preCIpItatIon accompany these 

t 
examlnlnç maln1y January 1977 pOlnted re!Jort s . Namlas (1978) 

out that the abnormality was connected wlth a sea surface temp-

erature anoma1y generated over the Paclflc Ocean ln sprlng and 

summer. 

ThlS work attempts, at flrst, to detlne the duratlon of 

the negatlve temperature anomaly at the surface, over the Mid-

eastern Unlted States as weIl as the most affected reg10ns, 

based on the use of monthly means. The perslstence of the 

anomaly must be ~nvestigated uSlng a shorter tlme interval. 

( The question whether an anonaly can eX1st alone or is connected 

1 
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( 
w1th a certa1n wave structure over the hem1sphere or 1S a local 

phenomenon (meaning that an anomaly may be connected w1th other 

nearby anoma11es) should be exam1ned. Another po1nt wh1ch 1S 

1nvest1gated is whether thé existance of a r1dge, as prev10usly 

ment10ned by other authors, 15 a nece55ary cOnd1t1on to cause 

th1s abnormality and the assoc1ated c11mat1c character1st1cs. 

The f1nal quest10n wh1ch w111 be 1nvest1gated 1S whether there 

lS a certa1n synopt1c s1tuat10n Wh1Ch usually results 1n th1s 

type of abnormallty In the case that such a synopt1c s1tuat10n 

does eX1st, anQther area w1th s1m11ar synopt1c cond1t10ns w111 

be 1nvestlgated to detenm1ne whether there lS aga1n a connect1on 

between the synopt1c cond1t1on and the c11mat1c character1st1cs. 

1.2 METHOD 

Pract1cally speak1ng, 1t 1S rare that a part1cular area 

w111 exper1ence a "nonT,al" surface or c1rculat1on pattern over 

a t1me span of say a week or a month. The point which d1st1n-

gU1shes one abnorma11ty from another 1S first 1ts pers1stence, 

second 1tS 1ntens1ty and th1rd 1ts areal extent. 

An anomaly of any parameter pres upposes that there 15 

sorneth1ng called "normal." The value of the parameter has to 

dev1ate by a certa1n amount in order for the anomaly to be 
~ 

s1gn1f1cant. The sirn~lest of definitions is that an anornalous 1 

cond1t10n is sign1f1cant if the value of the parameter differs 

from the rnean value by a certain amount. In this definition, 

no statements are made about the shape of the frequency distri-

bution of the parametric values (i.e. whether it i8 guas8ian 

or not). A number of meteorological parameters, temperature 

t 
\ 

L·--------------------~~ .. \~~ 
1 -'~~:~ .. 

k
' ~; ~ 
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for Instance, have reasonably normal dlstrlbutions. Therefore, 

a statistlcally more satisfYlng method of deflni~g an anomaly 

would be ln terms of exceeding the mean value by one or more 

standard devlations. 

The dlsadvantage of uSlng thlS method of deflnlton lS 

that generally the standard devlatlon varles not 50 much locally 

but over larger areas (latltude belts for example) . Da ta over 

sorne areas sometlmes may not be avallable, therefore the data 

must be bogused ln sorne way. ThlS has the consequence that the 

Intenslty of the anomaly centre as well as the longest perslst-

ences wIll be found ln an area wlth the largest standard devla-

tlon. AIso, If for Instance temperature IS consldered, Its 

varlablllty changes sharply ln dlfferent geographlc reglons, 

generally lower varlabillty ln low latitudes. The Opposlte IS 

true for preclpltation, WhlCh reaches its maxlrnum varlabillty 

on elther slde of the sub-tropical hlgh belt, and lS the least 
1.; 

ln the westerlles. It is apparent then that difficulties wlli 

be encountered If one deviation parameter is to be related to 

another devlatlon parameter as wlii be attempted in this study. 

A further difficulty with this definltion of the abnor-

mallty is that it assumes that no long term trend exists in data 

chosen for calculations. However, for an extended time series, 

there is no doubt that trends do exist. Trends must be eliminated, 

however, the decision as to what is regarded as a long term trend 

or slmply a short term fluctuation would need further definition. 

It was therefore decided to sidestep the problem in that the 

Investigation will he based on a case where the fact of the 

~ . 

r 
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abnormallty lS beyond the doubt of any deflnltlon. ThlS was 

the cold winter 1976-1977 in North Amerlca. 

The second questlon to be ~nvestlgated lS the perlod 

of averagIng of the orlglnal temperature observatlons. The 

shortest time Interval WhlCh could be consldered IS probably 

the day. The cold anomaly would then be deflned, ln Its dura-

tlon, as the perlod durlng WhlCh the temperature at a certaIn 

place remalned contlnuou5ly bélow a flxed a~ount. FIgure l 

shows, l for the statlon Sault St. Marle, the temperature varIa-

tlon agalnst the normal durlngthe perlod from October to 

January uSlng dlfferent tlme intervals. The thlck SOlld llne 

lS the normal temperature. The dashe. llne shows the mean 

monthly observeà temperature. The thln SOlld llne represents 

the observed 5-day mean and the dotted Ilne the observed da1ly 

temperature. It 1S apparent from thlS figure what effect the 

cholce of a tlme 1nterval w1l1 have to the duration of the 

anomaly. The monthly means show that aIl four months from 

October to January are below normal. using 5-day means three 

5-day perlods were above normal; whIle uS1ng daily values 25 

days recorded above normal. 

( . l 
~n order to understand wha~ an anomaly 15, lt wou d he 

best to adJust to the everyday meaning. However, the human 

weather memory IS certainly longer than one day, but shorter 

than a year. Here subjective impression and objective calcula-

tions start to differ. Usually months or seasons can be recalled. 

lAccording to the "Monthly Record" series of 1976 and 1977 the 
cold anomaly was considered intense at this station. 

1 . , 

. ~ . " 
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ThIS lS alded by the fact that most climatlc data are publlshed 

ln the form of monthly means. It was therefore decided to use 

the monthly means as the main time period to represent the 

duratlon of the temperature anomaly. 

The disadvantage of this choice lS that a monthly mean 

15, or may be, composed of hlghly different synoptlc perlods. 

The synoptlc perlod or "grosswbbetage tage h lS the longest 

perlod for WhlCh causal (I.e. physlcal reasonlng) lS, at 

present, reasonably based. This InvestIgatIon must therefore 
~ 

break down the monthly perlod into sharter Intervals. The 5-

G 
day perlod was chosen as this interval. It has the advantage 

of ellnlnatlng the quick movlng synoptlc hlghs and lows, whlle 

the large-scaie circulation patterns are malntalned. 

The fInal point WhlCh has to be taken under consIderatIon 

lS the area which remains under the anomaly. An anomaly over a 

small area could either be accidentaI or a purely local phen-

omenon (usually caused by a geographical abnormality). Thus 

the area which remains under the anomaly should not be smaller~ 

than a limit. This limited area is a functlon of the available 

data and it will be defined in Chapter 2. 

1.3 DATA DESCRIPTION 

The available data which will be used is mainly 500 rob 

height field and 1000-500 rob thickness, given in a daily and in 

t a pentade scale as 5-day-mean. This data was distributed from 

England to the Atmospheric Environment Service of Canada. The 

data set is organized in grid points of 50 of latitude and 10
0 

of longitude from 2So N up to the North pole, as Figure 2 shows. 

~ 

1 , 
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Tne data conta~ned a complete set of dally gr~d point values for 

the years 1972-1976. Twenty-eight years from 1949 to 1976 were 

also available from the same source but were missing data over 

the Pacific Ocean prev10us to 1972. In addit~on, during thlS 

lnvestlgat10n complete 500 mb height values were added for 1971 

and 1977. Honthly weather maps were also available from the 

German Die Gross~terlagen Europas WhlCh give upper alr Clrcu-

latl0n at the 500 mb level as well as surface condltl0ns. 500 mb 

helght and 1000-500 mb thickness anomal~es are glven, from the 

same source, on a monthly basls everywhere except the Paclflc 

Ocean, as a departure from a normal value calculated from the 

years 1949-1973. Monthly temperature and preclp~tatlon anomal-

les are also available on the same baSls. Daily weather maps 

at OOz G.M.T. from the German Europalscher Wetterbericht were 

also available. In addltion, data for certaln statlons were 

found in the "Monthly Record" (Meteorological observations ln 

Canada), available in the library of the Department of Meteo-

rology at McGill University. 

2Inspecting these data for possible erros it was found that, 
during the S-day period from the 2nd until the 6th of November 
1976, the 500 mb height values appear significantly lower than 
the values of the previous anà next 8-day periode A comparison 
between these values and values extracted from the German 
maps, shows that there is a significant difference. In order 
to avoid possible implications the data of this 5-day period 
were replaced from values obtained by a linear interpolation 
between the values of the previous and the next 5-day periode 
On the average this did not affect the "mean" monthly pic­
ture. Comparison with monthly pictures given from the German 
maps gives very close results. 

1 • 



( CIIAPTER 2 

THE COLO IN THE MID-EASTERN UNITED STATES 

2. l DEFINITION OF TEMPERATURE ANOMALY - DURATION Atm THE 

MOST AFFECTED REGION 

It was rnentioned in the discussion in Chapter l that 

the area which remalns under the temperature anornaly should 

not be srnaller than a deflned 11mit. The defined 11mit in thlS 

case lS a funct10n of the avai1able data. Slnce only grld-

p01nt data are available, a dlstr1buted every 5 of lat1tude 

and 100 of longltude, thlS limited area lS arb1trar11y deflned 

ta be the area which included between a 200 long1tude belt and 

a 100 lat1tude belt at the rniddle latltudes. 

Flgure 3 was produced using the German Die Crossweder-

o 
la~en Europas rnaps, showing the individua1 month1y 0 C temper-

ature anornaly iso1ine and the centre of the negative temperature 

anornaly from October 1976 to January 1977. There is aiso 

negative anorna1y in September 1976 and in February 1977, but 

these were not indicated sirnply because it confuses the figure 

rather than adding useful information. Previous to September 

and after February there is no negative anomaly at aIl over 

thlS area. It is apparent from this figure that, in general, 

the anomaly was shifting or extending its position in time with 

the resu1t that only certain areas remained continuously under 

Ir 

t 
'-

~ 

! -
a negative influence. It is furbher evident from the individual ,. 

( 

1 

month1y anoma1y isolines that this shifting or extension was 

not a steady progression but simply an oscillation about a main 

position. Moreover, what will be defined as the duration of 

the anomaly must he of a certain length in order for the area 

-9-
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Legend 

"' no... Octobe r 

... -... November 

~ December 

~ January 

Figure 3 00 C. iaoanomaliea for the month. of October to January 

inclu.ive 
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to remain larger than the defined limite It will be observe9 

that by increasing the length of the duration of the anomaly 

smaller and smaller areas ramain under the influence of any 

negative value, such that after an e~tended period of time 

the area will be smaller than the defined limite It must, 

however, be emphasized that there may be more than one defini­

tion of the temperature anomaly which could satisfy the area 

criterion. In this case the most restrictive case will be 

considered. 

According to these standards let us test at first the 

COC departure from normal as a definition of the temperature 

anomaly. In other words an area is considered under the anomaly 

if the departure from the ~ormal is just less than zero. The 

technique which was used to f~d the area was based on the 

utilization of mean monthly meàns. By taking the Ooc isoanomaly 

for each month and finding their intersection one can qet the 

area which remains under the anomaly for Any time periode If 

the area after a certain time period becomes smaller tban the 

defined limit the anomaly ended. This way the duration will 

be found as weIl. Figure 4 skows the area which remains under 

OOC anomaly from October to January indicated by the thick 

solid line. This area is large enough and satisfies the area . 
criterion. If February will be considered this area becomes 

smaller than the limited area (not shown in the figure). If 

Septembe~ will he considerad, the area which is indicated by 

the dotted line is taken to he the area which remains from 

..,1 September to January under the anomaly. This area satisfie_ 
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Legend 

Aréa under 00 C. anomaly from Oct. to Jan. 

Area under 00 C. anomaly {rom Sept. to 

Area under _4 0 C. ano,?aly for October 

Area under _40 C. anomal y for November 

Figure" Area enclo.ed by ieoanornaliee for certain periode 

( poeitive area denotea p98itive tellJ.perature deviation 

for September only) 

Jan. 
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d1so the area crltprlon. 

Let us now test as a deflnltlon of temperaturC' anomaly 

the -4°C departure from normal. Worklng slmllarly as ln the 

prevlous case, the area WhlCh 1S shown ln FIgure 4 by th~ dashed 

llne lS taken to be the area wh1ch IS under negatlve temperilture 

anomaly ln October. ( The r e l. S no - 4 0 C a no ma l yIn Sep t (' m ber . ) 

For November the area WhlCh lS shown, ln the same fl~ure, by 

the thln solld Ilne 15 taken. Bath areas are small and they 

(Jet smaller by 1ncreaslnq the tIme, as can be seen by cunsldcr-

l n y the are a wh 1 c h r e ma l n sun cl e r the ne 9 a t l ve l Tl f lue ne e l n DO t h 

October anù November (lnùlcateù by horIzontal llnes ln the 

fIgure) 

F1nally let the defInltlon of the temperature anomaly 

o be the - 2 C depa r t ure f rom norma l . In FIgure S, the reglOn 

WhlCh was under temperature anomaly for four months (October 

1976 to January 1977) lS Ind1cated by the hor1zontal 11nes. 

The vertIcal lines Ind1cate the area Wh1Ch was under anomaly 

for f Ive months (October to February), and the SOlldly shaded 

area shows the area ..rh1Ch remalned for S1.X months (September 

to February). The t wo l a 5 t are a 5 are rel a t Ive l y 5ma Il wh Ile 

the f1.rst 15 large enough to satlsfy the requirements for the 

area crIter1on. 

It 15 then apparent tllat during the per10d from 

October to January, two def1nll1ons, the oDe and ~e -2oc 

departure from normal 
l 

satlsfy the area crl.terl.on. 

IThe -JoC definl.tion was tested but it was not satisfactory as 
the -2o c definitlon, from the area point of view. 

() 
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Legelld 

Area under _ 2u C. dnurllal, frorn () l t tu Jrlll 

1111111 Area under _2 u 
C. anoTl'laly fron} () ( t to FeL - Area under _ ZU C. anorna 1 y from Sept. ttl Ft' b 

o 
Flgure 5 Area under - Z C. anomaly for 4,5. and 6 months 
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lIL lS ObV10US that the -loC dcflnltlon 101111 satlsfy the StlmE' 

crllerlon.) It 15 also apparent that the area glven by the 

DOC deflnltlon, lS a somewhat greater area than the corespond-

Both areas are large enough and 

2 lhe reglon where the Inlens1ty of the cold was more pronounced 

(Great Lakes and the area Just to the sOuth of them) 15 Includcd 

ln both deflnltlons. Of course, It was shown that the ooC 

deflnltlon can glve also a duratlon f~om September to January. 

It was the author' 5 deCISlon not lo conslder thlS case, flrst J 

because ln Seplember the negatlve temperature anomaly lS ver) 

wpaK and secondly because as It 101111 be seen the 500 mb helght 

anomaly started ffialnly ln October. TO th15 deC1510n contrlbutes, 

o also, the fact that the -2 C deflnlt10n glves a reasonably long 

ùuratlon and 15 more restrlctlve. Thus, the deflnltlOn of the 

° temperature ano~aly was declded to be the -2 C departure from 

the nurma 1. Accordlng then to area crlter10n the durat10n of 

the anomaly 15 four months, from October 1976 to January 1977. 

2.2 COLO RECORDS 

Accordlng to fIgure 5 the most affected reglon 15 that 

WhlCh contalns aIl or part of. M1nnesota, M1chlgan, IndIana, 

OhIO, New York, PennsylvanIa, Wlscons1n. Kentucky, West Vlrglnla 

and southern Quebec and OntarIO, an area of 1.5 x lOt km
2 

approxlmately. Table l glves a flrst ImpressIon of the Inten-

3 
sltyof the cold spell. 

2 According to "Monthly Record" series for 1976 and 1977. 

3ThiS table was constructed uSlng statistlcs glven by 
Wagner (l977a, b), Dickson (1977) and Taubence (1977). 
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TABLE l 

PLACES OCTOBER- NOVEMBER DECEMBER JAI'JUARY 

Clnclnnatl one of the the co1dest coldest 
coldest co1dest 

Buffalo 2nd coldest the 
ln 1ast 50 co1dest co1dest coldest 

years 

El Paso the the one of the one of the 
coldest coldest co l dest coldest 

Tallahassee the 2nd one of the 2nd coldest 
co Ide st coldest coldest Slnce 1940 

Chlcago one of the col dest one of the co1dest 
co1dest co1dest 

-----

Tu1 sa one of the col dest one of the 5th coldest 
co1dest coldest Slnce 1918 

Dayton coldest coldest co1dest co1dest 
s~nce 1925 

2.3 DESCRIPTION OF THE COLD SPELL IN KEY STATIONS 

In th~s sect~on the monthly temperature departure from 

the norma 1 in sorne key sta t 10ns will be exam1ned in order to 

deternllne: 

al where it had the maXl.mum in~ensity 

b) when i t had the maximum intensi ty for each station. 

Table :2 gives the departure of the mean monthly tempera-

( 
ture from the normal for certain stations from August 1976 ta 

February 1977. 
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TABLE 2 

STATION AUC SEPT OCT NOV Dr:e JAN FEB 

Sudbury -0.9 -1. 2 -).2 -).7 -5. 3 -3.5 -0.2 

Mlnneapol~s 0.0 -0.6 -4.0 -3.5 -5. 2 -6.8 3.1 

Chlcago -1.7 -1. 0 -3.9 -4.0 -5.0 -8.9 -0.5 
t,.o 

Detrolt 0.3 -1. 6 -3.5 -3.5 -4.6 -7.0 -1.5 

Buffalo -0.4 -1. 5 -2.5 -).2 -4.7 -5.6 -0.9 

Cl.nClnnatl -1.7 -L.8 -4.2 -).6 -3.7 -10.1 -1.5 

Toledo -0.6 -2.5 -4.0 -J.5 -4.4 - 9.0 - 2.8 

4.2 
for Mar. 

Us~ng thlS table "accumulated curves" 10ere drawn for 

each station separately. These "accumulated curves", as shown 

ln Flgure 6, lndicate the following: The value for every month 

ltself plus the sum of the values of the prevl0us months fot 

the per lod of August through February. 

Because lt was defined that a station was under negative 

anomaly when the mean monthly tempe rature departure from normal 

15 at least _2 o C the "accumulated curves" indicate that anomaly 

started and continued when both of the following conditions 

were satisf ied: 

al the curve becomes more negative as a function of time: 
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bl the slope of the curve between two months satlsfles 

the condltlon (only for scale of thlS flgure) 

1 'l-
~ 

where ~ lS the angle of the llne between two months, and the 

x-aX1S. 

Then the maXlmum total accumulated amount could glve 

the maXlmum mean lntenslty, and the maxlmum slope could lndlcate 

when the maXlmum lntenSlty for each statlon occurred. The 

small parallels to y-axls Ilnes show the start and the end of 

the anomaly ln these speclflC statlons. As can be seen by 

lnvestlgatlng these curves the anomaly ~tarted ln October and 

ended ln January everywhere except ln ClnClnnatl and Toledo, 
• 

where the anomaly lasted longer as lS also lndlcated ln Flgure 

5. l t 15 al 50 observed tha t everywhere the ln tensl ty of the 

cold lncreases almost llnearly 'from October to December. In 

January the slope of the curves appear greater than ln the 

prevl0us months. Slnce these curves show the accumulated depar-

ture from the normal, thelr llnearlty from October to December 

means that the anomaly stayed almost at the same intenslty 

durlng the months October, November and December, and presented 

an lncrease of ltS intenslty in January. It will be seen in 

Chapter 4 that thlS 18 due to the circulation during this period . 

.. <~ -

1· 



( CHAPTER 3 

THE 500 MB HEIGHT PATTERN 

3.1 DEFINITION OF THE 500 ME HEIGHT ANOMALY 

Thus far, only the conditlons of the surface temperature 

fIeld have been considered. If thlS anomaly 15 caused by a 

large scale shift ln the clrculatlon, a simllar anomaly would 

have to be found by examining the large scale cIrculatIon pat-

tern at 500 mb, and thus deduclng the weather sItuatIon whlch 

took place. Moreover, lf a clrculation anomaly could be deflned 

It should become clear, how and what other parts of the hernl-

sphere are aff ec ted ln terms of the spec l f Ied def ln 1 tIan. 

The endeavor here 15, at flrst, to make the deflnltlon 

of the 500 mb he ight anoma ly corre spond, as much as po S5l ble, 

to the def lnl t Ion of the surface tempera ture anoma ly. In other 

... 
words the purpose 15 to deflne a:1 approprlate value for a 500 

rnb height anomaly such that the duration and the area of thlS 

anomaly correspond to those of the sur f ace tempera ture anomaly. 

Of course lt must also satlsfy the criteria stated on page 9 

Repeating the method which was used to find the duratlon 

and the most affected area in the case of the surface tempera-

ture anomaly, the most satisfactory deflnition of the 500 rob , --'"' 

helght anomaly was found to be a ±4 dm departure from normal. 

Figure 7, which shows the area which remain5 under the -4 dm 

anomaly during different periods, was obtained using, once 

again, the monthly means according ta the German maps. The 
'" ( dashed l ine shows the area which remains under -4 dm anoma ly 

, t 
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Legend 

Area under ,4 decarneters 500 rnb helght 

anornaly from Oct. to Jan. 

Area under -4 decarneters 500 mb helght 

anornaly from OeL. to Feb. 

Area under -4 Decarneters 500 rnb helght 

anornaly from Sept. to Jan. 

Areas enclosed by -4 decameter 500 mb height uloanomaly 

for 4 and 5 month pe-riod 
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from September through January, the dotted line from October 

to February and the solid line from October through January. 

As can be seen, according to the area cr1ter~on, the anomaly 

lasted four months. In addition compar1ng Figure 7 and 5 the 

area Wh1Ch rema1ns under 500 mb heigh~ anomaly, from October 

to January, 18 well related to the area of the surface temper-

ature anomaly for the same period. 

G1ven this 1nformat1on it would be 1nterest1ng to see 

lf there are any other 50,0 mb he1ght anoma11es assoc la ted W1. th 

the negat1ve 500 mb height anomaly over the mid-eastern Un1ted 

States. Moreover, lf these anomal les eX18t, to see 1.f they 

are related to a hem~spher 1C or a smaller scale phenomenon. In 

other words whether there ~s a stable wave pattern over the 

o Northern Hem1sphere (wlth data glven from 25 N up to the North 

Pole) WhlCh may or may not result 1n a hemi8pheric anomaly 

pattern. 

3.2 "MEAN ANOMALY MAP" 

For each grid point, the monthly 500 mb height anomaly 

lS glven. Averaging thlS value for the perl0d from October 

to January the mean anomaly, for each grid point, is found. 

Drawing the isoanomals Figure B is given which shows the distrl-' 

butlon of the "mean anomaly" over the Northern Hemisphere. 

Solid isolines correspond to negative anomaly and dashed 

isolines to positive anomaly. It is obvious that the maximum 

"mean anomaly" values define the "mean centres" of the anomalies, 

which is a reasonable approximation, indicating that the centres 
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Flgure 8 Mean aqqm",ly map 
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of the anomalies were during this period, positioned most of 

the time there. Since this figure, called "mean anomaly map", 

i8 the averaged map for the whole period it could be used as a 

first indication of the relation between the anomalies around 

the Northern Hemisphere during this periode The criterion for 

the relationship will be, of course, the average magnitude of 

the anomalies, or the "Mean centre" value; in other words the 

~ntensity of the mean anomalies. From this point of view the 
. 

first interesting observation i8 the fact that the magnitude of 

the max.unum "mean" values, over the mid-eastern United States, 

over the Pacific and over the Northern W. coast are very close 

ta each ather (-12 dm, -13 dm, +10 dm respectively). Also, a 

mean negative anomaly with a "mean centre" of -8 dm over the 
. 

eastern Atlantic and western Europe, together with a small 

positive anomaly near the North Pole ("rnean centre" of +8 dm) 

is included on the "mean anomaly map." 

3.) THE CORRESPONDING MEAN OBSERVED AND NORMAL CIRCULATION 

Figure 9 gives the correspondinq observed mean circu .... 

lation at 500 mb from October throuqh January. Figure 10 shows [_ 

the normal Mean circulation for the same periode Comparinq the se 

two figures with the, "mean anomaly map· it is observed that the 

three anomalies, over Pacifie-West Coast-Mid-eastern United 

States, are in phase wi th the normal patte~n while th .. other 

anomalies over the Northern Hemisphere are not. In other 

words, t)lese anomal ies were under an intensified trouqh-ridqe-
~"7 

trouqh pattern in a preqiven~position of the normal trough-
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Figure 9 Mean obeerved 500 mb circulation 

for the period of Oct. to Jan. 
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Figure 10 

--... 

;'Tormal 500 mb Clrculatlon for the 

pe riod of Oct. to Jan. 
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ridge-trough pattern, resulting in an increased northernly flow 

over the area of the negative temperature ano~ly. The nega-

tive anomaly over eastern Atlantic and western Europe was under 

a 51 ight trough which replaced the normal sI ight r idge; in 

other words being out of phase with the normal pattern. The 

same can be applied for the small positive anomaly near the 

North Pole. 

3.4 MONTHLY ANOMALIES AND THE CORRESPONDING CIRCULATION 

Moving now to the monthly time base, -Figures Il - 14 

show the anomalies and the corresponding circulation for each 

rnonth from October to January. Figure 15, which vas produced 

using Figures Il - 14, shows the distribution of the anomaly 

centres as weIl as the 548 dm height isoline for each menthe 

A plus sign corresponds to a positive centre and a minus to a 

negative one. The letter in parenthesis indicates the month . 

(0 for October, N for November, etc.). 

As can he seen, by examining these maps, during the 

whole p~lod a ttegative an~ly over the Pacifie, a positive 

anomaly over the northern part of the W. coast and a negative 
. 

anoma1y over the mid-eastern- United States prevails while over 
~-

the rest of the Nortbern Hemisphere nothing seems ta be so per-

manent. As shawn, from the distribution of the centres around 

the Northern Hemisphere, the negative-positive-negative anomaly 

pattern over Pacifie-W. eoast-Mid-eastern United States is quite 

permanent, while elsevhere the distribution/seems to be rather 

random. Over the eastern---Âtlant.ic ~iid western Europe, for 

" 
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Legend 

'i 00 rnb 548 decalneter ls()-bne for Oct. 

" " " " No\, . 

" " " " " Dec 

" 
, , 

" " " Jan. 

Flgure 15 Distnbution of 500 mb helght anomaly centres around 

the Northern Hem18phere durmg the penod of Oct. to 

Jan. 
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example, the negatlve anomaly dlsappeared ln November, but 

reappeared durlng the rest of the period. Elsewhere the Sltu-

atlon lS not c1ear, wlth changes occurrlng every month. From 

the pOlnt of Vlew of the upper f1ow, the three anornalles over 

PaclfLC-W. coast-Mld-eastern Unlted States, correspond to an 

lntenslfled trough-rldge-trough pattern vlslble throughout th1S 

per lod. It lS apparent then,that the p01nts Wh1Ch dlstlngulsh 

these anoma Ile s f rom the other anoma Iles over the Nort hern 

Hemlsphere, are: 

1) they are contlnuously ln phase wlth the normal pattern, 

whlle the rest are not; 

2) thelr persistence. 

~ 
It 15 a1so lndicated from what has been rnehtloned above 

that a hemlspheric phenomenon does not seem to be lnvolved 

durlng thlS period. On the contrary, it seems reasonable ta 

accept that only these three anomalies are re1ated to each 

other. This will also be supported by the examinatlon of the 

500 rnb c1rculation using 5-day means in Chapter 4. 

3.5 CLIMATIC CHARACTERISTICS CAUSED BY AN INTENSIFICATION 

OF A PREGlVEN RIDGE-TROUGH PATTERN 

Examining the intensification of the pregiven ridge-

tIough pattern over North America it was alveady shown that a 

negative temperature anomaly was lying continuously for four 

months under the trough over the Mid-eastern United States. 

This temperature anomaly is associated vith a flow at ~he 

surface of cold air into the weIl developed trough, and reached 

its greatest value below the position of the trough. 

b~---------------------
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F~gure 16 shows the posItion of the centres and thelr 

central value of the temperature anomaly over North Amer.l.ca 

for each month from October to January. F 19ure 17 WhlCh was 

produced uSlng the monthly preclp~tatlon patterns glven from 

the German Grosswetterlagen Europas maps, shows the average 

prec ~ plta t ~on over the same per lod. Accordlng ta t hese f .l.gures 

It can be concluded that the fol10wlng cllmat1.C characterlstlcs 

are assoc1.ated wlth the IntenSlf1.ed rldge-trough pattern: 

1) Over the W. coast, and general1y ln the underlYlng area 

of the Intenslfled r1.dge, the precIpItatIon amount 15 remarkably 

less than normal, wh1.le over the south-eastern Unlted States 

an amount above the normal .l.S observed. ThIS lS due to the 

fact that the preCIpItatIon systems cannat pass through the 

IntenSlf1.ed rldge, wh.l.ch 15 preVa.l.llng over the West coast, 

but slmply track northi 

2) Also, over the W. cost, a poslt.l.Ve temperature anomaly 

accompanl.es the drought, due to ""arIll air advection trom the 

south along the strong ridge. This posltive temperature anomaly 

appears as a system with a double centre. One, the primary, 

over Alaska and another one, the secondary, over Southwest 

Uni ted Sta tes. This phenornenon, which usually appears under 

a rl.dge, is probably due to the clockwise mechanism of air 

!- circulation from the corresponding high at the surface. This 

1 

resul ts in a relative cooling over the corresponding area and 

the creation of a secondary centre to the south of that area. 

t ( 

~ 

~------------------~~~~~~ .. 
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Figure- 16 Centree of temperature anomaly 

over North America for the monthe 

oC Oct. to Jan. inclusive 
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Figure 17 Mean observed precipitatIOn over the 

penod of Oct to Ja.n 

Legend: 

Below but close to normal 
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( CHAPTER 4 

THE 5 -DAY H,EANS 

4.1 INTRODUCTION 

It was established in the prevl0us chapters that the 

negatlve temperature anoma1y over North Amerlca was lndeed 

assoclated w1th a marked change ln the mean clrculat10n maps. 

In Vlew of the dlscussion ln Chapter 1; S1nce 1t may be that a 

month1y clrculatlon pattern 1S composed of a few per10ds 

of very 1ntensifled ridges and troughs wlth perlods of normal 

c1rcu1at1on 1n between, 1t 15 necessary to 1nvestlgate to~hat 

degree the c1rculat1on anomaly was contlnuous. ThlS wlll be 

done uS1ng the 5-day means of the 500 mb height clrculatlon. 

USlng 5-days for the period from October to January one 

gets twenty S1X maps which show the anomalies and the corres-

pondlng 500 mb height circulation. As it was mention~ 1n 

Chapter l , the se maps inc lude the portion of the Northern 

Hem1sphere from 2SoN to the North Pole, with data distr ibuted 

every 100 of longitude and 50 of latitude. 

4 .2 "PERCENTAGE OF TlME MP fi - "MEAN HEMISPHERIC VALUES n 

Use of the 5-day means is first to see what their effect 

is to the duration of the anomaly. Using the results of the 

twenty-six anomaly maps. the computer was asked to print out two 

maps which would show how many times each grid point was in 

negative, and ~ow rnany times in posi tive anomaly during this 

twenty-six pentade periode In other words it gives the pro-
( 

babi1ity of a grid point to be under positive or n~gative 

anomaly. The results are shown in Fi.gures 18 and 19 respectively. 

1 -35-

L:--------------~~.~,~~ .... ,~-.. ~:.~-":-:,-,\~-,~.,:~>"7i~~~it~~~.~~E 



r,=---

,,' 

...--...., 

Figure 18 Percentage of tlme an area lB under 

a negative anomal y 
Figure 1'1 

--

Percentag!" of tlme an area IS und!"t 

a positive anomaly 

1 
W 
Cf', 

1 



( 

( 

-37-

Each lso11ne shows the percentage of the time an area was under 

negative or positive anomaly. USlng these two flgures a compo-

site figure was constructed uSing 50% of percentage as the lower 

11mit of consideration. The result is Flgure 20 which was called 

"percentage of time map." 501id llnes correspond to negative 

and dashed 11nes to positlve anomaly. The value at the centre 

of each anomaly shows the maximum of percentage of jlme. ThlS 

figure glves also a measure of the preference of an!anomal Y 

(posltlve or negative) to appear over an area durlng thiS perlod. 

A better look at thls flgure glves the ~pressl0n that a POS1-

tlve anomaly predominates most of the tlme at hlgh latltudes 

and that the Northern Hemlsphere tends ta appear more under the 

lnfluence of negatlve anomalles than under posltlve ones. 

To vlsuallze the last statement the "Mean hemispherlc 

value" was lntroduced. Each map includes 14 lati tudes (North 

Pole lncluded) with a certain number of qrid-points for each 

latitude. Let 5(25°) denote the sum of the 500 mb height 

anomalies around the latitude 2So N, and N(2So) the number of 

the grid points at this latitude. Then 5(30°) 

N(900) are defined similarly. The "Mean hemi-

spheric value" (m.h.v.) is defined then as f~llows: 

t1. H. V = .. c 0 -,.,..0 t' Co. a..D 
CD~I- J -t c..o~ JV + . '.. ,-0 ... ~LI 

As a result the Rm.h.v." shows whether the Northern Hemisphere 

(from 2SoN up to the North Pole) is below or above its normal 
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value, that is zero. As an extension the sign of the "o.h.v." 

shows what predomina tes over the Norther Hemisphere in the sense 

that a negative value indicates that negative anomalies predomin-

ate and vice-versa. 

In Figure 21 1 the "m.h.v." for each 5-day period, 

during the period of October - January, ia indicated by the 

solid line. The value in the parenthesis shows the average 

"m.h.v." over this period. As can be seen from Figure 21 on 

the average the Northern Hemisphere i5 covered mostly by negative 

anomalies, which was also ind~cated in F~gure 20. The dashed 

1ine in Figure 21 corresponds ta the "mean hemispheric thickness" 

which was obtained if one repeats the same using instead of 

500 mb he~g~t anomalies, 1000-500 rob thickness anomal~e5. Th~s 

curve goes until the end of 1976 because of lack of thickness 

data for 1977. The purpose of doing this is to determine whether 

the negative "m.h.v." corresponds to a cooling of the atmosphere 

during that period. Indeed it is apparent that the negative 

"m.h.v." corresponds to a negative "mean hemispheric thickness" , 

in other words ~o a cooling, on the average, of the atmosphere. 

Finally, in order to compare the average -m.h.v." of the period 

October 1976 - January 1977 vith other similar periods, Table 3 

was produced. Table 3 gives the average -m.h.v." for the corres-

ponding period of the years 1972-1973, 1973-1974, 1974-1975 

and 1975-1976. " 

lIt WAS mentioned i.n the data description t.hat t.he. data for the 
8th 5-day period vere possibly wrong. For the 8th 5-day period 
a 1inear interpolation betveen the 7th. and the 9th 5-day period 
vas made. 
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Mean hemi8pheric value 

Mean hem18phenc thicknesa 
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TABLF. 3 

-- ---------

YEAR 

(dm) 

1972-73 1973-74 1974-75 1975-76 1 q 7 (, - 7 7 IJORMAL 
------------------------------- - -- - - - - - - -

Average "m. h. v. " 
durlllg the per­
lod Oct.-Jan 

-0 2 .0.5 .0 8 -0.2 -0.9 

ln general the "m h. v " docs not seem to devlate Slunlf lcant ly 

from the.normal (recall that the oeflnltlon of a ~OO mL hClyht 

0.0 

a noma l y l S • 4 dm) ln any case. the "m h.v." uf 1976-77 aIJtJears 

to be the 10wer one ln the last 5 years. About thlS, one 

fJosslbly can dec1are that on the average the negatlve "m.h.v." 

lS due to the two negatlve anomalles, over the Paclflc and over 

the Mld-eastern Unl.ted States, WhlCh as can be seen from the 

"percen tage 0 f tlme map," are the ma J or nega t ive anoma lies around 

the Norther Hemisphere (see also "mean anomaly map", page 23 ). 

4.3 Rr:LATION BET\'lEEN THE ANOMALIES 

l t ha s been ment loned prevlous l y in the presenta t lon of 

the monthly anomalles and the correspondlna 500 mb clrculatlon 

t ha t three anoma Ile s, name ly over the Pac lf lC, "J -W Amer lca and 

Mld-eastern Unlted States, seem to be the most permanent phenomena 

durlng the known perlod, while over the rest of the Northern 

Hemlsphere nothlng seems to be as constant. One of the purposes 

of the use of the 5-day means 18 to see more accurately the 

relatlonshlp between the anomalies over the Northern Hemlsphere. 

The relation, or "coupling" or "tel econnections," 

of the anomalies has been studied extensively by authors in the 

1 

1· 
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p<lst ((l'C()nnor, 1(169, Martln, 19:':', pte.). Thelr rlethocl lS 

usually ta locate a reference anomal)' eê'tre (poslllve or nega-

tlve) at a certaIn grld pOlnt and then they fInd the probabll1ty 

for an area to be under posltlve or negatlvP anomaly, glven 

that an anomaly (posItIve or negatlve) wlll occur at that 

yrl d pOln t Fran thelr Tesults It seems that usually a local 

"cüupllng" helween the anomalIes lS more favorable than a heml-

sfJher IC one. Thls method eould glve better results lf there was 

d large sample of occurances of anomaly centers at the qlven 

gr l d pu 1 nt 5 . It lS ObVlOUS that lr. the case under E'Xamlnatlon 

twentY-SIX anomaly maps do not make for a slgnlflcantly large 

samp le. These especlally become less slgnlfIcant lf one takes 

ln ta account that a reference anomaly (over MId-eastern Unlted 

States for example) wl11 not necessarl1y remaln contlnuausly 

at the same gr Id pOlnt durlng Its 11fe. To start wlth, the 

"percentage of t lme map" cou Id be useù a 5 an 1 nd lca t 10n of the 

relatIon between the anomalIes. The way It was computed ap-

proac hes ta a deg ree, the way the other a uthor s determIne pOSS Ible 

rel a t 10ns between the a noma lles. The d l f fer en cel s t ha t 1. n 

computlng thlS map no restrlctlons were made on the paslt1.0n of 

the centre of the reference anomaly (over the mld-eastern United 

States, for Instance). Therefore, from the pOlnt of Vlew of 

the relatIon between the anomalles, this wl11 g1.ve taIse results 

lf, durlng thlS perlÇ>d, breaks or motion of the reference anomaly 

took place. As a resul t i t was dec ided, in this case, ta 

approach the relatlon between the anomalies as tol10w8: the 

sector between 900 W to 700 W longitude and 3S
o

N to SSoN latitude 

is considered. This i5 the area where the negative anornaly 

----------------------------.f4I0111, 1'1'-",3'".' .. ·.;1 ... ,,,~~. @./J:".:et:sMS4 

1 

1 
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over Mld-eastern United States was most often pos~tlone~. 

When, and only when, the anomaly has Its centre ln thlS 

sector, the pOSl tlons of the centres of the other anomal les 

around the Northern HemIsphere are consldered. Then by deflnl-

t.l.ün the probablilty that a negatlve centre WIll occur ln thI5 

sector 15 100%. After that It wlll be possIble to flnd the 

yroDat.Jlllty that a centre (pOSItIve or negatlve) 'W111 occur 

over the other areas around the Northern Hemlsphere. In addl-

t~on Slnce the reference anomaly lS the negatlve one over the 

Mld-eastern 0nlted States It WIll be shown how much an anomaly 

(posltlve or negatIve) elsewhere, 15 related ta the reference 

anomaly. 

flgure 22 IS the result when thlS method 15 appiled. 

A negative probabllity corresponds to the probablilty that a 

negatlve centre Will occur and a posltlve to the probablllty 

that a pOSItIve centre w.l.ll occur. In thlS flgure probabllltles 

of less than 50% are not included. Also, it must be emphaslzed 

that a iP% probablllty does not necessarily imply a (lOO;P)% 

probablll ty. For example lf the probablllty that a positive 

centre wlll occur over an area 15 f 50% that does not me.a-rl that 

the probablilty that a negative centre wil~ occur over the same 

area 15 (100-50) :: 50%. It could very weIl be, that there were 

cases where there were not any centres over this area. Finally, 

ln the endeavor to translate these probabilities to a "coupllng" 

or to a relation between the anomalies the limit of 75\ pro-

( 
bability was considered as a restriction. In other words a 

"coupllng" ia conSidered significant if the probability is 
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Flgure 22 Coupl1ng between a.nomahes 
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at least 75% (lndependently of the signl. Return~ng to F~yure 

( 
22 each slgned number shows the probabillty that an anomaly 

centre, of the same algebraic s~gn, will occur ln the lndlcated 

reglon. From this figure it is qUlte apparent that only a nega-

tlve anomaly centre over the Paclflc and a posltlve anoma1y 

centre over North-West Amer~ca are related to the negat~ve 

anomaly over the Mld-eastern Unlted States. The probabllltles 

lnd1cate a strong "coupllng" between these three anomal les . In 

the rest of the Northern HemIsphere such a hcoupllngh 15 not 

apparent. 

ConsequenE~y lt can be concluded that durlng the perlod 
.... 

from October 1976 to January 1977 there lS not a hemispherlc 

anomaly or wave pattern' assoclated wl.th the abnermallty over the 

M1d-eastern United States. On the ether hand a local "coupl~ng" 

between a negatl.ve, a positive and a negatlve anomaly over 

Pacif~c, North-West Arnerl.ca and Mid-eastern United States 

re5pect1vely, is a facto As was shown, in the monthly presen-

tatlon of the anomalle5 and the corresponding circulation, this 

anomaly pattern corresponds to a trough-ridge-trough pattern 

over that area, which 15 the major characteristic of the 500 mb 

cl.rculation during the period from Octaber ta January. It is 

then interesting to examine in more detail the circulation over 

these areas, and ta determine whether there were Any breaks or 

lulls in this anamalous pattern. 
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4.4 TYPES OF CIRCULATION WHICH CAUSED THE ?ERSISTF.NCE OR 

BREAK OF THE ANOMALY OVER THE MID-EASTERN UNIT~D STATES 

A) Breaks 

As was ment~oned prevlously the use of the 5-day means 

serves the purpose of verificat~on of the relat~on between 

the anomalies, as well as of the contlnulty of the anomal les. 

Taking the negatlve 500 mb helght anomaly over the eastern 

Unlted States as a gUlde, Figure 23 shows the oscillation of 

the centre of the anomaly. The number to the left lndicates 

the 5-day perlod and the number to the rlght (ln the parenthesls) 

lS the corrcspondlng centre value of the negat~ve anomaly. The 

anomaly came over the Mld-easter Unlted States on the 3th 

5-day perlod (from 8 - 12 of October). Except for one major 

break, where there lS no negative anomaly (17 - 21 of December), 

the anomaly eXlsts and osclllates about lts mean posltlon WhlCh 

lS at 420 N latitude and BOoW longitude (see also the "mean 

anomaly rnap"). From this flgure it can be seen that the maXima 

of the intensity of the anomaly occur rather when the anomaly 

lS around its mean position. Also it is apparent that sorne 

times the centre of the anomaly moved far enough ta indicate a 

break of the anoma1y over the defined area. 

Deflning that a break is significant when at least one 

third of the defined area i6 out of the anoma1y, the following 

breaks were reported. l 

1) 12 - 16 of November (lOth 5-day period) 

2) 

3) 

7 - Il of December (15th S-day period) 

12 - 16 of December (16th 5-day period)_ 

lIt was observed that,more or less,two-thirds of the defined 
area approached the limited area as it was defined in 
Chapter 2. 



lU 
0 
:::> 
~ 

C) 

z 
0 
..J 

( 

-47-

3(-9). 
5(-1 4 ) 

90 • 
18(-17) 

• 
23(-351 13(-17) 

BO 8(-20).. ~-la14(-17) 
25(-37)~9(_29) 

Il (-I~;). .7(-17) 
6 (-17) 

70 
20(-20) • .12(-18} 
21 (-12) 26(9) 

9 (-25)· 

60 -16(-22) 

15(-21) 
50 • -10(-2" 

22(-16) 
40 - _ 24 (-28) 

O--------~------L-----~ __ __ 

Figure 23 
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Oscillation of the centre of the negative 500 mb 

beight anomaly over the mid-ea.tern United' States 

a. a function of time 
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4) 17 - 21 of December (the major break) 

5) l - 5 January (20th 5-day period) 

6) 21 - 25 of January (24th 5-day perlod) 

Comparlng these breaKs with Figure 23,lndeed a break corresponds 

to a motion of the centre of the negat1ve anomaly far enough 

from the mean position. The str1K1ng point that the 20th 5-day 

period classified as a break, even though the centre of the 

anomaly was not very far from the mean positlon, lS due to the 

fact that the anomaly 15 not very extenslve wlth the result that 

lt does not cover two-thlrds of the deflned area. On the con-

trary the 22nd 5-day perlod dld not classlfy as a break even 

though the centre was far from the mean posltion, the reason 

belng that the anomaly was very extenslve and covered more than 

two-thlrds of the defined area. 

Flgure 24 shows the corresponding 540 dm height 15011ne5 

of the zonal flow during these breaks as weIl as, shown by the 

heavy dashed line, the typical 540 height iso1ine when there is 

no break. From the point of V1ew of the circu1atl0n, these 

breaks correspond to a flattening or a breakdown of the ridge 

over the West Coast. This results ln a change to a West or 

South-West situation from the North-West situation which is 

associated with the existence of an intensif1ed ridge. As an 

example, Figure 25 gives the typical circulation which corres-

ponds to the breaks. 

Recalling Figure 1 from Chapter 1 it can be sean that a 

break of the neqative 500 mb height anomaly corresponds to a 

break of the neative temperature anomaly. possible differences 
--~ 
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Legend 

F Ir st break 
Second break 
T hlrd break 
F ourth break 
F lfth break 
SlXth break 

No break 

Flgure 24 540 decameter i.o -hne. correspondmg to tbe breaks 

1 
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Figure 25 Typlcal ClrculatlOn correspondmg to a break 

(17th pentade - 17-21 December 1976) 
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are a1lowed, Slnce it was not consldered that a certaln olle­

thlrd of the defined area must be out of the anomaly reg~on ~n 

arder to get a break, but any one-third of the area. Thus ~t 

lS posslble for an indlvidual station to ~et below normal 

temperatures at a certain time period even lf thlS time period 

classlfled as a break, slmply because this station happened 

to be ln an area WhlCh remalned under the lnfluence of the 500 

mb height anomaly. Of course, the oppoSlte 15 also a possibllty. 

B. The perslstence of the anomaly. 

It was a1ready shown prevlously that there lS a Strong 

"coupllng" of a negatlve anomaly over the Paclflc and a posltlve 

anomaly over the North-West America wlth the negatlve anomaly 

over the Mld-ea5tern Unlted States (Flgure 22). Excludlng the 

breaks, examlnatlon of the maps glves even stronger re1atlon be­

tween these three anomalies. The reason for this lS that the 

rnethod to flnd the "coupling" was restricted to centres with a 

consequence, in very few cases, that it was possible for an 

area (over the Pacific, for instance) to be under anoma1y, but 

the centre to be out of this area. In genreal it is'observed: 

1. The negative anornaly over the Mid-eastern United States 

18 always associated with a negative anomaly over the Pacific. 

In two cases there is also a positive anomaly (but not a centre) 

over the Pacific, but this is due to an intensification or 

motion of the positive anomaly over North-West America to a 

position over the Pacific. The Pacific's anomaly a1so oscillate. 

about its mean position which is about at 1700 W and 47
0

N (see 

also the mean anomaly map). 
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2. The negative anomaly over the M~d-eastern United States 

18 always Vwith an exception Qf two cases) associated with a 

positive anomaly. One interesting point about this is that the 

position of the centre of the positive anomaly varies from a 

pos1t1on over the North-West coast and at a latitude of 5SoN, 

to a position over the North Pole. Most of the tirne when the 

centre 18 situated over the North Pole the anomaly is very strong 

and covers North-West America as well. 

Th~s relation would f~t perfectly were it not for two 

cases (two 5-day periods) from the 28th of October to the 6th 

of November, where the negative anomalies over the Mid-eastern 

Un~ted States and over the Pac~fic exist but no significant 

poS1t1ve anomaly ovèr North-West America 1S associated. 

Summarizing, basically there are two major types of 

circulation anomaly patterns which caused the known weather 

s1tuation over North America. Minor cases as the previously 

discussed two cases were not considered as a type. 

1. Type 1 

Centres of negative anomalies over the Pacifie and Mid-

eastern United States and a centre of positive anomaly' over the 

northern part of the West Coast. 

Corresponding circulation: 

A well organized ridge over the West Coast extends up 

to 7SoN latitude, and two well-developed troughs over the 

Pacifie and the Mid-eastern United States (Figure 26). 

2. Type 2 

Centres of neqative anomalies over the Pacific and Mld­

eastern United States and a large positive anomaly centred over 
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the North Pole whieh covera North-West America as weIl. 

Corresponding circulation: . 
An intensified ridge over the West Coast exists, 

positioned more to the west than in Type l, and two devel~ped 

troughs over Pacifie and Mid-eastern United States (Figure 27) . 

Look1ng now at the Figures 26 and 27, it can be seen 

that the point which makes the difference to the circulation i5 

the most intensified ridge. Circulation pattern Type 2 has the 

mo5t intensified ridge giving as a resu1t the most developed 

trough over the Mid-eastern United States as well. Circulation 

Type 1 is present in 62% of the cases while Type 2 is 28% of 

the cases. Type l is the most pronounced type, but Type 2 
, 

which appears mostly in January results in an incr~ase of the 

intensity of the cold over the Mid-eastern United States (reea11 

Figure 1), and an increase of the temperatures over the West 

Coast (Alaska inc1uded). This a1so, ean be se en in Figure 16. 

where both negative and positive temperature anomalies are more 

intensified in January than in the previous months. This is due 

to the fact that the southernly f10w over the West Coast and 

the northernly flov over the area of the negative anomaly is 

greater, resultinq respectively in warmer and cold~r termpera­

tures. ACcordinq to thlSl two types, the slope of the accumulate!d 

curves (Fiqure 6) can be explained. The appearance of Type 1 

during the period from October ta December results in an almost 
~ 

constant intensity of the temperature anomaly, sinee in January 

Type 2 re.ulta in the increase of its intenaity. 

1 ____ ~~~ 
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Recapltuallng, the ndge over the West Coast where ltS 

normal pOSItIon IS, appears as an Intensified ridge and It 

depend s on how strong thlS r Idge 15 ln arder ta ha ve the cen t re 
1 

of the pOSItIve 500 mb hel.ght anomaly over >.Jurth-Western Amerlla 

or over the North Pole. A fla t t en ln 9 0 rab r e a k do wn 0 f the 

rldge, results ln a break of the ternperature anomaly Sinee a 

West or South-West sItuatIon replaces the Nurth-West situatlon 

The two troughs, WhlCh are agaln sltuated uver thclr normal p(J~l-

t Ion s, are de e p e r and a pp e a r ont he d e v lat Ion ma p sas ne 9 a t l V e 

anomalIes. The resumé 15 that ln general the maIn character l stlC 

of the flow durlng the perlod from October to January 15 the 

Intenslflcatlon of the normal trough-rldqe-trough pattern over 

PaclfIc-West-coast-Ml.d-ea5tern UnIted States, or, ln other 

word S the Inc rease of the mer Id l onal fla .... over thlS reglon. 

F.lnally, from the use of 5-day means It 15 apparent that the 

maIn characterlstlcs of the flow, compared wlth those observed 

uSlng the monthly means, are mal.ntalned. The reto re ln th 18 ca se 

the mean monthly maps represent the actual circufat.lon and they 

are not the result of averaging. 

( 

------------------------~~~._. 



CHAPTER ) 

( PHYSICAL CHARACTFRISTICS OF THF CIRCULATION 

5. 1 INT RODUCT ION 

rhus far ~t has been seen that the clrculatlon pattern 

over the Paclflc - West coast-!'lld-eastern Unlted States ~s the 

maJor characterlstlc over the Northern Hemlsphpre durlng the 

qlven perlod. It was also shown that the correspondlng 500 mt 

hClght anomal les are Independent of the anomal les ln the rest 

of the N. Hemlsphere ln the sense that they eXlst tuqether 

whereas elsewhere tne SItuatIon IS not as constant Untll now 

unly synoptlc condltluns dur Iny th~s per~od where examlned and 

It wlll oe of Interest to lnvestlgate sorne physlcal character-

IStlCS assoc~ated wlth these synoptlc sltuatlons. For thIs 
, 

purpose the heat and momentum transports, durlng the g~ven perlod, 

wlll De presented ~n an endeavor to see how a strong mer~d~onal 

type of flow expresses ~tself ~n terms of heat and momentum 
t 

transports to the North or to the South. 

5.1a Hea t Tran sport 

The heat transport across the lat~tude ~ from the top of 

~ 
the = Po ~s g~ven by: atmosphere to the standard pressure p 

~ 2n 

iH(q)= t ] / Cp Tva<--os1'dJd p 
o 0 

(1) 

where: 9 is the gravit y 

c i8 the specifl.c heat at constant pressure 
p 

T 18 the temperature 

( v i8 the mer idional component of the wlnd.ve1oclty 

a 18 the radius of the earth 

1Wiin-Nie1sen, A, J.A. Brown, M. Drake, Te11us (1963), 261-279. 
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The contrlbutlon to the heat transport across the latItude 

cIrcule from sorne layer of pressure ~p 15 : 

~n 

Ô p (pd. COscj> f T -; J J 
d 0 

-where T, v are the vertIcal mean quantltles ln the layer ~p. 

It 15 known that T IS related to the thlckness h of the layer 

by the formula 

where Pl 15 the pressure at the upper boundary of the layer 

P 2 15 the pressure at the lower boundary of the layer. 

USlng (3), (2) becomes: 

hv 

The bar over the product hv means the zonal average (average 

around the latItude clrcle) 
ln 

1~j( -
( ) 

In equatlon ( 4) the product hv 18 equal: 

~;;+tV'+- - -h.V' = J"/~ t J.: yi 

-- -Cv -
h IV ~ Vi + .,. ~ Vi 

\1+ 

where it was considered that h = h + h' and v = v t Vi. 

The prIme indlcated the deviation trom the zonal average: 

( ( ) - ( ) 

( 2) 

(3 ) 

(4 ) 
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Assumlng thal the wind 15 geostrophlC. l.e. 
2n 

o 
fîfc\) = 0 

then: -l' AIl h. V:: ",·v 

Thus. ( 4) can be wr 1 t ten 1 l'V 1 

THJ~)-: t p ~ l'J. "OS~ e'1( ''l~ ln 1'\. 
(5) 

P.J 

Then, according to (5) positive heat transport Wlll mean that 

on the average warm air lS transported to the North or cold alr 

transported to the South. Physlcally the result 15 the same, 

i.e. a warming of the North. A negatlve value wl11 mean the 

reverse. 

Consider now that v
l 

and v
2 

are the meridl0nal vel~citles 

at the two pressure boundaries Pl and P 2 . Then the mean meri-

-dional velocity of the layer v is defined simply as: 

V, t-,,! 

l 
The thermal wind is defined as: 

From (6) and (7) it follows that: 

V:=\J-~ , !. 

Using the fact that 

( 8) become8 : 

(6) 

(7) 
. .< 

(8) 



( 

-59-

(la) 

At the pressure level Pl the two components of the geostroph1c 

w1nd 1n spherical coord1nates are given by: 

(zonal veloc1ty) ( Il) 

VI = 
~ ~r 

(mer1dional veloc1t~(12) 
1!!!. ..sI""; C.~fq,. BJ 

Where z 15 the height of the pressure level Pl . 

Using ( 12) , (lO) becomes: 

, -
:t (13 ) 

Equation (13) shows that v can be calculated if the height and 

thickness fields are known. Return then to (5) the heat trans-

port can be calculated from the same fields. 

5.1b Momentum Transport. 

The momentum transport at the pressure level Pl is 

defined as: 

MJ(t) = (14) 

or, for the same reason as in the case of heat transport (page 

58 ) u',,' , 1 (14a) 
The bar and the prime have the same meaning as before. Using 

equations (11), (12) and (14a), (14) can he expressed AS follows: 

l, 
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," 'ia'h' (15) 

Agaln, 
= - ~!!I')It1~ .0.." ~ n 

the momentum transport can be calculated from the helght 

flelds and a positive value will mean transport ta the North. 

S.le Changes ln the Mean Zonal Flow 

The flrst equatlon of rnot~on can be wrltten ln the 

followlng forro: 

where: F 15 the frictlonal force x 

~ is the geopotential 

f 15 the Coriolis parameter 

w is the vertical "velocity" (w = dp/dt) 

(16) 

Note that u and v in the horizontal part of the advec-

tive acceleration are going nsidered non-divergent, 

-i.e. v = o. Note also that v in term fv on the right hand\ 

side of (16 ) has divergence - 2 v 1 o. Making use of 

the continuity equation coordina tes, 

~t4 ... \ ~v - - ---- -
~) Cl. 9., C1 

t1.CO''t 

o 
(17) 

and averaging along the latitude circle, (16) becomes: 

(18) 

2Phillips ( 196 3) 

. ;M.' 
,.,,~ . .. , 

l'" 

l'-
1" - f i-
f.,> ,;' .~ 

.. .L' l. ~ 
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where: M 15 the momentum flux (M = uv). tOuatl0n (18) wauld 

g~ve the contrlbut~on by the mornentum flux ta the change ln 

the mean zonal wlnd. Th15 can be done from the mamentum trans-

port by camputlng the flrst term an the r 19ht hand s~de af (18). 

5.2 RESULTS 

5.2a Heat transport 

Canslderlng the layer from the surface to 500 mb, the 

heat transport for every 5-day perlod was calculated for the 

latltudes 35°, 40°,45°,50°,55°, 60 0 n, from October to 

December 1976. January 1977 was not ~ncluded ~n the calculatlon5 

due to the lack of thlckness data. 

Flgure 28 glves the neat transport as a functlon af 

° longltude and tlme (every pentade) around the 45 N latltude, 

as calculated accordlng to (5). The white area corresponds to 

a pasltlve value of heat transport and shaded areato a negative 

one. The thick solid 1ine in the same figure shows the position 

ln tlIDe of the trough-ridge-trough pattern. The way this POSl-

tlon was determined, was based on the criterion that the average 

rnerldional ve10clty along this part of the latitude circle 

should be zero. In other words: 

~ J V A). 0 
~ 

where À
1

, À 2 are the longitudes which present the beginninq and .. 

the end of the trough-ridge-trouqh pattern. This way a slmilar 

expression as (5) can be used replacinq 21r by the difference 

(~2 - À1 ) expressed in radians. In this case supppse that 

this pattern lS represented as follows: 

df' 

-:~. 
. ~ ~;" '" 
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For the purpose of this sect10n the beginn1ng and the end of 

the trough-ridge-trough pattern are defined to be A and B 

respect1vely. It is ObV10US that from A to B the sum of the 

merid10nal veloc1ties, 1.e. the average over th1s sector, 1S 

zero. Because of avaliable data, every 100 of longitude, 1n 

order to determIne the exact posIt1on of the pattern, a llnear 

InterpolatIon of the velocities between two grid pOInts was sorne 

t1mes necessary. 

ReturnIng to Figure 28 1t i8 observed that mo8t often 

a warm air transport to the north (Vi > 0, h' > 0) or a cold 

air tra~sport to the south (Vi < 0, h' < 0) is taking place. 

A cold air transport to the north (v' > 0, h' < 0) or a warm 

air transport to the south (v' < 0, h' > 0) is also observed in 

sorne places. This espeeially, seerns to be almost constant in 

t~e over about 2500 E (llOOW) longitude. For this case it vas 

found that Vi < 0 and sinee the heat transport has a negative 

value that means that h' > 0, i.e. a warm air transport to 

the south. In general the sign of the heat transport depends 

on both v' and h' (or T'), i.e. the deviations of the wind and 

thickness (or temperature). It is also obvious that the sign 

of T' is a function of the longitudinal distribution of the 

temperature around a latitude eircle. If the temperature appears 

to be very cold over a large region of the hemisphere, it will 
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probably have the result that TI over the rest of the hem1sphere 

w111 be posit1ve. In other words, the 51gn of the heat trans-

port over an area depend5 upon the longltudinal d1stributl0n 

of the temperature (or thickness) around the latltude c1rcles. 

Figure 28 can be produced for every latitude and thus 

one could calculate, for this period, the average heat trans-

port across each latltude, as weIl as the average heat trans-

port due to the trough-r1dge-trough pattern. It lS ObVl0US that 

knowlng these two, the average heat transport across the rest 

of the lat1tude can be found. Let these transports be repre-

sented as total transport, transport l and transport 2, respec-

tlVlty. Table 4 gives the total transport, as a funct10n of 

latltude, averaged over the per10d from October to Decernber 

1976. In the same table the "mean" total transport, as a func-

tl0n of latitude, is given calculated using the aval1able data 

from 1972 to 1976. For comparison "mean" total transport 

values for the same months are given, calcu1ated by A. Oort 

and E. Rasmusson (1971). The data they used covers the period 

from May 1958 to April 1963. 

Latitude 

35 

40 

45 

50 

55 

60 

• Units: 

Total 

TABLE 4· 
October-December 

.. Mean" total transport 
Transport 1972-1976 

0.05 0.07 

0.12 0.11 

o .1B 0.15 

0.22 0.18 

0.20 0.18 

0.16 0.17 

1016 Joules sec 
-1 ( 

"Mean total 
transport after 
Oort , Rasmusson 

0.08 

0.12 

0.16 

0.19 

0.19 

0.18 
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As can be seen from Tabel 4 across each latitude there 

is a warm a~r transport to tThe North or a cold air transport 

to the South both having the common result of warming the North 

and cooling the South. It is also observed bhat the heat trans­

port appears to be somewhat higher than the mean at 40°, 45°, 50° 

o ° 0 and 55 N latitudes, while at 35 and 60 N appears below the mean. 

It would then be interest~ng to examine the heat transport due 

to the trough-r~dge-trough pattern (transport 1) as weIl as 

the heat transport across the rest of the lat1tude (transport 2). 

Table 5 g1ves transport l and transport 2 as a function of 

lat1tude. The total transport is again given from comparison. 

The unIts are sarne as in Table 4. 

TABLE 5 

Lati tude Total Transport l T-ransport 2 nNorma1ized ft 
Transport Transport l 

35 0.05 0.022 0.028 0.027 

40 0.12 0.053 0.067 0.066 

45 0.18 0.080 0.100 0.100 

50 0.22 . 0.095 0.125 0.120 

55 0.20 0.085 0.115 0.110 

60 0.16 0.070 0.090 0.090 

For aIl transports a maximum around SOoN is observed. The 

interesting point about the resu1ts in Table 5 is that transport 

l and transport 2 are of the same siqn vith transport 2 a little 

hiqher than transport 1. 'rhis observation could have the conse­

quence that the increa'se of the meridional flow over Pacific-

W. coast - Mid-eastern United States i8 not a factor which 
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results in more heat transport to the North. Transport 2 is 

higher, even if over this sector there is not a strong meri-

dional type of circulation, which is the case as it is known 

from previous discussion. Rather it is possible that the heat 

transport is a function of spaee. This can be seen in Table 5 

comparing transport 2 and "normalized" transport 1. On the 

average the sector which transport 2 eomes aeross is about 1.25 

times greater than the sector which transport 1 cornes aeross. 

The "normal~zed" transport l is obtained by multiplying the 

Values of transport 1 by 1.25. Then, it can be seen that trans-

port 2 and "normalized Il transport 1 are almost equal at each 

latitude. Therefore, transport 2 appears greater simply because 

it is the transport across a sector which is bigger than the 

sector which transport l cornes Aeross. In an endeavor to search 

for a solid answer to these questions, results from the next 

chapter were introdueed. These resules represent the increase 

of the meridiona1ity of the flow as a function of time. Knowing 

the heat transport aeross latitudes as a funetion of time, one 

can possibly deduce a relation between increased'meridionality 

and heat transport. Table 6 gives tbe average heat transport 

aeross the SSoN latitude as a function of the year 1 for the 

period of october-Deeember. It also qives the increa •• of the 

meridionality of the fLow, for the same period, in the latitude 

belt between 500 and 60°., as a function, aqain, of the year • 
• 

Eaeh number qives a measurement of how increaaed the meridional-

ity is. Actually it indieates the numbe~ of clay. or the to~l 

duration of the increased meridionality in thi. periode 
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( TABLE 6 

YEAR 1972 1973 1974 1975 1976 

Average over 
the period of 
OCt-Dec. ft • T 
acros. 5SoN 0.19 0.10 0.19 0.135 0.20 
Units: 1016 
Joules sec-1 

Duration in 
days of the 
increased meri- 28 42 29 35 60 
dionality in 
the period of 
Oct-Dec . 

Let X represent the heat transport and Y the increased meridion-, 
ality. Then using statistics the correlation coefficient between 

X and Y is given by 

/ 
where x and y stand for th~ deviations of X and Y fram their 

mean values: 

x::X-x 
o 

1- y - y 

Using Table 6 and working as it is shawn in, Table 10 in the 

Appendix from (19) it was found tbat: 

\~ 
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-t 0.03 

Therefore. it can he concluded that the heat transport iS~ 
a function of the increased meridionality of the flow. The 

trough-ridge-trough pattern on the average transports heat to 

the North but this is not due to the fact that the Meridional 

flow was increased over this sector. 

S.2b Momentum Transport 

It is known that in order to get a northward momentum 
, 

transport from a wave the axes of its troughs and ridges must 

tilt on the average from the southwest to northeast (positive 

slope). A negative slope will give' a southward momentum trans:-

port respectively. It is apparent that an intense wave or an 

increase of the meridionàl flow could result in 60th northward 
\ -

or southward momentum transport depending on the sf0pe. It is 

also possible, for an intense vave will transfer no momentum at 

aIl (zero slope) while a veak wave transfers some. Thue, one 

cannot really relate heforeband increase of the meridional flow 

and increase of the momentum transport. Of cours., a higher 

aJIIOunt of momentum transport vith increasing meridionality is 

always a po •• ibility. 

Considering the 500 DIb levei the·.ame procedure to' 

finc1 total transport, transport 1 and transport 2 vas repeated. 

Table 7 gives the re.ults for t.he momentum tran.sporta aver&cJed 

over the period of October - December, obtained using (15) 
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TABLl:. " ft 

La t 1 t ude Tot a l Tran sfJort Transpurt 1 TI dnspurt 

]') 

40 

sa 

55 

60 

*UnIts: 

12.0 7 0 

12 10 () 

10 0 <) 0 

).0 

3 0 - 2.0 

9.0 - 5.0 

'..> 0 

l 
L 

1.0 

-3.5 

-} .0 

- 4.0 
------------------- - --------- ---------

2 2 
m /sec 

From these results It ~5 apparent that acras; thE: 

latltud ~5 35°, 4Jo, 45°, 50° h cl ~ t f t ~ a nort .... ar 5 L ranspor u momen um 

~5 taklny pldce Abovc 5 OON a transport ta t he Saut h 15 obse r ved . 

Abou t t ran5po r t (due tn the trough-rldye-trough pattern) Il 

15 observed that up to soon a transport to the :'Jarth lS taklny 

place. That m"ans that ·ut-' to ° SON the pa L ter n t l } t 5 , on the 

average, Its axes of the troughs and rldge from the southwest 

to the nartheast. Afterwards It op erates ln the OpposIte 

dlrectlon. Camparlng now transport l and transport 2 lt 15 

apparent that at each latItude transport l 15 greater than trans-

port 2. Thls dlfference can be determlned by a comblnatlon 

or by elther of the followlng factors: 

1) the 1 nc rea sed me r Id lona Il ty over the sec tor of the 

trough- r Idge - trough pa t tern, 

2) the perslstence of this pattern. 

l=-. -------------------------~-~_~ .... -:.;:-.:-;;.), J'" .iP'...k~ 1ml;~·;...,1tMiU!Ii41elSi& 
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where the merH110nallty W;15 not .lncreaseù. l t 15 a 1 bu k nUWII 

thal dur In(; the glven perlod, uver th.ls sector, nuthlny WdS a~ 

constant as the trough-rl(lge-truugh l-lattern CJver l'aclf 1C-"'-

coast-M1d-eastern UnIted States It 15 t~en t->0sc,lblf' that 

transport 2. 15 a result due ta dl fferent wave l-ldt terns ove! 

thls sector Jurlng that perlod Obv.lously, that difference 15 

not due to the dlfference ln sector Slze, as \Nas the case ln 

the heat transport. Here, t.rans~ort l lS yreater than transport 

• 
1. even If transport l comes dcross a sector Whlch l s sma 11er 

ln Slze than the corrcst-'ùndlny of transport 2. 1\150, ln order 

to state whethcr or not tran5~.Jort l appears hlgher than a meaI"1 

value 15 IJ!ut.Jably nat possIble S.lnce one cannot flnd 81mllar 

I-'attcrns uver the same sector very often. Whatever the reasun 

for t1llS rllfference, one thlny 15 certaln and lmt-'0rtant. Tha t 

lS, ln tact, the trough-ndY'e-trough pattern ~ontrlbutes the 

most to the total mOflentum t.ransport across each latItude. 

Conslderlng then thlS pattern, the contrll..>utlon by the 

momentum to the change ln the mean zonal flow wascalculated. 

Thl s was done by computlng ~he flrst term on the rlght hand slde , 
of equatlon (lB), and the result 15 shown ln FIgure 29 by the 

8ol1d 11ne. The scale 18 the one to the left expressed ln 

m/sec day. The scale to the ngh t cor re spond s to the da shed 

Une WhlCh glves the mean zonal wlnd (rn/sec) observed dUJ'lng 

thls period, as a function of latitude. Comparlng the solid 

( llne of thi s figure wi th Table 7 i t can be concluded tha t an 

l 
1 
1 
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Increase of the momentum .... lth latltude contrlbutes to a tendency 

of the mean zonal flow to deerease and Vlce-versa. F'urthermore 

a comparison between the two curves ln F190re 29 sho .... s that the 

effect of the mo~ntum transport IS to tend to move the Jet 

stream maXimum to the North. 

Concludlng, the Increase of the merldlonal flow over 

Pacifle-W. eoast-Mld-eastern UnIted States dld not affect the 

heat transport to the North which does not Bee~ ln the average 

o 0 across each latItude from 35 N up to 60 N, to be "abnormal." 

On the other hand, the trough-rldge-trough pattern contrlbutes 

the most to the momentum transport acrOBS each latltude. 

Flnally, the effeet of the contrIbutIon of the momentum trans-

port, due to this pattern, to the change ln the mean zonal flow 

over thlS area, IS to move the maXImum of the Jet stream to 

the North. 

5.3 SUMMARI ZED REMARKS 

For what has been rnentloned ln preVIOus chapters an 

abnormal existence of a ridge may cause sorne characteristics 

upon the regional clirnate WhlCh appear as weather anomalIes, 

sometlmes severe, depending on the intensity of the ridge. An 

extenslVe ridge results in direct flow of polar air which falls 

ln the following trough which simulataneously i~ developing. 

The result, then, is cold temperatures and precipitation. On 

the ôther hand the ridge, with its persistence and extension, 

is blocking the circulation, preventing this way the motion of 
) 

the precipitation systems. The resu1t then is drought over the 

underlying area. Also, as a consequence of the increased 

l:------?-. -r-
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( suutherly flow on the lefl BIde of the rldge, warm alr advectlon 

ylves hlgh ternperaturcs. From the case which was under examlna-

tIan It can be concluded that the severe negatlve te~perature 

anomaly was causally connected wlth the positIve 500 mb helghl 

anumaly to the west, which lB connected Wlth a warm spell and 

drought. This descrIptIon 15 qualitatlvely the same a5 the one 

glven by Rex (J950b) fur weather sequences in the "blocklng" 

r~dge6 and hlghs. Obvlously, the increase of the merldl0nal 

flow over the West Coast has aIl the characteristics of a "block-

Ing" rldge or high. It wauld then be lnteresting to investigate 

tü whal degree the eXIstenCE> of the "blocklng" r Idge over the 

West Coast ls abnormal. In order ta determlne thlS, an inves-

tlgatlon of "blocklng" ridges and highl based on the increase 

of the meridionality of the flow ls the next 8tep. 

( 
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CHAPTER 6 

AN INVESTIGATION OF "BLOCKING" ACTION 

6.1 INTRODUCTION 

S.lnce the tIme that the "b1ockIng" sltuatlon was f!rst 

noted by Garrlott (1904), many Investlgators have pxamlned lt 

and lts effects on synoptlc sItuatIons. Nam.las (1947), Elilot 

and SmIth (1949), Berggren, Bolln and Russby (1949), Rex (1950 

a, bl and more recent1y, Sumner (1954, 1963), K1J.'.uchl (1971) 

and others have glven geographlcal and seasonal rllstrlbutlon 

of the "b1ocklng" actlon. There are slynlf.lcant d.lfferences 

between the deflnltlons and restrIctIons about a "b1ocklng" 

act.lon adopted by the lnvest1gators. For examplc, Rex (1950a) 

formulated the very restrlct1ve deflnltlon that the splltlny of 

o the Jet stream should extend over at least 45 of longltude 

and that the pattern must eX1st for at least 10 days. On the 

other hand, Sumner (1954) wlthout any restrlctlon on the exten-

Blon or the p@rslstenc@ of the block.lng act10n claSSIf.led 1t 1nto 

diffluent and merld1ona1 types as below. 

D iffluent T ype 

Meridional Type 

-74-

t:.::-----------.. ------------~_=:;T" -',v , "1 ,'_~~!f;'!I., 



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

( 

( 

-75-

ln gene~al the common denomlnator to aIl deflnltlons 

lB that the merldlona]l~y of the flow IS Increased. A "block-

Ing" sltuatlon IS nothlng more than an Incre~se of the merldlonal 

flow over an area and It depends on how Increased thlS merldlon-

allty IS ln order to get an Intense or a very Intense "blocklng" 

situatlon. Recalllng results from these Investlgatlons the 

longltudlnal dlstributlon of the "blocklng" actlvlty presents 

two maXlma: one 1 the more f requen t 1 about 00 
(360

0 E) long l t ude 

and another one about l50o W. The seasonal dlstributlon Indlcates 

a maxlmum ln Aprll. 

6.2 A METHOD Of DEFINING "BWCKING" RIDGF.S AND HIGHS 

where 

Sup~ose that the followlng grid-polnt model IS glven 

o t IS the longltude every la and À IS the latItude every 

Suppose that for each grid-point its 500 mb height value {H} 

in decametersis given. Now, let us conBider grid-point number 

1 

1 

1 

1 " 

!'~: 
'!r;-, -
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" 
~ . If H S -' H4 , HS ' H6 and H

S 
> H

2 
thJn at longltude i 2 a 

rldge ia posltl0ned. If in additlon H
S 

> Ha then at longltude 

t 2 Il closed hlgh lS found. In order to avold flat rldges the 

fo11owlng arbltrary restrlctlons were made: 

1. The east-west gradlent should be greater than 4 

decameters; 

2. The north-south gradlent should not be greater than 

8 decameterB, because it lS known that the north-south gradlent 

ln rldges lB not very strong. 

Followlng thls met~od lt lS possible to locate on Il 

dally tlme scale the longitudlnal position of ridges and highs 

at the sao mb leve!. It lS also possible to flnd how extensive 

a r Idge, or a h 19h, 180 ln order to more comprehens ivel y present 

the lncrease of the meridlonal flow, a "blocking" rldge or hlgh 

dlVlded lnto three types as follows: 

al Type 1: Ridge extendlng over 3 latitude belts, or more 

bl Type 2: Closed high over 2 latitude belts 

c) Type 3: Clo8ed high over 3, or more, latitude belts. 

No restrictlon WdS made on the duration of each type. 

obvious that according to the definition Type 3 includes Type 

2 which includes Type 1. In other words, when Type 3 i8 

• reported over an area, a Type 2, although existing there, is not. 

From these types A new type was contructed by putting 

Il restriction on the durAtion. This new type, Type 4, i8 

defined to be Any of the other types but with a persistance of 

5 or more days. A motion of. 10° of longitude is permissible. 

1 , [ -. 
1 ..-;' 

1 r'~:' , 
,;, ,. ~ 

------------------____________ o.~ _____ ~ ________________ .... __ .... ~' 
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Thls type cornes closer ta flttlng the deflnitlons of other 

authors and has as a further purpose the checKlng of the reeults. 

In the continuatlon when Type 4 lS examined, nelther the longi-

tudlnal position of the lnltlatlon nor the end are consldered, 

Dut ltS posltlon every day. As a result the number of selected 

cases or occurrences of Type 4 shows the total duratlon of lts 

actlvlty. When Types l, 2, or 3 are examlned every case (or 

occurrence) lB ~nsldered Independently of the duratlon. For 

example, if Type 2 18 fa und at 3200 E for one day, thls 18 con-

sldered as one occurrence. 

ThlS Investigatlon covers the years 1971-1976 for the 

o Northern Hemlsphere, from 25 N latltude up to the North Pole, 

and the years 1949-1970 only for the part of the Northern 

Hemlsphere whlCh 18 Included between 1200 W and 60 0 E longltudes. 

The restrlction ln the latter case ls due to mlsslng Information 

for these years. ThlS restrlctlon has as a consequence that 

for the longltude 1200 W the number of cases, or occurrences, 

of Type 4 can not be accurate. The reason is that, according 

ta the definltion of Type 4, informatlon west of 1200 W ahould 

be ava llable. Of course, ln this case Types l, 2 or 3 can 

be used. 

6.3 RESULTS FROM THE INVESTIGATION OF THE YEARS 1971-1976. 

Uaing the results of this investigation Figure 30 WA8 

produced. It shows the longitudinal distribution of TypeB 3 

and 4, as weIl as the summation of TypeB 3 and 2 and the 

summation of Types 3, 2 and 1. The purpose of preBenting this 

" graph i-n this manner is ta determine whether the ditterent 

~----------~-------" ... JI 
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types result ln a different distributlon of the Increased 

merldlonallty. As it turns out this longitudlonf'll dIstrIbutIon 

remalns exactly the same Independent of the way Dt presentlng 

lt. ThIS glves the ability to present the "blocking" actlvlty 

as a summatlon of different types or as Type 4, which as lt 

was mentloned ~revlou8ly approaches more the detlnlton of other 

Investlgators. 

AB cao oe seen from Figure 30 the longitudinal distri-

butlon of "bloc)o.ng" activlty obtains a maXlQlWn at the longitude 

belt 0° - JOoW and a second maxlmum at the longitude belt 

120 0 
- 150o W, with tbe first ma~imum being more trequent than 

th~ second one. The mlnlma are located over 700 W and lOOoE 

longItudes. Flgure 31 shows the seasonal variation ot observed 

Type 4 ln 1971-1976, indicated by the solid Ilne. The figure 

shows a maximum between March and ~y and a second one in August. 

The dashed line, indicating the peak around April, represents 

an approximation which was obtained using the method of the 

aemi-averages. Theae reaulta are found to be in agreement with 

rC8ults obtained by Rex (1950b), Sumner (1954) and others. 

6.4 RESULTS FROM AN INVESTIGATION OF 28 YEARS (1949-1976). 

This investigation, as it was mentioned betore, reters 

to the longitude balt 1200 W to 60o E. In the results from the 

years 1949-1970, the results trom the year 1971-1976 (considering 

the same longitude belt) were added. U.ing the.e result. one 

can tind "normal" trequency of occurrences for aach longitude, 

or longitude belt, and compare these with the tr.quency ot 

Occurrences in any y.ar. 

1 , 

" , " 

, . 
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Flgure 3~ shows the longitudinal distribution of TYVe ~, 

a8 well as the summation of Types 3, 2 ~nd 1. Note that for 

Type 4 over 1200 W longitude there is no accuracy, therefore 

this 18 indicated with dots instead of a continuation of the 

dashed line. Comparing the.e resulta vith the re8ult in Plgure 

30 it can he seen that the longitudiona1 distribution remAl.ns 

almost the same. The maximum i. over the long i tude belt f rom 

00 - 300 W and the i im i 700
W l i d mn wu • at onq tue. About the 

next maximum and minimum there can be no accuracy, since there 

waa no information avai lable, but an inc reaBe of the activ i ty _ 

over 1200 W and a dacrease at 60°! is visible. 
~'''../-.J 

A difterenée 

appear80nly at the longitude belt from JOoE to 500 E, \there 

now an lncreaae instead of a decrease of the "blocklng" activi.ty 

la obaerved. Also it can be ob.erved that there i8 a relative 

decrease of the activity, compared with that of 1971-1976, at 

long i tudes 1200 W, 110°'1 and lOOoW and a relative increase at 

longitudes 80o W, 700 W, 600 W and 500 W. 

6.5 !XAHINATION OP' TH): "BLOCKING" ACTIVITY OVER THE 

WEST COAS),..JN 1976 

It is known that during the feriod from October 1976 ta 

January 1977 aR abnormal ridqe wa. preVailing over the West 

Coa.t. The purpos. of th!. inv •• tigation is ta compare the 

activity of the increa •• d meridionality, during thi. period 

and over thi. reglan, with the normal. Usin9 the result. ot 
1 

thil inve.tigation Piqure 33 wa. produced giving the ob.erved 

frequency of occurrence.,- of the .ummation of Typa. 3-, 2 and 1 

in 1976, aqain.t the normal. The tir.t inter •• tinq point tram 
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this figure is that in 1976 the "blocking" activity ovel!" 1200 W 
• 

1o~gitude s1ulrp1y increases compared tç the normal. I~ would 
/7.::- ... 

then he interesting to determ~ne w\ether that increase appeared 

in the period where the known abnormality took plaqe'. Figure 34 

gi ves the number of occurrences of the summa tian of Types 3, 2 

and l at 1200 W longitude as a function of time (the time 8te'p 

is in months), as weIl as the normal frequency. In this 

figure, January 1977 was included. 1 Examining Figure 34 it is .. 

quite apparent that the "b1ocking" activity i8 much mo~e than 

normal during the period from October 1976 to January 1977. , 

Also, it i8 interesting that this abnormality is takinq place 

in a pe,riod where the normal minimum is observed. Conve:;ting 

this abnormality into nu~ers, a number of 16 cases i5 obsérved 

from October 1976 to January 1977, whi1e normally a number of 
. 

4 cases is reported. A striking point in this figure i5 that 
Q 

in S,eptember the "b1ocking" activity is aIso' much greater' than 

norma1.but is not associated with the known climatio extrernes 

over the area which was affèéted dur.ing the period from October 

1976 to January 1~77. The reason is, that this "b1.ocking" , 

activity is located further north than during the period from 

October to January, thult not affectingÔ the area which is under 

di-scussion. A presentation of the latitudinal' di!ttZ'ibution o~" 
1 , , 

o O' , 

the "blocking" activity was' not -attempted in ~his work, b~t 

for cases as this resu1ts were reèalled. In fac.t, during 
) 

'. 
1on1y data Jfor the first I1lOnths of' 1977 vere available to the 
author in the firat instance. < Complete data for 1977 were 

1 

a4ded la ter. , , 

, 4? 

J'''~~~~~~-"-______ ",,,, ___________________ _ 
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~ .. - SUMMATION OF TYPES l,2.3 IN "976 AT 120· W 

- Il, .. Il .. NORMAL .. " .. 
", • §~, 1 \ 
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Filare -34 Oh.erved .ea..onal diltribution of the aammatioD 

of typea l, Z .. ' 3 in 1976 at 1200 W.' lon~it~de verau. 

the normal 
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Sepèe~r 1976' the drought-cold pattern is 10cated over Uorthern 
r:.. ' 

1 • ~ 

Canada. On the other halld, during September, the Western United 

States reported.a large amount < of preclpi tation and the Mid-
l ' 

éastern United States was n~t very cold. Also, from ete same 
, . 

,figure an increase of the "blockinq- action is'inqicated in 

January 1976. In this case the activity is 10cated over the 
~ 

same règion comparec;1 with that d,urinq the period from October 

1976 to January 1977. Now, in fact, this activity is assocülted 

with the' sa'me~i~tic charac\eristics over the known areas. 

That is, the synoptic maps for January 1976 indicate drouq~t over 

the West Coast and cold over the Mid -eastern Uni.ted States. 

Working wi th the sarne perJod for all'-~~ch 

data were available, Table' gives the observ,ed frequency of , , 

'occurrences of the summation of Ty.,s 3, 2 and 1. at longitude 

120oW. This. serves the purpose of a better estimation of the 

abnormality during the period of October 1976-January 1977. 
1 

As can be seen the frequency of 16 cases in 1976-71 is tne 

highest ever observed. 

Concl~ng, indeed during the period of October 1916 

to January 1977 the' ,"blockinq" action i~ remaJlab1y qreater than 

normal, appearinq also as the highest observed frequency of 

occurrences in the la st 28 yeA~.~ Such • "~i9h appearance of 
1 

"blocking" action could qive severe climatic .effects upon the 

regional climate auch as, drou~ht over the underlying area and 

cold overthe area of the followlng developed trouqh. It 

1lU8t~ hOwever, 'be emphasized that this relation may not be . 
orie té one in aIl cases, dependinq on tbe latitudinal po~itiG~ 
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TABLE 8 1 
, 

j • 

1.20Ow h . LONGI'l'UDE 
. Nqmber of occurrences of the sunmation of Types 3, 2, and 1 f 
in the period from October toIJanua~. 1 

" YBAR' , NUMBER J OF OCCURRENCES 
.. 

194~-50 1 
/~ 

J .. 1950-51 • 0 
1951-52 

. 
;t . ... 

1952-53 0 

1 
1953-54 l 

l 1954-55 2 

î 19'55-56 ,l. l , 
" ' 

, , 
• j .' 

-1956-~1-' l' , 
f· ~ 

l 1957-58, 1 ./ 

., 
$ • r 1958-59 " , 1 

1959-60 0 
,. 

~, . , / 

1960-61 l 
1961-62 0 «; 1962-63 1, .1 '. ( , . . - ' 1963-64 • 0 

1964-65 11 
1965-66 .. 
1966-67 .. 2 . " 

.) 

1967-68 6 

1968-69 10 
, 

1969-70 1 11 
1970-71

' 
9 

r 1,971-72, -- 3 
" 

1972-73 5 

1973-74 6 

1974-75 - __ ri , .. -

--- 1975-76 l.è 
1976-77 16 

0 "D-
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~ 
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1 

of the.\.::"blocking fl açtivity. ,A verification and a test of theSe 

results eould he an examination of the climatic charaeteristics 
\ 

, somewhere, where a hiqher than nortnaJ frequency of ·~lockinq" 
, , 

act;.ion is 'observed. This could be dona for the same region 
• 1 

since results are already given (Table à), but it was' desirable 
, 1 

to perform a test over the region where the maximum of the 

'1/ "b~ocking" ae~ivity was observed. ln other Words over the 00 

. r 
In order to choose the period in 'this case, 

; 0 ~ . 
the restriétion was made that the \frequency' of "blocking" 

activity d,uring this period, must be at l.east two times greater 

'"' than the corresponding normal. This way only strong cases will 
1 

- he considered. At first, it was attémpted. ta find a period of 
t . , 

four cOfisec~tive months, but without success. After that a 

three month Iperiod was considered and Table 9 gives the MOst 

abnormal cases which oc~urred over the longitude belt fr~m 100W 

to lOoE, in the years from 1949 ta 1976. Finally, it was 
, 1 

decided to examine the abnarmality of th~ periocd of June -.f 
1 _ J 

August 1976, solely because it is moz::e recent and a11 relative 

synop,tie- maps and data were available. 

6.6 ,THE 1976 CASE OVER WESTER.~ EUROPE 

In this ca'se sinee more information is avàilable, the 

pr~vious presentat'ion was repeated for the 0° longitude as 

welll:ai f.or the longitude belt trom lOoW to lOoE. Fiqure 35 

shows thé observed f requency of occurrences of Type 4 Against 

the normal, at 00 longitude and over the longitude belt from 
" ~ 

1 lOoW to lOoE. As it is ,bbserved from this. figure the frequency 

o 
~ -~-----_ .. _-_.~-

\ 

\ 
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-,INORMAL TYPE 4 AT O· LON41T'UDE 

--- OBSERVED TYPE 4 IN 1976 
, 1 

--- NORMAL TYPE 4 AT- LONGITUDE BEL"( IO·W­

~~- OBSERVEO TYPE " AT LONGITUDE BELT IN 
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JI! 

Filure 35 Obe.erved leasonal distribution of type .. ~er the 

1 longitude belt of ~Oo W. - 100 E. and at 9
0 lonli~ude 

in 1976. veuua the normal 
, i 
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TABLE 9

1Î 

1 

1 

Longitude be1t lO~ - 10°1 . 
Three month perlod. wh.ra the -blpcking" activitYf appeara, to 
be much hiqher than normal t 

" 

\ .". \ 

P!!!OO ;tc: !DR ' : 
! • -

1949 June - August ... 
) 1952 March - May 

/ r 
..... .. 

1953 October - December 

1959 February - April , 

1961 September - November 

- 1976 June - August 

1 j • 

( 
" J 

1 { 

\ , 

, c 

" j 
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of· occurrences in 1:976, .. for both 00 10'ngi tude and the .longrt:ude 
• 

belt lODw - IOoE, is higher than normal during the Iperiod fram 

Jun,e to 'AUi]uat' as weIl as in March. It c::an aiso De seen from 
, , 

thi. figure that when the lon~itude belt is consi~d a rela-'" ,..---./ 

tive decrease of the activity ia observed, compared with that . . , 

at O~IOnqitude. This sh~t the "blOCking"~activitY ov~r 

the iongitudt! belt 100W - ~OoE haB its maximum at 0° langitud.e. 
, . ~ 

This is further evidence tha t the .~normal frec(uency of occur- 0 

rencea is taking. place i~ a period where, agJlin, the minimum 

, normal frequency is observed. It i8 then interesting ta examine 

.the climatié characteristicB ·'Wbich weré as-,-ociated with this 
• /~- 1 

abnormal frequency,of "blocking" activity during the swmner 
.. 

1976, over'Western Europe. 

. 1 (: 

." 
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CHAPTER 7 

SYNC>.PTICS OVER EUROPE DURING THE SUMMER 1976 
... 

7.1 CIRCULATION OVER EUROPE DURING THE PERIOD OF 

JUNE-AUGUST 1976 

/' 

Examining the a~normal winter 1976ï77 over North 

America it was shown that higher than normal frequency of 

"blocking" activity was associated with the circulation, and 

the c1imatib chàracteristics\. If this ·increase of the meridicpna1 

flow is the common denominatolt of such synop~ic patterns it wou1d 

be expect'ed that in the European case similar circu1at'ion and 
1 

c1imatic characteristics wou Id be found. 

Figur~ 36 shows t.he mean average 500 mb heightflow 
-

for the period of June - August 1976, this is indicated 'by the. 

solid lines. The corresponding normal circulation iS' a1so shown / 
) \ 

~ in this figure by the dashed lines. It ~s ~lear that on~he 
1 . \ 

! -~ average, the' flow is more developed during this per~od with a 

,1 ridge building up over, wes~ern Europe (abopt at ~()o lo.ngitu~e) 

0. < 

and a developed trough situa ted over, Eas1tern Europe. In addi­

tion the troug~ over the Atlantic also ,appears "~tronger than 
" ,/ , \ 

the normal. This picture of the trough-ridge-trough pattern is 

almo,st alw~ys visible in the German "Europaischer Wetterbericht" 
1 

daily weather maps' as weIl as in the month1y maps from June to 

August. A similar Ricture, to that of the abnormal wi~ter~over 

North America, seem~ to appear again with an increased frequenc,y 
C3 

of "blocking" action expressing itself by the_J>uildihg of a 

ridge over Western Europe. 

- 1. 
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7.2 CLlMATIC CHARACTERISTICS ASSOC~ATED 
~. ~ 

Figures 37' and 38 show respectively the tempe~ature 

" anomaly and- the precipitation "anomaly, as functions of longi­

tude movin9 along
J 
:the SOoN latitude, for the months .J.utfê, July ., 

and August. AS it 1;8, shown from the se figures, over the under­

lying area of thè ine reased mer id ional i ty _ a posi ti 'Ve temperature 
/, t 

arloma1y is observed, as well as a~negative one under the developed 

trough over Eastern Europe. Foi the precipitation aga in , a high 
f 

drought aecompanies the "blocking" acti vit y , sinee under the 

trough a more than ns>rma1, or normal amount of precipitation i8 
, , 
a facto 

The pieture of these figures remains a1rnost the sarne if 
\ 1 . 0" 0 

one repeats the procedure along the 55 N or the 4S N latitude . 

Referring a1so to t-he German !"laps for the mont,hs June, July 

and August 1976, the above picture is very distinguished and 
û 

connected with the ridge-trough-system over~ Europe ~ 

Recapitualtïng, the similarity of the resul ts, given 
\ 

that an abnormal appearance of irlereased rneridionality of the 

flow is takiJlq place, indicates that this, is a factot associated 
-----~ 

with the appearance of such weather situations. J ; 

c, 

t 1 
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CBAPTER 8 

SUMMARY C' 'i'-
-----~ 

8 .1 • DISCUSSION 

Results obtained icate that a sea 

surface temperatur,e anomaly over the early 

in s~t1n~ and summer, resulted in an-increased South-North upper ) 

level' flow east of 140oW, and the creation Qf an extènsive ridge 
-' 

over the W~st Coast. The question which may arise here is 

l 
1 

'. whether a sea surface tempe rature anomaly can result in an abnor-

-

r' 
~ 

. 
mal frequedcy of "bloc~ing" activity. This is not very weIl 

1 

known and needs further investigation. However, it fs the 

author's hope t~t ~dy will be a useful guide to the inves-

tigation of c1imatic anomalies ~nd the factors which are involved 

in the appearance of such weather situation. 

8.2 CONCLUSION 

~ weIl knoWn weather anomaly was examined, namely 

the abnormal winter 1976-1977 over North America. The 500 mb 

height ~noma~s ~ere examined and it w~s found that a severe 

~eather situation does not depend by'necessity on~a hemispheric 

waveCpattern but may very weIl be the~ult of a smaller sca1e 

phenomen~:m • 
-. 

In this case an àlloma-3:Y' can not exist alone but must 
'\ 

be found in relation with other associated anomalies. For the, 

weather situation which was'under examination it was found that 

the abnormality was caused by a strong meridional'type'of 
_ ,J' 

circulation which expressed itse1~ by a very weIl organized 

~idge over ~e ~st c:ast acc~anied by two developed troughs; 
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one over the Pacifie and the other over the Mid-eastern United 

Q States. This type of circulation resulted b~ necessity not in 

~. one abnormality but in severa! ones related to each other via 

the eirculation type. This pattern was found to be sensitive to 

slight shifts in position'of the meridiona1 type. Ex~ining 

som~ physical c~aracteristics of thistpattern it;was found that 
v. 

thé heat transport to the North was not a function of the 1ncrease 

of the meridional flow. However, the pers*stence, of ·-.this pattern 

contr~utes the most to the mom tum ~ranspo~t açr~ss each lati­

tUd~from 350 up to 60oN. T ~ncreased meridionality was 

examined by defining "blocking ridges and highs. It was found 

that the persistence of the ridge over the West èoast was'quite 
" 

abnormal, conc1u~n9 that a higher than nOrm4l f~equency of 

"blocking" activity causes the known climatie characteristics 

over the unde~lying area of the intensified rldge and over the 

under1yinq area of the corresponding developed trough. A test 

which was performed fO~the périod of June - August 1976 over 

the weste~n Eur~pe ~ed that simi1ar circulation and c1imatic 

charitèristics are associated, :again, with a high frequency of 

inc~eas~meridionality of the flow. 
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APPENDIX 

computation of the correlation coefficient 1Xy 
~ 

1 

'l'ABLE 10 

y x x 
1016 J.sec-1 1016 J.sec-1 

, 
0.19 -11 ()..027 121 

0~10 + 4 -;-0.063 -16 

0.19 -10 0.021 100 

0.135" - 4 -0.028 16 
1 

0.20 +21 0.037 441 

Ex2: 
M2AN: 0.163 694 

-t a~() 3 

J 

-

." 

----, , 

1 

f"".L ..0 
co , 

xy 
10 29 J.sec-1 

'0.729 -0./29'7x10 16 

3.969 -0 k 252Xl0l ,6 

0.729 -0\270X1016 

0.784 +0.112xlO16 

1.369 +O.777x1016 

2 Exy : Ey = 
7. 59xl029 0 O.07x1016 

"" 



.. ' 

-99-

(\, . BIBLIOGRAPHY 

... 

(l • 

oickson R~~R., 1977: Weathe~and citculation of November 

1976: "Record co1d over the south and midwest for 

the second consecutive"month" Mon. Wea. Rev., 105, 

239-244 • 

E1liott, P.E. and T.B. smith, 1949: A study of effect of 
1 

'large b10ckinq hiqQ on the qeneral circulation of 
, 

the nortpern hemisphere westerlies. J. Meteor. 6, 

67-85. 

Kikuchi, 'J., 1971: Influence of MOuntains and land sea 
1 

distribution in bloaking'action. J. Meteor. Soc. 

Japan, 49, 564-572. 

Martin; O.E., 1955: "Atlas of 700 mb Northern Hemispher~ -

Anomaly Charts,n Air Weather Service Technica1 Report 

105-100/2. 

Namias, J., 1978: Multiple causes of the North American 

âbnormal winter 1976-17. Mon. Wea. Rev., 106, 279-295. 

O'Connor, J.F., 1969: Hemispheric teleconnections of Mean ---
ciréulation anomalies at 700 milibars. eSSA Technical 

Report WBlO. _ 

OOrt, A., and Rasmusson, E., 1'971: Cj.rcu1ation stat/S~i~S, 
NOAA Professionâ1 Paper ,5. ~ 

Phillips, N.A., 1963: Geostrophic motion, .;..;Re.-v..;...;..o---.G.-e-.o ... p=h ... y--.s. 

Vol. l, 123-176. 

Rex, D.P., 1950a: Blockinq actio~ in the middle troposphere 
,1 

and its effect upon regiona1 c1imate 1. 
. 

An aero-

10gioa1 study of b1ocking. Te11us 2, 196-211. 

\ 



[" 
J' 

.. 

-100-

Blockinq action in the middl~OP08Phefe 
and its effect upon re9i'o~al, climate II. ~he climato1ogy 

of' blocking acti~n. Tellus, 2, 275-301. 

Sumner, E.J., 1954: A study of blocking in the Atlantic-

European sector of the Northern Hemisphere. Quart'. 

J'.'Roy. Meteo». Soc., 80, 402-416. 

________ , 1963: Blocking ant~cyclons in_t~~ Atlantic-European 

sector of the 'Northern Hemisphere. Met. Mag., 88, 300-311,. 

Taub~nsce, R.E., 1977: Weather and,circulation of Oecember 

1976 - Extremes of dryness in the~IWest a-n4-

Midwest. Mon. Wea. Rev:, 105, 368-3'13. 

Wagner A.J., 1977a: Weather and circulation of 

Record cold over the South and Midwest. Rev. , 
l ' 

105, 121-127. 

__ ~~ __ " 1977b: Weather and circulation of January 1977 -
:.a. ' .}' ~ 1 

~J(, The 'coIdest month on record in the Ohio valley. Mon. 

Wea. ~v., 105, 553-560. 

Wiin-Niel:senr J.,. A. Brown and M. ,Drake, 1963: On the 

'l:'tmosp,heric convetsions between the zonal flow and the 

eddies~ Tellus,lS, 261-279. 

1/ 

, 

" D 
'J 

l' 

, , 

. ' 

• Il 

1_ 


