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ABSTRACYT

Certain effects associnted with the intrusion of stable,
yersistent high pressure cells into the normal westerly flow of the
gensral cirsulation of the atmosphere are investisated. These
intrusions are termed Hlosidng Action processes.

By peans of enpirieal and gsemie-gtatistical proee&ma
these processes are found Lo gause the development of lomg stable wave
mtteoms in the atmosphere dmtwam fron the point of inseption.
These weve patterns may exist for periods of & month or nmore., The
wave lenoth of theass stetiomary long waves is foumd $o be longer then
thet determined by other investigators. This is explained on the
vasis of the larger amplitude of the long waves asszoclated with the
Elosking Astion process.

A thaory of the formation of these blooking hich cells
18 suggested based on the aceumilation of heat in low latitudes and
tho necesgily for the resdjustment of the general eireulation to
redistribute this heat., One means of dissipation of the blosking cells
is shown to be the forrmtion of a wave patiern in the etmosphere which
is cub of phase with the stable wawe pattern formed by the blocking
Highe ‘

The optimm nmean Ivessuve chart is diseussed in tama
 of the leng peviod Hlosking Action processes. The optimm length ehart
is found Yo cover & three day period or a period of greater than
twenty days depending on the use Yo be made of the sbavk.
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DMRODUCTION

The following study is a portion of the research report
submitted to the Office of MNavael Research under Comtract lNio. 116 onr-244.
This work has boen carried on for the past year by the leteorology
Dopartment of the California Institute of Technology under the supere
vision of Professor Robert D. Elliott under the title of "Rlogking
Agtion.™ |

For the purposes of this investication the term Hlocking
Action hes been used to charscterize the disturbed state of the geneml
¢irculation of the atmosphere during periods of strong, peraistent,
meridional tyve flow, On the daily weather map this disturbed state
is discernible es Intrusions of stationary or very slowly rmoving high
pressure cells into the middle latlitudes normally oceupied by a general
westerly flow and normelly characterized by altermate passapes of
migratory eyelones and anticyelonss, Since the blooking eell ray be
in existence for periods of a month or nore this rmst constitute a
major interruption in the normal eastward progress of the migratory
eyclonss and antieyelonss, at least in the area doninated by the
blooking Highe o

In another phase of the project Proreaecw Fldott (1)
has treated the seasonsl voriations in 3looking Action, lateral
mixing and nmeridional heat transport by use of the bmoadagale lateral
turbulence principles introdused by Defant end Lettew (2), (3). Te
hea indicated that sessons with exceasive Oloekdns Action are |
characterized by excessive mixing and large values for the meridicmal
heat transport.



The phase of the study whieh will be treated here is
the fluctuations during periods of twenty to thirty days of the general
circulation preceding and followlng the ineception of Dloecking Action.
The problen may be stated nore explicitly as the study of:

' 1) Changes in the genernl eirculation patbern ante-
cedant to the forration of the bloeking Hipgh,

2) Changes in the gerernl eirculation pattern offected

by the establishmont of the bloeking Iigh,

3) Chances in the zeneral eireulation pattern

aoconpanying the dissipation of the blgeking High,

Fron a consideration of the data available, two general
methods of atbeck are possible in mn investigmtion of the detalls of
these changes in the peneral eireulstion., The first involves a
gereful three dirmensional enalysis of a few exanmples of Hlocking
Aotion. The second imwolves the analysis of a welatively large
nunber of cases using only such date 28 ¢an be obtaim fron surface
weather charts, The souxyes of the data for the flrst method is some
six nonths of Northern Memispheve duily ;mrfaee maps and BOO mb, maps,
three to four years of oamplete surfage and upper level raps ond aero-
logioal soundings for the FNorth American eontinent onlye. Since the
agpect of greatest interest is the change in eiyeulation pattern ab
noints considerably romoved fronm the irmediate area of the bloeking
Ich, the source of three dimensional data is rostriceted to such an
axtent that the {irst method has heen con;uiﬁered ungatiasfactory for
the purposes of this investipmtion. The souree of the data for the
pecond method ia the forty yeer zeries of daily Hstorical Narthern



Hemisphere ses level charts from whiech sea lavel pressures and £0 a
limited extent surface tenperature date can be obtained, The bneis
dats taken fronm these charts hove been sea level pressures st the
intersestions of each ten deprees of longitude and five degress of
latitude in the ares bowmnded by longitudes 140° E and 40°
(through 180°) and by latitudes 60° ¥ and 36° I, Thie area ecorprises
the larpest avea on the forty year Northern ilenisphere rap series for
which the analysos can be considered as relisbls. Ixtenslons of the
area through Siberia and north of 60° IT would be highly desirable but
are not mracticable from this ssries of rnps.

The pressure dote teken fron the above intersections
bave been used to compute daily deportures from the nermal pressure
at each of thege intersections for the forty January-Pebruary “saaéma"
ineluded in the Northern Temigphors map sories. The deta have been
divided, in penerel, into the even years as o development sanple and
the odd years as e cheek sanple. These pressure departures have ‘
formed the basis for most of the work undertaken in this investipntion,

The data are treated by a grouping of exanples with
statistical procedures being used whenever conditions pernit, Data
in the form of soa lovel oressures are not readlily adaptable to the
application of the numercus kinermtical and Gynanical prinelples whiech
ray apply in the Moeking Aetion case. /Any such application must be
rede by inference from the obhaerved sea level pregsuze digtributions,.

The value of the investimtion, then, lies in ¢$he
veeormition of some of the proceszes assoelated with Bloekdng Action

throush a oonsideration of o relatively largs number of cases. These



processes may then be studied in more detail in individual exanples
where a nore adequate network of data is avallable., Due to the
¢heracter of the amvallable data and due to the complexity of the
interactions betweon various Dloeldng Aetion high cells, it éan hardly
be expected that this study will have much serblance of completeness.
It is hoped, however, that thers have been a sufficlent number of new
ideas introduced to stimlate interest towerd further research in

this field., |



PART I. T IFTECTD OF TIE ESTAMLISIIONTY OF T TLOCTING TG

The General Problem

In order to visualize the importance of the introdug-
tion of a semi-stationary high prescure cell into the latitudes
norrally ogcupied by s westerly flow the effects of this disturbance
on the eireulation patterns upstrean end dosnstroan from the bloeking
Megh will be discussed first, In the later sections some of the
details of the chenges in the circulatién patterns accompanying the
formation and dissipation of the bloeking high oell will be
investignted,

Objeotive Criteria

In order to0 segrermte those cases which will be mawa
from those which are of less irmportance some objeetive definition of
the existencs of Tlocking Action mst be formilated. Using sea level
presoure data this definition can toke many forms depending on the
magnitude desired, the amount of moverent of the high center permitted,
ete, CSeveral criteria have been used in the investigation and each
will be discussed in the section bo'wixieh it arpliss. Aseording to
the conoept of a blocking high eell, the @az}eral eriterion that muat
be satisfied is the existenve of persistent, abnormally high rressure
in the belt ususlly cceupled by etrong westerly flow, This beli under
averase annditicnsjexbenéa betwoen latitudes 45° 17 and B5O° I in the
Taeifie Osean area, being displsced nowthward slightly in the Iorth
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Aneyican continertel area and reaching 552 to 60° ¥ in the mtemi
Atlentie Osean and wesbern Dupopean sreas. Persimbtent high rressure
in any portion of thig band then constitutes o major interruption in
the normal westerly flow of the general eiveulation of the atmesvhere.

Bleeking in the Northeestern Atlantie Aren

A& ¢check of the peogrephical distrivuticen of XHiseking
Agtion shows the highest frequsnoy of ocourrence ii; the longitude band
from 0° 4o 28° ¥ in the northesat Atlantic Oeean, This resion is
followed in importance by the eastern Fasifie area. The northeastern
- Atlantie avea was thersfore selected me the first region to be
invegticnted,
‘ The objective eriterion in this case 1s as follows:
"4 band £iftesn dorrecs of lengitude wide and eovering B65° N and 80°
htimdeg mst experiencse pressure demmrbures of plus 20 nb. or move
for at least three consecutive days." The requirement of plus 20 mb,.
or nore eliminetes all tut the extreme cages of Rlecking Action, The
oonbinuation for at least throe days is for the purpose of exsluding
the possibility of the high cell being nigratory in nature where the |
penn period from ome trouch of low preseure %o the next is normally
throe days.

The examples satisfying thie criterion have been divided
into two elasses desigmated by High latitude and Im.latituda Blooking
where the distinetion is obviocusly the latitudinal position of the

santer of the bloelkdng high cell., The High Latitude cases aye the more



extrene disturbance being ocharacterized by a high pressure cell far
to the north and trepped low pressure aveas along 1ts smﬁham m:plmry.

In terms of the displacement of the west wind belt they may o oone
| sidered as displacenments far to the north srcund the northern linb of
the bloeking High or displacermenta far to the south around the southern
1limb of the trepped low pressure areas. The Low latitude cases are
eharacterized by a nortimard extension of the mb:-tampi@al high eell
where the conmection with this cell is not broken, any trapped low
pressure centers are formed well to the east of the bloeking high eall,
In terms of the displagement of the weat wind belt these cases repwe-
sent a less extyreme northward displacement of the belt,

The inesption date for each example satisfying the

above eriterion is listed below, The figure in perentheses ropresents
the duration of the bloeking eddy in days.

Even Isers
Hiph Intitude Low Iatitude
Jan. 30, 19028 (12) Jan, 13, 1902 {4)
Jan. 11, 193¢ (5) Jan. 20, 1904  (3)
Peb, 21, 1916  (3) Jans 19, 1906 (4]
Feb, 23, 1928 (7} Feb, 4, 1008 (6)
Peb. 7, 1930 (6) - Jem. 2, 1922 (3)

Feb, 8, 1932  (23)
Peb. 12, 193¢  (10)



044 Years
High Iatitude Low Latitude
 Peb, 7, 190F (16) Jan. 26, 1905 {45
Jen. 13, 1903 . (7} Feb, 13, 1908 (3}
Jen. 30, 1911 (10) Jan. 16, 1911 (4)
Feb. 16, 1915 (B} Jan, 18, 1923 (3)
Jan, 20, 1927 (%) Febe 11, 1933 (4}

Febe 8, 1917 (4)
Jan, 16, 1935 {8}

It is aprarent from this that the Hgh latitude type
is o considerably more stable develomment even though 1% rerpresents
the pove extrene disturbance. It would therefore be expeeted to exert
more influence on the eirculation ratterms in other recions of the
Horthern Demisphere than the less extrene, less persistent Low
Latitude type.

iIn order to eliminnte some of the small scale fluctuz-
tions coused by rdgratory eyolomes end anticyolones from the larger
geale fluctuations caused by the Blosking As¢tion process, three day
nean pressure departure charts have been prepared for eonsecutive
three day periods following the inception of each type of Atlantie
blockinz, The use of such ¢harts is disoussed in greater detall in
Part IV. These charte are shown in Figs, T o X. Solid lines
surroundl areas for whieh the total departure (Bum of the even year
cases and odd yenr cases) during the given three day period exessded

an averasze of + 5 mbe, per day. Dotbted lines surround areas for which
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the totel departure oxceeded an average of « 8 rbs, per day, Shadgd
arpas are those arecs whers an average dazmébure of at leaat 5 mbe,
per day was obssrved independently in both odd and even vears, These
areas are consldered particularly signifieant., Areas showing no

. large anvmallies were omitted for ¢larity.

A cheek has been made at the point S0° N « 140° W of
the statistionl significance of an average deviantion from the normal
pressure such as is indicate& by the shnded areas of the figures.
(See Apvendix A). This check has indieated that at that pertiecular
point an averapge deviation of about 7 mbs. per day caleulated from a
total of ten independent three day periods is statistically signifi-
cant at the five percent level, Sinee the atandard deviation of the
pregoure ot this point iz larger than that of nost of the points in
the area undsr sonsiderntion 1t is believed that most of the ghaded
areas represent statistisally sirnificant devietions from the normel
pressure,

Comparison of the Migh and Low latitude classes in the
stlanbie~Buropean rogion shows the latitude warliation between ths two
clagses and the effeet of this varistion in produeing a widespread
low preasure aree in the vieinity of the Azores in Fig. IX,in ecnirast
t0 the above noywl eondition in the corresponding ares in Pig. VII.
In the west Atlantic-southesst United States seotor an inmportant
difference betweon the clesses may be notef., Fig.VI shows & long
esst-went belt of atmormally hich pressure extending westwerd fronm
the viginity of tim'Britiah Isles to the Missiseippi Valley. Froma
eonsideration of the individusl weather rere involved and of some of
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e purface termperstures included on these maps, it appears that the
western portion of this belt is mude up of a warn high pressurs cell
in the initial stapes followed by cold polar outbreais, This eorre-
sponds to the pleture already formed of the distinetion between the
Mgh end Low latitude elagses, The Low latitude type being a less
intense deformation of the normal pressure field exbtends its influence
farther in a longitudinal direction than the nore disturbed Migh
Latitude Lypo.

o further lasrgs signifiecant aroas are cobserved until
- Figs. IV and V. 1In the Ilgh Iatitude case only, an extensive low
pregsure aren bersins to develop in the east Fauelfie and continues
into E’igv. Ve From the cheelr of the statistieal significance at tl_ae
point 60° ¥ - 140° W mentioned above, the pealr average deviation of
over 10 mbs, per day reached on Fig. V 1s eonsidersd hichly significant
in a statistical sense. It should be noted that there is no evidence
on the esharts to show that this deviation is pmducéd by any effeots
asting upstrean from the bloeking High. The possible metholds of forma~
tion then, are an upstrean effest from the blocking Hish at latitudes
north of 60° ¥ or a downstrean effect through Siberie. Lither method
could lead to the development of high pressure in the Alaslan area
{outside of t.i;w. network of available date) and a subsequent displace-
ment of the west wind beld in the Meifie Osean toward the south. The
examination of aom. of the Northern Nemlsphere sea level charts for
whish an adequate network of data iz available in Sideria hus showm
that the downstreanm rsthod of formation 1s the more probable.

An exeellent sxample of this iHigh latitude dewvelopment
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is afforded 4in a recent exenple which rwy serve as an independent
illustration, During mid-January of 1947 a high pressure cell dsveloped
in the eastern Atlantie area reaching the High latitude Blocking Astion
stage over the Nritish Isles about Jamuery 19, 1947 with the pressure
reraining predominantly hich in that ares into Mareh, An extensive

Low pressure ares subsequently developed in the eastern Fneifie Ocenn
at low latitudes with the pressure vemmining abnormally low in that
region from February 1 through Februsyy 14, A more norpal patiern was
resstablished for a short period in the Paeific but beginuing agein
about Pebruary 22 and eontinuing into the middle of Hareh, pressures
were again mﬂamimnt.}y low at- low latitudes in the eaaﬁarﬁ Pagific,.
In general terms, then, onoe the Bleeking Aetion eddy is established

it sontinues to exert its eontwolling inéluenaa on the overall siroulaw
tion ratiern at least until the disturbing eddy i dissipated.

Hlooking in the Mid-Taoifie Avea

The invesbimation of Atlantic bleeking desoribed in the
proceding paregrerhs has shown the probdability of downsirean effests
originated by the introdustion of a dlsturbance in the forn of a
bloeking higsh pressure cell. In order to study this downstrean éffoet
a rezion was selected for investigmtion for whieh.a larpe downstrean
avea of date wos avellable. The reglon selected is bounded Sy the
longitudes 180° end 170° W, The stromz west wind belt normmlly lies
between 50° N and 459 I latitude in this sector ‘of tho hemisphere 80
that these latitudes form the other boundaries of the region. In the
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Atlantio mst the restrietive requirerents regarding high ressure
aeya&tum haw probably exeluded some oapes which should be ineluded
in the Hloeking Aotion catesory. These restrietions are neesssary in
order to produse dlsturbenses of suffiecient strensth to earry through
the blank area of data in Siberla and de obaervﬁ%:le in the Meifie
region where date are available, When the fumedimto dommstrean effecta
of the disturbance ave observable the objective mmmgn my be
weakened eonslderably end the disturbanve my still be expectod to

il pressure deviations et least for & short distance

The following objestive erilerion wes therefore formme
lated for the Fesifis bloeking: “Ihe totel mwessure departure of the
four interssstions formed by 180° and 170° ¥ with 50° ¥ and 45° ¥ must
averegs © mbs, above normal for a m dny pericd, This everege must
be maintained for at lsast three days.," This 42 obvicusly an extremsly
woak definition, it sould allow nemative deperbures on any given day
mm@ the positive departures o the preceding and following days
overbalance the negative values to the extent of en avermge of plus
5 mbs. for the two day period., This is for the purpose of allowing &
minoy trough pagsege after which the surfase presaurs is réestabliam.
In terms of the upper level flow, the eontrolling wave pattern ray atill
ezert 1ts influense on the ¢ireulation even though a minor low pressure
trough bas passod.

Another illustration of the wealmess of the definition
lies in the small ares it encompasses., The ecenter of the blocking eell
may lie anywheve outelde of the ziven evea and the definition may still
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-be gatisfied, An obrious advantage of the definition is that 1% allows
the inclusion of & larper numbsr of cases so that some of the disad-
vantages sentioned above tend to be amoothed cut,

The eases which satisfy this eriterion are listed in
Table I (the Pigure in parentheses represents the total lengih in
days for each case). |

The downstresn effects of this disturbanee are shown in
Fips. XX through XV, These fizures are agaln presented in the forn of
three day mean maps. Solid lines eneloss areas wheye the sverapge
daily pressure during the thret day interval is 2 mb., 4 mb., ete.
above normel and w‘mﬁ}z exre eommon to both the odd year and even year
sanples. Dashed lines enclose similar areas of bolow normal pressure.
In order that no extranoous influences accompmzymg the breskdown of
this mrocess would be introduced, 1§1diviﬁual emnples were elinminated
fron consideration a8 soon as the oriterion was no longer satisfied
although 1% is probable that the effect of this breakdown is propa-
gated downstresn rathey slowly and ia not imnediately apparent st
distances far downstrear, In this way the mumber of eases considered
is gradually reduced from about twenty for Flg. XI to elght for Figs XV
for the even year examples and similarly for the odd year examples.

Mes. XI through IV show the gradusl establishuent of
a emiatsnt‘ wave pattern downstrean becoming well established in the
poriod twelve to fourieen days followlng inception. The pressure
ridge observed ih emstern Cenada in this period has been found to
oxizt for periods longer than twelve to fourteen days ond represents

the firat dowmstyean orest of the atable ymve pattern. The wave length
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Toble I
1 d-Fhoifie Hlocking Dates

Even Years 0dd Years

Jan. 21, 1900  (8) Jen. 18, 1899  (15)
Jane. 29, 1904  (31) Feb, 7, 1899  (4)
Jen, 5, 1906  (8) Dee, 30, 1300  (6)
Jan, 12, 1906  (12) Feb, B, 1901  (14)
Feb, 23, 1908  (7) Jan. 2, 1906 (7}
Decs 28, 1909  (36) Feb, 7, 1903  (9)
Jan. 1, 1912  (9) Jan. 6, 1907  (12)
Jan, 4, 1914 (5) Jan, 25, 1507  (12)
Jen. 19, 1514  (10) Jap., 5, 1309  (32)
Dec. 26, 1915  (37) Jen, 3, 1911  (37)
Feb, 11, 1918  (7) Jen, 1, 1913  (16)
Jeme 8, 1920 - (22) Jan. 9, 1935  (8)
Peb, 4, 1922  (25) Jan, 18, 1915  (8)
Jan, 30, 1924 (19} Jan, 29, 1915 (22}
Dec. 31, 1929  (4) Jan. 14, 1917  (6)
Jan, 25, 1930  (20) Jan. 2, 1921 (24}
Jan, 9, 1022 (7} Feb, 10, 1921  (5)
Jan. 9, 193¢  {0) Jan, 9, 1923  (29)
Peb, 1, 1936  (7) ¥eb, 12, 1928  (12)
Jan. 21, 1938  (25) Jan, ©, 19256  (13)

Feb, 7, 1925  (13)
Febs 21, 1929  (5)
Jan, 11, 1930 {20)
Feb, 22, 1983  (24)
Jan. 6, 1936  (15)
Feb, 24, 1935 (10}
Jen, 6, 1937  (13)
Jan, 23, 19%7  (26)
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for this pattern is about 100°, e‘hila the rpressure abnormelities
observed are not large, secount should be teken of the extreme weakness
of the objeetive eriterion. Larper deviations c¢ould be produeed with
a more rigld definition,

An independent illustration of this process occourred in
Marehwipril 1948, Begimning about Hareh 8 pressures in the eritieal
area ranged genemlly ahove normal and the wave pattern downstrean
resembled the pressure geparture pattern shown with the principal
differences ocourring following maried pressure flustuations in the
gontrolling syrea, Degimning the latter pert of llreh snd sontinuing
through the middle of Appil, pressures in the oriticel area were well
and conasistently above normal, l’m'ing'this period the above pressure
departure pattern was followed closely, breakins down anly following
the breakdown of the Pasific blooking High. ‘

Zmrples of Stable Vave Patterns

The Wommt of three types of steble wave patitemns
is shown in Pz, XVI through XXX, _’mese gxnnples were chogen by a
eomgideration of the trasks of positive ﬁreaaure anomalies in the
Atlantie area. The eriteria for selestlon of these exarples are as
follows: only snormlous avess contalning o center of plus 10 mba. o
rore weve ¢ounsidercd. Upon charting the tracks of these contere they
are occasicnally cbserved to have no appreciable cestward movement
for o poriod of three days or nore, These are the cases itreated in
Figs, IVI through XXX wi’c.h & seperation beinz rade on the basis of
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the area in whieh the moving snomaly center m:»md. Zero 4oy is
detormined by the firet ;an during which the center had no sppreciable
movemsnt 4o the east, Oages A; B and C represent averapges of sixzteen,
nins and twelve exarples respectively.

lach case 1a peen to have at leeost one stable wave
erest upstream, Por Case A the wave length is 1009, for Case B 90°
and for Case C mbout 170° although for this case this my be & miltiple
of the basie stable wave,

| It is difficult to interpret TMips. XVI threwh XXX in
terms of a downstream or an upstrean effect, In Coses A and 5 the ,
formabtion of the two prossure erests appears to be slmost similtansous,.
Ho further attenpt will be rmede to delineate these effects, For the
purposes of this investipation Figs. XVI through XXX repressent emsmples
of steble wave matterns.

Such stable wave patterns have been studied by numerous
investigators. Rossby (4) and ec.workers have pointed eut that under
the assumption of small hoyizontal divergence, the wave length of
gtable long weves in the atmosphers ghould be g;*.ven by

1:2 & m-n-ﬁ
_ g
whers 1. is the wove length, U the zonal wind speed and e the nopth-

ward rate of change of the Copiolis parareter. In & recent paper
Cresgman (5) ims/ investicated a mumber of provertles of these long

waves., I bas found an average weye lsngth of about seventy-eight

ges of longitude for the stationary waves on the btasia of upper
level £low patterns. The sﬁat«iomry wave lengths found in the study
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of Rlooking Action processes are considerably longer, being of the
grder of ninety to one lmmdred degrees of longitude. These Bloeking
Action processes are norrally assoelated with closed eyelonie and
antieyelonie centers in the upper level flow pattern and as Cressman
has pointed out, this characteristic rakes the use of the above
formuls questioneble due to the diffieulty in tho determination of
the mean zonal wind speed U. Cresspan himgelf hag elininated these
upper level flow patterns froo hig study so that no confliet exists
between the two investigations. The larger armplitude, more extrems
stable waves in the stmosphere are syperently chorecterized by longer

wave lengths than the less disturbed stationayry stable wmves.

Energy Propacation in the Atmosphare _

The provlen of the rate of propagation of emrgy“ixi
atnospheric waves has recently ecame into eonsiderable prominence due
t6 the work of Roasby {6) and others. Some information on this
subject can be geined from the precedins diseuvssions of Hlocking
Astion processes by considering £he intrusion of a blosking High into
the normel westerly cireculation as an epergy souree. The use of
three day mean pmpa ond the sonsequent olimination of the smaller
geale pressure fluetuations serves alsc to 'elinunéte noat of the
effects of propegation of energy downstrean ét a speed greater than
that of the wave velocity such as are hypethaaimd by Rossby. The
three day rmean raps then show the promagation of energy with the speed

of the waves assooiated with the Hlooking Aetion procsases,
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T™is is nmoat clearly showm in Tigs. XX to AV for the
mid-Pacific blocking ocase whero the disturbance reaches the northe
eesbern Cansdian arvea twelve to fourtecn deye after the inecepbion of
the disturbance in the Feeific. This is z distance of about one ‘
hundred degrees of longitude traveled at the latitude of cbout 60° I
80 that its veloelty is apparently less than the nean zomal flow,

The High latitule Atlantic bloeklns case 18 less olearly defined sines
the low pressure forming in the Moifie twelve to fouprtesn days
following inception is agsuned to be a secondavy effeet of the pro-
duetion of high pressure in Alaske at' latitudes outsids of the
networlz of data, Ilowever, the rate of dowmstrean propagation is
somporable to vhe Pueifie exmmple when eonsideration is given to the
more northerly latitude traversed through Siberia aend Alaska.

The introduection of e disturbanee of the form shawm
in the Mudson Day area of Plg. XIV has been studisd in nore detall,
The arsa considered was bounded by longitudes 90° and 100° ¥ and by
latitudes 55° and 60° I, Days were selected for investigetion on
whieh an average pressurs departure of 7.5 nbs. above normal for the
four corners of the ares was first realized, The effect of this
relatively wealr disturbance on the pressure patberns in the Atlantde
area has been studled by o ¢onsiderntion of the total disturbed state
of the seetor bounded by 50° ¥ to 40° I longitudes and 360 I to 60O N
latitudes. A measure of the maemitude of this disturbet} state, repre-
senting s measure of the turbulent enexrgy in the sgotor, is given by
the standard dewiation from the nmeen of all the pressuvs deparbures

within the seetor, Thus the largest standerd deviation is -roducsd
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by the sirmltaneous occeurrence of large positive and negative varia-
tions from the normmel pressure f£18ld of the seotor. The averapre
stantard devistion in mbs. for the sector for a total of twenty-nine
oxarples is shown Velow as a funetion of the nucber of days following
the intvodustion of the disturbance:

Qdays lday 2Bdays Sdays 4 days D deys 6 days 7 daya
10,69 11e43 11,75 1151 11.45 11,49 10.88 10.44

where the avernpe gtandard devimtion for the sector over s long period
of vine i 11,00 mbe., These emamples ware teken regardless of pressure
rattern on which the disturbanses were superimposed, The maxirmm
elfect s obaemd two days following the introduction of the dise
turbance. DBy ¢bis time the effect of the disturbanes has apparently
been diffused throughout the entire avea mlthough the sestor rempins |
considerably disturbed for the following three days dedgreasing rather
rapidly six and seven deys following the introdustion of the disturbance,
Froim the standpoint of snergy propacntion the rapdld ineresse in the
disturbed state i‘ron zoro Lo two days et be talken as an effeet of
enersy propagated faster than the zonal flow while the maintenance of
the highly disturbed atale from three to five daye nay be explained
on the basis of inertial effeets or by the slower rate of snergy
propagation noving with veloelities less thaﬁ or equal to the zonal
£low,

The effacts of a generally disturbed pressupe field in
the Morth Americen seetor bounded by 60° ¥ andg 130° i’l longitudes and
by 86° ¥ and 60° N latdtudes have also been ecopsidered., The standard
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deviations characteristic of this sector have bsen correlated with
those of the aforementicned Atlantic seetor for two separate Januarye
Fahruary ésmms." These am’slmn below aa corvelation socefficients
with zero, one or two day lags, the lag corresponding to the Iorth
Arerican seotor welus occourring first. (See Appendix B).

0 lag 1 day lag 2 day lag
1914 o389 o485 325
1938 +038 <016 e

In the 1914 case, comperisam with the results of the preceding para-
groh diows that the maximan eorrelation betwsen sestors now exists
for a one day lag or the disturbances in the North American sector
produeing their maximm effest one day later in the Atlantis seetor,
This may be explained on the basis of an overwelghting in favor of
those dlsturbances which exiet in the eastern pordion of the Horth
Arerican ssctor and which will produse larger effects in the Atlantie
than any existing in the centrel or western portion of the North
Arpriean sector, |

The 4ifference between the two years 1914 end 1958 1is
very striicing, 1938 s characterized by large distortions fran the
norral pressure field in the Atlantie seator_braught about by long
veriods of Blocking Aetion, In 1914 however, only about five daye
during the two month pariod may be deseribed as having any signifisent
Blooking Action., Ome might infer from this that snergy is not as
easily propegated domstrean during periods of Blosking Aetion although
g move thorough investication is needed to verify this point,
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PART I1. THE PORVATICN OF THE BLOCKING ACTICN EDDY

The peneral characteristices of the pressure field
leading to the development of a bloeking High in the northeestern
Atlentie avea are shown in Pigs, XTI to XXXVI. These figures repre-
éant the average pressure departures for the even year cases listed
in Fart I. The figures show elearly that the prineipel origin of
the Rloeking Action High in this reglon is the Atlantie sub«tropical
high pressure cell and that the prineipal dynamie &evelopment is an
abnommally Mgh zonal flow dlivestly to the north of the sub~tropieal
gell, This high zonsl flow inereeses through the early steges of the
dmlammt and is deflected sradually 4o a more northwesterly flow
thus rerresenting o gradual change from a strong zonal flow to a
strong meridional flow, The entioyelonic deflestion and the subssquent
formation of the low pressure area in western Furope is explainable
in a qualitative sense by the zonal flow aaquiriﬁg antieyelonie
vortieity in the horizental divergent avea of extrere western Durope.
This is not the only meers by which the bloeking High may fowrm,
Another nethod will be discuseed briefly in a later paragraph. One
important faet should be pointed out in eonneetion with this case,
The start of the development takes place at least twelve to fifteen
days prior to the sotual formation of the high ¢ell at higgh latitudesa,
If ene attenpts an explanation of the formation on the basis of
extraterrestrial madiation, the change in that rediation should oscur
over a emm period, This mm appear to rule out such short
period phencmens as solar flares, daily Pluctuations in magnetic
mubers, et
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The mean pressure gradient beotween 50° 11 and 60° 1 for
the cases mentioned above ig investimted in more detall in Fig. XXXVIL.
The large magnitude of this gradient eorvesponding to the strong zonal
flow coourring in the Atlaz}tie area is olearly shown. The only
sugmestion of a consistent, rmeaningful pattern upstrean fron this
strong flow is that occeurving between Fifteen to seven éays prior in
the neighborhood of longitude 110° W, This sugpests the existence of
a stable wave of length ninety to mne hundred degrees upstrean fronm
_the sub-tropical high cell which may aid in its development into the
bloaking stage.

The surface tenperature snomelies charasteristie of
the area oeoupled by the subetropleal 2sll during the formative stages
of blooking hewe been investigated with results depieted in Pig, TOVIIL.
The area is bounded by latitudes 50° I and ¢0% N and by longitudes
BOP ¥ and 10° ¥. The temperstures were talen from ship reports in
the orea and ave necessarily subjeet to some insegureoy. The values
wore averaged in five degree squares over the éntire area and then
averaced for the varicus three day periods prior to the ineeption of
blooking. While the total nmumber of five Hloocking Astion exmmples
used 18 = very srmll sample the congisteney of the results lends to
the bellef that the gemeral characteristios of the tenmperature field
are satisfactorily represented, Fig. XIiXVII shows the terperature
averaging sbove normel in the aves sonkinuously in the twenty-one days
prior to the incsption of blocking, ¥hile the aversgs of one to two
degrees 18 amall in 1tself it represents a comsiderable anount of
exsess heat when surmed over the entire ares.
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Fige XXIVIII also gives the awerarse pressure deperture
for the sarms square for sirdlar periods prior to the imeeption of the
bloeking hish eell, The pressurc is seen Lo ‘zverare above normal
during the formmiive stages a8 has been discusced previously. The
Blow &mloﬁmnt of the Dloeking Acetlion stege 1% apmin shown in this
fizure.

Two suggestions have been offered for the explanation
of this dynenical development eomsisting of the abnormal exténsisn of
the subetropleal high eell into the region normally oseupled by a
weasterly flow, The f£irst explaing the development es an inatability
phenorenon associated with the mtrodmtim of a yresgure disturbance
into on almormally strong westorly flow, The extension of the sube |
tropical high cell towerd the northwest in Pips, XXX ami OOV
- indicates the existence of such a disturbance, liowever, & peneral
investigation of &lsturbances superinposed on similaz; strony monal
flows shows nany which are not unstable in the sense that the
digturbances disappear rapidly. These ceses are rainly those where
no well developed sub-tropieal high cell existe. The eharacteristie
flow pattern for these cases is & lavpe low preassure system in the
highber iatitudae which dordneates the entire Atlantle sector. Fressures
are predominantly low throughout the sector. The abnoprally hizh
zonal gradients exist but no atmormally high pressures develop
subgequently at high lstitudes. Additional information fm. recard to
the thermal stmeture of the eirculation apparently rust be assumed
and a pure ingtability phenomenon similer to the breakdown of laminar
flow has thersfors been disearded., The second suggestion offered
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involves the sccumilation of heat in the region cceupied by the sub-

tropieal ecell, I the eharveeteriaties of the peneral ciz'm}latim are
| puch a8 to lead Yo an aceumlsbion of heat in & given area, the
Hogking Aetion procese is postuleted as the mechanisn by whieh the
oirculation adjuste itself in order to redistribute this hest, The
process may W visualized as follows: the ademmilated heat in the
sub-tropical high cell ceuses an inerease in the latitudinal tempera-
ture gradisnt and consequently an inoresse in the monal flow, This
inereased zonal flow is brought sbout by the transformmtion into kinedic
snergy of e armll portien of the potential energy whieh exists in the
form of the abnormal latitudinal tempemsture gredient. The mechanisn
by whish this excess heat can be transported northward end redistrid-
uted is assumed to be the pressure disturbance superimpossd on the
goral flow. The edditional neridiongl veloelty component brought
about by this disturbanee is gyperently suffieient to allow the flow
of heat nortlmmred and to lead to the formation of the high rpressure at
the higher latitudes. The raintenance of the high pressure at thoese
high latitudes is not eorxsidaraﬁ here.

Fipe ZZXVIIL, although not conslusive proof, indicates
that this poestulate is o possible expaamtim.  The excess heat is
seon to remaln sensibly congtant for a period of about nine days being
" gpradvally dissipated within the given area in the days immedistely
receding the inception of bloskingz., A generel investipation of all
cases of abnormally high vressure in the area deseribed by Flg. XXVIII,
has shown that if the sbnovmality continues over a period of five to
six days and hente can be considersd as an excess eccumalation of heat,



63

the subwtropieal high cell develops into high pressure at high lati~
tudes virtually without exception, The lemgth of tine involved in
this process, the longltudinal) loeation and the persistende of the
high pressure at hich latitudes wary but the meshanisn of the Pormae
tion of the high pressure et high latitudes seemz to be a necossary
Momnt after the persistence of the abnormally high pressures
in the substwoploal hizh cell.

The pressure departures for three day intervals prioe
to the inception of the twenty even year cases of midePaeific blooking
are shown in Figs. TUOIX to XLII. The dates of the cases are listed
in Tart I, The origin of the hish ocell which subsequently beeomes
the bloeking Meh is in Sibveria and noves out to the blogking evea in
8 general west to nortiwest flow, There is no evidence for the
gradual nortlwmyd extension br the belt of the subetropiesl High as
was the case in the Atlantic. The sxtreme disturbed state of the
entive yressure pattern during the fifteen days leading up to ineeption
should be noted, This suggesats that the eirculebion is alrendy in a
‘highly disturbed state prior to the inception of this type of dblosking
and that a slight readjustement of the long wave patterns such as is
digoussed in Part III results in the destruction of the blooking in
one area and its re~fometion in the new area. This type of form-

tion would then be considered se a secondary effect rather than as
| the introdustion of a. eimary disturbance, It should be mentioned
here that e fow of the Migh latitude Atlantic cases are apparently
formed in this way, the high eell voming down fyom the Greenland sea
ares, muy show little relation to the Atlantio sub~tropieal high eell
-and should be econsidered ez secondary in origin.
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PART TII. T DISSIPATICN OF D BLOCEIRG ACTION EDDY

Only & soall amount of infopmation hes been obtainsd
a8 yet on the mechanism of the dissipation of the bloeking hich cells,
Agide fron the paturel degradation to a zonal type flow through the
dilssipative agtion of mipratory systens ‘, intemetion between Bloeking
Hghs in two different reglong nmizht lead to the destruetion of the
weakey 1f 1%t werc not logated ot the covreet wave length Pron the
stronger. This process ig shown in Figs. XLIOT 4o XIVI and represents
the deterioration of aboubt ome half of the ceses of rid-Tnoific
blocting for the even{ yeard, Al‘bhm;h 'i.t rust be considered as only
. oneé breakdown proceas, it rust pepresent one of the nost vormon types.
The pressure departures are asain presented in groups of three days.
Pige XIIX shows the average delly departures for the Mnal three days
- of blocking in the mid-Pacific. In the Atlantie the sube-tropleal
high cell is eonsiderably a‘m?ve norsal in pressure mﬁx an abnorrelly
high zonal flow to the north, & condition strikingly analosous o
that lsading to the formation of the blecking Migh in the northesstern
Atlantle, although disploced slichtly bo the west. The Atlantiec sube
tzopieal oell anx;timwa its annlopous development in Fle, LIV widle
the nid-Iaeific blosking cell deteriorates considerably in intensity.
The Atlantie high coll does notlmm as an important bloeking esll
in Pigs. XIV-aid XMVI bub @ new, important high cell apparently
Gevoleoys in northwest Canada,

The nechanisn visunlized in this trensition ia as

Pollows: As shoswm in Pard I the first stable wove orest downstrean
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from the mid-Taeific blocking High is located in northeastern Canada,
Due to the maéhanism mgcested in Mart IX a blocking cell develops in
the mid-Atlantic recion for reasons independent of the setion of the
Paeific bloeking, The position i@ out of phase with the stable wave
pattern formed downstream fronm the Taeifie bloeking eell. The nide
Atlantic eell tends to set up its own stable wave pattern indepéndent
of that formed by the Paeific sell, If there is greater enersy
associated with the Atlamtic disturbance than with the Pmeific, then
the Atlantio pattern will dominate in the geneyal eirculation and

the original wave pattern will be destroyed.
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PART IV, THE OPTIMUM USE OF LEAIT PRESSURE CIARTS

It hae beoome apparent in the rrecedins seetions that a
larse nucber of discrete progesses can be considered as taking place
in the atmoaphere at warious tires, These processes may be thought of
as eontinuously wvariable in length beginging with the short temm
fluctuations eaused by the passasge of migratory cyvelones and anti~
eyeclones and continulng through the long period Dlocking Aetion
proeesses of g month or nore, Jith the reality of these long period
processes established by this and other investirnticns it would seen
that gsome thought should be glven to the problen of the length of |
poriod for which a mean pressure chart should be constructed in oprder
to obtain the 6ptizum benefit from it, This provlem has been consid-
ered at some lenzth and the prineips) results are ziven below.

The uses to whieh mesn pressure charts may be put ean
be elassed into two general eategories: 1. They ray mexrve as an
extrapolation aid such that a series of mean eharts may be used in an
attenpt to fowetell the mean preasure distribution during some future
period. 2. They nay be used to deseribe, in averapge terms, a digtinet
procesa vhieh has taken plnge within the atmosphere,

I;z the first category, negleeting any relationships
between individusl processes, the best extrapolation procedure would
involve short sepgments of the individusl process while the second,
ecategory would involve a npean chart made up of that portion of the
entire process which contributes pressure departurss of the seme
aloebrale sign. The .resul'bs of this study will be discussed in terms

" of these two cetesories.
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Because of the grest number of caleulations involved
the mean prea-sm:e chart in this investigation has been considered as
made up of a single point at 60° N and 170% W, All computations have
been earried out for that point alone but the resulis may be generw
alized to apply %o the mean pressuve chart as & whole with only slight
nodifieations in the magnitude of the results.

Data used in the study were dally pressure departures
from noxmal at the point 60° ¥ and 170° W for the winter season of
Hoveriber through Mareh and for the twenty even years 1900 through 1938,
The study was restricted to the winter season in order to obtain as
homogeneous & sample as possidble omditting the sné:.l}.ar standaré devige
tions cheracteristiec of the sumrer pressure field, The individual
daily prescure depertures were added algebraileally in consesutive two
day periods, three day periods, four day periods elc. up to and '
ineluding thirty-nine day periods, These sonsecutive wvalues forn
groupa of daté representing sonseeutive two day neans, three day mpans,
ete. Iach group has been treated in two ways, as a group of sonsscu-
tive mean pressure demartures for o given pericd and as a group of
gonsequtive total pressure derartures Tor the piven period. The
individual elements of the total vressure departure group are sinply
the length of the period smultiplied by the ¢orresponding individual
eloment of the mean pressuxe departure group.

| Rach group of two day walues, threc day walues, ete.,
has a mean value and o stendard deviation sbout thet mean., The
gtandard devistion measures the magnitude of fluctuation of the indi-

vidual elements in the group. If the individual element of the group
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is assumpd to be representative of the progess taking plase during that
time interval the standard deviation 18 a measure of the variatiom
between the different processes represented by the individusl slenments
of the group. These standard devistions have been plotted as a fune-
tion of the length of the per%ad in Fips, ZAVII and XIWIY for the two
methods of treatment mentioned ebove, Fig, XLVII represents the
standard deviations of the mean pressure &qpamms. The general shape
of the gurve is determined by the rather obvious fact thet reans takem
over a longer period of time tend to smooth out some of the erratie
fluetustions 4in the pressure curve and eonsequently the standapd
deviation of the group of means for the lonrer period is oonsiderably
amaller: In termw of the two uses of nean mam charts little can
be said in regard to the use in the first eategory, namsly, extrapola-
tion, sinece the standerd deviation between the individusl slements of
the group does not necessarily yield any in:é’omntim ebout the relastion
between successive wvalues in the group. For the sscond eategory, or the
dslineation of individusl processes, a smll standard deviation implies
amall differences between the individuel elesents and mean welues which
are not sufi‘iei.ently distinet fronm one another to give good delineg-
tion betwsen the individual values. Consequently if mean values are
used it would appear thet the lef't hand portion of Fig, ZLVII would
give the best representation for individual processes, |
The standard deviations of the total pressure dopartures
are plotted in Fig, XLVIL The perabolis fom of the curve shows
inoreasingly large differences between individual elsments of a glven
period length as the lengbh inoresses, If the total pressure departure
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for & given peried is assumed to represent the progess taking place
within that intervsl the best delineation between protesgss oeceurs for
the longer periods. This is more representative of the charmeteristie
foatures of tho individusl process than the nss of the mean nressure
disousged in the precedins parapraph. '

It hes beepv assuned that the nmean or total pressure
departure for a single period is representative of the process taking
place within that interwal, A cheok of the stondard devistions of
the daily pressure departures whioh are adfed togsther to forn the
meen or total preasure departure shows that these standerd devistions
hove the same shape gurve as Fig. *mn: whan pléttca against the
lenzth of period, This mey be visualized as the problen of fitting
an erratic curve by mean values taken over varying lengths. The best
£it 18 obtained by_mxeana' taken over short segments of the cuwrve., The
curve i8 parabolie, however, so that the increase in standard ﬁevié—-
tion for the longer periods is not great. No great error is inirodumﬂ,
then, by using mean wvalues taken over these longer periods.

More cuantitative .infmﬁiea ean be obbtained by
eonzldering the correlation sverficlents between susdesgive individuml
elements of each group. These correlation coefficients have been
plotted as ‘a funetion of the length of the period in Fig. XIWIX..

For use in extrapolation, wan eharts should have ag largs a correla~
tion 88 poesible with the preceding ehart. This is clearly setisfied
only for periods of three to four days or shorter. Longer periods
where the correlation coefficient hes dropped %o 5 or lower gan

hardly bes expeoted to yield nmuch when used consistently for
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extrepoliation purposes. For use in éalinéating; individual yrocesses,
mean chayts ghould have as small & eorrelation as possible wii‘:.h.'she
preceding chart., This minimum eorrelation is best setisfied for
periode of twenty dnys or nore. '
The effect of the nigratory eyelones and antieyelones
on the form of the pressure departure curve has been consldered in
Pig. Lo This figure pgives the freguency distributiocn of the mumber
of days between peak msm for the point éﬂ" H«170° W, The
mxirum walue at three days represents the nost frequent interval
betwesn successive pressure ridges passing the given point where these
ridges are the effecta of ﬁxe alternate passapge of the migreatory
epélones and antleyelones. Little can be done to represent these
short term Drocessss on & megan pressure ohart. Meximm dslineatien
would be obtained using one half evele of the entire jwocess fron
one nodal point to the next or o thapt of about one and one half days
in length. TFor extrapolation sven shorter length eharts would be
needed. Since these pericds are of the order of magnitude of the
time between daily synoptie weather charts, these drily charts repre-~
sent the short term fluetustions of the ressape of the nipmatory
eyeiones and anticyslones without the nesd for any additional mmean
charts. The rivst satisfactory representation of any longer tern
mrocess will involve the eliminetion of these short ternm fluctuaticns
by the use of some multiple of the most frequent period of three days
betwesn successive yressure crest passages., This will allow the
representation of the longer period prosess with a mininm‘of eontri-
buﬁian from the pressure changes eaused by the migratory oyelonss and
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enticyslones, The use of three day mean charts in the preceding
sections is thus an atterpt to elininate the effects of these niprstory
eyelones and antieyelones and to present only those pressurs changes
characterintic of the longer period Dlocking Action processes.

| It is of interest {0 cumpare the sheve of Figs., JVII
and XLIX with curves obtained in the statistical theory of turbulence
a8 disoussed by G. I. Taylor (7)., Taylor hes treated the problen of
turbulent flow by considering the stendard deviation of the distance
travelsd by a particle as s funetion of the time of travel and by
casidering the ccrrelation betwern the wvelocity of the particle and
its velooity at gone labter time. In a later work (8) he has extended
this idee to the oorrelation between the veloeity at & fixed point and
the veloeity et the same point at sone later tirm. The standard
deviation curve and the correlation curves which he obtains are of
exnotly the form of Figs. XLVIII snd XLIX, In berme of turbulent
flow Taylor hes used the veloelty of the flow as the characteristie
funetion deseribing the charaster of the turbulent motion. Since
the nean nressure over some interval is aleo a charcsteristie funstion
of the turbulent flow cne may choose t6 represent the notion in terns
of this characteristic funetion., Interpreting Fig. ZLVIII and XLIX
in the light of Taylor's resulits one ray essume that ‘they represent
the massage of turbulent eddies of varving sizes past the fixed point.
In terms of the processes discussed in the preceding sestiong the
turbulent eddies begin with the srmll seale eddies gssoelated with the
pasoege of migratory eyclones and antigyelones and increasge in size
through the Hloeking Aetion processes of varying length.
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To summarize the preceding perasraphs, the nmost satis-
factory short period mean rressure shart to use consistently will be
that covering & three day interval, | This will give the smoothest
representation of short sesments of a longer period process with o
minimum of eontydibution from the srmll) scale eyelones and anti-
eyelones. For the best delineation of the lomg period processes, a
mean pressure chart over a peﬁmi of twenty or pore days will
soneistently give the best results with due consideration being
glven t0 the elimination of the short tern preasure fluctuations

associgted with rigratory eyelones and antieyelones,



CERLUWIN

Various expewrinentally obaerved faets in rezard to the
Bloeking Action process have been presented in this study and some
attempt vlms bean made to offer tentative explanations for these faets.
An pdequate theory is not yet avallable but the observations vresented
hers mzst be taken into ascount in the formation of any future theory.
It 4is hoped that enouch information has been presented to demonstrate
the extyems importance of these processes in the antieimetion of
weather trends covering neriods of a few days o three to faﬁr weeks
and that this information will serve to stimilate further research
in this field,
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APPRIDIX A

The amtigtieaiaigaiﬁcance of an averdLe Ireasure
departure of plug five mbs, for a three day pericd has been eheclked
by adding the daily pressure deportures at the point 60° ¥ - 140° ¥
in overlapping throe day peviods for the Januory~February nonths of
the twenty even years 1900-1938. 'This gives all possible sonseeutive
three day totel pressure departures for the January-~Febpuazy intervel
of these yenras., The characteristics of this met of dsta are the
population eharacteristics and ape glven by

Yean ' .21 mba.
Btandard fAeviation  37.6 mbs.
Potadl numbes 1149

From this deta 1t i aasumed that a sample of ten three day periods
is dyawn and 1% is to be Getermined whether this sample may be
congidered as & ranfdon sanple drewn from the brigiml population.
The charmeteristics of the sarple data aves

Hean The mean valup is to be suff‘ieientlﬁ'
Bigh 4o allow ome chans® in twenty
'fcvr the sample té be a randonm sample
of the original population.
Totel Nunber 10
From the concept of & pressure departurs fron normal,
the pressure departures 'my e congidered as normally distributed

about the mean value of 2.21 mbs.
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Thée usuzl statistical test for devietions from & normal

distribution is:

~/
X = X

qﬁ
=

where ¢ 18 distributed normelly with o mean of zero and o standard
deviation of one., X 18 the mean of the sample, ¥ 1s the mean of the
population, ¥ is the total number in the sarple and ¢ is the standard
deviation of the population,

t = 1,84 corresponds to a probability of less than or
equal to .05 thatthesmplq i8 a random sample drawn from the
population,

For this case:
-x- 2 7-3 nbg,

An average of 7.2 nba. over & period of three days is therefore
gtatistically signifieant at the five pereent level,

A similar check at the point 60° N - 170° W shows
that an averace departure of 5.3 nbs. for a sample of ten in
statistiecally sicnificant at the five percent level.
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APFRTDIL B

The correlation coeffieient between the North Aneriean
sector and the Atlantic seator is computed fron standard eorrelation
forrmulae found in any stendard statistics reference. In its sinplest

sonputational form the correlation eoeffisient is glven by

For the 1914 case of one day lag:

n = 58
$ x = 533.81 mbs.
$y= 623,70 mvs,

$ x% = 5121,50 nbs,”

£ = 697971 Y Y

€ xy ® 5772,64 mbe,.>

From these datal

_r'.@&%‘
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