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SOMT CRITERIA FOR DISTINGUISHING

LAHGE SCALE WEATHLG PROCESEES
ABSTRACT

The concept of é large scale weather process cover-
ing a hemisphere or perhaps the whole éearth and lasting for
periods of twenty to thirty days presents some possible |
value as an aid in extending weather forecast perioas
beyond those now used with any degree of éonfidence, In
defining and studying such processes various factors must
be consicered such as the general stmospheric circulation .
trends and flow patterns, centers of high pressure and low
pressure action, &and zones of convergence of &irflow and
the movement of these zones. Couwprehensive charts, flow
pattern charts, or any other chart giving a broadscale
weather picture over an extendec period of time are of
much use in making a subjective study. Staticstical studies
by computation of correlation coefficients or better yet by
use of contingency tcbles furnish a more objective view of
tl.e problem. It is the purpose of this study to meke pre-
liminary investigations of these factors‘using souie o1 these
techniques. From a study of these processes it is hoped
& proceedure will be developed for forecasting the genersal
atmospheric flow pattern and frow this a reascnable weather

forecast for several weeks.
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CHAPTER I
THE PROBLEM &NU ITS EACKGROUND

The forecast of weather for perioas of more than two
or three days shead has been subject to much investiggtion
and numerous attempts have been made to set up rules for
forecasting days, weeks, and sometimes even months or yeurs
ehead. The concept of a large scale weather process,covering
a hemisphere or perhaps the whole earth and lesting for
periods of twenty to thirty days, presents some possible
velue &s an aid in extending weather forecast periods beyond

those now used with any degree of confiadernce.

I. TkE PROBLEL

Statement of the problem. It was the purpose of thié.
study to make preliminary investigations of criteria tfor
distinguishing large scale weathier processes by the consiuerf
ation of such factors as the general circulation’trenQS and
flow patterns, the centers of high pressure ana low pressure
action, and the principal zones of convergence of airflow Dby
the use of such techniques as comprehensive charis, airflow
pattern eharts, investigction of some rhythms ovoth by visuel
study of grephs and by time lag correlations, &ana &a statist-
ical study of teuperatures anc flow patterns arouna the

northern hemisphere.
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Importance of the problem. ‘with the vost increase in

the number of weather observeation stations all over the
world, with the standardization of weather records all over
the world, and with the compilation of the fourty year north-
ern hemisphere daily surface historical weather map files,

it has now become possible to make hitherto impossiivle
studies of weather occuring in wide areagc over the earth's
surface. Much evidence has been presentea that large scale
weather processes do exist. Many techniques for investigat-
ion have been suggested ana it is intended that thils paper

summerize and expand upon fiese.
II. DZFINITIONS OF TmisE USED

Before discussing methoas of approach which have been
suggested, some definitions of terms usec tiroughout this

paper &are needed.

Natural synoptic period. The naturwal synoptic perioa
is the period during which the currents in the troposphere
move in a ce;tain direction causing the dynamic centers to
occupy a'given position in space wnich changes with transit-

ion to & new periodl

1 S. T. Pagava, editor, The Basic Principles of the
Synoptlc Method of Long Range Weather Forecasting (Lenlngrao
lMoscow: U.S.S.R. Pydrometeorologlcul Office, 1940), p. 119.




Elementary synoptic process. an elewentury synoptic

process is one -'"during which the sign of the barowetric aresa
and the main currents of warm and cold air remain constant

throughout the synoptic region."z

Large scale weather process. The large scale weather

process is &a long process consisting of several natural syn-
optic periods in a relatively uniform succession. During the
process, lasting from twenty to thirty days, certain featur-

es m&y remain permanent.

Comprehensive chart. A comprehensive chart is a

chart upon which are plotted all the positions of the cent-
ers of the high énd low pressure areas for the period of the
chart. On the chart may or may not be trajectories of highs
and lows, lines separating the highs from the lows, or lines

drawn around highs or lows of various intensities.

Flow pattern chart. A flow pattern chart is a chart

upon which is located for he period of the chart the princi-
pal centers of action, paths of airflow, anc zones of con-

vergence of airflow.

2 Ibid., p. 115.



III. BaCKGRUUND

liost invectigations into extendea weather forecasting
fall into one of two categories. One is based upon studies
of what has happened before and upon stuaies of variations
and rhythms in weather records. The other attempts to relate
some phenomena occuring now or in the past to sowe phenomena

occuring at some time in the future.

Sir Gilbert Walker. Sir Gilbert Walkerd auring the

late nineteenth &and early twentieth centuries attemptea to
correlate the Indian monsoon with various factors such as
the snowfall in the Himalyas, the April-ilay rain &at Zanzibar
and Seychelles, the South American atmospheric pressure, the
Indian Ocean atmospheric pressure, the May monsoon in
Ethiopia, and ship reports in the Indian Ocean. This data
was fit into regression equations or forecast formulae. It
-is interesting to note that forecast formulae made for one
period of years did not verify well in another group of
years.

Walker also noticed a group of oscillations in press-

ure patterns over the earth's surface.? The southern

3 R. B. Mont® mery, et al., Reports on Critical
Stucies of Methods of Long Range Weather Forecasting,
Monthly Weather Review, Supplement No. 392, May 3, 1939.
pp. 16-19.

4 Ibid., pp. 3-1l2.



oscillation is a variation from high pressure over South
America, low pressure over the Indian Ocean with & strong
monsoon to low pressure over South America, high pressure
over the Indian Ocean with a week monsoon. The north Pacific
oscillation varies from a weak Peacific high, weak Aleutian
low to a strong Pacific high, deep Aleutian low or from weak
circulation patterns to strong circulation patterns respect-
ively. The north Atlantic oscillation is & similar relatione
~
ship involving the Azores high and the Icelanaic low.
Empirical formulae were devised for interpreting the intens-

ity and variation in these oscillations.

United States Weather Bureau. In addition to wWalker's

work on correlating deta from verious steticns &all over the
world, Weightman of the Unitea States Weathier Bureau has
investigated the correlation of pressures from sixty four
stations all over the worid with selectec stations in the
United States.6
The zonal index has been devised by the Unitec States
Weather Bureau Five Day Forecast Group s & meeasure of the
westerly flow between 35° and 55°N. A high index incicates

zonal flow &nd & low index, weak or no zonal flow. In add-

"ition to the zonal index, indices of subtropical easterlies

5 Richurd H. Weightmean, Preliminary Studies in
Seasonal Weather Forecasting, lkonthly Weather Review,
Supplement 45, Sept. 1839. 99pp.




end polar easterlies have been defined. The forecasts of
this group are based la}gely upon foreccsts of these indices
and the interpretation of the forecast values of these
indices. It is interesting to note that the zonal index has
irregular rhythms of from five to ten weeks in length. There
is also a good correlation of the North american incex with

the northern hemisphere index and & geod lag correlsation of

the Pacific Ocean index with the Atlantic Ocean index.

German investigzections. Eaur attemptec to correlate

the circulation with various meteorological phencisena so as
to devige forecasting rules for weather in Germiany . e
divided the study of weather into. three parts; weather
occuring from day to day, "Broaa Weather" -- a similar circ-
ulation occuring throughout a perioc avereaging five ala a
half days in length, &and "Grossvetter" -- a large weather
process lasting from fifteen days © & month.° lie observed
the following in investigatiig tue atwospheric circulation
over the North Atlantic from month to month:? (1) un above
normal pressure graulient between Ponta Delgada anc Icelana

with negative pressure deparwures in the circuapolar ang

© F. baur, Official Wesather Forecasting for 10-day
Periods in Germany, Bulletin american lletecrological Society
Vol. 17, 1¢3¢. pp. 148-163, 2562-254.

7 Mont.omery, op. cit., pp. ©0-c&.



subpelar regions will be maintained thhe following month;

(2) an irregular preésure departure Gistriovution is not
characterizeG by the continuance of an &bnormadily high Nort
atlentic circulation; (3) with & positive pressure aepacture
in the circumpolar and subpolar regions plus aAweak pressure
graaient from Pontw Delgada to Icelend the gracient remains
abnormaliy low; (4) an irregular distrioution of pressure
depariure in the poler regions atternded by a weak pressure
graaient no longer maintaine the persistence of the weak
pressure gracient,

ihythms aind Oscillations. among the many investig-

ations into rhythms and oscillations in we&ather phenomenw

the following are of interest. DeFant® founa rainfull

perioas in Europe and Japen of 6.7, 8.7, 1l2.7, «na 24.5 days
with & poscsible error of plus or mimnus ten per cent. Darling?
in an investiguation of the eastern lobe of the Pacific high
pressure cell discovered waves of 24, 29, 95, and 381 days in
duration. German investigations at Leipziglo shiowed theat thie
winters in Zurope &are predominatec by pressure oscillaﬁions

lasting twenty to twentyfour days.

8 a. DeFant, Dle Vcranuerung in der allgemeinen
zirchulation der Atmosphere in ger Genlcsvlaten berieten der
Lrder,Sitz. iked. Wiss., Wien, Vol. 20 ho. 121, 1912, p. 379

9 Donwuld A Darling, "Report on the Accomplishments of
the Statistical Project, June to September, 1942", (unpub-
lished report to the lieteorology Depurtment, Calliornla
Institute of Teehnology, Pasadena, 1942) pp 6412,

10 Pag&avea, Op. citey,p. 7o
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Russian schocl of extenced forecasting. The Russians

have approached the problem of extended forecasting through
& study of the general ciréulation of the atwosphere with a
special emphasis upon axes of polar outbreaks, natural
seaéons, and natural synoptic pericds. The axes nhave been
clessified in two categories; the normal oulbreak moves from
northwest to southeast and the ultra-polar outbreeks come

from the north, northeast, or east. In Figures 1l ana 2

below the various types of exes mey bLe seen.

FIGULKE 1 _ FIGURE 2
AXLS OF PaTES OF HIGHS axnS OF PaTlis OF HIGHS o
OVEL EUKROPE IN WINTER. 5§ OVZg LUROrz IN SUkER.
POLinr AXES —)

ULTRA=POLAR ARLS = ===

ll and 12 Pagava, op. cit., Fig. ©C.



The five Ruscian seuscons are spring, sumuwer, foll,
pre-winter, &nc winter. The lengti.s of tiie seasons vary from
twenty seven to thirty si» days in the werm months and from
thirty to sixty four days in the cold months. Each season is
typified by certain influences; each influence in turn is
typified by some group of anti-cyclonic tracks. The influenc-
es have been diviced into five groups dependirng upon the
agirecticn from which the hig s move.

The natural synoptic period hLas alreacuy been det'ined.
Usually in the two days of transition at the beginning of a
natural pericd lines of demarcalion between high and low
pressure centers are formed holairny the remainaer of the
'period; The natural synoptic lasts from three to six days
ana ccmpares roughly with the weather type patterns develop-
ed at the Calif'oriiiea Institute of Tecumnology . bBoth are
derived from the idea that the interaction of cifferent air
bodies albng zonies of separation are an effect rather than a
cause of the general atmospheric circulaticn patiern.

The Rusciwne in investigating the forecast of various
extremes in wecather phenomena have noticea that the cases of
an extreme are usually preceeced by a similar chain of
weather events over & wide area lasting a month or more be-
fore the event to be forecast. The chain ol events falls
into & group of two naturzl syrioptic pericds ana & transit-

icn or intermecdiate period between them. These groups &are
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called by the Russians large scale weather processes.ld
Several groups may fall together so that there are three or
more natural synoptic pericds tied together by two or more
intermediate natursl synoptic periods. This is known as &
"lfacro-process".

An example of a large scale process describing action
exerted along the Scandinavian (ultre-polar) axis ana the
Hungarian (ultra-polar) axis using the Icelandic (normsal)
axis as a connecting link is given as follows;

. « . an area of high pressure gracually develops in
the middle latitudes in western Europe extending east-
ward approximately as far as a:line comnnecting Stalin-
grad and Gorky. Cyclones moving in an easterly Girection
develope in the regions of the centrsal Volga, Vyatks,
and Kam& Rivers. . . . The process is very long anua
occupies a period of as much aslgne month . . . at least
three naturel synoptic periods. '

By combining this process with & similar process for

successive action along the Norwegian (normsl), Sceancinavian
(ultra-polar),'and Icelandic (normul) axes a "Macro-process"

ig obtained. A fifth axis of action must be incluaed to

complete the process which is summearizea as follows:

13 Psgava, op. cit., p. 73.
14 Loc. Cit.
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AXIS ' . CENTenS OF aCl'ION
Deanish Taimyr Americean
Norwegian (normel)

to ' high low high
Scandinavian (ultra-polar)

to high high high
Icelandic (normal) ;

to low . high high
Hungarian (ultra-polar)

to low low high

Kare Sea (normal)

The development of the American center is very in-
tensive. The activity is caused by the activity of tue
American center of action plus the interrelatea state ot the
Danish and Taimyr centers of action. The existence of the
process depends upon the state of the primary centers of
action in the subtropical zone, such- as the Azdres andg the
Pacific high cells, and upon the intensity of the polar
centers of &ction.

In th e absence of necessary conaitions, vearious links
in the process m&y drop out of the common chain and the
‘process itself will either proceed more rapicly as &
result of inadequuate development of the different parts,

or develop in & different direction on reacning &
certain stage.+"

Eroadscale processes observed by Llliott. Elliott

has observed several broadscale processes. The Connection

Process occurs off the west coast of continents.4© In the

15 bPagava, op. ¢it., p. 75.

16 Robert D. Elliott, Extended Weeather Forecastirly by
Weather Type Methods, (Washingto, D.C.: United States
Weather Bureau, February, 1944), pp. 10-15.
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first phase &« low deepens rapidly out in the miaule of the
ocean building up a dynamic ridge aheaa of the low by the
second phasé. This warm dynamic ridge then drifts easﬁward'
with a cold stratospheric ridge above it on phase three
pulling cold air scuth shead of it as it moves over the
continent. In the last phase the cold air is pullec down
over the continent causing lower pressure in the continent
and also causing h e fidge to remain stationary eloft.

In the Building-back Processi’? & large dynamic
pfessure cell, usually over a Eontinent with & cold shiela
at its base, exists in the initial phase. 4 series of troughs
passes along the northern edge with each trough bringing
more fresh &ir in behind it and causing the cell to build
back with each trough passage.

In the Rlocking Action Process a blocking high over
. Durope is followed in one week by a blocking high over North
America. Added evidence for this is the gooda lag correlation

of the Pacific zonal index with the aAtlentic zonal inaexe.

Centers of action, flow patterns, anu zones of con-

vergence in the northern hemisphere. In concluGllg & dis-

cussion of what has been done in studying large scale weather

processes it is well to review the principal centers of

17 Elliott, op. cit., p. 11.



action and the most imporiant flow patteins ana zones of
convergence in the northern hemisphere. In Figure 3 are seen
the mean centers of action for the five Ruscian naturel
seasons;18 the general wintér flow pattern incicated by
large arrows labeled according to influences; "P* for polar,
"sp" for sub-polar, and "T" for tropical; and the principal
zones of convergence of airflow in winter indiceted by the
black lines, the width of the line indicating the irtensity
of activity in such areas,

The principal source of cold air in the wiﬁter is the
Taimyr High which eitends over most of Siberia with a wedge
fregently extending towards Alaska. This center of action
provides the strongest outbreaks of cold air in the northern
hemisphere. The Pacific high cells provide th e longest
winter trajectory of air over a werm water surface in the
northern hemisphere and therefore the tropical air coming up
from the south off the east coast is the most humid in the
northern hemisphere. The region oftf the east coast of Asia
is probably the most intense zone of convergence in the
nor thern hemisphere. Krick has suggestedli? that rhythmic

impulses set up by the generation of cyclones in this zone

18 Pagava, op. cit., Fig. 8.

19 Irving P. Krick, 4 Dynemical Theory of the Almo-
spheric Circulation and Its Use in Weather Forecasting,
(Pasacensz, Califonnia: Californiea Institute of Technology,
Februeary, 1942) pp. 9~10, :
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15
may start the eastward moving three day waves observed
frequently over the rest of the hemisphere.

In the winter a similar zone exists of the ewst coast
of North 4merica and extending back occasionally along the
gulf coast. Also in the winter minor sones of convergence
exist when propér conditions are set up. One is in the
middle of the Pacific Ocean between Midway Islanc anc the
Hawaiian Islands occuring when the Pacific high cell ié in
two parte or when the western lobe contains fresh air from
Asia which is being mocified and the eastern lobe is the
étagnant remains of the old cell, When tie circulation is
such that céld air tends toc flcw w t over the Gulf of Alaska
from Alaska and British Columbia, & zone of convergence
forms up the northwest coast of North America with storms
traveling down intc the great basin area .of the United
States from the northwest.

A region of mnvergence exists from the Cape Verde-
Azores Island region through the Mediterreanean areg when
fresh masses of cold &ir come down frow the northwést, north
or northeast and ere trapped in & position farther south
than usual. This can happen either with an intense Iceland
low and a deep trough bringing cold air far south, or with
& high mqving across the Atlentic Ocean until its eastern
lobe extends through Europe pulling some cold &ir out of

eustern Europe, or with an ultra-polar outbreak from Russia.
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In the summer the Taimyr high is completely missing
as a center of action. The oceanic high centers of action
are greatly intensified ana therm&l low pressure areas
occupy large portions of the continents. There is no real
source of cold air; however some zones of convergence do
exist. These are usually boundaries between tropical and

sub-polar airmasses.
IV. SOURCE OF DaTa

The primary source of data for tids thesis was the.
file of Historical Northern Hemisphere Weather Maps. The
maps from January, 1925 through iday, 1936 wefe used since
the date for tnis period were the most complete anu con-
sistent for any continuous period.

In using.this data several dangers must be realized.
First, only & comparatively small perioa of time was uéed.
It is quite possible that in &nother period many different
features may be found. That is why this thesis &atteupts only
a stuay of the general techniques for investigating large
scale weather processes. It is felt that a much longer
period of data must be examined before ary deiinite results
as to types of processes may be obtainea.

Another danger is in using the analyses as they are
drawn on the maps; Very often inaiviaual tenaencies of the

analysts have crept in anc frequently the data is such that
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nc really definite analysis can be made.

In investigating and using the actual cata on the
meps great care must be used in selecting GQata T'or the saume
time perioa throughout the study or ,Iif this is impossiole,
correcting the duata for differences in time. Of'ten it is
necessary, if & few days are missing from & record, to meake
estimates of the data.

A further aiscussion of the problems of colleciing
data will be included in the incividueal chapters when such

matters are concerned.
Vo ORGAITIZATION OF RELL.INDLR OF THESIS

The remuinder of the tnesis 1s civicea intc aiscuss-
ions of the various investigations meae. The first studies
weather processes by the use ol comprenensive cliarts with
trough passages &t various meridians cistinguishing the
length of the prccesses. Next & more cetailec investigation
into trough passages is umade, first from & statistical view
point anc seccnd by analysis of graphs. From these stuaies
three large scale weather processes were selectec ana studi-
ed. Lastly a statistical investigation was ma@e in & study
of polar outbreszks over the northern hemisphere. In the
final chepter &« summary of these investigations &ana recommend-

ations for further study are maae.



CHAPTER II
COMPRLEZINSIVE CHARTS

A comprehensive chart is & clies't upon which wre
lecated &ll the centers of lew &na high pressure areas for
the perio¢ of the chart. This chapter is intended to HiVE
some of the uses to which tiids type of chart wmay be put to
use along with sowe of the advantages and disacvantages

in using such « chart,

Assumptions. In first investigeting the existence of

large scele weathierr processes Dy use of comprehensive charts
it was assumed that (1) the shorter processes or elementary
synoptic periods would consist of one pattern of circulat-
ion lasting three to six days over an area, (2) several of
thiese shorter processes would maxke up longer pfocesses
lasting two to four weeks, and (2) groups of these longer
processés woulC muake up & season &nc give .it its cheracter.
It wes &lso assumea that trough passages or passages of
frontel zcnes of convergence at fixed localities were good
indicetors of & change of process; thal the successicn o1 a
certain kind of trough passage or certain kinas ot success-
ions of trough pascsages might inaicate & longer process; and
that between the lmnéer processes &nu between the seasons

there might be several transitional trough passuages.
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From &« study of trough passages for the winter of
1828-2¢ it wes noted that at almost reguler intervals of
time troughs were located simultaneously within 15° long-
itude of 185% ., 1359 W., 48° W, and 45° E. It was ceciced
to use these intervals ac the periods of the comprehensive

cr.arts.

Plotting. On the coumprehensive churts were plottea
all the positions of highs ana lows, weages, waves, &nd
marked troughs occuring in the period of the chart using

the symbols illustrated below.

High Presspre Center o
Ridge o
Wedge | é
Disintegrating Center -

The pressure of the highest isobar was placec above
the symbol and the date below. The wedge symbol points
toward the area of highest pressure anc the ridge symbol is

oriented along the axis of th e ridge.

Low Pressure Closed Center : °
Open Wave &
Trough b
Disintegrating Center +-

The pressure or the lowest isobar was placed above

the symbol and the date below. The wave symbol is oriented
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along the warnm sector isobars anu the trougn symbol points

toward the area of lowest pressure.

Analysis. In analyzing the comprehensive charts,
first, a line separating all high symbols frow low symcols
was drawn. Then lines surrouncing &all highs above 1030,
1040, 1050, and 1060 millibars respectively and lines sur-
rounding all lows below 1010, 920, and 970 millibars re-
spectively were drawn. On some cherts rec lines were drawn
in the troughs appearing fran the above anwlysis and blue
lines &along the wedges. Very little aifierence could be seen
in these comprehensive trough ana wedge lines frouw the
actual trajectories of highs ana lows ana so on most of
the charts the trgjectories of highs anc lows are cdrawn in
blue and red respectively.

Cherts were plotted for the period from December 11,
1228 to December 31, 1929. In Figures 4-7 are seen exwaaples

of charts frpm each scason.

Results of investigation. This first investigation

showed that the coumprehensive cherts were nelpful in that,
in such an analysis an appro>imation ® & mesan flow chert
and a dynamic chart were combinea in one. In looxking &l a
series of charts the graouL1 change in processes can be

readily seen, appearing frequently like series of synoptic

charts.
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This study was not successiul in tiat further ine
vestigation showea that the troughs did net act according
to the trends first noticed; that this observea trough
p&assage phenomena was merely a characteristic of tiwt peart-
icular wintef. In particular, the troughs almost disappeared
. i
entirely in scme zones during the summer. The coumprehensive
chiarts were often hard to analyze since several procesces
cppeared to Le going on in one region while one or part of
One wes occuring in snother and since the processes all over
the nortihiern hemisphere diu not appear to step and start at

the sane time.



ChiaPTin IIIX
W el o i o B o TV NT ST T
PRESSURE TnOLGIS

From the previous study of comprehensive charts it
was seen that a more thorough investigation of/pressure
troughs or zones of convergerice was needed. If such troughs
are tc be of &aid in distiﬁguishing weather processes, a
study of the rejulerity or irrezulsrity of trough passages
at specifiec localities shoulc prove beneficial. This stuay
was attempted, first, statistically aLd, secona, when stat-
istical metiiods proved too cumberscuie anc uncertain, a |

graphical study was nade.
I. COLLECMCN O DATa

The raw date for this study were obteined from the
files of the Yorthern Vemisphere tistorical Weather Laps ana
are reccrded in appendix A. Date were collectea for the
period frem Jenuary 1, 19256 to april 30, 1935. rressure aata
at longitudes 125° =., 135° W., 48° W., and 43° L. anu
trough position data for troughs near each of these merid-
ians wire collected.

The pressure data, listed under "P" in appendix A,
censiste of the value of the lowest isobar (last two numbers
of the value; ie., 20 for 1020 mb.) between 15° N. and

O anO . .0
35° M., 38° K. and 55° N., anc 55°N. and 80°N. along each of



the meridians listed above. Pressures ot twropical stormsa,
typhoonsy, ana hurricanes are succeeded by a "t" , ie.,
{00t). If no isobar crossed the mericien within the limits
of « zone, the value of the next highest isobar was
recorded.

The positicn of ewuch trough in degrees of longitude
from the selected meridians and within fifteen cegrecs of
- these meridians is recorced unaer "I'" in the sappendix. The
position wgs recorded as plus if the trough was located to
to the right of h e meridian and wminus if to the left of the
meridian. If groups of pcocsiticns are connectea by a bracket.
thus [E s the trough is stationary at that position for the

period included in the brackets.
IT. STATISTICaL STUDY

Using date frou the winter of 1620-20 at longituae
135° W. between latitudes 35° N. anu 58° N. correlations of
lowest isobar valueé for time lag periods up to eighty two
days were computed.

Computation. A strip of 162 days frow liovemver 15,

1925 to april 24, 192¢ was prepared and labelea the 'y
gtrip. .. strip of 80 days from Novemper 15, 1925 to February
2y 1920 was prepared and labeled the "x" strip. The "x!
strip was moved along the "y" strip having a oirfehent

position for each day's lag.
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The lag correlations were computed using the exact
formulsa,

[ 2 XY, /}%EX'ZYl‘ ZX Vi —m my oo,
XY

[Ex-sOFEeLGY)] oo
where m, and my are the means and GX and ?y are the standard
deviations of the '"x" and "y" strip data respectivedy.

The variance of x, 6:, is the sume in all lag correl-
ation coefficient computations but the variance of y, 6,
cﬁanges with each computation. Snedecor's '"F! Distrivutiont
was used to find the value of 6; above which it was sig-
nificantly different from 6, . Values of 6y with which tue
probability that the difference in variances due to chance
is less thah one per cent are called significantly different
from 6, . Values of 6, for which the probability lies be-
tween one per cent and five per cent are barely significant-
ly different from 6, ..

Probable errors for the more significant correlation
coefficients were computed using the formula,

P.z. =.674 =
The computations ana results aﬁe given in Taple I

and Figure 8.

1 John F. Kenney, lLathematics of Stutistics, Part Iwo
(l'ew York: D. Van Nostruna Co.y, InC., T195S), pp. 140-46,
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TABLE I

COMPUTATION OF LaG CORRELATION COEFFICIZNTS
ise  STATISTICS FOR "x" STwIP |

T e & oy
I)In 2_2( 4\5&/\/ n 6X = ZX’ o~ lﬁ(zx;)

B. LEVELS OF 3IGRIFIC.LNCE FOR 6:

Snedecor's "F'" distribution for this stucy was taken

1
-_mb _ .
as F=—=X where x and y have the same number of values and

MGX

6;>G;e Then, using the value for mé,f, obtaineu in part A,
above, a formula for mGl is developeds /\'\GQ= 8851 F .
with 79 degrees of freedom for botl X anu y,
for a 1% level of significance, F=1.6¢ and  mG<149¢0 and
Tfor a 5% level of significance, F=1.45 and ~6,-12830,
In part C values of mG; which &re buwrely significantly
1ifferent from'm ¢, are SuCCeeued .b;y "BES" and those whiich

are significantly different are succeeaed by "4,



TiLBuE

I

COMPUTATION OF LaG CORRELLTION CUEFFICIENTS

" (CONTIRUED)

falai MT oMY Mo ' TR o
Ca D:nLIDP¢Cb FOix ”y” STirS
alD CORFRELATION COuXpICILITS

iR 1 ”‘6: D My
Dery ~ A A 5 - 1

Loy | Son | Y| KEW| S | aSudr| S -AEn Boms o2 |
1 124155014330 | 23441 1243800 1205718 | 9339 +OCCE [+.018
2 ||2423800 |4300 231150 1241700 |254030 110550 +3720 |+ .905
3 1235280 14300 (231150 1241700 254080 110550 +1170 |+.121
4 CEE7?75 (42801250051 1240700 |2530H3¢ | 10048 + 25Y |+.025
S 11231260 |4270 227911 | 228700 (252448 110759 -1l |~.128
© 2300285 (4245225250 1235575 [221087 10520 -100Z |=.111
7 123022514210 |2215651 1232250 22921832 10689 + 17435 |+ .180
8 1229800 14205221025 [£31625 (2282 10 | 10600 + 8C0 |+.082
S |l227425i4185|21c975 230525 [2283065 {10250 - 940 |=-.087
10 122922514210 (2215511232100 |229182 110549 + 45 [+.004
11 [|I230¢50 [4215 222078 252675 |2£20484 10597 +11lo0 |+.121
12 |[222150 |42056 |221025 (251475 1228910 (10450 + 240 [¢.020
13 2298560 |4205 |£221028 (231475 1228210 {10450 + 9240 |+.087
14 ||2220756 {4210 |2215651 [232000 |£228182 {10442 - 107 |=.011
15 228025 14195 |21ce7E [23027% [2233¢5 110300 - 340 |-.035
16 1228500 [42C0 |£220500 |230750 1228638 (10250 - 158 |-.014
17 |[222075 |4200 12208500 [230750 (228638 (110250 + 437 |+.04cC
18 (228825 14200 [220500 [220750 |228¢:8 (10250 + 17 |+.018
19 |I22c325 14180 (218405 (229150 | 227249 10745 - V24 |- .074
20 ||226125 |4175 (217883 228628 (227277 110742 =1152 |=.118
21 ||I225350 (41cl |216340 | 227525 | 226732 | 10685 1582 |~ . 142
22 (1220200 (4170 |217361 228150 |£2700a |1078¢ -~ 1808 =185
23 225720 (4108 |216840 | 227575 |22¢732 [10738 -1007 |-.103
24 ||220775 14135 218828229875 |22780s 110647 =105 |-+ 10¢
25 [|[220020 14188 (218228 | 228575 (227820 10647 =1795 |1-.185
20 (220700 |4220 |2220086 1233250 | 2297 3¢ |10045 ~-302C |- 312
27 1226800 14240 (224720 1235450 | 250815 110730 ~4310 |- .445
28 ||2258&E00 {4240 (224720 | 256450 250815 10730 ~001u |=.5C7
29 ||22¢9850 (4240 1224720 |255450 |280210 110780 =5800 |= . 540
30 ||22&775 |42¢0 [228845 238000 |2c1804 11200 -3129 |- .313
31 [|230C00 4284 |£29585 1240228 |235025 111340 -2000 |= .20
32 ||23207E5 |4310 [232201 | 244060 234020 |1184¢ =-2001 |-.200
33 |[|[233550 (4345 |235088 1248075 |236531 112087 =29381 |- . 288
34 (1235075 (4370 (238711250700 |257822 |119&Y =2817 |=.274
35 11236600 (4380 2398081251800 |238430 |11295 ~-1830 |=.178
3¢ 237825 4320 (2402011252900 |238¢31 (1199 -1lco |=.112
37 (1238875 |4400 [242000 | 255300 1239525 |13300 BS |- 650 [~ .00
38 239550 (4410 2431011256500 | 240069 (13392 LS |- ol |- .047
392 1240300 (4435 |2458086 1258220 241450 [12360 -1130 |=.100
40 1240875 14440 1246420 { 208800 1241450 1128560 - 325 |= 079




COLPUTATION OF LaG CONLIL:TION

-
l:.bz..u’ia

-

COLFI'ICILNTS

(CONTINUED)

- ~ P ~m o1 X . A AN o~

bey | Sen | B [AG| S [k e sl 22
41 (1240525 (4445240975 1280425 (241976 112450 1=1400 |=.137
42 (1242200 |4460 | 248045 |261000 |242792 | 12850 - 992 [=.007
43 ||242025 |4470 1242701 |202100 {24333¢ | 16339 - 711l |=.008
44 ||242825 [4470 249761 (262100 |243336 |12339 - o1l |=.049
45 ||243300 (4455248088 |250375 |242518 [12257 + 7al |+ .070
4¢  |[242000 [4440 1240420 |258¢50 |242025 112230 + 475 |+.040
47 1242750 4425 12447658 1257075 (240888 | 12817 +1lo0Z |+.178
48 ||243425 |4430 |245311 |267c50 (241158 |1235¢ +2207 {+.217
49 (1244000 |£460 | 248045 |261550 [242792 |12205 BS |[+1ood [+.174
o0 ||245450 (4480 250880 |264150 |24 380 |13270 BS |+1570 [+.145
51 (1240000 [4495 |252563 260175 |244€87 [1301l2 ES [+1303 |+.118
o2 |[2406175 (40101254251 12680860 (245513 |L37S¢ LS |+ ©o2 |+.0c0
853 ||246100 (4510 |2542561 |268050 |245H015 |13789 BS |+ H67 [+.053
54 ||244800 [4505 253088 267328 |245241 |130537 BS |- 441 |- .040
55 ||244975 |4505 | 253688 | 2067325 |2465241 |13¢E7 BS |= 200 |=.024
56 ||248975 {4500 (253125 | 266000 | 244909 |13475 BS [+1006 |+.091
o7 ||2449285 |4495 | 252563 | 205875 244027 |13312 BS |+ 226 |+.020
08 [|245500 |4425 252563 | 265875 | 244697 |153312 35S |+ &03 |+.073
5O |[240925 |4405 | 202563 |265875 |244687 |13312 BS |+2528 [+.203
60 |[245925 |4490 252001 |265300 [244424 |15299 BS |+1501 [+.137
01 |[246575 |4485[251440 |264325 [244152 |13385 BS |+24E3 |+.222
62 ||247500 (4485251440 | 204825 |244152 |15385 BS [+30438 |+.308
c3 ||248700 [4500 253125 1266100 | 244909 12975 BS [+3751 [+ .347
B4 ||245600 |4495 252505 | 265075 244087 |13112 BS [+4¢03 |+ .454
S5 [|247350 |44751250320 [203475 |242008 13150 BS [+3742 |+ .346
00 ||245800 {4470 2497061 | 202850 (24530 |13088 BS |+2404 |+.228
07 (1244450 |4455 (248088201125 (242619 |1o007 BS [+1931 |+.17¢
08 11242525 (4450 257531 1200600 |242244 (12809 BS |+ 2&1 |+.020
09 ||242800 (4465 |249202 (26225 245083 |15028 BS |= 285 |=.020
70 [1242475 [4470 (2457611262850 [243336 |13089 BS |- 8¢l |=.080
71 1242750 [4460 | 248645 261550 [242792 {12005 BS |- 40 |=.003
72 242950 |4485 (248202 1262175 1243063 (12973 BS |- 130o [-.012
73 1243125 [4470 |248761 [262700 (243350 12939 BS|- 111 |=.001
74 11244500 |4480 250880 203500 |24 5830 {12020 + 620 |+.058
75 ||244320 |4485 |2025063 |204776 [244097 12212 - 372 |- .030
76 12440600 |4500 [253128 1265200 (244909 (12075 - 309 =035
77 1248350 |4510 (254251 126300 245513 [1204 ¢ + 850 [+.031
78 1247050 |451% |254818 2606825 |245735 112010 +1000 |+.123
79 248850 |454512568213 (270125 (247418 [11912 +1452 |+.138
80 (251100 {4580 |2€3351 274850 (249868 |1149¢ 41252 (+.121
81 (1253325 |4626 267383 278175 |25177C 11078¢ +1552 |+.188
82 (1255950 14680 1273780 1283400 1254703 | 220 +1182 [+.128







(ve)
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Conclusiong. The mest significant values ot cor=-

relaticn coefficients obtained were tncse of .¢l8 -.047
for &« one day lag, 2056 -.014 for « two dey lag, -.oc? =-.082
fer o twenty eight day lag, and .4c4 -.0c0 for 5.64'day lag.
The rolatively hiph coefficients for the one &nG two Gay
lege may be peartly due to persistehcb_eifects. FEowevei the
twe day relationship appecrs fairly significeant. The others
indiceteyperhape, the existence of & sizty four day rhythm.
It must be rewmenberea that the dula used were for
only one region in one seascn of olie yewr. Consiaeraile more
work muct be done beicre alLy rewlly valid conclusions can
be made, however it wus felt thualt in view of thne learge
amount of computation necescary it wie nct practical to

continue con this study.

The value of the lowest iscbar crossing the merician

O 22 = 3 B T 3 ¥
We was plotted against tiwe

of 135° W. between 35° un¢ 5&
on & graph for the 124 montn pericd veginning calilely 1,

1925 and ending April 30, 1225. This gr;ph is preseniec in
Figures ¢ anc¢ 10. It can be seen upcen examining this greaph

5

that certair seciions of the curve seem Lo faldl into vericus

are o be noted.

<t

rhythms. Sorme occurences of interes

Thirteen mwonth rhythm. Thie rhythm may have some
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