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Larry Edwin Hodgins

ABSTHACT

The anomolous nature of the climate of the Great lakes Region
due to the presence of the lakes themselves and to the convergence of
cyclonic tracks in that part of North America is generally recognized.
Yet, in sprite of the great importance of the region, its peculiar
climate has received surprisingly little attention on a comprehensive
and regional scale. Furthermore, relevant studies, whether stetistical
or genetic in approach, have tended to explain that climete only in
general and qualitative terms. The need, therefore, has arisen for a
genetic climatology of the region which will draw the require quanti-
tative relationships between the dynamics of the atmospherie circulation
and actual regional element occurrences.

Various methods of analyzing regional atmosrheric behavior are
examined to determine the tyve of classification to which elements may
best be related. Of perticular note are “weather type™ classifications
based on either air masses or recurrent synoptic patterns. A modifi-
caticn of the latter method is selectea over the air mass arproach be-
cause it is more easily adapted to accommodate frontal precinitation and
more easily anplied to simultareous regional znalysis in a region of
frequent air mass conflict.

Three criteria form the bases of differentiation of the major
weather types of the Great Lakes Region: (1) surface synoptic circu-
lation pattern, thst is, whether they are represented by cyclonic or

anticyclonic systems; (2) approximate direction of origin of thece



Larry Edwin Hodgins

systems; and (3) local trajectory of the systems relztive to the
Great Lakes. As such, the various weather types are recognized large-
ly by their surface reflections which, for the precent, are most easily
and directly associated with the elements. They are, none the less,
based on upper-level flow patterns. Because the types are represented
by synoptic systems following definite tracks which are relatea to the
upper-level wecterlies and the general circulation they are truly cy-
namic and can be referred to as "dynamic-synontic system weather tymves",
In the Great Lakes Region, eleven dynamic-synoptic systems
are sufficiently cdistinctive for isolation as weather tyves. For each
tyve, day frequencies and normal element characteristics are established,
tlement characteristics associated with each tyne are found to be dis-
tinet and remarkably constant. On the other hand, tyne frequency
variation from season to season is quite marked., Tyne frequencies and
element characteristics, therefore, are clearly reflected in, and in
fact exnlain, not only the day to day character of the climate, but
also the aistributional differences of average tenmnerature and total
precivitation from season to season and year to year.
Bach of the four mid-season months is analyzed with resnvect
to: (1) frequencies of dynamic-synoptic system weather tyves, (?2)
effect of the individual tyvpes on caily element values; (3) inter-
pretation of the distribution of "normal" temnereture and precinitsticn
in terms of tyne frequencies; (4) deviations from "normal" as exnlained
by tyre frequency variation. January is found to be characterized
by a high frequency of the two coldest anticyclonic tynes and by a

diversity of the cyclonic types which brinsg warmer temperatures to the
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southeast and fairly reliable and evenly distributed :reciritation to
the region as a whole. ~lModification of temperatures by the lakes is
st a maximum in this season, particulsrly during tle csldest type, end
precipitation is significantly heavier to the lee of the lakes with
several of the tyves, both cyclonic and antievclonic. In Arril, two
cyclonic types bringing high warm sector temreratures to the southeast
and heavy but variable precipitation to the entire region reach a
maximum frequency. Anticyclonic tyopes appear in greater variety than
in winter and are less severe. In July the coldect anticyclones are
3t a minimum. l}ilder anticyclonic types, however, are at & maximum
and along with a fair number of cyclonic types with wrrm sectors reach-
ing gquite far north maintain hich everage temreratures with low let-
itudinal grauient. TIrecipitetion is primarily associated with two of
the cyclonic types and one anticyclonic tyne; in all ceses it ie vari-
able in area of concentratiecn. october is largely domineted by one
dry, mild anticyclonic tyne. The remainder of tiie month is divided
smong a wide veriety of types with thelr associated variety of element
characteristics,

Dy shoving thece relaiicnshins between tyre freauencics and
element occurrences, dyramic-synovtic system weather tynes give the
required quentitetive understarding of the climate of tlie Great Lakes
hegion, and at the same time provide the necessary miscing link for a
new, fully integrated framework for climatic synthesis based on the

genetic cliaracter of the climate.
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PrisFACE

Climate has traditicnally been defined as "average weather®
through the preoccupation of Classical Climatology with mean values
of the main weather elements, This definition has long lcst scientific
acceptance but there must be, none the less, a close relationship be-
tween "climate" and daily weather as we experience it.

Farly climatologists sought to describe climetes merely by
analyzing norms and means. There was little quantitative attemnt to
discover co-variances of the elements through synortic processes, nor
even to exrlore the varisztions of single elements to greater detail
than monthly averages and extremes. In contrast to the impression
given by the traditional definition, the close relation between climate
and weather wes often almost completely lost. Their entire quanti-
tative apnroach was static and in the abstract. In wost caces there
was no empirical equivalent, in either the arithmetic or "normal"®
sence, to the averages used to describe climate for variation itself
is more frequently the norm. To circumvent these criticisms and to
generally make their systems more understandable, writers as a rule
attempted to add qualitative explanctions and descriptions to their
statistical material. This method was practical considering the data
available, but far from satisfactory. Furthermore, it virtually neces-
sitated that climatic classifications use other phenomena, such as
vegetation, to cdecide artitrary, quantitative boundaries rather than be

based on the character of climate itself.
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The immediate rieeds arising from tnhe early studies were obe-
viously twofold: (1) quantitative explanations and descriptions,
empirically verified, of the dynamics of atmospheric circulation;

(2) guantitative intervretation of the elements as directly related

to actual daily local occurrence. Much of more recent work has been
toward these ends. Investigations with relevance to the first include
the many stucies dezling with ener;y balences, winds, fronts and air
masses; those with relevance to the second incluce statistical analyses
of frequencies, co-veriarces, variaticns, and deviations of the ele-
ments. Long term means are still widely used for gross comparisons,
btut because of the local and siiort term veriations and deviations their
direct application to detailed scientific worx is limited. Their
wicest uce, therefore, is as a reletively constant datum to which de-
viations can be referred.

With the rapid development of ex»loration into the inaalces
of the atmosphere and into the statistical frenuencies and probabilities
of elements, climatology has vastly improved. ¢Cne important asnect,
however, remains to the present with limited attention but which must
be a-nroached in detail before the climatological imepe is comnlete.
The works have, for the moct part, tenced to develop inderendently
along one or tlie other of the two problems, leaving the ceemingly ob-
vious gap, that of the qu ntitative connection between them. Although
many of the stucies of atmos~heric circulstion even develop classi-
rication systems, detailed cescriptions of the accompanying elements
are rare and then almost invariably qualitative. Conversely, stucies
of the elements often deal entirely with statistical frequencies or

probabilities ana rarely correlate quantitatively and comprehensively
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with air masses, fronts, or the general circulation.

Needed then is, first, a classification of regional atmos-
pheric behavior to which local element occurrences can be directly
and comprehensively related, and at the same time, a classification
founded in the broader horizon of the general world circulation;
second, a detailed and modern analysis of thc elements relatec to
each characteristic behavior; and finally, a quantitative synthesis
of element occurrences and atmospreric behaviors in the interpreta-
tion of climates of the world. The approach is entirely genetic.
The present stucy, apart from its local importance, is only a small
exnloration into the aifficulties and possibilitiec of such investi-
gation, the comnletion of which shall eventually give the true and

logical relation between climate and the weather,

At this time I wish to express my thanks to those who have
assisted me in the writing of this thesis. I would particularly
like to thank Dr. D.H. Brunnschweiler of the Devartment of Geosranhy,
Michigan State University for his careful reading of the original
manuscript, for his many constructive criticisms ancd su-cestions,
and esvecially for his unrestrainea encouragement, consiceration,
and willingness to give of his own personal time to accommodate its
completion. I am also indebted to my wife, Nancy for her patience,
encouragement, and occasional prodading auring the vreparation, and
for the typing of the manuscript and final cony. T would like to
thank Lr. A. ¥X. Philbrick of Michigan State University for carto-

granhic advice; Dr. F.X. Yare of McGill University for article
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reprints, recent climatological ideas, and inspiration; Mr. M.X.
Thomas and the Toronto climatological office of the }Meteorological
Branch, Canadian lenartment of Transnort for bibliogranhic and stat-
istical material; Mr. A.H. Eichmeier, Michigan State climatologist
and the East Lansing Vieather Bureau for use of daily weather mans and
office space; and the Toronto Meteorological Office Library for pro-

longed loan of maps and statistical material.
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The anomalouc nature of the elimate of the Treat Lakes [v:gion
as a result of the influence .[ the Lakes thrumselves ena of the con-
vergence of tle cyclonic tracke of lorth Anerica in thot repion is
generally recoznized. Yet, in snite of the great ecornomic, political
and sociel imrortance of the region, thers hove heen sursrisinely foy
comprebensive exeonineations of 1.7 peculiar clii~te. In fact, ceserir-
tions of the climate of the Great Lakece lLegion as a whole have rarely
been attemntea. At best, 1local and continent-wide analyses can be

pieceu together vith thece few rare studies for a general and overall

understending.

Standard Climatic Descrirtions of the Great Lakes Degion
According to the Koepnenl clessification, the entire Great

(=)

Lakes itegion is witnin the belt of [ climates, termed humid microthermal
o
by Trewartha, having Jenuary mean temneratures below 26.5 F. and July

means above 500 F. Mean annual temperatures range from just over 320 F.
north of Lake Cuperior to near 500 F. scuth of Lakes !ichiran and Irie.
Three subtynes of the humid microthermal elimates anr~ear, but the oif-
ferences are mainly in cegree of tcmperature. Illinoic, Indiana and
Jrio (ifa) exverience long warm summers with their warmest month above
71.6° F.; Minnesota, Visconsin, Vichiran and Southern Ontario {Dfb) hcve

. . . o
short summers wilh their warmest month below 71.67 F.; moct of lorthern

1 . e g . - - . -
{oenpen V.., Die Klimate cer Zrde (Derlin, 1G31).
-1 -




-2 -
Ontario is subarctic (Dfc) with less than four months above 50° F.
Annual precipitation ranges from just over 20 inches in the northwest
to over 40 inches in the southeast. There is no predominant wet season.
Most humid microthermal climates of the world show a summer maximum;
but significant areas of the Great Lakes Region, particularly in the
east, have surprisingly uniform seasonal distribution or even a slight
winter maximum.

Trewarthal characterizes the climate of humid microthermal
regions as a whole by cold winters, durable snow cover, long frost
seasons, and large annual ranges of temperatures. He emphasises that
they are largely land controlled and are therefore distinctly contin-
ental., Though largely true of the West, this perhaps tends to minimize,
first, the great importance of moisture and heat transfer from the Gulf
to year round reliability of rainfall and to sunmer temperatures; and
second, the more local importance of the Lakes themselves. Temperature
extremes for the year, however, are accentuated by the dominance in
winter of northern continental air and by the monsoonal tendencies of
maritime tropical air in summer. Winter is dominated by the non-
periodic changes of cyclones and anticyclones; diurnal changes are sub-
ordinate, Monthly averages are of limited value for the description of
winter temperatures because of their great variation from day to day.
Particularly noteworthy are strong importations of arctic air known
as "cold waves™ during which temperatures drop raridly in many caces to
below 0° F. In summer diurnal changes become relatively more signifi-

cant, but air mass control is still important. Cf note is the summer

lVernor C. Finch and Glenn T. Trewartha, Elements of Geography
(New York: McGraw-Hill Book Co., 1949), pp. 185=204.
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counterpart of the cold wave, that is, the heat wave in which steauy
transoortation of tronical air northward keens maximum temveratures
above 90° F, for some time. The general humid microthermal summer maxi-
mum of precinitation, Trewartha attributes to 1) the greater reservoir
of moisture in the warmer air, 2) the greater prevalence in winter of
anticyclonic circulation particularly in subarctic regions, 3) summer
convection, 4) the tendency to strong inflow of moist maritime tronical
air in summer and to the outflow of continental polar air in winter.
The increase of winter precipitation in eastern North America, he at-
tributes to frontal activity and the absence of a barrier to maritime
tropical air. Spring and autumn are characterized by a struggle between
winter and summer controls. Mild days are followed by frosts. Spring
is famoue for its fickleness. Autumn brings some of the nicest days,
those known as Indian Summer, with clear skies, warm mid-days and crisp
nights associated with anticyclonic circulation; but it also brings,
with cyclonic circulation, some of the rawest and gloomiest days.

Strahler} in strong contrast, uses a more genetic classification
to describe the climate of north central and northeastern United States
and southeastern Canada as "humid mid-latitude continental in the
battleground of polar and tropical air masses™, The bases of the ana-
lysis are air masses, fronts, cyclones and anticyclones. Nean element
values are secondary and exemplary rather than primary and requiring
explanation. The interpretation is noticeably different. The region
referred to is intermediate between the source region of polar continental

air masses on the north and northwest and the maritime tropical air masses

1Arthur N. Strahler, Physical Geogranhy (New York: John Wiley
& Sons Inc., 1951), pp. 374-77.
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on the south and southeast. NMaximum interaction of the air masses
occurs in this region along warm and cold fronts associatec with east-
ward moving cyclones. In winter, northern continental air dominates

and cold prevsils; in summer maritime tropical air dominates and high
temperatures prevail; seasonal contrasts, therefore, are great. Strong
air mass contracts result in much violent frontal activity, highly
changeable weather, and ample precipitation throughout the year. 1In

the west, a summer maximum of precipitation and strong continental
temperature contrasts and ranges particularly reflect the predominance
of tropical air masses in summer and northern 2ir masses in winter.

In the east, maritime air masses have ready access to the region through-
out the year; precipitation is more evenly distributed; and temperatures,
though still noticeably continental in daily range, have smaller annual
ranges.

Kendrew1 using a regional organization is primarily elemental

in a_.proach but stresses the significance c¢f the almost unbroken pro-
cession of cyclones and anticyclones in the extremely variable weather
and temperature of North America. In referring specifically to the
Great Lakes and St. Lawrence region, he points out that this region has
perhaps the most variable conditions owing to the convergence there of
the most frequenct cyclone tracks of the continent. Similarly he ac-
counts for the "increase in precipitation to more than 30 inches annually
in the neighbourhood of the Lakes™ by the abundant winter precipitation.

In that season not only are the cyclones especially vigorous, but also

lw.c. Kendrew, Climates of the Continents (New York: (xford
Clarendon Press, 1953).
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the warmth of the Lekes tends to attract the lows and thus accentuate
the convergence of the tracks.

Of more specific nature, numerous discussions of the imrportance
of the lakesl themselves to temperature, precipitation, and pressure
are available. For the Creat Lakes Hegion as a whole, analyses of the
effects on temperature are the most common.

According to Lautzenhiserf the air masses most modified are the
very cold, continental arctic masses of winter as they pass over the
warmer lake water. 1In contrast, c® air is little affected in summer,
for it is warmed in its travel across land and temperature differences
between air and water are small., Conversely, tronical maritime air from
the Gulf is little changed in winter as it has already cooled in its
northward travel and the lakes are relatively warm. In summer and es-
pecially spring, when the lakes are cool, the air may be many degrees
warmer than the water and cooling by the water prevents heat waves from
reaching the northern and eastern shores. The same cooling will often
cause heavy fog and low stratus to develop if the moisture content of
the Gulf air is sufficiently high.

Kendrew? on the other hand, merely demonstrates the influence
of the Lakes on temperature by the resulting gross pattern of mean iso-

terms. It should, however, be noted that this is a mean analysis and

1The lakes warm slowly in summer and cool slowly in winter,
Even in the coldest winter they do not freeze over. In summer the sur-
face of Lake Superior warms only to the fifties, but Lake Lrie and
so .thern Lake Michigan reach water temperatures in the low seventies.

2R.E. Lautzenhiser, "Great Lakes Weather", leatherwisce, Vol.
VI, NO. l (Febo’ 1953), Dpo 3"'5.

3Kendrew, p. 316
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frequently west shores zre similarly modified by easterlywinds,

dutnam® in a more local Gescrintion of Southern (ntario climate,
further illustrates the effects of the lakes in the diminiched difference
between day and ni-ht temperstures and the resulting longer frost free
seacon. At Leamington, the frost free seicon is 170 deys but inlard at
Algongquin Tarr, it is less than 100 days,

Perhaps the most detailed quantitative study of the effects of
the lakes on temperature has been done by Leighly? The modifying in-
fluences of the lakes on the annual march of temeratures are examined
by a series of isoovleth maps showing rate of tempersture rise in suring,
temperature and date of maximum, rate of fall in autumn, tempersture end
cate of ninimum and finally annuel range. In spring he finds the most
rapid warring in the northeast, whereas in fall the most ranid cooling
is in the northwest. ZILeiihly accounts for this difference by the change
in principal source of moist maritime air, in winter the Pacific and in
summer the Atlantic, which leads to a great shift of continentality.

The explanation is dubious in view of the fact that the Gulf is the pri-
mary source of moisture in all seasons,

In a second series of maps corresponding to the first, Leighly
draws hypotheticel isopleths to reoresent the pattern suprosing the ab-
sence of the Lakes, Anomaly lines are thnen drawn by graphic sub-
traction., The effects of any one lake are found to vary "direcily with

its area and inversely with the tenperature of the eir over the land

lPutnam, Doneld . (ed.), Canadicn FKerions (New York: Thomas
Y. Crowell Co., 1952), po. 221-25.

2Leighly, J., "offect of the Great Lakes on the Annual March
of Air Temperature in the Vicinity", Popers of the Michigan cerny
Science, Arts end Letters, Vol. XXVII (1941), on. 377-414.
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surface about it"™, excent for the effect of Lake Superior in summner
which is greatly out of rroportion.

Legarding pressure, Lautzenhiser expands on the in{luence pre-
viously suggested} In winter a low tends to form over the warm water
and in surmer a high develops over the cold water. Thus, the tracks of
lows and highs tend to be steered to or away from the Lakes area ac-
cording to the season., Highs are strengthened in summer and weakened
in winter, anc for lows the reverse is true.

Deteiled studies of the inportance of the Lakes to the orecipi-
tation of the region as a whole are virtually nonexitstent, though there
are narny studies of the varicus winter "snow belts". Lautzenhiser des-
cribes as the "most spectacular effect of the Lakes" the movement of
cold continental air across the lakes in late fall or early winter. The
great temperature difference createa by the heating, along with the humidi-
fying, cf the surface layer of cold air lead to turbulent convection
currents ana excessive snow to the lee o the lakes. He further suggecsts
that only in winter with the appreciable ®lake snows" is the surface water
an important source of moisture for precipitaticn. Slight variations
occur in the theory of development of the "lake snows"™ but most2 agree
roughly with that of Lautzenhiser. The most freq:ent addition to the
theory is that of the orographic 1lift of the potentially unstable air by
the highlands which are somewhat inland but experience the heaviest fall.

Such is the case in the zone east of Lake Erie to the Adirondacks and in

lKendrew, above, p. 5.

ZSee, for exemple, C.L. Mitchell, "Snow rlurries along the
Eastern Shore of Lake Michigan", Monthly Weather Review, Vol. XIIX
(19<1), o. 502, or B.L. Viggin, "Great Unows of the Great Lakes"®,
lieatherwise, Vol. ITI, No. 6 (1950).
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the uplands of Couthern Ontario facing Leke Huron and Georgian Ray.
Remickl is unique in his analysis of frietional influecnces on wind
velocity and direction leading to a field of convergence on the right
hand portion of the lece side of Lake Irie, Fast movine a2ir from the
lake is forced u» over the slower lund air, is cooled adiabatically,
and vith sufficient coundensation nroduces »reciritation.

Much more rare than studics of the immortance of the lakes
themselves are studies cof the cffecte of relief borderingz the chores.
Differences of relief are not great in eny part of the region but several
areas are of eionificance. The imnortance to precinitction of the few
relative highlands has already been nointed out. I“utnam further il-
lustrates their importancg in the "cold loops"™ of the northern South-
western (ntario hichlond which reaches in elevation of 1800 feet and of
Klgonquin Park which is at about 1600 feet,

The Need for a Quantitative and Comnrehensive
Genetic Climatclogy of the Creat Lokes liegion

From the foregoine rough synthesis and discussion of various
descriptions end exnlanations of the general climate of the Creat Lakes
Rerion, it can be ceen that there have been two different and rather dis-
tinct annroaches, the elemental and the genetic. The first anrroach,
exemplified by Koennen, Trewartha, Kendrew, and many loceal studies both
old and new, is fundamentally an organized analysis and precentation of
the elements with qualitative explanations. The second a-»roach, that

of Strahler or Lautzenhicer, is in ecssence the converse of the first,

1J.T. Remick, "The Iffect of Lake Erie on the Local Distribution
of Precinitetion in iinter™, Pulletin of thc lzmcricen lleteorolo~ical
Society, Vol. XXIII, No. 1 and 3 (1942), p~.1-/ and 111-17, resnectively,
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Genetical dymarics of the atiwwosvhere are tie bacin of the wesceri-tion

and resullernt eluren. charecieristics are secondosry. Uelierelizations
are again nresentec gualitatively ¢ celsils are given in Lhe form of
exemnles,

Thie present studv, on the other henc, is en atterpt to craw
mentitelively ile renetic relstinnshi-s between the dwmicndcs of the
atrosmnere end ectusl recionel elenent occurrences., it the came time,

4

it is hopsd v

BN

t helps to fill the more general neead {for a more com-
nrehensive study srecifically of the climate of the (reat lales Reciol,
Various methods of anialyzing reeiounnl wimosrherice benavior are exsninec
to diccover the tyne o clussifiertion to whicu the reat variely of

element occurrences of the Grest Lakes liegion may bect be related. The
suitability of the "fundementzl® basis of the selected tyne of classi-
ficstion is discussed. The behavior of the atrosnhere in the rest

the o=

]

Lakes region is clascifizd, end the clascification a nlied t
cervation ard analysis of actual caily element occurrences. Finally,

the cilimate of the Grest lakes "e-ion, its seasonal and yearly varialions,
and its variations from nrlece to nlece, sre diccussed in terws of 3

synthesis of element occurrencss end ahtiwos:heric belevior,



FueTHODS PR THx ANALYSIS O wSGIVLAL ATIwCPHENT C BidAVIVY Ay
pbfid T UOCUweutliCias s Traelo Auva TAuss any ULOUAUVA. D nind

The methods available for the analysis of regional atmosnheric
behavior and element occurrences are many and most have been expanded
in detail elsewhere} It is useful, neverthelesc, to briefly suwimarize
the verious procedures in order to shiow why the particular method of
this study has been chosen, anu ¢ emnhasize its capabilities and re-
lative advantages.

Three general groups may be distinguished: (1) mean vatterns,

(2) point or areal frequency distributions, and (3) recurrent "types".

Mean Patterns

Until recently most attemnts to interpret world and regional
circulation and climate ave been on the basis of mean pressure or pre-
vailing wind patterns. Tihe quantitative disabilities and inclination
to error of such internretations need not be reiterated. Fundamentally
both patterns are of limited validity. Mean pressure patterns are
generally emnloyed to suggest or compute mean wind directions; however,

[l el

even over short periods of timne considerable directiocnal difference

lsee especially Wesley Calef and Cthers, Winter Vleather Tvre
Frequencies Northern Greest Plains, Teclinical Report of the (uartermaster
Research and Engineering Commano, Unitcd States Army, through a contract
study with the University of Chicago, fegional Environments kesearch
Brench, Natick, lass., August 1957; r.X. Hare, "I ymemic and {ynootiec
Climatology", Annals Assoc, American Geograrhers Vol. XLV, No. 2 (June
1955), po. 152-162; and Arnold Court, "(Climatology: Comnlex, Dvnanic,
and Synoptic," Annals Assoc, jmericen Geocranhers, Vol. ZLVII, No. 2
(1957), p. 125,

- 10 -



may occur in the real wind and for relatively longer periods the
pressure patiern itself is highly variable. For prevailing winds,

if streamlines are drawn narallel to the most freauent direction there
is usually no possible corresronding rressure distribution; if they
are crawn throurh resultant winds they are perhiaps more useful, but it
is conceivable thet wind in such direction could be either minor or
almost nonexistent. To generalize, either mesn pressure or prevailing
wind patterns represent sbstractions that may never exist in actual

synoptic cases, and accurate relating of the patterns to clement cccur-

rences is virtually impoceible.

Frequency distributions are used primarily to reach a more
direct interpretation of caily synontic charts over large areas, and
to illustrate the rezlity behind the abstrection of the mean surface
circulation or oressure mars. For a grid of sampling points or areas,
frequencies of sign of vorticity, frontal passapges, specific air macses,
cyclone and anticyclone centres, etc.,, are recorced and isopleth maps
drawn. The character of the circulation over the area is thus cdemon-
strated quantitatively and a link is made between the large scale move-
ments and specific isolated patterns to which element charecteristics
may be relatea.

The major weaiciess of the method for the rresent purposes
arises from the fact that element characteristics may be conipa:ed with
the occurrences of any one circulation varameter for only one station
or areal block at a tiue. Correlation of elemecnte occurring simulian-
eously over large areas with the genetical nhenomena as concidered is

impossible for the occurrenices rerresented on the frequency mans arc
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based on point recognition and have no direct relationship to any
specific areal distribution of elements as recorced on a daily weather
map. Compericsons might be made between the freouency maps and mean
elenent distributions, but the relations would be necescarily grose and
bear the innherent fallacics anc inadenuacics of mean analysis. Con-
ceivably, element frequency maps cculd be drawn which woula show a
strong distributional ccincidence with the frequency of certain circu-
lztion phencmena, such as high tempercture with mT air or rain wit-
frontal passases. Though extremely useful for illustrative purposes,
the genetic relationsnip, that is, whether they actually occurrea to-
gether, is verifiable only for one station at a time, Furthermore,
specific quantitative element values carnot be logica ly assigneu to
the parameters incdenendent of location because the acsociated values
vary from place to place. (nly if large areal blocks are cunsidered
one at a time is simultaneous correl:ction over even a limitec area
poseible anc then thic etudy is »rimarily that of taxonony and of "tyme"
Trequericies over a given region,

Secondly, each of ihe major rparameters, frontal passages, air
masses, cyclones and anticyclones, is itself composed of a great variety
of tyres, particularly if concsidered on a scale of refinement deteiled
enough for intelligible relation ol the accumpeanying elements. Not
only are there the usual taxonomic problems but also, coupled with the
variety in rature of the paramneters themselves, there is a consicerable
loss of unity and coherence in the analysis.,

The method, nevertheleus, is an important aic to the isolation
of the location of circulation phencmena occurrences, as well as to

~eneral synthesis of wurld climuates., TFor regional climetology it is
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primarily a tocl f'or releting isolatec circulation patterns c¢ver small

areas to the broader atmos;heric circulation.

Recurrent "Typesh

The number of theoretically possible combinstions of weather
elements is infinite. for many oractical purnoses, however, certain
weather states, or at least ranges of states, are sufficiently revetitive
for classificaticn., The baces of such Wweather type" classifications
may very in scale from zonzl circulation, involving three snatial di-
mensions and tinie, to instantanecus element characterictics at a sincgle
point; but each classification attempts to consider the totality of
weather, rather than single elements, ocuring a short time interval.

Four broac categories of "wezther types" have besn recornized as follows:
types besed on the conjunction of elements, either genctic or non-renetic:
types based on standard time periods; types baceu on air masses; and

types basec on total synoptic patterns.

coroaches
Court, in combining these two aprroaches, has defined "complex"
climatology as follows:
Zach weather type is defined by the simultaneous occurrence
within svecified narrow limits of each of severzl weather elements.
In any given cystem of comnlex climatology the elements for each
type ere fixed, es well as the time neriod to which the tyoing
annlies, Lifferent systems uce different element limits and even
different elements, and may even uce cifferent neriods.,
klement conjuncticn classifications focus on the percentage

frecquency over all observations, of the various element comnlexes;

whereas, standard time perioc classifications give the frequency of

lCourt., Annals Assoc. Amer. Ceog., Vol. XLVII, No. 2, v. 127.
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hours, days, months, or seasons with given element complexes.

®Complex" types can again only be applied to single stetion
analysis or to limited arees over which a single value of an element
parameter is valid. Regional synthesis is made especially difficult
by a second major drawback, that of a great multiplicity of types.
Clacsifications with hundreds of tynes are not uncommon. Calef1 in his
study of the Great Plains chooses the "werther day"™ method. Ucing only
temperature, huridity, wind velocity and sky cover, each arbitrarily
divided into a number of ranges, and eliminating such key factors as
precinitation and wind directions, the system ends un with 600 clement-
complex types of days. "ieather Day" frequencies are then fecorded for
a ten year neriod, ‘Such statistical probability is perhans useful for
forecacting and for recording detailed information but is cumbersome
for climatic description. 1Indeed, a large percentage of the Calef study
is devoted to "more useful generalization" by anealysis of the indivicdual
elements. Lesser difficulties lie in the handling of "duration" and in
the possibility of great changes within the given time units. The great
advantage of the method is its entirely statistical, emnerical and ob-
jective nature.

The overriding objection for the present purposes, however, is
the complete absence of genetic relations to the general circulation
and therefore, to regional and world climate. The interest of the method
is primarily probability, not explanation. Conjunction of element types
if based first on wind direction or curvature of the isobars are to

some extent genetic but still are subject to (1) the same limitetions

1
Calef, p. 7.
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to a small area which, in this case, must be renresented by a single
wind vector; (2) the multinlicity of types, and () only partial re-

lationshin to causative factors.,

Air Masses and Synoptic Patterns, Cenetic Avproaches

The Great Lakes Region is characterized by strongly contrasting
and ranidly alternating weather regimes. Under such demonstrative
conditions there are few people unaware of certzin elementary relation-
ships such as the coming of cold waves from the north. Statistical
analyses supvort sucti conceptions by emnhasizing the much higher fre-
quency of certain element complexes., {ne i1s immediately led to susnect
that there are frequently recurring genetic situations which bring with
them distinctive element comnlexes. Air mass and synoptic pvattern
weather type clacssifications are attempts to isolate such phenomena.

Synoptic pattern weather types and air mass weather types
are genetic classifications. Both are based on the hymothesis
that similar genetic situations occurring at approximately the
same time in the calendar year will produce essentially the same
conjunction of weather elements, essentially the same curation
of weather type, and aorroximately the same sequence of weather
chanrses, :

The conservatism and distinctiveness of the properties of
types of air masses give them tangible identity. . . .Thus the
climate is describable in terms of sequence and frequencies of
air masses of given type each having known agd srnecif'iable
values of the elements important in climate.

If a satisfactory set of synoptic weather types could be
designed it would be a nearly ideal system. Not only would it
describe the conjunction of weather elements and their duration
and sequence; it would also describe this situation for large

ICalef, De 30

2R.G. Stone, "On Some Possibilities and Limitations of Air

Mass Climatology,™ Annals Assoc. Amer, Geog., Vol. XXV (1935), p. 56.
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areas, indicate simultaneous occurrences of different weatler
types at different places, and, provids exnlication of tne at-
rosvheric processes that rroduce the weather "tynes",

Air mass climatology averages each element for each air mass
type for every month, season or year. Normel characteristics are thus
"determined for each air maces and along with tne normel frequencics of
each air mass they ceccribe the climate in terms at ornce quentitative

. 2 .
and directly relatable to the weather map". Not only sre the elements
grouped into a lirited nuwber of freguently recurring types but also
their local origins are describeu and may be eacily relaied Lo the gen-
eral circuletion,

Unfourtunstely, n.aercus problems erise in air mass enalysis,

rarticulerly in corflict zones some (istance from cource regiors. ‘'Ing
Creet Lehes nerion clearly iliustrates theve difficulties. lere, the
convercence of cyclone tracks on the region mesns ranid and freqguent
alternation of air messes., Tw0O or more messes are present over the
region a idigh percentage of the tiue ana the masces in coiwbinatinon are
not always the same. It is, therelure, slmost imrossible to clessily
the entire region by a sincle air mass. The problem can be hendled in
either of two waye: either the classification is eipandea to incluue
combinstions of air masses, or the air mass frequencies are celculcted
for individuel stations and isonleths drawi. In the first csce, the
tynes thus isolated are in reality closer to synnntic patterns except
‘for the cmiseion of exrlicit reference tu fronts and isobar curveture
and, therefore, of many importent relsotionships. 1In the second care

ihe difficulties of relating eleuwents to freguency mans have already

Lcater, p. 3.

2. ) - .
Ctone, Annals Assoc, émer. Teor,, Vol, 1YV, pu57e.
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been discussed} In addition, tliis latter aprroach has led, for example,
to the descripntion of the Great Lekes as a region characterized in winter
by northern continental air masses. The Great Lakes legion, however, is
certainly characterized as much, or more so, by the frequent passage of
cyclones and fronts, and their accompanying element comnlexes. In both
annroaches the necesséry omission of {ronts and cyclones is crucial.

Finally, the identification of air masses themcelves and the
validity of their "normal" properties are at best annroximate and sub-
jective, Considerable modification in a given air mass takes place en-
route due to external forces on the mass itself as well as hy mixing with
air from other sources.

At attemnt to reduce some of these difficulties has been made
by Brunnschweiler2 in his Maerosomatic" (i.e. air mass) study of the
northern hemisphere in which he endeavours to correlate element values
with air masses. 1In so-called "somograms" (air mass diagrams) and in
tables he tries to establish that air masses behave snecifically over
any area at a given time. From the type station somocram of Chicago
can be derived that the individual air masses bring distinct surface
weather characteristics to the Great lLakes region, particularly in the
winter half-year. Types and frequencies of fronts are also recorded
but not related to actual weather behavior.

The air mass concept is indeed valuable and numerous references

are made to specific masses in the following analysis, but air mass

1Above, p. 11.

2D.H. Brunnschweiler, "Die Luftmassen der Nordhemisnhaere",
(in German, with English abstract), Geogranhica Helvetica, Heft III
(1957), pp. 164-195.
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frequencies and average property values cannct be relied upon too un-
critically.

Synoptic pattern weather type clascsifications, on the other hand,
attempt to overcome the major weakness of air mass weather types by in-
corporating into the classification entire synoptic patterns including
isobar curvature, circulation, multiple air masses, and fronts. Again,
"normal® characteristics can be determined for each type and, along with
the frequencies of each tyrme, used to describe the climate.

The advantages of the synoptic pattern methoc have already been
suggested} The method, however, is not without difficulties., irimary
among these is the formulation of an objective classification of the
patterns and the subsequent "typing®™ of individual synoptic charts. No
two weather maps, and especially no two sequences, are exactly the same.
The problem is the usual scientific taxanomic one of classifying a con-
tinuum. Every climatic classification is faced with the same difficulty;
but, because of the reliability of the general world circulation? the
majority of synoptic situations are sufficiently distinctive and re-
petitive to be recognized as "“types®. With careful refinement and re-
vision, and with particular reference to the controlling influences of
the upper atmos:.here, it is believed a satisfactory classification can
be attained. The synoptic pattern weather type method, therefore, has
been selected for this study of the Great Lakes Kegion. For the pre-

sent the method cannot be as quantitative as might be desired because

lAbove, p. 15, see second quotation from Calef.

2See, for example, F.X. Hare, "The lesterlies", Georranhical
Review, (to be published July, 1940).
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C . . 1
of the limited knowledege of these controllins factors; however, the re-
quired details are, indeed, close at hand. Cfecondary difficulties arise
in the tyre of data available and in the recording of pattern frequencies,

but these will be handled in subsequent discussion,

lUpper-level flow patterns, and moisture, heat, and moumentum
transfer,



SY..wPTIC PalTilay VATt TYPr CLALSIFICATION

The potential advantages of synoptic pattern weather types have
been generally recognized for some time, particularly by meteorclogists
interested in "analogue" forecasting. Consequently, a conesidersble
anount of effort hac gone into this kind of clascification. Numerous
schemes from varicus countries have been proposed, ell with funcamentally
the same purpose but varying somewhat in basis, scale, number of types,
and presentation. It is surprising that in almost all cases the classi-
fications are vreoccupied with the establishing of “tyves", whereas the
accomvanying climatic elements are described only incidentally and quali-
tatively. (lder classifications are based entirely on surface pressure
anomalies, thet is, on the movement of cyclones and the position, orien-
tation, and expansion of tle semi-stationary pclar and subtrorical highs.
Newer clacsifications bear nore relationshio to uprer air flow patterns
and are, therefore, more fundamental and more closely associated with
the broader world circulation. A few examrles will suffice.

By the early thirties the importance of the unner air flow was
beginning to be realized though it vas still far from being uncdsrctood.
In 1923, Blairl devised a system of weather types based solely on pres-
sure anomalies, but he did recognize that tliere was some correlation be-

tween the reletively longer trends of weather sequence and the "general

1Thomas A. Blair, "Weather Types and Pressure Anomalies™,
Monthly Weather Review, Vol. LXI, No. 7 (1933), ppr. 196-198.
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circulation™.

In 1935 Dejordjo} a Russian, developed a classification of weather
types for Central Asia. Weather types are each taken as one brief phase
of the continuing general synoptic process and are characterized by a
natural combinstion in the sequenices of weather phenomenaz and the pre-
valence of some definite kind of weather, such as dull rainy weather
during cyclonic intrusion.

By World VWar II, the importance of the general circulation to
local climate had been fully realized. Under the impetus of military
demands, analysis of the upver air flow developed rapidly and many new
and greetly imgproved weather type clescifications ar.eared based on the
measn urner air flow patterns rather than the traditional surface features.
The Germans developed a detailed classification of "Grosswetterlagen"
in northern Europe, and the Americans "“extenced™ the classification to
the Mediterranean% In both cases, the classifications were based on
"zonal circulation index".

Of particular interest, is a classification of weather types of
North imerica developed and tested during the war years Ly the California
Institute of Technology. Elliot has described the nature of the classi-
fication and its types.

One characteristic of the majority of the older schemes is the

uce of a single typical synoptic cheart to represent a given weather
type. In contrast to this the guiding principle of the California

1V.A. De jordjo, "Weather Types of Central Asia", (In Russian

with English Summary), Geophysics, Vol. V, No. 2 (1935), ppr. 163-200.
Summary in R.G. Stone, "A Modern Classification of Veather Types for

cynoptic Purposes", Bulletin of the American Meteorological Society,

Vol. XVI (1935), pp. 324-26.

2University of Chicago, Institute of lMeteorology, A Rernort on
Synoptic Conditions in the lediterranean Area, (Chicago, August 1943).
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Institute of Technology weather types is that a tyopical series of
daily synoptic charts represents each type.l

For example, one of the types in Eastern FNorth America is re-
presented on the surface synoptic charts by the vrogression and develor-
ment of a cyclonic disturbance from just north of the Gulf, acrocs the
Great Lakes, and into northern Quebec. These successions of surface
patterns are, howecver, only reflections of the all importent uprer air
flow.

Various arrangements of the large upner-level waves, meridional
flow patte ns, and different degrees of expansion of the ring of
strongest westerlies, zonal flow patterns, form the basic frame-
work upon which the weather types are based.

Twelve meridional flow tyves are differentiated by the longi-
tudinal position of wave crests and troughs, four of which are peculiar
to eastern North America; and four zonal flow types are distincuished
by the latitudinal position of the strongest upper-level westerlies,

This important and extensive work on the broader continental
scale for all of North America having already been done, it is profitable
in more local analyses to be able to make at least a rough correlation
to the types then esteblished. Furthermore, the sicnificance of the
unver air flow patterns, upon which the continental tynes are basedq,
cannot be overemphasized. Not only do these ratterns represent the
fundamental genetic structure of world circulation and climate; but
also, the extreme conservatism of the upper air westerlies and their
waves make them an ideal basis for recurrent weather tyves.

The weather tyypes of the rrecent study, therefore, have been

devised as acantions of the broader continental types to the needs of

lR.D. Elliot, "The Weather Types of North America", lWeatherwise,

Vol. II, (1949).

2Ibid.
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the more local a:plication to the Great Lakes Region. Because the pri-
mary purpose of weathner types in tids study is a means of relating
elemnent occurrences to atmocpheric behavior rather than an aid to
analogue forecasting, they are largely differentiated by surface features
which, for the present, are more easily and directly associated with the
elenents. They are, none the less, based in the uprer-level flow patt-
erns and, therefore, may also be easily and directly related to the
fundamental world circuleztion.

In devising the weather tynes of the Great Lakes Reg ion, the
surface reflections of the continental types were first examined in
order to determine the typical synoplic pattern sequences wlich are
significant to the region. It was found that seversl of the tymes could
be ignored or combined with others because thieir major differences occur
in parts of the continent other than over the Great Lakes., TVeather
systems represented in the remeining sequences were then differentiated
first on the basis of their gross circulation patterns, that is, whether
they were cyclonic or anticyclonic, and secondly by the anproximate
directionsto their points of origin. For each system the groses circu-
lation pattern ic used as the major surface reflection of the upper air
flow pattern and also to give a general suggestion of the nature of its
total synoptic form. The aprroximate direction to its origin gives an
indication of the initial character of the air masses involved upon
entering the region, and also an idea of the trajectory of the system
due to the steering effects cf the upver air flow. The tvves thus dis-
tinguished are small in number and reasonably distinct because of the

conservatism of the unper air flow patterns.
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In regional aprlication, however, where & clear relation to
actual element occuriences is sought, and narticularly in a non-uniform
region such e¢s that of the Great Lakes, Lhe exact local tracks of the
systens are extremely important and muct be a criterion in the final
differentiztion. The different Lracks determine thie positions of the
synoptic eystems with respect to actusl ground locations and, thercfore,
also determine how specific areas witliln the region will be arfected
by a given tyne. Fortunately, because of the local nwodification of the
cyclone and anticyclonz tracks due to the seasonal influences of tie
Great Lakes} the most frequent tracks either pass distinctly over the
Iakes or well to the north, south, or east of the Lakes., Therefore,

s s 2 . -
the problem of subjectivity is again limited, end only a very cmall
number of typee is aduea to the classification.

These three criteria, origin, circulation, and local trajectory,
form the basis for differentiation of the major weather types of the
Great Lekes Region. Because the types are represented by synontic
systems following cef liiite tracks which are related to the reneral
circulestion, they are truly dynemic and can be best referred to ac
"dynanic-synoptic system wenther types".

Such a classification rroduces a limited number of types with

remarkably recurrent element-ran e complexes. The extraction of an
infinite number of tymes end statistics is avoided because the element-

range coumrlexes are natural croupings by oripin rather than by ervit,erv

Loee above, p. 7, Lautzenhicer.

2 ‘o . . .

In a nore uniform area cyclone and anticyclone tracks mirht
not be gquite so distinctly aivided, but then the need f'or local tre-
jectory differentiation is not so c¢reat.
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divisions. Variestions witrin a given iype can be reedily described a:iid
exnlained, rather than necessitating entirely new tymes. Furthermore,
both cyelonic {rontal precizitetion and non-frontal enticyclonic pre-
cipitetion are couvered lo.ically; temperature contrasts ascross frents
may be denonstrateu; and isothers. can be drawii thal vwill slow not only
the temreratures distribution witnin the cifferent air masces, but elso
the extent to wiich the air mssses reach across the region. Finally,

the limited number of tyres provides a directly usable and natural

Iramework within which specific problems may be attacked.
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Zleven major dynamic-synoptic system wcather types of the Great
Lakes hegion have been differentistced on the threefcld basie discussed
above. Iach of the criteria for a given tyve is rerrecented by a
letter in the tyve symbol es follows: (1) arrroximate direction of
system origins - by points of the compass or first letter of a geo-
rsrachic location; (2) cyclonic or anticyclonic circulation - by L or
H respectively; (3) relation of system traclks to the Great Lekes -

by points of the compass., Cnce exnlained, tymes will be referrea to

in subsequent discussion by their amrovriate three-letter symbol.

Cyclonic Types

aln (Alberta ILow North)

At the surface the well known Alberta cyclone moves from
northern Alberta (a) almost directly eastward, with the centre of the
Low rassing across 'ludson Bay or James Bay (n). The accociated fronts
are usually occlucded as far south as the northern Grest Lzkes; over
the southern Great Lakes they may be either occluded or seperate., The
tarm front is often ovorly developed, devendins on the impmortation of
Gulf air which is in twn rrimerily denencent on the nreceeding tyre.
The cold front ie usually followed by an anticyclone from the west with
moderate temreratures or by another cyclone.

The mean unrer-level flow pattern is usuelly characterized by

1 . . , .
See Fig. 1. For each cyclonic type three successive phases
of the system are combined on a single map,

- 26 -
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a fairly smooth west to east zonal flow ccncentrated somewhat farther
north than for other tynes. OJccasionally there is a slight trough in
the east, in which case the surface fronts, though not the centre of the
low, may sweev quite far south.
This tyne is most common in summer and early fall with the north-

ward shnift of the general eirculation, but may occur in any season,

all (Alberta Low throuch the Lales)

At the surface this type is again represented by a cyclone from
Alberta (a), but in this case, it moves southeastward acro:s the Great
Lakes (1). Associasted fronts occluce gracduzlly as the system pro-resses
eastward and mey reach the Great Lekes at any one of three stages: well
developed, with open warm sector; partially occluded; or entirely occluded.
The cold front is usually well develored, but the wsrm .'ront is occa-
sionally unidentifiable. The centre of the low usually moves directly
over the Lakes at a latitude anproximately that of Urner liichigen.
Uccasionally in the occluded and nartially occluded cases, it passes
just slightiy to the north of ILeke Superior but the main frontal devel-
orment is still over the Lakes hLegion.

The mean urner-level flow nattern is characterized by a marked
trough in about the same longitude as that of the Great Lakes.

This tyre is roughly the winter equivalent of the aln type.
It does occur rarely in other seasons, but it shows a marked winter

concentration.

ml,l (Montana Low throuch the Laker)

In this type, a cyclone from lMontana (m) moves directly east-
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ward across the Great Lakes (1), and out the St. Lawrence. Two frontal
forms are characteristic: either a single cold front; or a cold and a
warm front, usually partially occluded, but with a broad open werm sector
beyond the occlusion,

The mean unper air flow is again remarkably wect-east in trend
across moet of the continent but farther south then in the case of aln.
Zast of the Great Lakes it swings north to a crest over the Atlantic.

Over the year, mLl is by far the most common tyrme. It occurs

often in all seascns, but hcs a maxdimum in soring and minimum in fall.

s]1 (Southern Iow through the Lales)

A low just to the northeast of the Gulf (s}, which either has
reformed after passing over the American Rockies or is a new centre
along the frontal zone of another low, drews in warm moist air from the
Gulf, intensifies, and moves north through the Creat Lakes Region (1) to
northern Juebec. Fronts and warm sectors are strongly developed and
bring heavy precipitation to the entire region and high temneratures
to the southeast. Generally the fronts begin to occlude over the Lakes
and disanrear by the time the centre of the low reaches northern Cuebec.

The mean unper-level flow pattern is characterized either by a
very deep trough over the western stetes, reaching almost to Mexico,
and a slight crest over the eastern seaboard; or occasionally, by a
west to east zonal flow, south of normal, over the central states.

Although highly conceuntrated in spring, sLl is a2lso resncnsible

for the mejor severe tnaws of winter.
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gle (Gulf Low East)

Intense cyclones originating in the Gulf region (g), move
northeastward, alons the Avpalachiazns, following a track comewhat
farther east than that of sLl systems, and pass to the east of the
Lakes (e). Fronts and warm sectors are well developed, but usually do
not extend far enough west to reach the Great Lakes. Because the centre
of the Low is usually quite far east, this type is often accomnanied
over the Gre~t Lakes Hegion by the beginnine of another tyre in the west.

A very pronounced upper-level trough in the east reaches as far
south as the Gulf and then rises sharnly to a crest sust east of the
continent.

This is almost excusively a winter and fall type. The occas-

ional fall hurricanes which reach the Lakes region are of this tyne.

. . 1l
Anticyclonic Tymes

n¥n (¥orthern High North)

At the surface the centre of an anticyclonic outbreak from
northwestern Canada (n) moves south and then east, passinz to the
north (n) of the Great Lakes.

The mean uprer-level flow pattern is characterized by a dis-
nlacement of the band of strongect westerlies end their associated
disturbances far to the south and out of reach of the Great Lakes.

This type has a sgrong maximum in winter with the southward
shift of the general circulation, but does occur occasionally in all

seasons.

1See Fig. 1. Open arrows indicate trajectories of the systems
preceding the phases shown; single line arrows, those following.
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nis (Northern [figh South)

This type is much the same as the nHn type excent that the out-
break (n) is much more severe, and the centre of the hich nzsses to the
west and south (s) of the Great Lakes.

There is an extreme displacement of the band of strongest uprer-
level westerlies to the south.

Again concentrated in winter, nis is also fairly common in spring

and occurs occasionally in summer and fall.

wHl (Western Hirh tluwouch the Lakes)

Anticyclones moving eastward from about the international border
(w) generally pass directly across the Great Lakes (1). The high is us-
ually so intense that its track is little affected by the lakes.

Cccasionally, however, the centre of a Western High passes to
the south of the Great Lakes; in such cases, the type has been sub-
classified as wHs.

The mean up~er-level flow pattern for this type is unusual in
that the band of strongest winds is s»nlit into two over the western
part of the continent; one part forms a crest and the other a trough
in about the same lonesitude. Cyclonic disturbances often accomnany
each of these bands, and pacs to the north and south of the eastward
moving high.

’

This type reaches a strong maximum develorment in fall. In

other seasons it occurs only infreocuently. In vinter it is rare and

then invariably of the wHs tyre.

ney (New England ligh)

Anticyclones of the neH tyve are unusual in that they do not
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follow either of the usual trends from west to east or from south to
northeast. As other anticyclonic types, particularly wHl, move to the
east of the Lakes they are able to draw in much warm mT air, and tempera-
tures rise ranidly by ten to fifteen degrees. {ver New England (e) or
New Jersey the highs become semi-stationary and extend in a curved ob-
long form, first toward the south, and then west. This unusual pattern
often becomes quite persistent and comes to dominate much of the eastern

United States until it is destroyed or converted to a neH by an aln or
mLl. It is actually the end product or remnant of other anticyclonic
types; but it is greatly modified by the influx of mT air and has a re-
markably distinctive pzttern devé10pment.

The mean upner-level flow pattern is, likewise, quite distinctive.
A crest forms in the east, and a closed anticyclonic centre appears at
the unper-level over the central states, generally from about Iowa to
eastern Tennessee. (ver the Plains a slight trough forms and allows
cyclones to attack the neHd from the northwest.

This typve occurs primarily in the fall with the highest fre-
quency of wHl and when the land mass between the Lakes and the Atlantic
is relatively cool. It occurs rarely in other seasons, but then is

somewhat modified in form and position, and is not as persistent.

ni.eH (Northern and Eastern Highs)

Also unique, n&eH is composed of two anticyclonic cells: a re-
latively cool dry anticyclone centred anywhere from northern Quebec and
Hudson Bay to the Prairies (n); and the large, warm and humid, Bermuda
High centred off the southeast coast of the United States (e). Separ-

ating the two strongly contrasting systems is a linear frontal zone
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running from southwest to the northeast roughly over the Great Lakes
Region. This pattern is almost invariably introduced by the cold front
of an Alberta or Montana Low, and most frequently by the aln type. As
the cold front moves eastward it is blocked in the south by the large
Bermuda High and is forced to swing to its southwest to northeast align-
ment. The front then generally migrates slowly toward the southeast as
a quasi-stationary front. Very small waves sometimes form along the
front and move toward the east.

The details of the pressure pattern vary, but there are always
two anticyclonic centres and a tendency to lower pressure in the frontal
area. The southern high is usually not as intense, but it covers a
large area and is very distinct. The exact position of the front it-
self, which is very important for local conditions, is also variable:
when introduced by an aln, the front generally passes completely across
the Lakes but when introduced by an all or mIl it may reach its initial
alignment even slightly to the south of the Lakes.

The most distinctive feature of the mean upper-level flow pattern
is a closed anticyclone to the southeast of the continent which may per-
sist for very long periods. (ver the Lakes the flow is from west to
east.

Although remarkably concentrated and cormon in summer, né&eH does

occur in other seasons, especially spring.

nHll (Northern High over the Lakes)

In this type, a weak high from the northwest (n) moves south-

lThe very aoproximate correlation of the weather types of the
Great Lakes Region to the continental weather types of the California
Institute of Technology as outlined by Elliot are as follows: aln - B,



W
1

cuctnard inco bhe Lekes arca (l,; there 1t rersisic end intensifies over
the cold water of spring and swmer. Jccarionally, it joinc along s
ridre with enother centre ovsr uds.n Bay. e beeli cevelozments ol
this t pe chow 2 deflnite closeu cnmtiercione over Lo Lober; Lul olhiers,
rarticelarl; in #ring ney be renras.rted ncorel; by s jprondunced div
of ihe isolrre coutliwerd.

The newn umer-level flow jettern is usually cheracterized oy
a fair'y emruth, moderate, west to east flow Jjust eouth of the Lekes,
but surface love are ceflecteo arsund tie hish lyin: over t'e Iakes,

This tyre ccewrs onlv in soring end swimer,

E‘- ]
1
o)
o~
t
Ho
<
3
167
)
3
T
3
(¢}
R
s
E

’

The aneclysis of ty»e cursiiuns and frerueuncics is essenticel to

an uncerstanaing of the relative contributions of the various 1,

e ©
L, DEes

Lo ceasonal and yoerly ciimete. The following obrerv:stinns ere tie
resnlic of e aetailed exrzminatlion of ceily weather mens™ of Lorth
AmeirZea for Lhe jinths of Jauuerv, A ril, July ard ieilober ol the yeers
. oy

GO ineclusive.  Tins i ifdicarnce of thece observailons wren

1552 to i
caucbined with tiie element cheracteristics of the vearious tynee to tae

fecuvunal wiG yeasly climete of the rezion will be discursed in & sul-

sequent section.,

Tiie dureticr o7 any one weather tme over the Crest Tages do

hihly veriable., Fsmecia'ly i: this true il a serics of occurrences

Pr-a: a7l - Pn=h, Tn-c, Pry mll - I; sI1 - 4, 1

Thy n''s = Jus w1l - C; nell = 110 ecuivalert; nlell = by nL = Ha,

.
by -

Uele, Dept. of Corm., Veather Pureau, Usily "cother 174, for
[N o~ cn o%7
the years 1252-1957,




- 35 -
of the same type ic considered as a unit. If only single occurrences
are considered, the approximate durations for individual types are as
follows%‘ aln and all, 1-2 days; mLl, sLl, and gle, 2-3 daycs; the northern
Highs and wHl, 2-/ days; n&%ed &and neH, both very variable, from 1-5 days.

The problem of quantitatively eanalyzing type frequencies is
both more important and more difficult. Cccurrence frequencies could
be recorded, but because of the variability of durations they would
have limited significance. Anproximations of the comparative total
times that the Great Lakes are dominated by each of the given types,
however, are of great value; such agproximations can be obtained by
typing the dymarmic-synoptic systems in the region2 for each day or
shiorter standard time period. This has been done for each day of the
twenty months covered by this study by comparison of the 1:30 a.m. and
1:30 p.m. charts of a given day and 1:30 a.m. chart of the following
day. The accompanying chart shows day frequencies in the Great Lakes
Region of the various weather types (Fig. 2). A fairly accurate esti-
mate of the actual number of occurrences of any one typre may be obtained
by dividing the day frequencies by the arnronriate avera:ie duration,

In typing both for an entire region and for a standard time
period as great as a day, certain difficulties immediately arise.
Obviously type durations do not coincide exactly with days. Further-
more, type separation itself is difficult. However, individual types
are remarkably distinctive even if their exact boundaries are not;

and this flexibility of their boundaries can be utilized to obtain

Igee for examples Figs. 21 to 29,

2Compare frequency map and element-comrlex methods where in-
dividual stetions must be tyred; see above, nn. 11 and 14.
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closer coincidence of type curations and days. In most cases, days
can be awarded to a certain type with encugh validity that the final
frequency generalization is of an order of accuracy at lezst in line
with that justified by the short five year observational period., Tran-
»sition cays must either be awarded to the type dominant for the lcngest
period of the day, or be divided by half day periods betwecen the two
types. Creater accuracy can only be obtained by using shorter standard
time periods, more frequent synontic charts, and a longer totzl ob-
servational period. As in the case of a forecaster's prediction, in
the classification of patterns wiich fit a given type only mocerately
well, or in any natural classification, a certain amount of subjectivity
cannot be avoided.

In the accompanying frequency chart it will be noted that sub-
types, some of which have elready been sucgested, have been included.
Most of these were discovered, during frequency or element analysis of
the major tyves, on the basig of uifferent element-conmnlexes, slight
shifts in nosition of the naiterns, or different frontal arrangements.

Finally, it should be noted again that the observations cover
only a five year period. The frequencies obtained should not be taken
as absolute figures of probability. However, the seasonal frequency
distributions appear sufficiently repetitive thet their major features
can be acceoted as valid as long as they are consiaered in relative
rather than absolute terms. For individual types, the variation in
their frequencies from year to year gives some indication of their

reliability.
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Boundaries and Staticns Employed

Although numerous studies have been made of the Great Lakes
Region, none have suggested significant boundaries. Far detailed ana-
lysis of the element complexes and distributions for the various weather
types, however, some workable boundary is required in order to limit
the number of stations considered ard to keep the discussion relevant
to the Creat Lakes. The most logical boundary would be the cne that
delimits the arra whose weather elements are perceptibly influenced by
the lakes themselves,

In deterndining this boundary it is justifiable to use culy work
already available. A detailed study of the extent of influence of the
lakes is not the present purpose, and boundaries are required merely
for convenience eznd to conceritrate intcrest on the core area. Leighly!s
article on the eflfects of the Great Lakes on air temperaturel forms an
excellent basis for temperature limits; but unfortunatcly, no equivalent
study of precipitation has yet been made., an investigation of the actual
extent of influence of the lakes on precipitation would be enomrnous and
very difficult in itself. The effects of the lakes cannot be uistin-
guished by a simople hynothetical isopleth methcd because of the compli-
cations of bordering relief and also because of tlie vairiable distribution

of frontal precinitation indepencent of the Lakes. Temperature alone,

Loee above, p. 6.
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therefore, has been used for the determination. Although Leighly's
study 1s one of mean values, it is nevertheless adequate. For the pre-
sent practical purpos:, those areas wihich show an influence great enough
to be represented in mean values are most likely to be the most signi-
ficantly affected. A more cetailed analysis such as by weather tyves,
would tend to extend the limits rather than restrict them,

Leigidytes analyeis of the various seasonal effects of the lakes
on temperature has already been outlined in some detail. In a final
map he summarizes the cumulative suwimer anda winter effects by cuulining
the individuzl phenomena ancmalies. Five arbitrarily chesen units are
used to draw isopleths indicating the total relative modificatiocn due
to the lakes in each of the two seasons. Toward the outer limits and
the zero line the effects of the lakes are limited, especially in summer,
to one or two of the phenomena considered.

The boundary for the present study is drawn to correspond
roughly with Leighly's "1" unit line for winter but is somewhat smoothed
out to include all areas immediately adjacent to the Lakes even if they
are not apparently influenced to the same degree (see Fig. 3). The
winter isopleth is chosen because the effects of the lakes are greatecst
in that season. The "1" unit line is selected so that all areas are at
least influenced at some time.

Beyond this bouncary the lakes may still be significant in some
cases, but the additional analysis for these extensions would merely
add detail to the periphery and would not alter the basic conclusions
for the core area with which we are nrimarily concerned. In addition,

detailed mean monthly precipitation maps sugegest not only thet this
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Fig. 2.--Continued, Strtion Key
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boundary includes at least tliose areas most obviously influenced in
all seascns; but also that a cetailed map of the outer extent of in-
fluence, if it could be prepared, would again merely provide for an
extension.

Within this boundary stations uced in the elemental analysis
of the types have been selected orimarily on the basis of the final
hour of their observational day. Major stations generally end their
day at midnight, but it was found necessary to uce the mejority of
stations with final hours as early as 6 p.m. to obtain a fairly tight
network and a reasonably uniform distribution. The dangers of using
stations with earlier final hours in deternining daily regional dis-
tributions is obvious. A few major stations have becen selecteu be-
yond the bouncary to the "O" line to give a more generalized coverage

of this peripheral zcne.

Data Used

In the present study, only temperature, precipitation, and
occasionally wind directionl are considered. Qther elements, however,
such as cloud cover and insolation, could easily be included because
the method is comnrehensive in contrast to classifications which allow
for only a limited number of elements, usually temperature and pre-
cipitation alone. The inclusion of these other elements woulcd not
complicate the classification or require an increased number of tyves;

it would only add aetail to the analysis because the classificaticn

1Note: Wind direction is not taken as given in detail by the
synoptic pressure pattern. Where required, exact directions are
observational for the individual cases and not ccmputed.
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is based on genetic aspects, not on the resultant element values.
Temperature and mecipitation are seclected here because they are the
most frequently recordea and generally the most demonstrative of the
elements. 1ind direction is eometimes considered because of its im-
vortance with regard to mouification by the lakes., Furthermore, the
prover information for other elements is simply not available for many
stations and if it were, it would be two voluminous for hand methods.

Only four months of each year, and only five years, 1953-1957,
are considered in order to limit the volume of statistics and analyeis,
canuary, Anril, July and October are selected as representative of the
four seasons. General conclusions should again be regarded in the
light of the short observational period.

The statistical observations themselves are based on three pri-

1l
mary sources: (1) Climatological Data, publisheud each month for each

2
state in the United States; (2) Monthly Record, the monthly publication

of element statistics for all Canadian stations; and (3) the Daily
wWeather Map of North America?

The use of statistical data far detziled regional analysis of
this kind has meny limitetions and dangers. Some of these arise from

the great importance of local environment, but moct are the result of

varying observational conditions and reliability. Statistics for any

lU.S., Dept. of Comm., Vicather Bureau, Climatolosical Data
(Vol, varies for different sistes), 1953-1957.

2Canada, Dept. of Trausport, Meteorological Granch, Monthly
Kecord: Meteorologicsl Cbservations in Canada, 1953-1956,

3U.S., bept. of Comm., VWeather Bureau, Deily Weather Map,

1953-1957.
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one station particularly for any one type, may be quite different then
for surrounding locations and in such cases certainly cannot be used
for generalizations. The trends, therefore, of numerous stations,
(usually 3 or more) must be examined in order to make valid conclusions.
Lven then the velidity is questionable if a cunclusion is drawn from
only one occasion, llowever, when com arisons are made for several oc-
currences of the weather type and sindilar element range patterns are
found to occur, generalizations may be mace with a degree of accuracy
roughly oronortioned to the number of cases comvared. Inceed, if several
occurrences are considerea and a sindlar pattern emerges, local conditions

may be conegidered as part of the "noru" iteelf,

Method of analveis and “rescentaticn

For the following elemental analysis, daily statistical data
and synoptic charts were used to discover tihe character and snatial dis-
tribution of the elerents as associated with specific cases of type oc-
currences; and thus, by comparisons, to determine normals and variations
for each of the eleven dynamic-synoptic system tyves.

For each typme, an initial survey of statictics and synontic
charts was first made to discover significant differences in either
its symoptic patterns or its associated element occurrences; subtypes
have been established where necessary. Representative days from the
season of the tyvel's veak frequency, were then selected, and various
isorleth maps have been drawn for thece aays,

Mean temperature manc demonstrate the cumuletive regional dis-
tribution for periods of a day; that is, they are examnles of the

general character of thie tyne which may be directly related by frequency



- Lé -

to monthly averages} The influence of the lakes, especially for anti-
cyclonic types, is usually shovn by temperature range isopleths., For
cyclenic types, the rrimary interest lies in the warm rectors Lecause
temperztures outside the fronts are generally related to preceding and
following types anc, also, because the warm sectors are responsible for
many above normal temperatures. Temperatures within a warm sector,
contrasts across frentes, and the extent of a warm cector are shown
either by synopltic examnles or by special isotherm maps. For the latter,
means are calculated from maxima and minima which may occur on different
deys devendin- on the regional position of the warm cector. The arpro-
priate figures, those that renresent warna sectqr tenperatures, are se-
lected either on the basis of which are highest, or by correlation vith
the 12 hour synoptic charts. Unfortunately, the mer times do not coin-
cide exactly with observations; however, with subjective allowance the
1:30 z.m. chart is taken to roughly correspond to the tire of minimum
temperature and the 1:30 n.m. chart to the time c¢f maximum temperature.
Corresconding teriperatures beyond the reach of the warm sector are valid
regaruless of when they are teken,

Maps of total precinitetion encomnass logically all tynes of
precipitation, frontal or non-frontal. They egain give the general
distribution and illustrate the values which ere significant in month-

ly totals. For many purnoses a nore detailed cuantitative breakdown

lIn subsequent mans and quantitative discussions "nean'refers
to a figure intermediate between two extremes, usually maximwn and
minimum teupereture for a singcle day; "averase" refers to the recult
obtained by dividing a sum by the number of ouantities adaec, for
examnle, the average temperature for a given month; "normal" refers
to standard values for long periods of tine, for example, long term
temperature averares for Januarye
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of origin would be useful, but this is impossible using only caily
statistics. Such an analysis would require knowledge of the exact
local conditicns at the moment of fall for individual stations. De-
tail of this orcer is far beyond the scope of this study; but never-
tiieless, the dynamic-synoptic weather systems provide the preferred
framework., or the present, the distribution of precipitation can be
considered only as related to the movcizent of an entire synoptic systen
for a given day. For this reason, the influence of the lakes in cy-
clonic tyves is difficult to detect. For enticyclonic tynmes, the in-
fluence of the lakes may be inferred either from the total ~recinitation
man, or from a sequence of synoptic charts showing observed wind dir-
ections and areas receiving precipitetion.

Distributional and quantitative normals and variations for
both temperature and precipitation were then established for each tyre
br comnarison of all their occurrences over the five years in their
maximum frequency month. These are presented either in terms of a
comparison with the selected isopleth maps or with long term monthly
normals (temperature only), or in terms of range values.

Finally, a comperison is made of occurrences of the resneciive
tyres in the months other than thet of their pesk Lrecuency.

Types are presented, primarily, in orcer of their major analy-
sis month, and secondarily, in order of highest frequency. Tt chould
be noted that the tyves analyzed for any one month are not necescarily

the most cormon types of that month,
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nalysis by Types

nlln (Northern High North)

This type has a strong maximun frequency in Jammely wna it le
also the dominant t;»e of thet nionth {sce Fig. 2. It bringc the
usual cold weather of vinter but is not as extreme as te "cold waves®
of the nils type. Vinds are northerly only in the initisl stages and
then become ezcterly and southerly.

January 22, 195/ (see Fig. LB}, with winds north to northeast,
renprecents cloce to the extreane of cold attained by the nhn type in
the initial stages; January 23, 1954 (cee Fi.. LD}, on the other hand,
is tyrical with winas more eact and southeast. ladmun and minimum
temperature for either day may be ap roximatea by comparison of the
mean anc range isopleths.

For &ll January occurrences, temperatures in all areas are
well below long term normalsl durine the initlal sieres. Lven maxtine
are oirten below tiie meen normals. In Northern Cnlario minima nay le
in the minus forties. A4s the centre of the anticyclcne moves ecuact
temperatures rise throughout the region but especially in Wisconsin,
Minnesota, and Thunder Day which experience the greatest shift in wind
direction from north to south. In final stages, as the centre con-
tinues to move still farther east, temneratures slightly above normal
occur firet in iiisconsin and then move east (e.c. cormare Jonuary 22
and 23, Fi-s. 43 end L2)., Usurlly 2 ncw tyoe develons before the whole
recion is above normel.

Temperztures to the lee of each lake are always relatively

lFor all subsequent references to normal terineratures csee
Figs. 15-18, Lormal Temmeraturc: January, April, July, and uctober,
respectively,
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hizh. Both maximum and minimum teuperatures are increaced since they
both are below freezing and the temperature of the lakes; minima, however,
are most noticeably affected {e.r. compare distribution of means and
ranges, Jaznuary 22 and 23, Figs. LB and LD). As the system moves east
smaller ranges are found first in areas to the southwest of the lakes
and then to the west and north of the lakes,

Precinitation, which occurs princinally to the lee of the leckes,
is generally light and scattered with most areas receiving less than
.03 inch (e.g. see Fig. LC). Larse areas receive no precinitation on
any one given day, but much of the recion may have at least a trace over
the full duration. The most exposed areas sometimes get .0> to .20
inch. Rarely sincle stations receive up to .60 and .82 inch. The
specific areas of concentration are not always the same. In early
stages the following areas may be significant: Uvner }Michigan, Illinois,
southeastern Michigan, Chio, western New York, and Lake Huron, Georglan
Bay and Lake Ontario diétricts of (ntarin, In later stages north-
western Ontario usually has the heaviest fall, but here the total pre-
ciritation may be increased b~ the succeeding low,

In April, temreratures follow a similar senuence but are not
quite so low in relation to normels. Means are only slightly below or
even, rarely, £lightly above normal, but temperature increases in the
later stages are also not as pronounced. The systems are generally
weaker than in January and more attacked on the fringes by cyclonic
disturbances. The lakes, being relatively cool, tend to lower temp-
eratures, Maxima are particularly affected, minima remaining about
the same. There is usually no precinitation since the lakes have a

stablizing effect on traversing air masses.
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In July, temperatures are again near normal; to the lee of the
lzkes they are below normal but otherwise are very close to, or above
normal. There is no distinct warming as winds swing south since even
northerly winds of the summer continental anticyclones are relatively
warm and usually a front to the south blocks warm air in latter stages.

Qctober occurrences are variable in frequency and usually occur
in grouns., Temperatures are below normal for Cctober exceot in areas
to the lee of the lakes where they may be a few degrees above normal
due to modification by the warm water. There is a slirht warming in
final stages to just above normal, especially if there is no front to
the south, Precinitation is very rare and then in the form of scattered
showers to the lee of the lzkes,

The overall effect of the nHn tyrme in January is a lowering of
average temperatures, particularly because of the low initial temnera-
tures. In April and July it is of little imvortance because the tyne
is fairly rare and temneratures are about normal, In (October, although
the frequency of the type is not great, it usually occurs in ~roups.

In these years it tends to increase average temperatures in the west,
esvecially in areas modified by northerly and easterly flow, and to
lower them in the east, esnecially in areas not modified by north and
eact winds. Precipitation is of very limited importance to monthly
totals,

nHs (Northern High South)

The nHs type represents the familiar "cold wave" of mid-latitude
continental regions. It is best known for its mid-winter occurrences
because of their frequency and, especially, their extremely low temp-

eratures; it may, however, alco occur in other seassons, particularly in
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spring (see Fig. 2). In winter, air temperatures are much lower than
those of the lakes and the effects of the lakes on temperature and nre-
cinitation are the most demonstrative of any tyre in any seasun,

In Janusry, temperaturec in all areas are well below normal.
In the north they are the same as for niHn, although they do not rise
as high in latter stages; in the south they are much colder., TLaily
means are close to, or even below 0’ F. in unmodified areas of the west
as far south as Chicago (e.g. see Fig. 5B). All maxima are below 32° F.;
in the north when unmodified they are often below O0 F. DNorthern Cntario
minima again reach to the minus forties. O(ver the duration of any one
occurrence of this particular tyne, it is imvortant to note that the
modification of temrerature to the lee of the lakes is generally more
significant than changes due to directional variation of the wind itself.

The accompanying map for January 12 and 13, 1954 (Fig. 5D) in-
dicating the day of highest maximum and/or minimum temnerature illus-
trates minutely the effects of the lakes with changing wind direction
during the passace of a system. The examnle tyve sequence (Fig. 5A)
devicted for the same days, gives the aprroximate wind directions at
times roughly corresponding to the minima end maxima of temneratures,
At 1:30 a.m. on Januery 1?, Chio, Indiana, northwestern lisconsin, and
most of both Uorer and lower Michigan were exnosea to air masses having
passed over at least one of the lakes; higher minima were recorded on
that day than on the following day for these areas. Northwestern
Ontario, Illinois, southern Wisconsin and north central Lower Michigan
were reached only by unmodifiec air from the north or northwest, and

the lower minima for the two days were recorded. Northeastern Ontario
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and Kew York had higher minima on the twelfth, but these were aue to
the more easterly winds associated with the preceding Low. Iy ndid-
afternoon windas were generally more westerly and temperatures were un-
modified throughout Ontario and from Minnesota to eastefn Indiana.
Higher maxima, however, were recorded to the lee of Lakes lichiran and
frie in Lower ilichigan, Chio, and Tennsylvania. New York was exposed
to winds from Lake {ntario, but modification here was less significant
than the more southerly direction of the winds on the thirteenth. <Cn
January 13, northwestern Ontario and lMinnesota exrerienced both their
highest maxima and highest minima with southerly winds nlus the modi-
ficztion by Lake Superior. In iisconsin maxima were higher with the
more southerly winas, but minima were lower because of the greater
modification of minima on the twelfth. Illinois, unmodified on the
twelfth, recorded hirher temreratures throughout the day. Minima in
Indiana and Ohio were lower on the thirteenth with unmodified morning
westerly winds, but by afternoon winds were southerly and higher maxima
were recorded in Indiana. Ohio maxima, like Wisconsin minima, were
still lower in spite of southerly winds because of lake modification

on the twelfth. In eastern Ontario and New York minima were lower with
unmodified westerly winds, but temperatures in southwestern Ontario were
modifiec by Lake Huron; by noon winds were southerly in these areas and
higher maxima were recorded.

Precipitation associated with the nHs type is even more clearly

dependent on the lakes., January 12 (Fig. 5C) illustrates the distri-
bution. To the lee of the lakes the most exposed areas generally re-

ceive .20 to ..0 inch and occasionally up to .50 inchj; less exmosed areas
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receive .03 to .20 inch. No precinitation occurs to the windward.

In April temperatures are similarly well below normal., Maxima
and minima in Chicago vary {rom h2° to 500 F., and 250 to 35° F., res-
pectively. In Armstrong, Northern (ntario, minima ere in the low twenties
and occasionally down to 10O F. United States means are generally 350
to hOo F., though they may get as low as 250 in Chicago or 150 in
International Falls. As the winds become more southerly, temperatures
in the west and north may rise 5o to 10o F.; minima, nevertheless, are
still generally below 32° F. Precivitation is slightly less than in
January.

Though rare in July and October the type has similar relative
characteristics. Teumperatures are well below normal, particularly in
October, and precioitation is associated entirely with the lakes. 1In
July the lakes are cool and their importance is at a minimum: temper-
atures are little modified and precipitation is much lichter and more
scattered than in January. In October the lakes are again relatively
warm and modification to temperatures and precinitation to the lee is
significant. Minima are below, and averares close to or slightly above
freezing.

The occurrence of nHs in any season is extremely important be-
cause of its very low temperatures. Numerous occurrences in any one
month will strongly reduce average temperatures. In winter nHs is

significant in the formation of snow belts to the lee of the lakes.

all (Alberta Low through the Lakes)
This cyclonic type is primarily a winter tyre but is not as

common as mLl (see Fig. 2). The variety of the frontal patterns
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associated with all has already been suggested% Two major subtypes are
distinct: (a) well developed fronts and warm sector; and (c) entirely
occluded fronts. Two other subtypes may also be noted: (b) partially
occluded fronts with warm sector reaching only to southeastern areas;
and (d) only the cold front distinguishable., Cubtypes (a) and (b), or
(b) and (c¢) may occur in the same sequence if the process of occlusion
takes place over the Lakes (see Fig. 6A4).

For subtype (a), temperatures of the warm sector, which usually
covers most of the region except Northern Cntario, are most important.
Temperatures beyond the warm front and behind the cold front depend on
prreceding and following types. Mean temperatures of the warm sector
are about freezing, varying from 25o to 350 F., or 50 to 10o above nor-
mal (e.g. Fig. 6B). Mexima, all above freezing, may reach into the low
forties, Temperatures for subtype (c¢), which has no warm sector, are
entirely dependent on the vreceding and following types, but the cold
front is usually followed by a nHn or nHs and the arpropriate below nor-
mal temperatures.

The partly occluded subtype (b) brings warm sector temperatures
as in (a) but the sector is much nsrrower and influences only the south-
eastern areas. The cold front subtyne (d) has poorly developed warm
sectors and lower temperstures than subtyve (a).

Precinitation for all subtypes is fairly heavy in certain eareas
and widespread in lesser amounts. Uith the open warm sector subtype

(e.g. Fig. 6C), most areas receive over .03 inch. Creater amounts occur

lAbove, P. 28.
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(1) associated with the apex of the fronts and the centre of the low,
and (2) to the lee of the lakes, in particular the south shore of Lake
Superior, the east shores of Lezkes lMichigan and Huron, and the north
shores of Lekes Erie and Ontario. These areas of concentration gen-
erally receive .20 to .50 inch and occasionally up to one inch with the
centre of the low. Precipitation with tiie occluded subtyve (e.g. Fig.
6D), is generally under .10 inch excent across Northern (ntario. Amounts
from .20 to .60 incli and occasionally up to one inch are associated with
the centre of the low as in the distinct frontal subtype, but there are
no areas of heavy precinitation farther south. The partly occluded sub-
type is similar in its concentration acrecss the north, but in the south
zmounts are intermediate between the warm sector and the occlusion sub-
types. Precipitation with the cold front subtyve varies with the con-
trasts across the front.

Occurrences of all in other months are rare andu, therefore, it
is difficult to establish normals. The distribution patterns, however,
are roughly the same. Temperatures of werm sectors are 50 to 150 above
normal for the given month and other temperatures about normal. Pre-
cipitation concentrations and amounts are about the same in July and
October as in January. In Aoril amounts are much less, but there is
still a slight tendency to identical concentration characteristics.

The all type is of li'tle importance excert in J-nuary when the
main features are the concentration of precinitation in amounts occasion-
ally up to one inch across Northern {ntaric and up to one-half inch in
Urper Michigan and the Lake Huron counties of Cntario, and the above
normal temperatures for much of the region with subtyne (a) and for the

southeastern areas witn subtype (b).
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~_o nlf Low Last)

Alphou t 7ie oecurs noct Tregqueatly In winter, it i rney It
rortant ard best 'mown in fall beczuse of ils ceerrionel hurricans Toma
in that season,

In January no part of the region is reacied by the warn seclor;
neverinelscs, temreratures are very close Lo, or sii,hitly alove norual
(e.g. Fig. 7C). Ireci-itotlon ic concentraied in the coutheast, that is,
in Couthern cnterios, New York and chio (e.c. Fige Tu). It veries from
auite light, 1ith the centre of the low faor exst off thie coast, to very
heavy, with the low well develored imnmediately eact =f the Lekes,

4

Zince the cyclone cenhre is east of the rezion, other systens,
usually a lortlern Migh, are enle to a rroach from the west. Teopera-
turec arce lowered accorcdincly in thie wert and lee zreas may recelve soe
rrecinitation. The attacking Northern Iligh is usually blocked te..o~-
orarily cid svreaus boih loncituuinally frow norti: to south, somctines
witing with encther iHigh spreeding from the couthwect, end Lovard the

/

east tu the north of the Lahes {(e.ce Fiz. 74). Tius, both icobers and

-
isouvneris form a dictinct right ancle 22 *hey trena nortli-coutl to Lle
weet of the Laxes and weet-east to the north of the Iakes with hirhest
tempneratures and lowest vressure in the southeast. Teriperatures in the

1
S

. . . . 0 ~nO
west vary vith wind direction but generally 10 to Z0~ F. colder

85
=
Q

than in the east and occasionally elmoct 2¢ low ac normal nlis

[
s
]

temnreratures.

In April end July, gle is virtuslly norexistent.

In Jetober, as in Jrcnucry, temrerctures are clore to, or slichily
above normal in the southesst and usually ju t below normsl in the

north and west cdue to attackins hijhs. Come occurrsnces bring the usual
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southicasterr. conceniceaition of yprecinitetion, but the lurricene subiyre
is of particulcr interest. !'lurricane -reciritetion is sinilerlyv con-
centrated in the soutlieast but ammmts are muci greeter. .n uctobter 15,
19bL,AHurricane lezel (cee Fig. 7.5) trought most areas at least one
inch of rein and in many casec in the coct u~ to 2lmect 4 inehee, A4
cimiler eyctem on the same cale in 1995 yielded over .50 inch in most

~

areas: many areas received alinost © inches, ond 2 few arees, over 3

inches. Cuch intense sturms usuclly ocecwr only on

Q

e in a2 manth; yvet
their orecirvitation is rrcet encugh to very significantly incresase
soutieastern totnals,

The »Le “y=e is orirezrily importont for its Li:h southicactern

[

precinitrstion, varticulerly when in its fall hurricane form, Avera.e

monthly temperstures tend to be raised slirhtly in +the sovtlicest ard

lcwered in the nortiowest by frecuent occurrences.

mrl (Montana Low throurh the Lakec)

Lakes iiegion is mll. It resches a maximum freguency in April end in
thet month it is also usually tlie nost frequently occurrine t;me {(see

e . . 3 l . 0
Fife ?)e Two major subtynes have been indicated: (wc) with both cold
and warm fronts distinct, sometimes partially occluced, yet always em-
bracing a broad ocen werm sector thet usuelly reaches into Lower lichiran
end sotvthwestern Ontario; and (c¢) with only a cold front distineuishable

(see Fie, S8A). Py ths latter days of long durestions of mlLl occurrences

beerinnin~ in the (ws) form, the fronis often nass to the east of the

1Above, p. 29.
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region even though the circulation over the Lakes is still cyclonic;
element characteristics on these days more clocely resemble those of
subtype (c) and the days, therefore, have been reccrded as such. The
warm sector subtyne is much more commion than the cold front subtyne in
all) ceasuns excent winter.
. 0
In April, warm sector temperatures are 10~ to 5% above normal;
. - A0 o . o) o
daily means vary [rom 50  to 65 F. amd maxima from 65  to €0 F,
The accomranyine moep (Fice 6i) of mean isotherms for the bijphest maxima
and highest minima occurring from April 24 to 206, 1953, is reprrecente-
tive for warm sector temperatures and contrast across the fronts; note
. - o o .
the crowding tocetner of the 52 and 56 isotherms. Teuperatures for
the cold front subtype (c), and for areas outside the warm sector in
o
subtyne (ws) vary from normal to 10 above normal (e.~. see Fig. &L).
Southern means are in the lorties end maiima in the fifties; northern
means are in the tidrties and low forties and maxima in the forties,
Areas with southerly vinds, especially, are well above normal, whereas
areas with northerly winds are close to, or sonetimes even below nor-
mal. There is a tendency, therefore, for temperatures to drop slightly
. . . . o o

over the duration of the tyrve, and the final day is sometimes 5 to 10
colder than initial dayse.

Precipitation is generally high throughout the typet!s duration.
Almost allareas receive at least .03 inch each day and much of the re-
gion, particularly southern and central parts, receive over .20 inch,
(e.g. see Fig. 8C). Areas of concentration, which are primarily as-

sociated with the fronts and the centre of the low and, therefore,

usually in northeastern wisconein, southern Uprer Michigzan, northern
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Lower Michigan and Southern Ontario, receive at least .40 inch, gen-
erally over .60 inch, and occasionally up to 1.40 inches. Amounts as
high as 2.5 inches have been recorded. Precipitation tarers off sliicht-
ly af'ter the rascace of the fronts, but amcunts are still considersble
over large portione of the region and some areas cet at least .40 inch.
Precipitation with the cold front subtype is similarly hirh, but maximum
amounts are generally from .60 to .70 inch a day. In beth subtypnes much
of the region receives from 1 to 1.5 inches over a three day duration.

In July, mLl is still the dominant cyclonic tyve. Warm sector
tenperatures are 5% to lOO above normal anc southern maxima are in the
eighties, Temperatures outeside the warm sector and for the cold front
subtype are about normal or even slightly below in the west where the
winds ere northerly. Means run in the low sixties in the north and the
low seventies in the south. Southern maxima are in the hish seventies,
Precipitation is again considerable for all areas associated with the
fronts and the warm sector and is concentrated near the centre of the
low. Amounts are about the same as in April with 1 inch ner day common
and a fair number of cases over 2 inches a day.

In October the type reaches a minimum frequency but relative to
other types is still very important. Warm sector temneratures are 10O
to 150 above normesl with southern daily maxima from 750 to 850 F. {ther
temperalures vary from azbout rormal to lOo above normel., Preci~itaticn
for subtype (ws) in Cctober is quite variable. Althouch many days are
very wet, amounts are often not quite as high., Many staticns receive
over .30 inch and up to .90 inch, yet large areas may have very little.
Falls reaching 1.5 inches are not too common, but es much as /. inches

has been recorcded. In contrast, there may bLe deys of very little rain
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when warm sector air is drawn in from continental areas to the southwest.
Srecipitation for the cold front subtype is generally over .20 inch with
maxima rarely above .45 inch.

In January, mLl is again the dominant cyclonic tyve, but the
cold front subtype is far more common than the warm front subtype. Also,
in this month, durations are usually not more than two cays; hence
actual occurrence frequencies are relatively even greater. Warm cector

o [o) &} o
temperatures are from 10 to 20  above normal with means from 35 to 45
o o

F., and maxima from LO to 55 F. Temperatures for the cold front sub-
tyne are again generally from normal to 100 above normal and southern
maxima are above freezing. Areas with north winds are sometimes slight-
ly below normal. Irecipitation for subtype (we) s from .10 to .4 inch
for much of the region, occationally up to .70 inch in concentrated areas,
and rarely to 1.20 inches. Subtype (c¢) usually brings less rrecipitation;
wides;read areas receive .C3 to .39 inch and concentrated areas up to
.50 inch. Scattered areas may receive none at all. Rarely precipitation
for either of the subtypes varies to apovroximately the limits of the other.

Warm sector temperatures in all seasons are well above normal
and, therefore, high frequencies of subtype (ws) tend to raise monthly
averages for southern areas of the Lakes Region. For the cold front
subtyve (c), temvmeratures are closer to normal but still Lend to keep
averayres up. The tyne is particularly important for 'airly heavy wide-
epread precinitation, and very heavy concentrations in some areas. It
is a leading contributor to monthly totals in all seasons, though amounts

in fall are guite variable.



- 66 =
sL1 (“outhern Low through the Lakes)

The sL1 type is generelly responcible for the lLighest tempera-
tures of snring and winter in the southesst, In spring it occurs al-
most as frequently as mll and along with mlLl dominetes that season
(see Fig. 2). 1In winter it does not occur as frequently but is well
known for its Januvary thaws.

April warm sector terngeratures (e.p. Fig. GR) are lOC to 20
¢bove normal. Dbaily means in Indiana and uhio, vary from 550 to 700 F.
with mexima into the seventies and occasionally the low eighties. In
eastern untario and New York means are in the fifties and maxiiia gen-
erally in the sixties thourh hich severties dn occur. C(utsice the
werm cector and after vassage of the frouts (e.g. Fis. 90}, erpera-
tures are close to normal in the south and slightly above in tlie north,
Northern mezns run from 30° to 40° F. with maxima in the forties, and
southern means from AOO to 500 F. with maxima in the low fifties.
Temperature contrasts between areas in the southeast in the wezrm sector
and areac to the northwest of Lalte Superior may be as much as thirty
or forty degrees,

Iike mLl, this type is conducive to very high precinitation.
The heaviest f£11 usually occurs Jjust northwest of the peth of the
centre of the low, that is, in the belt running from southwest to north-
eact acrcss the region (e.~. Fig. ¢C). Totals are even greater than
for mll. Almost all areas, particularly those east of the belt of
heaviect [all, receive over .20 inchj; many areas receive over .60 inch.
The belt of heaviest fall usually rets over 1 inch and occasionally
over 2 inches.

This tyre does not occur in July and is rare in Jctober,



- 67 -

(seel 843 UNOIY3 MO LIEYINOG) TIs=='6 *5Td

Q oll _ 7 K3

uo142341Q
puIM ‘xouddy .~

(17s) _.mn,\\/
€661 ‘Il '¥dV 3
JHNIVEIdWNIL NV3IW

L

ol8 | °26 3 - v —

7 A9A 6 udy ‘'wdog -
..._.3 .— wouy s|DAIR4UI ‘
debb 04 o2€ [] 100y 31 40

402€ 42PUN [ M0 jo 214Ud) ‘_ 09+

£G61 ‘01 PUDB "HdY
NOILVYLIdIO34d

: o8 | o6
W08l 13/0 mE
loo._ O& loo. .

=] oll
S|DAI34UI JnOY
21 4D Sjuouy

v mmm_.o_vcom.mn_d.__
WNWININ 1S3H9IH

aNv
232_x<2n_o 1S3HOH

SWY3HL10SI NV3iW

z6
4035 4900 EE
009 o260 8% []




- 68 -
Temperaiures in October aprear Lo be about the seme as in April or
slightly less sbove normal, 'The precipitation vatiern, 2lso, is very
much like that of April.
o) o

In January warm sector temperatures are 107 to 25 sbove normal.
- o o . £~0 o
Southern means vary frum 45 to 55 F. and msxima from £9° to (C F.

- . ~ o) o) . . o -
mastern Ontario means run from 35° to 50~ F. and naxima from 45 +to 52
: . , o
F. (utside ile warm sector, temreratures ere from ebcut normal to 1C
- S o . .
above normal, Northern means are from O to 10 F. with maximz about
o o ’_O . o)
20" F. Southern means are from 30 to 35 F. and mexima from 35 to
o) ,
L0~ F. Temperature contrasts between coutliieast and northwest vary from
forty to sixly degrees. Trecipitestion is almost as heavy as in April.
In addition, slight lee-of-the-lakes concentrations mey be distinecuighed.
(ccasionally in January, sLl systems develon with no distinguichable
fronts; temperatures are colder &nd precivitstion is less, thou~h still
widesn-ead. Occurrences in 1956 end 1957 were of this tyne.

For muntbhly figures, ¢il is Imroritant primarily in sprine. In
that season the frequent occurrences maintain high average temneratures
in southeastern areas and increase total nrecivitation generally for the
entire region aud narticulsrly for centrel areas. In some years, Janusry
average temreraturcs sre raised and totul rrecioitation is increaced,
but the type often coes nol ocecur frecuently enocurh to simificantly

affect the monthly fi -ures.
v ()

’

n“eH (Northern end sastern Highe)
This type clearly duminates wuch of the summer season, 1n July
it has a ldzher frecuency than eny other type in any nmoall excent wHl

in Octoler (see Fig. Z). 1In spring it occurs aquite often but is only
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of sccondary imvortance in that season compared to the Montana and
southern cyclonic types. Three situations, each with noteably diflsrent
element distribution characteristice, ere cdistinguichable on tle basis
of the position of tiie quesi-stationary front separatin~ the Lwo highs:
(n) with the frort north of the Lekes; (1) with the front lying over
the Lakes; and (s) with the front south of the Lzkes (sce Fig, 104).
In summer, when the Ifront is north of the Lekes the entire region is
hot and humid and theire is little or no precipitation. ¥hen the front
is south of the Lekes the re ion is cool ancd heavy precinitation occurs
across the southern leckes. lihen the front is over the Lakes, on the
other hand, strong contrasts between north and south are characteristic:
north of the front it is ccol ac in (v} and south of the front it is hot
and humid a&¢ in (n). Heavy vrecipitetion occurs in a nar:ow belt alcng
the froutel zone,
0 e}
In July temperatures south of Lhe front ere usually 107 tu 2C
ebove rormal, but north of the front they are about normal. In general
the following velues annly. When the front is over the Lnkes, daily
. . : N 0 (o} . PN R
reans in tne south very from 80 to 907 F., maxdma from $0° to 1G5~ F.,
LR ] o EO [_O s ! FQ o
and ninima frow 657 to 75 F.; in Lhe uorth means run from 55 to 7C° F.,
. o o . - o s . N
maxima from 65 to 80 F., and rinima from 40 to 55 F. (e.g. Fig.lOB).
Toward the front teuperatures are not cuite so extremc. 'Men the Iront
is south of the Lzles, temperatures in the north are the came as for
) o )
subtype (1); in the south means run from 65 to 75 F. or just slightly
\ . SN L0 - L0 o
above normal, maxima from 70° to &5 F., and rinima from 55~ to 65 F.

When the front is north of the Lakes, temperatures in the south are just

. o . .O
slightly below those for (1), and in the north ne eans are from 65 to
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&ey maxima frow 80° to 850 F., and miniue from 559 to 65° F,
}odification by the lakes, north of the front, is quite im=-
portant. Teugeralures, particula.,ly maxima, are niucii lower to the lee
of the lekes. With northeast winde, stetions in the norinh nay even have
nigher maxdma than modified stations in the south. For evamnle, on July
Ly 1956, mnaxima end minima respectively at various stations were as
. L . o o e o

follows: Sault tte. Marie, 71 and 49 F.; Chicago, 09 and €5 F.;
o] o . . .0 o

Cleveland, 71° and 67 F.; ana Internationel Falls, 75  and 52 F.

When the front is over the Lzkes, moct areas within tilie pre-
cipitation belt receive from a trace to .20 inch (e.g. Fig. 100), but
various areas nev get un to 2 inches anua rarely ur to 3 inches. Vhen
the front is soulh of the Laxes tne belt, lying across the scuthern
lakes, receives clightly less precinitation, but often there are also
cnowers to tlie lee of the lekes. A cloce reseublence of this letter
case to nin excent for the additonal belt of precivitation may be
noted; hcwever, the oversll patlern is definitely the nfeii tyne. hen
the front is norih of tie likes, there are, st tie nost, very scattcred
snovers, These oceus particularly in the northwest cesociated with the
front. (n the other hand, when the front is ruched far enouesh south

LR}

3 e northern tijsh so that i rings no p iol ion to the ezrea and
by th [ ih so that it brings no precioitation wo th d
e centre o e hirh is able to move over the lLeckes e day has been
th t f the hisgh ble t the Lzkes, th v has b
classified as nHl. Such a situation is usually accompanied by a veak-

» and disaprearance ol the hich to the suouthezst.

ening

In cctober, nieil is fairly rare, but element cuaaracterictics
< 3 ~ } o
are much: the same as in July. South of the frunt temveratures are 10

e . ./, 0 0 .
to 25 a2bove normul) with merns frem 60 to €0 F. in the soulh. North
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of the frunt teuwperatures are zbout normal or slightly zbove, with means
o : : fo OT‘\ . 1 ]
from 40° to E07 F. in the neril ena L0 to 60 F. in *he south. ©Pre-

A4

cipitation occurs as in July. Variations in the form of the systen,
however, are signirficant. oOften the southezstern high is not as well
geveloped and tends Lo centre more over west Virginia end Cape Hatteras
rather than off the suutheast coast. The uprer-level anticyclone is

« As

“

also more poorly developed anc lies over the soulheastern stete
a result, the positicns of the surface hirhs vary conciderably from
east to west and, thus, alter the ensle of the fronts across the Lekes.
Sometimes the front runs almoct north-south or even from northwest to
scutheast with thie northern hizn over achec,

This Ltyne rerely occurs in Januaary.

In Aoril, terreraturcs norch of the front cre slightly above

. « r o+ £ - N - [ o 6170 - o
normal, South of the front meens run from 507 to 657 F. or ezbout 10

(0] . . a -0 o D oas

to 157 above normai; maxima vary frcm 65 to 80 F. and niniza from

o 0 = - . . . . .
LD to 507 F. ~Irecipitation is consicereble but vaeriec from not quite
as heavy as in July to cuite licht demending on the flow of maritime
tropicel air from the south., The lichter precipitetion occurs when the
high extends farther to the southwest dravin~ in continental air, or
when the flow from the Gulf is blocked by a front south of the high
centering off GCeorgia and North Carcline.

In April there is a tencdency for the southeastern high to be
moie dominant then it is in July ana it may grecdazlly push the front,
once forued in ite cast-west trend, to the north rather than allowing
it to move south., Furtheimoic, the type is more frequently introduced

by mLl in this month anc, therefore, the frunt is nore often firct
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cotablished to the south of the Lakes ard me) cross the entire Lakes in
the reverse directicon, £As the front is nushed north, fairlv heavy nre-
cipitation occurs first in southern aress and then graduzlly ferther
north. “cnperatures in Lhe south behind the front in ticre cases mgg

o (o] : o o .
be 157 to 20° above normal, that ic, means from 65  to 75 F., maxima
from 75° to 85° F. and minima from 55° to 65° T.

Type nied is a leading source of suumer precipitation, and this

precinitation is widesrread because of the fluctuation of the guasi
tationary front. 1In s»ring amoun*s are a-~ain considerable but only
secondary to those ¢f =Ll cnic sl typee.  In sunmer, averare tenmera-
tures are also noticeably influenced: because of the hirh dominance of

the tyre, the relative freguencies of the frontal positions mey make the

difference beticen a hot, huald scocon and a commoratively conl seascon,

n'll (ivorthern Hizh through the Lekes)

This type occurs only in srrine aznc sumer when the lakes are
relatively conl., In sumer it ic ucually secend in fresuency only to
the dominant niel tyne, wlich It often follows in sequence (see Fig, 2
and 10A). In swvring it is much less important and often —oorly devel-
oved, Vith nHl is assuvciated cool, cry weather.

Teriperatures in July for the entire recion are usually below
normal and noticeably cuslder than re;ions either to the west or east.
Areas in the eact with north winds tend to be ocuite cool, while ereas
in the west with south winds are markedly warmer. The resulting iso-
therm pattern is much the snme as the nornrl July —attern, only several
desrees cooler. Jzrteri means are aprroximately 10° to 1~ below normal

ith temperatures in tl.e c<ixties reaching only to lew York or s.utheastern
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. o . . .

Ontario. Western means are 4° to 7° below normal, with sixty derree
temperatures into northwestern Ontario, and they have a remarkably small
latitudinal gracient (e.g. Fig. 11C). Temperatures to the lee of the

. . . c o o} [}
lakes, particularly maxima, are significantly lowered--usuz2lly 3 to 6 .
Modified western areas may be as cool as unmodified eastern areas; but
conversely, areas in the east which are modified are much colder than
areas in the west wnich are unmodified. Maxliinum temperatures are often
as cold or colder in Cleveland than in Internetional Falls and lower in
New York than in Minnesota and Uomer Michigan (e.g. Fie. 11A). As the
high moves east teuneraturcs rise slichtly.

There ic virtually no precinitation with this type except around
the fringes of the region, where it is associated with other attackin

g & ) g

systems, or rare showers below .10 inch in lee areas.

April termerature patterns are much the same thouesh they are a
few dezrees wariier, compared to normals. The east is generally some-
what colaer than the west and areas to the lee of the lakes are a~ain
relatively cooled. Lxamples are indicatec cn the accompanying ma~ for

! . o o)
Aoril 28, 1954 (Fig. 11B). Unmodified western areas are un to 10 above
N [0} 0o . (o} -0
normal, having means from 4O~ to 55° F., maxima from 50~ to (5~ F.,
- o o s .
anid minima from 30 to 45 F. MlNodified soutiwestern areas and eastern
. O o) . o}
areas are about normal with means from 4O~ to 50" F., maxima from L5
o C s -0 ) - . . . .
to 557 F., and :idnima from 35 to 45 T. Preci-~itation is nil as in
July.

The nHl tyne is sienificant primarilyv in July averace tem-eratures.

mectern tenrperatures tend to be lowered and western temneratures st least

mainteined, The pettern, however, is very close the normal pattern; hence
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its importance to monthly averares is difficult to detect from year to
year.

wH1 (Western High through the Lakes)

The anticyclonic type wHl is by far the dominant system of fall;
in October it shows the highe: t frecwency in a sinrle month of any of
the eleven tynes. In other seasons it is of limited imvortance. The
subtyve wHs occurs only rarely in any of the seasons.

In cctober, temperatures are all close to normal. Daily means
for the entire region are between 350 F. and 50o F., and there is very
little latituainal radient. Areal variation is lergely devendent on
the degree of moauificstion by the lakes: the accommanying men of mean
temperature isotherms for Cctober 20, 1954 (Fig. 1°B) is renresentative.
Minimum temperatures, in narticular, may be raiced by as much as 10
to the lee of the lakes. For examvle, on uctober 25, 1953, with winds
north to northesst, Fort liayne recordea a 1:30 a.m. temnerature of h9°
F. and Armstrong in northwestern ¢nt-rio only ?50 Fe; but on tne follow-
ing day winds were more southerly and Armstrong jumned to i4° F. while
Fort Wayne dronred to Alo F. Thus, in early stages of the type, when
winds are northerly, there is a considerable range betweun southern and
northern minima; but later, when winds are southerly, minima are re-
markably uniform or even lower in the south. Maxima, on the other hand,
generally remain about the same, or are even lowered sli~htly by the
lakes. The accommanyingz maps showing range isonleths fo:r a renresenta-
tive occurrence in October of 1953 (Figs. 1°C and 13D) clearly demon-
strate thece differences anc¢ chanres in rniodificetion with changing wind
directions. Northern maxima are generally in the hiegh forties and

southern maxima in the high fifties or low sixties. Northern unmodified
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minima are in the twenties, southern unmodified and northern modified
minima in the thirties, and southern modified minima in the high thirties
and low forties. OQOccasionally temperatures are from 50 to 100 higher
than those quotea above,

Precipitation with wHl is rare. Scattered showers may occur to
the lee of the lakes, but total amounts are usually under .10 inch and
only occasinnally up to .20 inch.

For subtyre wi's, temneratures are roughly in the same range and
precivitation occurs in approximately the same amounts; however, diff-
erent areas are modified and different shores receive precinitation.
Lee areas are more to the east of the lakes rather than to the north
or south, and these arcas alone are modified and receive preciritation,
On October 9, 1955, maxima and minima respectively for various stations
were as follows: Grand Ranids, lichigan, 61° and h9o F.; Milwaukee,
Wisconsin, €5° and hho F.; Traverse City, lichigen, 590 and 4.° Fo;
Wausau, Wisconsin, 630 and 390 F. {n the same duy the following areas
received rrecinritation: western Lower Michigan, eastern Upper Michigan,
most of New York state, and southwestern Cntario.

In January, occurrences are very rare and then distinctly of
the wls subtype. Temneratures are above normal in the north and below
normal in the south. Lee areas are distinctly warmer than unmodified
areas. rrecipitation is light and occurs to the east of the lakes.

In Apnril and July the type is only slightly more comnon than in
January, but a distinct difference to the October occurrences may be
noted. Temperatures are again close to normal anu have little lati-

tudinal sracient; but, because the lakes are cocl, it is the lowering
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cf the maxima to the lee of the lakes which is imvortant rather than the
reising of the minima. Jn April 2%, 1957, mexima and minina res-ectively
were 66° and 30° F, at Cault Ste. Marie but 57° znd 51° F. at Chicago.
on April 13, 1954, for a wis, Grand kapids recorced 49° and 330 F., but
Milweukee had 58° and 360 F. In July, with southeast winds, Milwaukee,
recorded 71° and 58° F., while Grand Fapids hed 76° and 51° F. Also,
since the lekes are cocl, precipitation in thece months is even less than
in COetober.

Temperatures in all seasons are close to normal and, therefore,
have little reflection in depairtures of monthly averages from normal.
Iven in Cctober, in spite of the type's dominance in that month, its in-
fluences are only suggested in a lower latitudinal gradient in the years
of its higher frequency. Precipitation is virtually nil and certainly

of no significance to monthly totals.,

aln (Alberta Low North)

Two distinct subtypes of aln with very different element char-
acteristics may be aistinguished., In uvne, the entire system is reletive-
1y coel and dry, and temnerature contrasts ecros: the fronts are not
great. For the other, teuwpersture contrasts acrocs the fronts are re-
latively great and heavy precipitation is associated with frontal passages
and the warm moict air of the warm sector. These cifferences, however,
are not due to intlerncl circulstien and frontal patiern of the tyne,
which indeed shows little varistion excert for a slightly greater develo.-
ment of the warm front with uvhe wet tyre. hLather, the eleuent charact-
eristice zre deternined by the nreceding tynme which may or mey not
establish a strons flow of verm moict air from the Gulf into the &ln

cystem., The dry subtyve (d) occurs when the tyne is preceded by neH, wil
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or n&eH. The wet subiyre (w) occurs wien the type is preceded br n'n,
w's, mlLl, or another aln. (e.g. see Figs. 174 end 123)

The aln type occurs with about equal freguency in Cctober and
July. 1In October, wnen it is responsitle for much of the poor weatler,
it is secona only to wHl, whereas in July it is of much less relaiive
imnortance. In both months the wet subtype (w) is far more common. In
Jenuary end april the tyuve occurs only infrequently and is usually of
the dry subtyme,

In Jctober, there is virtually no precipitation accocisted with
cubtype (d), as only cool dry continental air from the southwest or oc-
casionally cool eastern air immediately after niin is drawn into the low.
A1l temperatures are above noimel, frontal contrasts are not sreat, and
the warm front is often prorly ceveloped. Lhe warm sector, widch usually
infJuences only the suuthern lckes, has mean temperatures from 600 to
700 F. or 10° to lio zvove normal; mexima are from 7Oo to 800 F., and
minima from LBO to 550 Fo Rehind tie cola front, mean temperatures in
visconsin run frow 5C° to 60° F., and in nortlwesiern initerio into the
fortiec,

in contracst, precipitation with Lhe wet subtype is generall
over .20 inch end much of tihie region gets over 4O inch; several arecs
usually receive over 1 inch «nd the oda steztion records over 2 inches
(e.g. Fig. 12C). The fall is heaviest in the zone following the cold
front, particularly in southern areas which arc best reached by the
meritime trcrical air from the south and where contrasts across the
front ere greatest. Warm front preciritation is lesc beceuse the air

is somewhat modified as it moves north and contrasts across the front

are not as great., Temreratures are again high., In the wéri csector
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they are 10° to 20° above normal. Means vary from 6)0 to 750 F., and
maxima from 750 to 820 F. Minima in particular, ranging from 55o to
650 F., are higher than for the dry subtype. Behind the ccld front
temperatures are zbout the same as for its counterpart.

In January only the diry subtyve occurs. It is usually preceded
by all, nin, or sLl and only continentul air is drawn into the system.
Precipitation up to .10 inch ana occasionally .20 inch may occur and
this is primsrily to the lee of the lukes. If the ityre iu |1wcecded
by sle, precipitetion may be just slightly greater with amcunts un to
30 inch cdue to the warm moist &dir brougnt in by the low. The waim
front in this month is never developed and the cecld front is often poor.
Temperetures are only slightly above normal znd contrasts azcross the
front are not great.

In Arril either sultype may occur but both are rare. There is
almost no precipilation with the dry subtype. %with the wet subtype,
emounts ur to .50 inch are common, especially in the south, and up to
1 inch may occur. Mean teuperatures belfore the cold frount of the dry
subtype are usually between 500 and 60° F. or 10O to 15O above normal,
end behind the front are from 40° to 50° F. ‘arm sector Lenperatures
of ihe wel subtype may be in the cixties or well above normal., In
July, subtype (d) is again very dry, but temneratures are close to
normal. Mkean temperatures before the cold front are from 70o to 750 F.,
and behind the front from 60° to 700 F. Subtype (w) is as wet as in
Cctober, with .20 inch generel and 1 inch cormon, particularly in the
south., Temperatures in the warm sector are from 70° to 80° F., Jjust
slightly higher than for the ury subtype but belind the cold front they

are identical.,
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The aln type is important prinecrily for the above normel temn—
eratures and heavy precinitation acsociated with the wet or (w) subtype

of surmer and early fall,

rei (lew England High)

Cver the year the tyre with the lowest freocuency is ueH (see
Fig. 2). 1t is almoct exclusively a fall type, but it occurs much less
often than either wHl or zln. It is, nevertieless, very imvortant bhecause
of the strong flow of air from the south which it establishes over the
eastern helf of the continent and the Great Lakes,

In Gctober the areas most noticeably affected by this flow from
the Gulf or southern states are those, usually south of the lakes, whose
terperatures were unmodified by the lakes during the latter ctages of
the ;recwdinc anticyclonic type. Minima, in particular, are much higher
in the south and, therefore, form a very diflerent pattern to those of
le} the tyoe which it moct freauently follows? To the north, tre
slight cocling with latitude is counteracted by the modifying effects
of tle lakes. For these reasons, mean temperatures over the entire re-
gion are within a range of ten degrees, usually from ASO to 550 F.y or
e€lightly higher (e.g. Fig. 14C). Minima in the north are from 43° to
509 F., and in the south penerally frum 45° to 50O '« but with extremes
of 40° and 650 F. Maxiia are more variable, 1In the north {they very

from 50O to 7OO F., and in the csouth from 550 to 75O F. Actual teup-

lSee above, p. 77. In latter stages of wHl, minima in the south
are about the same as, or even lower than in the north.

2 s . . .
See above, p. 32, regarding formation of neii following other
anticyclonic tynes,
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erature occurrences within these rather broau ranges are larsely degciucdent
on whether or not a front develops over the northern part of the Gulf.
Cooler terivreratures occur whnen this front blocks much of the warm mT
air; highest tenperaturec occur when tnere is a free northward flow and
the high extends in its oblong form well south over the Culf (see Fig.
14A and 14B, recvectively).

Precinitation associated with the type itself is very limited,
but the freoquently attacking cyclonic tynes may bring nrecinication to

the west or north. The isohyet rattern for Cctober &8, 15.4 is tyrical

o

(Fig. 14D).

In other sessins neH occurs only very rarely srd then is usually
of too short a dwrction toc be recorded in the day freouency chart. Fur-
thermore, the pocition of the centre varies considerably and the overall
forrm is often somewhat distorted from the ideal of Cctober.

In January there are almost no wil occurrences and, therefore,
neH is dependent on other anticyclonic types, chiefly nHs, for its
initiation. Wwhen followinc a nils system, the tizh tends {5 centre over
Ceorzia enc loulh Cerolina rather then over Few wngland. The gystea is,
tlierefore, much more onen to cyclonic atiacks in the Creat Lakes ['egion.
(ne occurrence was observeu following a nHn system anc in tnis case the
.1gh centred over the haritimes. 1In both the latier occurrence and in
ell those which were introduced by nHe, the pattern ves cuicxly destroyed
either by mL1l or &ll. In each case, however, maximum temperatures rose
at leart temnorarily to above freezing in the south and close to 327 in
the north, and the northweru flow of air estsbliched during tids tiue
helred to fecd the warm sector of the foullowin~ cyclonle systeni

In Arril end July, wHl is only slirhtly more freauent; he-nce nc!!
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is again largely dependent on other tynes less conducive to\gms foﬁnation
for its occurrence., 1In Apr’l the neH pattern sometimes forms g{ter il
or nHs, but the centirs Llernds to lie, rospectively, fartiier east bff the
coast than in (ctober, or to the scuth as in January, but off the éoast.
In the first case, a front is usually present over bLhe Culf; consequent-
ly the development is weak. In the second case, cyclones are able to
easily enter tne Great Lekes Region. In July, any hish to the south-
eact tends to develoo off the cosst and then either to unite with a high
from the north over the Lakes, or to form a tyrical nceH giving a similar
northwara flow but within a very different synontic pattern.

For monthly fisures, nell is significant only in Uctober. Temp-
eratures are above normal, psrticularly in the north and occasionally

throughout the entire region; hence in years of hirh frequency it may

noticeubly influcnce averaese temperatures.
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The ultimate purnose of establishing Great Lakes! weather tyres
is, of course, a more comnlete understaidine end deserintion of the cli-
mate of the region throuch a synthesis of tyre frequencies and elements,
In the fcllowing, eacin of the fowr montns previously selecteu as rep-

7

resentative of the seasons is analyzed vith resvect Lo: (1) frenuencies
of dynaic-synoptic system weather types; (2) effect of the individual
lypes on daily elaument values and their regional varistions in a samvle
montiy (3) interpretetion of the distribution of "normal" temrerature
end preciritetion in terms of tyvwe frequencies; (4) deviations from
"normal" as exnlained by tyme frequency v riations. Althouch the gross
features of the relationcshins of tyne frecuencies and elements tu the
overall climate are sufficiently distinctive to cive tlhiem considerable
Justificatinon for eenerslization, conclucions muct be restricted to com-
parative statements at the level of dominsnt trende recther than be rre-
cented in detailed ai.solute terms. More ciact quaniitative aualysis is
not asaviscable at this time in view of the »robable irac.ouracies wue tou

the ghort observstional period. Cubseguent rodification, no doubt, will

be reuired.

Tenuer

Mid-winter is clearly characterized first by a marked concen-~

. -

tration of nin and nis (see Fis. ). Botli of thece tynes are very cold

and together they sr+ resoonsiltle for rost below normal temperatures,

- 92 -
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Py far the colder of the twn, nHe, is auite varieble in its frequency
from year to year; hence it is of great invoriance o cvera.e temnerature
flucturtions. {tiher anticyclonic types are very rare. Lwinter is, hovever,
equally characterized Ly a diversity of the cyclonic ty=cs, all of wldch
ocecur with fair frecucncy. Almoct invariebly, mLl is most numersus, but
totaled over several yeers, there is a remarkably even distribution of
the cthers. 1In noct yeers, cyclonic days outnumber enticyclonic daoys
Lecause of this aiversity, and the aove normel teaneratures associated
with the warm sectors in the south tend to bzlance the cold of the anti-
cyclones. Irecinitation associated with the two dondnant anticyclonic
cystems is very limited, except for snow flurries to the lee ol the lekes
vith nYe, This lack is balanced by the variety of wet cyclonic Lrnes,
The eccownanyine table of deily temperatures o January 1954
(see Table 1) reyresents a ty-ical winter wonth illustrating seouence,
duraticn, end frequoney of the ve:ious types and the rolcted dally maxi-
miwin end minimum tewsverstures. A few of the more eionificant relations
follow. Ixce t in Northern untario aznc in the extrene eact, b, far
the lovect teueratures occurred un January 17 and 17 wit!: niie; in the
north and e~ct nHn i= often as cild ac nie, fo. exawrle, Luffalo on the
~znd or (hanleau on the 10th. 1n the southeast the ni~helt teuperatures
occurred on Jenuary 2. with sLl. Jther occurrences of 11 &s well
mLl/ve vere only slirhtly cooler. In contrast, in the northwest these
. o

cays were frequently guite cold., MNexima in Clevelana werzs above 50 F,
for every sli; in Chapleau end Fort william tliey were below 10° F. on
several occasions (Januery 3 znd 29) the worm cector of a mLl reached

farther north wnic the highest temreratures in the north were recorced

either on thsce days or during one of the occurrencrs of all/a or aln.
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Fort 'illiam recorded a maximum of 33 F. on Jenuary 2 during a mTl/ws

v

aiid Charleau 250 ®. on Jznuary 15 durinc a2n aln. lNcte the glternation
of n'm and n's with the variety of cyclonic tynes. Ixamnles of Lezkxe
modification ere abundent., llexima and minime, resncctively, with nlis
on thre seventeenth were 12° and £° F. at Muskegon but 9O and -13o F.
at Mlwankee, Similarly on January 12 tley vere 229 and 130 F. at
Muskegon but 90 and -40 F. at lilwaukee.

The distribution of normal or long term temnerature averages
(Fig. 15A) reflects tne dominant frequency generalizations and the im-
nortance cf modification by the lakes, Temveratures over thc entire
recion are cuite cold, but have a fairly steer latitudinal rradient:
in the south they are in the mid-twenties, in the north close to zero.
Both the generally cold tewperatures and the steen cradient demonstrate
the balance between the northern cold of tlie anticyclonic tyres, nin
and nHs, and tte cyclonic tynes wiich are more moderate, particulerly
in the south. 1In the southeast the isotherms even have a rourh south-
west-northeast trend which is coincident with the nath of werm sector
influence of all the lows. In more detail, reveral cold loons zre re-
markebly a~narent: north-c.utral "isconein, the northern interior of
Lower lichigan, and a fairly large but very well defined area s»uth
of Georcsien Pay. lNorth of the Lower lichican loon ond, es-ecially,
tuc lisconsin loop tliere is even a merked reverss]l of gradient. Thece
areas zre, in moct cases, the lcast influenced by the lakes., Icentical
isotherm pstterrs in these areas are characteristic »f botl: nlls and
ntn, and even of many of the crclonic tynes. In contrast, almost all

shores hcove relativelv hirh temmerstures for their lotitude,

The accompanving mans of temncrezture derarture fror normnl
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(Fiz. 19) dermonctrate actual conditions from yeer to year zs a result

\
I
’

of variations in the fregjuencies of the daifferent tyres (fiz. 2). The
mans are very generalized, but the rross feetures zre :till easily
reccrnized. .f particular note, as might be exrectec, ic the con-
trastin~ influence of n¥s to cyclonic tyres in the extremes of 1653

and 1957. In Januury, 1G53, the entire areas was L> to &° above norral.
In that year only one day of nils was recorded whereas there were many
cyclonic type days. Tie east was, relctive to normal, slichtly warmer
than the west as a result of a higher freguency than usual of gle and

a number of very mila L1l days. 1In 1957, on tie otlier hand, the entire
rerion was L° to 72 below normal. In that yvear there was a hich in-
cidence of nlls znd a corresnonding small number of lows. In the other
tiree years no tync or tyres were esnecially unusual in tleir freouency.
The zero line of temnpersture derartures nacssed throuch the rerinn and
tyre influences are much more difficult to detect. In 1954 the fre-
ouency distribution of types was fairly close to the lone term distri-
bution and temmerctures in southern and eastern areze were cloce to
normal; nin, however, was more frequent than n%s with tie result thet
the east was =lightly colder then the west. Teuneratures in the soutn
were slichtly hicher rel:tive to normal then in the north because of
the large number of mlLl end sl.l. The year 1955 was again close to nor-
mal except for lower eastern temneratures due to the smell number of
871 and gle. In 1956 nHs was sliechtly more frequent and cyclonic tyves,
narticularly wariu sector subtyres, were not overly cormon. Southern

temper~tures were therefore below normal widle northern temreratures,

less dependent on warm sector subtyrmes, were meintained by mll end

the one aln.
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Jenucry aaily precipitetion by type is illuctrated by Table

1 .

2 o Jf particuler note are the heavy concentrations of precinritation
on days of sLl (Januerry 9, 20, and 25-7) and sli~htly lecs amounts vith
mll and all, as opnosed to the small amounts on days of niln {Jenusry L,
and 21-23) and nis (January 12 and 17). For sLl the fall is rreatest
northwest of the path followed by the centre of the low {e.g. Urrcr
Michiran to Chapleau, kKorthern Ontario on tiie 9th; Letroit to the area
east of North Pay on the 20th; Toledo to Muskoka on the 2€th and 27th).
Sact of tuis belt almost all areas receive hcavy precinitation rarticul-
arly tliore to the lee of the lakes. It should be recoenized, howvever,
that sL1l does not usually occur as frequently as in 1954. DMormally
either mIl or all may be more important in monthly totels. ™recinitztion
with mil is videsnread and areas of concentretion vary., Tor aTl (e.g.
Jaruzry 1), the rsreatest am>mte fall across l'orthern (nterio, south
of Lake Superior, and east of Lakes kichiran, uron, end Lrie. Tre-
cinitation with nHis, although generally light, is sometimes considerable
to the lee of the lakes (e.g. Cleveland and foutl.amnton on the 17th).

The map of normal January precipitation (Fie. 150) shows the

imnortance of =11 and gle. In tle eacst, amounts are all over © inches

lIn tnis table and subsequent nrecinitation tables numernus
sirnificant cerartures from evnected amounts accordin: to tyne are
annarent. Such discrenancies rerve only to illustrate two dangers:
(1) that of acceptine statistics of isolated stations without rlacing
them in their spatial context on a map riving a fairly dense network
of stations; (?) that of usine a full day interval for releting pre-
cipitetion to tynes. (The "day interval® problem for temnersture is
not as rreat because of the effect of either averacing or of s»littine
the record into tw, instantanenus observaiions - as onnosed to the
chimulative record of rrecinitation). In the vpreceding daily pre-
ciritetion mans for tyncs the former hes been eliminatec in the drawing
of isohvets and the latter ninimized by crrefnl celection of repre-
sentative cays. These mers, therefore, are more reliesble for detail
than the statistical charts.
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TABIE 2.—DAILY PRECIPITATION? JANUARY 1954

T

SOUTHEAST SOUTHWEST
g o .

o -3 E 13 o .,3'8 [ ]
ElEs §3. 8§ 5§, %33 .8 ¢
Eldg 8 3 3 64 8 . ¢ ¢ ds ¥ %
-3 'g W P » o~ .g © g © L 3 = é
@ 5 '3 g 3 “:g S B 8 9 <3 H g

a;:a n E; ot [25] (&3 13 .5tn (&)
Day
1 T 07 08 all/a
2 02 T T T T | mll/ws
3 10 03 06 03 T T T T | mll/ws
L T T T T T T O1 | nHn
5L T o4 07 T T Oh 11 31 06 T _| mll,gle
6 30 02 o5 1 10 04 06 05 T T T| gle
7 05 T T T 02 O1 T | nHn
8 T T 02 T T nkn
9] 10 11 05 02 10 07 O1L Oh T o1 T | sL1
0] 01 O, 02 01 14 T T T 03_| nhHn
n| 15 12 T T 06 02 T 06 T 03 | mLl/e
12 T 25 07 07 11 35 O4 06 nHs
13 T T O3 05 T T T Tt 1| ¥
| 05 T 0L T T 12 02 02 02 T | all/a
15| T T T 02 T oo T T | aln/d
16| 10 o1 05 05 06 02 05 08 T ob, T T | aln/d
17 T T 03 02 T 03 T T nHs
‘18| o5 T 10 T T T T T T 1T 7 | 58
19 10 03 T T T 02 T T T T | mll/e
20] 53 50 53 20 47 23 26 69 95 15 21 31 | sl
21 33 06 12 05 Ol T 07 0271 nHn
22 T T 03 T T T T O1L | nkn
23 01 T T nhn
24 T T T o2 or ot T |pf,
251 03 03 T 24 T T T T Ol 060706qu
260 41 45 46 14 46 20 36 91 87 7L 66 25 sLl
27| 10 51 60 35 62 34 53 35 07 o8 T 18 | sl
28 T 05 06 T 01 09 T 02 | nHn
29 09 T T 15 T 02 T 06 06 0oL T T | mLl/ws
30] o4 09 20 20 27 15 14 O5 T 01 mll/c
'd - 0 o 0N N O o
3] 28 &5 55324/ 24°

*
Unit of precipitation is 0.0l inch.
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TABLE 2—Continued

CENTRAL NORTH

0 o0 . [ ...;
Sl = .ﬁ = [ [ 8
6| © g ° S P o
Alde 5 2 § 8,99 %93 3.8 4 35| dg
2lu8 2 9 gE5.8 sHE G5 2 5 g g
ale% 5 L 18588 P H 9 3% g

39 8 o 2882 &4 §d 8 2 &
Day
1| 09 05 08 08 O 20 1, 06 08 | all/a
2 T 02 T 15 18 16 25 60 12 | mLl/ws
3] oo T T T T 01 | mLl/ws
b T T T nin
5] T o T2 0 T T 05 02 T nll,gle
6 08 o1 oL T o2 ol T 06 OL OL | gle
7 T oh 03 03 T OL T T nkn
gl o T T 03 T O 07 18 03 | niin
9 o5 T T T 15 16 10 31 07 72 24 02 | sl
10] o T T T O O T 13 1 03 | nin
nf o6 o 03 35 15 41 Oh 21 01 02 uLl/c
12| 17 oo T 05 1 oL 1 T 05 T nHs
13 T T OL 03 T 10 03 T | 2%,
14 T O T T O1L 07 23 O4 n 09 17 | all/a
15 T T T O4 03 05 o4 10 22 | aln/d
16 o8 o0 T 13 32 T 06 10 02 10 O4 | aln/d
17 T T 07 02 03 T T T | nHs
18| T T 02 05 o4 06 09 02 20 13 o4 | BoH,
19| T 02 02 01 T 02 05 T 03 | mll/c
20| 42 64 18 31 28 06 11 09 oL 4 49_1 sLl
21 T T 12 T 01 02 nkn
22 T T T T nHn
23 T T nkn
24 T T T T T T T o3 o T | Mol
25| T o2 05 0L 06 02 09 36 07 17 | all
26| T 53 50 20 06 03 06 09  OL 56 06 11 | sLl
27| on 21 20 46 10 oL 03 T 54 | sl
28 3 T 0 T T T niin
29| o7 11 03 05 22 13 05 02 05 20 11 | mll/ws
30| T T 03 05 26 T oy 06 | mll/e
Il 58558 §388 38828
g :‘ ~ N ~ S’? —~ j N Y]




- 101 -

whereas west of Leke Huron they are, for the most nart, under 2 inches,
The influence of the lakes in increasing nrecivitation to their lee
curing several of the tyncs, noteably all, sll and n'ls, is even more de-
monstrative as all eastern and southeastern shores are areas of re-
latively heavy fall. 1In the west, Unper Michiran, western Lower Michigan,
and Indiana averace over 2 inches; in the east, the "snow belt" areas of
Vestern Chio, Pennsylvania, western New York, central southwestern .ntario,
and eactern Georgian Bay average over 3 inches. Minnesota, farthest
from both the eastern precinitetion belts and the lake influence re-
ceives less than 1 inch.,

Deviation rom normal (see Fig. 20) is never very great beczuse
of the diversity and high combined reliability of the cyclonic types.
In 1953 precipitation was fairly heavy in the east with a high frequency
of gle and sLl. 1In contrast, eastern areas generally received under
2 inches in 1955 vhen there were few gle or sLl days. In 1956precipi-
tation was licht, esnecially across the north, with the smaller number
mll and no all. Finally, in 1957 amounts were arain generally low,
except east of Lake Hrie, with the small number of cyclones and large
number of n!ls days.

tue to the variety of contributing types, in most years lee-of-
the~lakes concentrations may be distinguished, ecsvecially on the south
shore of Lake Superior and the Lake Huron peninsula of Ontario. The
southwestern Ontario snow belt, for example, is particularly well dev-
eloped in 1955 with the large number of all days but is nonexistent in
1956 when there were no all occurrences. The Lake Zrie snow belt is

developed best in 1957 with the high incidence of nHs and fair number

of all days. Also clearly evident in all years is the %isconsin minimum,
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while the Michigan Saginaw minimum appears in 1955-57,

The outstanding feature of Arril in the Gre-t Lakes Region is
the marked concentration of mLl and sLl, both of which are important
warm sector and precinitation tynes. Together they occur on over L5%
of the days. 1In contrast, aln occurs only irregularly and gle end aJl
are almost completely absent. There are, however, still a fair number
of nHs occurrences bringing periodie cold waves, n%eHd becomes more fre-
quent and, with the stabilizing effect of the cold lakes, relatively
weak nHl systems appear in some yeers. The odd nlin is recorded, but
the northern hi~hs which usually form this type are generally weaker
than those of nHs and tend more to be drawn across the Lakes. OQOccurrences
of n%eH are introduced in this month primarily by mLl; hence they are
mainly of the subtyne (s) with fronts south of the Lakes. Thus, they
as well as nHs and nHl are relatively cool and again tend to o;poce the
wzrmer lows, though not as effectively as the nHn and nHs anticyclones
of winter, in the creation of a north-south gradient.

The temperature chart for April 1953 (Table 3) shows that by far
the highest teaperatures in the south occur with sLl or mlLl/ws. Both
these types had mexima occasionally in the ceventies. Clevelend, gen-
erally the warnest stztion listed in the chart, recorded 77° and 75° F.
with sLl systems on April § and 30 respectively and 73° F. with mll/ws
on April 25. Means on the came days were either 62° or £€3°, aprroximately
1AO above normal. Chicago ana Milwaukee reached maxiua of 80° and 790 .
resvectively on April 22 with another mLl/ws. In the northwest, on the

other hand, days of sLl and also tle majority of days of mlLl ere ncrnelly
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uidte conl. Iuluth, <ucert on tw> days, recorded mavima between 35° and
hl F. and mecans in the thirties, that ic, very clote tn normzl. The
noteable exception was Anril 22 when the maximum reached 6°° 7. (n this
day tie warm sector reached farther north and mort northeastern statinns
recorded their hizhest temrerature of the month. It is interesting to
note that Charleau with only ABO F. was much colder than any other station
and obviously outside the warm sector. Ly fer the coldest temperatures
tre south were recorded during tl.e occurrence of niis from A-ril 18t
t5 April 21st. Clevelenc, South Tend, aud Chicesn all had daily means
in the thirties which is ten cor more degrees below normal. In the north-
west, temperatures with niis are not usuzlly as extre.e comnared to nor-
mals; in 1953 some stations recorded colder deys with rll/ec. For n!l,

temneratures are noticeably colcer in the southeact than in the west.

o]
w

s . o 0
In Irie, means were asproxinately 407 F. or 57 to 107 below normal,

. -2 . o
whereas in lMarquette or Fort tiilliam they were only O to 5~ below nor-
mal. In Green Dzy they were even nigher: maxima ed minima, respect-
. . 0 0 o o, .
ively, on fonril 2 were 52 and 32 F. as ormosed to L9 end 33 F. in

. o)
Cleveland, and means on the four nill aaye were a ~roximately 5  =above
normal. A very similar mattern occurs with n'.eH. Tiie imrortance of
the cool lakes is clearly iilustrated on each of the nil days; for
. L sk . . o
examnle, maxima and ndinima resrectively on Aoril 8 were L7 and 39° F,
. o o -
at FMilwaukee, but 58 and 3¢ F. at Muskegun.

The cumulative long term result of these tyne temperature char-
acteristics is shown in the ncrmal tempcrature map (Fig. 16A). Temp-
eratures are still quice conl but with less latitudinal gracient than in
winter. Jouthern areas are in the forties and northern areas about freez-

ing. The cold associcted with the anticyclonic types is nnot cevere and

the hich southeastern temreratures of sLl and mll, tlioush still reflecteau
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in the trend of isotnerms in Southern Ontaill, are partially counteracted
by the greater cooling of the east than the west by all three significant
high tymes, n&eH, nill and even nHe. The lskes being quite cold, most
shores, but particularly those of southern Lake Michigan and lLake Erie,
are relatively cool for their latitude and the temnrersture reversal of
U~ner Michigan has completely cisannearec.

Llepartures of average temperatures from normal tewperatures (see
fig. 19), however, are quite significant with varirstions in type frequencies.
In 1955 there were no nHs and many sLl days with the result that temper-
atures for the entire recion were 6° to 8° above normal. In 1956 there
were a large number of nils days and also several nHn dals; temreratures
were 1° to 4° below normal for the entire region. In 1954 there was an
unusually high number of mil/ws days and only one day of nFl, and temn-
eratures were well ahove normal in the southeast,

Preciritation in April is again hishest ¢n days of sll and mLl
(e.g. see Table 4). For both tynes it is widesnread, but heavier in the
eoutheast than northwest, and tendine to be ighest in a varizble belt
running across the region from southwect to northeast in the case of =Ll
and west to east for mil. Aoril 30, 1953 for sll, aoril 75 and 2¢ for
mLl/we, and April 15 and 16 for mlLl/c are typical. Precipitotion is light
with niis and particularly with nH4l. CE£ome showvers occur in the south with
nueH, but the north is very dry.

Normal precipitsation (Fig. 1l6:2), excert Tor the winter suow belt
areas, is slightly greater for Aoril than for January brcauce of the dom-
inance of mlLl end sLl. oJnly the extreme northwest averares less than 2
incies, and most of the southern half of the rerion hez over 2.5 inches,

The soubtheast, su-plemented by nlel, has over 2 inches. Almo:zt every ycar
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TABLE L4.—DAILY PRECIPITATION? APRIL 1953

SOUTHEAST SOUTHWEST
n -:?l o o
= (-] £ 1 3 Le] o~ [ =
S|78 S, & g 22, £ &
3|46 8 9§ g4 8 _ 7 ¢ As § & s
-8 8 .3 © %4 ,g [ ] g ® .0 Q g g
“18s 95 59 8% 353 48449389
v;v) E [+ 23] (&} (3] .50 (&) (6]
Day
1 o1 17 25 23 T 26 15 27 | sl
2] 15 T 09 01 01 T | nH1
3] o7 o1 09 02 10 16 07 07 12 | mll/e
L] 02 T 20 01 0L 02 O4 T 05 T T T | mll/e
5] 02 T T 01 T 4 midl/c
6 T 07 T O2 nHl
7 T T nHl
8 03 20 o, T 30 T | nHl
9] 51 23 T T 30 51 48 16 26 94, | sl
101 o4 T 29 15 15 33 37 02 4 T T T _] sl
1 T T sLl
2y 09 T 05 09 13 22 08 T T T T | gle
13| 05 13 06 19 06 wis
1, T T 27 01 01 66 | wis
15] 68 33 15 O1 02 27 L4y 81 60 43 30 _| mLl/c
16 14, 09 20 52 02 20 10 O4 06 12 10 01 | mLl/e
17 T T 21 11 1 18 T T T | mll/c
18 T T T Ol T 03 | nHs
19| 09 T 10 T 03 T 16 01 T O1L T 05 | nHs
200 02 T 32 24, 14 23 T T T _| nHs
21 T 02 T nHs
2| 02 0L 12 05 07 T T T T T mLl/ws
23 T T T nHl
2, 2, 0oL 51 03 T Oh T 09 08 17 60 12 | mll/ws
25] 78 90 7% 17 29 22 07 50 104 19 11 32 _| mll/ws
261 07 12 12 1, 12 21 26 O3 38 10 08 18 | mLl/ws
27| 06 05 18 19 01 22 03 O1 1 06 | mLl/e
28 T T T T Ol 1, 03 06 | nkeH/s
29 T T 02 T R T 23 n&el/s
30| 22 59 25 22 T 07 16 69 87 44 45 | sLd
3 Y e~ o o o~
3] 838 §5883F RYRR

*Unit of precipitation is 0.0l inch.
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TABLE 4=--Continued

CENTRAL ! NORTH

o . &0 . [ +

28 . 4 gs §28.3 3 %3 %

<12 a E o an o a4 % =g S E
Alyg 2 £EE 388 1547 | 3

§9 2 4 28 Ba&T 4 FA S48 2

Day

1 42 25 04 sLl
2 01 T nHL

3 08 10 10 19 21 22 18 05 57 50 T | mll/c
L] o5 o1 01 16 05 30 35 T 01 35 20 | mll/c
5 T T T Ol T 03 11 70 05 | mll/c
6 T T 02 nH1

7 02 T 4O nHl

8 T 10 05 02 08 23 01 nHl
9] 11 57 62 08 15 19 0L O4 50 Ol o, | sla
10 19 03 T 22 51 56 96 T4 18 12 62 sll
11 T T 60 12 sLl
12 T T T gle
13/ 00 T T T QO T wis
14 T T Ol T T wis
15| 11 65 22 65 05 111 38 58 T 23 mll/c
16 27 22 T 21 18 10 18 13 02 0L 10 08 | mId/c
17| 08 05 01 T 03 05 01 05 08 | mLl/c
18 T T T T o 11 O O1L 10 T | nHs
19 T 05 T 16 06 T T 22 T T 10 nHs
20, T 01 03 T O01L T 02 | nHs
21 05 T nHs
2] 11 T T T 0oL 15 T T 10 46 | mll/ws
23 nHl
2,] OoL 13 03 13 T o 02 56 mll /ws
25| 38 61 79 1k Th 63 30 L 83 T 05 _| mLl/ws
26| 42 05 15 18 52 33 38 9 03 38 | mLl/ws
271 16 03 01 05 T 0L T 05 49 | mll/c
28 T (07] 05 | nkeH/s
29 18 26 24 o T n&eH/s
30| 35 20 14102 15 30 T 32 58 01 05 sLl
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I f 3L 88 §588 BREQ
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some areas gct over 6 inches in the month, but because of the fickleness

g
of both sll and mll as to the exuct locetion of thelr td~hest concentrations
no area averagswc over L inchec. For the came reason the totel rrecinitation
map for any one ye~r (see Fig. 27) is always characlerized by a very ir-
rerular nattern of local concentration or dryness.

The combinec frequency of slLl end mlLl it remarkably constant from
year to year. Therefore, little order can be ascribed to the patterns
and treir veriction excent the invariasbly 1ight northern rainfall as on-
posed to the high southern rainfell with variable concentrclion. The su
mse~tion of heaviest soutiern rreci~iiction in 1954 and 1957 is assoclated

wita more muaerouc 1« ell/s days.

Cummer, in contrast to both winter anc spring, is characterized
by an outstandinciy hich freruency of anticyclonic types as curpered to
cyclonic types, The usual large number of mLl etill exist ¢nd aln is
also very imrortant, but with the northwerd siift of circulc¢tion all
other lowe are virtually nonexistent. JOf the enticyclonic tymes, nuell,
associated with the strong aevelo-ment of the Peppuda "ich and south-
ccetern urner-level enticyelone, occurs with great frequency and is by
far the leading type; but nlll, assocciated with the c.ol l:skes, is also
very common. Jther highs occur only irreguleriy.

Both rll and alLn brins~ hi~h tewmpe.etures, narticularly to the
southern half ol the reginn and, except for a few 2ln/d, heavy precini-
tati'n to wuch of' the resion. In contrast, n¥l is conl and cdry. CSunmer,
hoveever, is very differert froi other seasons in that lieavy nrecivitation
is ess2ciatea witi: the oominant anticyclonic tyne, th-t is, with n.eii,

Thus, in spite of the hirher frecuency of anticyclonic t;pes preci-itation
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is rene rlly easily maintained., Temperature vith néell dewends on the
position of the front. Days with the front over or south of the Lakes
occur with about egual frequency over a numver of years.
Highest temver:tures for any given year may be recorded cn z

-
B

veriety of type ways but usually ccecur wilh an aln or, scuth of the frout,
with o nwoll/l. In July 1954 (sece Table 5) they occurrec for most western
ctstions on July 12 or 17 witn an ain, bui for the southeast on July 1/
vith the rollowing niell/l, In ceult Cte. Marie, Marguctte, end Chanleau,
July 29 with another ain wos waimest, on July 2 with n el/l, maximz and
siuima south of the front were 94~ and 670 I'ey res-ectively, at Chicagd,
end 97° ang (07 F. at Clevelanc. lorth of tle front, on the other hend,
they were only 620 and 540 Fe. in Green Zay and 7b9 and 58° F. in Duffalo.
In Cleveland &ll days of nxe’/l hau maxima over 90° F.; rLn, juct slightly
lower. In Chapleau and North Bay, lowever, néell/l reached only the sixtics
and low seventies as ornrored to the eighties on days of ain. Temperatures
for mLl1 were . enersllv cloce to normal. Coldest curs occusred cither with
n::l or north of ihe front witih ndell. Ia 1954 most sletions exrerienced
lowest temmeraturec hetween July 7 end July 9 with n'l and the remainder,
mainly in the northwest, frow July 2 to ! iith nieH. The extreme temn-
crature iows recorded were on July 8 vhen Chapleau drupped to a minimum

of 3¢° F., as oprosed to its hizh of 87" with an aln on July 29, and on
the following dey when Durhem in Couthern untario reached the same degiee,
un tne seme days, Cleveland ox, erienced its only meoidm2 of the nonth irn

Lhe ceventicr, while minime dro.med to 500 . mrie mavisa fell to the

civties. However, as tlie centre of the high noved slightly farther east

on the following days, temperatures rose aswual in the west with Chicarco
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reaciins maziia 2nd miniua of a7” .nd (&7 ¥, wiereas _iie recordec orly
74> and 51°

Tne characteristic feuture of normal tenpersture cistribution for
July (Fig. 174 1le & low letitudinal sracient, a festure 2lso chalechter-
istic of :uil, n%ed/s, wil end aIn. Long term averages are in the low
seveulies in the soutn and the low sixties in the north. The sli~htly
higher southiern tewneratures aud cteeper oraulent are maintaired by n"ei/1
and in the east by mIl. Of perticular interest are lhe much conler tei -
ersturcs on the cnores of ell five of the Great Lakes,

Lepartures [rom norimel (see Fie. 1G) are ofien sienificant. How-
ever, because of the gereral conformitly of many of the tyves' isotlierm
natterns with the normal pattern they are ususlly raucrkably uniform over
the rersion, In 1953 a ich incidence of a2ln wes balanceu by en unusually
hizh number ol nll's days, and tie entire region wae ver; close to noricl
In 1954 end 1957 there wac a nigh ntl freguency with much of the resion,
rerticularly the east, averaging slichtly below noimzl. MNumerous nfell/s
days in 1956, a c¢osl year, were partially balanced in the southeact by
en equal muber of mLl. In 1955, however, n%e!i/l wes dominart, both mIl
end eln occurred in feir numbers, and temjeraturrs werc well above normal,

Precicitetion in Tuly is aistinclly concentreted on cavs of rieW,
211, end aIn/u,  In 19ii, for exemnle (see Table 6), heavy rainfsl oc-
curred over uuch o7 the region on every Wy of each of these three tyres
but was vesy iizht or nil on &il othier dave., Iocel arounte with #ny ne
Lyp= oceurrence are osLen very high. Soutn send in 1954 received 2.17
inches over 7 Cays of n'eY, wud 2.65 luches over 2 (eve of wil, out of

2 totel 5.27 inches for the mnth, (iwilerly, Fort Willliam in Mly 1%20

received A2, .82, and .27 inche. on three seoarate czye of woell, 40 and
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TABLE 6.—DAILY PRECIPITATION JULY 1954

SOUTHEAST SOUTHWEST
g o § é é [N -é'g ® by
. = g
flis1dcg3:, s 5835 | B
0 3 4 A~ —~ * 3
83 i3 54488
0 =
Day
1 o8 o4 T mll/ws
2] o 53 20 T 20 125 25 13 66 | n&keH/1
3 32 09 136 88 105 78 15 | nkeH/s
4] 01 T T T T | nkeH/s
5 08 T T nHl
6 T 06 08 09 o4 T T 23 151 113 247 28 | mLl/ws
7 03 o, O, 56 111 95 03 all/ve
8 o1 nHl
9 31 nHl
10 oL 73 | nH1
n T 01 T nHl
12 T aln/d
13 T T T | aln/d
1 99 31 44 79 T T T T nkeH/1
15 oy 06 4 nHl
16 nHl
17 T 02 nHl
18 T 04 T 02 03 01 T T O4 aln/w
19| 02 o4 05 all/b
200 24 T 06 06 36 15 50 49 01 | a1
21 05 L8 O nHn
22 nHn
23 T T T | ala/d
2l T T wHL
25 T 09 T 4 wi
26 whl
271l T 46137 TOT :?.'471
28 02 T 01 30 19 n&eyl
29 34, 16 22 33 84, L5 32 52 T 37 25 T aln/w
30| 10 9 48 30 08 T 24 10 07 T 90112 | mll/ws
N 0 wn\ ~ o] o 0 o 3
g f32 83 83853 ¥2BRZ

*Unit of precipitation is 0.0l inch.
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TABLE 6é-=Continued

CENTRAL NORTH
§ & E’ R g.
o é’ » @ 5 8 ﬁﬂ Re § . 3 E g 0
318 3 § §epF3.ds A8 8 a3
3|08 P e g5 B 15 4§ 3 B
hlEgs 5 L % g5 KR 3 125 3| 3
Sg 8 2] = & gr:: n g 5 [&] = =
Day
1 T T T 02 mll/ws
2 02 29 10 46 01 Ol T T 03 n&eH/1
3 T 1 59 109 oL 02 n&eH/s
N T 2 02 T 09 31 T | nkeH/s
5L 19 T 4 nHl
6 02 05 50 11 11 08 T 60 69 36 | mll/ws
7 19 43 O 8 T ull/ws
8 05 15 03 | nm1
9 22 15 nHl
0] 07 05 08 09 51 _| nf@1
11 T 20 03 22 08 T T T T nHL
12 T 65 14, | aln/d
13 T T T T T 14, T | aln/d
| 02 24 03 T T 03 03 59 | nkeH/1
15 | nm
16 T nHl
17 T T Ol 02 nHl
18 15 19 10 T 02 T aln/w
19 01 T T T T T | aldl/b
200 ® T T T 70 29 06 _| all/b
21 T nHn
22 06 nHn
23 T 12 T 09 1 aln/d
2l wHL
25 1 1§ vl
26 02 wil
21| & W10 8 87 5, | alagy
28| 55 oL T T 01 n&eH
29 23 47 22 35 T o7 O4 aln/w
30| 110 51 44 59 48 141 75 53 08 73 88 74 | mll/ws
d wn\ =~ 0 0 o o wn - o 0 o] ~
5| 8§88 &8 g9 & & &3]
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.35 inch on two separate days of mlLl, and 1l.23 inciics cn one aay of &ln,
or a total of 3.70 inches cut of 3.90 inches for tnat month. lowever, all
threce tynes are very veriable in the exact location of their heaviest »re-
cipitation and therefore lead to no definite nattern in any month or, for
that matter, in the long term average map. As in April, each July (see
Fig. 20) some areas receive over 6 inches while closely adjacent areas
mey have less than 1 inch. long term averages (Fic. 178), therefore, are
considerably lower than € inches. For moct stetions, however, they are
slightly hicher than in either January or April, especially in the north
and west due to aln and nieH/l, resnectively. Almost the entire region
averages over 2.5 inches and most of it over 3 inches., Gome areas receive

over 3.5 inches and a few, over 4 inches.

{ctober

In Q{ctober, as in July, anticyclonic types are more numerous than
cyclonic types. There are, however, very significant differences. Ry
far the dominant type is wHl, a dry type with tenperaturcs close to or
slightly below normel., Other anticyclcnic types occur in feir numbers,
but with considersble irregularity. Both nlln and nHs are common in some
years, the former more often than the latter, while in other yeers they
do not occur at all, Similarly, the unusual and very warm anticyclonic
tyoe red mey or may not occur in large numbers in this month. The dom-
inant anticyclonic types of July, on the other hand, have all but disar-
peared., Although much less frequent than in July, n:ell does occur oc-
casicnally; but with the Lakes relatively wari, nHl never does. Cyclonic
tvpes are only slirchtly more frejuent than in July but show a much greater

variety. The most co.mon tync is sinj; whereas mll, though etill second
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in frequency, is et its minimum. Other types occur irregularly, with the
occasional gle lurricane being of particular izportence,

Yirhest temperatures in Cectober 1954 (see Table 7), generally in
the seventies, occurred on a wide varicty of type days for differcnt
stations, In the southwest most suatlons were warmest on the Zrd with a
mrl/us. Cricago end South Dend led with 81° F. In the southeast, all on
Cctober 1/ had tlie highest maxina, 850 and 807 F. in Buffalo and Hochester,
respectively; but a n&e!l/l on the first of the month had the highest mean
temperatures. Other tyres and days recording hizh maxima were aln/d on
the 4th in central (ntario, neil and aln/w on the 9th in Duluth end Fort
Villiam, and all/a on the thhl in central Michigan. DNormally lowest
temperatures occur vith nin or nl's, but neither of these types apneared
in 1954. Instead, the coldest days were during a rather unusual all/d
occurrence at the end of tie wmonth., Below normal temreratures were also
recorded curing both occurrences of wiil, ctober 6-7 and 18-20.

Cctober as e whole is renerelly warmer than April, Types occur-
ring in both months are slichtly warmer in October. In addition, (ctober
is lergely dominated by mild types. Zven wHl is a relatively mild anti-
cyclonic type; its teniperatures are near normal or just slightly below,
{nly because of its high frequency is it simificent along with irresu-
larly occurring cclder types in balancine the ndlder tynes, In Arril
thiere are many mLl and sLl occurrences, obut iliey are significant rrimarily
for reivine only soutnern temperziures, In Uctober, not only are there

51111 a fair number of mLl days, but also numerous aln and neH occurrences,

lIn Ontario several stations had highest minie for the montii on

the 17th, but not maxlia as the cold front passed e=rly in the day.
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and a few nZeH/l days. Conversely, cold tynes are few and irregnlar in
uctober, wrereas in April nis is fairly common and nPn, niil and nZed,/s all
occur in some years.

Normal temperatures (see Fip. 18A) are in the low filties in the
south and about fortyv decrees in the north. Jatitudinal graaie at end east-
west differences are both smaller than in spring. Tne two dominant types
vHl and aln have fairly uniform temneratures from east to west, excent for
the effect of modification by the lekes, and also small latitudinal grea-
ients. In addition, mLl and 11, widch are larcely responsible for the
ticsher soulliern and southeaster: temreratures in spring, are much less
cowmon in (ctober and their differential effects are to 2 larze degree
counteracted by nel, n-e’/l :nd nHn. However, modification by tie warm
lekes, particularly for anticycloric tyrec, 1s &gein isnportant thoug i not
as much as in January. A slight reverscl of c«raalent arpmears in Uomer
Micldegen, and the cold loons of northezctern Wisconsin, northiern Lower
Michiran, and scuth of Ceorgian iay have redeveloped. All eastern and
southern shores are noticeably mild for their latitude.

Departurecs from normal are imnortant because of tie veriability
of the more extreme, lesu common types, in spite of the relisbility of tle
two Cundnent tynes. For exongle, (see Fig. 19), in 1957 there were a fair
number of nfn snd niis and 2lmost no cvelonic tyvcs; hence everase temp—
eratures were uvelow normal, norticularly in the south. on the other hand,
in 1953 there vere rno nlls, a number of neH, and a few mil occurrcnces
end temreratures were ebove normal, In 1956 nell had a2 ver, ldrh frequency

snC rll occwrred in faiv numuers. There were only two days of nHn and

none of nHs. Conseguently, tenmperatures were well zbove normal. In 1954



- 121 -

anc 1955 there were no occurrences of nin end only oue of nus, Lub ¢lso,
only oue nelY; venperetures were close to noruwal or sli htly above.

Trecipitetion in Cctober is, for the most part, very clearly as-
cociated with only ceriain tyres. Heavy rain occurs with mLl, sLl, gle
and the occasivnal nweH or all. In contrast, wMl aic ned, except for
“rinse disturbances in tiw cese of the labter, are very dryv (e.p. Teble €',

In Teble 8, (wally Precipitation, Nctober 1SJ4Y, of rarticuler
note are the small amonts recorded from the 6th to the 8th with wil
end nel, and especially from the 18th to the 22rd with wil ena wiis. Tne
nwell/1 on the 24tn and 25th also anrears quite ory, but on this occesirn
the frent was Tairly far north and few of the stations licted recorded
rain. Typical emounte in Nortliern imterio were as follows: Alikokuu,
U4 2nd L25; Armstrong, .98 end .06; ort i,illian, .10 and .0l; " hite
Yfiver, .12 ana .4l; Piscotasing, .23 end .31; Coniston, .02 2nd (173
Garlton G znd .31; and Morth bay O and W04 inch.  couth of Yorth Zey
there wes virtuelly no rein.

wtrenely heavy rainfall alco occurred in tuz ceme mouth. M
the 3rd, mTl/us broucht over ? incies and occosionglly 2 inchee Lo ol
steticns in toc coutincect and in central Viclid-an; snother occusrence on

the 10th cua 11tk trousht similar awounte agein to Chicres end Couth

[

\_r:
-
—

Tend. record falls, however, occurred during Hurricane iezel on ths

en the lhta. «f Lhe stetions listec,

l_...l

22.d 1éLh ana the prececine si
tzlton, near ‘loronto, untario received the highest amounis: 4.79 incles
J¢11l on the 15th and a total of (.1, inches over Lie three days. Ceveral
st~tione, hovever, received even rore. lort Credit just wert of Toronto

had 5.0, inches on the 17th end & totel of 6.35 inches., Hirhret was

Franpton, northwest of Toronto with 7.27 inches on the 15th sand a total
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TABLE 8.—DAILY PRECIPITATION¥ OCTOBER 1954

——
———

I

SOUTHEAST | SOUTHWEST
§ o 4 ® g
-] + | 3] kel -~ g [}
fi, 4 32338 5§, 33 %4 g
3158 2 2 ¢ 82 . ¢ ¢ ds § 8§ s| Sk
2155 § 3 548+ 8§32 535433 &F
3284588828 833 ¢d 5
Day
1 75 36 09 39 T 33 02 | n&eH/1
2| 56134 77 10 150 T OL 31 344 | n&eH/1
3] 25 09 04,109 06 26 30 18 150 395 124 28 | mLl/ws
L 01 101 94 20 2 T T | ala/d
5, T 02 09 01 T 05 97 63 76 86 16 Ol | n&eH/s
6 02 o, 02 01 10 01 T T T wil
7 w1
8 T 01 Ol o T 03 02 06 02 | neH
9] T 12 03 24 T T 09 79227 T T | M,
10( 32 8 54, 80 20 37 60111 276 394 T4 09 | mLl/ws
11| o4 48 32 12 Oh 16 28 11 T 51 T 05 | mLl/ws
12| 20 4 19 07 90127 73 O2 16 03 01 | all/a
13| T 29 16 64 T . wi
14| 125 8 70138 03 16 28217 110 22 13 48 | L1
15| 476 309 261 197 143 435336 07 26 T T T | gla/h
16 11750 52 77 23 15 17 07 95 02 03 o1 | gle/h
17 25 %6103 09 of 21 T T T | e/
18 T 0L 12 49 oL 15 02 wil
19 T 34 03 wil
20| 4 W
21 wWH1
22 :Hﬁs
23 8
2% skaih
25 T T T 1 n&eH/1
26 06 21 21 29 T 02 02 T Ol 02 L4 49 | sl
27 T 06 03 93 22 o4 T 10 T oo o2 | 34
28| o4 12 13 09 T 10 T T 05 | all/d
29| o4 38 34, 02 03 07 10 14 27 03 T 03 | all/d
30 03 37 22 T 54, 20 T 4 T T T | all/d
o~ o -3 o - —~ ©
Il 3588 288d £gRE

*nit of precipitation is 0.0l inch.
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TABLE 8.-—Continued

CENTRAL NORTH
L3 o0 [ ] [ +
8| S 5 g e 84 3 3 8 %
$18, 5 8 88,8248.8 3, 34 4/ 8
A% B3 £ 50558 2. g
n g 2, . L] 2 (&} 8" g 03 ° =] g
§9 2 4 £ ETRR 374 A&7 ¢ 4
Day
1] 08 89 25 08 T T o4 03 09 | m&eH/1
2] @ 01 05 7L 65 16 OL 22 | nkeH
3| 130329208321 95 09 O4 T T 10 29 | mll/ws
L T 43 22 T T ol 02 | ala/d
5 16 29 02 T 01 02 | nkeH/s
6 a1 T 09 T o4 OL | wil
7 T 13 wil
8 T 03 11 T T T T neH
9| a T 01 oo T T o1 o, og | 8%,
10/ 07 11 60 1, 0L 51 126 105 77 05 51 | mll/ws
11| 24 24 05 02 06 03 17 14 15 T 18 37 | mll/ws
12| 26 44 22 06 05 69 27 02 32 18 08 19 | all/a
13 o T Ol T T Wi
1, 48 126 42 26 21 95 66 139 2L 35 155 151 sll
15] Oh 39 02 T Oh O4 03 Ok T T122332 | gle/h
16| 180 11 21 8 112 03 09 14 03 54, 13 | ele/h
17| o8 T T 12 16 03 T 35 T 10 | Ea/n
18| 02 T 05 03 wH1
19 w1
20 wH1
2 Wil
22 wis
23 T wis
24 T 10 ;1&3671
25 oL 16 0L O n&eH/1
26 08 10 17 08 23 27 14 03 37 1 | skl
27| 1 17 07 08 22 02 03 Ol oo o1 | S
28 T T 07 T 01 T 01 24, | all/d
29] 15 18 22 31 38 03 22 12 03 T 20 28 | all/d
30 09 02 05 23 05 02 T 17 T OL 08 02 | all/d
o~ W O [ 0 O & w0
3 58885 28§88 3% 38
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of £.35 inches for the three days.

Normal rreciritation for Cetober (Fig. 1923), however, is nuch lecs
than in 1954 due to the dominance of the dry anticyclonic tyres. Never-
theless, with the variety of cyclonic types most oreas average between
2 and 2.5 inches, with the greatest amounts falling to the east 2nd south-
east of the lekes,

As illustrated by 1954, major deviations from the normal cue to
the variability of the heavy nrecivitation types are characteristic of
Cctober, rarticularly in tae south end east associated with very rainy
mLl occurrences and the gle hurricanes. CISeveral areas in both 1954 and
1955 had over 8 inches during the month (see Fig. 20) with both years
experiencing hurricanes and heavy mll raiilall. iemarkably dry years
also occur. In 1956, the month was very largely dominzted by wHl and
neH, cyclonic types were at a minimum, and much of the region received
less than 1 inch of precipitation. The other two years were close to
normal but had rather unusual patterns. In 1955 both east and west had
less than 1 inch; however, the central areas had cloce to ? inches and
the extreme eact over 2 inches. OIry niln, wHl and ne!! were all frequent,
but a few days of mil brought some rain to central areas, and a glLe,
scme to the extreme east. In 1957 the dry anticyclonic tynes dominated
the month almost to tiie exclusion of other types. Nevertheless, pre-
ciritation to the lee of the lekes with nHs, along with one day of gle,
kept southeastern amounts well up; with several days of aln, all areas

received at least one inch.

Summary of Seas.onzl Compzrisons and Tvre ireguencyv

The highest overall frequency throughout the year of any of the

tynes is mairtained by mLl. This tyre occurs in large nunlters in every



monih except Jetober end in tnav month 1t is still Snmrportent, esveclelly

for its occesionzl very heavy reinz. Thus, in 271 sezsonc it mav bhe
o J 3 "

2.

considered as reszoneible generally throushout the rezion for Lhe hose
amount of rrceiritatisn anid its hirh relieshilit;: in adaitlion, iv conlri-
butes to a lerge cerrce to the hicher temreraturcee of the eomth,
Jther thian mIl, hovever, each tyre hos definite ~nc stron
ceasonal concentratisne: n'ln and n''s in Jenuery, and to a lesscr de-ree
nYs glso in April; sLl in Arril; nied ancd n¥'l in July; wil in _ctober;
and aln, second in total frecuency but well behind mll, in July end .ct--
ber. Combineo, cyelonic ty el have a . recter freouency than anticvelonic
tynies in winter due to their variety end In s-rine cdue largely to the re-
liebility »f mlI1l and sll. .u the other hand, anticyclouic types are fer
more common in summer due to the hirh freoueneyr of n'-ell enc nHl and al-
mo:t comnlete abhsence of tiree of tiie cyclonic tynes, ond again in f21l

cue eenccially to the very lerse purber of wi'l src in s+-ite =of a ~reater

diversity of cvclonic twvres then in eilther s»rine or swumer. over the

ycer there are ‘ust 2 very few more aiticrclonic thon cyeclonic ders {see
Fic. ?2).

Thece concentratione, es well es the more renerel frenuencies,
are of fundamentel inmportance to the clirate. Althourh the tennmeratures

of each of the *trpes co wary viih the fcooons, they meintain roushly

the sere dictribution characterictics throurhout the yeer »~nd aleso their

]”umna“e Trewartha's generzlization (see sbove n. 2, or Finch
and Trewartha, p. 1&£) thet the ~reater importance in winter of cili-
crelonic cirenlation, as a “eondition thet is anteeonistic to the dev-
elomment of fronte zid cvelones"™, is a factir in the swmer mexgirmm of
nrecinitetion in himid miecrothirmel climates.



eame reneral reletion, eithier relatively cold or warm, to thote of other

[oB

tyoes. Cinmilerly, precinitation ecsociated vith s2ch tyme falls in ap-
rroximctely equal quantities ana with the same distribution cher-cteristics,
excent for minor cdifferences caured by the chences in leke tewnmerstures,
no matter when the type occurs. Tyne frecuencies, tlierefore, cluarly
determine not only tlhie ¢z to day cheracter of the climate, but 2lso the
distributional cifferences of average temperature ~nc totrl nrecinitation
from sesson ty seasnn and yvear to yeer.

The normal temrernrtures of Jruuary are particul~rly cold hecause
of the dominance of very cold tyres, n!'n and nis, and some yesrs are
much colder thazn others cue larrely to the freauency veriation of nlls,
The daily weather, however, is best clirracterized by the freguent alter-
ations of these cold anticyelones with the wide variety of cyclonic types
whicn brins much warmer temper:tures to the south of the rersion. As a
result strons contrasts of average teuinerztures exist between thocue areas
in the south and esnecially tlie southeast which are most influenced by
the cyclonic warm fectors, and the northern areas renciied »y relotively
werin teroerature only durine the occasional aln wiile at the same time
exveriencing extremely low temperatures with both ntn and nis. Alsc,
et thic time of the yeer tie imnortance of the lakes is 2t a maximum.
The lakes are relctively warm wheress the extremely cold ni's and even
nn have temnmeratures far below freezins. Thus, the greatest possible
contracts are created. Interior cold loons as well as modification of
ehores are both clearly evident.

Py Acril €11 ana mLl, hoth important warm sector tynes, reach
2 maximum frequency and, in =ccition, anticyclonic tyres emnear in rreat-

er varicty and are less severe. Temperatures, tnerefore, are generally
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milder, at least in comnarison to the extremes of vinter, and fluctuations
are creatly reduced. Cold weves of n'ln and es~eclrlly nile do oceur, but
since continental cold is not a2s extreme at this season, neither tyve is
quite as cold in relation to normals as in January. On the other hand,
mLl snd sll, because of their hich frequency, influence Ainril temmeratures
to such an extent that they, also, both differ from normal tennerature
slichtly lers then in Jenuery. Latitudinal gradient of normal temn-
erature is still considerable due in particular to mll and sLl, but the
influences of these tyres in this regard are minimized by the variety of
anticyclonic tymes and aln which brins more uniform temverature from
north to south and never the severe northern cold to oppose tiie southern
warm fectors. Year to year departures of monthly averares froum normal,
however, are scmetimes greet since the three dominent tymes have the most
extreme temneratures relative to normal end are 21l suhject to occasinnal
frequency cifferences. Iake influence is at a minimum because the lzkes
are cnol and the tymes mild,

In July temveratures are, of course, high., iccurrences of the
coldest tymes, nin and nis, are at a combined minimum; hence the high
temreratures of mll, aln, and niel/1 are balanced only by the less severe
anticyclonic tyves, n&eH/s, ndl, and wHl. There is even less normal lat-
itudinal gradient then in April due lareely to the disa-pearance of sIl
and the great increase of n'’l, ncel/s, and particuleriy of a’u which
brinrss warm temrerstures more freaquently to northern areas. The ratio
of nzeH/1 to nieH/s is narticulurly important in creatins 2bove or below
normel teumeratures from year to year. The leakes 2re cool and noticeably
lower temperatures in tlhicir vicinity.

{ctober is perhzns the most unusuzl of the four monthe. TFetween
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one-quarter and one-third of the month each year is dominated by wil, a
mild anticyclonic tyre. The remainder of the month is divided among a
wide variety of types, both cyclonic and anticyclonic, with aln running
a poor second to wHl. For the most part these tyves are also mild excent
for a variable number of nkEn and nHs. Temperatures, therefore, in snite
of a minimum of mLl and only rare occurrences of sll, averarse consider-
ably higher than in April. ¢(n the other hand, because there are few mLl
and sLl, the latitudinal graaient is small as it is in July. Variation
from year to year is imnortant because of the irregularity of all tut
wHl and aln, which includes the more extreme tynes. The lakes are quite
warm at this time, but so are the temnerstures; concsequently, only eastern
and southern shores are moderately warmed.

The importance of tyne frequencies to seasonal precinitation is
in many cases much eacier to internret because of the association of
heavy precinitation with just certain types while others have very little.
The Great Lakes Fezion is noted i'or the general flatness of its orecini-
tation curve; yet from the study of weather tyves it is evident thet (1)
the synoptic origin of this preciritstion is far from constant; (?) very
eignificant differences in sessonal distribution do occur from nlace to
place.

It hes been pointed out thet mll is resnonsible throurhout the

—-

yvear with few excentions for at lezst a base covera-e of precinitation
for the eritire region; the relisbility of the total amounts for any

month, however, is denencent on a variety of tyres and their reclative
sessonal frequencies. In winter reliabilitv is derendent cn the div-

ersity of cyclonic tyres, while in spriny i: is more derendent on the

frequency of mll and sl only., In summer there are decicedly fewer
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cyclones than anticyclones; hence much less vrecinsitation night be exvected.
However, in this season n%eH, the only rainy anticyclonic tyve, reaches
a very strong maximum, In fall cy'clones are apein less numerous than
anticyclones, even ml'l is at A rminimum and, in addition, n®eY has virtually

disa~nreared. Trecinitation, tnerefore, is frequz'ly auite low, but oc-

e}

casionally very high because of gle hurricanes and very heavy falls vwith

the few mLl., Thus, in all ececsons excert winter, heavy nreciritation

is denendent on the frontal precinitation of a few cyclonic tymes &1l

of which are somewhat fickle in the exact localion of their concertrations;

almost inveriably certain local areas receive much more rain than others,

Areas with over 6 inches in a month are cosmon but, so arec areas with less

than 2 inches. In winter the diversity of contributins tymes, nore of

which bring the extremelr hieh falls such as those of gle huiricares or

mil in fall, lead to a more constant distribution ard lower maxirum amounts.
In January, cue to the imnortence of sll and gle, southeastern

areas cenerally receive the most vrecivitation and the we«t, at a distinct

minimum for the year, the least. Iletails of the distribution are larce-

ly dewenaent, on the influences of the lakes on all, sIl and nHs. Cnow

belt areas of southwestern ntario and east of Lake Erie average over 3

inches for the heavie t monthbly falls but all southern and eastern lake

shores have relatively high amounts comnrared to o*her areas, Tr anril

rrecivitation ie distinctly heavier in the south than in the north dre

to the dominance of mTl and «T1, and to a lesser extent to n%ell, With

the increase of =11, the entire southesnct, excent tre winter snow belt

o southwestern (ntario, averares over 3 inches or slightly more than in

Januarv, <outhwestern aress also receive more than in .Jenuary hecause

of the sli~ht increase of n%e, In July most areas reach a maximm,
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except again for the snow belt of southwestern Untario., Northern and
western aveas, in varticuler, =~re much higher; both averare over 2 inches
as ovrosed to uncer 3 inches in snrine and winiter, =rd under 2 inches in
the west in winter. In the north the increcase is cue to the larse numhear
in the weet, to the verr righ freguency of nmH 2o well as
eln/w. '™he neall however, is as usual in the rainy soubheast vhich has
over ! inchrs, . ctober rreciritotion is kIphlr vardshle: honce cverscoe
fioures of this sanrth howe Tinmited earnine and nrecent a2 rather intri-

czte pvattern, VYost ctations record less than in Jy, excent those in

3

the vicinity of feoreian Bay, but due larpely o &ln/w still more than
in either winter or srrine in the poarth and more then in winter in the

.

west, ITzke influence is of some immortance av=in as seen in glichtly

higher precinitation to the east and southeact of the lales,



SuldvalY ANy ColvCLULICN

The climate of the Great Lzkes Region on a comnrehensive and re-
gional scale has received surprisingly little attention in the past. 1In
snite of its peculiar nature, due largely to the lakes themselves, only
a few studies have been made scecifically of the region as a unit. These
studies along with statistical continent wide classifications as well
as more local, detbailed examinations of the elements provice z general
conception of the climate, but this is by no means adequate. For the
most part the rrimary concern has been with element averages which bear
ro direct relation to actuel individuel occurrences. Veriations and
deviations are almost invariably pointed out, but even these do not ex-
olain tne climate. Numerous qualitative attempts have been made to nre-
cent the required genetic asvects; yet many problews have remained un-
answered, while the validity of some conclusions concerning others is
oren to question. The need, therefore, has arisen for a quantitetive
genetic clim~tology of +the region.

Vodern demands by climatoloz and meteorology in general at the
broader continental or world level have led in recent times to the in-
tensive develomment of ctudies directed toward the dynamics of the at-
mosvhere. Unfortunately, however, although much work has been done in
thiis line there ic still a great need for the releating of the dmemics
to actual regional element occurrences, that is, for a quantitetive ex-
nlanation of the common, ex~erienced we:ther elements in terms of thneir
genesis. Numerous methods of clzacsifying regional atmosnhere behavior

- 121 -
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have been devised in the past, wiich misht be employed for this purrose
in the “reat Lakes Legion. «f perticular note are air mass and recwrrent
synoptic pattern classifications., A modificetion of the latier has been
selected over tiie air mass anprcach because it is more easily adapted
to accommodate frontal wvrecinitation and is more easily awrlied in re-
gional analysis as oprwosed to steticn analysis--zgein Lecauce of the
frentel oproblem,

Three criteria form the bases of differentiation of systems re-
presenting the weather tyres of the region: synoptic circulation pattern,
direction of the point of origin, and local trajectory reletive to the
Great lakes. Such systems are dynemic-synoptic system weather tynes and
are relatea voth to the generzl circulation and to actual element occur-
rorices. Py establishing tyne frequencies in each season and also the
normal element characteristics of each fyme, the sou-cht-for relection be-
tween tlie dynamics and the elements is drawn and tihe climate may be ana-
lysed at tne same time quantitatively and genetically.

In the Great Lakes Legion eleven dyneauric-synontic systens are
sufficiently distinctive for isolation as weather tymes. “.ith each
tyne are accoclated remarkebly constant element occurrences, thouch in
some cases slight variations in the detail of the synoptic pettern andg,
therefore, in the elcnent distribution has necessitated subdivision of
the type. im tlie other hand, differences between the various tynpes

id in their freguencies from season to season are quite marked. These
differences are clcarly reflected in, and in fect ex»lain, the general
day to day character of tie seas.nal climate as well as the cistribu-
tional details of tie averages anc cevietions of both teuwperature and

orecinitation,



Yhe amlicetion of dimamic-synoptic syshew weelhier tyoes to the

Greet Lakes negion has, of course, revealed certein limitetions to the
method~-all of which have been discussed at some lensth. Fortunately,
however, moct of these may with little difficulty be restated as chal-
lenges rather then as limitations. In general, there are two main as-
pects: first, the great amount of exrnloratory and analytical vork neces-
s2ry; ana cecond, the fact Lhat a sufficiently sound and complete under—
standing of the general circuletion and the dynamics cf the atmosnrhere
is just now evolving. In examining the climate of the Crezt Lakes only
four monthis of the year have been analyzed., The gradation of changing
frecuencies from month to month camnot bte seen and, consequently, inter-
pretations of such seasonal changes as tiie more rapid warming of some
areas than others in spring cannot be meae with any confidence. Fucrther-
more, the total observational pcriod was only five years. From the con-
stancy of frequencies and characteristics over that period the conclusions
reached may be consicered as reasonably valid in relative terms but are
less secure when stated absolutely. In Lie frequency analyels day units
have been used; shorter time intervsls are necessary to lessen the dis-
crepancies between them and tlue natural duratiors of the svstems and
thus give wuch greaber relickbility end accuracy Lo seneralizetion and
comnarisons.  In sport, the result in the cese of the firtt rroklen lies
voen a lesg corvincins, Joss cuasntitative, arnd more sunerficiel seasonsl
znalysics than is desired.

The second rrobloi, thougli inherently entering into the scascnal
analysis, is perhens more wirectly relsted to the preliminary tyr-ing of
the system sequcuces. leny darys clearly belongs to one tyne or enother,

but sonie are unavoidably of a borderline ncture--thougn remsrkavly few,
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cubjectlivity, 2¢ in all sclence, cannot be comnletely evoidecd, but it can
te reduced by using a shorter time interval, and nerhars, more important,
by a more wevailed understanuwing ol the dynamics of the atuosphere,
rarticularly the jet stream, the ceneral upper-level westerly 1o ziiu
“he transfer of moisture; as relcted to the :2onecis of the drmemic-
synopelic syvtems tuewselves and thelr chiaracteristics. Suchi understenu—
ing is fundamentelly necessary before the metinod cen be rresentcd with
absclute accuraecy or accerted with complete confidence,

. the other hand, even in its present foriu tids study of the
ciimate of the Great Laies negion in terms of iic renesis by ¢mnauic-
yroptic systewm weather tyoes at leact 11lumineies a logical end prac-
ticel method for releting thie dymanics of the reneral atmospliere circu-
lation to actual element occurrences. As such it fills the necessary
mis.ing link for a new, fully integrated, comprehensive, and coherent
framework for climatic synthesis basea not on erbitrery values or other
related natural phenomena, but on the genetic character of climate it-
celf, The general atmospheric circulation, its constancies and per-
turbetions form the foundaiion of this framework, and at the same time,
because srecilic and actually occurring elements values are associated
with each syctem, lccal and resional climates sre truly described in
teruis of the weather as it is exrerienced rathér than in terms of uwerely
abstract mean values. For the Great Lakes iiegion itcelf, it provides
a new znd more quantitstive understanding of the general climete of the

resion, its deily, seasonal, and yearly veriations and its variations

from rlece to nlace.
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