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Larry Edwin Hodgins

ABeThACT

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 Spite 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 statistical

or genetic in approach, have tended to explain that climate 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 atmospheric circulation

and actual regional element occurrences.

Various methods of analyzing regional atmospheric behavior are

examined to determine the type of classification to which elements may

best be related. Of particular note are “weather type" classifications

based on either air masses or recurrent synoptic patterns. A.modifi-

cation of the latter method is selected over the air mass approach be-

cause it is more easily adapted to accommodate frontal precipitation and

more easily applied to simultaneous regional analysis 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, that is, whether they are represented by cyclonic or

anticyclonic systems; (2) approximate direction of origin of these
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systems; and (3) local trajectory of the systems relative to the

Great Lakes. As such, the various weather types are recognized large-

ly by their surface reflections which, for the present, 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 related to the

upper-level westerlies and the general circulation they are truly dy-

namic and can be referred to as "dynamic—synOptic system weather types".

In the Great Lakes Region, eleven dynamic-synoptic systems

are sufficiently distinctive for isolation as weather types. For each

type, day frequencies and normal element characteristics are established.

Element characteristics associated with each type are found to be dis—

inct and remarkably constant. On the other hand, type frequency

variation from season to season is quite marked. Type frequencies and

element characteristics, therefore, are clearly reflected in, and in

fact explain, not only the day to day character of the climate, but

also the distributional differences of average temperature and total

precipitation from season to season and year to year.

Each of the four mid-season months is analyzed with resnect

to: (l) frequencies of dynamic-synoptic system weather types, (2)

effect of the individual types on daily element values; (3) inter—

pretation of the distribution of "normal" temperature and precipitation

in terms of type frequencies; (A) deviations from "normal" as explained

by type frequency variation. January is found to be characterized

by a high frequency of the two coldest anticyclonic types and by a

diversity of the cyclonic types which bring warmer temperatures to the
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southeast and fairly reliable and evenly distributed :recipitation to

the region as a whole. rModification of temperatures by the lakes is

at a maximum in this season, particularly during the coldest type, and

precipitation is significantly heavier to the lee of the lakes with

several of the types, both cyclonic and anticyclonic. in April, two

cyclonic types bringing high warm sector temperatures to the southeast

and heavy but variable precipitation to the entire region reach a

maximum frequency. Anticyclonic types appear in greater variety than

in winter and are less severe. In July the coldest anticyclones are

at a minimum. Milder anticyclonic types, however, are at a maximum

and along with a fair number of cyclonic types with warm sectors reach—

ing quite far north maintain high average temperatures with low lat-

itudinal gradient. Precipitation is primarily associated with two of

the cyclonic types and one anticyclonic type; in all cases it is vari-

able in area of concentration. ectober is largely dominated by one

dry, mild anticyclonic type. The remainder of the month is divided

among a wide variety of types with their associated variety of element

characteristics.

By showing these relationships between tn
(1

re frequencies and

element occurrences, dynamic-synoptic system weather types give the

required quantitative understanding of the climate of the Great Lakes

Region, and at the same time provide the necessary missing link for a

new, fully integrated framework for climatic synthesis based on the

genetic character of the climate.
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Climate has traditionally been defined as "average weather“

through the preoccupation of Classical Climatology with mean values

of the main weather elements. This definition has long lost scientific

acceptance but there must be, none the less, a close relationship be-

tween "climate" and daily weather as we experience it.

Early climatologists sought to describe climates merely by

analyzing norms and means. There was little quantitative attempt to

discover co—variances of the elements through synoptic processes, nor

even to explore the variations 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 was often almost completely lost. Their entire quanti-

tative approach was static and in the abstract. In most cases there

was no empirical equivalent, in either the arithmetic or "normal"

sense, 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 explanations 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 decide arbitrary, quantitative boundaries rather than be

based on the character of climate itself.
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The immediate needs arising from the early studies were ob-

viously twofold: (l) quantitative explanations and descriptions,

empirically verified, of the dynamics of atmospheric circulation;

(2) quantitative interpretation 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 studies dealing with energy balances, winds, fronts and air

masses; those with relevance to the second include statistical analyses

of frequencies, co-variarces, variations, and deviations of the ele-

ments. Long term means are still widely used for gross comparisons,

but because of the local and short term variations and deviations their

direct application to detailed scientific work is limited. Their

widest use, therefore, is as a relatively constant datum to which de-

viations can be referred.

With the rapid development of exploration i to the dynamics

of the atmOSphere and into the statistical frequencies and probabilities

of elements, climatology has vastly improved. One important aSpect,

however, remains to the present with limited attention but which must

be afproached in detail before the climatological image is complete.

The works have, for the most part, tended to develOp independently

along one or the other of the two problems, leaving the seemingly ob-

vious gap, that of the qu ntitative connection between them. Although

many of the studies of atmosoheric circulation even develop classi-

fication systems, detailed cescriptions of the accompanying elements

are rare and then almost invariably qualitative. Conversely, studies

of the elements often deal entirely with statistical frequencies or

probabilities and rarely correlate quantitatively and comprehensively



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 the elements relateo to

each characteristic behavior; and finally, a quantitative synthesis

of element occurrences and atmospheric behaviors in the interpreta—

tion of climates of the world. The approach is entirely genetic.

The present study, apart from its local importance, is only a small

exploration into the difficulties and possibilities of surh investi—

gation, the completion 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 Department of GeOgraohy,

Michigan State University for his careful reading of the original

manuscript, for his many constructive criticisms and suggestions,

and eSpecially for his unrestrained encouragement, consideration,

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 prodding during the preparation, and

for the typing of the manuscript and final cony. I would like to

thank Er. A. K. Philbrick of Michigan State University for carto-

graphic advice; Dr. F.K. Hare of McGill University for article
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reprints, recent climatological ideas, and inspiration; Mr. M.K.

Thomas and the Toronto climatological office of the Meteorological

Branch, Canadian Department of Transport for bibliographic and stat-

istical material; Mr. A.H. Eichmeier, Michigan State Climatologist

and the East Lansing Weather Bureau for use of daily weather maps and

office space; and the Toronto Meteorological Office Library for pro-

longed loan of maps and statistical material.
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The anomalous nature of the climate of the Great Lakes Region

'5

as a result of the influence ol the akes themselves and of the con-

vergence of the cyclonic tracks of Horth America in that region is

generally recognized. Yet, in snite of the great economic, political

and social importance of the region, there have been surprisincly few

comprehensive examinations of its peculiar climate. In fact, descrip—

tions of the climate of the Great Lakes Region as a whole have rarely

been attempted. At best, local and continent—wide analyses can be

pieced together with these few rare studies for a general and overall

understanding.

0f the Great Lakes Region

1

Standard Climatic DesC“i;tions
 

According to the Koepnen classification, the entire Great

Lakes Region is within the belt of D climates, termed humid microthermal

o

by Trewartha, having January mean temneratures below 96.6 F. and July

means above 500 F. Mean annual temperatures range from just over 20 F.

north of Lake Superior to near 500 F. south of Lakes Michigan and Erie.

Three subtypes of the humid microthermal climates annear, but the dif—

ferences are mainly in degree of temperature. Illinois, Indiana and

Ohio (Dfa) experience long warm summers with their warmest month above

0 o o o o I r\ o

71.6 F.; Minnesota, Luscon81n, Michigan and Southern ontario (be) have

. . . 0

short summers With their warmes month below 71.6 F.; most of Northern

 

l . o ,, 0 ~ 4—. ‘ Y“ o A

{oeppen h., Die glimate oer aroe (oerlin, 1951).
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Ontario is subarctic (ch) 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 summer 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-

pcriodic 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 rapidly in many cases to

below 00 F. In summer diurnal changes become relatively more signifi-

cant, but air mass control is still important. Of 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 steaoy

transportation of trOpical air northward keeps maximum temperatures

above 90° F. for some time. The general humid microthermal summer maxi-

mum of precipitation, Trewartha attributes to l) 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, A) 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 famous 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. Mean 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 Geography (New York: John Wiley

& Sons 1110., 1951), pp. 371;.770
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on the south and southeast. Maximum interaction of the air masses

occurs in this region along warm.and cold fronts associated with east-

ward moving cyclones. In winter, northern continental air dominates

and cold prevails; in summer maritime trOpical air dominates and high

temperatures prevail; seasonal contrasts, therefore, are great. Strong

air mass contrasts result in much violent frontal activity, highly

changeable weather, and ample precipitation throughout the year. In

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 air 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.

Kendrewl using a regional organization is primarily elemental

in approach but stresses the significance of 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.G. Kendrew, Climates of the Continents (New York: Oxford

Clarendon Press, 1953).
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the warmth of the Lakes tends to attract the lows and thus accentuate

the convergence of the tracks.

Of more specific nature, numerous discussions of the importance

of the lakes1 themselves to temperature, precipitation, and pressure

are available. For the Great Lakes Region as a whole, analyses of the

effects on temperature are the most common.

According to Lautzenhiser? the air masses most modified are the

very cold, continental arctic masses of winter as they pass over the

warmer lake water. In 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, tropical 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, theair 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 Erie and

southern Lake Michigan reach water temperatures in the low seventies.

2R.E. Lautzenhiser, "Great Lakes weather", Heatherwise, Vol.

VI, NO. 1 (FGb., 1953), pp. 3—5.

3Kendrew, p. 316.
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frequently west shores are similarly modified by easterhywinds.

Putnaml in a more local description of Southern tntario climate,

further illustrates the effects of the lakes in the diminished difference

between day'and night temperatures and the resulting longer frost free

season. At Leamingten, the frost freee se son is 170 days but inlard at

Algonquin Fark, it is less than 137 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 temperatures are examined

by a series of iSOpleth maps showing rate of temperature rise in Spring,

temperature and date of maximum, rate of fall in autumn, temperature and

date of minimum and finally annual range. In Spring he finds the most

rapid warming in the northeast, whereas in fall the most rapid cooling

is in the northwest. Leighly 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 hypothetical isopleths to represent the pattern supposing the ab-

sence of the Lakes. Anomaly lines are then drawn by graphic sub-

traction. The effects of any one lake are found to vary "directly with

its area and inversely with the temperature of the air over the land

 

lPutnam, Donald F. (ed.), Canadian Regions (New York: Thomas

Y. Crowell Co., 1952), pp. 22l—25.

 

2Leighly, J., "Effect of the Great Lakes on the Annual l'arch

of Air Temperature in the Vicinity", _ , - ,,

Science, Arts and Letters, Vol. XXIII (l9hl), pp. 377-Alt.
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surface about it", except for the effect of Lake Superior in summer

which is greatly out of proportion.

Regarding pressure, Lautzenhiser expands on the influence pre-

viously suggested} In winter a low tends to form over the warm water

and in summer 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, and for lows the reverse is true.

Detailed studies of the importance of the Lakes to the precipi-

tation of the region as a whole are virtually nonexistent, though there

are many studies of the various 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 created by the heating, along with the humidi—

fying, of the surface layer of cold air lead to turbulent convection

currents and excessive snow to the lee of the lakes. He further suggests

that only in winter with the appreciable "lake snows" is the surface water

an important source of moisture for precipitation. Slight variations

occur in the theory of develOpment of the "lake snows" but most2 agree

roughly with that of Lautzenhiser. The most frequent addition to the

theory is that of the orographic lift 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.

See, for example, C.L. Mitchell, "Snow Flurries along the

Eastern Shore of Lake Michigan", Monthly Weather Review, Vol. XLIX

(1921), p. 502, or B.L. Wiggin, "Great Snows of the Great Lakes",

Weatherwise, Vol. III, N0. 6 (1950).
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the uplands of Southern Ontario facing Lake Huron and Georgian Bay.

Remickl is unique in his analysis of frictional influences on wind

velocity and direction leading to a field of convergence on the right

hand portion of the lee side of Lake Erie. Fast moving air from the

lake is forced us over the slower land air, is cooled adiabatically,

and with s fficient Condensation produces precipitation.

Much more rare than studies of the importance of the lakes

themselves are studies of the effects of relief bordering the shores.

Differences of relief are not great in any part of the region but several

areas are of significance. The importance to precipitation of the few

relative highlands has already been pointed out. Tutnam.fur+her il-

lustrates their importance in the "cold loops" of the northern South—

western Cntario highland which reaches in elevation of 1800 feet and of

Algonquin Park which is at about 1600 feet.

The Need for a Quantitative and Comprehensive

Genetic Climatology of the Crest Lakes Region

 

From the foregoing rough synthesis and discussion of various

descriptions and explanations of the general climate of the Great Lakes

Region, it can be seen that there have been two different and rather dis—

tinct approaches, the elemental and the genetic. The first an roach,

exemplified by Koeppen, Trewartha, Kendrew, and many local studies both

old and new, is fundamentally an organized analysis and presentation of

the elements with qualitative eXplanations. The second approach, that

of Strahler or Lautzenhiser, is in essence the converse of the first.

 

lJ.T. Remick, "The Effect of Lake Erie on the Local Distribution

of Precipitation in Winter", Bulletin of the American Keteorolovical

Societ , Vol. XXIII, No. l and 3 (19A2), po.l-h and 111—1?, respectively.
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Genetical dynamics of the atmosphere one the oasis of the CCSCTthlOU

and resultant elcman; characteristics are secondary. Generalizations

are again presented qualitatively and cetails are given in the form of

examples.

The present study, on the other hand, is an attempt to draw

quantitatively the genetic relationships between the dynamics of the

atmosohere and actual regional element occurrences. it the same time,

it is hoped thvt it helps to fill the more general need for a more com—

prehensive study specifically of the climate of the Great Lakes Reeion.

Various methods of analyzing regional atmospheric behavior are examined

to discover the type of classificatio. to which the great variety of

element occurrences of the Great Lakes Region may best be related. The

suitability of the "funozmental” basis of the selected type of classi~

ficstion is discussed. The behavior of the atmosphere in the Great

lakes negion is classified, and the classification a plied to the ob-

servation and analysis of actual daily element occurrences. Finally,

the climate of the Great Lakes Legion, its seasonal and yearly variations,

and its variations from place to place, are discussed in terms of a

synthesis of element occurrences and atmosnheric behavior.



METHQDS FJR THE ANALYSIS UK LLEGIUNAL ATMOSPHERIC-RVnHAVIUR any

1.114de UCUULLLLJLLHLLA’: “111111;.FLT. AUVlfl 1A\T._Al m U ULUAUVHL. LuJL‘Jb

The methods available for the analysis of regional atmospheric

behavior and element occurrences are many and most have been eXpanded

in detail elsewhere} It is useful, nevertheless, to briefly summarize

the various procedures in order to show why the particular method of

this study has been chosen, and to emphasize its capabilities and re-

lative advantages.

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

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

Mean fiatterns
 

Until recently most attempts to interpret world and regional

circulation and climate have been on the basis of mean pressure or pre-

vailing wind patterns. The quantitative disabilities and inclination

to error of such interpretations need not be reiterated. Fundamentally

both patterns are of limited validity. Mean pressure patterns are

generally employed to suggest or compute mean wind directions; however,

even over short periods of time considerable directional difference

 

lSee eSpecially Wesley Calef and Others, Winter Feather Tvce

Frecuuencies Northern Great Plains, Teclinical Report of the Quartermaster

Research and Engineering Command, United States Army, through a contract

study with the University of Chicago, Regional Environments Research

Branch, Natick, dass., August 1957; F.K. Hare, "bynamic and Synoptic

Climatology", Annals Assoc. American Geographers Vol. XLV, No. 2 (June

1955‘, pp. 152-162; and Arnold Court, "Climatology: Complex, Dynamic,

and Synoptic," . ' r F oer one 5, Vol. ELVII, No. 2

(1957), p. 125.

 

 

 



may occur in the real wind and for relatively longer periods the

pressure pattern itself is highly variable. For prevailing winds,

if streamlines are drawn parallel to the most frequent direction there

is usually no possible corresponding pressure distribution; if they

are drawn through resultant winds they are perhaps more useful, but it

is conceivable that wind in such direction could be either minor or

almost nonexistent. To generalize, either mean pressure or prevailing

wind patterns represent abstractions that may never exist in actual

synOptic cases, and accurate relating of the patterns to element cccur—

rences is virtually impossible.

 

Frequency distributions are used primarily to reach a more

direct interpretation of oaily synoptic charts over large areas, and

to illustrate the reality behind the abstraction of the mean surface

circulation or pressure maps. For a grid of sampling points or areas,

frequencies of sign of vorticity, frontal passages, Specific air masses,

cyclone and anticyclone centres, etc., are recorced and iSOpleth maps

drawn. The character of the circulation over the area is thus demon-

strated quantitatively and a link is made between the large scale move-

ments and specific isolated patterns to which element characteristics

may be related.

The major weakness of the method for the present purposes

arises from the fact that element characteristics may be compared with

the occurrences of any one circulation parameter for only one station

or areal block at a time. Correlation of elements occurring simultan-

eously over large areas with the genetical phenomena as considered is

impossible for the occurrences represented on the frequency maps are
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based on point recognition and have no direct relationship to any

specific areal distribution of elements as recorded on a daily weather

map. Comparisons might be made between the frequency maps and mean

elenent distributions, but the relations would be necessarily gross and

bear he inherent fallacies and inadequacies of mean analysis. Con-

ceivably, element frequency maps could be drawn which would show a

strong distributional coincidence with the frequency of certain circu-

lation phenomena, such as high temperature with mT air or rain wit~

frontal passages. Though extremely useful for illustratiVe purposes,

the genetic relationship, that is, whether they actually occurred to-

gether, is verifiable only for one station at a time. Furthermore,

Specific quantitative element values cannot be logica ly assigned to

the parameters independent of location because the associated values

vary from place to place. Only if large areal blocks are considered

one at a time is simultaneous correlation over even a limited area

possible and then the study is primarily that of taxonomy and of "type"

frequencies over a given region.

Secondly, each of the major parameters, frontal passages, air

masses, cyclones and anticyclones, is itself composed of a great variety

of types, particularly if considered on a scale of refinement detailed

enough for intelligible relation of the accompanying elements. Not

only are there the usual taxonomic problems but also, coupled with the

variety in nature of the parameters themselves, there is a considerable

loss of unity and coherence in the analysis.

The method, nevertheless, is an important aid to the isolation

of the location of circulation phenomena occurrences, as well as to

general synthesis of world climates. For regional climatology it is



A

primarily a tool for relating isolatec circulation patterns over small

areas to the broader atmospheric circulation.

Recurrent "Types"
 

The number of theoretically possible combinations of weather

elements is infinite. For many practical purposes, however, certain

weather states, or at least ranges of states, are sufficiently repetitive

for classification. The bases of such "weather type" classifications

may vary in scale from zonal circulation, involving three spatial di-

mensions and time, to instantaneous element characteristics at a single

point; but each classification attempts to consider the totality of

weather, rather then single elements, during a short time interval.

Four broad categories of "weather types" have been recognized as follows:

types based on the conjunction of elements, either genetic or non-genetic,

types based on standard time periods; types based on air masses; and

types based on total synoptic patterns.

0 'un 'o of T emen s * ‘ '1 - '-‘s "Pomnlex" soroaches  

Court, in combining these two approaches, has defined "complex"

climatolOgy as follows:

Each weather type is defined by the simultaneous occurrence

within Specified narrow limits of each of several weather elements.

In any given system of complex climatology the elements for each

type are fixed, as well as the time period to which the typing

applies. Different systems use different element limi s and even

different elements, and may even use different periods.

Element conjunction classifications focus on the percentage

frequency over all observations, of the various element complexes;

whereas, standard time period classifications give the frequency of

 

1

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

"Complex" types can again only be applied to single station

analysis or to limited areas 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.

Classifications with hundreds of types are not uncommon. Calef1 in his

study of the Great Plains chooses the "werther day" method. *sing only

temperature, humidity, wind velocity and sky cover, each arbitrarily

divided into a number of ranges, and eliminating such key factors as

precipitation and wind directions, the system ends up with 600 element-

complex types of days. "weather Day" frequencies are then recorded for

a ten year period. .Such statistical probability is perhaps useful for

forecasting and for recording detailed information but is cumbersome

for climatic description. Indeed, a large percentage of the Calef study

is devoted to "more useful generalization" by analysis of the individual

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, emoerical 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 (l) the same limitations

 

l

Calef, p. 7.
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to a small area which, in this case, must be represented by a single

wind vector; (2) the multiplicity of types, and (2) only partial re-

lationship to causative factors.

Air Masses and Synoptic Patterns, Genetic Approaches

The Great Lakes Region is characterized by strongly contrasting

and rapidly alternating weather regimes. Under such demonstrative

conditions there are few people unaware of certain elementary relation—

ships such as the coming of cold waves from the north. Statistical

analyses support such conceptions by emphasizing the much higher fre-

quency of certain element complexes. One is immediately led to suSpect

that there are frequently recurring genetic situations which bring with

them.distinctive element complexes. Air mass and synoptic pattern

weather type classifications are attempts to isolate such phenomena.

Synoptic pattern weather types and air mass weather types

are genetic classifications. Both are based on the hypothesis

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 duration

of weather type, and approximately the same sequence of weather

changes. .

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 Specifiable

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

 

lCalef, p. 30

2

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

Mass Climatology," Annals Assoc. Amer. Geog., Vol. XXV (1935), p. 56.
 



areas, indicate simultaneous occurrences of different weather

types at different places, and, provide explication of the at—

mospheric processes that produce the weafiun?"types".

Air mass climatology averages each element for each air mass

type for every month, season or year. Normal characteristics are thus

"determined for each air mass and along with the normal frequencies of

each air mass they describe the climate in terms at once quantitative

O . 2 1

and direCtly relatable to the weather map". Not only are the elements

grouped into a limited number of frequently recurring types but also

their local origins are described and may be easily related to the gen-

eral circulatioon.

Unfortunately, numerous problems arise in air mass analysis,

(”
1"

particularly in conflict zones some distance from source regiors. Th

Creat Lanes Legion clearl; ill‘tstrates these difficulties. Eere, the

convergence of cyclone tracks on the region means rapid and frequent

alternation of air masses. Two or more masses are present over the

region a high percent.age of the time and the m ses in combination are

not always the same. It is, therefore, almost impossible to classify

the entire region by a single air mass. The problem can be handled in

either of two ways ; either the classification is expanded to include

combinations of air mass es, or the air mass frequencies are calculated

for individual stations and isopleths drawn. In he first case, the

types thus isolated are in reality closer to synoptic patterns except

for the ission of explicit reference to fronts and isobar curvature

and, therefore, of many important relationships. In the second case

the difficulties of relating elements to frequency maps have already

 

lCalef, p. 3.

2.
.

'

Stone, Annals Assoc. amer. Geon., VOl. )VV, p.m]
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been discussed} In addition, this latter approach has led, for example,

to the description of the Great Lakes as a region characterized in winter

by northern continental air masses. The Great Lakes Region, however, is

certainly characterized as much, or more so, by the frequent passage of

cyclones and fronts, and their accompanying element complexes. In both

approaches the necessary omission of fronts and cyclones is crucial.

Finally, the identification of air masses themselves and the

validity of their "normal" prOperties are at best approximate 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 by mixing with

air from other sources.

At attempt to reduce some of these difficulties has been made

by Brunnschweiler2 in his "aerosomatic" (i.e. air mass) study of the

northern hemiSphere in which he endeavours to correlate element values

with air masses. In so—called "Somograms" (air mass diagrams) and in

tables he tries to establish that air masses behave specifically over

any area at a given time. From the type station somogram of Chicago

can be derived that the individual air masses bring distinct surface

weather characteristics to the Great Lakes 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 NordhemiSphaere",

(in German, with English abstract), Geographica Helvetica, Heft III

(1957), pp. 164-195 .
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frequencies and average prOperty values cannot be relied upon too un-

critically.

SynOptic pattern weather type classifications, 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 type, used to describe the climate.

The advantages of the synOptic pattern method have already been

suggested} The method, however, is not without difficulties. Primary

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 atmosyhere, 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 Region. For the pre-

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

 

1Above, p. 15, see second quotation from Calef.

2See, for example, F.K. Bare, “The Westerlies", Geographical

Review, (to be published July, 1960).
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.. . 1
of the limited knowledge of these controlling factors; however, the re-

quired details are, indeed, close at hand. Secondary difficulties arise

in the type 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 momentum

transfer.



SYrofi‘TIC PaTTEEuu' hm’fiflini TYPE (EALbIFI CATIQN

The potential advantages of synoptic pattern weather types have

been generally recognized for some time, particularly by meteorologists

interested in "analogue" forecasting. Consequently, a considerable

aneunt of effort has gone into this kind of classification. Numerous

schemes from various countries have been proposed, all with fundamentally

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 preoccupied with the establishing of "types", whereas the

accompanying climatic elements are described only incidentally and quali-

tatively. Older classifications are based entirely on surface pressure

anomalies, that is, on the movement of cyclones and the position, orien-

tation, and expansion of the semi-stationary polar and subtropical highs.

Newer classifications bear more relationship to Upper air flow patterns

and are, therefore, more fundamental and more closely associated with

the broader world circulation. A.few ex'nrles will suffice.

By the early thirties the importance of the upper air flow was

beginning to be realized though it was still far from being understood.

In 1933, Blair1 devised a system of weather types based solely on pres-

sure anomalies, but he did rec0gnize that there was some correlation be—

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

 

1Thomas A. Blair, "Weather Types and Pressure Anomalies",

Monthly weather Review, Vol. LXI, No. 7 (1933), pp. 196-198.

_ 2o _
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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 combination in the sequences of weather phenomena and the pre-

valence of some definite kind of weather, such as dull rainy weather

during cyclonic intrusion.

By Werld War II, the importance of the general circulation to

local climate had been fully realized. Under the impetus of military

demands, analysis of the upper air flow developed rapidly and many new

and greatly improved weather type classifications appeared based on the

mean upper air flow patterns rather than the traditional surface features.

The Germans develOped a detailed classification of "Grosswetterlagen"

in northern Europe, and the Americans "extended" 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 America develOped and tested during the war years by 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

use of a single typical synOptic chart to represent a given weather

type. In contrast to this the guiding principle of the California

 

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

with English Summary), Geophysics, Vol. V, No. 2 (1935), pp. 163—200.

Summary in R.G. Stone, "A_Modern Classification of Weather Types for

SynOptic Purposes", Bulletin of the American Meteorological Society,

Vol. XVI (1935), pp. 324—26.

2 . . . . ,

UniverSity of Chicago, Institute of Meteorology, A Report on

SynOptic Conditions in the Mediterranean Area, (Chicago, August 1943).
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Institute of Technology weather types is that a typical series of

daily synOptic charts represents each type.

For example, one of the types in Eastern North America is re-

presented on the surface synoptic charts by the progression and develon-

ment of a cyclonic disturbance from just north of the Gulf, across the

Great Lakes, and into northern Quebec. These successions of surface

patterns are, however, only reflections of the all important upper air

flow.

Various arrangements of the large upper-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 types 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 distinguished

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 established. Furthermore, the significance of the

upper air flow patterns, upon which the continental types are based,

cannot be overemphasized. Not only do these patterns 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 types.

The weather types of the present study, therefore, have been

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

 

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

Vol. II, (1949).
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the more local application to the Great Lakes Region. Because the pri—

mary purpose of weather types in this study is a means of relating

element occurrences to atmospheric 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

elements. They are, none the less, based in the upper-level flow patt-

erns and, therefore, may also be easily and directly related to the

fundamental world circulation.

In devising the weather types of the Great Lakes Reg ion, the

surface reflections of the continental types were first examined in

order to determine the typical synoptic pattern sequences which are

significant to the region. It was found that several of the types could

be ignored or combined with others because their major differences occur

in parts of the continent other than over the Great Lakes. heather

systems represented in the remaining 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 approximate

directionsto their points of origin. For each system the gross circu-

lation pattern is 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 approximate 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 of the upper air flow. The types thus dis-

tinguished are small in number and reasonably distinct because of the

conservatism of the upper air flow patterns.
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In regional application, however, where a clear relation to

actual element occurrences is sought, and particularly in a non-uniform

region such as that of the Great Lakes, the exact local tracks of the

systems are extremely important and must be a criterion in the final

differentiation. The different tracks determine he positions of the

synoptic srstcms with respect to actual ground locations and, therefore,

also determine how Specific areas within the region will be affected

by a given type. Fortunately, because of the local modification of the

cyclone and anticyclone tracks due to the seasonal influences of the

Great Lakes} the most frequent tracks either pass distinctly over the

Lakes or well to the north, south, or east of the Lakes. Therefore,

‘. . . 2 . . . .
the problem of subjectiVity is again limited, and only a very small

number of types is added to the classification.

These three criteria, origin, circulation, and local trajectory,

form the basis for differentiation of the major weather types of the

Great Lakes Region. Because the types are represented by synOptic

systems following definite tracks which are related to the general

circulation, they are truly dynamic and can be best referred to as

"dynamic-synoptic system weather types".

Such a classification produces a limited number of types with

remarkably recurrent element-ran e complexes. The attraction of an

infinite nimber of types and statistics is avoided because the element-

range compleXes are natural bro pings by origin rather than by arbitrarv

 

1See above, p. 7, Lautzenhiser.

In a more uniform area cyclone and anticyclone tracks might

not be quite so distinctly divided, but then the need for local tra—

jectory differentiation is not so great.
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divisions. Variations within a given type can be readily described and

explained, rather than necessitating entirely new types. Furthermore,

both cyclonic frontal preci itation and non-frontal anticyclonic pre—

cipitation are CJVUred logically; temperature contrasts across fronts

‘I

may be demonstrated; and isotherms can be drawn that vill show not only

the temperature distribution within the different air masses, but also

the extent to which the air masses reach across the region. Finally,

the limited number of types provides a directly usable and natural

framework within which specific problems may be attacked.
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Eleven major dynamic-synoptic system weather types of the Great

Lakes Region have been differentiated on the threefold basis discussed

above. Each of the criteria for a given type is represented by a

letter in the type symbol as follows: (1) approximate direction of

system origins - by points of the compass or first letter of a geo-

graohic location; (2) cyclonic or anticyclonic circulation - by L or

H reapectively; (3) relation of system tracks to the Great Lakes -

by points of the compass. Cnce explained, types will be referred to

in subsequent discussion by their apprOpriate three-letter symbol.

Enclonic Types
 

aLn (Alberta Low North)

At the surface the well known Alberta cyclone moves from

northern Alberta (a) almost directly eastward, with the centre of the

Low passing across Hudson Bay or James Bay (n). The associated fronts

are usually occluded as far south as the northern Great Lakes; over

the southern Great Lakes they may be either occluded or separate. The

warm front is often poorly developed, depending on the importation of

Gulf air which is in turn primarily dependent on the preceeding type.

The cold front is usually followed by an anticyclone from the west with

moderate temperatures or by another cyclone.

The mean upper—level flow pattern is usually characterized by

 

l . . . .

See Fig. 1. For each cyclonic type tnree succeSSive phases

of the system are combined on a single map.
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a fairly smooth west to east zonal flow concentrated somewhat.farther

north than for other types. Occasionally there is a slight trough in

the east, in which case the surface fronts, though not the centre of the

low, may sweep quite far south.

This type is most common in summer and early fall with the north—

ward shift of the general circulation, but may occur in any season..

all (Alberta Low through the Lakes)
 

At the surface this type is again represented by a cyclone from

Alberta (a), but in this case, it moves southeastward acrOss the Great

Lakes (1). Associated fronts occluce gradually as the system progresses

eastward and may reach the Great Lakes at any one of three stages: well

developed, with Open warm sector; partially occluded; or entirely occluded.

The cold front is usually well deveIOped, but the warm front is occa-

sionally unidentifiable. The centre of the low usually moves directly

over the Lakes at a latitude approximately that of Upper Michigan.

Occasionally in the occluded and partially occluded cases, it passes

just slightly to the north of Lake Superior but the main frontal devel-

opment is still over the Lakes Region.

The mean upper—level flow pattern is characterized by a marked

trough in about the samelrmgitude as that of the Great Lakes.

This type is roughly the winter equivalent of the aLn type.

It does occur rarely in other seasons, but it shows a marked winter

concentration.

le (Montana Low through the Lakes)

In this type, a cyclone from Montana (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 warm sector

beyond the occlusion.

The mean upper air flow is again remarkably west-east in trend

across most of the continent but farther south than in the case of aT .

East of the Great Lakes it swings north to a crest over the Atlantic.

Over the year, le is by far the most common type. It occurs

often in all seasons, but has a maximum in spring and minimum in fall.

811 (Southern low through the Lakes)
 

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, draws in warm moist air from the

Gulf, intensifies, and moves north through the Great Lakes Region (1) to

northern Quebec. Fronts and warm sectors are strongly develOped and

bring heavy precipitation to the entire region and high temperatures

to the southeast. Generally the fronts begin to occlude over the Lakes

and disappear by the time the centre of the low reaches northern Quebec.

The mean upper-level flow pattern is Characterized either by a

very deep trough over the western states, 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 concentrated in spring, sLl is also reaponsible

for the major severe thaws of winter.
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gLegfiGulf Low East)

Intense cyclones originating in the Gulf region (g), move

northeastward, along the Appalachians, following a track somewhat

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 accompanied

over the Great Lakes Region by the beginning of another type in the west.

A very pronounced upper-level trough in the east reaches as far

south as the Gulf and then rises sharply to a crest iust 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.

. . l
Ant_cyclonic Types
 

nhnngorthern High North)

At the surface the centre of an anticyclonic outbreak from

northwestern Canada (n) moves south and then east, passing to the

north (n) of the Great Lakes.

The mean upper—level flow pattern is characterized by a dis-

placement of the band of strongest westerlies and their associated

disturbances far to the south and out of reach of the Great Lakes.

This type has a strong maximum in winter with the southward

shift of the general circulation, but does occur occasionally in all

seas OTIS o

 

1See Fig. 1. Open arrows indicate trajectories of the systems

preceding the phases shown; single line arrows, those following.
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an (Northern High South)
 

This type is much the same as the an type except that the out-

break (n) is much more severe, and the centre of the high passes to the

west and south (8) of the Great Lakes.

There is an extreme diSplacement of the band of strongest upper-

level westerlies to the south.

Again concentrated in winter, an is also fairly common in Spring

and occurs occasionally in summer and fall.

le (Western High through 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.

Occasionally, 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 st.

The mean upper-level flow pattern for this type is unusual in

that the band of strongest winds is Split into two over the western

part of the continent; one part forms a crest and the other a trough

in about the same longitude. Cyclonic disturbances often accompany

each of these bands, and pass to the north and south of the eastward

moving high.

/

This type reaches a strong maximum develonment in fall. In

other seasons it occurs only infrequently. In winter it is rare and

then invariably of the st type.

neH_Ljew England High)
 

Anticyclones of the neH type 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 le, move to the

east of the Lakes they are able to draw in much warm mT air, and tempera-

tures rise rapidly by ten to fifteen degrees. Over 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. "his unusual pattern

often becomes quite persistent and comes to dominate much of the eastern

United States until it is destroyed or converted to a nieH by an aLn or

le. 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 pattern deveIOpment.

The mean upper-level flow pattern is, likewise, quite distinctive.

A crest forms in the east, and a closed anticyclonic centre appears at

the upper-level over the central states, generally from.about Iowa to

eastern Tennessee. Over the Plains a slight trough forms 81d allows

cyclones to attack the neH from the northwest.

This type occurs primarily in the fall with the highest fre-

quency of le 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.

n&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 le 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. Over the Lakes the flow is from.west to

east.

Although remarkably concentrated and common in summer, nheH 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-

 

1The very approximate 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,
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eastward into the Lakes area (1); there it persists and intensifies over

\the cold water of Spring and summer. occasionally, it joins along a

ridge with another centre over Hudson Bay. The best nevelOpments of

this type show a definite closed anticyclone over the Lakes; tut others,

in spring may be represented nerely by a pronounced dip

of the isob: s southward.

Th: mean upper—level flow pattern is usually characterized by

a fair y smooth, moderate, west to east flow just south of the Lakes,

but surface lows are oeflecteo arcund the high lying over the Lakes.

This tynp occurs only in spring and summer.

ijpe Durations and Frenrencies
 

The analysis of type durations and frecuencies is essential to

an understanding of the relative contributions of the Various types

to seasonal and yearly climate. The following observrtions are the

l . o I J. D 3 o 1 ~ ‘

results of a detailed examination oi daily weather maps of hortn

America for the Lonths of January, April, July and hctober of the years

l}53 to 19)? inclusive. The sighificahce of these observations when

Cnubined with the element characteristics of the various types to the

seasonal and yearly climate of the region will be discursed in a sub—

sequent section.

‘Ihe duratlcr :f'znuranie'weather't;"n; over tlu;"rea+ Takes

7“.

himhly variable. especially is this true if a series of occurrences

IJr‘s—a: all - Bn-h Bn—c BF° mTl — 2° ell - A 11° ”Le - Ga- nPn - 3x
a J 3 9 3 ’ 3 - 3 ,

n ‘ " TY '7 -. -' ‘ '- 'v \ '71 T--"‘5n; hug _ Lb” wag: _ C; rwa,..1,3 equIvalsrt; n;€l — .’; ?1_L - ma.

l
v'(j ‘\ ., . A .Y ,. a , . ,. T\,.'1 - . Pr 1-_~ '.. - v,

o.o., Lept. of Comm., Leathel Bureau, bail; table It 1 for

11,, on QC’) :r'r“
bub JCWFS l///*lj)/.
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of the same type is considered as a unit. If only single occurrences

are considered, the approximate durations for individual types are as

follows}! sin and aLl, 1—2 days; mil, sLl, and gLe, 2-3 days; the northern

Highs and le, 2-h days; n&eH and neH, both very variable, from l—5 days.

The problem of quantitatively analyzing type frequencies is

both more important and more difficult. Occurrence frequencies could

be recorded, but because of the variability of durations they would

have limited significance. Aoproximations of the comparative total

times that the Great Lakes are dominated by each of the given types,

however, are of great value; such approximations can be obtained by

typing the dynamic-synoptic systems in the region2 for each day or

shorter 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 type may be obtained

by dividing the day frequencies by the apprOpriate average 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

 

1See for examples Figs. 21 to 29.

2Compare frequency map and element—complex methods where in-

dividual stations must be typed; see above, pp. 11 and 1A.
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closer coincidence of type durations and days. In most cases, days

can be awarded to a certain type with enough validity that the final

frequency generalization is of an order of accuracy at least in line

with that justified by the short five year observational period. Tran—

_sition days must either be awarded to the type dominant for the longest

period of the day, or be divided by half day periods between the two

types. Greater accuracy can only be obtained by using shorter standard

time periods, more frequent synOptic charts, and a longer total ob-

servational period. As in the case of a forecaster's prediction, in

the classification of patterns which fit a given type only moderately

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 already been suggested, have been included.

Most of these were discovered, during frequency or element analysis of

,

the major types, on the basis of different element-complexes, slight

shifts in oosition of the patterns, 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 that their major features

can be accepted as valid as long as they are considered in relative

rather than absolute terms. For individual types, the variation in

their frequencies from year to year gives some indication of their

reliability.



Annual; or ‘w'fgaTI-{Eiii "1‘le annr CHAmU‘h-LitTICS

Boundaries and Stations Employed
 

Although numerous studies have been made of the Great Lakes

Region, none have suggested significant boundaries. For detailed anap

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 and to keep the discussion relevant

to the Great Lakes. The most logical boundary would be the one that

delimits the area whose weather elements are perceptibly influenced by

the lakes themselves.

In determining this boundary it is justifiable to use only 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 and to concentrate interest on the core area. Leighly's

article on the effects of the Great Lakes on air temperature1 forms an

excellent basis for temperature limits; but unfortunately, no equivalent

study of precipitation has yet been made. An investigation of the actual

extent of influence of the lakes on precipitation would be enormous and

very difficult in itself. The effects of the lakes cannot be distin-

guished by a simple hypothetical isopleth method because of the compli-

cations of bordering relief and also because of the Variable distribution

of frontal precipitation independent of the Lakes. Temperature alone,

 

1See above, p. 6.
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therefore, has been used for the determination. Although Leighly's

study is one of mean values, it is nevertheless adequate. For the pre-

sent practical purpose, those areas which show an influence great enough

to be represented in mean values are most likely to be the most signi—

ficantly affected. A.more detailed analysis such as by weather tyoes,

would tend to extend the limits rather than restrict them.

Leighly's analysis 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 summer and winter effects by Combining

the individual phenomena anomalies. Five arbitrarily chosen units are

used to draw iSOpleths indicating the total relative modification 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 greatest

in that season. The "1" unit line is selected so that all areas are at

least influenced at some time.

Beyond this boundary 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 primarily concerned. In addition,

detailed mean monthly precipitation maps suggest not only that this
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Fig. 3.—-Continued, Stztion Key
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1“articulars are given in the following orcer: map symbol, station name,

area of state, final hour (all n.m.) of obserVational day. 1“ denotes Airoort;

YT“,

tn, Yeather Tureen PfetiOfis.
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boundary includes at least those areas most obviously influenced in

all seasons; but also that a detailed map of the outer extent of in-

fluence, if it could be prepared, would again merely provide for an

,extension.

Within this boundary stations used in the elemental analysis

of the types have been selected primarily 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 use the majority 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 determining daily regional dis-

tributions is obvious. A.few major stations have been selected be-

yond the boundary to the "0“ line to give a more generalized coverage

of this peripheral zone.

Data Used

In the present study, only temperature, precipitation, and

occasionally wind direction1 are considered. Other elements, however,

such as cloud cover and insolation, could easily be included because

the method is comprehensive 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 would not

complicate the classification or require an increased number of types;

it would only add detail to the analysis because the classification

 

lNote: 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 computed.
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is based on genetic aspects, not on the resultant element values.

Temperature and precipitation are selected here because they are the

most frequently recorded and generally the most demonstrative of the

elements. Wind direction is sometimes considered because of its im-

portance with regard to modification by the lakes. Furthermore, the

preper 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 analysis.

January, April, 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-

mary sources: (1) Climatological Data} published 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

Weather Map of North America?

The use of statistical data for detailed regional analysis of

this kind has many limitations and dangers. Some of these arise from

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

varying observational conditions and reliability. Statistics for any

 

lU.S., Dept. of Comm., Weather Bureau, Climatological Data

(Vol. varies for different states), 1953-1957.

 

2Canada, Dept. of TranSport, Meteorological Branch, Monthly

Record: Meteorological Observations in Canada, 1953-1956.

3U.S., Dept. of Comm., Weather Bureau, Daily Weather Man,

1953-1957.
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one station particularly for any one type, may be quite different than

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.

Even then the validity is questionable if a conclusion is drawn from

only one occasion. However, when comwarisons are made for several oc-

currences of the weather type and similar element range patterns are

found to occur, generalizations may be made with a degree of accuracy

roughly proportioned to the number of cases compared. Indeed, if several

occurrences are considered and a similar pattern emerges, local conditions

may be considered as part of the "norm" itself.

Method of analysis and “rescntation

For the following elemental analysis, daily statistical data

and synOptic charts were used to discover the character and Spatial dis-

tribution of the elements 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 types.

For each type, an initial survey of statistics and synoptic

charts was first made to discover significant differences in either

its synOptic patterns or its associated element occurrences; subtypes

have been established where necessary. Representative days from the

season of the type's peak frequency, were then selected, and various

isopleth maps have been drawn for these days.

Mean temperature maps demonstrate the cumulative regional dis-

tribution for periods of a d'y; that is, they are examples of the

general character of the type which may be directly related by frequency



-45..

to monthly averages} The influence of the lakes, especially for anti-

cyclonic types, is usually shown by temperature range isopleths. For

cyclonic types, the primary interest lies in the warm sectors because

temperatures outside the fronts are generally related to preceding and

following types and, also, because the warm sectors are responsible for

many above normal temperatures. Temperatures within a warm sector,

contrasts across fronts, and the extent of a warm sector are shown

either by syn0ptic examples or by special isotherm maps. For the latter,

means are calculated from maxima and minima which may occur on different

days depending on the regional position of the warm sector. The appro-

priate figures, those that represent warm sector temperatures, are se-

lected either on the basis of which are highest, or by correlation with

the 12 hour synoptic charts. Unfortunately, the map times do not coin-

cide exactly with observations; however, with subjective allowance the

1:30 a.m. chart is taken to roughly correSpond to the time of minimum

temperature and the 1:30 p.m. chart to the time of maximum temperature.

CorreSponding temperatures beyond the reach of the warm sector are valid

regardless of when they are taken.

Maps of total precipitation encompass logically all types of

precipitation, frontal or non-frontal. They again give the general

distribution and illustrate the values which are significant in month-

ly totals. For many purposes a more detailed quantitative breakdown

 

1In subsequent maps and quantitative discussions "mead'refers

to a figure intermediate between two extremes, usually maximum and

minimum temperature for a single day; "average" refers to the result

obtained by dividing a sum by the number of quantities addeo, for

example, the average temperature for a given month; "normal" refers

to standard values for long periods of time, for example, long term

temperature averages for January.
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of origin would be useful, but this is impossible using only daily

statistics. Such an analysis would require knowledge of the exact

local conditions at the moment of fall for individual stations. De-

tail of this order is far beyond the scope of this study; but never—

theless, the dynamic-synOptic weather systems provide the preferred

framework. For the present, the distribution of precipitation can be

considered only as related to the movement of an entire synoptic system

for a given day. For this reason, the influence of the lakes in cy—

clonic types is difficult to detect. For anticyclonic types, the in-

fluence of the lakes may be inferred either from the total precipitation

map, or from a sequence of synoptic charts showing observed wind dir—

ections and areas receiving precipitation.

Distributional and quantitative normals and variations for

both temperature and precipitation were then established for each type

by comparison 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 comparison is made of occurrences of the reSpective

types in the months other than that of their peak frequency.

Types are presented, primarily, in order of their major analy-

sis month, and secondarily, in order of highest frequency. It should

be noted that the types analyzed for any one month are not necessarily

the most common types of that month.
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by TypesF
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U
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lagys

nhn (Northern High North)

This type has a strong maximum frequency in Jennery and it i n
o

also the dominant type of that month (see Fir. 2). It brings the
a

£4

:me as the "cold anes"(
’
1

usual cold weather of Minter but is not as extr

of the nhs type. Winds are northerly only in the initial stages and

then become easterly and southerly.

January 22, 195h (see Fig. 43), with winds north to northeast,

represents close to the extreme of cold attained by the an type in

the initial stages; January 23, 195A (see Fig. AD), on the other hand,

is typical with winds more east and southeast. maximum and minimum

temperature for either day may be ap roximated by comparison of the

mean and range isopleths.

For all January occurrences, temperatures in all areas are

well below long term normalsl during the initial stages. Even maxima

are often below the mean normals. In Northern Ontario minima may he

in the minus forties. is the centre of the anticyclone moves east

temperatures rise throughout the region but eSpecially in Wisconsin,

Minnesota, and Thunder Bay which eXperience the greatest shift in wind

direction from north to south. In final stages, as the centre eon—

tinues to move still farther east, temperatures slightly above normal

occur first in Wisconsin and then move east (e.g. coppare January i2

and 23, Figs. 53 and AD). Usually a new type develops before the whole

region is above normal.

Temperatures to the lee of each lake are always relatively

 

1For all subsequent references to normal temperatures see

Figs. 15-18, Normal Temperature: January, April, July, and october,

reopectively.
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high. Both.maximum and minimum temperatures are increased since they

both are below freezing and the temperature of the lakes; minima, however,

are most noticeably affected (e.g. compare distribution of means and

ranges, January 22 and 23, Figs. AR and AD‘. 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.

Precipitation, which occurs principally to the lee of the lakes,

is generally light and scattered with most areas receiving less than

.03 inch (e.g. see Fig. AC). Large areas receive no precipitation on

any one given day, but much of the region may have at least a trace over

the full duration. The most exposed areas sometimes get .03 to .20

inch. Rarely single stations receive up to .60 and .80 inch. The

specific areas of concentration are not always the same. In early

stages the following areas may be significant: Upper Nichigan, Illinois,

southeastern Richigan, Ohio, western New York, and Lake Huron, Georgian

Bay and Lake Ontario districts of Ontario. In later stages north—

western Ontario usually has the heaviest fall, but here the total pre-

cipitation may be increased by the succeeding low.

In April, temperatures follow a similar sequence but are not

quite so low in relation to normals. Means are only slightly below or

even, rarely, slightly 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 precipitation 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

lakes 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.

October occurrences are variable in frequency and usually occur

in groups. Temperatures are below normal for October except 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 slight warming in

final stages to just above normal, eSpecially if there is no front to

the south. Precipitation is very rare and then in the form of scattered

showers to the lee of the lakes.

The overall effect of the an type in January is a lowering of

average temperatures, particularly because of the low initial tempera-

tures. In April and July it is of little importance because the type

is fairly rare and temperatures are about normal. In October, although

the frequency of the type is not great, it usually occurs in groups.

In these years it tends to increase average temperatures in the west,

eSpecially in areas modified by northerly and easterly flow, and to

lower them in the east, especially in areas not modified by north and

east winds. Precipitation is of very limited importance to monthly

totals.

an (Northern High South)

The an 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, also occur in other seasons, 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 pre-

cipitation are the most demonstrative of any type in any season.

In January, temperatures in all areas are well below normal.

In the north they are the same as for an, although they do not rise

as high in latter stages; in the south they are much colder. Daily

means are close to, or even below 00 F. in unmodified areas of the west

as far south as Chicago (e.g. see Fig. 58). All maxima are below 320 F.;

in the north when unmodified they are often below 00 F. Northern Ontario

minima again reach to the minus forties. Over the duration of any one

occurrence of this particular type, it is important to note that the

modification of temperature 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, 195A (Fig. SD) in—

dicating the day of highest maximum and/or minimum.temperature illus-

trates minutely the effects of the lakes with changing wind direction

during the passage of a system. The example type sequence (Fig. 5A)

depicted for the same days, gives the approximate wind directions at

times roughly correSponding to the minima and maxima of temperatures.

At 1:30 a.m. on January 12, Ohio, Indiana, northwestern Wisconsin, and

most of both Upper and Lower Michigan were exposed 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 unmodified air from the north or northwest, and

the lower minima for the two days were recorded. Northeastern Ontario
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and New York had higher minima on the twelfth, but these were due to

the more easterly winds associated with the preceding Low. By mid-

afternoon winds were generally more westerly and temperatures were un-

modified throughout Ontario and from Minnesota to eastern Indiana.

Higher maxima, however, were recorded to the lee of Lakes Michigan and

Erie in Lower kichigan, Ohio, and Pennsylvania. New York was exposed

to winds from Lake Ontario, but modification here was less significant

than the more southerly direction of the winds on the thirteenth. On

January 13, northwestern Ontario and Minnesota eXperienced both their

highest maxima and highest minima with southerly winds plus the modi-

fication by Lake Superior. In Wisconsin maxima were higher with the

more southerly winds, but minima were lower because of the greater

modification of minima on the twelfth. Illinois, unmodified on the

twelfth, recorded higher temperatures 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

modified by Lake Huron; by noon winds were southerly in these areas and

higher maxima were recorded.

Precipitation associated with the an 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 .hO inch and occasionally up to .50 inch; less exposed areas
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receive .03 to .20 inch. No precipitation occurs to the windward.

In April temperatures are similarly well below normal. Maxima

and minima in Chicago vary from 420 to 500 F., and 250 to 35° F., res—

pectively. In Armstrong, Northern Ontario, minima are in the low twenties

and occasionally down to 100 F. United States means are generally 350

to ADO 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 50 to 100 F.; minima, nevertheless, are

still generally below 32° F. Precipitation is slightly less than in

January.

Though rare in July and October the type has similar relative

characteristics. Temperatures are well below normal, particularly in

October, and precipitation is associated entirely with the lakes. In

July the lakes are cool and their importance is at a minimum: temper-

atures are little modified and precipitation is much lighter and more

scattered than in January. In October the lakes are again relatively

warm.and modification to temperatures and precipitation to the lee is

significant. Minima are below, and averares close to or slightly above

freezing.

The occurrence of an 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 an 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 type but is not as

common as le (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. Subtypes (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. 6A).

For subtype (a), temperatures of the warm sector, which usuall

covers most of the region except Northern Ontario, are most important.

Temperatures beyond the warm front and behind the cold front depend on

preceding and following types. Mean temperatures of the warm sector

are about freezing, varying from 250 to 350 F., or 50 to 100 above nor-

mal (e.g. Fig. 6B). Maxims, all above freezing, may reach into the low

forties. Temperatures for subtype (c), which has no warm sector, are

entirely dependent on the preceding and following types, but the cold

front is usually followed by a an or an and the apprOpriate below nor-

mal temperatures.

The partly occluded subtype (b) brings warm sector temperatures

as in (a) but the sector is much narrower and influences only the south-

eastern areas. The cold front subtype (d) has poorly deveIOped warm

sectors and lower temperatures than subtype (a).

Precipitation for all subtypes is fairly heavy in certain areas

and widespread in lesser amounts. Nith the Open warm sector subtype

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

 

1Above, 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 Lakes Michigan and Huron, and the north

shores of Lakes 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 the occluded subtype (e.g. Fig.

6D), is generally under .10 inch except across Northern Ontario. Amounts

from .30 to .60 inch 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 precipitation farther south. The partly occluded sub-

type is similar in its concentration across the north, but in the south

amounts are intermediate between the warm.sector and the occlusion sub-

types. Precipitation with the cold front subtype varies with the con—

trasts across the front.

Occurrences of aLl in other months are rare and, therefore, it

is difficult to establish normals. The distribution patterns, however,

are roughly the same. Temperatures of warm 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 April amounts are much less, but there is

still a slight tendency to identical concentration characteristics.

The aLl type is of little importance except in January when the

main features are the concentration of precipitation in amounts occasion-

ally up to one inch across Northern Ontario and up to one-half inch in

Upper Michigan and the Lake Huron counties of Ontario, and the above

normal temperatures for much of the region with subtype (a) and for the

southeastern areas with subtype (b).
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filthough {Le occurs most frequently in winter, it is most im-

portant ard best known in fall because of its LC.”FLJR61 hurricane Form

in that season.

In Janua~y no part of the 1eion is reached by the warm sector;

nevertheless, temperatures are very close to, or slightly aboVe normal

T? '

(e.g. I g. 70). Erecibitation is cancentrated in the southeast, that is,

in Southern Ontario, New York and Ohio (e.g. Fig. 7D). It varies from

Quite light, with the centre of the low far east off the coast, to very

heavy, withone low well developed immediately ea:t of the Lakes.

J.

Since the cyclone centre is east of the region, other systems,

usually a Northern High, are able to a preach from the west. Tempera-

tures are loJere u accordingly in the west and lee areas may receive some

precipitation. The attacking Northern High is usually blocked temp-

orarily and Spreads both longitudinally from north to south, sometimes

uniting with anothe high spreading fram the southwest, 821d toxard the

east to the north of the ashes (e.s. sin. 73). Thus, both isobars and

isotherms form a distinct right angle as they trend narth-SWutV to the

west of theLakes and west—east to the north of the sakes with highest

temperatures and lowest pressure in the southeast. Temperatures in the

O 0
west vary 1with wind directiin but are generally ID to 20 F. colder

tIan in the east and occasionally are almost as low as normal nhs

temperatures.

In April and July, gl.e is vixtuaIly nonexistent.

In October, as in January, temper ulCS are clere to, or slightly

above normal in the sautheeast and usually ju't below normal in the

north and est due to attacking highs. Some occurrences bring the usual
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southeastern concentration of yrecinitetion, but the hurricane subtyne

is of particulcr interest. Hurricane nrecinitetion is similarly con-

centrated in the southeast but enonnts are much greater. on octoter l5,

1954, Hurricane Hazel (see Fig. 7B) brought most areas at least one

inch of rain and in many cases in the cost us to elmcrt 5 inches. A

similar system on the same date in 1955 yielded over .50 inch in most

I"

areas; many areas received almost inches, and a few areas, over 3

inches. Such intense storms usually occur only once in a month; yet

their orecinitation is crest enough to very significantly increase

southeastern totals.

ihe sic tyne is orixnrily important for its high southeastern

precipitation, oarticularly when in its fall hurricane form. Avera5e

monthly temperatures tend to be raised slichtly in the sirtheest and

lowered in the northwest by frecuent occurrences.

mil (Hontana Low through the Lakes)

The most common and most familiar cyclonic tgne in the Great

Lakes negion is nLl. It reaches a maximum frequency in April and in

that month it is also usually the most frequently occurring tyne (see

1

Fig. ?). Two major subtynes have been indicated: (we) with both cold

and warm fronts distinct, sometimes partially occluded, yet alvavs cm—

hracing a broad open warm sector that usually reaches into Lower Richifan

ens sovthwestcrn Ontario; and (c) with only a cold front distinguishable

(see Fig. 8A). Dy the latter days of long durations of le occurrences

beginninc in the (we) form, the fronts often nsss to the east of the

 

lAbove, p. 29.



region even though the circulation over the Lakes is still cyclonic;

element characteristics on these days more closely resemble those of

subtype (0) and the days, therefore, have been recorded as such. The

warm sector subtype is much more common than the cold front subtype in

all seasons except winter.

. o o

In April, warm sector temperatures are 10 to 15 above normal;

. _ n r o 0 fl . o 0

daily means vary irom )0 to 65 r. amd maXima from 65 to 90 F.

The accompanyinc map (Fig. 83) of mean isotherms for the highest maxima

and highest minima occurring from April 2A to ?6, 1953, is representa-

tive for warm sector temperatures and contrast across the fronts; note

0 ‘ o O O

the crowding together of the 52 and 56 isotherms. Temperatures for

the cold front subtype (c), and for areas outside the warm sector in

0

subtype (ws) vary from normal to l0 above normal (8.3. see Fig. 8B).

Southern means are in the forties and maaima in the fifties; northern

means are in the thirties and low forties and maxima in the forties.

Areas with southerly winds, eSpecially, are well above normal, whereas

areas with northerly winds are close to, or sometimes even below nor-

mal. There is a tendency, therefore, for temperatures to drOp slightly

0 O I I O 0

over the duration of the type, and the final day 18 sometimes 5 to 10

colder than initial days.

Precipitation is generally high throughout the type's duration-

Almost allareas receive at least .03 inch each day and much of the re-

gion, particularly southern and central parts, receive over .90 inch,

(e.g. see Fig. 80). Areas of concentration, which are primarily as-

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

usually in northeastern Wisconsin, southern Upper Michigan, 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.AO inches. Amounts as

high as 2.5 inches have been recorded. Drecipitation tapers off slight-

ly after the passage of the fronts, but amounts are still considerable

over large portions of the region and some areas get at least .AO inch.

Precipitation with the cold front subtype is similarly high, but maximum

amounts are generally from .60 to .70 inch a day. In both subtypes much

of the region receives from 1 to 1.5 inches over a three day duration.

In July, le is still the dominant cyclonic type. Warm sector

0 0 . . .

temperatures are 5 to 10 above normal and southern maXima are in the

eighties. Temperatures outside the warm sector and for the cold front

subtype are about normal or even slightly below in the west where the

winds are northerly. Means run in the low sixties in the north and the

low seVonties in the south. Southern maxima are in the high 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 per day common

and a fair number of cases over 2 inches a day.

In October the type reaches a minimum frequency but relative to

. . . ,, 0

other types is still very important. warm sector temperatures are 10

O» -» to . . ~0 -0 -
to 15 above normal With southern daily manima from 7) to 85 F. other

.‘ , o to

temperatures vary Irom about normal to 10 above normal. DreCinitation

for subtype (we) in October is quite variable. Although many days are

very wet, amounts are often not quite as high. Many stations 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 as much as t inches

has been recorded. In contrast, there may be days of very little rain



when warm.sector air is drawn in from continental areas to the southwest.

Precipitation for the cold front subtype is generally over .20 inch with

maxima rarely above .45 inch.

In January, le is again the dominant cyclonic type, but the

cold front subtype is far more common than the wann.front subtype. Also,

in this month, durations are usually not more than two days; hence

actual occurrence frequencies are relatively even greater. Warm sector

0 o O O

temperatures are fron.lO to 20 above normal with means from.35 to h5

o o

F. and maxima from L0 to 55 F. Temperatures for the cold fnant sub-

type are again generally from normal to 190 above normal and southern

maxima are above freezing. Areas with north winds are sometimes slight-

ly below normal. Precipitation for subtype (ws) is from .10 to .Aw inch

for much of the region, occasionally up to .70 inch in concentrated areas,

and rarely to 1.20 inches. Subtype (c) usually brings less precipitation;

widespread areas receive .03 to .3l inch and concentrated areas up to

.50 inch. Scattered areas may receive none at all. Rarely precipitation

for either of the subtypes varies to approximately 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

subtype (c), temperatures are closer to normal but still tend to keep

averages up. The type is particularly important for fairly heavy wide-

spread precinitation, and very heavy concentrations in some areas. It

is a leading contributor to monthly totals in all seasons, though amounts

in fall are quite variable.
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sLl (Southern Low through the Lakes)

The sLl type is generally responsible for the highest tempera-

tures of spring and winter in the southeast. In spring it occurs al-

most as frequently as le and along with le dominates that season

(see Fig. 2). In winter it does not occur as frequently but is well

known for its January thaws.

C, 0

April warm sector temperatures (e.g. Fig. 9?) are 10 to 20

above normal. Daily means in Indiana and Ohio, vary from 550 to 700 F.

with maxima into the seventies and occasionally the low eighties. In

eastern ontario and New York means are in the fifties and maxima gen-

erally in the sixties thoush high seventies do occur. Outside the

warm sector and after passage of the fronts (e.g. Fig. 9D}, tempera-

tures are close to normal in the south and slightly above in the north.

Northern means run from 300 to A00 F. with maxima in the forties, and

southern means from A00 to 500 F. with maxima in the low fifties.

Temperature contrasts between areas in the southeast in the warm sector

and areas to the northwest of Lake Superior may be as much as thirty

or forty degrees.

Like le, this type is conducive to very high precipitation.

The heaviest fall usually occurs just northwest of the path of the

centre of the low, that is, in the belt running from southwest to north-

east across the region (e.s. Fig. 9C). szals are even greater than

for le. Almost all areas, particularly those east of the belt of

heaviest fall, receive over .20 inch; many areas receive over .60 inch.

The belt of heaviest fall usually gets over 1 inch and occasionally

over 2 inches.

This type does not occur in July and is rare in october.
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Temperatures in October appear to be about the same as in April or

slightly less above normal. The precipitation pattern, also, is very

much like that of April.

In January warm sector temperatures are 10 to a) above normal.

r O 0 . o 0

Southern means vary from 45 to 55 F. and manima from 50 to 60 F.

Po

‘2\
J
‘
i5’" I h 0 0 ~ 0 O

eastern Ontario means run irom 35 to 50 F. and maXima from A5 to

. . . o

F. butSide the warm secuor, temperatures are from about normal to 10

v J O 9 J o 1

above normal. Northern means are from 0 to 10 F. Wloh maXima aoout

o 0 so . O
30 F. Southern means are from 30 to 35 F. and maXima from 35 to

o .
F. Temperature contrasts between southeast and northwest vary fromA0

forty to sixty degrees. Frecipitation is almost as heavy as in April.

In addition, slight lee-of-the—lakes concentrations may be distinguiShed.

Occasionally in January, sLl systems develop with no distinguishable

fronts; temperatures are colder and precipitation is less, though still

wideSp ead. Occurrences in 1956 and 1957 were of this type.

For monthly figures, sLl is important primarily in Spring. In

that season the frequent occurrences maintain high average temperatures

in southeastern areas and increase total precipitation generally for the

entire region and particularly for central areas. In some years, January

average temperatures are raised and total precipitation is increased,

but the type often does not occur frequently enough to significantly

affect the monthlv firures.
v Q

nfleH (Northern and Eastern Highs)

This type clearly dominates much of the summer season. In July

it has a higher frequency than any other type in any month except le

in October (see Fig. 2). In spring it occurs quite often but is only
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of secondary importance in that season compared to the Montana.and

southern cyclonic types. Three situations, each with noteably different

element distribution characteristics, are distinguishable on the basis

*
J
o

O
.of the position of the quas -stationary front separatism the two highs

(n) with the front north of the Lakes; (1) with the front lying over

the Lakes; and (s) with the front south of the Lakes (see Fig. 10A).

In summer, when the front is north of the Lakes the entire region is

hot and humid and there is little or no precipitation. When the front

is south of the Lakes the region is cool and heavy precipitation occurs

across the southern lakes. when the front is over the Lakes, on the

other hand, strong contrasts between north and south are characteristic:

north of the front it is cool as in (s) and south of the front it is hot

and humid as in (n). Heavy precipitation occurs in a narrow belt along

the frontal zone.

fl 0 hrxo

In July temperatures south of the front are usually 10 to do

above normal, but north of the front they are about normal. In general

the following values apply. When the front is over the Lakes, daily

‘ . , ,_ _ _ , o o . _ o o _ mo h
means in the south vary from 80 to 90 F., max1ma from 70 to loo r.,

' ' “ ’50 F0 ' It. - r0 O
and.minima from o, to 7) F.; in the north means run from 55 to 70 F.,

. o o 1 . . .o ”0 . a.
maxima from 65 to 80 F., and minima from to to ,5 F. (e.g. F1g.lOs).

7?”,

Toward the front temperatures are not quite so extreme. :nen the front

is south of the Lakes, temperatures in the north are the same as for

O0

subtype (1); in the south means run from 65 to 75 F. or just slightly

1 'l ’ "7"0 (“Oh '-' CO 0
aoove normal, makima from {o to 8) 2., and minima from 55 to 65 F.

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

‘0 '| 0‘ N I D 0

Slightly below those for (l), and in the north means are irom 65 to
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750 F., maxima from 800 to 850 F., and minima from.55o to 650 F.

hodification by the lakes, north of the front, is quite im-

portant. Temperatures, particularly maxima, are much lower to the lee

of the lakes. hith northeast winds, stations in the north may even have

higher maxima than modified stations in the south. For example, on July

A, 1956, maxima and minima respectively at various stations were as

a . . . 0 0 .. ,.o . 0

follows: bault :te. Marie, 71 and A9 F.; Chicago, 09 anu 65 F.,

Cleveland, 710 and 670 F.; and International Falls, 750 and 520 F.

Ihen the front is over the Lakes, most areas within the pre-

cipitation belt receive from a trace to .23 inch (e.g. Fig. 10h), but

various areas may get up to 2 inches and rarely up to 3 inches. When

the front is south of the Lakes the belt, lying across the southern

lakes, receives slightly less precipitation, but often there are also

showers to the lee of the lakes. A close resemblance of this latter

case to nfin except for the additonal belt of Precipitation may be

noted; however, the overall pattern is definitely the neeh tyne. Lhen

the front is north of the Lakes, there are, at the most, very scattered

showers. These occur particularly in the northwest associated with the

front. Cn the other hand, when the front is pushed far enough south

by the northern Ligh so that it brings no precipitation to the area and

the centre of the high is able to move over the Lakes, the day has been

classified as nHl. Such a situation is usually accompanied by a weak-

ening and disappearance of the hish to the Southeast.

In October, hash is fairly rare, but element characteristics

‘ o

are much the same as in July. South of the front temperatures are 10

r‘ O 9 ’ O I \ .‘\O o v

to 25 above normal with means from o: to bv F. in the south. North
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of the front temperatures are about normal or slightly above, with.means

o O . , -. ,-.O .0 fl . ‘ .

from 40 to 50 F. in the north SLQ Lo to 60 r. in the south. Dre-

1? ‘

cipitation occurs as in July. variations 'n the form of the system,i
.
.
.

however, are significant. often the southeastern high is not as well

developed and tends to centre more over hest Virginia and Cape Hatteras

rather than off the southeast coast. The upper-level anticyclone is

also more poorly developed and lies over the southeastern states. As

a result, the positions of the surface highs vary considerably from

east to west and, thus, alter the angle of the fronts across the Lakes.

Some,imes the front runs almost north-south or even from northwest to

southeast with the northern high over Quebec.

This ,yne rarely occurs in January.

In April, tanneratures north of the front are slightly above

normal. South of the front means run from 500 to 650 F. or about 100

to 150 above normal; maxima vary from 650 to 800 F. and minima from

0 .o i i . . . . .- . .
L0 to 50 r. :reCipitation is cuneieerable but varies from not quite

as heavy as in July to quite light denending on the flow of maritime

tropical air from the south. The lichter p'ecipitation occurs when the

high extends farther to the southwest drawinr in continental air, or

when the flow from the Gulf is blocked by a front south of the high

centering ff Georgia and North Carolina.

In April there is a tendency for the southeastern high to be

more dominant than it is in July and it may gradually push the front,

once formed in its east—west trend, to the north rather than allowing

it to move south. Furthermore, the type is more frequently introduced

by le in this month and, therefore, the front is Lore often firs"



oss the entire Lakes in'
1established to the south of the Lakes and may c

the reverse direction. As the front is pushed north, fairlv heavy nre-

cipitation occurs first in southern areas and then gradually farther

north. Temperatures in the south .ehind the front in there c,ses ma;

b r0 o 0 ° - a” 6 o r0 n -
e l) to L0 above normal, that 13, means liom 5 to 7) u., maXima

0 r0 ....: .‘ , E‘ O CO“

from 75 to 8) F. and minima from )5 to 6) x.

Type ndeH is a leading source of summer precipitation, and this

precipitation is wideSpread because of the fluctuation of the quasi-

stationary front. In string amounts are afain considerable but only

secondary to those cf nLl and sLl types. In summer, average temnera-

tures are also noticeably influenced: because of the high dominance of

the tvne the relative freouencies of the frontal ositions mav make the
cl ) A u

difference between a hot, humid season and a comoaratively cool season.

nHl (Northern High through the Lakes)

This type occurs only in string and summer when the lakes are

relatively cool. In summer it is usually second in frequency only to

the dominant nieH tyne, which it often follows in sequence (see Fig. 2

and 10A). In spring it is much less important and often noorly devel-

oped. With nHl is associated cool, cry weather.

Temperatures in July for the entire resion are usually below

normal and noticeably colder than regions either to the west or east.

Areas in the east with north winds tend to be quite cool, while areas

in the west with south winds are markedly warmer. The resulting iso-

therm pattern is much the some as the normal .ul‘ nattern, only several

_ r) O

decrees cooler. Sestern mea_s are aporoximately 10 to 12 below normal

rith temneratures in tLe sixties reaching only to hew York or s utheastern
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Ontario. Western means are 40 to 70 below normal, with sixty degree

temperatures into northwestern Ontario, and they have a remarkably small

latitudinal gradient (e.g. Fig. 110). Temperatures to the lee of the

lakes, particularly maxima, are significantly lowered-—usually 30 to 60.

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 which are unmodified. Maximum.temperatures are often

as cold or colder in Cleveland than in International Falls and lower in

New York than in Minnesota and Uooer Michigan (e.g. Fig. 11A). As the

high moves east temperatures rise sliqhtly.

There is virtually no precinitation with this type except around

the fringes of the region, where it is associated with other attacking

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

April temnerature patterns are much the same though they are a

few degrees warmer, compared to normals. The east is generally some-

what colder than the west and areas to the lee of the lakes are aeain

relatively cooled. Examples are indicated on the accompanying mao for

April 28, 1954 (Fig. 118). Unmodified western areas are no to 100 above

normal, having means from A00 to 550 F., maxima from 500 to 650 F.
1

. . O 0 ,. . .
and minima from 30 to A5 F. Medified southwestern areas and eastern

. ,o + o . 0

areas are about normal with means from A) to 50 F., makima from A5

0 . . . A 0 “0 . . . . . . .

to 55 F., and minima from 55 to 45 F. Freeioitation lS nil as in

ghilyr.

The nhl tyne is significant primarily in July averaee temoeratures.

eastern temperatures tend to be lowered and western temperatures at least

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

year.

le (Western High through the Lakes)

The anticyclonic type le is by far the dominant system of fall;

in October it shows the highe t frequency in a single month of any of

the eleven types. In other seasons it is of limited importance. The

subtype st occurs only rarely in any of the seasons.

In tctober, temperatures are all close to normal. Daily means

0 o

for the entire region are between 35 F. and 50 F., and there is very

little latitudinal gradient. Areal variation is largely dependent on

the degree of modification by the lakes: the accompanying map of mean

temperature isotherms for October 20, 195A (Fig. 138) is representative.

Minimum temperatures, in particular, may be raised by as much as 10

to the lee of the lakes. For example, on October 25, 1953, with winds

north to northeast, Fort Wayne recorded a 1:30 a.m. temperature of A90

o

F. and Armstrong in northwestern ontario only 25 F.; but on the follow;

ing day winds were more southerly and Armstrong jumped to tho F. while

Fort hayne drOpped to 410 F. Thus, in early stages of the type, when

winds are northerly, here is a considerable range between 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 slightly by the

lakes. The accompanying maps showing range isopleths for a representa-

tive occurrence in October of 1953 (Figs. 13C and 13D) clearly demon-

strate these differences and chanees in modification with changing wind

directions. Northern maxima are generally in the high 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. Occasionally temperatures are from 50 to 100 higher

than those quoted above.

Precipitation with le is rare. Scattered showers may occur to

the lee of the lakes, but total amounts are usually under .10 inch and

only occasionally up to .20 inch.

For subtype st, temperatures are roughly in the same range and

precipitation occurs in approximately the same amounts; however, diff-

erent areas are modified and different shores receive precipitation.

Lee areas are more to the east of the lakes rather than to the north

or south, and these areas alone are modified and receive precipitation.

On October 9, 1955, maxima and minima reSpectively for various stations

were as follows: Grand Rapids, Michigan, 610 and A90 F.; Milwaukee,

Wisconsin, 650 and tho F.; Traverse City, Michigan, 590 and the F.;

Wausau, Wisconsin, 630 and 390 F. On the same day the following areas

received precipitation: western Lower Michigan, eastern Upper Michigan,

most of New York state, and southwestern Ontario.

In January, occurrences are very rare and then distinctly of

the st subtype. Temperatures are above normal in the north and below

normal in the south. Lee areas are distinctly warmer than unmodified

areas. Precipitation is light and occurs to the east of the lakes.

In April and July the type is only slightly more common than in

January, but a distinct difference to the October occurrences may be

noted. Temperatures are again close to normal and have little lati-

tudinal gradient; but, because the lakes are cool, it is he lowering
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of the maxima to the lee of the lakes which is important rather than the

raising of the minima. an April 28, 1957, maxima and minima respectiVely

,,o o a . , , . no 0 ..
were co and 30 F. at oault ote. karie but 5/ and.5l F. at Chicago.

- . n . . . . o . O 1

On April 13, 1954, for a st, urand Rapids recorded A9 and 33 F., but

.. . o , 0 . . . .
Milwaukee had 58 and 36 F. In July, With southeast Winds, Milwaukee,

0

° F., while Grand Rapids had 76° and 51 F. Also,recorded 710 and 58

since the lakes are cool, precipitation in these months is even less than

in October.

Temperatures in all seasons are close to normal and, therefore,

have little reflection in departures of monthly averages from normal.

Even 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 distinguished. In one, the entire system is relative-

ly cool and dry, and temperature contrasts across the fronts are not

great. For the other, temperature contrasts across the fronts are re~

latively great and heavy precipitation is associated with frontal passages

and the warm moist air of the warm sector. These differences, however,

are not due to internal circulation and frontal pattern of the type,

which indeed shows little variation except for a slightly greater develoo~

ment of the warm.front with the wet type. Rather, the element charact-

eristics are determined by the preceding type which may or may not

establish a strong flow of warm moist air from the Gulf into the aLn

system. The dry subtype(d) occurs when the type is preceded by neH, le
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or n&eH. The wet subtype (w) occurs when the type is preceded by an,

wfis, le, or another aLn. (e.g. see Figs. 12A and 123)

The aLn type occurs with about equal frequency in October and

July. In October, when it is responsible for much of the poor weather,

it is second only to le, whereas in July it is of much less relative

importance. In both months the wet subtype (w) is far more common. In

January and April the type occurs only infrequently and is usually of

the dry subtype.

In Qctober, there is virtually no precipitation associated with

subtype (d), as only cool dry continental air from the southwest or oc-

casionally cool eastern air immediately after an is drawn into the low.

All temperatures are above normal, frontal contrasts are not great, and

the warm.front is often poorly developed. The warm sector, which usually

influences only the southern lakes, has mean temperatures from 600 to

700 F. or 100 to l5O above normal; maxima are from 700 to 800 F., and

minima from 450 to 550 F. Behind the cold front, mean temperatures in

hisconsin run from 5C0 to 600 F., and in northwestern enterio into the

forties.

In contrast, precipitation with the wet subtype is generally

over .20 inch and much of the region gets over .40 inch; several areas

usually receive over 1 inch and the odd station records over 2 inches

(e.g. Fig. 120). The fall is heaviest in the zone following the cold

front, particularly in southern areas which are best reached by the

maritime trepical air from.the south and where contrasts across the

front are greatest. warm front precipitation is less because the air

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

are not as great. Temperatures are again high. In the warm sector
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0 ,0 r /.--~0 0 1

they are 10 to 20 above normal. heans vary from o; to 75 F., and

o fiI-O O .o o o o o O

maXima from (p to 82 F. hinima in particular, ranging from 55 to

O I 1 ‘ i Y ‘ 1 1.

65 F., are higher than for the dry subtype. Behind tne cold front

temperatures are about the same as for its counterpart.

In January only the dry subtype occurs. It is usually preceded

by aLl, an, or sLl and only continental air is drawn into the system.

Precipitation up to .10 inch and occasionally .20 inch may occur and

this is primarily to the lee of the lakes. If the type is preceded

by gLe, precipitation may be Just slightly greater with amounts up to

.30 inch due to the warm moist air brought in by the low. The warm

front in this month is never develOped and the cold front is often poor.

Temperatures are only slightly above normal and contrasts across the

front are not great.

In April either subtype may occur but both are rare. There is

almost no precipitation with the dry subtype. hith the wet subtype,

amounts up to .50 inch are common, eSpecially in the south, and up to

1 inch may occur. Mean temperatures before the cold front of the dry

W o o 0 0

subtype are usually between 50 and 60 F. or 10 to 15 above normal,

. o - i .
and behind the front are from to to 500 r. harm sector temperatures

of the wet subtype may be in the sixties or well above normal. In

July, subtype (d) is again very dry, but temperatures are close to

. O 0

normal. hean temperatures beiore the cold front are from 70 to 75 F.,

O O o O O

and behind the front from 60 to 70 F. Subtype (w) is as wet as in

October, with .20 inch general and.l inch common, particularly in the

I I 0 q.) '

south. femperatures in the warm sector are from 70 to 80 F., JUSt

slightly higher than for the dry subtype but behind the cold front they

are identical.
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The aLn type is important primarily for the above normal temp-

eratures and heavy precipitation associated with the wet or (w) subtype

of summer and early fall.

hen (Lew England High)

Over the year the type with the lowest frequency is neH (see

Fig. 9). lt is almost exclusively a fall type, but it occurs much less

often than either le or aLn. It is, nevertheless, very important because

of the strong flow of air from the south which it establishes over the

eastern half of the continent and the Great Lakes.

In Uctober the areas most noticeably affected by this flow from

the Gulf or southern states are those, usually south of the lakes, whose

temperatures were unmodified by the lakes during the latter stages of

the preceding anticyclonic type. Ninima, in particular, are much higher

in the south and, therefore, form a very different pattern to those of

le} the tyoe which it most frequently follows? To the north, the

slight cooling with latitude is counteracted by the modifying effects

of the lakes. For these reasons, mean temperatures over the entire re-

gion are within a range of ten degrees, usually from A50 to 550 F., or

slightly higher (e.g. Fig. th). finima in the north are from 400 to

500 F., and in the south generally from A50 to 500 F. but with extremes

of ADC and 650 F. Maxims are more variable. In the north they vary

from 500 to 700 F., and in the south from 550 to 750 F. Actual temp—

 

1See above, p. 77. In latter stages of le, minima in the south

are about the same as, or even lower than in the north.

2 ,. . ,, .
See above, p. 32, regarding formation of nen following other

anticyclonic types.
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erature occurrences within these rather broad ranges are largely dependent

on whether or not a front develops over the northern part of the Gulf.

Cooler temperatures occur when this front blocks much of the warm mT

air; highest temperatures occur when there is a free northward flow and

the high extends in its oblong form well south over the Gulf (see Fig.

1AA and lhB, respectively).

Precipitation associated with the type itself is very limited,

but the frequently attacking cyclonic types may bring precipitation to

the west or north. The isohyet pattern for ectober 8, 1954 is tyrical

(Fig. 140).

In other seasons neH occurs only very rarely and then is usually

of too short a duration to be recorded in the day frequency chart. Fur-

thermore, the position ofthe centre varies considerably and the overall

form is often somewhat distorted from the ideal of October.

In January there are almost no le occurrences and, therefore,

neH is dependent on other anticyclonic types, chiefly an, for its

initiation. hhen following a nhs system, the high tends to centre OVer

Georgia and Louth Carolina rather than over New Ingland. The system is,

therefore, much more onen to cyclonic attacks in the Great Lakes Region.

One occurrence was observed following a an system and in this case the

high centred over the haritimes. In both the latter occurrence and in

all those which were introduced by an, the pattern was Quickly destroyed

either by le or aLl. In each case, however, maximum temperatures rose

at least temporarily to above freezing in the south and close to 32 in

the north, and the northward flow of air established during this tine

helped to feed the warm sector of the following cyclonic system.

In April and July, le is only slightly more frequent; hence ncfi



.. 9.5 .. .p\ t.

is again largely dependent on other types less conducive toKEms formation

for its occurrence. In April the neH pattern sometimes forms hfter hhl

or an, but the centre tends to lie, respectively, farther east hff the

coast than in October, or to the south as in January, but off the coast.

In the first case, a front is usually present over the Gulf; consequent-

Ly the deveIOpment is weak. In the second case, cyclones are able to

easily enter the Great Lakes Region. In July, any high to the south-

east tends to develop off the coast and then either to unite with a high

from the north over the Lakes, or to form a typical nQeH giving a similar

northward flow but within a very different synontic pattern.

For monthly figures, neh is significant only in October. Temp—

eratures are above normal, particularly in the north and occasionally

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

noticeably influence average temperatures.
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The ultimate purpose of establishing Great Lakes' weather types

is, of course, a more comolete understanding and description of the cli-

mate of the region through a synthesis of type frequencies and elements.

In the following, each if the four months previously selected as regs

I

resentative of the seasons is analyzed with respect to: (l) frequencies

of dynamic-synOptic system weather types; (2) effect of the individual

types on daily element values and their regional variations in a.samnle

month; (3) interpretation of the distribution of "normal” temperature

and precioitation in terms of tyne frequencies; (A) deviations from

"normal" as exnlained by tyne frequency v riations. Although the gross

features of the relationshios of tyne frequencies and elements to the

overall climate are sufficiently distinctive to give them considerable

justification for generalization, conclusions must be restricted to com-

parative statements at the level of dominant trends rather than be pre-

sented in detailed absolute terms. More exact quantitative analysis is

not adviseahle at this time in View of the nrobable inaccuracies due to

the short observational period. Subsequent modification, no doubt, will

be reguired.

January

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

tration of nhn and an (see Fig. L). Both of these types are very cold

and together they are reasonsitle for nest below normal temperatures.

_ 92 _
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By far the colder of the two, nhs, is quite variable in its frequency

from year to year; hence it is of great importance to average temperature

oes are very rare. hinter is, howeVer,fluctuations. other anticyclonic ty

equally characterized by a diversity of the cyclonic tyoos, all of which

occur with fair freoucncy. Almost invariably, le is most numerous, but

totaled over several years, there is a remarkably even distribution of

the others. In most years, cyclonic days outnumber anticyclonic dogs

because of this diVersity, and the a ove normal temneratures associated

with the warm sectors in the south tend to balance the cold of the anti-

cyclones. Trecioitation associated with the two dominant anticyclonic

systems is very limited, except for snow flurries to the lee of the lakes

with an. This lack is balanced by the variety of wet cyclonic tynos.

The accompanying table of daily temperatures for January lCSL

(see Table 1) represents a typical winter month illustrating sequence,

duratitn, and frequency of the vazious types and the related daily maxi—

mum and minimum temperatures. A few of the more sidnificant relations

follow. Exce t in Northern ontario and in the extreme east, by far

the lowest temoeratures occurred on January 1? and l? with nus; in the

north and east an is often as cold as nfis, fol examnle, buffalo on the

32nd or Lhanleau on the 10th. In the southeast the hi”he;t temperatures

occurred on January 2; with sLl. Other occurrences of sLl as well as

Vmil/us were only slightly cooler. In contrast, in the northwest these

‘ O 1 — O O n ' 0

says were frequently quite colc. hax1ma in clevelana were above 50 F.

fl 0 nl . . ' ' ' .1. O ‘I .~

for every sLl; in tnapleau and Fort william they were below 10 P. on

’

several occasions (Jaruary , and 29) the warm sector of a le reached

farther north and the highest temperatures in the north were recorded

either on these days or during one of the occurrences of aLl/a or aLn.
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0

Fort Lilliam recorded a maximum of 33 F. on January 3 during a mTl/ws

and Chapleau 250 F. on January 15 during an aln. Note the alternation

of an and nfis with the variety of cyclonic tynes. EKamnles of Lake

modification are abundant. Kaxima and minima, reSpectively, with an

on the seventeenth were 12‘3 and 60 F. at}fuslwegn but 9 and -13 F.

o 0

at Nilwaukee. Similarly on January 12 they were 22 and 13 F. at

Muslcegon but 90 and -40 F. at Kilwaukee.

The distribution of normal or long term temperature averages

(Fig. 15A) reflects the dominant frequency generalizations and the imp

portance of modification by the lakes. Temperatures over the entire

region are quite cold, but have a fairly steer latitudinal gradient:

in tile sou+b they are in the mid-twenties, in the north close to zero.

Both the generally cold temperatures and the steen gradient demonstrate

the balance between the northern cold of the anticyclonic tynes, min

and an, and the cyclonic types which are more moderate, particularly

in the south. In the southeast the isotherms even have a rough south-

west-northeast trend which is coincident with the path of warm sector

influence of all the lows. In more detail, several cold loons are re-

markably annarent: north—Central hisconsin, the northern interior of

Lower Kichigan, and a fairly large but very well defined area south

of Georgian Pay. North of the Lower Kichiean loop and, es\ecialy,

the Lisconsin loop there is even a Larked reversal of gradient. These

areas are, in most cases, the least influenced by the lakes. Identical

isotherm patterns in these areas are characteristic of both an and

an, and even of many of the cyclonic tynes. In contrast, almost all

shores have relatively hirh +emnere+1res f‘or their latitude.

The accompanying mans of temperature denarture fro? normal
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(Fig. 19) demonstrate actual conditions from year to year as a result

of variations in the fresuencies of the different types (Fig. 9). The

mans are very generalized, but the cross features are :till easily

reccdnized. Jf particular note, as might be exnected, is the con-

trastins influence of an to cyclonic types in the extremes of 1953

and 1957. In January, 1953, the entire areas was A) to 6° above normal.

In that year only one day of an was recorded whereas there were many

cyclonic type days. The east was, relative to normal, slightly warmer

than the west as a result of a higher frequency than usual of gLe and

a number Of very mild SL1 days. In 1957, on the other hand, the entire

region was to to 70 below normal. In that year there was a high in—

cidence of an and a corresnonding small number of lows. In the other

three years no tyne or types were esnecially unusual in their frequency.

The zero line of temperature departures nassed through the region and

type influences are much more difficult to detect. In 1954 the fre-

quency distribution of types was fairly close to the long term distri-

bution and temnerstures in southern and eastern areas were close to

normal; an, however, Was more frequent than an with the result that

the east was slightly colder than the west. Temoeratures in the south

were slightly higher relative to normal the; in the north because of

the large number of le and 511. The year 1955 was again close to nor-

mal except for lower eastern temneratures due to the small number of

sLl and gLe. In 1956 an was slightly more frequent and cyclonic types,

narticularly warm sector subtynes, were not overly common. Southern

temperatures were therefore below normal while northern temperatures,

less dependent on warm sector subtynes, were maintained by le and

the one aLn.



Jan cry daily precipitation by type is illustrated by Table

l

2 . of particular note are the heavy concentrations of precipitation

on days of sLl (January 9, 20, and 25-7) and slishtly less amounts with

le and aLl, as opposed to the small amounts on days of an (January L,

and 21-23) and an (January 1? and 17). For sLl the fall is greatest

northwest of the path followed by the centre of the low (e.g. Upncr

hichigan to Chapleau, Northern Ontario on the 9th; Detroit to the area

east of North Bay on the 20th; Toledo to Nuskoka on the QEth and 27th‘.

East of this belt almost all areas receive heavy precipitation particul—

arly those to the lee of the lakes. It should be recognized, however,

that sLl does not sually occur as frequently as in 195A. Normally

either mll or aLl may be more important in monthly totals. “recinitation

with le is widesnread and areas of concentration vary. for all (e.g.

January 1), the greatest amounts fall across horthern Gntario, south

of Lake Superior, and east of Lakes Michigan, huron, and Erie. Fre-

cipitation with an, although generally light, is sometimes considerable

to the lee of the lakes (e.g. Cleveland and Southampton on the l?th).

The map of normal January precipitation (Fig. 153) shows the

importance of sLl and gLe. In the east, amounts are all over 7 inches

 

1In this table and subsequent precinitation tables numerous

sisnificant Lenartures from expected amounts accordin; to tyne are

aooarent. Such discrepancies serve only to illustrate two dangers:

(1) that of accepting statistics of isolated stations without placing

them in their spatial context on a map giving a fairly dense network

of stations; (2) that of using a full day interval for relating pre-

cipitation to types. (The "day interval" problem for temperature is

not as sreat because of the effect of either averaging or of splitting

the record into two instantaneous observations — as Opposed to the

cumulative record of precipitation). In the preceding daily pre-

cipitation mans for types the former has been eliminated in the drawing

of isohyets and the latter minimized by careful selection of repre—

sentative Lays. These mans, therefore, are more reliable for detail

than the statistical charts.
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TABLE 2.-DAILY PRECIPITATION? JANUARY 1951+

 

 

 

 

s 0 U T H‘E A s T '* SOUTHWEST

1:0 0

o 3:! s. 13 3'8 0

33215 e903 5 saga; Em
emssgfiau" Haas .
«3483:1049 pow-«gage 4233 E

”ssgaesouaeaeaeé
Ugm§ mgmmmofigmug

Day

1 T 07 08 aLl/a

2 d2 T T T T nLi/ws

3 10 03 06 03 T T T T le/ws

1 T T T T T T 01 an

5 _ T 01 07 T T 01 11 31 06 T mL1,gLe

6 3o 02 05 1h 10 04 06 05 T T T'l gLo

7 05 T T T 02 01 T an

8 T T 02 T T an

9 1o 11 05 02 10 07 01 on T 01 T 311

10 _ 01 on 02 01 11 T T T 03.4 an

11 15 12 T T 06 02 T 06 T 03 nLl/c

12 T 25 07 07 11 35 0h 06 an

13 T T 03 05 T T T T T T g§§,,

11 05 T 01 T T 12 02 02 02 T aLl/a

15 _ T T T 02 T 01 T T.y aLn/a

16 10 01 05 05 06 02 05 08 T on T T aLn/a

17 T T 03 02 T 03 T T an

18 05 T 10 T T T T T T T T gi§/,

19 10 03 T T T 02 T T T T le/c

20 53 50 53 20 a7 23 26 69 95 15 21 31 sn1

21 P 33 06 12 05 01 T 07 02"i an

22 T T 03 T T T T 01 an

23 01 T T an

24 T T T 02 01 01 T T gig/c

25 . 03 03 T 2a T T T T 01 06 07 06.4 sLl

26 41 45 h6 1h 46 20 36 91 87 71 66 25 311

27 10 51 6o 35 62 3h 53 35 07 08 T 18 3L1

28 T 05 06 T 01 09 T 02 an

29 09 T T 15 T 02 T 06 06 01 T T le/we

3o 01 09 20 2o 27 15 11 05 T 01 le/c

Eaasaaaasa age
EQHNHHNHHMN H  
 

«-

Unit of precipitation is 0.01 inch.
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TABLE 2-—Continued
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whereas west of Lake Huron they are, for the most part, under 2 inches.

The influence of the lakes in increasing precipitation to their lee

during several of the types, noteably aLl, sLl and nhs, is even more de—

monstrative as all eastern and southeastern shores are areas of re-

latively heavy fall. In the west, Upper Michigan, western Lower Michigan,

and Indiana average over 2 inches; in the east, the "snow belt" areas of

Western Lhio, Pennsylvania, western New York, central southwestern ontario,

and eastern Georgian Bay average over 3 inches. Minnesota, farthest

from both the eastern precipitation belts and the lake influence re-

ceives less than 1 inch.

Deviation from normal (see Fig. 20) is never very great because

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. In contrast, eastern areas generally received under

2 inches in 1955 when there were few gLe or sLl days. In 1956precipi-

tation was light, esnecially across the north, with the smaller number

le and no aLl. Finally, in 1957 amounts were again generally low,

except east of Lake Erie, with the small number of cyclones and large

number of an days.

Due to the variety of contributing types, in most years lee-of—

the-lakes concentrations may be distinguished, especially 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 Erie snow belt is

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

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

The outstanding feature of April in the Great Lakes Region is

the marked concentration of le and SL1, both of which are important

warm sector and precipitation types. Together they occur on over h5%

of the days. In contrast, aLn occurs only irregularly and gLe and aLl

are almost completely absent. There are, however, still a fair number

of an occurrences bringing periodic cold waves, nheH becomes more fre-

quent and, with the stabilizing effect of the cold lakes, relatively

weak nHl systems appear in some years. The odd an is recorded, but

the northern highs which usually form this type are generally weaker

than those of an and tend more to be drawn across the Lakes. Occurrences

of naeH are introduced in this month primarily by le; hence they are

mainly of the subtype (8) with fronts south of the Lakes. Thus, they

as well as an and nHl are relatively cool and again tend to Oppose the

warmer lows, though not as effectively as the an and an anticyclones

of winter, in the creation of a northesouth gradient.

The temperature chart for April 1953 (Table 3) shows that by far

the highest temperatures in the south occur with sLl or le/ws. Both

these types had maxima occasionally in the seventies. Cleveland, gen—

erally the warmest station listed in the chart, recorded 770 and 750 F.

with SL1 systems on April 9 and 30 reSpectively and 73° F. with le/ws

on April 25. Means on the same days were either 620 or 630, approximately

lho above normal. Chicago and Milwaukee reached maxima of 800 and 790 F.

reapectively on April 22 with another le/ws. In the northwest, on the

other hand, days of sLl and also the majority of days of le are normally



Q

A
2
5

2
6

2
7

2
8

2
9

3
3

A
/
.

fl

?
,

A
P
R
I
L

1
9
5
3

1
1
7
7

‘
L
1
1

T
E
M
P
E
?

‘
7 I

.
i
-

T
A
B
L
E

3
.
—
-
D
A
I
L

i
v

1
2

‘
3

A
5

6
7

8
9

1
1
0
1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8
1
9

2
O

2
1

2
2

2
3

T
)

"
F
C
‘

g
‘
H

U
H
"
.

J
'
t

a
r
i
o

S
t
a
t
i
o
n

O
n
t

o
r
"

U
U 

\OC?

Lr\(‘\

HOS

Lf\(‘\

“(I

"(q

_ .""U\

-;-"C‘ ‘\

“\Cf‘

L"\CY‘\

Nl<

L’\(\

C“ 0?

lr\(*\

(911')

ff) (Tx

MF’NI

NKw

C\\O

z r‘\ (q

(“.02

L(\(\J

(‘3 C)

{'0 \

C\O’\

0\C\

U"\ --I.*'

L \«T

(“r-1
.5 -+

“J «,1

C'\C\'

UN (“\

f" (3'3

1mm

7
3
4

42
+
3
6

3
2
2

1
3

CW (\’

C’\H

-.;" (“W

L’\ C‘)

lr\(\’

LG 13-

.;r (".2

1’\O\

.302

cAo
.4.

N (‘3

(fl (\2

.3 C"\

Q 11\

L.’ \ ON

COO

lfled'

\f) (T\

“\(V

(”H“)

«TN

02 ('3

:f'C'N

lr\(\1

mCfl

\3H

‘9'
\

(0 Cd

L"\ (\1

t~c-
<uv

f'C’W

Q‘C‘W

m
x

D
u
r
h
a
m

(:40

1-»:1'

NF;

PO»

«m

~11"\

\f‘u)

lax j-

(‘0q

\Osd'

LH

um

L.’\’_‘\

\O(“N

r-4C‘x.’

«on

r§C\

m0:

wa

and

\0-3

((’

011-“

-<h‘I

or\

\TtN

011 ‘\

N‘K‘W

-j! C)

Lon:

b0\
«we

\O—d‘

3m

-jko

<f'0’\

("5'

um

m

L!\‘T

0H

\34'

MO\

U‘N

r“

UV"’\

\O O

<tv\

E§§

S
t
.
T
h
o
m
a
s

1
.
0

c
1
1
0

r

f

'
.
P
e
n
n
.
0
h

l

h

1
v
V -
i
I
f

“

(TO!
0 O

("t 2'3

U\("\

("\1 “x,

" \O ("\

u\%\

mtn

43‘0“

r .. —‘.

- T(r\

1‘!" (fl

um:

[\‘LW

\0 -:?'

C’KQ

«we

I

mm

\0 m

(‘"\\ C)

\O m

\'3 t"!

HH

JON

(“f0

“Ti“!

-fr.

4f:

.

5
"

<Nfl

-aew

ow»

cmc\

fl“? 1,)

(' \(‘q

\C? F“!

-:f'("\

we:

-:;*<Y\

O\£\-

.3ON

C? (‘\

”\C‘W

mm

\3 \1‘

4w“
\04'

m0!

KNOW

.’ \LAN

JUN

f‘. (\3

U\{\

0”) 1C.

t~o‘

t
H
e
s

R
O
G
:

103 -

(3)01 00

o O

m m (“be

LI\("\ WW

OW ' I00!

\0 ‘-A N'\

H cm (“CW

m C" \ \Dm'f

\O m LN ‘\

«TOW UT'\

0!?“ (\\C'

-:‘c‘\ 40".

r-'(3 P C37

\f) - ‘2' Lib—Q."

("\CQ («,3

(\I r—{ (7V)

LAM \CK \

\O cm 6’07

\Q -3‘ \{'\T

(\I m ( 7‘0?

\5) 4:- \CK‘?’

\ON C~-O\

{rm U 02

C¢\

“\C‘J F

05- C

«1‘01 0'

(\N C“

(Y\O’\ C‘r

ON (‘10!

4%“ \‘Lm

<1\O l x:

<1" «KW

(DO) M

\QCJ u’\(‘\

o\o<v

302 "ON

-:I'!\ <11“

NMJTCW

LAN UT»

-\"'(“\ -z‘m

CWfl) r-K‘x.’

NdJON L

r4¢\fiid

MD<TU¥¢

UK - NO

\o~ b—i

O\\O (\o

1803 \ON

t~rivmx

-id\uvm

to H \(xo

*M ~Tt'0“\

\0 Cd 09-“

42'0“ 4m

<fb-OK\
:f L;\m LNOW

Cwo who
muv\oce

\O(\’ (.‘N‘fl

\‘Hfl \i-(fl

\O\C’ ClCT\

N’H \

><§m

C
l
e
v
e
l
a
n
d
m
x

*7

n
u
l
j

E
r
i
e

mON

Lr\(‘*\

mm

“\C\I

om:
<nm

‘8-

:io\

O’H

my:

\0 cm

m4?

(flat

[\4

b¢4
11W“ \

OCR

U\C\2

C\U\

-j'f"\

4ft '\

CD\O

_ 31“

CO\

\OC‘J

O-Zf

mm

K—rffi

__‘j'(‘I\

Eéé a D
o

a
1

L
.

’
!
T
(
‘
m

"
l
J
b
J
L

V 1
.

1
”
-

C
A
L
'

"
1

T
U

S

I
n
d
.
I
l
l
.
'

(‘er

mm

mo.)

1%

\' Z-L‘N

[\‘Zf'

O‘D-

W

S
o
u
t
h

\C\O

L\((\

Hr-i

{‘43

r-H’\

Q4?

(3 03

LI'\~:T

(“‘1fl

L{\C“\

l \C’.)

-41 .\

U'\L’\

L; \C“'\

r—{VD

“\(Y\

C) (\1

Lr\( ’\

-‘f’f‘x

-\T("\

(\H”)

S;C‘

(‘2 I”!
”\(‘f‘

O~O

—.':(*\

\Om l

QM

IAU‘)

- rONN

(Tun

-;t'(Y\

U'\\C)

I
I I
)
.

.
1

v

{
A
}

’
7
"
)

.
/

l

I l
w
a
u
k
e
e
m
x

m
n

'
1

A
l
l

v  

'Vrr v
s/haL

O” [Tta

sn/jqw

051/IT

sx-x/ '1- it:

lfiu

sm/Ijm

33L

:{u

”'U

9"u

o/Iqu

o/Iqm

O/I'Iau

333::

CHM

a1?

113

113

113

THU

THU

THU

o/Iqm

v/"['11U

o/Iqm

THU

ITS

a:

e E3
94;.

tjii  



_
n
u
e
d

o
n
t
i

n U

T
1
?

3
.
.
-

"
I

I
7
?

1
A
.
;

i
L

A

S
t
a
t
i
o
n
d
y
l

2
3

4
5

6
7

8
9
1
0
1
1
1
2
1
3
1
4
1
5
1
6
1
7
1
8
1
9
2
0
2
1
2
2
2
3
2
4
2
5
2
6
2
7
2
9
2
9
3
0

A
0

C
E
N
'

L
o
w
e
r

Y
i
c
h
.   

C ‘L’\

'4r\\

\C,\."‘

~36 \

u‘b—

\‘K‘N

N C

W

(Tr-l

12m

CH

\‘KC \

CXI“

CY‘C‘ \

.{T\_

lfl UN

0 0

02V.)

LI‘xC"\

b-\O

LI\ .3

—:-.‘ C' \

Ln 4*

L“\ ON

L"\ (Y‘\

<4“ C'“\

C) o‘\

Inc ’ .

<nv
L.”\...;"

L'.\O‘\

L"\C ' \

(V H

L."\C "\

«r2. \‘V

\TC‘N ~ ’”

‘CT'O

\TCW

C C‘\

\Q -

LACr \

L!\C ‘\

L-‘VA, ;

Qk C'mi \

C‘ L’\

FN‘.

C ‘J-fl

L"\C\."

PKG

0Y4

\O «T

(VT 2

cm

KCTCJ

(we
~*0;

LAM

-1;--‘<\

rk4

WT

U‘CQ

OTC"

\‘I‘C‘J

\O (‘3

~J'C' \

(‘23 L’\

L’\C" '\

r-KQ

UM”:

t" {\-

\OCr \

LAD

Ls\(‘\

r4fl‘
U'NC C

own

JC \

«:r-sf'
-Lr’

N“

r—Jfif.‘

.2“C“;

\C' t"!

LC\C \

r4»?

.U‘\C\

C’NC‘ - -

\TC“ \

EE

m
g

i
F
.
L
a
n
s

5
1

I
I
I
X

s
k
e
g
o
n

q
‘
f ’
l

\C» CO

\fo

(‘3 C“!

L.‘\ \+

N’)

l-‘\C \1

54C

T'Cv‘

own

C\rx

(‘v'\_‘4'

\O C’\

u‘\ -1-

C‘M’f'?

\ON

(‘3 (“x

\O M

(“\C‘Q

L‘ml"

\O C"

\f.‘ {\-

C“ \(‘\2

"
y

T
r
a
v
e
r
s
e

4
.
1
L
;

I
?

u

.
.'
"
i
C
l
l

0
U
p
p
e
r

- 10h -

t“)C\

O .

\Tr-i

_ “'(‘1‘\

\O C “\

\T‘Cfi

0-7:."

U‘W‘\

f..

N433

W:

“(TN

C‘C"\

C'Y'f\

N‘VW

UV‘W

O‘C-

\OL?

C\ 0‘

L’YZ

HD-

\I'( J

[‘“C'\

("(J

C ~{\~

C “C 1

—;\O

C’Y\

C'i“-

‘11:

1"!C ‘

13-03

C“ ‘ be

«(a

(‘er

r45-

<:C ‘2

<fr’\

N

Cx‘d

—:"<“\

—:{‘<\

(”LA

Um

\:_' OJ

<m\

r"C\

NT\2

C50

N‘H‘N

rye
‘.

(7m

CPD“

\C‘q—i

\‘T‘C'W

c-N—i

b
a

r-.{O\

:‘C\

«kc)

0W

LAC' "‘\

-j'qN

lC\C\\:

- “‘ C A\

\0 (“3

(“mm

(7) H

(‘-\C"\

L!‘\[\

\‘J‘C '\

b—‘CD

LNG?

CC!

U\C’\

C" 03

LAC“

4-D.

Hwy

0; -:I'

C‘ K\

eta
CY“;

CWO

cw;

O~C'\

C\.' r'i

(“"04 \

C‘ ‘Y' 3

\O r)

(ION

(‘"\ ’3

L’\C J

D-C\

C-‘K‘Q

H (1])

.d-C I

H r-i

—<?‘C’\

\Cm

J x

l .

\O D-

o 0

rwo

JON

1:11 ‘\

r- )0)

\TCx'

LC\CT\

LC\C\

C‘c C ')

LAM

TC*\

\C 4."

va

mwm

OCH

(‘2’)?

C‘\CJ

{NF

(“‘01

CN'\

(“C C\’

0%

(“\C‘xl

(7&3

JON

KT 3"

L302

ND

C’YQ

\DC’)

(“‘02

"VL’ )

TC" \

r TM

«TN

C“.59

—‘."("\

um!

<fin

r-hO

«fi‘C~ 1

\OC\

(‘WC‘Q

C‘.‘ (‘3

\TC"\

Her
\(LCY \

C‘- H

-““C‘\

B
I
I
I
X

m
m

4.1

i
e
t

l
1

a
r
g

H

v

A L
L
.

2
,
1

t
.

l
,
‘
1
/

m H

N
O
R
T
H

H
i
n
n
.
,
N
.
O
n
t
.

D
u
l
u
t
h

-TCW

C‘ \r—!

\‘flfi ~

are
JC’N

L;11\

rx‘-:r
L\C‘"\

\0 C‘\

C -”\C\2

\C C‘ J

JLN

LAN

who
-&-r ~

ns‘ \ ‘.

()\C‘\[\

MC~

[\_CO

(\3 r ‘1'

N <r

C"\C\‘

(\3 ('7‘

\TC‘,3

C\’ C“

LCM—l

Jr—i

(MC?

{K J

““C?

-:C’C\

Oxo

LACY \

(“VA

.31" \

Hfj‘x

KTCV

rAMN
-4‘ \ \A)

000

“\CQ

(“E“-

C"\C‘.L

“‘O

C \C’\

\0

\0m

0 O

rérN

(“\C‘J

Cm

<50)

Crfi

4K“

.; r—i

«TN

Ox":

c \C‘;

,5

O{\

("vi

t~07)

CON.)

CH

\C.

H[
t
o

1
{
U
K

.‘I'

C\’ C‘“

(VIII

\C C‘\

CWO:

-LM

0".C"\

DC“
.SCW

or»
\I

rmo

~30!

JV)

(”\C =1

H «T

C‘\C J

OH

(“'\C‘" .

PM
—L

\1

\ r‘{U'\

«Tr-1

b~fxf>

C' \C‘J

cam

L’\O\

L’\ CA

L, ‘\ (‘2

b-Lfi

4TH

7" C?

U\0‘\

r-{ [*-

LAC-2

(fit

:r J

(‘0 L'\

-:.‘C\?

[\-C\‘

OWN

LFCL.’\

CWO“)

CW‘N

C"\C‘\

LIWN

\OC‘

4" (\1

(- A.

(YWC\

mec.

<C\‘

 

ITS

s/ga

s[1: eta

0/1jm

era/{Ta

314/1111;

sm/Iqm

THU

sn/’1jw

sgu

emu

'

L.J

(I

91;

3:114

o/Iqw

Q/IITY?

o/qu

S"M

BETA

qu

113

138

{19

THU

THU

[nu

I

O/ '[TJJ

o/ij

O/TTW

uzu

IT'YS

"
T
'
T
V
‘
U

r
.
.
1
.

.
.
-
-
‘
H
L
L

V
W
'
j
r
?

3
.
1
.
1
3
.
1

7
'
7
?

1
)  



1 ”N:

r

quite cool. Duluth, etcert on two days, renorded maxima between 3‘0 and

A10 F. and means in the thirties, that is, very close to normal. The

noteahle exception was April 2? when the maximum reached 670 F. on this

day the warm sector reached farther north and most northeastern stations

recorded their highest temnerature of the month. It is interesting to

note that Chapleau with only #30 F. was much colder than any other station

ud obviously outside the warm sector. By far the coldest temperatures

in the South were recorded during the occurrence of an from Anril lSt.

to April 21st. Cleveland, South Bend, and Chicago all had daily means

in the thirties which is ten or more degrees below normal. In the north-

west, temperatures with nhs are not usually as extreme comnared to nor-

mals; in 1953 some stations recorded colder days with le/c. For nHl,

temneratures are noticeably colder in the southeast than in the west.

’3’
a . . O o o _

In brie, means were approXimately 40 .. or 5 to 10 below normal,

3 v. C O 1

whereas in Marquette or Fort hilliam they were only 0 to 5 below nor-

mal. In Green Bay they were even higher: maxima and minima, respect-

. . 0 A O o o a .

1vely, on fibril 2 were 52 and )2 F. as onoosed to L9 and 33 r. in

. 0

Cleveland, and means on the four n31 days were agfirOXimately 5 above

normal. A very similar oattern occurs with ngeH. The imnortance of

the cool lakes is clearly illustrated on each of the nHl days; for

. , . . . . o

examnle, maXima and minima resrectively on April 8 were 47 and 390 F.

. O O ,

at Milwaukee, but 58 and 38 F. at Ruskegon.

The cumulative long term result of these tyne temperature char-

acteristics is shown in the normal temperature map (Fig. 16A). Temp-

eratures are still quite cool but with less latitudinal gra6k3nt than in

winter. Southern areas are in the forties and nor hern areas about freez-

ing. The cold associated with the anticyclonic types is not severe and

the high southeastern temneratures of sLl and mll, thoueh still reflected
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in the trend of isotherms in Southern Ontario, are partially counteracted

by the greater cooling of the east than the rest by all three significant

high types, naeH, nHl and even nhs. The lakes being quite cold, most

shores, but particularly those of southern Lake Michigan and lake Erie,

are relatively cool for their latitude and the temperature reversal of

Upper hichigan has completely disapoeareo.

Departures of average temperatures from normal temperatures (see

n-

rig. 19), however, are quite significant with variations in type frequencies.

In 1955 there were no an and many sLl days with the result that temper-

atures for the entire region were 6° to 80 above normal. In 1956 there

were a large number of an days and also several an days; temperatures

were 10 to A0 below normal for the entire region. In l95h there was an

unusually high number of le/ws days and only one day of nhl, and temn—

eratures were well above normal in the Southeast.

Frecipitation in April is again highest on days of sLl and le

(e.g. see Table A). For both types it is wideSpread, but heavier in the

southeast than northwest, and tending to be highest in a variable belt

running across the region from southwest to northeast in the case of sLl

and west to east for le. April 30, 1953 for sLl, April 25 and 26 for

le/ws, and April 15 and 16 for le/c are typical. Precipitation is light

with nhs and particularly with nhl. Some showers occur in the south with

naeH, but the north is very dry.

Normal precipitation (Fig. 165}, except for the winter snow belt

areas, is slightly greater for April than for January because of the dam—

inance of le and sLl. only the extreme northwest averafes less than 2

inches, and most of the southern half of the region has ovrr 2.5 inches.

The southeast, suoplemented by nleh, has over 3 inches. Almost every year
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TABLE 1.411111 PRECIPITATION? APRIL 1953 ~

 

 

 

   

SOUTHEAST SOUTHWEST

a: «9| 0; 'd

3: O .2: $4 '6 or! o t:

a 11% 2. .‘3 a 3.3 90 g a g
4° 3a 8 g a: 8 ... a a. . .8
3 8 +1 0H .3 o g o .0 o g 43

msggeaouaeaaagoa
0‘)

Day

1 01 17 25 23 T 26 15 27 31.1

2 15 T 09 01 01 T nHl

3 070109 0210 16070712 le/c

t. 02 T 21 01 01 02 oz. T 05 T T T nun/c

5__ 02 T T 01 T J le/c

6 T 07 T 02 nHl

7 T T 11H].

8 03 20 01. T 30 T 11H].

9 51 23 T T 30 51 1.8 16 26 9h sLl

1O_01 T29 1515333702 MTTTqau

11 T T 3L1

12 09 T 05 09 13 22 08 T T T T 31.6

13 05 13 O6 19 06 st

11 T T 27 01 01 66 st

15 68 33 15 01 02 27 u. 81 6O 43 30_ m11/c

16 it 11. 09 20 52 02 20 10 01 O6 12 10 01 mn/c

17 T T 21 11 11 18 T T T le/c

18 T T T 01 T 03 11113

19 09 T 10 T 03 T 16 01 T 01 T 05 an

20 _ 02 T 32 21. 11. 23 T T T __ an

21‘ T 02 T an

22 02 01 12 05 07 T T T T T mu/wa

23 T T T nHl

2h 2h 01 51 03 T Oh T 09 08 17 60 12 le/ws

25 +- 78 90 7h 17 29 22 07 50 101 19 11 32__‘ 1111/"

26 071212 JA12212603 38100818 mil/w:

27 O6 05 18 19 O1 22 O3 01 11 O6 le/c

28 T T T T 01 11. 03 O6 anOI-I/a

29 T T 02 T 02 T 23 man/s

30 22 59 25 22 T 07 16 69 87 Ah AS sLl

1 b H 41' O N H [x

g. a 3 s a :2 § § 3 a g a a
 

*Unit of precipitation is 0.01 inch.
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TABLE A—Continued

 

 

 

   

CENTRAL T mmn

3. (IO 0 o .p

~35 6588 “53:2.53 3; 32.?
fig «4 baking «do 2.: O E

wigfiaedagémaasé
gasses gaaagéaéa

Day

1 42 25 Oh 3L1

2 01 T nHl

3 O8 10 10 19 21 22 18 05 57 50 T le/c

A 05 01 O1 16 05 30 35 T 01 35 20 le/c

5 L T T T 01 T 03 11 7O 05 le/c

6 T T 02 nHl

7 02 T 10 nHl

8 T 10 05 02 08 23 01 nHl

9 11 57 62 08 15 19 01 04 5o 01 Oh an1

10 _ 19 03 T 22 51 56 96 7h 18 12 62 sLl

11 T T 60 12 311

12 T T T 3L6

13 01 T T T 01 T wHa

11 T T 01 T T uHs

15 _, 11 65 22 65 O5 111 38 58 T 23 mL1/c

16 27 22 T 21 18 10 18 13 02 01 10 08 le/c

17 08 O5 01 T 03 05 01 O5 08 le/c

18 T T T T 01 11 01 01 10 T an

19 T 05 T 16 06 T T 22 T T 10 ans

20 _ T 01 03 T 01 T 02 an

21 05 T an

22 11 T T T 01 15 T T 10 A6 mLL/ws

23 nHl

21 01 13 O3 13 T 01 02 56 mL1/ws

25 r 38 61 79 11. 7t. 63 30 u. 83 T 05 mIl/ws

26 12 05 15 18 52 33 38 92 O3 38 mL1/wa

27 16 O3 01 05 T 01 T 05 A9 le/c

28 T 02 05 n&eH/s

29 18 26 21 01 T n&eH/s

3O 35 20 11 102 15 30 T 32 58 01 05 3L1

m

g waste ear ease
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some areas ct over 6 inches in the month, but because of the fickleness5

of both 311 and le as to the exact location of their hishest concentrations

no area averages over A inches. For the same reason the total precipitation

map for any one year (see Fig. 2G) is always characterized by a very ir-

regular pattern of local concentration or dryness.

The combined frequency of sLl and le is remarkably constant from

year to year. Therefore, little order can be ascribed to the patterns

and their variation except the invariably light northern rainfall as op-

posed to the high southern rainfall with variable concentration. The sug-

gestion of heaviest southern rrecioitation in 193A and 1957 is associated

witn more nuneroue nQeH/s days.

Eummer, in contrast to both winter and Spring, is characterized

by an outstandingly high frequency of anticyclonic types as Compared to

cyclonic types. The usual large number of le still exist and aLn is

also very important, but with the northward shift of circulation all

other lows are virtually nonexistent. Of the anticyclonic types, neefl,

associated with the strong develonment of the Permuda Wish and South-

eastern uoper-level anticyclone, occurs with great frequency and is by

far the leading type; but nhl, associated with the CwOl lakes, is also

very common. Other highs occur only irregularly.

Both mll and aLn bring hifh temperatures, narticulsrly to the

southern half of the region and, except for a few aLn/d, heavy precipi-

tati n to much of the region. In contrast, nhl is cool and dry. Summer,

however, is very different from other seasons in that heavy precipitation

is associated tith the dominant anticyclonic type, thrt is, with nmeh.

Thus, in spite of the higher frequency of anticyclonic types precioitation



'1 I

"' .1._._\) '-

is Cone ally easily maintained. Temperature with n&eH deoends on the

"
3essition of the front. Days with he front over or south of the Lakes

occur with about equal frequency over a number of years.

Highest temperrtures for any given year may be recorded on a

variety of tyre days but usually occur with an aLl or, south of the ront,

with a hash/l. InaEly 1754 {see Table 5} they occurred for most western

stations on July 12 or 13 with an ain, but for the southeast on July lh

with the following nieH/l. In tault Ste. Marie, Marquette, and Chaoleau,

July 99 with another aLn was uarnest. on July 2 with n eH/l, maxima and

. . n . o o T, . . .
minima south of the iront were 94 and 0( r., reevectively, at Chicago,

"10 J / O 1 1 . a k

and 9( anu c0 F. at Cleveland. liorth of the front, on the other hand,

, .00 ['IO 1'1 0 fl 1" 1rdo . 1*-

they were only 64 and )4 r. in hreen say and 740 and 50 F. in buffalo.

_ , - H . . o . .
in Cleveland all days of hues/l hao maxima over 90 F.; aLn, Just Slightly

lower. In Chapleau and North Bay, however, naeI{/1 reached only the sixties

and low seventies as opnosed to the eighties on days of aLn. Temperatures

for le were benerally close to normal. Coldest days occurred either with

nil or north of the front with ndeH. In 1954 most stations exnerienCeu

lowest temoeratures between July 7 and July 9 with nHl and the remainder,

mainly in the northwest, from July 2 to L tith naeH. The extreme temp—

erature lows recorded were on July 8 when Chapleau dropped to a minimum

A o . . lo .
of )6 F., as oprosed to its high of 8/ With an aLn on July 29, and on

the following day when Durham in Southern ontario reached the same degree.

on the same days, Cleveland exterienced its only maxima of the month in

o‘ . ,. . . 0 1 . . . .
the seventies, while minima drooped to 50 b. brie maXima fell to the

sixties. However, as the centre of the high moved slightly farther east

on the following days, temperatures rose aszeual in the wet, with Chicago
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reacning maxiaa and minima of 9, 1nd LC F. WLerees irie recorded only

,, O ,- O

{ 211d )1

Tne characteristic feituie of normal temperature distribution for

17A} is 2 ion lctitudina] Gradient, a fe ture also character—

istic Pf nfil, nEeH/s, whl and aln. Long term.avereges are in he low

sevezties in the south and the low sixties in the nor+h. The slishtly

higher southern temoeretures and ftGQNJB are ient are maintained hv ne3i/

I

end in the east by mil. Of particular interest are tue much coolex tenn-

errtures on the shores of all five of the Great Lakes.

Departures from normal (see Fig. 19) are often siqnificent. How-

ever, because of fnle general conformity of many of the tynes' isotherm

natterns 11th the normal patteln they are usually rem;rkably uniform over

the region. In 1953 a high incidence of aLn was balanced by an unusually

high number of an days, and. tie entire region was ver; close to norLel.

In 1954 end 1957 there was a high nHl frequency with much of the region,

narticulerly the east, averacing sl ehtly below normal. NUmerous ne"/e

days in 1956, a Cfijl year, were yartially balanced in the southeast by

an equal number of le. In 1955, however, nfieH/l was dominant, both le

end aLn occurred in :eir numbers, and temieref11rs were 1811 2b>ve normal.

T"reciuitetion in Tuly is distinctly concentrated on davs of hie”,

LL], and aLn/w. In 1954, for exemnle (see Table 6), heavy rairL all oc-

curred over much of the region on eveiu day of each of these three tvnes

but was ve y Qht or nil on al].ot1er days. Local erotnts with en3 cne

type occurrence ale Ontun «(13 hQh. South send in 195A received 2.l3

inches over 2 dogs of nae”, end ?.6Z inches over ? gays of mil, out of

.01.
a total 5.8? inches for the month. Limilerly, Fort William in Tuly11,,,

received .63, .89, and .27 inche. on three separate Cars of naefl, .A0 and
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TABLE 6.--DAILY PRECIPITATION? JULY 1951.

 

 

I

 

 

SOUTHEAST SOUTHWEST

5 0 § a g a «'53 o b.

'5' ‘5 5‘ ‘° é o 3‘3 a g ‘3 E

1135133314332:ng
.Eéaegfiefiagegflé

(0 2

Day

1 08 on T nun/w.

2 01 53 20 T 20 125 25 13 66 mcH/l

3 32 09 36 88 105 78 15 n&eH/s

z. 01 T T T T nflceH/a

5 08 T T nHl

6 T 06 03 09 02. T T 23 151 113 21.7 23 '1 le/ws

7 03 oz. 01. 56 111 95 03 EE/V‘

3 01 111-11

9 31 nI-ll

10 01 73‘ all].

11 T 01 T nHl

12 T aLn/d

13 T T T aLn/d

11+ 99 31 u. 79 T T T T Mali/1

15 01+ 06 _3 nHl

16 nHl

17 T 02 111-11

18 T 01. T 02 03 01 T T 01. aLn/w

19 02 oz. 05 aLl/b

20 21. T 06 06 36 15 50 1.9 01 _ sLl/b

21 05 1.3 oz. an

22 mm

23 T T T aIn/d

22. T T will

25 T 09 T _3 um.

26 le

27 T 1.6 137 T T $61

28 02 T 01 30 19 n&oHl

29 31. 16 22 33 81. 1.5 32 52 T 37 25 T 3111 w

30 10 96 A8 30 03 T 21. 10 07 T 90 112 le/ws

N no In H no N to m «f

g 9 a 3 a 39° 3 n a: e a; .74 e  
 

*Unit of precipitation is 0.01 inch.
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TABIE 6—Continued

 

 

T

 

 

c E N T a A L NORTH

5 '5? g 1:: o '5": 4'; 3 g :1 g

"*2 392222392: 2.13: .9 ET
4; S 0 j o 49 a 437-. «+2 a :3 O

age-1:3 9.513235162229225 a
322222325252622

Day

1 T T T 02 le/ws

2 02 29 10 1.6 01 01. T T 03 n&eH/l

3 T 11. 59 109 01. 02 on/s

1. T 02 02 T 09 31 T n&eH/s

5 _ 19 T _‘ 11H].

6 02 05 50 1.1 11 08 T 60 69 36 mI-l/w:B

7 19 1.3 011 1.3 T fi/“

3 05 15 03 11111

9 22 15 111-11

10 +- 07 05 08 09 51 __ 11H].

11 T 21 03 22 08 T T T T 11H].

12 T 65 11. aLn/d

13 T T T T T 11. T aLn/d

11. 02 21. 03 T T 03 03 59 MeH/l

15 nHl

16 T T " nHl

17 T T 01 02 all].

18 15 19 10 T 02 T aLn/w

19 01 T T T T T aLl/b

20+02 T T T 7029 06_aLl/b

21 T mm

22 06 mm

23 T 12 T 09 11. aLn/d

211 um

25 __ 11+ 11 _{ UH].

26 02 win

27 61 1.1. 10 1.1 87 51. $471

23 55 01 T T 01 1181811

29 23 1.7 22 35 T 07 01+ slow

so 110 51 1.1. 59 1.8 11.1 75 53 08 73 88 71. nun/we

r: tn H o \o C ox m b- 0 co 110 H

+3 In O a co 0‘ a O\ n F tn N \O

59' N N m N N m N  
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.35 inch on two separate days of le, and 1.23 inches on one day of aLn,

or a total of 3.70 inches out of 3.90 inches for that month. however, all

three types are very variable in the exact location of their heaviest ore-

cipitation and therefore lead to no definite pattern 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

may have less than 1 inch. long term averages (Fig. 17B), therefore, are

considerably lower than 6 inches. For most stations, however, they are

slightly higher than in either January or April, especially in the north

and west due to aLn and nQeH/l, reshectively. Almost the entire region

averages over 2.5 inches and most of it over 3 inches. Some areas receive

over 3.5 inches and a few, over 4 inches.

October

In October, as in July, anticyclonic types are more numerous than

cyclonic types. There are, however, very significant differences. By

far the dominant type is le, a dry type with temperatures close to or

slightly below normal. Other anticyclonic types occur in fair numbers,

but with considerable irregularity. Both an and an are common in some

years, the former more often than the latter, while in other years they

do not occur at all. Similarly, the unusual and very warm.antieyclonic

type neH may or may not occur in large numbers in this month. The dome

inant anticyclonic types of July, on the other hand, have all but disso—

peared. Although much less frequent than in July, naeH does occur oc-

casionally; but with the Lakes relatively warm, nHl never does. Cyclonic

types are only slightly more frequent than in July but show a much greater

variety. The most conmon tyne is aLn; whereas le, though still second
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in frequency, is at its minimum. Other types occur irregularly, with the

occasional gLe hurricane being of particular importance.

Highest temperatures in October 195h (see Table 7), generally in

the seventies, occurred on a wide variety of type days for different

stations. In the southwest most stations were warmest on the 3rd with a

mIl/ws. Chicago and South Bend led with 810 F. In the southeast, aLl on

Cctober it had the highest maxina, 850 and 86° F. in Buffalo and Rochester,

reSpectively; but a hash/l on the first of the month had the highest mean

temperatures. Other types and days recording high maxima were aLn/d on

the Ath in central tntario, neH and aLn/w on the 9th in Duluth and Fort

hilliam, and aLl/a on the 12th In central Michigan. Normally lowest

temperatures occur with an or an, but neither of these types appeared

in 1954. Instead, the coldest days were during a rather unusual aLl/d

occurrence at the end of the month. Below normal temperatures were also

recorded during both occurrences of whl, Cctober 6—7 and 18-20.

October as a whole is generally warmer than April. mypes occur-

‘ring in both months are slightly warmer in October. In addition, October

is largely dominated by mild types. EVen whl is a relatively mild anti-

cyclonic type; its temperatures are near normal or just slightly below.

tnly because of its high frequency is it significant along with irregu—

larly occurring colder types in balancing the milder types. In April

there are many mil and sLl occurrences, but they are significant primarily

for raising only southern temperatures. In October, not only are there

still a fair number of le days, but also numerous aLn and neH occurrences,

 

lIn Ontario several stations had highest minima for the month on

the 19th, but not maxima as the cold front passed early in the day.
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and a few ndeH/l days. Conversely, cold types are few and irregular in

october, whereas in April an is fairly common and an, nfil and nieH/s all

occur in some years.

Normal temperatures (see Fig. 18A) are in the low fifties in the

south and about forty degrees in the north. Latitudinal gradkant and east-

west differences are both smaller than in Spring. The two dominant types

le and aLn have fairly uniform temneratures fronieastto west, excent for

the effect of modification by the lakes, and also small latitudinal grad—

ients. In addition, le and all, which are largely responsible for the

higher southern and southeastern temneratures in spring, are much less

common in october and their differential effects are to a large degree

counteracted by neH, nfleH/l and an. However, modification by the warm

lakes, particularly for anticyclonic types, is age‘n inportant though not

as much as in Janualy. A.slight reversal of Uraoient apnears in Upner

Michigan, and the cold looos of northeastern Wisconsin, northern Lower

Michiean, and south of Georgian Bay have redevelOPed. All eastern and

southern shores are noticeably mild for their latitude.

Departures from normal are important because of the variability

of the more extreme, less common types, in spite of the reliability of the

two dominant tynes. For cxnnmlc, (see Fig. 19), in 1957 there were a fair

number of an and nfls and almost no cyclonic types; hence average temn—

era’ures were below normal, oarticularly in the south. on the other hand,C
!

in 1953 there were no an, a number of neH, and a few mil occurrences

and temneratures were above normal. In 1956 men had a ver; high frequencyA

7h

enc le occurred in fair numbers. lhere were only two days of nUn and

none of an. Consequently, temperatures were well above normal. In 1954
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and 1955 there were no occurrences of nhn and only one of nus, but also,

only one neg; temperatures were close to normal or slightly above.

Precipitation in october is, for the most part, very clearly as—

sociated with only certain tynes. Heavy rain occurs with le, sLl, ale

and the occasional naeH or all. in contrast, le and nod, except for

frin;e disturbances in the case of the latter, are very dry (8.3. Table 8‘.

In Table 8, (Daily Precipitation, fictober l9§h\, of particular

note are the small amounts recorded from the 6th to the 8th with whl

and neh, and especially from the 18th to the 23rd with whl and whs. The

naeH/l on the 24th and 25th also annears quite dry, but on this occasion

D
o

the front was ”airly far north and few of the stations listed recorde

rain. Typical amounts in Northern untario were as follows: Atikokan,

.04 and .95; Armstrong, .98 and .06; Fort hilliam, .10 and .01; Jhite

River, .12 and .41; hiscotasing, .23 and .31; Coniston, .02 and .17;

Earlton O and .31; and North bay 0 and .0a inch. south of North ?ay

there was virtually no rain.

litremely heavy rainfall also occurred in the same month. ”n

the 3rd, mIl/us brought over 7 inches and occasionally Q inches to NFL;

stations in the sou+hwest and in central Fichifan; another occurrence on

the 10th and llth brought similar amounts again to Chicano and South

Eend. Record falls, however, occurred during Hurricane hazel on the ljtd

and 16th and the preceding sLl on the lath. cf the stations listed,

lalton, near Toronto, tntario received the highest amounts: 4.78 inches

fell on the 15th and a total of o.lh inches over the three days. Several

stations, hovever, received even more. fort Credit just west of Toronto

fin
had 5.0; inches on the .,ta and a total of 6.35 inches. Highest was

Prampton, northwest of Toronto with 7.07 inches on the 15th and a total



-122-

TABLE 8.-DAIL ‘PRECIPITATION? OCTOBER 1956
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32 82 5h 80 20 37 60 111 276 39h 7h 09
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33 .5 a '3‘ :3 .'§ .g o "3 35 $3 5?.mg g. 231.3,.
35“ a.mafis .e 2

53 2 m a gs m a a 33 S a a

Day

1 75 36 09 39 T 33 02

2 56 13h 77 10 150 T 01 31 3AA

3 25 09 Ch 109 06 26 30 18 150 395 12h 28

h 01 101 9A 20 21 T T

5 _ T 02 09 01 T 05 97 63 76 36 16 01,_

6 02 GA 02 01 10 01 T T T

7

8 T 01 01 01 T 03 02 06 02

9 T 12 03 2h T T 09 79 227 T T

10

11

12

13

1h

 

on 48 32 12 01 16 23 11 51 T 05

20 a6 19 07 90 127 73 02 16 03 01

T 29 16 61 T ' .

125 86 70 138 03 16 28 217 110 22 13 48

15 _ 476 309 261 197 143 #35 336 07 26 T T T"

16 11 50 52 77 23 15 17 07 95 02 03 01

17 25 06 103 09 01 21 T T T

13 T 01 12 A9 01 15 02

19 T 34 03

32* i
22

23

2h

25 T T T

26 P 06 21 21 29 T 02 02 T 01 02 11 A9'"

27 T 06 03 93 22 on T 10 T 02 02

28 0h 12 13 09 T 10 T T 05

29 Ch 38 34 02 03 07 10 1h 27 03 T 03

30 03 37 22 T 51 20 T 19 T T T

r~ o~ at o~ ox oz r1 «1

g g a a s a a 2 é a g a a    
*unit of precipitation is 0.01 inch.
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TABIE 8.-Continuod
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of 8.35 inches for the three days.

Normal precipitation for October (Fig. 198), however, is much less

than in 195A due to the dominance of the dry anticyclonic types. Never-

theless, with the variety of cyclonic types most areas average between

2 and 3.5 inches, with the greatest amounts falling to the east and south—

east of the lakes.

As illustrated by 1954, major deviations from the normal due to

the variability of the heavy precipitation types are characteristic of

October, particularly in the south and east associated with very rainy

le occurrences and the gLe hurricanes. Several areas in both 195A and

1955 had over 8 inches during the month (see Fig. 20) with both years

experiencing hurricanes and heavy le rainfall. hemarkably dry years

also occur. In 1956, the month was very largely dominated by le 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 close to 2 inches and

the extreme east over 2 inches. Dry an, le and neH were all frequent,

but a few days of le brought some rain to central areas, and a gLe,

some to the extreme east. In 1957 the dry anticyclonic types dominated

the month almost to the exclusion of other types. Nevertheless, pre-

ciritation to the lee of the lakes with an, 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 Seasanal Comparisons and Type Freouency
 

The highest overall frequency throughout the year of any of the

types is maintained by le. This type occurs in large numbers in every
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month except octaher and in that month it is still important, eSpecially

for its occasional very heavy rains. Thmzs, in all seasons it may be

considered as resoonsible generally UHIUu'%)At the r"ion for the base

amount of precinitation and its high reliability; in addition, it Contri-

butes to a large defrce to the hicherfemneratures of the south.

other than mil, however, each tyre has cefinite and strane

seasons-l conce1trations: nfln and nUs in January, and to a lesser defrae

an also in April; sLl in Agril; nQeH and nPl in July; le in october

and aLn, second in total freouency hut well behind le, in July and acts-

ber. Csmbineo, cyclonic types have a yrtoter frequency than anticyclo ic

tynas in winter due to their varietv and in spring due largely to the re-

liability of mil and sLl. an the other hand, anticyclonic types are far

more common in summer due to the hieh frequency of nEeH and nHl and al—

mort comolete absence of three of the cyclonic tyoes, and again in fall

cue esoccia‘ly to the very large number of wPl:id in snite of a "raster

diversity of cyclonic tyres than in either snrine or summer. over the

year there are just a very few more anticyclonic than cyclonic days (see

These concentrations, as well as the more neneral frequencies,

are of fundamental importance to the clinate. Althoueh the tenoeratures

I
- ‘ ‘- ‘ )‘Q‘ —~. ‘- q -“ 1,3 --~ r, z' .\ r-u ' - ~' I‘ n. W. - r-

of each of the +~nts co var, with hue Epupan, they maintain rouhhly

the are di rihuti) characteristics throughout the year and also their

n..- 

JCompare Trewartha's generalisa.tion (see above p. 3, or Finch

and Trewartha, p. let) that the treater importance in winter of enti-

cyclznic circulation, as a."conditi3n that is ertaonistic to the dev-

elopment of fronts and cyclones", is a factor in t1e saint; m.ximum of

orecipitation in humid microthermal climates.



same general relation, either relatively cold or warm, to those of other

types. Similarly, precipitation associated with each type falls in ap—

proximately equal quantities and with the same distribution characteristics,

except for minor differences caused by the changes in lake temperatures,

no matter when the type occurs. Type frequencies, therefore, clearly

determine not only the may to day character of the climate, but also the

3

distributional differences of average temperature and total precipititiin5

from season to season and year to year.

The normal temperatures of January are particularly cold because

of the dominance of very cold types, nhn and an, and some years are

much colder than others due largely to the frequency variation of nhs.

The daily weather, however, is best characterized by the frequent alter-

ations of these cold anticyclones with the wide variety of cyclonic types

which bring much warmer temperatures to the south of the region. As a

result strong contrasts of average temperatures exist between those areas

in the south and especially the southeast which are most influenced by

the cyclonic warm sectors, and the northern areas reached by relativelv

warm temperature only during the occasional aLn while at the same time

experiencing extremely low temperatures with both an and an. Also,

at this time of the year the importance of the lakes is at a maximum.

The lakes are relatively warm whereas the extremely cold nhs and even

an have temperatures far below freezing. Thus, the greatest possible

contrasts are created. Interior cold 100ps as well as modification of

shores are both clearly evident.

Ty April sLl and le, both important warm sector types, reach

a maximum frequency and, in aetition, anticyclonic types appear in sreat-

er variety and are less severe. Temperatures, therefore, are generally
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milder, at least in comparison to the extremes of winter, and fluctuations

are greatly reduced. Cold waves of nfin and esoecially nNs do occur, but

since continental cold is not as extreme at this season, neither type is

quite as cold in relation to normals as in January. On the other hand,

le and sLl, because of their high frequency, influence April temperatures

to such an extent that they, also, both differ from normal temnerature

slishtly less than in January. Latitudinal gradient of normal temp-

erature is still considerable due in particular to le and sLl, but the

influences of these types in this regard are minimized by the variety of

anticyclonic types and aLn which bring more uniform temperature from

north to south and never the severe northern cold to Oppose the southern

warm sectors. Year to year departures of monthly averages from normal,

however, are sometimes great since the three dominant types have the most

extreme temperatures relative to normal and are all subject to occasional

frequency differences. Lake influence is at a minimum because the lakes

are cool and the types mild.

In July temperatures are, of course, high. Uccurrences of the

coldest types, an and an, are at a combined minimum; hence the high

temperatures of mil, aLn, and naeH/l are balanced only by the less severe

anticyclonic types, neeH/s, nHl, and le. There is even less normal lat-

itudinal gradient than in April due largely to the disappearance of sLl

and the great increase of nfll, need/s, and particularly of aim which

brings warm temperatures more frequently to northern areas. The ratio

of naeH/l to naeH/s is particularly important in creatina above or below

normal temperatures from year to year. The lakes are cool and noticeably

lower temperatures in their vicinity.

Cctober is perhaps the most unusual of the four months. Petween
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one- uarter and one—third of the month each year is dominated by le, a

mild anticyclonic type. The remainder of the month is divided among a

wide variety of types, both cyclonic and anticyclonic, with aLn running

a poor second to le. For the most part these types are also mild except

for a variable number of an and an. Temperatures, therefore, in Spite

of a minimum of le and only rare occurrences of sLl, average consider—

ably higher than in April. On the other hand, because there are few le

and sLl, the latitudinal gradient is small as it is in July. Variation

from year to year is important because of t.e irregularity of all but

le and aLn, which includes the more extreme types. The lakes are quite

warm at this time, but so are the temperatures; consequently, only eastern

and southern shores are moderately warmed.

The importance of type frequencies to seasonal precipitation is

in many cases much easier to interpret because of the association of

heavy precipitation with just certain types while others have very little.

The Great Lakes Region is noted for he general flatn es of its precisi-

tation curve; yet from the study of weather types it is evident that (l)

the synOptic origin of this precipitation is far from constant; (95 very

significant differences in seasonal distribution do occur from place to

place.

It has been pointed out that le is resnonsible throughout the

year with few exceptions for at least a base coverage of precipitation

for the entire region; the reliability of the total amounts for any

month, however, is dependent on a variety of types and their relative

seasonal frequencies. In winter reliability is dependent on the div;

ersity of cyclonic tyres, while in Spring it is more dependent on the

frequency of mil and sLl only. In summer there are decidedly fewer
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cyclones than anticyclones; hence much less Wreciwitation might be expected.

However, in this season nfleH, the only rainy anticyclonic type, reaches

a very strong maximum. In fall cyclones are again less numerous than

anticyclones, even mIl is at a minimum and, in addition, need has virtually

disappeared. Precipitation, therefore, is frequefi‘ly quite low, but oc-

casionally very high because of gLe hurricanes and very heavy falls with

the few le. Thus, in all seasons except winter, heavy precipitation

is dependent on the frontal precipitation of a few cyclonic types all

of which are somewhat fickle in the exact location of their concentrations;

almost invariably certain local areas receive much more rain than others.

Areas with over 6 inches in a month are common but so are areas with less

than 2 inches. In winter the diversity of contributine types, none of

which bring the extremely high falls such as those of gLe hurricanes or

mil in fall, lead to a more constant distribution and lower maximum amounts.

In January, due to the importance of sLl and gLe, southeastern

areas Generally receive the most precipitation and the west, at a distinct

minimum for the year, the least. Details of the distribution are large-

ly dependent on the influences of the lakes on aLl, sLl and an. Snow

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

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

shores have relatively high amounts compared to other areas. In April

precipitation is distinctly heavier in the south than in the nurth due

to the dominance of mtl and sLl, and to a lesser extent to nflefi. With

the increase of sLl, the entire southeast, except tte winter snow belt

of southwestern tntario, averages over 3 inches or slightly more than in

January. Southwestern areas also receive more than in January because

of the slivht increase of nheh. In July most areas reach a maximum,
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except again for the snow belt 01 southwestern Ontario. Northern and

western areas, in narticulsr, ere much higher; both average over 3 inches

as ooposeo to uncer 3 inches in snrinp and winter, and under 2 inches in

the west in winter. In the north the increase is one to the large number

'0

of si"/%'deys; in the west, to the very nigh frCQMwncy of nveH as well es

eIn/V. The nen*, however, is as usual in the rainy sautheast which has

4. - :31; 7‘
over A incth. fictoher Preciritetifln is hf? -J Veriahle: hence sveruce

*
s

ivures 0? this Month heve limited renninw and nresen+ 0 rather intri—

\

cats oattern. Most stations record less than in Lvly, excent thnsp in

fire vicinity of Georgian Bay, but due largely to aLn/w still more than

in either winter or shrine in the north and more than in winter in the

west. lake influence is of some imnortence agein as seen in slichtly

higher nrecinitation to the east and southeast of the lakes.



501$;th AND Cul'uCLUquN
 

The climate of the Great Lakes Region on a comprehensive and re-

gional scale has received surprisingly little attention in the past. In

Smite of its peculiar nature, due largely to the lakes themselves, only

a few studies have been made soecifically of the region as a unit. These

studies along with statistical continent wide classifications as well

as more local, detailed examinations of the elements provide a general

conception of the climate, but this is by no means adequate. For the

most part the primary concern has been with element averages which bear

no direct relation to actual individual occurrences. Variations and

deviations are almost invariably pointed out, but even these do not ex-

plain the climate. Numerous qualitative attempts have been made to pre-

sent the required genetic aspects; yet many problems have remained un-

answered, while the validity of some conclusions concerning others is

Open to question. The need, therefore, has arisen for a quantitative

genetic climatology of the region.

Modern demands by climatology and meteorology in general at the

broader continental or world level have led in recent times to the in-

tensive develonment of studies directed toward the dynamics of the at—

mosphere. Unfortunately, however, although much work has been done in

this line there is still a great need for the relating of the dynamics

to actual regional element occurrences, that is, for a quantitative ex?

nlanation of the common, exnerienced weather elements in terms of their

genesis. Numerous methods of classifying regional atmOSphere behavior

.13]_.
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have been devised in the past, which might be employed for this purpose

in the ireat Lakes Region. of particular note are air mass and recurrent

synoptic pattern classifications. A modification of the latter has been

selected over the air mass approach because it is more easily adapted

to accommodate frontal precipitation and is more easily applied in re-

gional analysis as opoosed to station analysis——again because of the

frontal problem.

Three criteria form the bases of differentiation of systems re-

presenting the weather types of the region; synoptic circulation pattern,

direction of the point of origin, and local trajectory relative to the

Great Lakes. Such systems are dynamic-synoptic system weather types and

are related both to the general circulation and to actual element occur-

rences. By establishing tyne frequencies in each season and also the

normal element characteristics of each type, the soujht—for relation be—

tween the dynamics and the elements is drawn and the climate may be ana-

lysed at the same time quantitatively and genetically.

In the Great Lakes Region eleven dynamic-synoptic systems are

sufficiently distinctive for isolation as weather types. filth each

t'oe are associated rema kably constant element occurrences, though in

some cases slight variations in the detail of the synOptic pattern and,

therefore, in the element distribution has necessitated subdivision of

the type. on the other hand, differences between the various types

id in their frequencies from season to season are quite marked. These

differences are clearly reflected in, and in fact explain, the general

day to day character of the seaSonal climate as well as the distribu—

tional details of the averages and deviatiOns of both temperature and

precipitation.
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Ehe a nlicetion of dynandc—synopt c system.weather types to the

Great Lakes negion has, of course, revealed certain limitations to the

method-~all of which have been discussed at some length. Fortunately,

however, most of these may with little difficulty be restated as chal-

lenges rather than as limitations. In general, there are two main as—

pects: first, the great amount of exploratory and analytical work neces-

sary; and second, the fact that a sufficiently sound and complete under-

standing of the general circulation and the dynamics of the atmosphere

is just now evolving. In examining the climate of the Great Lakes only

four months of the year have been analyzed. The gradation of changing

frequencies from month to month cannot be seen and, consequently, inter-

pretations of such seasonal changes as the more rapid warming of some

areas than others in so ing cannot be made with any confidence. Further—

more, the total observational period was only five years. From the con-

stancy of frequencies and characteristics over that period the conclusions

reached may be considered as reasonably valid in relative terms but are

less secure when stated absolutely. In the frequency analysis day units

have been used; shorter time intervals are necessary to lessen the dis-

crepancies between them and the natural durations oi the systems and

thus give much greater reliability and accuracy to reneralization and

c;mparisons. In short, the result in the case of the first problem has

been a less convinciné, less euantitative, and more superficial seasonal

analysis than is desired.

The second nroblen, though inherently entering into the seasonal

analysis, is perhaps more directly related to the preliminary tyding of

the system sequences. hany days clearly belong to one type or another,

out some are unavoidably of a borderline nature~-though remarkably few.



LUijCLiVity, as in all science, cannot be comnletely avoided, but it can

be reduced by using a shorter time interval, and nerhans, more imkortant,

by a more detailed understanding of the dynamics of the atmosphere,

particularly the jet stream, the general upper-level westerly flax and

the transfer of moisture, as related to the genesis of the dynamic—

synopcic systems themselves and their characteristics. Such understand-

ing is fundamentally necessary before the method can be presented with

absolute accuracy or accented with complete confidence.

on the other hand, even in its present form this study of the

climate of the Great Lakes hegion in terms of its genesis by dynenic-

;;noptic sys,em weather tyots at least illuminates a logical and prac~

tical method for relating the dynamics of the general atmosphere circu-

lation to actual element occurrences. As such it fills the necessary

miseing link for a new, fully integrated, comprehensive, and coherent

framework for climatic synthesis based not on arbitrary values or other

related natural phenomena, but on the genetic character of climate it—

self. The general atmosnheric circulation, its constancies and per-

turbations form the foundation of this framework, and at the same time,

because snecific and actually occurring elements values are associated

with each system, local and regional climates are truly described in

terms of the weather as it is cxnerienced rather than in terms of merely

abstract mean values. For the Great Lakes Region itself, it provides

a new and more quantitative understanding of the general climate of the

region, its daily, seasonal, and yearly variations and its variations

from place to nlace.
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