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Abstract 

The Pukaskwa Park is loc a ted in an ar ea of North e rn Ont ario which 
is relatively inaccessible due to exceedingly r ough topogr aphy . Physi ogra­
ph ic and c I imat ic charccter ist ics are comp lex, and ar e cornp I ic a ted by th e 
edjacent major water-body, Lake Superior. In the pr e para ti on of a r eport 
for such a vaguely known and ungauged di s trict, re g ional climatologic al sta­
tistics are adjusted and vectored to fit park conditions. The r esults are 
inherently specul~tive and the final interpret a ti on larse l y qua I it a tive , but 
a significant compendium of figures and recommendati on s wil I give specific 
guidance to planners and users of the park. 
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CLI MA TOGkAPHY OF PUKASKWA NATIONAL PARK ; ONTARIO 

Introduction 

"National Parks are areas of outst andin g fea tur es "dedicated 
to the people of c~n ed~ for their benefit, education and enjoyment, ••• 
end such p~rks she I I be mcintained and made use of so as to leave them 
unimpa.ired for the enjoyment of future generations". 

"T hree 
achieve its goa ls: 
interpretation." 

major activities are involved in making a nation al park 
r esource conservation, planning and development and 

"Before the park area can be developed, the r oad networ k laid 
down, campsites loc a ted, etc., the planner must know the nature and 
distribution of the important resources in order that he ma y locate 
amenities in areas where development wi I I no t conflict with natural re­
sources which are to be preserved unimpaired. Yet his road and trai I 
network shou ld be designed in such a way that outstanding r esources are 
rendered accessible to the visitors. Similarl y, the invento ry wi I I pr o­
vide the interpreters with the basic in format ion usefu I in de termining 
the areas, features and subjects for interpretation. Cli ma t e is one o f 
the basic ph ysical resources to be inventoried." 

From: National and Historic Parks Branch, 
Information BuJ let in 1972. 

The above paragraphs out I ine the cha I lenge to meteor o logy in 

aiding the development of recreational fac i I ities. The f orms bY which this 

may be ac complished have not been wel I established. 

In distin guishing it fr 0m other ph ysio grcphi c f ac t or s often dis­

c ussed in environment ?. ! studie s , La ndsbe rg (1958 vii) has desc ri bed climate 

as e "pulsing element". Though it is studied by si mi lar scientifi c c r i teria, 

climetic character changes over short ti me pe riods, ma king generalizati ons. 

difficult. The ~e uth e r aff ec ts everyone daily, and f o r ·r ecre a ti ona l ac ti­

vities it is a governing factor in what to do, where t o go , how lon g t o sta y 

and ot her dee is i on-ffla k i ng . Crowe ( 1970 ) Crowe, /v\c Kay and Baker. ( 19 73) have 

distinguished threshold va lues of temper·a ture, cloudine ss, wind , etc., which 

affect tourism and recreation fo r sub-continental r eg ions , but th e ir data 

are not gene r ally applicable to the smaller na ti onal par k a r ea unti I pe r t i-
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nent meteorological measurements are avai I able. 

National parks are, for inherent r easons, loc c ted in areas 

remote from population zones where economic ac tivit y ma y have sti~ulated 

the est cbl ishment of meteorological networks. A park clima ti c in vent or y 

must be derived from the sper se, often broken records measured 1n areas 

which are probably outside the park, in a landscape which may not be typ i­

c~I or representative. Much can be derived by physica l cli matological 

analysis, but the generated d~ta h~ve imperfec tions. 

It is r are when man's activities c an ac1 ual ly be halted by 

n, tural r auses, but there ~re many instances when inconvenience and dis­

comfort mey be experienced. Meteorolor ical ly-induced I imit ations t o park 

access and activity during the year are described in this report. Of course 

the degree of cold, wind or wetness that wi I I be tolerable to one indi v idual 

or group wi 11 not be acceptable to others. This prob lem has been avoided 

b y I i :rd t i n g th i s rep or t t o a pres en t a t i on o f u t i I i z ab I e d a t a a n d a I I ow i n g 

the users to draw their own conclusions. 

The report is organized into eight sections in which individual 

meteorological elements are presented, in terms of maps where possible, but 

other·wise by tables and descriptions. The collective effect of these elements 

is discussed . in terms of recommendations for perk activity are as. Finally, 

recommend r tions as to meteorological monitoring are made. 

The essential source of data is the national meteorolog ical 

~r chive. Figure I shows the locations of meteorologic a l str.tions adjacent 

to the park. Two types of stations ere corrvnon. Princi ?al or first~order 

stet ions me as ure a wide range of meteorological parameters hourly ~ ith spe­

cie! observetions teken as werrented by meteorolog ica l events. Othe r steti ons 

measure only temperrture and prec ipit r tion, twice daily. In the pub I ished 
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1 itereture the study of northern Ontario cli mates by Chapman an d Thomas (196 8 ), 

,,nd the Greeit Lake s Brsin report by PhillipsandMcCulloch (1 972) are good 

general references. The national climatic maps <Canada Dep t. Trans port 1967 - 70 ) 

are useful too in depicting regional patterns. Though t he I i t era ture has been 

frequently referred to i n supporting the course o f thi s report, the re 1s a 

dearth of specific information on the immediate Pu kaskwa area . 

As there are no climatological records from within t he par k, nor 

are there re hdily obtainable sources of general physical information, the 

values gener a ted for the area must be considered with great caut ion. Th is 

11vi 11 become clearer as each element is discussed. Section one o f this re-

• I 

port is a topographic description which is fol lowed by 2) t ~mpe r a ture, 

3> precipitation and hydrology, 4) winds and waves, 5 ) ice on water bodi e s, 

6 ) sky cover, 7) comfort and 8) a con c luding chapter incl ud ing r ecom-

mendations for a meteorological monitoring programne. 

TOPOGRAPH Y 

The perk occupies a unique promontory in th e e ast e rn sh or e I i ne 

of Lake Superior. (Figure 2) It is unique because the topograp hy is r ougher 

ano higher tha n in surrounding re gions. At one point the land rises 1500 

feet in less than six miles. Most of the area is deeply d issected by swift , 

short rivers of .t imited drainage area, though on the eas t e rn boundary most 

of the drainage is to th e White River; the Bremne r Rive r is a princi pa l 

tributary. The othe r principal streams, drainin g we s tward, in an i r r egul a r 

manner, through steep gorges, are the Pukaskwa, Ca scade and Vi I low . 

It · is difficult to discern any general trend o r grain t o the 

landscape. In the north central region, which is in ge neral the h i ghest 

zone, the long axes of -the mejor ridges seem north-south, but on cl oser 
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• Inspec tion there ere northwest-southeast elements, and~ si gn ificant numbe r 

I 
( 

of smeller ridges are oriented northe ast-southwest. On fir s t inspection , 

the lend slopes outward from the hi ghest part of th e p leteau, but when~ 

generellzed slope mep is constructed most aspects fac e westerly. It is a 

ru gged landscepe, in ~ccessible to foot travel, roa ds and c an oes, and extremes 

of exposure and shelter are pre sent. Are ns above 1500 feet experience t he 

brunt of strong winds and precipitation, abated I ittle by t he open woodland 

end rocky berren. Yet there ere valleys nearb y al most 500 fee t deep whe re 

I the airflow is I ight through e dense spruce forest. The shor e I i ne is ste ep , 

/ and heavily forested with only narrow ope n in gs for the mouths of sma l I rive r s. 

However, relatively unmodified lake air is able in s ome in s tances t o travel 

some miles inland along these stream courses. Nevertheless, in mos t case s 

the shore climate wi I I be confined to a narrow zone. 

TEMPERATURE 

The meen annual temperature at the park (36°F> is similar t o 

Thunder Bay, Winnipeg and Quebec City, but is 4 degr ees Fahre nh e it coo le r 

than Sault Ste. Marie and 10 degrees cooler than Tor onto . Howeve r , the r e 

ere wide variations one shorter time scale within th e park. Some ide a o f 

the regionel differences may be obt~ined by excminin g the r ec ords fr om sta-

' 
ti ons such es Marathon, Wawa and White Rive r (see Appendix). Mar a t hon, be in g 

strongly influenced by Lake Superior weter temper ? tures , hes c ool summe r s , 

cold but not severely cold winters and a reduced ann ual, monthl y and usuall y 

daily range when comp er ed with White River. Wawa, be in g fairl y close to the 

lake, but situated at a higher elevat ion, has intermedi a te cha ract e rist ic s. 

The re are three general rules applying t o t emper a ture d istri bu­

tion within this area. First, t emper a tures wi I I usu al ly dec l ine with inc r e as­

ing elevation. In the standard lowe r atmosphere th e r a t e is 3 . 6°F pe r 1000 
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feet. Secondly, temperatures wi I I ch ange greatly moving inla nd from Lake 

Superior. In surnner, temperatures increase with distance; in winter they 

decrease. At night except for brief periods in the intermedi a t e seasons, 

the land-water contrasts are smaller, for on sunny days much solar ener gy 

is converted to sensible heat over the land whereas equivalen t amounts are 

absorbed through a considerabl~ depth of water. Finally, there ~ i I I be a 

general temper ~ture reduction to the north though this maybe masked by loca l 

or mesosc~le influences such as lake currents. 

Elev~tion Effects 

Rather than depend on standard atmosphere generalizations which 

are intended for sub-continental areas, the monthly rrean temperature gra­

dients between 950 and 850 millibars at Sault Ste. Marie (Michi gan) Upper 

Air Stetion we r e used to adjust temperatures for altitude. Although the 

950 mb height is about 1800 feet ASL, it was selected in preference to the 

surface value in order to avoid nocturnal inversion eff ec t s , corrmon at the 

radiosonde release times, particularly in winter. 

TABLE 

RATE OF TEMPERATURE CHANGE WITH HEIGHT AT SAULT STE. MARIE (MICH.> 

(from average 950 mb and 850 mb values 1946-55> 

Month J F M A M J J A s 0 N D 

Gradient 1.42 1.73 2.15 2.35 2.10 2.53 2.92 3.04 2.72 2 .17 2.44 1.91 
c°F / I 000' > 

Lake Effect 

Using the Table I values, monthl y me an tempera tures a t seve r al 

regionel stetions were adjusted to the level of Lake Superior(600 feet ASL ). 

The adjusted v~lues were plotted as depa r tures from the Mar a thon means, 

(Figure 3>. Marath on is at 620 feet, end as the range of the de parture 
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lncreeses, this is en index of greeter continental ity i.e. t he influence of 

the leke becomes less. At this stage no correction has been made for lati­

tude, but es wi II be subsequently shown, this is smal I. It may be seen fr~n 

Figure 3 theta maritime climate does not extend much further inland than 

Wawa (eight miles). An arbitrary cut-off at 10 miles has been used here. 

As water and land temperatures are sharply in contrast during 

much of the ice-free season, particularly in spring, the formation of a 

"marine inversion" may be expected. During this period, air crossing the 

lake ts chi I led in the lower layers by cold water and becomes very stable. 

This effect may be seen by contrasting Marathon and Wawa temperatures, once 

· the stet ions have been adjusted to a similar latitude and elevation. 

J.Atitude Effect end Mesoscale Influences 

Several processes are concurrently ective, and to avoid problems 

in separeting causes from effects en empirical adjustment was obtained fol low~ 

ing en enalysis of Montreal Fal Is and Wewa data. Both of these stations are 

~t e similer elevetion, equidistant from the water with same open exposure to 

the southwest; but Mont re a I Fa I Is is 45 mi nut es of I at i tude south of Wawa and 

experiences wermer conditions •. Mean monthly temperatures for a common peri od 

of record varying .from 7 to 11 years were compared and Table 2 gives the 

edjustment applied here so that a vertical tempe~ature 

J 

o.s 

F 

0.4 

TABLE 2 

i\\E.AN VARIATION OF TEMPE RATURE WITH 10' OF LATITUDE 

<Deg. F. ) 

M 

0.4 

A 

0. I 

M 

0.2 

J 

0.5 

J 

0.6 

A 

0.2 

s 

-0. I 

0 

0. I 

N 

0.5 

D 

o.3 
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gredient could be computed for the maritime zone. Mar a thon va lues were 

edjusted ~O minutes south and Wawa was moved 20 minutes north so that con­

ditions et the central latitude of the park could be assessed. Table 3 

gives the tempereture gr ~dients computed. Throughout the cold season, there 

TABLE 3 

VE~TICAL TEMPER~TURE GRADIENT S IN THE LAKESHORE ENVI RO NMENT 

J F M A M J J A s 0 N D Month 

8radient 
F/1000' 

2.1 3.6 1.8 0.6 -1.6 -2.3 -1.4 -0.6 - 1.6 2.1 4.8 2 .4 

is e regular temperature decline with height with maximum gradients in late 

fal I. The inversion is prevalent in spring and surTTTler. 

Temperature Model 

In a general sense measurements et Marathon, Wawa and White Rive r 

may be said to represent lekeshore, intermediate and interior conditions 

respectively, but greater precision is obtainable by using a station as an 

index end makin g adjustments as the terrain changes. Here the park was 

divided into 52 grid squares (four miles by four miles). A mean elevation 

wes assigned to eachgrid and the prevailing slope aspect was estimated. Mean 

monthly temperatures were computed for each grid. White River values adjusted 

for elevation using the Sault Ste. Marie radiosonde gradients we r e appli e d t o 

grids more than 10 miles inland from the shore or wh e n the slope as pect faced 

inland. Grids loc a ted lakeward of the 10 mile I imit were g ive n i awa va lues 

adjusted using the lekeshore environment vertical gradients. Thos e gr i ds 

streddl ing the 10-mi le bounda r y were assigned the avera ged val ue of the two 

me th od s • Map s for each mo n t h were the re b y produced , ( F i g u res 4 - I 5 ) • I t 
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must be again emphasized that these are based on synthesized val ues, an d it 

should be pointed out that this method differs from other grid square t ech­

niques in which gric centre values are estimated by weighting surrounding 

stetions. Unfortunately in this latter case the grid size would have been 

governed by the distance between stations and wo u ld have emer ged t oo lar ge 

to be sensitive· to local characteristics. 

In the cold seAson months of December, January, February an d 

0 
Mar ch there is a sherp cooling gredient inland from the shore of 7-8 F. 

The most rapid chenges occur on crossing the 10 mi le I imit as mi ght be ex­

pected. An isolated cool zone occurs on the highest area in th e central 

region. In Apri I the grad ient weakens though a cold zone is evident over 

the east-central plateau. In May, inversion conditi ons al low for the warmest 

areas to be on higher ground, though inland where a more c ontinental cli mate 

is postulated, the coolest area is on the plateau. The maritime influence 

seems stronger in June with the coolest part of the pl a teau bein g confined 

to the very highest area, and yet this region, with the addition of greater 

0 
insoletion, is I 1/2 warmer than at the shore. In ~uly the pattern may be 

surrrnerized es: a cold belt along the shore; less cold on the high parts of 

the plateau; warmest in the valleys and low parts of the plateau. The 

August map clearly shows the declining influence of the now warmer lake. 

The greptest heEt is 5 to 10 miles inland where nighttime temper a tures are 

reletively high beceuse conditions are poor f or the forma tion of stron g 

inversions. Cold arePs e. re ;nost frequently found on th e gre a ter elevations 

of the centr~l-northeast zone where frosts are more likely in the drier air. 

The middle vel ley of the Pukaskwa River is warm. The September and October 

petterns ere similar to th~e of August, though the c ontrasts be twee n in-

land and lekeshore beco,ne increasingly great e r. By Novembe r there is a 7° 
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d If ference, though the Pukaskwa Va I I ey is st i I I one de gree w. ·nner t h 9n t he 

pleteeu; anomelous valley temperatures do not appear on the December map. 

The Incidence of sub-freezing temperatures is markedly greater 

tn the zone inland from marine influence. White River has an average fr ost­

free period of only 40 days, compared with 112 at ½awa and I 15 at Marath on. 

In the shortest frost-free season on record, only five consecutive nights 

0 remained above 32 at White River, compared with 57 at Wawa, 83 at Marathon 

and 133 at Caribou Island. On the average frost has been absent from Whit e 

River between June 25 and August 5, but the period is probably lon ger on 

sloping ground in major valleys which hove a westerly exposure t o the lake. 

The maps sug ~est this applie s to the Pukaskwa and White River Valleys, but 

there is no indic~tion in the Cascade Valley presumably on account o f maski ng 

by ver y high topography. 

0 Below 50 F some discomfort is usually felt by inadequately 

clothed persons. If the dayti me outdoor traveller is wi 11 ing to acc ept 

an 80 per cent chance of the mid - day temperature exceeding this li mit, he 

should select the period May 7 - September 24. To obtain an impr ession o f 

the variation between dayti me and nighttime temperatures the user o f t he pa rk 

maps may refer to Table 4 which I ists the mean da i ly temper a ture r a nge f or 

each month. To obtain early afternoon conditions, add half the r ange value 

to the map value, and perform the reverse to estimate nighttime situati ons. 

TABLE 4 

MEAN DA IL Y RANGES IN TEMPERft.TURE 

J F M A M J J A s 0 N D 

Mf'rethon 19 19 19 16 18 18 17 16 15 14 13 15 

17 17 17 16 18 19 18 17 16 14 12 14 

White River 27 30 30 24 26 27 28 27 22 20 16 23 
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Locei Veriation 

Standard meteorological stations measure temperatures in a wel I 

ventiJ~ted screen four and a half feet above the surface on sloping or flat 

ground. In depressions near rivers or marshes or on exposed plateau surfaces, 

conditions are much cooler. It should also be noted that on clecr cal m nights 

when the air is dry, there c~n be a strong temperrture gr 2dient from the ther­

mometer shelter to the ground. Six to eight degrees may be expecte9, and once 

or twice a yeer it might be 15 to 25°. Similarly on sunny days it is much 

wer rner neP.r the ground. Forests offer sh cde during the day but are wa rmer 

~t night. They are shelter zones et al I times. Snow-free zones a re warmer 

then snow-covered ~reas, but in mid-winter the insulation of deep sn o~ drifts 

is enough t 0 provide a refuge for many animals. 

Extreme Values 

Heat waves wi II not be a problem at Pukaskwa Park though agree-

ably warm weather is frequently experienced duri~g July and early August. 

0 
Crowe, McKay and Baker (in preparation) ,note that temperatures less than 51 

do not occur on the average between July I to beyono August 10, and during 

this same period daytime temper a tures above 77° occur at least 40 per cent 

of the time. The highest temper ;:• ture recorded at White River over a 79-yea r 

0 period wrs IOI • Ho~·ever, ver y high temperatures wi 11 not last for more than 

~ few hours. 

The are~ is more reno~ned for its cold temper c tures. Crowe et. tl• 

~- cit. demonstr f te tha t the coldes t 1O-day period is Uanu er y 21-30 when 

four per cent of the time the maximur.1 temper c. ture is below -9° and eight pe r 

cent of the time it is below -3°. Ten per cent of the time at Wh i t e River 

the observed temperature in January is equal to or less than - 27°; in December 

is equal to or less than -17° and in February is e ~ua l t o or less than - 23° . 
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The prob8bil ity of a low temperature occurring may be expres sed in terms of 

the return period for a particular value. For example, a 50 -year return 

period means that, on the average, a specific temperature wi I I be experienced 

once in 50 years. Figure 16 shows the return periods of extreme minimum 

temperatures for White River, Steep Hi I I Fal Is, Wawa and Marathon. The I ines 

were constructed using the Gumbel technique (Kendal I 1959) and in view o f t he 

scatter of points the 50-year return periods at White River and Mara thon ma y 

be about 5° high. 

PRECIPITATION 

Fro~ yeer to yeer the average preciritation V?ries more wide ly 

than the meen temperature. In ~ssessing the precipitation regi me in the 

Pukaskw~ P~rk eree there are three besi c principles. First, it is gene r? ll y 

true th~t precipitation increases as the land surface rises and ~o ist ai r 

undergoes forced I ift to condensation levels. Winter precipitation (snowfal I) 

from air moving over the lake genercl ly incre ::i ses at about the ti me of contact 

with the shore I ine, but decreases at greater distances inland fr om the la ke . 

un a progressively rising land surface very heavy precipit ,' tion may be expected 

particularly at abrupt elevation rises, and shadow effects are common on lee­

ward s i des o f r i d ge s th o ugh t u r bu I en t a i r f I ow may re s u I t i n a " s p i I I over' 1 o f 

snowfal I into the valleys. In summer, the relatively cool lake wa ter inhibits 

air convection near ihe lake; but precipitation is significantly great e r 

where surf ace hecting is more effective i.e., inland particularl y ove r hi gher 

terrain. 

Regional cl imatologicr.l stati ons indicate annu~I preci p it a ti on 

r~ngin g fr om 29 to 43 inches with the lo~es t ?~cunt s bein g a t t he lakeshore 

and at distrnr es of 40 rni les or more inl~nd, rnd t he hi ghes t v2l ues bein g 

measured short cistanc.es inland on steeply-rising ground. The st ? tion e xpo-
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sure is a criticel factor in ev r luating regional prec ipitation statistics, fo r 

when tr ees end bui I din gs interfe re with the ?irf low near a geu ge , enomal ous 

c r, t ,:hes, particul~rly with snowfrl I, wi 11 result; usunl ly a fr c>cti on o f the 

true f;-11 is missing. In addition to considering the imnedi a te gru ge envi­

ronment, it is necess r ry to jud ge the areA which the gc uge mi ght represent. 

This is a difficult and usucl ly subjec tively resolved problem, f or it has be en 

demonstrated th?t two gauges placed almost side-by-side wi I I record diff e ring 

amounts. 

Although there are few stations along the east shore of Lcke 

Superior, precipitation· characteristics at the 600 foot level are not 

difficult to estimate. However, moving inland for the first 10 or more miles 

the pattern is evidently very comp I icated. Stations a t Steep Hil I Fal Is an d 

Montreal Fal Is on the lip of the plateau have somewhat high annual va l ues, 

and experience especially heavy sno~falls. Though ~awe is in asimilar t opo­

gra phic situation, it strangely does not receive the s ame s pectacular amounts. 

Some miles from the lake on the plateau precipitation tend s t o incre ase fr om 

north to s 0uth, but elevotion effects ere not as evident. 

Water Balance 

The validity of precipitation values end their representativeness 

c~n be checked by hydrological techniques. Over a year en approxi ma t e ba lance 

occ urs between precipitation and the sum of run-off and evapotranspiration, 

when net changes in soi I moisture and surfcce water detenti on are allowed 

for. Over several years the net changes approach zero when basi n subterra-

nean outflow is equal to inflow. 

In Table 5 the ,nean monthly run-off ft'om vari ous dr a inage basin ~ 

near the park is shown. 

The two White River gauges taking in the larger part of t he wa t e r­

shed <including ~hite Lake drainage) have higher valu es than for that porti on 



W5t e rshed 

White River be low 
2 White Lake ( 1800 mi ) 

a t Re gan < 1800 > 

~t Bertr and (928 ) 

Magr i e Rive r ne cr 
Mi ch ip icoten < 745 ) 

ci t St e ep Hi I I Fa I I s 
(635 > 

Mich i p icot en River 
ne ar Sco tt' s Fal Is 

(2 ,o 70 ) 

TABL E 5 

MEAN //10NTHL Y RUN-OFF PU KAS KV·/A AREA 
Cinc hes) 

J F M A N, J J A s 0 N D 

.63 .42 .40 I .05 3.82 2 .43 I • 21 . 68 .60 I .28 I .24 .91 

. 54 .3 7 .38 .93 3. 75 2.41 I . 29 .63 . 33 .79 I • 18 . 82 

.45 .32 .31 I. 78 3.51 I • 8 I .86- .30 .30 .52 .65 .63 

• 
• 72 .49 .56 2 .41 3.71 2 .22 I .24 .74 . 8 1 1.25 I .41 I .03 

.63 .32 .26 I .4 7 4.47 2.33 I. 70 . 84 . 66 . 89 I. 16 . • 99 

1. 22 1.13 1.22 1.54 I.BO 1.35 1.1 5 1.06 1. 06 1. 42 1.32 1.22 

Year Per iod 
Total Use d 

14 . 67 1959-68 

13 . 42 1949-55 

I I .44 1953-58 

" 

16 .59 194 1- 70 V4 

15 .72 1920-39 

15 . 49 1956-70 
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..> f t h (? v. , t , r Sh ' d f I 0 ~ i n <J n Or t h we $ t f r >i , , r O k e i fl n d ! 1 l • ~ \ ,') l U L a k E • S t h r O U C: h t h (-' 

t own >f lt. hit e h i v e r t o i~ c rtr 1nd . How<' VPr, t n c.' l d tlvr t t ' Cu r •I w,:.; ,c, ,, sur l d 

r u rin :, o sh rt , 

r ecord s , an incre ase t o ~n annu a I 1nean o f 13. 95 i nc lw s is su 0gcs t 2 d . f-. un -

o f f is n ::>t i ce;cb l y h i gher o n t he ,1,o r e sou t ~e r n /\'.ogp i e 2nd i ." i ch i ;:: ico t e n Sc s i 'is . 

Th e gauge l oc 7 t e d ne rr t\\ i r,h i p i ~o t en mersur e s co :·,di ti ons in t he nea rsh or e part 

u f t h e v.- t e r ~.heo in pr'd iti :>n t o t h ;:.t a r · r-- for:nerl y 0c u ged by the S t ee p Hi ll 

r ; , I I s s t P 1 i on . U n f J r t u n P t e I y t h e r e , s n o c om 7 o n p e r i :::, c o f r e c or d , t h •:) u 0 h 

v.h en l o ng-t o r ,, p r ec i p it 0 ti:::,n v c l u.: s f r o 111 \".h i te R i v e r f: r e crn-:1p c r . c it appe c r s 

t hc t ie1et•n annu a l prec i p i 1ation is 10 pe r c ent h i ghe r i n t he 194 1-70 pe r i 8d 

c=is c ompare d wit h 1'?2 1-40 . This sugges ts th a t s t r ean: fl ov, in t he a r ea be t wee n 

St eep Hi 11 Fal Is an d t he lake ,·na y no t be hi ghe r t han upstrc a.:-i fr _; ;n t h e Fa l Is . 

Of cou r se , t he ~ hite ~ ive r p r eci p itati o n tre nd ma y no t oe typ i ca l o f t he l ower 

M ichi p i co t e n a rea. 

To esti Tia t e evapotranspir a ti on s e ver a l t echnique s may be uscu . 

Fo ur me th ods were att emp ted here a nd thr ee o f t h ese gave a v2 lue o f 19 i nches . 

Th e a gr eei n g ~e t hods ~ ere: ( a ) t he la ke eva po r a ti on t echn i que de v e l oped by 

Fe r guson .tl a l. (1970 ) en c der.ions t r E t e c in the Canac i ar. cl i ne. t o l og i c ;: I maps ; 

' (b ) the Th ointhv a i t e t ec hn i cue (Can c dc Department of Fo r es t ry an d hu r a I Ceve-

I opment 1966 ) ~nd l e ) ? method develop ed l er gel y by F~obertso n a t t he Can?da 

Ce p o r t r ne n t o f /\ s r i cu I t u r e • V l: I u es f' r e r ep o r t e d i n tr, e a s r or7e t e o r o I o s i c ? I 

Te ch nic .. 1 Bui let in, 68. The four th me thoc , the Tu rc f 0r 1nul a , y i e l ded a 

v c lue o f 13 inche s \t\•h ich v .. , s consider e d too 1~-., . 

The s yntheti c ~re c i p it ; ti on deri v e d fr o,·:1 t he s u.-r,a ti o n o f ·;-1ea;1 

run-off an c e vc! potr r nsp i r - ti on i s in gener c l ag r ee,nen t with t he '"ie a sur ec atn.J ___.nts . 

Fur e x rmp l e , t he I94I-?J n0 r ma l pn~ci p it a ti on -- t \•,av~a (37 inches) m-3y be c o ,-

pared w ith t he t,\ i.: gp i e wa t ~ rshed s ynthe tic val ue o f nea r ly 3b inc hes . However , 
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a ~)-ycr1r a ve r ~e pr~c i o itat ion of n ea rly 43 inche s at S t eep H i 11 Fal Is ,;iay 

be c on tr as t ed with a s ynthetic precipitati on above t n e Falls d ri ng aI ,.1ost 

the same peri od of 35 inches. The anomaly is mainly sn o~ fal I, as t he rain 

value s i r e similar to the regional average. 

The i n t e r pre tat i on i s th a t the an oma I o us s n ov~ fa I I i s ver y I i m i t e d 

1n geographical extent; it evidently doe s not si gnific r- nt l y a ffect r eg i on al 

s t r e a,n f I ov,. • Th i s c on c e p t i s sup po r t e d t, y Gr e a t L a k e s snow be I t r e sea r ch • Fo r 

e x ample, \ .' i gg in (1950) de scribed the ore ticn l r ea sons v.h y t he be lt does no·t 

e x r: e e d 3 t o :J , n i I es i n w i d t h • Th i s co r resp on d s w i t r t ~, e h e c v y s n ov-1 zone o n 

the Ke~een aw Peninsula of lv\ichigan cesr ribed b y E ic li :ne ier ( 195 1). Of course , 

we h , ve no 1,1e nsurernents o f precipitFtion or s trerm fl ow strirtly fr 1..)m t r. e ra r k 

c1re :- . In th e nort l1 p <" rt of t h e ptrk, m.J ist air in win te r mi gh t tr 1ve l sorne 

dist~nre up the ~ hit e R iver Valley before he r vy preci~itftion is r e l e ase d . 

But 1no s t o f the shor e I ine hes r estrict ed pen e tr c tion be for e a ir ,nass ascent 

i S f Or Ced c, n d j t i S CO n C I Ude d t h o t h ea V y Sn 0 11 . f a I I W i I I oc C U r On t h G Up S I Ope 

f a c i n g t h e I a k e • Th i s r u 9 g e o b a s t i on w i I I a I so s t i ! 11 u I a t e r a i n f a I I i n c _, n d i -

tionall y u11stable air, but during the period of the r:ia r ine i nve rsi on (lat e 

spring, early summer) it wi I I have a l esser effect excep t during cyclonic 

storms. 

Precipitation Model 

( a ) S n ov, f a I I 

Once 8Qain the grid techni c ue is used. He r e it is assumed t ha t 

snowfall prog r essive ly incre ase s wit h hei gh t. The r a t e o f incre a s e has been 

empiric I ly determined us ing V,'hitefish Point, :1·\ ichi ga n and f1.-.ontre 2 I Fa l Is 

c.a t r . 1.'.h it e fish Point (46°46'N 85°57'W) is at the ti p o f a wel I-e x posed , 

I ow- I y i n g pen i n s u I c • I t i s s u p e r i or t o Sau I t S t e • Mc r i e , 0 n t r r i o , f o r t h i s 

1nocel in thet local orogr~phy v-.i 11 not infl ue nce t he ~ r ec i p it~ t i on re g i me . 
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The means o f" 53-yec r rec or d ~ t V·.hitefish Point and IS ye r. r r ecord c t f1·,on-

tre a l F~ I Is ha ve bee n used to r onstruct Table 6 . 

J F M 0 N D 

I nc r e a se per I 00 ' C i nc hes) 1.4 2 .4 2.0 I.I 0 . 6 1.4 1.4 

Absolute va lue s for the 60 0 foot level a r e t hos e o f Aguasabon 

which is north of Mcrc th on, but ha s a be tter exposure and lac ks urb an i nf l u­

e nces. In the operc tion of the model, pre c ipitati on va lues a re a s s i gne d t o 

e ach grid a~cording t o the me~n grid -elevation. Wher e the slope fa , e s Bway 

fro,r1 the lake, hovJe ver, a reduced value is cssi gned. Thi s i s bec ?. us e 2 i r 

movin g downslope wi 11 be subjected t o f' diabatic he c tin g which wi 11 induce 

evr.por a tion r r ther then c~ndensa ti on. The reducti ) n r c t e is bas ed on th e 

decline in s no~fal I bet~een Steep Hi I I F2I Is end Whit e River (a di st a nce of 

25 mil es) co,:iputed on a .nonthly basis. l'.s onl y thr ee gri d squares a r e af fect ed 

t hi s is a minor adjustment. However, in construct ing i s oh yets a b i as t o1,,va r c 

lo~ e r snow fal I amounts i n valleys is invoked. This ::iay be f ell lac eou s in th •_ 

narro~, dee p valleys of the park, for the s e may be he avy accumu la ti on zones, 

trap~i :·19 snow kept aloft by turbulence over high gr ound (sp i I I-o ve r). r ' .._ e r-

ta inly sn ow w'.1ich fal Is on exposed hi 11 countrywi 11 soon be drifted t o lower 

she lt e red a r e as by t he wind. 

(b) Rain fa I I 

Essentially the same techni que hes bGen used t o ge ner ~te rai n fa I I 
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value s . In t h is instance Cari bo u I s l and VJa s o r i9 i n a l l ~ c o ns i dc n , cl f )ruse 

es th e l ;1 kc l ev e l s t ~ ti on on ac c o ~nt d f its si.n i l r. r l 0 t it udc t o ,.·,o n tr ,:.:• I ~ r1 t I s , 

but vns r e j ect e d in f avo 0r of White fish Po int beceu se , fi r s t ly, tur b u l en t mix­

ing l'nd preci p itation stimulrtion wou ld be g r e :> ter c t c- tr ue lee shore l i ne 

st;:- l i on , an d s ec ond l y , c onvectional rein fa I I would be d arnp ene d by surround i n g 

cold wa t e r e t the islrnd 's loca tion. In Trble 7 t he rr i n fa l I elev c tion adj -

ust ,,1ent is li s ted. F-- e: inf2II over ;, r e c=-s f r1ci ng cv ay f r ou1 t he lake is ~dj ust ed 

in th e same manner es t h · t used for snowfal I (Figur e s 17-30 ). 

1 P-.BLE 7 

,,.,Ef.\i f,h l l'..JF /\LL VE.F TI CI\L GFd.G I ENT Et-. ST SHOF E L/~KE SU PEf-. l Oh 

Incre ase per 100' <inches) 

M 

.06 

J 

• I I 

J 

. 08 • 18 

s 

• 15 

¼hi le the amount of preci p itation at White ~ ive r is c on si der ab l y 

less that what ~e have postulated f o r the high part o f Pukaskwe Per k , the 

markedly increased nu,nber of days with measurflbly prec i p it a ti on a t t he f o r mL- r 

site in c omr arison wit h other regional stati o ns ne e1 er t h e l~ke su g ~est s th ~ t 

rough topo gr 2phy continues to sti rnul ? te the p r ec i p it ?. ti on me cha n ism in l ane 

th o u g h ? . . ,o u n t s o f pre c i p i t c1 b I e w a t e r ; r e I es s • td V; h i t e K i v e r , t he r e a r e I 7 3 

ca ys pe r ye Pr with meFsur ble preci ~ itation c ompare d wit h 13; da ys a t S t ee 0 

H i I I Fal Is, 128 days at M~r ~ thon and I 15 da ys at ~ a~ e . A t Hor nepP y ne , 

eight y .d les fro n the l ake, there c>re only 112 days. 

Snov-. Cov0r 

The median date of the f irst occurrenc e of snow c o ver v ari es from 

l o te Sept e:nbe r to early November. Nee r the s hor es of La ke Superi ~r, t h e mo s t 

likel y ti me for the occurrence o f t he first snow c o ve r is in t h e f i r st v,eek 
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of Novcrrber . The rnos t I ikely date for the end of th e snow c ove r s ~r.son is 

n ea r m i d - Ap r i I • 

The m~ximum winter depths are usually gre r t er th nn 40 inches . The 

meximum eccurnulct ion occurs durin g l ;- te FebruPry. The sn ov .. rover hr.s vari s d 

fro,n e wint e r meximu.n o f neE·rly 5 f ee t in v-dnters with heavy snoy. fal I t o a­

bout :o inche s in winter s with I ight snowfal I. The r e tio of wa ter equivalent 

to depth (sn JVI, density) hf'S been ,neasured a t Frenz for over 10 ye ar s and t h e 

196 1-70 meens for late January, February and March are 0. 19 , 0.22 and 0 .25 

respectively. These ar e probaoly typical of the continental zone but wou l o 

h ove t o be increased one or tVvo percentage point s in the .naritime zone . 

Thunderstorms 

Thunderstorms occur when condensation is acce ler2 t e d 1n unst ab l e 

air. The resulting cloud <cumulonimbus) marks the up-dr aught zone o f t h e 

convection cell and though these clouds are massive and opaque, there ar e 

frequent breaks in the sky cover. This discontinuity is r e fl ect 2 d in preci­

pitation patt erns, but whether a thunderstorm or shower results fr om convec t­

ional cloud depends on other f ee tors such es rel i ef. Thunde rstorm fr equency 

m~ps h ave been produced in are~s where there is a dense observing net~or k , 

but in this report only ¼h i te River dPt~ ar e r e l iab le and r epresent ~tivE. 

So:ne notFt ion of thunder s tur n. oc. c urrence s was rnede ::.t Cc. ri bo u I s lan d in 

1964, 1968 e- nd 196 9. In ~II, 48 d c,ys with thunderstorms were reported ovEr 

I 4 , 10 n th s • D u r i n g t he s c me per i o d Wh i t e R i v er and Sau I t S t e • MP r i e rep or t e d 

4 7 d a y s an d 6 I d i-· y s resp e c t i v e I y • The i n c i den c e o f u n s t ab I e a i r ma sse s i s 

hi s;her e t the rnor e south er I y Caribo u ls I and then at VJ h it e ~ i ver, but the 

c o ld we t e r 0bou t the island dampens convEctive activity. ,\ l on g t he shore -

I ine o f Pukaskwa Park it is be lieved thunderstorms wi I I be l ess fre quent than 

a f ew ,ti l cs inland. The int erior pattern wi 11 be si ,:-- i lar to V,h ite FdvEr. 
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NAKI N.A A 

Earliest or Leest 
Latest or Greatest 
Medien (Middle Value) 
Ar I thmet i c Meen 

PAGWA A 

Earlie s t or Least 
Le test or Gree test 
Medi an (Middle Ve lJe) 
Ar i t h me t 1 c Mean 

WHITE RIVER 

Ear lies t or Least 
L~te s t or Grea t e s t 
Medi an (Mi dd I e Va I ue > 

Arit hme tic Mean. 

-
TABLE 8 

SNOVI COVER 
~ 

OCCUF,KENCE OF SNOW 
COVER OF I INC H 

OR MORE 

CJ CJ (/) 
a, (/l (/) a, I m 

(/) - :, CJ 
:, - I "'O 

I :, (t) 0 a, 
~ (t) I -+ 

0 ~-< 
I 

I (t) 

~ 0 (/) 0 3 
() er - ' n-() 0 ~ (t) 0 0 ., < -· < r ' . 
(t) -+ < - · (t) a, ' (t) -, -, ':3' , (/) \..H , (/) I 

0 -+ 
-+ ! 

50° 11 'N 86° 42 1W 1065 Ft. 

Sept. 24 150 Apr. I 0 0 
Nov. "26 197 May 30 I 
Oct. 29 168 Mey 2 0 
Oct. 28 I 73 May I 

50° 02' N 85°16'W 620 Ft. 

Sept. 20 140 Apr. 16 0 
Nov. 12 203 May 31 5 
Oc t. 26 169 May 9 0 
8c t . 26 170 May 8 

48° 35 1N 85° I 7 •w 1243 Ft. 

Sept. 20 138 Mar. 13 0 
Nov. 26 188 May 29 0 
Oct. 28 155 May I 0 
Oct. 24 157 Apr. 27 0 

DEPTH OF SNOI/. COVER (I NCHES ) 

., 
z CJ c.... (t) 

0 0 (t) a, rr n n < ::, ' ~ 
~ 

(t) )> --- C C ' · 0 3 a, .a, a, "'O ;: 'l> rr -, , c» X rr rr ' 
, 

(t) (t) (t) n -· -< --< '< -, -, ' ~ - 3 
\>I C \>I N 

\..H \..H \..H CD \>I \>I - 3 - 0 0 - --

~ -z 
--4 I 

(Tl 
::0 

0 0 9 14 0 0 0 0 24 
16 24 32 42 42 41 3 0 59 
0 12 21 30 30 21 0 0 39 

21 28 0 3A 
'° 
I 

0 2 3 I I 20 0 0 0 21 
4 24 30 38 43 40 18 0 50 
0 13 16 25 31 23 0 0 40 

12 16 25 31 22 0 38 

0 I 4 8 I I 0 0 0 19 
9 17 23 32 30 33 2 0 37 
0 7 13 18 2 1 14 0 0 28 

7 13 18 21 0 2 1 

( a f t e r Po t t er , I 96 5 ) 
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TABLE 9 

f \ EI AGE THUNDE~STO~M DAYS ~T ,H ITE ~ IVEh 1931-60 

M A Iv J 

0 .2 0.7 I .6 3.5 

J A 

3.6 4. I 

s 

2. I 

0 

0 .7 

N lJ 

o.o o.o 16 . 5 

Application of the Thornthwaite wa t e r bal a nce at White River indi­

c a t es that potential evapotre,spiration usually e quals ac tual eva po transp ira t ion. 

The Can ada Department of Agriculture (1969) has pr ep a red an irriga ti on risk 

ana lysis for White River 1n which the use r h6s ~ e t e r-need prob abi I ity tabl e s 

1n eighteen different forms depending on the soil moisture storage and plant 

c onsumptive use f ~ctors he v·ishes to s e lec t. As the ~hit e Rive r vicinity i s 

' e for e~ t e d lendscape interspersed wit h ~Any lake s , the soi I moisture stor age 
\ 

cap Pc it y wi 11 be lc'\r ge reg nrdless of whether the texture is sand or clay. 

P I an t u s e o f th e s t ore d w P t e r f or t r ?- n s p i r :·. t i on i s I i k e I y t o be c; u i t e e f f i -

cient, ex(ep t perh aps in clec1rings where lichens for rn the ve get a t i ve cover. 

Given~ soi I stor ar e of five inches, with no res tricti on on e vaporat ion 

opportunity, there is 15-20 per cent chance th a t two inches o f supplementa r y 

water ma y be re quired by the end of ~ugust, JTable 10). The Park, however, 

experiences a great e r precipit a tion and lowe r summe r t empe ratur es tha n a t 

~hit e Rive r, and the five inch soi I moisture storage value may be t oo low, 

since Thorrthwa ite suggests there is a soil moisture s t ora ge o f 10-1 6 inc hes 

in a mature forest, me aning pr es umably a broac-leaf deci duous fo r es t in a 

mor e s outhe rn l a tit ude. 

Th is aspect of the moisture regi me may also be de sc ri be d fol­

lowin q a tec hn icue de veloped by McKa y and Chain § (197 1 ), in wh ic h a tre c t­

ment of the prob~bility of 2ccumul a t e d pre c i p itation wit h ti .;,e is pre sent ed . 

A re~son~ble ti me for the beginnin o of t he ~c c umu lati o n pe riod a t Whit e River 
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TABLE 10 

WH ITE R IVER : WEEKLY 1\ND SE / SOtJ/I L I RF. IG/1TI Q~1 RECUIFE:1£ JTS FJ ~ A G IVEN R ISK 

STO~ / GE Ct Pt C ITY 5.00 IN. CONSUMPTIVE USE FACTOR 1.00 

V,EE K LOWEST H I GHE ST 
BEG INNING ESTIMATE 75 50 25 20 15 10 5 ESTI M.t'.TE 

MO~JTH DAY 

4 30 .o .o 

5 7 .o .o 

5 14 .o .o 

5 21 .o .o 

5 28 .o .o 

6 4 .o .o 

6 I I .o • I . 2 

6 18 .o • I • I .2 

6 25 .o • I • I • I .2 .5 

7 2 .o • I • I • I .2 .2 .4 .4 

7 9 .o • I • I .2 .3 .4 . 6 .4 

7 16 .o • I .2 .3 .4 . 6 .9 I .2 

7 23 .o • I .2 .3 .5 . 7 I • I I .O 

7 30 .o . 2 .3 .4 .5 .7 I • I .9 

8 6 .o .2 .3 .4 .5 .7 I • 2 .9 

8 13 .o • I .2 .3 . .4 . 6 I .O I . O 

8 20 .o • I • I -~ .3 .4 .7 . 5 

8 27 .o - • I . ' • I .2 .4 .4 

9 3 .o - • I • I . 2 .5 

9 10 .o • I .o 

9 17 .o - .o 

9 24 .o .o 

SEP.SONAL .o I .4 I • 7 2 .2 2 .7 3.4 4.9 4e3 

(after C8n~da Dept. Agr ic~ lt ure ( l 969 ) ) 
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t wou ld be Ma y 15, whe n the snow has melt e d bu t soi I moi sture level s a r e s t i I I 

h i qh . F i gur e 31 shows t he me~ns by wh ich t he r c turr pe r i od fo r ?mount s of 

~cc~mu lated pr ec i p it a tion up t o 100 inche s c an be esti m t ed . Est imAtes o f 

r et ur n- pe ri od v r lues f,::> r a s pe c ifi c dur ·· t ion m~y be r e ad il y ob t r1 ine d fr o;-1 

norm P I I y d i s t r i b u t e d i n f or ma t i on i f t he me c n F- n d t h e s t and r= r c de v i a t i o n f' r e 

known usin g t he e quation 

where : 

P = P + K o 

P is an esti ma t ed va lue having 

Pas the mean va lue and 

K is the fr equency fact or and 

o is the standard deviation. 

In this diagram the 50 per c ent pr obcbi I it y cu r ve is use d as t he 

mean; th e Ow and o0 curves correspond t o t he stand crd de v iat ions r equire d 

t o e stimate precipitation excess and di ficienc y respective ly . Examp l es of 

the K factor are shown i n Table II wh ich corre s oond t o va r iou s r e t ur n 
' 

pe riods. 

T/\BLE 11 

APP~OX IMATE FREQUENCY FACTO~ (K) VALUES 

Re turn Period Fre quency fact or K 
in Years for moisture excess for drough t 

3 0.43 --0 .43 
4 0. 6 7 --0 . 6 7 
5 0.85 --0 . 85 

10 I .28 -I . 28 
20 I . 6 5 -I . 65 
25 I. 75 _,. 75 

50 2 .05 - 2 . 05 
100 2 .33 - 2 . 33 
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~~IND 

An analysis of winds above the 950-mb level (1800 feet) indicat e s 

a predominant westerly (onshore ) flow occur-ring abou t 75% o f t he ti me in a l I 

se~sons. Prev~i ling surf Fce wind dir-ections may diff e r bec euse of t opogra phic 

bloc king and ch~nneling. In addition, there are lake-breezes and land-br- eeze s 

generated by loc a l pressure diff erences formed over differentially heat ed 

surf aces. 

Standard measurements of surf~ce winds ere at 10 metres above 

ground, and there ~re fo ur stations nePr the pFrk ~hich y ie ld useful inform­

ation. Wind roses h~ve been constructed for Februery, M~y, August and Novem­

ber for \\'hite River, Caribou l ~ land (pcrtial), Thunde r Bay and Sau lt St e . 

Mbrie (Fi gures 32, 33, 34, 35, 36). 

The strong easterly component at Sault St e . Marie is topogra ph ic­

ally induced. Similarly, at Thunder Bay the southeast c omponent 1s b loc ke c 

by f,H. Mc Kay. There is a great variation in wind speed from the exposed 

Caribou Island site to the shelter of White h iver. In Tabl e 12, the mean 

monthly speeds have been reproduced cs wel I as the r a tios o f th e two land 

stations to Caribou Island. 

Munn (1969) compared strong winds at Caribou Island with the 

Thunder Bay Airport VPlues, He noted pP rticularl y high frequen c ies o f str~ng 

~inds on the open lake durin9 a utumn. While it is r ~re to expe rience pro­

lon ~e c win es ~bove 35 mph ~t the Airport, sur h conditi ons o~cur et r?tes of 

30 hours pe r 10 de y period in October and November ct 1 ?ribou lsl nnd. 



T/B LE 12 

A'EAf\l t,\0 f~THL Y Vv I ND SPEEDS (M, P . H.) 

Ccri bov Isl. 18 . 0 16 .6 15.3 15 . 7 18 . 2 20 . 2 22 .3 
1942-54 

Thunder Bay 9 .5 9 .3 10 . 0 10.4 9.7 8 . 9 8 .3 7.8 8 . 6 9 . 2 9 . 6 9 . 5 
1941-54 
r~a t io Cc r . / T.B . I .85 1.86 1.84 2.0 1 2 .1 2 2 . 20 2 .32 

White Ri ve r 4.4 4.8 5. I 5.4 5.4 5.0 4.5 4. I 4.6 5. I 5 . 0 4 . 5 
193 7- 54 

F< r1 t i o C? r • /\/✓ • R • 3 . 34 3 .32 3.40 3.83 3. 96 

Gree t Lr>kes I .96 I. 94 I . 88 I • 8 I I • 71 I • 3 1 I • 16 1.39 I • 78 I . 99 2 . 09 I . 98 
L;; ke - I ;: n d \": ind 
R;, t i 0 (F-. i chrr ds 

"' and Ph i I I i p s .i::,. 

19 70 ) 



IA i nd 
(.; i r-ec t i on 

JULY 
CA LM 
N 
NE 
E 
SE 
s 
sv~ 
v, 
N,N 

TOTAL 

/\ UGUST 
CALM 
N 
NE 
E 
SE 
s 
SW 
w 
N\N 

TOTAL 

SEPT i\\BER 
CALM 
N 
NE 
E 
SE 
s 
s 

N\ 

TOTAL 

-,s -
TABLE 13 

L.A KE SUPEF I OR 
ANALYS IS OF OVER- LA KE ½INDS 

p r ~l NT, CE Fr E~UENCY OF ~ IND BY DIRECTI ON ~Nr SPEED CLASS 
(Cc lc u l r t e d fr- om L ;;kehePd .A. 195 7-1 966 ) 

SU1'.',\~ER 

Spe ed C lass (Knots) 

1-5 6-10 I 1-15 16-20 2 1-25 26-30 

I I • 76 
. 8 7 2.53 .72 .06 

2 .04 8 . 82 .72 .03 
I. 75 12 .73 I. 75 .07 
.40 2.02 • 14 

I .05 5.63 I . 89 .30 
3.51 14.60 1.37 .13 .06 
2 .08 9. 76 3. 70 .72 . 06 . 0 3 

,99 3.53 3,56 .48 • I 0 - -
24.45 59.62 13.85 I .79 . 22 . 03 

I I . 88 
. 6 7 2 . 80 2.24 .46 .01 

I .09 5 .97 2 . 62 • 13 
. 86 7. 60 6 .57 • 14 .02 
.30 I • 9✓. I. 13 
. 86 4. 8 1 2 .97 • 13 

I. 92 13.96 4. 26 .4 7 • I 0 
I .52 8 .01 4 .44 .97 • I I 
, 6 1 2 ,74 4,47 I ,OO .09 

19 .71 47 . 8 1 28 .70 3. ~o . 33 

10 . 7 1 
.33 I .48 2. 53 I . 50 • I 7 . 08 
. 62 2 . 8 7 4 . 26 . 95 • 13 .04 
. 55 3 .1 6 6 . 50 2 . 04 . 04 
. 22 I . 02 I. 70 . 34 . 02 
.44 I . 86 4.69 2 . 34 . 22 .04 

I . 63 6 . 30 IO .1 6 2.92 . 25 • I 0 
. 84 4 . 63 7 .07 3. 96 I . 69 . 59 . 08 
,34 I . 46 2 ,79 2 ,72 I , 2 I .40 . 04 

15 . 68 22 .78 39 . 70 16 . 77 3. 73 I . 25 • 12 

To t e ls 
% 

I I. 76 
4 . 18 

I I . 6 1 
16 . 30 
2 .56 
8 . 87 

19 . 67 
16 . 35 
8 . 66 

100 .00 

I I . 88 
6 .1 8 
9 . 8 1 

15 . 19 
3 . 35 
8 . 77 

20 . 7 1 
15.05 
8 . 9 1 

100 . 00 

10 . 7 1 
6 . 09 
8 . 8 7 

12 . 29 
3 . 30 
9 . 59 

2 1 .36 
18 . 86 
8 , 96 

100 . 00 



I 

V, ind 

D ir ect i o n 

OC TOBER 

CALM 
N 

NE 
E 
SE 

s 
SVv 
v.; 
NV. 

TOT /\ L 

NOV EMGE~ 

CA LI \ 
N 

NE 
E 
SE 
s 
S'v'v 
\· 

N\\' 

TOT / ,L 

DECE, ~!JC.: h. 
CALM 

NE 

SE 
s 
sv .. 
~\ 

N\'\ 

TOT /\ L 
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TAB LE 13 (COf T'D ) 

LI\ KE SU FE~, I OF 
ANAL YS IS OF OVE~ - LAK[ ¼ I NDS 

l[l ,'LfT/ .. [ 1 1 E~U[IJCY OF WI ND l ,Y D I F,. ECTl •H~ /\I JJ s r E[[J Cl f-'1S 
(Ca l cu l a ted fr o ,.1 La ke head A 1957-1 966 ) 

F/\LL 

Speed C l a ss <Knots} 

1-5 6-1 0 11-1 5 16-20 2 1-25 26-30 3 1·35 3640 41-45 4680 

9 .92 
.30 I . 29 2 .51 2 .38 . 6 1 .30 • I 0 .04 
.51 2 . 23 4.86 2 . 08 . 20 .04 
.34 I .35 4.91 3.33 . 59 . 04 
• 14 . 6P I . 29 . 67 . 06 

7 7-
• ..I../ I • 16 2 .10 I. 93 .48 . 08 

I. 14 4. 86 9.41 3.34 . 83 
,.., ,.., 

. L'L . OQ 

. 60 3 . 29 6 .91 4 . 64 2. 17 . 60 . 52 . 30 • 15 

.45 I .42 3 ,30 4 , 20 2, 62 , 97 .49 I c::. .:_....:::. 

13 . 73 16 .28 35 . 79 ';. 'L . 57 7. 56 ; . 25 I • I 9 .49 • 15 

8 . 96 
. 24 I. I 0 2 .35 2 . 70 I • 2 .2 . 45 . 07 . 02 
.34 I . 44 2.41 2 . I I I . 4 I . 39 . 24 • 10 
• 16 . o4 I .63 2 . 0 7 .73 • 16 • 15 . 08 . 07 . 04 
. 09 . 42 . 97 . 84 .25 .02 . O I 

• I 9 . 96 2 . 50 I . 95 . 65 . 03 . 02 
I . O I 3.46 8 .58 5 . 04 1.73 . 29 . 07 
.70 2 . 5 1 6 . 0 7 7. 19 4. 89 2 . 0Y • 9 1 .49 .28 .0 7 
• l 7 , 97 2 ,39 4 .29 3 . 70 I , 55 

' 
,76 ,42 _,fl .03 -

I 1.86 I I . 50 26.90 26 . 19 14.58 4 ~98 2 . 23 I • I I .52 • 14 

7 . 69 
• 14 . R9 2 . I 7 2 . 23 .65 ci08 
. 24 . 99 I .95 I .31 . 63 .31 • I 7 .02 
• I 7 . 6 7 I . 40 .99 . 5 1 • 16 . 05 .02 . o I 
. 0 5 . 22 . 68 . 65 .23 .07 
. 27 I . 39 2 . 60 I . 03 • 18 .02 
"n . ' 4 . 55 13.09 6 .78 .96 • 15 

• ~6 2 .39 8 . 15 I I .90 4 . 23 I . 60 088 • I 0 .06 
, 30 , 95 2 . 6 1 5 , 44 ~.38 , 80 . 23 • 15 

10 . 30 12 .05 32 . 65 30.33 9 .77 3 . 20 I .33 . 29 . 07 

Total s 
a· io 

9 . 92 
7 . 5-:, 
9 . 92 

10 . 56 
2. 84. 
6 . 6~ 

19 . BF 
I ·-- 0° '::I . C: 

13 . 60 

100 . 00 

8 . 9G 
8 .1 :> 
8 . 4£.~ 
c:: r J . ~ 

2 . 6G 
6 . 30 

20 . 18 
25 9 20 
14 . 4.5 

100 . ou 

7 . 69 
6 . 16 
5 . 62 
3 . 98 
I . 90 
5 .49 

26 . 42 
29 . 8 7 
12 ,86 

100 .00 



V i nd 
D irec t i o n 

JANUA h Y 
CAL/v\ 
N 
NE 
E 
SE 
s 
SVv 

V" 
NV\ 

TOTALS 

FE BRUr,F-, Y 
CALM 
N 
NE 
E 
SE 
s 
SW 
w 
NVv 

TOT h LS 

\,AF-..CH 
C/\LA\ 

N 
NE 
E 
SE 
s 
Sv, 
\\, 

N\\ 

TOT ,\ LS 
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T /\B LE 13 ( ::ONT 10 

L /\ KE SUP t. h I OR 

t IJ1 L YS I S OF OVEf• - L /\ KE , I NOS 
f"I[ I.CL fH (;[ F f r UE~~CY 1Jr \,VI ND U Y L l ~l( T l 1)1i /\f •I · SP[ ( f) C L/ \JS 

( ~: a I c t- I <" t e d f r o; n L a k eh e ;, d /\ I 95 7 - I 9 " ) 
·t, I NTEF 

Speed C I ass (Knots) 

1-5 6 -1 0 11-1 5 16-20 21 -25 26-30 31-35 36- 40 41-45 46- 50 

9 .35 
.33 .77 I .3 7 I .45 . 20 . 07 .07 .04 . 02 
.31 1.2s 2 .18 1.46 .25 • I 0 .02 
. 29 .79 I . 20 .55 • 16 .04 
• 12 . 23 .39 . 29 . 0 7 
.26 . 85 I . 8 7 .40 • I I 

I • 13 4.30 12 . 67 5.52 .49 
. 64 2 . 85 Si .58 12.67 5.39 I . 98 . 64 . 04 . 04 
,31 I, 15 3,60 6 , 06 2 .85 . 9 1 , 27 . 02 . 02 

12 .74 12.22 32 .86 28.40 9.52 3. I 0 I .oo • I 0 .08 

8 .8 1 
. 23 . 94 2.-92 2 .71 . 30 .04 
.59 "' "6 / e L 4 . 6 7 I . 66 .24 
. 45 I . 9 7 3.23 I . 84 . 22 .02 
.08 .43 .so .37 .05 
. 27 . 88 ; . 06 I . 25 .22 
• 73 4.06 I I • 78 4. 23 . Bl .1 0 .06 
. 55 2 . 66 7.58 8 . 52 3. 60 I . 09 . 24 .08 
, 32 ,93 4 I 15 5. 55 2 ,41 .81 ,20 

12.03 14. 14 3 7. 19 26 . 13 7 .85 2.06 . 50 . OB 

I I. 16 
.}2 . 97 3.08 3.48 1.42 .• 45 .20 .04 
. 9 7 3.41 4 .98 3.36 .69 .37 . 32 a23 . 04 
.42 2 . 62 7.41 4.00 .75 .33 .2 1 

. • I 2 . 60 .98 .36 .08 
. 23 1.27 2 .59 .91 . 2 1 .06 
• 71 4. 54 9.95 I . 27 • 16 
. 57 2 . 8 1 4 . 80 2 . 82 I . 29 .30 • I I . os . 04 
. 23 .92 2 . as 4 . 8 1 2 . 15 . 6 1 • 19 .0 7 .03 - -

14. 73 I 7 . 14 36 . 6 7 2 1 . oo 6 .75 2 . 12 I . 03 . 4L • I I 

-- -

To ta l s 
% 

9 . 35 
4 .32 
5 . 60 
3 . 03 
I. I 0 
3.49 

24. I I 
33.83 
15 , 19 

100 .00 

8 . 8 1 
7. 14 
9 . 42 
7 . 73 
I • 73 
4 . 68 

2 1. 77 
24 . 32 
14 , 37 

100 11 00 

I I • I 6 
9 . 96 

14 • .:., 7 
15 . 74 
2 g 14 
S . 27 

16 . 63 
12 . 82 
I 1. 88 

100 . 00 

- -· ---~---~ -~ -



,J i nd 
D i rec ti on 

A Ph IL 
CALM 
N 
NE 
E 
SE 
s 
SW 
w 
NW 

TOTALS 

M/\Y 
CALM 
N 
NE 
E 
SE 
s 
SW 
w 
NW 

TOT /\LS 

JUNE 
I"' AL .. '- /\•1 

N 
NE 
E 
SE 
s 
sv. 
w 
Nv\ 

TOTALS 
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TAB L[ 13 (CO NT 'D) 

LAKE SUPEf:- I OR 
ANALYS IS OF OVE~ - LAKE WINDS 

PEhCE tJT/,GE FPE\ UENC Y OF V,! I ND BY D I ~[CT I ON t,t~D SPEED CLI-S S 
(Ca lcu l fl t e d fr o,n Lr>-kehe cd A 195 7-1 966 ) 

SPR ING 

Speed Class (Knots) 

7.99 
. 33 1.39 2 . :>5 3. 27 . 74 . 23 . 02 
.71 3 . 73 6 . 87 3 .55 .35 .09 
. 54 2 .44 8 .49 5. 24 .73 . • 54 • 18 
• I 7 . 60 1.22 . 69 .06 . 02 
.17 I • 12 2.58 I .40 .20 .04 
. 63 3. 71 5.45 I .1 8 .47 .40 .os 
.57 2.89 4.64 3.34 2 .28 I . 25 . 61 • 19 . 04 
,28 I 

1
43. 4 .04 5 .30 2,26 ,55 , 15 . 04 

I I .39 17.31 35 . 84 23.97 7 . 09 3.1 2 I . 04 . 23 .04 

7 . 85 
. 26 1.35 3. I 7 2 .40 . 8 1 • I 7 . 04 
.48 3.29 6 . 22 4 .32 I . 64 .48 
. 57 3.99 I I . 87 5.32 .57 . 28 
• 15 . 63 I .50 .43 .04 
• 15 I • 2 I 2 . 19 I . 77 .34 . 20 
.73 4.3 1 4.64 I .09 .48 . 24 . 04 
. 53 2 . 98 4 .45 2 .90 I. 72 • 74 

. 
. 20 . 08 

,46 I ,25 3, 50 3,84 1.58 , 50 , 08 

I I. 18 19.01 37.54 22 . 0 7 7. 18 2 . 6 1 .36 . 08 

10 .46 
. 92 2 . 58 I . 60 .14 . 0 1 

I . 56 10 . 35 4 .05 . 23 
I . 83 12 . I 0 7. 64 .31 
.44 1.72 . 72 . 0 1 
. 5 1 3.8 1 3.33 .29 

I .48 9 .56 3 . 0 1 .35 . 05 
I . 25 5 . 82 3. 98 I . 20 . 5 1 
.35 2 ,46 4.05 I I I 6 I 13 , 03 

18 . 80 48 .40 28 . 38 3. 69 .70 . 03 

To t 8 1s 
% 

7. 99 
8 . 53 

15 . 30 
I 8. 16 

7. . 76 
5 . 5 1 

I I. 92 
15.8 1 
14 .05 

100 . 00 

7 . 85 
8 .20 

16 .43 
22 . 60 

2 . 75 
5 .86 

I I . 53 
13 . 60 
11 .2 1 

100 . 00 

10 . 46 
5 . 25 

16 . 19 
2 1 . 88 

2 .89 
7. 94 

14 . 45 
12 . 76 
8 . 18 

100 . 00 
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R i Ch O r J s and Ph i I I i p s ( I 9 7 0 ) ha Ve s yn t I) Cs i z e O Ve r - I a k C w i n d s 

an d siJnificant wave hei ghts for the Grea t L.J kc~s us i n') the r <1 ti o 

t echnique . Their r ntios (see Tab le 12 ) we r e fo r mul ~t ed fr om c ar e ful 

analyses of ship ata, but have some bias toward the lower Lakes . 

Here, howeve r, we have reproduced their synthesized Lake Superi o r wind 

data generated from Thunder Bay Airport observations with the recommendation 

th a t some subjective bias be ]iven to the h i gher ajj acent speed groups 

(Table 13) . In add ition, their month ly histograms of si gnificant wave 

he ights, the wave hei3ht probability dia dram and ma ximum si gnifica nt 

waves (Figures 37, 38 - Table 14), are shown. A "si gnificant wave 

height" is the average height of the highest one- third of a 11 v-,aves 

sampled. Again, it may be expedient to adjust the probabi I ity val ues 

for higher waves slightly upward. It may be seen that rel a tively c alm 

water exists from June to August with wave he i ghts greater t han five 

feet occurring only about two per cent of the time in July. On co ntrast, 

during November, waves over five feet occur ~ore than 50 per cent of the 

time. In mid-winter, high waves wi 11 be dempened by ice cover. 

Table 14 

Hei3hts of Maximum Signi ficant Waves on Lake Superior 

J F M A M J J A s 0 N D 

Max. Wave 31 27* 32 32 27 15 16 12 21 31 37 32 
( ft • ) 

Wind Direction w w w w w NW w \AJ w w w w 

Prob ab i I it y .04 .08 .04 .04 .08 .03 . 03 • I I . 08 • I 5 .0 7 .06 
( % ) 

• not valid because of high probability of ice cover 
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WHITE RIVER 

HOURS 6 
TO 

8 

57-66 JAN 
I 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEPT 

OCT 

NOV 

DEC 

23 

15 

16 

27 

25 

30 

24 

25 

27 

jil 
30 

37 

33 

9 
TO 
11 

20 

20 

14 

24 

26 

29 

20 

22 

16 

18 

25 

19 

12 
TO 
14 

19 

12 

19 -46 

~ 5 

46 -
26 

27 

20 

15 

13 

0 

-; 

TABLE 15 

FREQUENCY OF DURATIONS OF WINDS 0-7 MPH 

15 
TO 
17 

13 

26 -
37 

18 
TO 
20 

21 

17 

26 

43 I 19 
30 

42 I 20 

48 ~ 

~ 
31 

0 ,--
4 

44 

41 

24 

14 

27 -
33 

26 

Go 

21 
TO 
23 

16 

11 

15 

16 -
9 

9 

16 

13 

15 -
5 -

15 

10 

16 . 
10 

·- ~ 

24 
TO 
26 

7 

8 

9 

8 

8 

6 

11 -
7 

4 

4 

5 

7 

27 
TO 
29 

4 

2 

2 

2 

3 

2 

2 

4 

4 

1 

7 

30 
TO 
32 

3 

1 

1 

1 

2 

2 

2 

2 

4 

3 

2 

33 
TO 
35 

4 

5 

1 

3 

1 

1 

4 

5 

5 

2 

4 

--

36 
TO 
41 

8 

9 

8 

8 

6 

6 

9 

7 

9 

5 
1~:;:i 
~ 

9 

e 

COMP'D 05/04n 1 

42 
TO 
47 

48 
TO 
59 

1p~ 
7 ~ 
6 3 

10 4 

6 

7 

2 

~ 0 
5 

8 

6 

7 

6 

4 

3 

4 

5 

7 

4 

4 
1~::1 
~ 

8 

60 
TO 
71 

6 
1p1-:, 
L:!J 

5 

7 

6 

4 

6 

6 

6 

3 

3 

6 

72 96 
TO TO 
95 119 

5 

6 

2 

1 

1 

5 

1 

4 

4 

5 

4 

8 

2 

3 

6 

2 

2 

4 

1 

4 

120 
TO 
143 

2 

2 

2 

1 

1 

1 

1 

-

PROJECT #05370 

144 
TO 
167 

2 

2 

1 

1 

2 

168 
OR 
GTR 

2 

1 

1 

1 

2 

2 

1 

3 



TABLE16 

THUNDER BAY A FREQUENCY OF DURATIONS OF WINDS 0-7 MPH COMP'D 05/04/71 PROJECT #05370 

HOURS 6 9 12 15 18 21 24 27 30 33 36 42 48 60 72 96 120 144 168 TO TO TO TO TO TO TO TO TO TO TO TO TO TO TO TO TO TO OR 8 11 14 17 20 23 26 29 32 35 41 47 59 71 95 119 143 167 GTR 
30 10 

57-66 JAN 46 32 32 8 13 r,J 1 4 1 2 3 2 2 1 
FEB 46 32 29 26 12 1 3 1 2 2 4 1 

50-;;i s'§) I MAR 67 46 37 20 I· 7 3 1 2 1 2 
APR 61 54 37 31 10 

MAY 61 51 57 21 7 2 

JUN 62 42 59 50 19 7 2 . 1 

JUL 63 55 54 51 24 12 3 1 1 1 
AUG 78 39 44 54 29 9 3 2 1 4 2 1 
SEP 64 50 36 41 19 4 3 1 3 1 2 1 
OCT 63 

50 
32 32 37 31 1·1 2 2 3 1 

NOV 36 29 21 19 20 12 I 7 5 3 1 2 1 

DEC ~ 42 26 15 14 I 7 5 4 1 2 3 1 1 1. 50 
30 10 
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At White Rive r winds are often I i ght. Tr ue cal ~s occ ur 3 ! per 

c.ent o f the time in February, 21 in May, 34 in /.,uqust and ;4 i n Novemb e r. 

Howe ver , when t he anemometer was h i gher (1937-.?4 - 46 feet) t he r ercen t o9c 

o f c a lms was 10, 6 , 10, and 6 respec tively. Tobi e 15 indica t es th ~t low 

wind spee ds persist f ~r lon g periods. This d i ag r am sh ows t he numbe r o f 

occ~si ons in a 10->ear period when wind ~ r emained at 7 mph or less for 

varying len gths of time. Si milar d r1ta are shown for Thunder Ba y (Tabl e 16) . 

I t may be noted th a t th e re ar e occasions exc eedin g 10 for peri od s la s t i ng 

over ~O hours in February and 42 hours in July an d August and t hat occasions 

occur in al I months wh e r e I ight winds last ove r 72 hours. At 1·hunder Bay 

the IO or greater frequency does not I ast beyond 20 hours in a I I mon t hs ano 

th e re is a high concentration of 50 or more occurrence s in the wa rm mon th s 

reaching 15 to 17 hours in June, July and August. In t e rms of a simp le 

count of occasi ons when winds are I ight there is a gre~ t e r fr e ~ue ncy in su~me r 

at Thunde r Bay, but during the rest of the year c onditions a r e si mi l a r at the 

two st ~tions or sl i ghtty great e r a t Whit e ~ ive r. Persistent I i gh t win ds 

me a n th~t advective cooling or wind-ch ii I effects are ameliorat ed . Howe ver, 

conditi ons governing the form Ption of nocturne31 inve rsi ons , durin g which 

radiati on ~ ! her t loss from the earth is hi gh, ~r e favourab le. 

In su,nmary, area s exposed to the I rke w i I I ex pe r ience f r equc n t 

stron g weste rly winds with the grea t es t blow in IPt e fa l I (see t he Ce r ibou 

l s I an , d: t<.:). Those r cg io,;s in vall e ys para I le l t o t he sho r e I ine wi 1 1 have 

I on g per i o o s o f c c I rn , pa r t i c u I a r I y i n s u mme r , bu t i n v a I I e y s wh i c h a r e 

perpendicular to the shore, air pene tration wil I occur for vory ing di st ances. 

The t emperature rna ps indic a t e that the midd le valley of t he Pu ka s kwa F, iver 

is aff ec t e d in autwnn. The White River data are su it ab le fo r use in the 

interi o r. 
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Ir t e r ms of wind-chi 11, h igh exposed ar eas wi 11 r ece ive ., on th b­

avera oe , vc lu e s o f a n equival en t t emperatur e o f less t he n -30°F i n mid-w i nt er. 

For f u r t he r i n f or m n t i on on w i n (~ ch a r ?. c t e r i s t i cs t h e r r. ad e r in~ y 

ref e r to the Hourly Oat? Summ~ ries (HDS ) fo r Vihit e r, ive r a nd Thun de r Hr y 

(L ekehe~d ) (N0~ . 0 P , 5, respec tively). 

I CE COVER 

F i vers end Smc I I Lakes 

Ice c onditi ons on lakes and streams nea r the ~hit e River me t eor -

o log ic c- 1 st e t i ons ha ve been obse rveG since 1952. I n add iti on, br eak-up oat es 

at Oba Lake wer 0 not e d continuously 1930-55 . These dat a ere ta bu l a t ed be low 

(Tabl e 17). Many factors influence the for mation and wastage o f lak e ic e 

(e . g . surf ace area , de pth, shape); but with no li rr:no log ical inf ormati on a­

vailable, the e valuation must be ver y general. The Picnic La ke a nd Too ke nay 

Lake records are f ~ irly comp le t e , and th e d~ta ma y be r e pr e s en t a tive o f Bi r ch 

and Lurch Lakes within the Park. Picnic Lake app~~rs somewha t sha ll owe r t ha n 

Tookenay, fo r th e ice se ason occurs ear I ier at t he forme r, in cl os e r ha r mony 

wi th l~nd tempera tures. The White River fr eezes l a t e r than th e la kes bu t is 

ice-free e r r li e r. Tow? rd the lake the ice s ec s on s hou ld be sh ort e r t hough 

c t h i qh e r e I e v 2 t i on s i n the pa r k t h i s e f f e c t w i I I be m i n i rn i zed • 

Lake Supe rior 

F\ecently t he U.S. Ar ,':ly, Corps o f En g ineers (1 9u 9) publ ished an 

a t I as o f i c e r:: o v e r J n t he Gr e a t L a k e s. He r e ~e quote d i rect l y fr om t he ir 

text end h,ve r eproduced six of their maps (Fig ure s 39 , 40 , 41 , 42 , 43, 

44). 



Fi rst P0 r manent 
Ice 

Compl e t e Fr eeze ­
Ov e r 

Ice s a fe f or 
v eh i cu l ar 
t reffic• 

Max imum i c e 
t h i r knes t (inches ) 

\i,h i t e F- i ve r 
c t L ittl e 
L ake 1952-60 
(some mi s g ) 

Oc t. 
Dec . 6 

Nov. 7 -
Dec . 8 

Nov. 20 -
Dec. 20 

I ce unse f e f or Ar r . 12 - 29 
veh i cu l ar tra ffi c 

F i r s t cc t eri o r a t ion Apr. 16 -
o f Ice Ma y 6 

\iv a 1 c r c I e a r 
o f i ce 

Apr . 20 -
May 4 
M May 2 

TfBL E I 7 

I NL AND I CE S U:.\1\\ARY 
(from A l l e n a nd Cudb irc (197 1 )) 

L ake Si t e s 

V\ h i t e R ive r 
at Oba L ak e 
1930-55 
(comp I e t e ) 

.A.pr . 26 -
Ma y 25 
M May 1 1 

Vv h i t e R i v e r 
a t P icni c 
L ake 1952-69 
(some mi s g > 

Oc t. 15 
Nov. 23 

Oc t . 28 -
Nov. 27 
fiJ. No v . 16 

Nov . 25 -
Jan. 8 

22 - 36 

Ap r. 7 -
May 12 

/\ pr . I O -
Ma y 17 

Ap r. 20 -
Ma y 6 
/v\ May 16 

v. h i t e K i v e r 
a t Tooke na y 
La ke 1952- 69 
(some rn is g ) 

Nov . 3 
Dec. 

Nov. 20 -
Dec . 12 

De c . 15 -
Jan. 8 

26 - 35 

Mar. 31 -
/vi a y 6 

Apr. 10 -
May 15 

Apro 28 -
/11. ay 22 
M /1t, a y I 2 

* l nd ic r, t ors o f sa f e i c e h av e v ari ed frorn yea r t o ye ar an d si t e 
t o s it e . I n some case s a sa f e surf , ce r efers t o on e which v i 11 t ake 
t a k e I i gh t s nownot) i l e tr c ff i c ; in o t he r s r. i r cr c: ft h rJ Ve b een 
U S 0 d • / t f"" i ~ n j C fl n cJ T OO k e r. c 1/ L a k C ' , : 10 S t C ?. t e S r e f e r t O I j gh t 

1/i'h i te R iver 
at t owns i t e 
1952- 69 
Csorre mi s g > 

Nov . 5 -
Dec . 12 
M Nov. 2 4 

Nov. 18 -
Dec . 14 
fi Dec. 2 

Nov. 30 -
Jan . 2 

14 - 36 

Apr . I - 18 

1\ pr . I -
Apr. 28 
M Apr . 15 

Ap r . 12 -
N, ay 5 
~ Apr . 2 1 

a i rcr ,. ft l c r~d in gs. S i mi l ar c r i t e r ia app l y t o t he "i ce un sa f e " ca t ego ry . 

R i v er S ites 

v, h i t e R iver 
c t Rege n 

Apr • I 7 -
May 6 

A t v', h i t e L a k e 
(la ke sit e ) 

f1p r . 28 -
N1ay 16 

For t \'-. i I I i am 
Harbo ur 

Nov . 7 -
Dec . 27 
M Nov . 30 

Nov . 30 -
Feb . 2 
/A Dec. 13 

C l os ed t o 
Navi g;,tl on 
Dec. 4 -
Dec. 7 4 
M Dec . ,~ 

18 - 38 M 29 

Ma r . 17 -
l\p r • 7 

Mar . 2 -
Ap r. 18 
/'.\ tv\n r . 2 7 

Jpen t o 
iJav i ga ti 0n 
A\a r . ?7 -
N.ay 5 
/v\/l pr . 17 

\Joi • 
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'' La ke Supe rior is the lar ges t and deepe s t o f t he Gr ea t Lake s wi t h an 
e x t r eme ly la r ge hea t s tor age c ap ac ity. In th i s la ke wi nd , w2 ve s an d cur r e n t s 

h ~so mor e pr cno unc ed e ff ect upon th e ice cover than in any othe r la ke . Wind and 
c. urr e nts pr oduce upwe l I in g o f lake wat e r, bring we r m wc t e r into co n t cc t wi th t he 
i re , a nd thu s cc use me lt ing •J f the ice cover eve n th ough a ir t e ,npe r a t ur e s are be lov-: 
fr eezin g . Upwel I ing c urr ents no t only chcn ge the e xt en t bu t clso t he di stri bu ­
ti on o f ice cove r. The la r 9est e xt e nt o f ice c ove r observed on L~ke Superio r 
w~ s ~pp r oxi m8tel y 9 5 ~e r ~e nt and occ urred on 30 MF rch 19 65. The pe r cen t o f l a ke 
s u r f c" c e ;-, r e a t h a t c ~ n be ex p e c t e d t o be c orne i c e r o v e r e d i s 40 p e r c e n t d u r i n g a 
s e ve r e wi n t e r." 

"The initi o l l cke i ce fo r rr. ;:- ti on o the r t han t hrt fo r mi ng i n ha rbors 
a nd b~ys t Pke s p l ?ce P long t he north shore Pnd in t he LL lu t h , Minnesota a nd 
Aro . ti e l ~. l r· nd a r ers i n t he wes t e rn porti on of t he lr.ke. /'. s t he i ce se r s on 
pr o gr e s s es t t1 e i c e ( o v e r i s i n c r e ?. s e d s o t h a t t he en t i re I a k e p e r i me t e r be c ome s 
r e ve r ed wit h t he ice shee t e > tendin g men y ~ iles out into t he l ake . Except 
durin g seve r e wint e rs t he cr e c of the la 1-: e between S t c r, na rd F.ock and Ca ri bou 
1:- l and r ema i ns i ce fr ee exce p t for i solated areas of drift ice. The avera ge 
da t e s o f ma xi m~m f ccumulati on of fr e ezin g degree-days wi I I va r y on Lake Supe r i or 
fr om Ma r ch 30 on the so uthea s t e rn sh or e (~arq uette to Sa u lt S te . Ma ri e ) t o Apri I 
10 on t he nort h shor e in t he Mar ~t hon, Ont ar i o ar ea. Bec a use o f t he s e ason 
dur e ti on, ice t h ickness, and t he textural chan ge s whi ch t ake p lace i n t he dr ift­
i n g f I o es on t h i s mos t no r t h 2 r n o f th e Gr e a t L a k es , t he i c e c ove r h e r e , nos t 
resembl e s a nd acts a s an arc tic ice pac k." {pa ge 4). 

CLOUDINESS , FOG AND SU~SH INE 

In Ta b le 18 th e average numbe r of da ys lack i ng s un 196 3 - 70 at V. h i te 

Rive r and Ca ribou Island is s hown. Dark days curing wint e r are ove r whe lmin s ly 

TAG LE 18 

.t\VEF-: f GE DA YS 'v\ I TH NO S' ,~, u ~ 1963-70 
J F M A. M J J A s 0 N D 

\\, h i t e R i v e r 13 5 6 7 4 3 2 7-
_,; 6 10 15 16 

Cari bou l s l?-nd 3 6 3 3 5 8 16 

no ti cePb le , occu rrin g 50 per c ent o f t he ti me. In s umme r few cays are f u l ly 

o v 0 r c. a s t , b u t t 11 e c- h r= n c es I n c r e s e s I i oh t I y a I on g t he s h or e du e t o f o g • I, n 

i n d i c a t i on o f t he i n c r e ? s e d In a r i t i me fog g i n es s i s s h own b y Tab I e I 9 • Fog i n 

t h i s i nsta nce r e fers to a r ed ucti on of the horizon t a l v isibi I it y t o le s s t hen 

six rn i les , bu t it must be no ted th ;; t these dat a a r e no t entirel y r el icb le a s 

Caribou Is land ooe s no t o ffic i ally measure fog . In win t e r f og on ly occ urs one 

da ) a mont h at .hit e River. 



M 

.. h i t e I i v e r I 95 7 - 66 

Ce r i bou l ~ I BnC 196 1-70 10 
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Tt~B LE 19 

su:·· i'£r D/ YS '/; I TH FOG 

J J 

3 

12 

A 

4 

I I 

s 

4 

10 

(' -
4 3 

7 4 

The ac tua l sunni ne s s expre~sed a s a pc r ce nt ? ge of t he t h e or e t i cc l 

max i mum 1s p r esent ed in Tab l e 20 . I t is assumed tha t t he ins tr umen t un de r me a ­

s ur err,en t a t l ow s un an g l es Is c ompensa t ed by ov ermeasu r ernent a t rn i d - da y . 

7 /1.BLE 20 

SU i,JSH I NE 

J F N1 . A N, J J 
, 
f· s 0 r~ [, 

\,hi t e R i v e r 
Mea n Ho urs 2 . 4 3 .9 4.6 5 .4 6 . 3 7 . 5 7.7 6 . 5 4 . 3 2 . 6 I . 4 I . 5 
Pe r Ce nt i1·,a x . 2 7 38 39 40 l~ 3 48 50 '1-6 3 5 24 I S 18 

Car i bou I s I • 
t:1e ~n Hour s 7 . 8 7 . 5 8 . 4 0 ,.. 

5 . 6 3 0 I • 4 .. • L . ../ 
PC? r Ce n t l\cx . 53 4n 55 58 /r5 36 15 

A t ~ hi t e Rive r t he annuP I s un s h i ne i s 16~9 hour s . Th is i s lowe r 

thr n t he Cnn ? d i an ~ve r oge bu t co.:1r,r r · bl e t o t he Cuebec f'-lor t h Sho r e F e s ion , :o un ­

t c=-i r. 1.. u s d i s t ric t s i n nor t h c e ntr fll Br iti sh Co l u,nh i r., t he tre e l ine zo ne s o f t he 

Keev, r tin ?no l',ac ke n zi e Ll is t r i c t s . \·a r se conci ti 0ns e xi s t in rJev. f ou nc lanc , n0rt h -

r n u b c c n d t he Ar c t i c I--. r ch i p e I e s-o • Th e r e o i o n a I p a t t t~ r n i s s i m ·· I ;-: r ev en i n 

Ju I y , t he s u n n i e ~ t , .ion t h i n t c· r ms o f t o : a I ho u r s • 

I n sum:nar y , sunshine is no i t o bi: e xp9c t e d f r e ½uen 1· I y i n fa I I anc 

v-.int 0 r . ' n I " I 5 pe r c en t of t he day t i mc ho urs t h r o u; h ·:) __, t t h~ ?ar k er e sunny i n 

t..av Gnber . In sunrne r , v. ith t he e xcepti on of Jun e , t her•:..- i s an acvc=n ~c se i n loc a t in g 
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nea r t he s n\,; r e . /dvent , ~;l-: sh oul d a lso be t a ~en o f so u t h \•. es t f aci n s s l opls v:h e r e 

so l ar ene r gy i s .n-.) s t ef fi c i ent i n h e a tin g t he a ir a .,c' so i I . The p ar k i s f 0 r t un a t e 

i n ~ 1 ~ v i n g a c on s i de r n b I e e x pos u r e t o the s ou t h we s t • 

s ame r e g i ons wi 11 r ece ive hea v y sn ovifa l I an d f o g . 

COi/,FOF T 

I n t-~ov ernbc r, h o\llie VEr , th es~ 

Du r i n s t he s novJ-free s ec sor (m i d - /Aa y t o t he en d o f Sep t emb er) the 

pf r k visi t o r c ~n be co ·ifor t ;-b l e in li gh t v. prm clot h in ~1 , p r ov i din g he s e l ects 

s he lt e r fro;n w in d rn c.J r f' i n occasionrl ly. Hov·e ve r, i n v. i n t ... r sp ec i r l c l o t hi n g 

e nd behavi ou r 2re r e quire d. f\ ulici ems e t .Qj_. (1 972) hc 'v'2 s tu d i e d Ca nrd i cn w in t e r 

r· l o t hi ng r equirements, ind i c ~ tin g r eg i vrH•I pa tt e rns di c s r·am? t i ca ll y . F i g ure s 

L1 5 . 4 6 sh~ t h e i n s u I a t i On r e q u i r e d b y t h e h Ui'~l an b O d ,: c=it V, h i t e f i Ve r G n d Th u n de r 

G~y duri n g e rch mon t h f o r v~ ri o us l e v e ls of ac tivit y . l nsu l ot i o n i s expr es s e c 

in t L· r .11s o f c l o u ,, its an d activit y is r e f e rr e d t o b y r;1e t a bo li c r a t es . /~ cl o 

, s t he a::1oun t of ins 1.1 l a ti on r e quireo t o k eep a sittin g- r esti n g subj ect i nde f i­

nit e l y c orn f o rt a b l e i n a st c<HJy st a t e at 2 1° c , 51..,• p er cc:nt r e l a tive hum i d i t y an d 

a w i n c o f o • 6 me t r e s p e r rn i n u t e • 0 n e c I o i s ap p rox i11 a t e I y e q u i v a I en t t o a L; us i -

ness suit. 

Typ i c al activiti es f or me ta bo li c r a 1- e s o f 80 , 100 ,1 50 , 300 a nd 450 

a re : s t anc i n g , v-.alkin g L rnr h, cyclin g 3 . 5 mph, wa l k in ; 3 rnph w i t h a 45 l b . l oa d , 

an o h an d - sc:v,. in g h ardwoo d , r E~s pecti v e l 'f . Sa,-:ip l e clo t h i ng it erns corr e s pon d i ~g t o 

c l o v ci l ue s v.ou l d be (in p r o gr e ss ive l aye rs) h e0 v y t.; 1,1.:c rwea r and woo l socks (0 . 5 ), 

woo l sh irt en c~ trous e'r s (1. 0 ), wool en c o v e r 8 lls, ~ l o ves and r :-- ,.... (1. 0 ), hoocjed 

p c rka , ,r it ts an d fur-lined boots (1. 5 ). The t o t ? I c l o v r l ue i r, t his i nsiance 1s 

4 . 0, r .0 1 r S~'Onc i n g t o ?n i n s u l r ti Jn t h i c k ne ss o f 'Jne i n (" h . 

As t he c <" I c L: I <" t i o n o f t h e c I o i s ;·10 re s c i e n t i f i c a n d h 2 s a g r e c t e r 

r e l a t ion t 0 phy siolog icc l beh cvi 0 ur it 1s c.onsi de r ec pref e rab l e t o wi1 0-c ~ i 11 as 

r n inc e x o f rhysi os y~ t ~.11 r e cuiremen ts. Howe v er, si nce t n e c :)ncep t o f w i nd - ch i 11 
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i s , n f r e c u c n t u s E. , p c r t i c u I f' r I ) w h e n c x p r c s s e d , n t :. r 'il s o f e ½ u i v a I c n t t e> rTl p (') r fl -

t u r ~ s , so ,, r t'in arks a r ~ app r opri a t e . 

·v, inc -ch i I I is an ex p r e ss i on o f c o n v ec t i vc ,2d v ~'c t i v c coo I i 119). I t \ 'C s 

uev c. l op e d by S i p Le wh o me ;: s ure d t he fre e zing o f c yl inders o f \ ,i. t e r in t n t a r c ti c a . 

0 t h r f o r ms o f c oo li n 9 wh i ch a r e n o t mea s ure d by Si p l e ' s f or.:1ula are ev2pora t i v e 

coo li n g , r ,<i i n tive coo ling ci n d c 0n ductive c oolin g . Ev c:: pora ti v e c oo l in ~, i s an 

(.) x pcci a l l y i .11por t ant mGans o f c ooling a p e rsp iri n g b ody . I n sunmer it 1s a be ne -

fi c i a l p r oce ss , but in wint e r it can l e2d t o dan gero us r epe r c u s s i ons . O f c o urse, 

e v ap o r ;~ t i on is acce l e r c t ed t o a maximum rete b y t he w i nd . 

1/. in ci -chi 11 1s usu a l 1,.,- mea sure d in t e r ms o f k i log r a1n-c 0 l o r ies o f hent 

los s p e r s ~ua r e me tr e r e r hour, but e qu iv? l e nt t emne r a tu re t ~bl e s h ~ve been p r e ­

pared (T ab I e :; I). Here t n e user s e lee ts a n " e ~u i V e l e n t temr.e r :•t u r e" co r r e spond i ng 

t o t he c>mb i e n t r ir ternperature anc v,. in d . These v a lues ~- l f '/ be r c l a t sr.: t o h u.nan 

er tivit y . /. t e suiva l ent t emperrt Gres of l ess t han - :')5°F o u tdoor trr. ve l l e rs a r e 

easil y f r ti gue d a ri d e x treine r c>uti o n must be use d . 
.. , 

Be I ov-, - I 5 ' · F ad e o u a t e -f cc e 
I 

p rot ec ti on is r equi re d ~nd perso ns shou l c n o t tr t ve l al one . ~ t l e s s t han 5°F , 

unp r o t e? r' t t'd s k in c an freeze i n one ,n inute . Be l ow 20°F the freezin g o f un pro t ec t e d 

s k in t a~ e s sev e r a l ,n in u t e s but h e b vy o Jt e r c lothin g I s men dA t o r y . 

;:-.ECOtvVtiE N[i/\ TI ONS 

i,\onthl y maps s howing act ivity zone s an d o r c: c s t o bs- a vo i ded h ave 

b e n c -..> n s tr uc t ed (F i gure s 47- 56 ). F igure 47 is t h e co.nb ined Jc nua r- y an d Feb r u 0 r y 

map . Th e b ~ s t are as for use a re i n deep vall eys perpend icul a r t o t he pr ev a i I i ng 

w i~ o . T~i s woul d in c l ucc t he Lurch an d B irc h L Pke are as whe r e i c e fi sh i n c c o uld 
v 

iek2 r l cce , and i n t he 1n i dd l e secti J n o f th e Pu k askwa ·a 1 ley, t h'.) us, t 1e r; ver 

i ce v iii no t bP s o! i c nec r rf :--- i c s o r whe r e s now i s deeply dri ft e c: . The coc>s tal 

n r e <" r nG 1- i ~h 0r 0und w ill b e u npl e -$ont J~ a<coun t J f s trong c o l c v\inds a nd f re -

c.uen t sn o-,,~ 1 I o r f0 q 'wh i ch v: i 11 of ten r ecuce vi si b i I iti e s t o z ero . Sk i i ing is 
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;, .. I NS CH I LL TE/.',?Ef-P.T UkES 

.h i r Tempe r a t ures Re cuced t o a 5:,\ i l e p e r Hou r 'I.ind Sp .. e d 

TE '.' c.. E f / T Uf E 3 2 o F t ~ I 6 o F 

i:-: I M.1 32° F 30 29 28 2 7 26 25 24 23 22 7 1 20 19 18 17 16 
(mph) 

5 32 30 29 28 27 26 25 24 23 22 2 1 20 19 I P 17 16 
10 22 20 19 18 17 16 14 13 12 I I 10 8 7 6 5 4 
12 19 17 16 15 14 13 I I 10 9 8 7 5 4 3 7 0 
14 17 I t,. 13 : 2 I I 10 8 7 6 5 4 2 I 0 

,.. 
-3 - L 

16 15 12 I I 10 9 8 6 4 3 2 I -I - 2 -3 - 5 - 6 

18 13 10 9 8 7 6 4 ,.. 
I 0 -, -3 - 4 -6 -7 - 8 L 

20 I I 8 7 6 5 4 2 0 -I -2 -4 -5 - 6 -8 -9 -1 0 
25 7 5 4 3 I 0 - 2 -3 - 5 - 6 - 8 -9 -10 - 12 -13 - 14 
30 5 3 I 0 -2 -3 - 5 - 6 - 8 - 9 -I I -1 2 -14 -1 5 -1 6 -17 
7: 5 :.> 3 I -I " - L -4 - 5 -7 -8 -1 0 -11 -13 -14 -1 6 -1 7 -1 9 - 20 
40 2 -I - 2 -4 - 5 - 7 - 8 - 9 - I I - 13 -15 -1 6 -I 7 -1 9 - 2 1 - 22 I 

45 I 
,.. '2 - 5 -6 - 8 - 9 -1 0 -1 2 - 14 - 16 -1 7 -1 8 - 20 - 22 -23 vi -L -_,) 

50 0 -2 -4 -6 -7 -9 -1 0 -11 -13 -15 - 17 -1 8 - 20 - 2 1 - 23 - 24 
\() 

I 

TEMPERATURE 15° F To o°F 

V:; I ND 15°F 14 13 12 I I 10 9 8 7 6 5 4 3 2 I u 
(m?h ) 

5 15 14 13 12 I I 10 9 8 7 6 5 4 3 2 I 0 

10 2 I 0 -I - 2 - 4 - 5 - 6 -7 - 8 -1 0 -11 -1 2 - 13 -1 4 -1 5 
I L - 2 -3 - 4 - 5 - 6 - 8 - 9 -1 0 -I I -1 2 -1 4 -1 5 -1 6 -1 7 - 18 - 20 
14 - 5 - b - 8 - 9 -1 0 -11 -1 3 -1 4 -1 5 -1 6 -1 7 -1 9 - 20 - 2 1 - 22 - '}L 

16 - 8 -9 -11 -1 2 -1 3 - 14 - 16 - I 7 -1 8 -1 9 - 20 - 22 - 23 - 25 - 26 - 2 7 
18 -1 0 -1 2 -1 3 -1 4 -1 6 -1 7 -1 8 -1 9 - 20 r, ,-, - 23 - 24 - 26 - 28 - 29 - 30 - L L 

20 -1 2 -1 4 -1 3 -1 6 -1 8 -1 9 - 20 - 21 - 22 - 24 2 ' .. - :,) 
,... ,... 

- L O - 28 -30 - 3 1 3 .... - L 

25 -1 6 - I o. -1 9 - 20 - 22 - 24 - 25 ~ r - 27 - 29 - 30 - 3 1 - 33 - 35 -36 - 37 ,_, - L' O 

30 -1 9 - 2 1 
,._, ,..., 

-✓:.L - 24 -26 - 27 - 28 - 30 - 3 1 -33 - 34 - 35 -37 - 38 -40 - 4 1 
35 - ;_') - 24 - 25 - 26 - 28 -29 -30 -32 -34 -36 -37 - 38 -io - 4 1 - 43 - 44 
40 - 24 - 25 - 2 7 - 28 - 29 - 3 1 - 32 - 34. - 36 -.37 - 38 - 40 - 4£ - 43 - 45 - 4c 
4 5 , ~ C" 

- ~ :J - 26 - 28 - 29 - 30 - 3;- - 34 - 35 - 37 -38 - 39 - 4 1 47 
- ..J - 45 - 46 - 47 

50 - 26 - 27 - 29 -30 - 31 - 33 - 35 - 36 -38 - 39 -40 - 42 - 44 -46 - 47 - 48 



T .BLE 2 1 (Con t' d ) V, I ND CH I LL TE'.\PcJ /,TURES 

,... j r Te,;1pe r ?J tur e s Reduced t o<" 5 t,·d le per Hour Wind Speed 

TE~PEF/ T~ E -1 ° F t o -1 9° F 

N I NO -l oF , 
-3 -4 - 5 - C - 7 - 8 - 9 -1 0 -11 -1 2 -13 -1 4 -1 5 -1 6 - 17 - 18 - 19 - £ 

(mph) 

5 -I - 2 - 3 - 4 - 5 - 6 -7 - 8 -9 -1 0 -11 -1 2 - 13 - 14 -1 5 -1 6 -1 7 -1 8 -1 9 
6 - 5 - 6 - 7 - 8 -9 -10 -11 -1 2 -13 -14 -15 -1 6 -17 - 18 -1 9 - 20 - 21 - 22 - 23 
8 - I I --1 2 -13 -1 4 -15 -1 6 -1 8 -19 - 20 .21 ~22 - 23 - 24 - 25 - 2 7 - 28 - 29 - .30 - 3 1 

10 -1 6 -1 7 -1 8 - 20 - 2 1 - 23 - 24 - 25 - 26 -27 - 28 - 29 -30 - 32 -33 -35 -36 -37 -38 
12 - 2 1 - 22 - 23 - 25 - ;6 - 2 7 - 29 -30 -31 -32 - 33 -34 -35 -37 -38 -39 - 40 -4 1 - 43 
14 -25 - 27 - 28 - 29 -30 -31 - 32 - 34 -35 -36 -37 -38 -39 - 4 1 - 42 -43 -44 -46 - 48 
16 - 28 -30 -31 - 32 -33 -34 -35 - 37 -38 - 40 - 4 1 - 42 - 43 - 44 -46 -47 - 48 - 50 - 5"' 

18 -31 - 3.L -33 - 3:> -36 -3 7 -38 -40 -4 1 - 43 - 44 - 45 - 46 - 48 - 49 - 5 1 -52 - 53 -55 
, 

20 -33 --34 -35 -37 -39 -40 - 42 -43 -44 - 46 - 4 7 -48 -49 - 50 - 52 - 54 - 55 - 56 - 58 
25 -39 -40 -41 - 43 - 44 -45 -47 -48 -49 -51 -53 - 54 - 55 - 56 - 58 -59 -60 -62 -64 
30 -43 - 44 -45 -4 7 -48 -49 - 5 1 -52 -54 - 56 - 58 -59 - 6 1 - 62 - 63 - 64 -65 - 6 7 - 69 
35 - 46 -47 - 48 -50 - 5 1 -52 -54 - 55 -57 - 59 - 6 1 - 62 - 64 - 65 -66 
40 -48 -49 - 50 - 5 1 - 53 - 54 -56 - 57 -59 -6 1 - 63 - 64 - 66 - 6 7 - 68 ~ 

0 
45 -49 - 50 - 5 1 - 52 - 54 - 56 - 57 - 59 - 60 - 62 
50 - 50 - 5 1 - 52 - S4 - 56 - 5 7 - 58 - 60 - 6 1 - 63 

TEMPEh/;_TLJ~;E - 20°F t o -45° F 

1/v' I ND - 20°F - 2 1 - 22 - 23 - 24 - 25 - 26 - 27 - 28 - 29 - 30 -31 - 32 - 33 -;34 - 35 - 40 - 45 
(mph) 

-
5 - 20 - 2 1 - 22 -23 -24 - 25 - 26 - 2 7 - 28 -29 - 30 - 3 1 - 32 - 33 - 34 - 35 - 40 - 45 
6 - 24 - 25 - 26 - 27 - 28 - 29 - 30 -32 -33 - 34 - 35 -36 - 37 - 38 - 39 - 40 -45 - 50 
8 - 32 -33 -34 - 36 - 37 -38 -39 -40 - 4 1 - 42 - 43 - 44 - 45 - 47 - 48 - 49 - 54 -60 

10 -39 - 40 - 42 - 43 -44 - 45 -46 - 47 - 48 - 49 - 50 - 5 1 - 52 - 53 - 54 - 56 - 62 - 68 
12 - 44 - 45 -47 -48 -49 -50 - 5 1 - 52 - 53 - 54 - 5G - 57 - 58 - 60 - 6 1 - 62 - 69 
14 -49 - - 50 - 5 1 - 52 - 54 - 55 - 56 - 5 7 - 58 - 59 - 6 1 - 63 - 64 - 66 - 6 7 - 68 
16 -53 - 54 - 55 - 56 - 58 - 59 -60 - 6 1 - 63 - 64 - 66 
18 - 56 - 58 - 59 - 60 - 62 - 63 - 64 - 65 - 6 7 - 68 - 70 
20 - 59 - 6 1 --62 - 63 - 65 - 66 
"5 - 65 
30 -70 
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e r ec-&o r nb I . . ~~OF , r t1v 1t y when ai r t en1 r er r tur e s a r e ?bo ve - .cv • ::: now s hoe in c I s 

r c I i ;:; b I e i n r- I I t em per c t u re s • 

;-nc i n t he sec lu de d v f1 11 ey r e g i :)n s desr rib ~::? d above. /, s sr ring a r pr oc h e s , he· v y 

p r ec i r it n ti on is s timul a t e d in p rogressivel y h i aher terr c i n a r,d s un n y pe r i o ds 

rre l on ge r. ·v, ith g r e b t e r sunshin e tr c> ve l l e rs mu st ca r r y ,go gg l e s t o p r o t 2c t t h e i r 

e yes fr o11 , g I a re o f f t h e snow. 

During J\p ri I, tn=i vei l e rs 1ri rive r v a ll e ys, on l akes and ne . r t r; c 

sho r e , 1us t C<-\uti ou sl y ass ess i c e con d iti :)ns. On the hi gh g r ound n e a r t he sh o r e 

there shoul u be m~ny p l easant, sunny days, p articularl y on b a r e , s o u t h"e st ­

facin g s l :)pe s , t hou gh tr 0 ve l across sn ovj -covere d area s beco,nes inc r e as in g l y 

difficult as a ir t ernpera tur es bec ome war mer. 

In h\ay, sur f ace v, ~ t e r l eve ls a r e h i gh, bu t pr eci p it ;- ti on is r e l a t i ­

v e I y I ow on a c c o u n t o f c on t r cs t i n g w:: t c r - I a n d t e r:1 p e r ;3 t u r e d i : c o r e n cc s a n d t he 

northwar v m i gr :- tion of cyc: lonic s torms. Some of t he w;, r me s t <) r r? ? S P.r e i n t he 

hi gh zo ne o f n , e " l ake - e f fe c t belt", but t he c oF sta l a r e c expe ri e n ,..c-; ~. a hi c:i er 

fre ~uenc y of c l ~uc end fo g . Thus f~vo ur ?ble ac tivit y z one s occ ur on i n lan d 

dry a r c ~s r. l.ove t·,e v a i l e y bo ttoms. 

Th e J U n e rri a r: ( F i ~ U re :) I ) i n ci i C c 1 E: S t h ~ t t he C O I d sh O r e ? r 2 c V; i I I b e 

l e ;c st r Lec-sant. In hi ah l anc cr e r-s it v-v ill b e so, ,ewh f.' t ,- oo l er e nc vve tt er . The , ,, 

bes t r E.: i on s , r e 1n t he shelt e red v a ll eys ?, nd l ak e distric1". Co ndi ti :)ns i n JJl y 

v.. i 11 be f r v ,Jurab l e f or park use in al I are as, and t hou ;;h the r ,..: l a t i v e l > c oo l L c k e 

Superi o r s hor e wi I I not e nti ce meny swi mmers, t he e 2 s e o f ac ce s s , s t ab l e we a t her, 

I i g h t w i n (. s , r e a u c e d i n s ec t pop u I a t i on , an d n a t u ra I b ea u t y o f t ~ e c r e a w i I I d r a !A 

concent rr. ti ons o f visitors. /-ugust an c Se p t ember a r e s i·n il a r t o July, b u t the 

gree t e r pr ocirita ti on an d ris k of frost in h igh l an d are3s will oampe n p ubl i c 

int e r· s t. Ne ?. r t he shor e , hov\e ver, t he sap betwe e n v·,, t e r and I ar.d t ernce r ? ture s 
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Is reduced to its nerrowest point. September and early Octobe r wi I I be espe­

c ielly e ttr ac tive her e , tho ugh bri ght mornin gs may be obscured by fo g off the 

leke. 

Reel chenges occ ur durin g October as snow ar cumu la t es on the inland 

hi ghlands toward the end of the month. The lake keeps the shore are a and the 

Puk eskwa Valley relatively warm, though cloudiness increases markedly. 

November is an inhospitable month, dark and wet. Freeze-ove r o f 

lekes and rivers is accomplished, but the ice is usually not safe for trans­

portation. 

December is suitable for I imite d activity in the inland lake and 

val fey district. Bad weather is more severe in the maritime belt, but he avy 

snowfal Is occur in all areas, to the delight of ski enthusiasts. 

Me t eorolQ.gi c al Moni1 oring 

The present an e lysis is wh o I ly bes e d on dat a fr om outsi de th e pa r k . 

f\J o verifi c a tion of t he adjustme nt s r.iade to simul 2te conditi o ns is poss i b le 

with o ut some type of ,ne t eorolog ical me asurement pro gramme . In ad d iti on , loc a l 

da 1a pe r 1n it more precise pl annin g t o ;-·iee t environmental demands. 

Initially a centra l st a tion is r e c;uire d a t the ba s e of pa rk ape-

r a t i on s • \~ i t h s t a f f av a i I ab I e i t i s pos s i b I e to me as u r e a n um be r o f use f u I 

parame t e r s ; the e xac t na tur e , howeve r, wo uld de pend on th e types o f ope r a ti ona l 

demands , but te,i1peratu r e, precipitati on and wind sh oul d be no t ed at le as t 

twi ce da il y . If the obse rva tion and re portin g standa rds o f t he At mos phe ri c 

Environme nt Service are met these d c> ta bec ome readi ly compc> r ab le with re g iona l 

inf ormction, thus al l0v, ing? re c1s onable int e rpre t c ti on o f pub li c we ath e r fo r e ­

cest s f0 r t he pPrk loc a lity. 

The r e is a need t o d i scover cli ma tic ver i e ti on aw~ y f r o~ t he cen­

tr ~ I st P1i 0n as the t e r r~ in and t ype of per k ec tivit y chEnr es . Much c an be 
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le , rned fr om CFreful l y sited cl i rn~tolog ic a l S i ? tions t o monit o fo r e~· ted rn d 

open ;, r eas, rive r vc> I leys , slope~, , an d h i I I tops, but in an a r ea ;:, s l a t ge as 

1 he p r r k i t i s mo r e i , n po t t P n t t o f i r s t k n ov. t he ge ne r r I v 2 r i ;:, t i on w i t h e I e -

vetion Fnd distance fr om the shore. In this ve in we ~oul d reca~nend a I in e 

of st ? tions runnin g east-v..est, five miles ap c rt, at a bou t t he latitude o f 

Ti p-Top Mo un tain. Pe rhc ps near this l a tter featur e st a ti on two s t o ti ons a t 

d iff e ring elevations could be placed. In general, t he e xposur ~ should be good 

t o the southwest. The locations of such stati ons wo uld de pend on the r o ad 

network or 1.i hethe r a helicopter could be used . The fr e~uency of mon itor in g 

wo uld be pre ferab ly weekly, but e ven monthly visits wo ul d yield use f ul data. 

\-. hi le such s r a tions would not meet the requir ements o f th e fa.tmos phe ri c En­

viron·nent Service ~e twork, the use of hygrothermogra r hs and aut og r aph i c ra in 

gauge s permits da ily comparisons to be made. 

A five-ye 2r monitoring period should be sufficient t o r ea li ze 

~djustments required for the provision c l rnFps , bu t there is an on-go ing de ­

man d for eco logical eva lua : ion and nature interpret r tion. 

The spec ific siting of . st Ptions, monitori ng pr ogr 2mme, st and2r ds, 

dc-1~ processing shoul d be disc ussed by ,nember s of t l1~ /\ t mos phe ri c Environme nt 

Ser vi ce and the National P~ rks P lannin g St?ff. 
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APPENDIX I 

TEMPERATURE AND PRECIPITATION 1941 - 1970 

ONTARIO 

This volume contains monthly and annual values of temperature and precipitation 
elements from 336 stations in the Province of Ontario. The stations are arranged in alpha­
betica I order and data are listed for stations with an appreciable period of record over the 
period from 1941 to 1970. The actua I period of record used to compute the means of tem­
perature and precipitation may be determined through the use of code numbers which ap­
pear in the column labelled "Type of Normal"o 

The code is as fo I lows: 

Temperature 

l 
2 
3 
4 
5 
6 
7 
8 
9 

30 years between 194 1 and 1970 
25 to 29 years between 194 l and 1970 
20 to 24 years between 1941 and 1970 
15 to 19 years between 1941 and 1970 
10 to 14 years between 194 1 and 1970 
less than 10 years ,_ 

combined data from 2 or more stations 
adiusted 
estimated 

; 

In order to obtain representative observations, al I temperature reporting stations 
are equipped with standard shelters in which the thermometers are housed. The thermom­
eters are se If-registering mercury maximum and spirit minimum thermometers which are 
hung four feet above the surface of the ground, and ore usua I ly read two or four times 
daily. Ideally each shelter is located in the most representative location possible, and is 
insta I led over level grassy terrain, where practicable, in a spot away from the sheltering 
influence of trees and buildings. 

At most stations the maximum thermometer is read twice daily but at some only 
once doily. Because mercury freezes at -38°F such thermometers cannot be used at tem­
peratures below this value. At most climatological stations the maximum temperatu re is 
based on a day ending with the morning observation, usually about 8 a.m. the next day. 
The minimum temperature for the day is based on a day ending with the evening observa­
tion, usually about 5 p .m. the same day. 

The mean daily maximum temperature for any month is the mean of all daily max­
imum temperatures recorded in that porticu lar month for the period of record. The mean 
daily minimum temperature is similarly derived from a 11 daily minimum temperature obser­
vations. The mean daily temperature is the average of the monthly maximum and monthly 
minimum temperatures and may not be exactly equal to the mean of the normal maximum 
and minimum temperatures. 



The temperature extremes ore the absolute maximum and minimum values observed 
over the entire period of record at each station up to and including 1970. In each case 
the number of years are given be low the extreme. 

Preci pi tati on 

Mean Rainfall - The official Canadian rain gauge is a small cylinder with a cross 
section area of ten square inches. The gauge is placed in such a position that it is free 
from all obstructions which might interfere with the catch of rainfall. The gauge is usu­
ally located on a level grassy plot, and the rim of the gauge is one foot above the surface 
of the ground. The rain is funnelled into an inner gauge and then measured to 1/100 of an 
inch in a glass graduate. The total rainfall for any month is the accumulated total of the 
daily rainfall amounts. To obtain the mean values of the total rainfall for a particular 
month over several years, the monthly totals are added and averaged. 

Mean Snowfa II - In Canada, freshly fol len snow is measured in inches and tenths 
as it lies on the ground. Observations are made as representative as possible by averaging 
several measurements and by avoiding snow drifts and wind-swept bare spots. The daily 
totals of freshly fallen snow are added to give the total snowfall for any month. These 
monthly totals are then averaged over the period to give the mean monthly amount of 
snowfa 11. 

Mean Precipitation - The total precipitation for any month is obtained by adding 
together the total rainfall and the water equivalent of the total snowfall. Since 1960 
about 300 stations have been equipped with snow gauges in order to obtain the actual wa­
ter content, but at the other stations the depth of water resu I ting from me I ting newly fa 11-
en snow has been taken as one tenth of the depth of the snowfa 11. Therefore mean tota I 
precipitation wi II not necessarily be equal to the total summation of the total rain fa I I and 
one tenth the snowfall. 

A 11 mean values were plotted on large scale maps and where short period norma Is 
seemed to be out of line with nearby station values were adiusted by comparing the means 
for the identical period at the nearest long period station. Means adiusted in this way are 
a much better approximation to the standard period normals than unadiusted short period 
means, the closeness of the approximation depending upon the length of overlapping pe­
riod for which data were available. Short period means published without adiustment 
have at least been checked for spatial continuity by the mapping procedure and were con­
sidered to be reasonable. Some short period values failed in this test and where no rea­
sonable adi ustment cou Id be made, were discarded. 

In three cases, all at airports, the available period of record was short, consisting 
of a few recent years only but for operational reasons it was desirable to have normal val­
ues of temperature and precipitation elements available. Adiusted values were prepared 
but they were classified as type 9 - estimated - to alert users to the fact that their re Ii­
ability is less than that of the other values shown. 



Days with Measurable Rain, Snow or Precipitation 

A day with measurable rain is one on which 1/100 of an inch or more has fallen. 
A day with measurable snow is one on which at least one tenth of an inch of snow falls. 
A day with measurable precipitation is one on which 1/100 of on inch of water equivalent 

is recorded. 

Days with Frost 

A day with frost is a day on which the daily minimum temperature recorded is 32°F 

or lower. 

ldentifi cation 

Some station names are followed by abbreviations which assist in defining the lo­
cation of the station, especially when there is more than one station with the same geo­
graphical name. Abbreviations used in these tables are as fol lows: 

A - Airport 

CDA - Canada Dept. of Agriculture 

OWRC - Ontario Water Resources Commission 
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ELEMENT ond STATION JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC 

ONTAR I O 

000 ACVASAaON 
LATITUDE 48 47 N LONG ITUDE 87 10 W EL EVATION 620 FT ASL 

MEAN OAILY TtMPERATURE ( OEG F l 
MEAN OAILY MAXIMUM TEMPERA TURE 
MEAN DAILY MINIMUM TE MPERA TURE 

EXTREME MAXIMUM TEMPERA TURE 
NO. OF YEAR S OF RECORD 

EX TREME MIN IMUM TEMPERATURE 
NO. OF YEAR S OF RECORD 

NO. OF DAY $ WITH FROST 

MEAN RAINFALL INCHES l 
MEAN SNOWFALL 
MEAN TOTAL PRE CI PITATI ON 

GREA TEST RAINFA LL IN 24 HR S 
NO. OF YEAR S OF RECORD 

GREA TES T SNOWFALL IN 24 HRS 
NO. OF YEARS OF RECORD 

GREATES T PRECIPITATION IN 24 HR S 
NO. OF YEARS OF RECORD 

NO. OF DAYS WITH MEASURABLE RAIN 
NO. OF DAYS WITH MEASURABLE SNOW 
NO. OF DAY S WITH M. PRECIPITATI ON 

7.4 9.7 
17.6 20.6 

- 2 . 9 - 1. 3 

41 
19 

-41 
20 

3 1 

0 .01 
26 .2 
2 .63 

0 .20 
20 

12.0 
20 

1.20 
20 

* 
11 
1 l 

43 
19 

-37 
19 

28 

0.06 
16.5 
1.12 

0.58 
19 

12 .0 
19 

1.20 
19 

* 
8 
8 

19.9 
30.3 
9.6 

57 
20 

-32 
20 

30 

0.40 
15.2 
1.92 

1.41 
20 

12.0 
2 0 

1.61 
20 

l 
1 
8 

34.B 
43 .2 
26 .4 

71 
19 

-12 
19 

24 

2.01 
4.7 

2 .54 

1.69 
19 

a.o 
19 

1.69 
19 

1 
3 
9 

44. 1 
52.6 
35.5 

76 
20 
16 
20 

11 

3.19 
1.0 

3.29 

1.10 
20 

5.5 
20 

1.10 
20 

10 
l 

11 

5 l. 9 
60 . 8 
42. 9 

79 
18 
28 
19 

3.37 
o.o 

3.37 

3.13 
19 

o.o 
19 

3. 13 
19 

11 
0 

11 

57 . 3 
66 .l 
48 .6 

83 
18 
34 
2 1 

0 

2 .93 
o.o 

2 .93 

2.45 
2 1 

o.o 
21 

2 .45 
2 1 

10 
0 

10 

5R ,3 
66 .4 
50 . 2 

84 
20 
30 
20 

* 
3 .55 
o. o 

3 . 55 

2 . 36 
20 

o.o 
20 

2 . 36 
20 

11 
0 

11 

5 1. 5 
58.B 
44. 1 

84 
21 
22 
20 

2 

3 . 39 
T 

3 . 39 

3 . 41 
2 1 

T 
21 

3 ,41 
2 1 

12 
0 

1 2 

43 . 0 
49.9 
36 . 2 

7 1 
20 
14 
19 

10 

2 . 05 
o.9 

3.04 

2 . oa 
19 

4 ,0 
19 

2.08 
20 

10 
l 

11 

29 . 0 
35 . 7 
22 .4 

62 
21 

-14 
20 

2 4 

1.39 
1 2 . 6 
2 . 66 

2.38 
2 1 

13 .0 
2 1 

2.38 
2 1 

6 
6 

11 

14.9 
23 . 6 

6 . 2 

5 3 
2 1 

-31 
2 1 

30 

0.3 7 
2 1. 9 
2 .56 

0 . 75 
2 1 

18 . 0 
21 

1.RO 
2 1 

l 
9 

10 

000 CARIBOU ISLANO LATITUDE 47 20 N LONGITUDE 85 50 W ELE VA TI ON 61 2 FT ASL 

TEMP. MOY ENN: QUOTIOIENNE I OEG F) 
TEMPE RATUR E MAX. OUOTJDIENNE MOYENNE 
TEMPERATURE MIN. OUOTIDIENNE MOY ENNE 

TEMPERATURE MAXIMALE 
NOMRRE 0 'ANNEE S EN RECORD 
TEMP ERAT URE MINIMALE 
NOMRRE D'ANNEES EN RECORD 

NOMRRE DE JOURS DE GEL 

HAUTEUR DE PLUIE MOYENNE IPOUCESI 
CHUTF OE NE IGE MOYE NNE 
PRFCIPITATION TOTALE MOY ENN E 

PLUIE MAXIMUM EN 24 HEURES 
NOM~RE D'ANNEES EN RECORD 
CHUTE OE NEIGE MAXIMUM EN 24 HEURE S 
NOMRRE O•ANNEES EN REC ORD 
PRECIPITATION MAXIMUM EN 24 HEURES 
NOMRRE O•ANNEES EN RECOR D 

NOMRRE OE JOURS AVEC PLUI E MESURABL E 
NOMRRE OE JOURS AVEC NEIGE MESURABLE 
NRR E OE JRS AVEC PRECIPITATION MRLF. 

41.2 46.4 
46.2 52 . 3 
36.l 40.5 

67 68 
30 36 
24 30 
30 35 

3 * 

2.73 2 .8 2 
o.4 o.o 

2. 73 2.82 

1.50 2~46 
28 33 

3.0 o.o 
29 35 

1.50 2.46 
28 33 

10 10 
,c, 0 

10 10 

52.2 
58.l 
46,3 

7 8 
36 
35 
36 

0 

2 . 22 
o.o 

2.22 

2.45 
3 4 

o.o 
36 

2 .45 
34 

8 
0 
9 

57 . 0 
61 . 6 
52 .4 

78 
3 6 
41 
36 

0 

2. 73 
o. o 

2 . 73 

3 .10 
34 

o.o 
3 6 

3 .10 
34 

9 
0 
9 

52 . 8 
56 . 8 
48 .7 

7.4 
36 
32 
36 

3 . 08 
o. o 

3 . 08 

l. 9 1 
35 

T 
36 

1. 9 1 
35 

12 
0 

12 

4 5 .3 
49.1 
41.4 

66 
35 
22 
36 

2 

2 . 40 
1,4 

2 . 55 

1. 84 
36 

14 . 0 
35 

2 . 00 
35 

11 
l 

1 1 

35 . 3 
39 . 5 
3 1. 0 

55 
36 

4 
35 

17 

2 . 32 
14.9 
3.81 

1. 83 
33 

17 , 0 
32 

1. 83 
33 

9 
6 

14 

000 CHAPLEAU LATITUDE 47 SO N LONGITUDE 83 26 W ELEVA TION 1405 FT ASL 

TFMP , MOYENNE OUOTIOIENNE (DF.G Fl 1.9 6.8 16.8 
HMPERIITllR F MAX. OUO TI OIENNE MOYENNF 14.9 19.9 30.4 
TEMPERI\TUR F MIN. QUOTIOIF NNE MOYfNNE -11.3 - 7.2 2.0 

TF MPERAlUR E MAXIMAL E 
NOMRR F O' ANNEF~ EN REf.ORD 
TEMP ER ATURf MlNIMALE 
NOMRRF O•ANNEE~ EN RECORD 

NOMRR E OF ,IOIIR ~ DE GE L 

HAUT EUR OE PLU I E MOY ENNE (POUCE S I 
CHUTE OE NEl GE MOYENNF 
PR EC IPITATl ON TOT ALE MOYEN NE 

Plll I E MA !MUM EN ?4 HEURES 
NOMRRE () • ANNE E~ EN RECORD 
CHUTE OF NEI GE MAXIMUM EN ? 4 HEURE S 
NOMRRE () • ANNE E EN REGORO 
PRECIPITATION MAXIMUM EN 2 4 HEURE S 
NOMRR E O• ANNF E~ EN RE CORD 

NOM RRE OE JOLIRS AVEC PLU I E ME SURA BLE 
NOM~RE OE JOURS AVEC NElGE ME SURABLE 
N~RF OE JR AVEC PREC IPITATION MRLE. 

46 
47 

-52 
48 

31 

0.14 
17.4 
1.88 

0.10 
51 

20.5 
51 

2.05 
51 

* 
11 
11 

5 8 
46 

-5 2 
46 

28 

0.04 
16.8 
1.72 

o.so 
52 

14.0 
52 

1.40 
52 

* 10 
10 

74 
46 

-47 
48 

31 

0.27 
15.5 
1.82 

1.00 
49 

12. 5 
44 

1.50 
44 

l 
7 
8 

33.8 47.6 
45.5 59.8 
21.7 34.6 

82 
4 8 

-28 
49 

26 

1.34 
6.6 

2 .02 

1.11 
49 

a.o 
48 

1.90 
48 

6 
4 
9 

95 
49 

8 
49 

15 

2. 70 
0.4 

2. 74 

2.01 
50 

0.0 
47 

2.01 
49 

12 

* 
12 

57.B 
70.5 
44.S 

103 
49 
19 
49 

3 

3.31 
o.o 

3.31 

3.10 
52 

T 
53 

3.10 
52 

11 
0 

11 

61.9 
74.5 
49.0 

103 
50 
31 
49 

3.06 
o.o 

3.06 

2 ,65 
54 

o.o 
53 

2 .65 
54 

11 
0 

11 

58.7 
11.0 
46.2 

96 
49 
18 
4 9 

2 

3 . 69 
o.o 

3 . 69 

3.71 
55 

o.o 
55 

3. 71 
55 

12 
0 

12 

50 .3 40.l 
60.9 50.3 
39.6 30.5 

96 
49 
14 
48 

8 

4. 20 
0 .1 

4.21 

4.10 
54 

4.0 
54 

4.10 
54 

14 

* 
14 

81 
48 

- 2 
47 

20 

2 . 30 
3.2 

2 .62 

2 .11 
52 

18,0 
52 

2 .17 
52 

10 
2 

11 

20.0 a.a 
33.7 19 . 6 
18.1 - 2 . 4 

67 
50 

- 35 
51 

27 

1. 20 
16.4 
2.94 

2.00 
4 8 

15.0 
5 1 

2 . 40 
4 9 

4 
8 

12 

53 
45 

- 53 
4 5 

30 

o . 24 
17.7 
2 ,04 

0 .95 
46 

1 2 . 0 
45 

1.20 
44 

1 
11 
12 

:1 YEAR .._ 
0 :z 

3 5 . 2 
43.8 
2 6 . 5 

3 
3 
3 

84 3 

-41 3 

190 3 

23 . 58 
99 . 0 

33 . 60 

3 . 41 

10 . 0 

3 . 41 

3 
3 
3 

3 

3 

3 

79 3 
46 3 

123 3 

34. 2 
4 5 .9 
22 .1 

103 

- 53 

22 1 

22 .49 
94. l 

3 2 . 05 

4 . 10 

20 . 5 

4. 10 

82 
53 

133 

1 
l 
l 

1 

l 

l 
l 
l 

1 

l 

l 
1 
1 

9 
9 
9 

9 

9 

9 

9 
9 
9 

9 

9 

9 

9 
9 
9 



OPD FRANZ LATITUDE 48 28 N LONGIT UDE 84 25 W ELEVAT ION 12 25 FT ASL 

TfMP, M(IYF NNF 01/() T IV I f NNI- ( OFG F J 2 , 2 6 . 6 
TEMPf'RAT IIPF MA)( , 01/0 TIOIFNNE MOYFNNF 15 , 8 2 0.3 
H MPf-P ti TIJFIF '°' I N. Ol!fll ID I FNN E MOYE NNE - 11 . 3 - 7 . l 

16.7 
3 0 .7 

2 . 8 

33 . 5 
46. 0 
21.0 

46 . 3 
59.4 
3 2. 9 

57.6 
7 1.3 
4 3 . 9 

6 1.5 
75.3 
47.7 

60 .3 
7 3 . 2 
4 7. 4 

50 . 2 
61 . 6 
38 . 8 

41 . 5 
51. 9 
30 . 8 

25 . 3 7 .7 
34.3 1 8 , 6 
16 . 3 - 3 . 4 

TfMPf-RA T\IP F MAX f MALE 
NOMRPF O' ANNF FS FN RECORD 
HMPH>AllJPF MINI MAL € 
NOMAPF D' ANNFFS fN RECOPO 

NOMA PF OE JOIJR S OF GEL 

HAtJl f-UR OF PL IJ JE M()YENNE IPOUCES J 
CHUT E nr EI C.f MOYFNNE 
PRECIP JlAT ION TOTAL E MOYENNE 

PLUIF MAXI MUM EN 74 HE URE S 
NOMAR E IJ 'ANNE FS FN RECORO 
CHIIH OE Ni: Jr,F MAX lMUM EN ?4 HF URF'i 
NOMARE D'ANNFF S EN RECORO 
PRFCIP l TATJON MAXI MUM EN 2 4 HEl/RE 5 
NOMHRE D' ANNF ~<; EN RECORD 

NQMA RF OF .IOIJR S AVFC PLIJI E MES lJRA ALE 
NOMARF nF JOI/RS ,WFC NE IGE MESIJRAAL F. 
N~R ~ ne JR'i AVFC PR EC I PITA TI ON MKLE, 

DOD HORNEPAYN E 

MEAN DAILY TEMP ERATURE I DEG F 
MEAN DAILY MA XIMUM TEMP ERATURE 
MEAN DA ILY MINIMUM TEMPERA TUR E 

EXTREME MAXIMUM TEMPE RATURE 
NO. OF YEARS OF RECORD 

EX TR EME MINIMUM TE MPERA TURE 
NO. OF YEAR S OF RE CORD 

NO. OF DAY S WITH FROST 

MEAN RAI NF AL L INCHE S I 
MEAN SNOWFALL 
MEAN TOTAL PRE CI PITATI ON 

GRE AT ES T RA INF ALL IN 24 HRS 
NO. OF YEAR S OF RECORD 

GREAT ES T SNOWFALL IN 2 4 HRS 
NO. OF YEARS OF RECORD 

GREAT EST PRECIPITATION IN 24 HRS 
NO. OF YEAR S OF RECORD 

NO. OF DAYS WITH MEASU RABLE RA IN 
NO. OF DAYS WITH MEASURABLE SNOW 
NO. OF DAYS WITH M. PRECIPITATION 

DCC MARA THON 

MEAN DAI LY TEMPE RAT URE I DEG F 
MEAN DA ILY MAXIMUM TEMPER AT URE 
MEAN DAIL Y MINI MUM TEMP ER ATURE 

EX TREME MAX I MUM TEMPERATURE 
NO . OF YEAR S OF REC ORD 

EXTRE ME MI NIMUM T~MPERA TURE 
NO . OF YEARS OF ~ECORD 

NO . OF OAY S WIT H FROS T 

MEAN RA INFALL INCHES I 
l'IEAN SNOWFALL 
MEAN TOTAL PRECIP ITATION 

GRE ATE ~T RAINFA LL IN 24 HR S 
NO . OF YEARS OF RECO D 

~RE ATE ST SNOWFALL IN 2 4 HRS 
NO. OF YEARS OF ECORD 

GRE AT F_ T PREC I PITA TI ON I N 24 HRS 
NO. OF YEARS OF RECORD 

NO . OF DAY S WITH ME ASU RABLE RA IN 
NO . OF DAYS WIT H ME ASURABLE SNOW 
NO . OF OAYS WI TH M. P EC IPJTATI ON 

DOC MONTREAL FALLS 

MEAN RAINFALL I NCHES 
MEAN SNOWFALL 
MEAN TOTAL PRECIPITATION 

GREATEST RAINFALL IN 2 4 HRS 
NO. OF YEAR S OF RECORD 

GREATE ST SNOWFALL IN 24 HRS 
NO. OF YEARS OF RECORD 

GREATEST PREC IPITATION IN 24 HRS 
NO. OF YEARS Of RECORD 

NO . OF OAVS WITH ME ASURAB LE RAIN 
NO. OF DAYS WITH MEASURABLE SNOW 
NO. OF DAYS WITH M. PRECIPITATI ON 

47 
39 

-59 
41 

31 

0. 12 
24.2 
2. 54 

0 .60 
39 

17. 0 
3 1 

1.70 
3 1 

l 
13 
14 

53 
39 

-so 
40 

28 

74 
40 

-45 
41 

30 

0.01 0.29 
19.6 20.2 
2.01 2.26 

0 . 95 
40 

12.0 
34 

1.20 
33 

* 
11 
11 

l. 13 
38 

16 . 0 
31 

1.60 
29 

l 
9 
9 

84 
40 

-29 
40 

26 

1 .33 
9 . 8 

2 . 31 

1,42 
35 

14, 5 
33 

1.45 
32 

6 
5 

10 

93 
38 

5 
36 

15 

10 1 
37 
22 
37 

4 

3,16 3.31 
0.7 o . o 

3.23 . 3.31 

2 , 36 
33 

s . o 
3 7 

2.36 
33 

12 
l 

12 

1.79 
33 

T 
38 

1.79 
33 

11 
0 

11 

101 
38 
3 0 
39 

• 

9 4 
35 
25 
36 

l 

2,82 3 , 29 
o.o o. o 

2 , 82 3 . 29 

2 . 40 
36 

T 
40 

2 . 40 
36 

1 2 
0 

12 

2 .26 
3 7 

o. o 
41 

2 . 26 
3 7 

12 
0 

12 

90 
35 
15 
36 

9 

3 . 9 8 
o. 8 

4 . 0 7 

2 .11 
3 1 

s . o 
38 

2 . 17 
30 

13 

* 
13 

78 
35 

- 5 
3 7 

18 

2 .45 
2 . 9 

2 , 7 4 

2 . 45 
3 1 

1.0 
35 

2 . 45 
28 

10 
2 

11 

68 
34 

- 35 
36 

28 

1.18 
20,7 
3.25 

2. 01 
32 

15.0 
3 2 

2 . 07 
3 1 

5 
11 
15 

5 3 
38 

- 5 5 
39 

31 

0 .1 2 
2 2 . 2 
2. 34 

1.05 
38 

11. s 
32 

1. 25 
32 

l 
13 
13 
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- 1.8 1.8 
9 . 8 15 .l 

-13.4 -1 2 .0 

44 
43 

- 5 7 
43 

3 1 

0 .03 
18 . 2 
1.83 

0 .40 
46 

11. 2 
4 1 

1.12 
40 

* 
9 
9 

55 
44 

-62 
44 

28 

0 .01 
15. 5 
1.56 

0.20 
47 

10.s 
40 

1.05 
40 

• 
8 
8 

14.3 
27 . 9 
0. 6 

66 
45 

-<47 
45 

30 

0.11 
15 . 5 
1.7 2 

o .54 
44 

14 .0 
39 

1.40 
39 

1 
6 
7 

32.3 
4 3 . 5 
21 .0 

84 
46 

-i s 
46 

26 

0.96 
9.8 

1.93 

1. s o 
42 

10 . 0 
39 

1.68 
38 

4 
5 
8 

4 4.9 
56.9 
32.6 

90 
46 

5 
46 

17 

2 . 52 
2 .1 

2 . 02 

1. 90 
44 

11. 0 
46 

1. 9 0 
43 

7 
l 
8 

55.8 
68.4 
43.0 

99 
49 
10 
48 

4 

2.99 
0.1 

3 .00 

1.95 
4 2 

0.6 
49 

1.95 
4 2 

9 

* 
9 

60 .7 
73 . A 
48 . 0 

98 
46 
15 
45 

l 

2 , 9 9 
o.o 

2 . 99 

3 . 25 
38 

o.o 
47 

3 . 25 
38 

10 
0 

10 

57 , 7 
70.5 
45 , 5 

9 4 
46 
19 
44 

2 

2 . 8 1 
o. o 

2 . 8 1 

2 . 7 5 
38 

o. o 
4 7 

2 . 75 
38 

10 
0 

10 

4 9 , l 
59 , 7 
3A . 5 

89 
44 
10 
42 

9 

3 , 28 
0 . 2 

3 . 3 1 

2 .43 
39 

3 , 0 
47 

2 . 4 3 
39 

12 

12 

3 9 . l 
4 7. 7 
30 . 4 

8 9 
45 

- 17 
44 

20 

1 , 94 
5 . 4 

2 , 48 

1. 57 
4 1 

12 . 0 
40 

1. 57 
37 

7 
3 

10 

?.3 . 5 5 . 6 
30 . 4 14 . 9 
16. 6 - 3 . 9 

64 
44 

-4 0 
4 3 

28 

0 . 52 
21 . 1 
2 . 69 

1.1 3 
44 

14 . 8 
4 2 

1. 48 
40 

2 
9 

11 

50 
44 

- 6 2 
4 2 

3 1 

0 . l 5 
17 . l 
1 . 83 

0 , 74 
47 

12 . 0 
3 8 

1 . 20 
38 

l 
9 

10 
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7 . 6 
17 . 2 

- 1. 7 

40 
17 

- 30 
16 

3 1 

0 .2 1 
23 . 8 
2 . 59 

0 . 72 
15 

12 . 6 
15 

1 . 26 
15 

1 
10 
l l 

0.24 
32.0 
3.44 

1.10 
14 

8 .5 
13 

1.10 
12 

1 
13 
13 

11.8 
21.4 

2 .3 

47 
1 8 

- 33 
18 

28 

0 . 16 
16 . 2 
1. 77 

0 . 60 
16 

14.4 
16 

1.44 
16 

l 
8 
9 

20.5 
29 . 9 
l l. l 

54 
19 

- 2 8 
20 

30 

0 . 66 
13. 2 
1. 99 

1. 10 
18 

13 . s 
17 

1. 35 
18 

2 
7 
9 

35.3 
43.2 
27 . 4 

76 
19 

- 6 
20 

22 

2.07 
3 . 9 

2 ,46 

1.40 
18 

6 .0 
18 

1.40 
18 

7 
2 
9 

44.4 
53.2 
35 . 6 

76 
20 
16 
20 

10 

52,l 
61. 3 
42. 9 

86 
18 
30 
19 

2 . 0 1 3 . 07 
0 . 6 o. o 

2 .87 3. 0 7 

1. 73 
19 

3.0 
19 

1,73 
19 

11 
l 

12 

2. 10 
2 l 

o . o 
21 

2 . 10 
2 1 

11 
0 

1 l 

56 . 9 
65 . 6 
48.2 

90 
18 
35 
20 

0 

2 . 5 8 
o.o 

2 . 58 

1.74 
2 1 

o.o 
2 1 

1.74 
2 1 

9 
0 

10 

58 . 3 
66 . 3 
5 0 , 2 

86 
20 
34 
2 1 

0 

51.8 
59.1 
44 . 3 

78 
21 
2 1 
20 

2 

3 . 0 9 3 . 47 
o. o o. o 

3 . 0 9 3 . 47 

2 . 0 6 
22 

o. o 
22 

2 , 06 
22 

11 
0 

11 

l . 92 
22 

T 
22 

1.92 
22 

12 
0 

12 

43 . 4 
50 . 2 
36 . 5 

73 
19 
15 
20 

10 

2 . 56 
0 . 0 

2 . 66 

1. 6 2 
19 

2 . 2 
18 

1. 6 2 
18 

11 
l 

12 

29 .7 
36,l 
23 , 4 

6 3 
20 

-1 8 
20 

23 

1 . 49 
10 . 0 
2 , 57 

1. 52 
18 

10 . 0 
18 

1. 52 
18 

6 
6 

12 
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0.19 
26.4 
2 .83 

o . 50 
14 

12 . 0 
l3 

1. 20 
13 

l 
11 
12 

o.57 
23 .4 
2.91 

0.97 
15 

14.0 
13 

l . 40 
13 

2 
10 
11 

1, 62 
11.4 
2 , 76 

l • l l 
15 

7.0 
14 

l . l l 
14 

4 
6 
9 

3 . 25 
1. 3 

3.38 

1. 40 
13 

2 . 7 
14 

1,40 
13 

8 
l 
9 

4 . 26 
o.o 

4.26 

2 . 10 
13 

o.o 
14 

2 . 10 
13 

I l 
0 

l l 

3 , 30 
o. o 

3 . 30 

t. 55 
13 

o. o 
14 

1. 55 
13 

9 
0 
9 

4.15 
o . o 

4. 15 

l . 7 1 
10 

o . o 
11 

l • 71 
10 

10 
0 

10 

4.69 
T 

4 . 69 

2 . 38 
8 
T 

1 1 
2 . 38 

8 

13 
0 

13 

3 , 26 
5.9 

3 . 85 

2 . 34 
9 

10 . 0 
11 

2 . 3 4 
9 

9 

3 
l 1 

2 , 4 5 
23 . 6 
4 , 81 

1 . 80 
12 

15 . 0 
12 

1 . 80 
12 

5 
9 

14 

1 5 . 0 
22 . 1 
7.3 

49 
17 

-30 
17 

30 

0 .47 
18 . 6 
2 . 33 

0 ,94 
18 

12 . 0 
17 

1. 20 
17 

2 
9 

10 

0 . 21 
35.5 
3 . 82 

0 . 1 1 
13 

13 .o 
13 

1. 30 
13 

l 
13 
13 

34.1 
46 , 5 
2 1 . 7 

4 
4 
4 

10 1 l 

- 59 l 

22 1 4 

22 .06 
121 . l 
34 , l 7 

2,45 

17 . 0 

2 . 45 

8 4 
65 

143 

31 . 9 
43 . 2 
20 , 6 

8 
4 
8 

l 

l 

4 
4 
4 

2 
2 
2 

99 l 

- 62 l 

227 2 

1 8 , 37 
105 . 6 
28 , 97 

3 . 25 

14 . 8 

3 . 25 

6 3 
50 

112 

2 
2 
2 

2 
2 
2 

35.6 4 
43 , 9 4 
27 . 3 4 

90 4 

- 33 4 

187 4 

22 . 64 4 
8 7 . 9 4 

31 , 45 4 

2 . 10 4 

14 . 4 4 

2 .1 0 4 

8 4 4 
44 4 

128 4 

28 . 25 
159 . 5 
l.4 , 20 

2 , 38 

15 . 0 

2 . 38 

8 
8 
8 

5 

5 

5 

74 6 
66 6 

135 6 





rinu S/\IJLl STE MARI E 

TH'IP . MflY fNNf Q11n rr o r NNF f OEr, Fl 
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HMPFR ,HIJP F MA)(JMA LE 
NO M~PF 0 ' /\NNFf ~ EN RECORD 
TfMPFRATUP MINIMALE 
NOMRP f 0 1 ANNEF~ FN RECORD 

NOMAP E Of JOUR~ OE CE L 

coo SAULT STE MARI E 2 

Tf MP . MIJY£,NNE OllOTID IENNI: IDF G Fl 
TfM PFR Al llRF Ml.IX . OUOT I() I ENN E MOYENNF 
T!:MPf-l~A lllRF MIN . flllOllD l !' NN f MOYF.NNf 

EXTREME MAX I MUM TEMPE RA TURE 
NO. OF YE ARS OF RECORD 

EX TREM E MINIMUM TEMPER ATURE 
NO . OF YEAR S OF RECORD 

NO . OF DAY S WITH FRO ST 

MEAN RA INFALL INCHE S ) 
MEAN SNOWFALL 
MEAN TOTAL PR EC I PI TA TI ON 

CRFA TEST RAINF ALL IN 24 HR S 
NO. OF YEARS OF RE CO RD 

GREA TEST SNOWFALL IN 2 4 HRS 
NO . OF YEAR S OF RtCURD 

GREA TEST PREC I PITATI ON IN 2 4 HRS 
NO . OF YEARS OF RECORD 

NO . OF DAY S WI TH MEAS URABL E RA IN 
NO . OF DAY$ WI TH MEASURA BLE SNOW 
NO . OF DAY S WITH M. PREC I PITATI ON 

o oo SAULT STE MAR I E A 

MEAN DA I LY TEMP ERATURE I DE G F 
MFAN DAILY MAX I MUM TEMPERATURE 
MEAN DAI LY MI NIMUM TEMP ERA TUR E 

EXTREME MA XIMUM TE MPERA TUR E 
NO. OF YEARS OF RECORD 

EXTREME MI NIM UM TEMPERATURE 
NO . OF YEARS OF RECORD 

NO. OF DAY S WITH FROS T 

MEAN RA INFALL INCHE S l 
MEAN SNOWFALL 
MEAN TOTAL PRECIP IT AT ION 

GREATES T RAINFA LL I N 24 HR S 
NO. OF YEARS OF RECORD 

GREATEST SNOWFALL JN 24 HRS 
NO. OF YEARS OF RcCORD 

GREATEST PRECIPIT ATI ON IN 24 HRS 
NO . OF YEARS OF RECORD 

NO . OF DAY S WI TH ME ASURABLE RA I N 
NO . OF OAY S WI TH ME ASURABLE SNOW 
NO . OF DAYS WITH M. PREC I P IT ATI ON 

aoo SC HR EI BER 

MEAN DAILY TEMPE RA TURE I DEG F 
MEAN DA I LY MA l UM TEMPER ATURE 
MEAN DA I LY MINIMUM TEMPERA TU RE 

E TREME MAXIMUM TEMPER ATURE 
NO . OF YEARS OF RECORD 

EXTREME Ml IMUM TEMPERATURE 
NO . OF YEARS OF RECORD 

NO . OF DAYS WITH FROST 

MEAN RAl FAL L INCHES ) 
MEAN NOWFALL 
MEAN TOTAL P EC IPI TAT I ON 

GREA TEST RAt FAl l l 24 HRS 
NO . OF EAR~ OF RE CORD 

~REA TE T SNOWFALL I N 24 HRS 
NO . OF YEARS OF RECORD 

GREATEST PREC r {TATI ON IN 2 4 H S 
NO . OF Y~ A~ . OF RECURO 

NO. OF OAY ~ WITH MEASUR ABLE RAI N 
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l 'L0 
?3 . 6 

t'l . 3 

4 5 
13 

- 38 
l 3 

3 1 

l ', • 1 
2 4 . 0 

6 . 2 

4 6 
13 

- 34 
13 

28 

23 . 5 
32 . 9 
14 . l 

70 
13 

- 29 
1 2 

3 0 

37 . 0 
4 5 . 9 
21L I 

79 
13 

- 4 
13 

2 2 

46 .9 
58 . 0 
35 . 8 

8 5 
12 
16 
1 2 

1 2 

5 7.3 
69 . 3 
45 . 4 

90 
1 2 
22 
12 

3 

62 .7 
74 . 5 
50 . 8 

93 
14 
3 2 
14 

6 2 . 3 
73 . 7 
5 0 . 9 

9 7 
15 
26 
15 

54 . 0 
64.4 
43 . 6 

92 
1 5 
17 
15 

4 

4 5 . 6 
54 . 8 
3 t- . 3 

RO 
14 
14 
14 

11 

7 1 
13 

- 13 
l3 

22 

19 . 4 
26 . 8 
12 . 0 

54 
13 

-34 
14 

30 
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13 . 9 
21. 4 

6 . 3 

40 
11 

- 29 
11 

3 1 

0 . 56 
26 . 2 
3 . l 8 

0 . 62 
I 2 

7 . 4 
10 

0 . 74 
10 

2 
17 
18 

14. 9 
2 3 . 4 

6 . 3 

44 
10 

- 26 
10 

28 

0 . 10 
20 . 2 
2 . l 2 

0 . 83 
10 

9 . 0 
9 

0.90 
10 

1 
14 
15 

24.7 
32 . 9 
16.5 

52 
10 

-16 
10 

30 

0 . 9 9 
15 . 0 
2 . 49 

0 . 82 
9 

8 . 0 
9 

0 . 87 
9 

2 
11 
12 

38 . 8 
47. 6 
30 . 0 

77 
1 2 
1 2 
11 

20 

2 . 08 
2 . 9 

~ . . n 

l • IJ 4 
12 

5 . 0 
1 2 

1.05 
12 

9 
4 

11 

49.4 
59 . 4 
39 . 3 

88 
13 
20 
13 

7 

3 . 3', 
0 . 9 

3 . 4 4 

3 . 19 
13 

2 . 0 
13 

3 . 19 
13 

12 
l 

1 2 

58 . 4 
69 .l 
47. 7 

9 0 
13 
29 
13 

* 
3 . 71 
o. o 

3 . 7 1 

3 . 3 4 
I 2 

T 
13 

3 . "3 4 
1 2 

11 
0 

11 

63 . 8 
74. 3 
53 . 2 

9 2 
1 l 
37 
12 

0 

63 . 1 
7 2 . 6 
53 . 5 

8 8 
13 
35 
13 

0 

2 . 92 3 . 2 0 
o. o o. o 

2 . 92 3 . 20 

l . 65 
l 1 

o. o 
1 3 

l . 6S 
11 

10 
0 

10 

3 . 7 5 
1 3 

o. o 
13 

3 . 75 
13 

11 
0 

1 1 

56.t 
64 . 5 
47 . 7 

88 
13 
28 
13 

4 . 41 
0 . l 

4 . 42 

2 . 24 
13 

1 • 0 
13 

2 . 24 
1 3 

13 

* 13 

46 . 2 
53 . 6 
3fl . 7 

80 
14 
19 
14 

8 

2 . 9 4 
2 . 2 

3 . 16 

? • l l 
14 

', • 1 
14 

2 . 2 1 
14 

14 
2 

l 5 

33 . 2 
38 . 9 
2 7 . 5 

62 
14 

- 7 
13 

22 

2 . 74 
15 . 7 
4 . 3 1 

l . 6 4 
13 

7 . 6 
1 3 

l . tl4 
13 

9 
12 
18 

19 . 7 
26 . 5 
1 2 . 9 

50 
13 

- 16 
12 

1.40 
2 1. 8 
3 . 5 "• 

0 • fl q 

1 3 
9 . 0 

12 
0 . 90 

12 

3 
17 
19 
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12 .7 10 . 8 
2 1.4 2 1. 7 
4. 0 - 0 . 2 

4 1 
9 

-30 
9 

31 

0 . 6 4 
25 . 6 
3 . 20 

0 . 50 
9 

11 . 9 
9 

l . I 3 
9 

2 
19 
2 0 

43 
9 

- 3 1 
9 

28 

0 . 13 
20.2 
2 .1 5 
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9 

15 . 9 
9 

1.49 
9 

l 
14 
14 

22 . 9 
32 .9 
12 . 9 

55 
9 

- 24 
9 

30 

o . 7 5 
15 . 0 
2 . 25 

1. 10 
9 

10 . 9 
9 

l. 16 
q 

4 
9 

12 

37.9 
4 6 . 9 
28 . 8 
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9 
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9 

2 1 
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4 . l 
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9 

4.6 
9 

1.14 
9 
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4 

11 

48 . 5 
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37.6 
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9 

20 
9 

p. 

3 . 2 4 
l • 1 

3 . 35 

4 . 59 
9 

4 . 0 
9 

4 . 59 
9 

l l 
l 

12 

58 . 2 
69 . 9 
46 . 4 

90 
9 

26 
9 

3 . 4 8 
T 

3 . 48 

3 . 0 4 
9 

0 . 3 
9 

3 . 0 4 
9 

l l 

* 
11 

63 . 6 
75 . 0 
52 . 2 

95 
9 

36 
9 

0 

2 . 83 
o. o 

2 . 8 3 

1.48 
9 

o. o 
9 

l. 48 
9 

9 
0 
9 

6?. . 2 
7 ? . 4 

5 1. 9 

89 
10 
36 
10 

0 

2 . 62 
o. o 

2 . 6?. 

2 . 1 9 
10 

o. o 
10 

? . 19 
1 0 

l l 
0 

1 1 

55 . 8 
64 . 8 
46 . 7 

85 
10 
27 
10 

3 . 73 
0 . l 

3 . 74 

2 . 53 
10 

0 . 6 
10 

2 . 5 3 
10 

13 
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13 

46 . 6 
54 . 6 
38 . 6 

80 
10 
2 1 
10 

2 . 93 
l • & 

3 . 10 

1 . 22 
10 

2 . 5 
10 

1 . 22 
10 

14 
3 

1 5 

33 . 7 
39 . 9 
2 7 . 4 

63 
10 

- l 
10 

22 

2 . 39 
17 . 8 
4 . l 7 

1 . 2 1 
10 

9 . 8 
10 

1 . 2 7 
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9 
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16 
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2 7 . 3 
12 . 6 
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10 

- 17 
10 

29 
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3 . 70 
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10 
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10 
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10 
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17 
19 

LAT I TUDE 48 4 9 N LONG IT UD E 87 16 H ~LEVA TI ON Q90 FT ASL 

5 . 8 8 .7 
15 .0 18 . 5 

- 3 . 5 - 1.1 

46 
6 0 

-43 
60 

3 1 

0 . 0 0 
19 . l 
1. 9 9 

1.47 
69 

18 . 0 
6 9 

I . AO 
/>Q 

9 
10 

54 
59 

- 45 
58 

28 

0 .1 2 
14 . 5 
1 . 56 

1. 29 
68 

16 . 0 
6 5 

1 . 60 
65 

~ 

8 
8 

19 . 5 
29 . 0 
10 .0 

57 
59 
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58 

30 
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1. 45 
68 

14. 0 
68 
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67 
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7 
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42 . 2 
25 . 8 

7 1 
60 
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24 

1 . 0 0 
5 . 8 

2 . 39 

2 . 1 7 
64 

11. 0 
64 

2 .1 7 
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5 
3 
8 

44 . 5 
;3 . 4 
35 . 5 
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58 
11 
59 
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3 .41 
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3 . 46 

2 . 20 
62 
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66 
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9 

9 

53 . 7 
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44 . 4 

9 1 
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2 8 
59 

1 

3 . 63 
0 . 0 

3 . 63 

3 . 35 
6 7 

T 
6Q 

3 . 35 
t, 7 
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0 

10 

58 . 7 
6 7 . 9 
49.5 

8 7 
62 
30 
61 

0 

3 . 10 
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2 . 90 
68 
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69 
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9 
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Q 

58 . 2 
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49 . 7 

84 
61 
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3 . 75 
I) . fl 

3 . 7 5 

3 . 66 
65 
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68 

'\ . 66 
65 
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0 
9 

49 . 9 
57. 3 
4 2 . 5 
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S6 
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57 

4 

3 . 73 
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3 . 7 ; 

2 . 86 
59 

3 . 5 
62 
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59 

l l 
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41 . 0 
47. 7 
34 . 3 

76 
55 

4 
56 

2 . 86 
1. 7 

3 . 03 

3 . 38 
57 

a . o 
6 1 

3 . 31\ 
57 

Q 

26 . 6 
32 . 6 
20 . 6 

6 4 
60 

- 18 
60 

26 

l • 4 1 
10 . 7 
2 . 4 8 

12 . a 
20 . 5 

5 .1 

53 
60 

- 3 6 
60 

30 

o . 36 
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2 . 00 

2 . 20 1 . 38 
66 63 

14.0 27 . 0 
6 4 t-5 

2 . 20 2 . 10 
oS 65 

4 
6 

10 

l 
9 
Q 

3<> . 3 
40 . () 
7 9 . 7 

97 

- 38 
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4 0 . 2 
48 . 7 
3 l . 6 

5 
':, 

5 

5 

5 

5 

5 
5 
5 

- 29 5 

l 76 :, 

28 . 4() 
1 05 . 0 
:H~. 9 0 

3 . 75 

9 . 0 

3 . 75 

8 
!:I 
b 

5 

5 

5 

9 7 5 
78 S 

165 ', 

39 . 4 
4 8 . 9 
29 . 9 

6 
6 
0 

95 6 

- 3 1 6 

l 78 6 

26 . 06 
107 . 5 
3b . 30 

1 5 . 9 

4 . 5Q 

q 

8 
8 

6 

6 

6 

q7 6 
78 6 

16 3 6 

34 . 5 
42 . 8 
2 6 . l 

l 
l 

91 l 

- 4 5 l 

199 2 

2 4 . 65 
79 . 6 

32 . 62 

3 . 66 

27 . 0 

3 . 6 6 

2 
2 
2 

67 2 
£.3 2 

109 2 
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Tf,ePt:fU 11Jllf: ""· Ot,OllOIENNf Mnnme l o . O 20 . 8 
Tf,ePflUT U'1f MI iii . OIJOTI OIFNNE M()Yt: NNf - 5 . 2 - J . 5 

Tf"PfRATIIPf- MA)'JJltALf: 
NO,e&P f O ' ANNff ' IN AECOPO 
ff,ePfPA TUPf M(NI MALE 
HQ,e& Af O'ANNFtS f N RfCORO 

N0,.8Rf Df JOIIP c; OF GFL 

HAU HIJP Of PL!l l f MOYEN NE IPOUCfSl 
Ct4U TE OF- NF I f,f MOYFNNF-
PA Et IP I TAl I ON 10TA LE MOVENNE 

PLUI E MA XIMUM FN 24 HFURE S 
N0M8R f D' ANNFf<; EN RFCORO 
CHU TE OE NEIGF MA XIMUM EN 24 HEUR FS 
NOM8R E O'ANN EES EN REf.ORD 
PRECIPITATI ON MA XIMUM EN 24 HEURE S 
NOMBR E O' ANNFF S FN RFCORO 

NOM8P f DE JOUR S AV EC PLUIE MESURA BLE 
HOM BRE OE JOURS AVEC NEIGE MESURABLE 
"'9RE DE JRS AVE C PR EC I P ITATI ON MBLE . 

47 
7 9 

- 42 
n 

3 1 

0 . 05 
20 . 3 
l • 89 

0 . 68 
29 

20 . 3 
29 

2 .oJ 
29 

l4 
lJ 

4 9 
28 

-40 
29 

28 

0 . 06 
12 . 2 
l • l 9 

0 . 42 
29 

n.2 
29 

l.J2 
29 

4 

l l 
11 

73 
29 

- J 4 
?9 

JO 

0 . 41 
13 . 9 
l. 72 

1 . 05 
29 

14. 9 
29 

l. 65 
2 9 

2 
9 

10 

83 
29 

- 8 
29 

24 

1.44 
7 . 9 

2 . 22 

2 .7 3 
29 

9 .5 
29 

2 .73 
2 9 

7 
5 

l.l 

93 
29 
16 
29 

12 

2 . 11 
1 .7 

2 . 94 

2 . l3 
29 

A.5 
29 

2 . 13 
29 

1 2 
l 

12 

9 6 
?Q 
L7 
79 

3 . 26 
o . o 

3 . 26 

l. 94 
29 

T 
29 

l. 94 
29 

13 
0 

13 

6 3 . 5 
75 . 5 
', I • 4 

9 '> 
7Q 
32 
7q 

2 . 80 
o. o 

2 . 00 

1.74 
29 

o. o 
29 

} . 74 
29 

1 2 
0 

1 2 

6 l • 7 
7 L 7 
'>ll . l 

q>, 

30 
j I 
311 

1 . 4 & 
o. o 

1 . 4 6 

2 . 75 
3 0 

o. o 
3 0 

2 . 7 5 
30 

1 2 
0 

12 

'> 2 . 4 
6 3 . 0 
41 • 7 

t'< 7 
30 
l 7 
3() 

J . 71i 
T 

J . 8 6 
JO 

O. J 
30 

3 . 86 
JO 

12 

1 2 

83 
30 

I\ 

30 

lf, 

2 . 10 
l . 4 

7 . 7 4 

1 - 88 
30 

6 . 4 
30 

t . 8 A 
30 

9 
l 

10 

67 
JO 

- l '1 

30 

1 . 10 
12 . 1 
2 . 2 ';, 

2 . 0 1 
30 

13 . 6 
30 

2 . 0 1 
30 

5 
9 

1 2 

I I • 1> 

I \ • .., 
3 • ,. 

.,,, 
',O 

-:H 
30 

3 1 

0 . 24 
17 . 9 
1. 8 1 

l . 68 
30 

17 . 2 
3 0 

1 . 68 
JO 

2 
13 
13 
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MEAN DAILY l EMPFR ATURE f DEG F l 
MEAN DA ILY MAXIM UM TEMPERATU RE 
MEAN OA ILY MINIMUM TEMP ER ATURE 

EX TR EME MAX IMUM TEMPE RAT URE 
NO . OF YEARS OF RECORD 

EX TREME MIN IMUM TEMPERATU RE 
NO. OF YFARS OF RECORD 

NO. OF DAYS WITH FROST 

MFAN RA I NFALL I NCHES l 
MEAN SNOWFALL 
MEAN TOTAL PR EC IP IT ATION 

GR FA TES T RA I NF ALL IN 24 HR S 
NO. OF YEARS OF RECORD 

GRE ATE ST SNOWFALL IN 24 HRS 
NO. OF YEARS OF RE CORD 

GREA TES T PRE CI PITAT I ON I N 24 HRS 
NO . OF YEARS OF RECORD 

NO. OF DAYS WI TH MEASUR ABLE RA IN 
NO. OF DAYS WIT H ME ASURABLE SNOW 
NO. OF DAYS WITH M. PRECIPITATION 

7 .9 
l 6 . 2 

- 0 . 5 

4 3 
24 

- 38 
24 

3 1 

0 . 2 1 
2 5 . 6 
2 . 78 

0 . 80 
25 

12 . 0 
2 4 

1. 20 
24 

11 
l l 

10 .5 
19 . 2 
l. A 

4~ 
2 4 

- 4 2 
24 

2 8 

0 . 20 
24 . 0 
2 .60 

1. 15 
24 

12 . 0 
23 

1. 20 
22 

* 
10 
10 

2 0 .7 
29 . 4 
l l . 9 

6A 

2 4 
- 28 

24 

30 

o.so 
16 . 9 
2 . 28 

l . 00 
22 

R.O 
24 

1. 50 
24 

7 
8 

35 . 2 
4 3 .4 
2 7.0 

8 1 
24 

- 10 
24 

22 

2 . 0 1 
5 . 9 

2 . 59 

l.70 
2 5 

9 . 0 
26 

1.10 
2 6 

6 
3 
8 

4 6 . S 55 . 9 
55 . 5 6 5 . 4 
37 . 4 46 . 5 

80 
25 
16 
25 

9 

3. 15 
l • 1 

3 . l 7 

2 . 98 
2 5 

4. 0 
24 

2 . 98 
24 

9 
l 
9 

8 5 
24 
25 
2 5 

l 

J . 16 
o. o 

3 . 16 

2 . 0 8 
27 

T 
2 7 

2 . 0 8 
27 

<) 

0 
9 

t-. 0 . 4 
69 . 5 
5 1 • l 

AA 
27 
26 
27 

0 

2 . 6 7 
o. o 

2 .67 

2 . 03 
27 

o. o 
2A 

2 . 03 
27 

8 
0 
8 

59 . 6 
6 7. 9 
51 . J 

HA 
2 7 
J 2 
2 7 

J . 89 
o. o 

3 . A9 

2 . 2 2 
26 

o. o 
2 7 

2 . 22 
26 

10 
0 

10 

52 . 7 
6 0 . 3 
44 . 6 

h8 

2 3 
2 3 
23 

3 

4 . 25 
(1 . ?. 

4 . 32 

2 . 40 
2 6 

2 . 3 
25 

L . 4 0 
2 7 

l l 

12 

4 2 . l 
4 fi . 9 
"3';, . 3 

77 
2 5 
10 
2 7 

13 

1 . 20 
3 . 0 

3 . 50 

3 . 0 0 
27 

R. O 
7.6 

3 . 00 
7.7 

8 
l 
9 

2 7 . 9 
33 . 6 
22 .1 

6 7 
26 

-1 7 
26 

26 

l. 64 
1 6 . 2 
3 . 2 6 

3 . 95 
26 

9 . 5 
26 

3 . 9 5 
26 

5 
7 

11 

14 . J 
2 l • l 

7 . ?_ 

SA 
2 5 

- 30 
22 

3 0 

o . 5 8 
2 1 . 8 
2 . 7 3 

l. 8 9 
2 5 

12 . 0 
23 

1. 8 9 
23 

2 
9 

10 
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TEMP. NOYENNE 0UOTIOIE~NE IOEG Fl 0.6 3.8 14.9 
TfNPERATURE MAX. 0UUTIDIENNE MUVENNE 14.2 18.S 30.0 
TfNPERATURE NIN. OUOTIOIENNE NOVENNE -13.l -ll.O - 0.2 

3Z.7 1t5.o 
44.8 58.5 
20 .... 32.7 

60.6 
74.4 
46.8 

5R.Z 
71.4 
44.9 

49.5 
60.5 
38 ... 

40.l 
49.9 
30.2 

24.3 7.~ 
32.l 19 .2 
16.5 - 3.7 

) ' • 3 
., 1 • l ., . ., 

(. 

2 

' 
-4 1 2 

70'> 2 

(.0 . 97 
!37 . 4 

29 . 0 7 

20 . 3 

3 . 86 

87 
6J 

14 1 

2 
2 
2 

2 

2 

2 

2 
2 
2 

3 
3 
3 

AH 2 

- 4 2 2 

193 3 

25 . 4 6 
1 14 . 7 
3F> . 9';, 

17. . 0 

3 . 95 

2 
2 
2 

2 

2 

2 

70 2 
49 2 

11 5 2 

32.8 
~5.3 
zo.1o 

l 
1 
l 

TEN,ERATURE MAXlMALE 
NONIRE D'ANNE~S EN RECORD 
TENPElATUR~ NINtNALE 
IIONlll D1 ANNEES EN RECORD 

,2 
82 

-60 
82 

75 
8l 

-so 
81 

81 
82 

-31 
82 

93 
81 

-11 
81 

101 
79 
18 
79 
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LAKE SUPERIOR 

NORMAL WINTER 
MAXIMUM ICE COVER 

March 25-April 5 
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LAKE SUPERIOR 

NORMAL WINTER 
EARLY DECAY PERIOD 

April 1-10 

Figure 42. 

. . . . . . . . . . . . . . . . . . . . . 
•••••.• 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

20 0 
b----r1 

20 40 

STATUTE MILES 

60 
a 

80 
! 



~: : ::1 
ICE COVER LEGEND 

OPEN WATER 

VERY OPEN PACK 
(0.1 t o 0.6 coverage) 

OPEN PACK 
(0.4 to 0.6 coverage) 

CLOSE PACK 
(0.7 to 0.9 coverage) 

CONSOLIDATED PACK 
{ 1. 0 coverage) 

Adap ted from U .S. Army Corps of Engineer s 

. . . . . 
. . . . 

. . . . . . . . . . . . . . . . . . 
. . . . . 

. . 

. . . . . . . . . . . . . . . 

. . . . . 

. . . . . 

LAKE SUPERIOR 

MILD WINTER 
MAXIMUM ICE COVER 

Figure 43. 
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LAKE SUPERIOR 

SEVERE WINTER 
MAXIMUM ICE COVER 

Figure 44. 
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