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Chapter 1 INTRODUCTION

This report concerns meteorological findings and events from field work during
the Regional Copper-Nickel Study. It ié fhe second volume on meteorological
studies made during the Study, with the first volume addressing the general cli-
mate of the Region. This volume addresses the weather that occurred during the
Study. It further addresses studies of occurring weather that allow elaboration

and refinement of statements on climate to be made.

Meteorological information was gathered between July, 1976, and August, 1978,
with 1977 being the year of most intemsive investigation. During 1977, most
types of data were gathered simultaneously, while in 1976 and 1978 not all data-
gathering activities took place, especially in the summer--although the winters

of both 1976-1977 and 1977-1978 saw rather heavy activity.

Much of the bias toward 1977 as time of heavy activity is due to the fact that a
considerable part‘of the weather data was gathered in cooperation with and in.
relationship to other Copper-Nickel Study activities. The content of this
report has been somewhat influenced by meteorological needs that arose during
fhe life of the Study. Demand for precipitation data became very heavy on the
part of several activities; in response, the rain gage network was expanded and
radar analysis emphasized. This report attempts to document most héavily‘the

kind of meteorological information requested during the Study.

In addition to reporting meteorological findings per se, this report also is
intended to furnish a record of the weather that occurred for the future
references of those who wish to look more closely at some of the findings of the
other activities. From this report, the user should be able to gain a good idea
of weather that occurred during other Study investigations.
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Much of the data collected were in connection with support of air quality
investigations. This report does not concern itself with air quality work or
air quality meteorological information, for that is covered in the report by the

Air Quality Task.

Because of the great amount of data gathered, this report cannot begin to
include all of the weather data obtained during the Study--much of which was
gathered and assembled for the other tasks as‘the Study progressed. These data
are available in the files‘resulting from the Study. Rather, the purpose of the
information contained herein is to illuminate the reader's mind as to the
weather and climatic conditions that did occur during the Study, and the weather
and climatic conditions that can be expected to occur should copper and nickel

mining activities take place in the region in the future.

Chapter 2 WEATHER DURING THE COPPER-NICKEL STUDY

2.1 INTRODUCTION

This section discusses actual weather occurrences during the period of June 1,
1976 to January 1, 1978. Although 1976 was rather atypical from the standpoint
of the extreme dryness of the summer and fall, the year 1977 stands out as a

year in which weather followed rather typical patterns.

The Regional Copper-Nickel Study Area (Study Area) experiences weather shaped by
three kinds of air names: continental polar, maritime polar, and maritime

tropical.

Continental polar air is that which has been shaped by a stay over North America.
In this report, we refer to it often as simply ''continental air." It may have
substantial water content if it has lingered over the southern part of the
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United States for several days or more, but it differs from maritime tropical
air in that it never quite acquires the heat and moisture content of maritime
tropical air. But this air is essentially shaped in the north of Canada.
Certainly, it is air that has moved in from the ocean, but which has lost its
maritime characteristics by losing heat and moisture as a result of continental
visit. The land cannot supply the energy and moisture the air that the oceans
can, and radiation to space is quick to remove heat while the land surface is
quick to remove moisture through condensation and sublimation. In addition, the
precipitation process removes moisture which the land cannot resupply, and the
Canadian Rockies steal much of the moisture from Pacific air as it crosses them.
Continental polar air arriving in the Stud& Area is cool and dry when it comes
from the north; but it can be warm and sometimes even quite moist when it comes
from the south. Such air is that which moved south of the Study Area but never

reached the tropical ocean.

Maritime polar air which arrives in the Study Area is almost entirely from the
Pacific Ocean (in this report it is referred to often as '"Pacific Air"). This
air is essentially that which crosses the mountains of the western United States

qnal Some‘f‘-mes
—piggbrer e the Canadian Rockies. Such air is associated with a general flow of

' in meteorological jargon. This

the air stream from west to east--'"zonal flow,'
Pacific air is characteristically warm and dry, but not quite as dry as con-
tinental air. The warming is due to the descent of air from over the high moun-
tains (the '"polar" appendége to this air's name is thus somewhat misleading).

This air is responsible generally for the warmer weather that sometimes occurs

in the winter in the Study Area.

Maritime tropical air is a rare visitor to the Study Area. In order to import
it this far 1inland, a strong southerly flow must be set up for a substantial
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period of time. This essentially cannot occur in the cold season; it is vir-
tually impossible for Maritime tropical air to reach the region except from May

through September.

Figures l__and E%_are event graphs which give the air masses present in the
Study Area from June 1, 1976, to December 31, 1977. The shaded areas designate
the presence of continental polar air, the unshaded the presence of maritime
polar (Pacific) air, except where the designation, MI, indicates maritime trspi-
cal air. As would be expected, the continental polar air predominates, with
maritime tropical air being rare. Noteworthy, perhaps, are the generally long
stays of each type of air mass; interestingly, short stays of Pacific air are
generally due to a storm center passing over the region, with Pacific air coming
in behind a warm front rather than behind a cold front. Pacific air coming in

behind cold fromts generally results in a long stay.

Note that the entire month of September, 1976, was ruled by continental air,

~ while Pacific air ruled as long as about a fortnight in April, 1977, May, 1977,
and from October 27 to November 9, 1977. The largest stay of maritime tropical
air was almost 3 days in July, 1977. No maritime tropical air entered the Study
Area in 1976. There does not appear to be a seasonal preference to the domina-
tion of either continental air of Pacific air from the data period of the Study;

it can be said that Pacific air can enter the region at any time of the year.
2.2 SEQUENCE OF WEATHER EVENTS DURING THE STUDY

2.2.1 Introduction

The general pattern that is seen in the Study Area is a sequence of a cold air
mass moving in under northwest flow aloft from northwestern Canada, crossing the
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region from the northwest. The air mass may then overspread the entire United
States east of the Rockies. While the air flow is still from the northwest, a
minor wind-shift line may cross the Study Area, giving some short-lived cloudi-
ness and/or brief showers. Following this, another surge of cold air may move
from the northwest, along with a minor low pressure area, bringing precipitation

as it passes. Several more such surges may occur.

With a shift in upper air pattern from northwest to west wind, air over the
Pacific will move eastward to replace the cold continental air over the eastern
portion of the continent. A large low. pressure system is characteristically
found at the northernmost extent of the Pacific front. This front, crossing the
Study Area, has mild air behind it, which brings thaws in January. The initial
Pacific surge may be a warm front, so that its arrival is preceded by southerly
winds and precipitation. Fine weather with westerly winds (between southwest

and northwest) follows.

Typically, the general flow of the air stream in the troposphere toward the
Study Area varies from between northwest and southwest. Such large scale flow
generally pe;sists from a particular direction for periods of time varying from
almost a week to a month. Changes may be shorter or longer than this, however.
Typically, a cold front crosses the region about once every 4.2 days. With
northwesterly flow, a series of continental cold fronts may pass, while during
westerly to southwesterly flow, a series of Pacific fronts may pass. A changing
pattern will see one type of air mass replace another. If a Pacific air mas
replaces continental air, the leading edge of the air mass often arrives as a

warm front rather than as a cold front.

Several Pacific fronts may pass over in succession, so that a warm weather

regime is set up. If the storm center on the northern flank of the cold front




is strong, or if it passes close to the Study Area, cold air may be drawn into
the Study Area from thé northeast. Many continental polar fronts enter the
Study Area in this fashion. Characteristically, they are well-marked with a
sharp temperature drop, low clouds, and precipitation. They are responsible for

much commentary on 'sudden change in the weather.'

Such a front may stall to the south, over Iowa or vicinity. The next low
pressure system coming from the west may then induce the front to move north,
crossing the region as a warm front, with precipitation ahead of it. Since this
event is associated with an approachiqg low pressure area, ﬁhe stay of warm air
is usually for only a half-day or so, and is followed by more cold continental
air from the northwest. Sometimes the storm system may move from west to east
over southern Minnesota and Wisconsin. Then there is no change of air mass at
the surface, but rather a backing of the wind from northeast to northwest. This
situation b;ings rain or snow of long duration, usually resulting in copious
amounts. This is a common‘situation in Marcﬁ and April and again in November,

accounting for the heavy snows sometimes experienced in those months.

In the warm season, several days of low pressure in the western United States
may allow maritime tropical air in ahead of a storm system. The stay of such
air may be for only a few hours, if the low pressure center passes close. 1In

languid situations, the tropical air may be around for up to one weeke.

One other instance merits special mention. A cold front may overtake a warm
front, and the result is termed an occlusion. In an occlusion, precipitation
and clouds occur both ahead of and behind the front; in contrast, a warm front
has most of the cloudiness and heavy precipitation ahead of it, while a cold
front has most of the heavy precipitation at and behind the leading edge.
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Like a cold front, the occlusion is generally marked by a sharp wind shift from
southerly to westerly or northwesterly (except when thunderstorms occur, in
which case the small-scale, sharp wind systems generated by the thunderstorms
overshadow the large-scale wind). Warm fronts crossing the Study Area are
generally diffused, and sometimes several hours transpire before the wind shift

becomes clearly evident to the casual observer.

Between cold frontal passages, a period of rising barometer followed by a crest
and a succeeding drop in barometer occurs. This is due to regions of high
pressure between the frontal systems. Such regions are characterized by

generally sinking air, although sub-regions of rising air may exist therein.

The.exact centers of high pressure systems will not usually pass right over, and
often not even near, the Study Area, so a pressure ''ridge" is usually
experienced after a frontal passage. If the high‘pressure center passes to the
south of the Study Area, winds will back from northwest through west to south-
west and then southeast. If the high pressure center passes to the north, winds

veer from northwest to northeast to southeast.

If the high pressure center passes over or near the region, the wind will be
light and variable and may drop to dead calm. This gives a warm, sunny day or a

cold, clear night.

On occasion, high pressure systems extending from thé surface to heights of 10
kilometers or more will become stalled over the Study Area or at least somewhere
in the mid-continental area. This can bring many days of hot, clear weather.
High pressure over mid-continent not only favors warm, sinking air and sunshine,

but also flow of Pacific air, warm and dry after crossing the western mountains,




An appreciation of the interplay of the fronts and air masses canh be obtained
from the following reviéw of the weather in the Study Area from June 1, 1976, to
December 31, 1977. Tab le_l_ gives a synopsis of the frontal systems (with
fronts occurring to March, 1978, in addition), which are numbered similarly in
the text or according to cold front passages. Warm fronts are numbered in the
text with the designation "W'" preceded by the number of the previous cold front.
On occasion, a cold front may '"back up'" to become a warm front, then advances
once again. In such a case, the cold front retains the same number originally
designated, along with the letter "R" following. Similarly, the front may back
up once more, so a warm front can also have the letter "R" designating a return.
Multiple Rs indicate Qultiple feturns. Front numbers begin with the first front
in June, 19?6, and again with the first front in 1977, and again with the first
front in 1978. The table gives the time of passage of the fronts, the kind of
air mass of which they are the leading edge, and the general pattern following

the front.

The table and text are not only instructional to get a handle on the kind of
weather to be expected in the Study Area, but are also useful to identify
weather taking place during Copper-Nickel experiments and projects, as well as

for relating the data elsewhere in this report to actual weather occurrence.

2.2.2 1976 Events Between Frontal Passages

1) Continental air mass crossed 0230 June 1. Winds became southeasterly under
fair skies on June 1 as front stalled immediately south of the Study Area.

Winds died to calm at night.

1-W) Warm, clear all day except for a few cumulus after warm Pacific front
passed early in morning June 2. Fair, warm, with little more than a few diurnal
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cumulus, southerly winds by day, calm by night, through wee hours of June 6.
Clouds appeared just before dawn June 7 with afternoon and night time

thunderstorms.

2) Pacific cold front moved across at 0530 June 8 with initial westerlies
yielding to light and variable winds remainder of June 8. Fair skies at night,

but clouding up around dawn on. June 9.

2-W) Front retreated as warm front, crossing around 1230 June 9. Brisk south-

westerlies and hot temperatues in the afternoon.

3) Towering cumulus in afternoon June 9 grew into thunderclouds by evening,
with mesoscale systems along front which passed around 1930 June 9. Variable

cloudiness with limited cumulus activity June 10 with moderate westerly winds.

4) Continental front from north 0530 June 11. Cool day with only high clouds,
no cumulus activity on June 11. Easterly winds through morning of June 12,

Thunderstorm activity all of afternoon, early evening of June 12.
4-W) Warm air readvanced on evening of June 12, warm partly cloudy night..

5) Wrap-around Pacific front crossed 1530 June 13, coming from southwest.

Brisk southwesterlies by day June 13, with stratocumulus and cirrus clouds.

6) Fresh, continental polar air mass arrived 1830 June 13. Fine day with
moderate northwesterly winds June 14. Nocturnal thunderstorms June 14-15,
Skies clouded June 15 with drizzle, fog as occlusion moved near Study Area;
winds backed from light northeasterly to northwesterly by end of June 15. Low
clouds, northwesterly winds backed to southeasterly following barometric
pressure crest 100.99 KPa at 1657 June 16. Showers broke out wee hours of

June 17, with afternoon thunderstorms.




7) Mesoscale systems marked leading edge of new continental polar air mass
arriving around 1730 June 17. Skies partly cloudy with low clouds, rain
showers, brisk northwesterly winds on June 18, followed by lighter north-
westerlies and moderate convective activity on June 19. Calm night of
June 18-19 with patchy ground fog. Fair skies, no cumulus, brisk south-

westerlies by day, Jume 20, 21, High cloudiness night of June 21-22.

8) New continental front passed 1230 June 22. Mild day, light westerlies, only

a few cumulus developed under broken layer of altocumulus.

8-W) New front retreated about 1730 June 22. Brisk southeasterlies, hazy,
limited cumulus activity June 23, 24. Rain broke out very late on June 24 as

occlusion moved toward region.

8-R) Occlusion ahead of Pacific air crossed at 0330 June 25 accompanied by

heavy, steady rain.

7-R) Cold front of continental polar air returned as an occlusion crossing

region 0900 June 25. Rain ended 1230 June 25. Cloudiness followed by clearing

in evening. 0ld cold front (7) returned 0230 Jume 26, Variable cloudiness

ended in thunderstorms in evening.

8-RR) Pacific air returned 2130 June 26, Starry night followed by fair day

with cumulus. But nocturnal thunderstorms June 27-28.

8-RRR) Final return of continental polar cold front 8 at 0525 29 June. Arrived
from northeast. Air unstable, with afternoon thunderstorms. Cleared off at
night. Followed by fair night‘and day with only limited cumulus development,
northerly winds. Fine day 1 July with only limited cumulus activity,
northeasterly winds. After calm night, 2 July fine day with limited cumulus
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activity, easterly winds, rising barometer . Barometric crest 102,60 kPa 1157
3 July followed by light northerly winds 3, 4 July with sunny skies and omnly
small cumulus by day. After calm night July 4-5, south to west winds 5 July,

fair skies. Finally, on 6 July thunderstorms broke at around dawn.

9) New Pacific fronl passed at 1234 6 July. Afternoon, evening thunderstorms
in area. Fair on 7 July with northwesterly winds. Barometric peak 101.69 kPa

at 0558 8July. Nighttime thunderstorms.

9W)  Pacific warm from barely caught region. Cumulus and cirus, westerly
winds.
10) Pacific cold front moved in 1430 9 July. Noctural Thunderstorms,

followed by dense fog in wee hours.

11) Fresh continental front came in 1830 10 July. Fine weather, fresh north-
westerly winds 11 July. Barometric crest 101.97 kPa at 0055 12 July with calm
winds and patchy ground fog. Fine skies, light southeasterlies 12 July.

Increasing cloudiness, brisk southeasterlies 13 July.

12) Cold occlusion arrived 1530 13 July with thunderstorms. Followed by fair
night 13-14 July with shallow ground fog. Pressure crest 101.00 kPa centered on

1357 14 July. Showers on wee hours of 15 July.

13) New continental cold front at 0730 is July followed by brisk north-
westerlies, stratocumulus overcast 15 July. Clearing at nightfall. Fresh
northwesterly winds, cool, with limited cumulus activity on 16, 17 July. Fine

weather with winds backing from westerly to southerly on 18-19 July.

14) New continental front 2030 19 July amid thunderstorm mesosystems.
Followed by variable cloudiness, northwesterlies on 20th. Skies cleared in' late
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afternoon, winds died to calm in evening. Barometric crest 102./3 centered at

1858 July, followed by light southeasterly winds.

14W)  Warm front brought in warmer air starting around 1930 21 July. Warm with

brisk southwesterlies during day of 22 July.

15) Pacific front arrived 2030 22 July amid thunderstorms. Fine day 23 July

with fresh northwesterlies, Barometric crest 102,27 kPa at 0558 25 July.

16) Continental polar front from notheast at 0630 24 July. Fine day with
only limited cumulus activity. Barometric crest 102.33 kPa at 0937 24 July.
But thunderstorms, showers broke at just as 25 Juiy began, lasting through the
wee hours; Partly cloudy on the morning of 25 July with occasional light

showers.

16W) Pacific warm front, southwesterly winds at 1730 25 July. Thunderstorms in

Region all afternoon.

17)  @old front arrived amid more thunderstorms at 2130 25 July. Northwesterly
winds, fine weather on 26 July yielded to general southeasterlies 27 July aftér
barometric crest 101.50 kPa 0757 27 July.' Morning thunderstorms 28 July
followed by northwesterly winds. Second barometric crest 101.42 kPa 0457 29
July, followed by southerlies under partly cloudy skieé. A few afternoon
showers and evening thunderstorms in Regioni29 July. Variable cloudiness,
northwesterlies 30, 31 July, 1, 2 August, with some thunderstorm activity on
afternoon of 1 August. Major barometric crest 102.71 kPa 0558 2 August,
followed by fine weather, southwesterlies 3 August. Rain on 4 August with

general southeasterly winds.
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18)  Cold front from north at 1930 4 August with low stratus, a little evening
rain. Rising barometer, cool north winds, clearing 5 August. Fine weather,
variable winds, barometric crest at 102.53 kPa 0858 6 August, followed by
excellent day on 7 August, just a bit of cumulus activity, mild temperatufes,
light southwesterlies. General southeasterly winds, afternoon and evening thun-
derstorms 8 August, followed by brisk southeasterlies, thunderstorms morning,

afternoon, and evening on 9 August until wee hours of 10 August.

19) Continental cold front followed by fog 0430 10 August, variable cloudi-

ness, variable winds 10 August.

20) Pacific cold front 2230 10 August followed by fog during night. Scattered

thunderstorms, light winds, afternoon of 11 August.

21) Continental cold front 0130 12 August followed by mostly cloudy day, light
northwesterlies, showers 12 August; much the same 13 August expect for
southeasterly winds. Fine day with light easterlies 14 August, with more fine
weather, light and variable winds, 15 August with barometric pressure peak at
102.58 kPa 0955 15 August. Sunny skies, gentle southeasterlies 16 August, with
variable cloudiness, brisk southeasterlies 17 August. Low overcast before dawn

18 August.

20W) Warm air moved in 0530 18 August. Hazy, hot high dew points on 18-19-20

August, with thunderstorms morning of 19 August.

21)  Pacific cold fron 0730 21 August followed by fine day, southwesterly

winds.

22) Continental cold front 1803 21 August followed by fine weather, light

northerlies on 22 August.
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22W) Varm front of Pacific air moved in 0830 23 August. Clear day 23-24
August. Hazy 24 August. Variable cloudiness, hazy 25 August with moderate

southerlies.

23) Thunderstorms morning of 26 August with Pacific cold fron 0825 26 August.

Fair hazy afternoon and evening 26 August.

24) Pacific front 0630 27 August brought partly cloudy cool, dry day with

brisk westerlies lasting through night of 27-28 August.

25) Continental cold front arrived 1030 28 August. Brisk northwesterlies,
broken stratocumulus clouds followed on day of 28 August. Barometric crest
103.03 at 0758 29 August, with fine day and light, variable winds. Fine

weather, light winds through morning of 31 August,

26) Continental cold front from northeast on 31 August. Brought variable
cloudiness, cool, dry air on 31 August. Barometer crest 102.55 kPa 0857 1
September, followed by light winds during the day. Middle cloud layer overcast

early 2 September dropped to low overcast in morning.

26W) Continental polar warm front passage 1730 2 September followed by brisk

southeriy winds, partly cloudy skies to night of 2-3 September.

27) Continental cold front 0330 3 September followed by fine days with brisk
northwesterlies on 3-4 September. Barometric crest 102.22 kPa at 0758 5

September, followed by fine weather, brisk southerlies.

27W) Continental polar warm front 0730 6 September followed by clear skies, hot
temperatures, brisk southwesterlies through afternoon of 7 September. Sky smoky

afternoon of 7 September from forest fires.
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28) Continental cold front passage 1940 7 September, with thunderstorms.
Mostly cloudy, northwest winds, 8-9 September. Barometric crest 102.71 0856

9 September. Fine with westerly winds on 10-11 September, except for smoke in
air restricting visibility both days. fartly cloudy, south winds, more smoke in

air 12 September.

29) Continental polar cold front passed 0630 13 September followed by low
overcast, drizzle, northwest winds on 13-14 September. Cleared off by 15
September after barometric crest of 102.96 0657 15 September. Light, variable
winds 15-16 September with fine weather except for morning ground fog on 16
September. Fine weather 17-18 September with light southwesterlies. Sky

clouded, rainfall in advance of front 19 September.

30) Continental cold front invaded from northwest 0330 19 September.
Barometric crest 2255 19 September at 101.97 kPa. Variable cloudiness, some

showers, northerly winds, 19-20-21 September.

31) Continental cold front passed from northeast 1630 21 September followed by

lowering clouds, rain around dawn 22 September.

32) Continental cold front 22 September followed by cold weather, northwest

winds 22-23 September. Barometric crest 102.37 at 2056 23 September;

33) VNew continental cold front 1230 24 September. Fine weather to noon 25
September, with showers afternoon and evening on 25 September and wee hours of
26 September. Barometric crest 102.22 kPa 0155 25 September followed by gentle

southerlies on 25 September.

34) Fresh continental air mass moved in at 0730 26 September, followed by
low overcast, northerly winds, occasional drizzle, clearing up on 27 September.
Barometric crest 102.38 kPa at 1050 27 September.
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35) Completely clear sky all 24 hours 29 $eptember with light southwesterly
winds switching to northwesterly with continental cold front at 0730 29

September.

35W) Clear all day except for some morning fog, hase. Warm front passage
around 0630 30 September, followed by light southwesterlies, warm temperatures

into mid 80's.

36) Pacific air mass moved in 0530 1 October. Followed by clear skies, gentle
northerly winds. Barometric crest 102.40 kPa 0758 2 October. Followed by sunny

sky, light southeasterly winds.

37) Continental polar air mass moved in from north 2330 2 October. Followed by
brisk southeasterly wind, fine weather, on 3 October, with rain before dawn

October 4.

38) Sharp cold fromt passage 0500 4 October foliowed by clearing skies mid-~
morning, northwesterly winds backing to southwesterly, which then veergd to
northwest again on 5 October. Stratocumulus overcast devélOped from mid-morning
" on 5 October to wee hours of 6 October. Clouded up again before dawn 6 October,
with overcast and northwesterly winds through afternoon on 7 October. First
snow showers & season mid-morning 7 October. Barometric crest 103.10 kPa at
0856 7 October. Southerly winds began before dawn 8 October, with overcast
skies and snow showers most of day on 8 October. Some rain showere late after-

noon of 8 October.

39) Continental polar cold front passed 2330 8 October. Foggy in early hours
with low overcast. Low overcast all day 9 October, with dense fog again wee
hours of 10 October.
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39-W) Pacific warm front passed 1130 10 October from southwest. Much warmer,

with sunny skies, fresh southerly winds on 10, 11 October.

40) Pacific cold front arrived 0330 12 October. Occasional cloudiness,
moderate northerly winds 12, 13 October. Barometric crest 101.80 kPa 0849 13
October. Sky became overcast late on 13 October with fresh southeasterlies

before dawn 14 October.

40-W) Pacific warm front 1130 14 October. Short-lived warm spurt. BrisK

southwesterlies, temperatures into 60s, fair skies.

41) Sharp continental polar cold front passed 1230 14 October. Sky partially
obscured by blowing dust from Canada with frontal passage. Dust éxtended from
surface to 2,000 ft above surface, and reduce visibility to 11/ miles. Late in
the day, and into 15 October, blowing dust mixed with sﬁoke from forest fires,
reducing visibility to 4 miles. Sky became overcast in late evening with rain
to early hours of 15 October, followed by drizzle around dawn and occasional
snow showers rest of day, as brisk northwesterly winds blew. Snow showers,
northwesterly winds through 16 October. Barometric crest 103.27 kPa 1057 17
October, followed by light, variable winds and some snow 18, 19 October, with
dense fog before dawn 19 October. Sky became overcast early on 20 October, with

light snow beginning 0325 20 October as fresh southerly winds blew.

42) Sharp continental polar cold front passed 1130 20 October followed by fresh
northwesterly winds, low clouds, snow showers on 20, 21 October, variable
cloudiness, light northwesterlies 22 October, mostly fair skies light and
variable winds 23 October, variable cloudiness light northwesterlies 24 October,
partly cloudy, light nbrtgﬁies 25 October, clear skies except for a few cumulus,
light northeasterlies 26 October, with barometric crest of 103.70 kPa centered
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on 0556 27 October. Brisk southwesterlies after crest on 27, 28 October, with
warming temperatures, fair skies, clear with light winds 29 October, morning of

30 October.

43) Pacific cold front passed 1130 29 October followed by fair skies, light,

variable winds 30, 31 October.

43-W) Pacific warm front passed 0930 1 November. Brisk southerly winds, fair

skies.

44) Pacific cold front moved over at 2330 1 November followed by moderate

northwesterlies.

45) Sharp continental polar cold front 0830 2 November. Heavy northwest winds
with gusts.to gale velocity brought in blowing dust mid-afternoon, feducing
visibility to &4 miles; Some stratocumuihs activi;y with light snow showers
early evenings, with snow showers from stratocumulus most of day on 3 November
to dawn 4 November. Northwesterly winds died with barometric crest of 102.74

kPa 1058 4 November. Winds backed to southwesterly in evening of 4 November,

but variable cloudiness endured through morning of 5 November.

46) Continental cold front passed 1030 5 November followed by fair skies, west

winds.

47) Fresh continental cold front 2130 5 November followed by fair skies, brisk
northwesterlies by day through 7 November. Some overcast stratocumulus early
afternoon on 6 November. Barometric crest 103.29 kPa 1057 7 November. Brisk

southerly winds, variable cloudiness 8 November.

47-W) ©Pacific warm front crossed 0030 9 November for brief visit of mild air.

Day ruled by overcast, some snow.
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48) Continental polar cold frént moved in 1230 9 November followed by low over-
cast, snow, fresh northwesterly winds, snow 9 November, yielding to clear skies,
moderate northwesterlies afternoon on 10 November to near dawn 11 November.
Overcést skies, frequent snow, moderate northwesterlies rest of 11 November to
late afternoon of 12 November. Barometric crest 103.54 kPa 1057 12 November

followed by clear skies, westerly winds through dawn on 16 November.

49) Pacific cold front passed 1130 16 November followed by clear skies 16
November, but some variable cloudiness and a trace of snow during day 17
November. Southwest td westerly winds, generally falling barometer followed

frontal passage.

50) New Pacific front 0830 18 November. Strong northwesterlies following
passage, with visibilities reduced to 5 to 7 miles during rest of day by blowing
dust. Fair skies 18 November, with stratocumulus cloud deck developing 19
November in fresh northwesterly winds. Barometric crest 101.33 kPa, but north-

westerly winds, low cloud deck continued through 20 November.

51) Pacific cold front 1330 20 November followed by scattered clouds, northerly

winds.

52) New Pacific cold front 1730 20 November followed by mostly low overcast,
occasional snow showers, brisk noréhwesterlies through evening of 23 November.
Barometric crest 102.41 kPa centered on 0748 23 November, followed by winds
backing to southwest by evening of 23 November. Brief clearing evening of 23
followed by over;ast, snow, southerly winds till noon 24 November. Low overcast
broke up evening of 24 November, but more overcast skies, snow morning of 25
November. Southerly winds, mostly light, continued to time of next frontal .

passage.
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52-R) Pacific warm front arrived around 0930 25 November followed by continued

snow, light southwesterlies.

53) Continental polar front from northwest invaded 1430 25 November followed by
improving skies early 26 November. But dense fog morning of 26 November
followed by daytime overcast and light snow showers. Clearing evening of 26
November; fine weather most of 27 November except for diurnal stratocumulus,
very light snow showers during daylight hours; winds remained moderate from
northwest to barometric crest 102.26 kPa 1557 27 November, backing then to lfght
southwesterly. Falling barometer, cold, mostly northwesterly winds 28 Novembef
with generally fair skies but some ice fog, ice crystals in morning hours to
noon. Variable cloudiness by day, very light snow, moderate northwesterly winds
29 November, followed by clearning skies, ice fog, ice crystals night of 29;30
November., Fair skies, light westerlies on 30 November with rather steady baro-
meter. Daytime snow 1 November with winds‘veering to northeast, rising baro-
meter in response to shifting high pressure system. Barometric peak 103.50 kPa
0958 2 December, followed by light.southerly winds, lowering clouds, snow on

evening of 2 December. Snow much of 3, 4 December with light, variable winds.

53-W) Pacific warm front 1151 4 December, followed by low overcast, westerly

winds.

54) Continental polar front arrived 1630 4 December followed by clearing skies,
moderate northwesterlies. Barometric crest 103.15 kPa 0758 5 December, followed
by light southerly winds, nighttime snow, with strong northwesterlies following
wind shift line morning of 6 December. Followed by fair weather, light variable
winds through 8 December, with snow startiﬁg wee hours of 9 December. Easterly
winds light during early part of 9 December becoming brisk by mid-day.

20




54-W) Pacific warm front at 1430 9 December by southerly winds, light snow soon

after short respite.

55) Continantal polar cold front from northwest arrived 2130 9 December
followed by moderate to brisk northwesterlies, clearing skies, to barometric
crest 103,01 kPa 1955 10 December. Southerlies becoming brisk, after crest with

mostly cloudy skies.

55-W) Pacific warm front with gentle southwesterly winds afternoon of 11

December. Partly cloudy skies, warm temperatures into-20s.

56) Sharp continental polarrcold front arrived with brisk northwesterlies, low
clouds at 1830 11 December. Cleared by midnight; 12 December clear, cold, with
fresh northwesterlies dying to calm by end of day. Barometric crest 103.12 kPa
at 0258 13 December, followed by fresh to bfisk southerlies, overcast, snow by

mid-morning.

56-W) Pacific warm front 2130 13 December followed by fresh to brisk south-
westerlies, low overcast. Clearing in early hours of 14 December, but overcast
by day 14 December. Very warm with temperatures in high 30s 14 December, brisk

westerly winds.

57) Continental cold front 2330 14 December followed by fair skies, light

northerly winds.

57-W) Continental front backed up, arrived as warm front 1030 15 December.

Overcast mile, with fresh westerly winds. A bit of fog morning of 16 December.

57-R) Continental front returned 1930 16 December followed by low overcast,
light northerly winds early 17 December, but partly cloudy with light

northeasterlies during day.
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57R-W) Pacific air returned as continental front backed up once again, crossing
around 2030 17 December. Fair, mild, hazy southeasterly breezes through eve-

nings of 18 December, temperature reaching 38°F,

58) Fresh continentgl polar cold front from northwest 2130 18 December arrived
with low clouds, moderate northerly winds, some snow through rest of day.
Clearing around midnight. Ciear and cold with a few afternoon stratocumulus 20
December, with moderate to brisk northerlies. Barometric crest 103.13 kPa 20
December, but southerly winds did not set in until morning of 21 December.

Increasing cloudiness by day 21 December, moderate southerly winds.

58-W) Pacific warm front moved in 1730 21 December followed moderate south-

westerly winds, low clouds, snow.

59) Continental cold front arrived 0230 22 December. Brisk northwesterly
winds, very light snow, rising barometer, falling temperatures most of day 22
December, with clearing bylmidnight. Baroﬁetric crest 101.92 kPa 0856 23
December, followed by winds backing to southerly under variably clouded sky.
Cleared in evening. Clouds lowered during wee hours of 24 December with snow ’

breaking out at 0439 24 December.

59-W) Pacific warm front passed 0930 24 December with winds switching to south-

west, clouds breaking open somewhat.

60) Continental polar cold front passed 1230 24 December. Initial low overcast
gave way in several hours to higher clouds only; winds light northwesterly
through mid 26 December. Fair sky morning of 25 December with low overcast,
very light snow afternoon of 25 December. Variable clouds with occasional snow
26 December. Barometric crest 101.49 kPa 1057 26 December, followed by winds"
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backing to southerly in evening. Snow in pre-dawn hours of 27 December, but
fair after sunrise. Winds backed to northeasterly, then northwesterly, becoming
brisk in evening, all in response to migrating low to the south. Generally,
fair skies, rising barometers, moderate northwesterly winds 28, 29, 30, and 31
December, but ice fog mornings of 28, 29, and 30 December. Occasional ébwflakes

briefly on 28, 29, and 31 December.
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2.2.3 1977 Events Between Frontal Passages

0) Mostly low overcast and snow showers to late morning of 3 January, clear or
few clouds to late afternoon of 5 January. Low overcast with snow beginning

late afternoon.
0-W) Low overcast, light snow after passage of Pacific warm front.

1) Frontal passage of continental air at 0812 6 Jahuary. Snow showers, strato-
cumulus clouds broke up in afternoon of 6 January, yielding to clear skies at
night. Winds dropped to calm before dawn with ice fog, —-26F temperatures. Peak

pressure 101.72 kPa at 0952 CST. Winds light, with very light afternoon snow.

2) Continental front passage 1930 7 January. Clear skies except for occasional -
small clouds drifting over from late on 7 January to end of day on 12 January,
winds light throughout with directions responding to shifting of high pressure
cells. Clear skies dominafed most of time to early on 19 January, but some
medium-scale systems brought very light snows on 13, 14, 17, and 18 January--all
separated by clearing in between. Winds brisker on 14 and 15 in response to
wave passage to south. Temperatures cold throughout, with bitter cold most
nights, including -46 at Embarrass on 9 January. On 19 January, skies cloudéd

as a warm front approached with snow breaking out just past noon.

2-W) Strong warming as relatively well-defined warm front passed at 1800 19
January. Snow ended, low clouds parted during evening at 19 January and with

very light snow after midnight, region treated to first warm night all year.

3) Well-defined cold front arrived 1025 20 January with snow flurries, but
clearing in late afternoon of 20 January. Mostly fair to early hours of 22
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January, with maximum barometer 103.11 kPa at 2257 on 21 January with calm air.
Fog formed on morning of 22 January, followed by low overcast, snow, and brisk
southerly winds in afternoon through the night of the 22-23 January in advance

of cold front 4.

4) Warm Pacific air from time of arrival of this front at 0630 23 January to
arrival of the next. Sky low overcast with light snow through most of period

with gentle to fresh northwesterly winds.

S5) Sharp cold front passage at 0228 26 January, with gusts to gale velocity,v
blowing snow, bitter cold, strongly rising barometer on 26 January. Winds
decreased to calm by 0657 on 27 January, lagging peak barometer reading at

100.33 kPa at 2358 on 26 January.

5~W) Weak, diffuse warm front at 1213 27 January followed by partly cloudy

skies and not-as-bitter-cold temperatures; very short-lived.

6) Cold front 1620 27 January followed by blowing snow, clearing skies, cold.
Winds strong all night on 27-28 January té early morning on 1 February. Skies
altrnated between fair and overcast with light snows at times each day.

Barometer ro;e to peak of 102.45 kPa at 0956 1 February, with wind dropping to

calm by 1257 1 February; sky became overcast late at night.

6-W) Warm front passage at 0230 2 February. Sky became broken with warming
temperatures in wee hours, but later became overcast with snow showers and

southwesterly winds.

7) Frontal passage 1230 2 February followed by brisk northwesterlies until
dark, with some blowing snow. Moderate northwesterlies, mostly cloudy skies,
light snow much of the time until clearing late in morning on 4 February.
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Mostly fair with moderate northwesterly winds through afternoon-of 6 February.

Calm on night of 6-7 February with clear skies to wee hours of 7 February. Peak
pressure 103.68 at 2955 6 February. On 9 February, cloudy skies with southerly
winds beginning by 0558, moderating temperatures continuing through morning of 8

February.

7-W) Marked switch to moderate winds from southwest with frontal passage around

1330 8 February. Temperatures into upper 30s.

8) Slight penetration of cold front from north about 0530 9 February. Several

hours of fog. -

8-W) Front retreated crossing about 1230 9 February, with spectacular tem—
perature jump to 48F at Hibbing 1257 on 9 February. Mild throughout this
period; fair skies till afternoon of 10 February, except for dense fog on
morning of 10 February, followed by low overcast'through night of 10-11
February, then clearing with maximum pressure 101.58 at 1050 11 February, calm

at 1150. Clouded up very late on 11 February as Qcclusioﬁ moved near.

9) Occlusion, at 0430 12 February, brought low clouds, drizzle (first liquid

precipitation of year), snow and fog throughout period.

8(R) Cold front 8 returned at 1330 13 February, bringing return of chilly air,
snow; clearing at dawn of 14 February, with clear skies all day on 15 February.
Maximum pressure 103.26 kPa at 0855 15 February. Calm, cold most of night of

15-16 February, with clouding-up and south winds during day.

8(R)W Warm air returned around 1130 16 February borne on south-southwesterlies.

Low overcast and fog on night of 16-17 February.
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10) Cold front arrival at 1430 17 February brought rapidly clearing skies. Low
clouds, trace of snow, prevailed during wee hours of 18 February, followed by

afternoon clearing 18 February.

10-W) Backup of front around 1030 19 February, accompanied by patchy clouds,

mild temperatures.

11) ﬁew cold front at 1430 19 February initially accompanied by patchy clouds,
but low clouds formed by nightfall with light snow. Cleared off by day on 20
February. Maximum pressure 102.18 kPa at 1257 20 February followed by backing
winds, calm at night. Brisk southerlies formed during wee hours, with some high

cloudiness.

12) Front at 1330 21 February with clearing skies. Winds became northeasterly
in wee hours of 22 February as wave on front to the south influenced cir-
culation, with low clouds ruling sky by wee hours of 23 February. Freezing
rain, sleet, snow with brisk easterly winds ruled 23 February and first half of
24 February, followed by snow and northwesterlies on rest of 24 February and
virtually all of 25 and 26 February. Fair skies and light northwesterlies with
moderate teméeratures prevailed on 27 and 28 February, with rising barometer tb
0758 1 March, when peak reached at 102.42 kPa. Winds g;nerally light to calm
under fair skies through 1 and 2 March, but becoming northeasterly on evening of
2 March in response to wave passage to the south. The wave brought cloudy skies
and brisk easterlies through 3 March, and snow all day on 4 Marche. On 4 March,
the winds backed from northeast to northwest as the storm moved east, with mini-
mum pressure 100.50 kPa at 1358 on 4 March. The snow ended at 1020 5 March, an&
the evening of 5 March brought clearing skies. Barometer peaked at 102.19 kPa

at 0757 6 March with calm winds and partly cloudy skies.
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12-W) Warm Pacific air moved in behind warm front arriving around 1630 6 March.

Fair skies and mild temperatures through weeeeeee hours of 9 March.

13) Front arrived with rain 0449 9 March. Rest of 9 March marked by fair, mild
weather. Followed by mild weather, patchy clouds to mid-day at 11 March, with
low overcast. Rain later on 11 March, lasting through most of 13 March as wave
passed to south. Rain let up as 13 March began with light northeasterlies, low
clouds, and fog prevailing. Minimum pressure 99.98 kPa at 0258 13 March,
followed by backing winds. South winds began late on 13 March with occasional
drizzle enduring all day and into 14 March, even through peak barometer of

100.81 kPa at 1049 14 March.
14) Front invaded 2340 14 March. Low overcasé throughout period.

15) Front with continental air ended long reign of Pacific air at 2145 15
March. Came in with very light snow, brisk northwesterly winds; wind died to

calm, sky cleared on evening of 16 March.
15-W) Front backed up briefly on wee hours of 17 March.

15-R) Front came in with continental air, low overcast, around 0430 17 March,
then snow during day of 17 March, lasting till dawn 18 March. Calm and fair

during day of 18 March.

15(R)W Pacific air returned 1330 18 March with low cloudiness to morning of 19

March; fair skies thereafter.

16) Continental air came in 2030 19 March with clear sky, but same low clouds,
around dawn on 20 March. Fair skies, high pressure cresting at 102.30 kPa 0658
21 March with calm air, followed by moderate southerly winds.
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17) Bare penetration of new front around 0600 22 March; clear skies.

17-W) At 1030 backup of front; brisk southwesterly winds; a bit of rain and

snow in late afternoon.

17-R) Strong frontal attack with violent north Qinds at 1745 22 March. Snow
soon ended, clear by end of 22 March. Barometric maximum 102.92 kPa at 0955 23
March, with winds calm by 1357 23 March, then easterly by 1558 23 March.
Easterly to southeasterly winds with occasional cloud patches moving over
through 25 March, with low overcast by end of 25 March and rain beginning by

1478 26 March.

18) Front in at 2130 26 March with low overcast, drizzle, fog. Clearing around
noon on 27 March, with barometric crest of 100.72 kPa at 0957 at 27 March,
followed by wind switch to southerly. Easterly winds began just after midnight
‘on 28 March as a wave to south began to influence flow. Strong easterlies, low
clouds by mid-morning, and some rain just after sunset. Low clouds with drizzle
and rain on morning of 29 March changing to snow by afternoon of 29 March, con-
tinuing with low clouds and some snow through all of 30 March. Clearing at
start of day'31 March with calm and pressure maximum of 102.44 kPa 0757 31
March. Southeasterly winds began around noon 31 March, with fair skies until
near daw 1 April. As an oéclusion approached, the skies were covered with low
clouds after dawn on 1 April with rain in the early afternoon and dense fog on

the night of 1-2 April.

19) Skies remained cloudy and fog persisted as the occlusion passed, with some
drizzle in the wee hours of 2 April. Skies cleared by nightfall 2 April, with
pressure cresting with fair skies and calm air at 0656 3 April at 102.02 kPa.
Southerly winds blew with fair skies throughout 4 April, but backed to

29




northeasterly and became brisk on 4 April, in response to a low moving eastward
to the south. Variablé cloudiness occurred but there was no precipitation from
the low as winds backed to brisk northerly on and throughout 5 April. Winds
diminished and skies cleared on the night of 5-6 April; with barometric cresting
of 101.94 kPa at 0957 6 April. Nightfall brought clear skies and calm air to

the wee hours of 7 April.

20) The new front arrived from the north-northeast at 0247 7 April. Clear
skies gave way to daytime stratocumulus in the cold polar air, with the usuél
nighttime clearing on the night of 7-8 April. Fair skies aﬁd'light—and—variable
winds marked 8 April, with barometric cresting of 103.20 kPa at 0657 8 April.
Southeasterlies began to blow as 9 April began, becoming brisk in the daytime.

The night of 9-10 April was clear and calm with haze developing around dawn.

20-W) A strong warm front of Pacific air moving in around 0800 10 April boosted
temperatures from freezing at Hibbing at 0558 10 April to 83 by 1252 10 April, a
rise of 51 degrees fahrenheit in seven hours. The day was fair, warm and hot,

with smoke from forest fires dropping visibility to 5 miles at 1252 10 April.

21) Fresh Pacific cold front moved in at 2230 10 April, bringing mild, partly
cloudy day on 11 April. Wind dropped to calm at 2158 and started to blow from
southeast an hour later; followed by variable cloudiness, occasional rain

showers.

22) New Pacific front in at 1530 12.Apri1 followed by low clouds, some showers,
dense fog, but clear, warm day on 13 April, following barometric pressure crest
of 102.37 kPa at 0952 13 April. Southeasterly winds through 13, 14, and 15
April with low clouds from early afternoon of 14 April through afternoon of 15
April. Dense fog night of 15 and 16 April.
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23) Weak new Pacific cold front at 1045 16 April. Mild with variable cloudi~
ness through period, and first thunderstorms of the year before dawn on 17

April, followed by hazy day and dense fog before dawn on 18 April.

24) New Pacific cold front came in with thunderstorms on morning of 18 April
with showers off and on in afternoon. Low clouds, rain, east winds, and fog
dominated the scene on 18, 19, and 20 and wee hours of 21 April, as front
stalled over Lake Superior. High pressure moved in, cleared the sky by dawn 21
April, with barometric crest 102.00 kP at 0758 22 April. Followed by southeast

winds and variable cloudiness on 22 April to wee hours of 23 April.

25) Continental air moved in on cold front at 0630 23 April, ending nearly two
weeks of Pacific éir domination. Brisk northwesterlies, cold air, and mostly
fair skies on 23, 24, and 25 April, with winds dropping to calm on night of 25-
26 April. Morning winds on 26 April out of southeast, but variable and mostly
light from afternoon of 26 April through pre~dawn hours of 27 April, all under

fair skies. Nighttime thunderstorms in area night of 30 April-1 May.

26) Fresh surge of continental air from northeast as cold front passed 0730 27
April. Cool, fair weather with variable winds through morning of 29 April as
high passed to north. Barometric crest 102.44 kPa at 0950 28 April. Mostly
southwesterly winds, occasionally brisk rest of period with afternoon thun-

derstorms on 29 April.

27) Strong frontal passage at 0448 1 May, bringing in fresh but hazy continen-
tal air. - Brisk northwesterlies by day under clear skies. Clear with light wind
on 2 May, with barometric pressure crest 102.58 kPa at 0657 2 May. Brisk
goutheasterlies began morning of 3 May. Patéhy cloudiness 3 May, méstly low
overcast 4-5 May with showers and southeast winds through rest of period.
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28) New surge' of continental air at 1130 5 May, borne on strong westerly winds.
Fair skies through period except for morning stratocumulus on 6 May. High
pressure crest 102.71 kPa at 0658 7 May, with calm air; variable winds rest of

period.

29) Intrusion of cold air from northeast brought freezing temperatures on

morning of 9 May; fair skies all day.

29-W) Diffuse warm front passing 0230 10 May ahead of modified continental air
halted nighttime temperature drop. Cloudy on 10 May with occasional rain,
yielding to clear skies on mérning of 11 May. Followed long period of warm
weather with preVailing southerly winds. Fair and hazy on 12 May, with variable
cloudiness on 13-14 May. Occasional thunderstorms 15, 17, and 19 May, and hazy
skies on 15 and 17 May. Foggy on mornings of 16 and 18 May. Barometer varied

little; between 100.96 and 101.63 kPa from 13 May to morning of 20 May.

30) Mesoscale thunderstorm system arrived at vanguard of Pacific air mass, with
thunderstorm starting at 0113 20 May. Sky cleared evening of 20 May, with dense
ground fog on morning of 21 May. Barometric maximum 101.65 kPa at 0754 21 May.
Clouds lowered during day on 21 May, with late afternoon showers and evening

thunderstorms, followed by low ceiling fog, east winds, in wee hours of 22 May.

30-W) Winds switched to southerly around 0820 as cold front backed up. Partly

cloudy to cloudy on 22 May with showers and low clouds through night.

31) New Pacific arrived at 1121 23 May. Clouds broke up during day of 23 May,
becoming clear in evening with dense ground fog around midnight. Winds veered
to easterly around sunrise and moderate southerly with small cumulus by day on
24 May.
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31-W) Warm Pacific air mass returned around 0600 25 May, starting a regime of
hazy days, thunderstorms, and resulting skies of variable cloudiness for the

rest of May, but ended with wave passage, heavy rain, low clouds on 31 May.

32) Pulse of continental air invaded at 0231 1 June bringing back good visi-
bilty and colder, drier air. Convective clouds by day, clearing at night of 1
June, with patchy ground fog on morning of 2 June. Only a few cumulus and light
winds on 2 June as high pressure passed over with peak pressure 101.91 kPa at

0758 2 May.
32-W) Short retreat of front with south to southwesterly winds.

33) New Pacific front arrives with showers, light fog, followed by partly
cloudy skies through 5 June. Barometric crest 101.80 kPa at 1658 4 June, Winds

were light throughout period.

34) Continental air arrived with thunderstorms on mid—afternoén of 5 June.
High barometer of 102.30 kB at 0955 6 June, with winds veering through rest of
day to southeasterly by 2248 6 June. Wave passage to south on 7 June brought
cloudy, rainy weather with inbedded thunderstorms in cloud system north of low
center. Affer barometric minimum 100.84 kPa at 0225 8 May, skies gradually
improved to clearing by end of 8 June. Fine weather on 9 June, overcast all of

10 June with brisk southeasterlies to sunset 10 June.

35) Fresh continental air invasion at 0230 11 June, from north. Partly cloudy
skies with general easterly winds on 11-12 June, with pressure crest 102.44 kPa
at 0857 12 June in response to high to north moving eastward. Small, cold low
to north brought cool temperatures and multiple cloud layers om 13 June, but
after ridge passage on 14 June, fresh southerly winds blew through 15 June under
mostly cloudy skies, followed by nighttime thunderstorms on 15-16 June.
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36) Intrusion of Pacific air began 0917 16 June, with rain, quickly followed by

clearing skies, but dense fog at night.

37) Surge of continental air arrived 0730 17 June. Showers, clouds, thun-
derstorms, cool temperatures a constant feature of the regime through 23 June,
except no rain on 21 June. Rain broke out with low clouds on evening of 22 June

as warm front advanced with imbedded thunderstorms.

37-W) Warm front passed 1030 23 June, ending low ceilings and cool weather.

Clearing skies before nightfall, dense ground fog on pre-dawn hours of 24 June.

38) Continental air invasion at 0530 24 June followed by fair weather through
25 June, with barometric crest 101.49 kPa at 0058 25 June. Nocturnal thunder-

storms during wee hours of 26 June.

39) New pulse of continental air at 1530 26 June. Variable cloudiness through
period with nocturnal thunderstorms on 27-28 June and 29-30 June; afternoon

thunderstorms on 30 June.

40) Cold occlusion moved in 0330 30 June, with very low barometer. Afternoon
thunderstorms, overcast skies through evening, becoming very windy on morning of
1 July as barometer rose rapidly. Subsiding winds, clear skies on night of 1-2
July, with calm in wee hours of 2 July leading up to barometric crest of 101.71
kPa. Southerly winds 2 July, with nocturnal thunderstorms night of 2-3 July,

low clouds thereafter.

41) Pacific front arrived at 1130 3 July. Clouds variable through afternoon of
5 July, with daytime thunderstorms on 3 and 4 July. Dense fog on morning of 6
July. Winds veered to southeasterly by midday of 4 July, but became north-
westerly 6 July in response to low pressure to east; dying to calm in night of
6-7 July. |
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42) Continental air invasion 0630 7 July. Afternoon showers, nighttime thun-
derstorms on 7 July. Regime of clear skies at night with daytime cumulus on 8,
9, and 10 July. Northwesterly winds through 8 July, light and variable on 9

July, southeasterly on 10 July. Barometric crest 102.70 kPa at 1053 9 July.

43) Fresh continental invasion 1130 11 July, followed by brisk southwesterly
winds, scattered shower activity in evening and into morning of 12 July. Sky
clear with calm air night of 12-13 July followed by fresh southeasterly winds on
13 July after pressure maximum of 101.89 kPa at 0857 13 July. Afternoon thun-
derstorms 13 July. Sky clouded in evening ahead of warm front with shower

activity.

43-W) Warm front brought first maritime tropical air of year into region around
0330 14 July, with wind switch to southwest. Dewpoint at Hibbing 20°C (68F)

at 0657 14 July. Shortlived tropical air invasion ended at 0730 14 July.

44) Continental polar air replaced maritime tropical air at 0730 14 July with
fresh westerly winds. Partly cloudy skies cieared by sunset, with fine day on
15 July. Barometric crest 102.37 kPa at 0654 15 July, but northwest to west
winds all déy. Thunderstorms morning and afternoon on 16 July with wind backing

to southerly by 0658 16 July.

45) Surge of continental air 1930 16 July. Ground fog became dense as cooler
air moistened by evaporation of water from thunderstorms. Increasing cloudiness

after dawn ahead of warm front.

45-W) Strongest invasion of maritime tropical air of year with warm front
passage at 1030 17 July. Tropical air ruled until wee hours of 20 July. The
tropical air was accompanied by the usual haze by day and by fog before dawn,
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which was dense on 18 July. Dew points were in the 70s each day, with a peak
dewpoint 75F at 1957 18 July. Skies were generally partly cloudy through the
regime. Temperatures in 90s on 18 and 19 July; low temperatures at Hibbing 72F

on 19 July.

46) Sharp cold front of continental polar air arrived at 0149 20 July. Came in
with brisk north wind, low overcast, which quickly replaced clear sky. But sky
again clear by late evening, with fine day on 21 July. Barometric crest 102.82
kPa at 0557 22 July, with calm air, followed by daytime southerly winds. Partly
cloudy skies, westerly winds on 23 July followed by calm night with dense fog on

wee hours of 24 Jﬁly.

47) Fresh continental polar air surge at 1330 24 July, with brisk northerly
winds; evening thunderstorms 24 July. Fine weather with northwesterly winds on
25 and 26 July, with barometric crest 102.70 kPa at 0857 26 July. Calm air
night of 26-27 July followed by southerly winds, afternoon and evening showers
on 27 July, with low overcast on evening of 27 July (see upper air section for

upper air profile at this time).

48) 1Invasion of Pacific air at 0330 28 July. Sky improved during day, but
clouded over with showers in evéning, followed by clearing on wee hours of 29

JUly.

49) Continental polar air came from north at 0545 29 July with low overcast.'A
Northerly winds veered to east and southeast during day and into evening with
skies improving to clear by 2055 29 July. Barometric crest 101.70 kPa at 1556
29 July. Low overcast during day of 30 July with rain showers, southerly winds,

cold temperatures.
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50) Cold occlusion at leading edge of Pacific air mass, which arrived at 2230
30 July, lasted only until morning of 31 July. Fair skies after fromtal.

passage.

51) Fresh surge of continental air moved in at 0625 31 July., Mild fine day on
31 July with brisk northwesterlies dying to calm by end of day. Barometric

crest 101.30 kPa at 2258 31 July.

52) Cold. blast of continental air arrived from north at 0530 1 August. Rain
showers for first several hours, with cloudy skies yielding to clear by 2256 1
August. Small pressure systems moved through region 2, 3, and 4 August, with
variable cloudiness, light variable winds, and nocturnal thunderstorms on 3

August.

53) New surge of continental air at 0330 5 August marked by improving skies on
5 August, fresh northwesterly winds that died to calm in evening. Barometric
crest 101.78 kPa at 0656 6 August followed by southwesterly winds, afternoon

showers, overcast evening.

54) New continental air mass at 0830 7 August followed by 3 days of fine
weather. Light northwesterly winds by day, calm and foggy by night on 7-8 and
8-9 August. Bérometric creét 101.59 kPa at 0758 9 August, as wind switched to
southerly. Patchy, high cloudiness marked 9 August with virtually no rain

through 10 August.

55) Cool, well marked blast of continental air arrived 0330 10 August brought

cool, brisk westerlies on 10 and 11 August, which backed to southwesterly.

56) Cold, sharﬁ blast of continental air came in at 0730 12 August. Mostly

cloudy on 12 August with late afternoon showers. Northwesterly winds and fair

37




weather through 13 and 14 August to barometric crest 102.18 at 0456 15 August.
Easterly winds, showers on 15 August in response to low, moving eastward to the
south, with winds backing to northwesterly on 16 August. Improving skies after
late afternoon thunderstorms 16 August; northwesterly winds and mostly fine
weather on 17-18 August. Calm on night of 18-19 August followedvby easterlies

on 19 August into 20 August. Showers before dawn on 20 August.

57) New continental air mass 1130 20 August. TImproving skies became clear
evening of 21 August, followed by showers around midnight and on wee hours of 22

August.

58) Fresh continental air came in on cold fromt at 0830 22 August. Cool, dry,
fine weather with general northwesterly winds until pressure crest at 102.29 kPa
at 0955 24 August. Skies especially fair on 24 August with presence of high
pressure. Southeasterly winds with skies becoming cloudy with rain and drizzle
25 August into 26 August (see tﬂe upper air section for upper air profile at

this time).

58-W) Diffuse warm front in region around 1200 26 August. Dew point up to 69
at 1458 26 August. Late afternoon, evening of 26 August and most of 27 August

marked by sporadic thunderstorms and showers.

59) Frontal system with edge well-shredded by mesoscale thunderstorm systems
arrived around 1230 27 August. Thunderstorms from early afternoon to early
evening. Northwesterly winds, mostly cloudy 28 August followed by calm; dense
fog morning of 29 August after skies cleared. Barometric crest 162.19 kPa at
0757 29 August. Southerly winds began.under partly cloudy skies after mid-
morning on 29 August. Mostly cloudy with showers, thunderstorms on 30 August.
More dense fog on night of 30-31 August.
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60) Fresh continental frontal invasion 1430 31 August. Stratocumulus with
light showers afternoon of 1 September, with variable winds after barometric
crest of 102.45 kPa at 1159 1 September. Barometer remained fairly steady
through 2 September and first half of 3 September, with maximum crest 102.64 at
0352 2 September. Southerly winds 3 September after dawn, with increasing
cloudiness, followed by thunderstorms entire evening of 3 September and showers

into wee hours of 4 September.

61) Cold occlusion passed 0737 4 September, with showers and northwesterly
winds all day and into wee hours of 5 September. Barometric crest of 102.14 kPa
with calm winds followed by southeasterlies all day on 5 September. Low cloudi-
ness all of 5 September, however, with thunderstorms at end of 5 September;
showers, drizzle, and fog all day on 6 September with east winds as low pressure
wave passed to the south., Fine day with high barometer and gentle southeast
winds 7 September. Barometric crest 102.57 kPa at 0858 7 September. Low over-
cast all day on 8 September with showers part of time and thunderstorms in late

afternoon and early evening as cold occlusion approached.

62) Cold occlusion crossed just after midnight 9 September. Brisk westerly
winds and low overcast and showers during day gaﬁe way to clear skies, light
northwesterlies as 10 September arrive&. Fine day on 10 September, barometric
crest 102.07 kPa at 2157 10 September with calm air. Generaliy fine weather
from 11 to 15 September with variable winds but a brief small thunderstorm on 11
September. Dense fog on mornings of 12 and 14 September; some shower activity
on 13 Septemﬁer very sunny, warm, dry on 15 and 16 September as southeasterly
winds picked up, but low overcast came in on évening of 16 September. Foggy on

17 September from wee hours to arrival of new front.
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63) Pacific air mass arrived 1557 17 September with low overcaét, fog, and
haze. Overcast all day on 18 September with generally northeast winds. Some

thunder activity in early aftermnoon.

64) Continental air mass entered from the northeast at 0030 19 September. Low
overcast and northeast winds all day, with drizzle to early afternoon on 19
September. Low overcast northeast winds broke up around dawn on 20 September
with barometer crest 102.07 kPa at 0856 20 September. The high pressure center
started to the east, resulting in cloudy, rainy, cool weather with easterly

winds through 25 September.

65) Cold occlusion leading continental air mass passed over at 0630 25
September. Pressure rise very slow, with low overcast, rains, westerly winds
lingering to afternoon of 27 September. Fair with dense ground fog night of 27-
28 September, followed by ﬁore low clouds and rain later on 28 September,
followed by rising barometer, northerly winds, and partly cloudy skies on 29-30
September. Very fine weather and very high barometer on 1, 2, 3 October, with
barometric crest of 101.37 kPa at 1059 2 October, but northerly winds through 2
October. After night of calm, light southerly winds prevailed om 3 October into
4 October. Skies clouded on morning of 4 October, with rain breaking out ahead

of next frontal passage.

.

66) Continentél polar cold front arrived 1230. 4 October, with low clouds and
precipitation yielding to clear skies during night of 4-5 October. Showers on
evening of 5 October, with sky remaining low cloudy on 6 October. Barometric
crest 103.13 kPa at 1156 6 October folldwed by light, variable winds for rest of
6 October, followed by light, variable winds for rest of 6 October, a fine day.
Easterly winds and low clouds developed on 7 October, with rain breaking out in
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the early afternoon as a low pressure wave developed to the south. With very
cold air advection, the rain became mixed with snow and brisk northeasterlies
blew before final clearing late on 8 October. A second barometric crest

occurred at 0755 9 October at 100.99 kPa, after which winds backed to southerly.

67) A new continental polar front moved into the region at 0330 10 October.
Skies remained cloudy with barometer dropping during the afternoon of 10 October
in response to a cold low aloft moving over the surface low over Lake Superior.
Strong northerly flow developed over the Study Area, causing high, north winds
of gale velocity and heavy snow that resulted in much damage to trees. The
system cleared out by the evening of 11 October after much damage had been done.
The barometer rose to a crest of 101.98 at 2257 12 October with calm winds. On

13 October, clear skies and brisk southerly winds prevailed to midnight.

68) A surge of cold continental air arrived at 0030 14 October. Fine but cool
weather with moderate northwesterly winds on 14, 15 October, even after baro-
metric maximum of 102,81 kPa at 0955 15 October, as high passed to south. Fine

day on 16 October with fresh southerly winds after calm night.

69) New cold front crossed 0830 17 October. Fair weather on morning, but over-
cast developed with rain in afternoon, evening and into wee hours of 18 October.
Low clouds broke up afternoon bf 18 October, yielding to clear skies in evening,
followed by dense ground fog morning of 19 Oétober. Northwesterly winds to
night of 18-19 October, with southerlies following barometric crest of 101.84
kPa at 0749 19 6ctober. Calm, clear night of 19-20 October, with southerlies

resuming in the morning.

~

70) Continental polar air mass moved in 1430 20 October with no low clouds or
precipitation. Fine weather with northwesterly winds through dawn on 22
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October, with easterlies following pressure crest of 103.33 kPa on 22 October.
Fine weather with easterlies through all of 23 October, with low overcast,
drizzle, and fog on 24 October to midday 25 October, after which the sky

cleared. Southerly winds most of the time 24, 25 October.

71) Pacific cold front moved in 0130 26 October with light westerly winds, mild
temperatures. A few showers in wee hours of 27 October but otherwise generally
fine mild weather on 26-29 October. Winds mostly northwesterly except for
nighttime calms up to barometric crest 102.65 kPa at 1057 28 October, becoming
southeasterly through 28-30 October and first part of day om 31 October.
Overcast developed 30 October with rain beginning 2318 30 October to a bit past

noon on 31 October.

72) New Pacific air mass at 1230 31 October. Skies cleared, dense fog deve-:
loped in early evening of 31 October. Fine day 1 November, with more fog
morning of 2 November. Barometric crest 101.47 1055 1 November followed by

light westerlies backing to strong southerlies on afternoon of 2 November.

73) Another Pacific cold front crossed Study Area 0330 3 November after cloudy
morning, skies cleared and stayed such to wee hours of 5 November. Barometric
crest at 0852 4 November, 103.45 kPa, followed by moderate southeasterly winds,
fine weather thfough 5 November to mid-afternoon of 6 November. Low overcast

moved in thereafter with addition of drizzle and fog on 7-8 November.

74) Sharp continental polar cold front crossed from west at 0030 9 November
with brisk northerlies. Drizzle and rain during 9 November changed to smow in
evening, continuing to mid-morning of 10 November. Low overcast with northerly
winds through remainder of 10 November. Fair skies, moderate northerly 11
November. Barometric crest 103.55 kPa 0758 12 November, followed by
southeasterly winds and continued fair skies through 12 November.
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75) Weak Pacific front 1330 13 November followed by fine, hazy days with light
winds, 13-14 November. Barometric crest 102.17 kPa 1857 13 November. Low over-

cast with drizzle light winds arrived early 15 November.

76) Another Pacific front entered 0930 15 November, with drizzle to 1227 15

November.

77) New Pacific front in at 1530 15 November with rain which changed to snow at
1733 15 November. Snow, fresh to brisk westerly winds through night of 15-16

November, with snow ending around sunrise.

78) Contiﬁental polar front on scene at 1330 16 November with snow flurries,
brisk westerlies. Low overcast, snow, and moderate to brisk northwesterlies 17-
18 November, with decay of winds, clouds on night of 18-19 November. Barometricv‘
crest 102.65 kPa with calm air at 0854 19 November. Wave passage brought low
clouds, brisk easterlies, snow afternoon and evenings 19 November and up to
sunrise of 20 November. Barometric minimum 98.51 kPa at 1352 20 November
followed by snow and blowing snow driven by brisk westerlies through pre-~dawn
hours of 21 November. Sky cleared by evening of 21 November with win&s dying to
calm, and ice crystals on night of 21-22 November. Barometric crest 103.07 kPa
at 2357 21 November. Sky again clouded with southeasterlies and some mid-day
snow on 22 November as low moved to south. Folloyed by variable cloudiness,
moderate northwesteriies 20 November, and clearing with first sub-zero
(Fahrenheit) temperatures on 24 November. Fair on 24, 25 November with steady
barometer above 102 kPa. Sky became gradually cloudy in afternoon and evening
26 November, with gentle southeasterly winds. Snow, east winds on 27 November
as wave moved south of region improving skies in wee hours of 28 November, with
clear skies, light westerlies until late afternoon. Low overcast, hazy
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atmosphere on evening of 28 November with low overcast and fog wee hours of 29

November.

78-W) Diffuse Pacific warm front moved over region around 1330 29 November
followed by brisk southerly winds and temperature rising up to 0°C (32F) by
midnight. Low clouds, mostly brisk southerlies, above-freezing temperatures

before dawn.

79) Pacific cold front 0830 30 November followed by mild temperatures, low
overcast, fog, south-southwest winds all day 30 November and into wee hours of

1 December.

*

80) Continental polar air mass arived from northwest 0430 1 December. Low
overcast, snow, moderate northwesterlies through morning of 2 December, followed -
by clearing and rising barometer. Light northwesterlies blew on 3 December
under clear skies with ice crystal activity on the morning of 3 December.
Barometric maximum of 101.92 kPa 0257 4 December under clear skies with calm
air. The period from 4-12 December was marked by no frontal passages, but
rather the typical early Decgmber regime of general low cloudiness issuing forth
ver§ light snow most of the time. Interruption of the low clouds and/or very
light snow occurred on the night of 6-7 December through the afternoon of 7
December, from the afternoon of 9 December to the wee hours of 11 December, and
from the 11 December to into 12 December. Late oﬁ 12 December, in response to a
low passing to the south, freezing drizzle broke out with low clouds, fog, and
some snow and freezing drizzle on 13-15 December. Winds were generally north-

westerly on 13 December, and generally southerly 14 and 15 December.

80-W) A period of mild weather began with the passage at a diffuse warm fromt
around 1030 15 December. The regime was marked by continual low clouds, fre-

quent fog, and rain on much of 17 and 18 December.
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81) A Pacific cold front crossed at 0210 19 December and was followed by low
clouds, freezing drizzle, and then énow to the wee hours of 21 December as the
storm system stalled over the Upper Great Lakes. Winds veered from westerly to
northwesterly on the afternoon of 20 December, but backed to southerly with
improving condition on the night of 21-22 December. Barometric crest 101.62 kPa

at 0958 21 December.

82) A continental polar air mass arrived at 1330 22 December with the last air
mass exchange of the year. Fair skies and rising barometer ruled most of 21-22
December, followed by variable cloudiness and occasional very light snow and
continual northwesterly winds at moderate velocity to the barometric crest of
102.49 kPa at 0355 27 December. Winds on 27 December backed to southwesterly,
with snow breaking out in the evening, followed by northwesterlies for most of
the rest of the year. Skies were generally cloudy until the morning of 30

December, when they cleared and remained fair to the end of the year.
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Table ‘.

Frontal passage times and interval events (values behind slashes

give direction, in degrees, from which front approached).

1976 PASSAGE TIME (CST)

Air
Cold Front Warm Front Mass@ Following Weather Event
1) 0230 1 June/040 cp
R0O600 2 June/240 MP Domination by high pressure
2) 0350 8 June/330 MP Front stalled south of Duluth
R1230 9 June/190 MP Front moved north then retreated
R1930 9 June/1380 MP Ridging
3) 0530 11 June/020 cp Ridging
"R2200 12 June/210 MP Front stalled over G. Minn.,
then moved north
4) 0530 13 June/240 ‘MP Southwesterly flew behind wrap-
around
5) 1830 13 June/250 CP Ridge passage
6) 1730 17 June/240 cP Ridge passage
7) 1230 22 June/320 42 Front stalled over region
R1730 22 June/140 CP Strong southerly flow
8) 0330 25 June/230 MP Backed up, low formed over region
R0900 25 June/050 CP Moved south, old Front 7 advanced
8R0230 26 June/360 CP 01d Front. 7 advanced, then
‘ retreated
R2130 26 June/240 MP Control by cold low north, then
old Front 7 advanced
8RR0555 29 June/030 CP High center slowly moved in and
stalled until July 6
9) 1243 6°July/310 MP Ridge passage
100 7 July/220 MP Warm sector barely caught over
part of region
10) 1430 7 July/220 MP Sector between MP, CP fronts
11) 1830 10 July/330 cp Ridge passage--high to north
12) 1530 13 July/250 MP Sector between MP, CP fronts
13) 0730 15 July/320 CP Ridge passage--high to south
14) 2030 19 July/320 CP High passage over region
R1930 21 July/220 CP Weak return of old Front 16
15) 2030 22 July/310 MP Sector between MP, CP fronts




Table } continued.

1976 PASSAGE TIME (CST)

Air
Cold Front Warm Front Mass@ Following Weather Event
16) 0630 24 July/040 CP Front stalled over Minn., then

retreated
R1330 25 July/220 MP Warm sector

17) 2130 25 July/320 MP Ridge passed slowly
18) 0430 4 Aug/010 CP High passed over region
19) 2330 11 Aug/300 MP Section between MP, CP fronts
20) 0130 12 Aug/760 CP High passage over region
RO530 18 Aug/240 MP Warm sector
21) 0730 21 Aug/310 MP Sector between CP, MP fronts
22) 1803 21 Aug/020 2 At edge of high to NE
R0830 25 Aug/240 MP Warm sector
23) 0825 26 Aug/280 MP Weak ridge passage
24) 0630 27 Aug/270 MP Sector between MP, CP fronts
25) 1030 28 Aug/330 Cp Ridge passage
26) 1330 31 Aug/030 . Cp Ridge passage
R1730 2 Sept/240  CP Warm sector
27) 0330 3 Sept/310 CP High passage over region
: R6730 6 Sept/270  CP Warm sector
28) 1940 7 Sept/290 CP High passage to south
29) 0630 13 Sept/200 CP High passage to north
30) 0330 19 Sept/320 CP Just between fronts, high remained
west
31) 1630 21 Sept/040 ‘ CP High remained to west as new
surge moved south
32) 1230 22 Sept/330 cp Another fresh surge
33) 1230 24 Sept/360 cp High passage over region
34) 0730 26 Sept/370 CP High passage to south
35) 0730 29 Sept/360 ‘ Cp High to north grazed region

0630 30 Sept/270 CP Warm sector




Table | continued.

1976 PASSAGE TIME (CST)

Air
Cold Front Warm Front Mass? Following Weather Event
36) 0530 1 0ct/320 MP High passage over region
37) 2330 2 0ct/360 cp High passage to northeast
38) 0530 4 0ct/280 MP Quebec-Mexico ridge passage
39) 2330 8 0ct/290 » CP Small ridge passage
R1130 10 Oct/250 MP Warm sector
40) 0330 12 O0ct/290 MP Ridge passage
: R1030 14 Oct/240 MP Warm sector
41) 1230 14 Oct/270 CP Big high passed over region
42) 1030 20 Oct/270 CP Enormous continental high
43) 1130 29 0ct/340 MP Ridge passage
R6910 1 Nov/250 MP Warm sector
44) 2230 1 Nov/300 MP Ridge passage
45) 0830 2 Nov/360 cp Large high passed to south
46) 1030 5 Nov/300 CP Ridge passage
47) 2130 5 Nov/350 CP Large high passage to south
R0030 9 Nov/250 MP Warm sector
48) 1230 9-Nov/360 CP Large high moved south of regionm
49) 1130 16 Nov/270 MP Ridge passage |
50) 0830 18 Nov/280 MP  Ridge passage
51) 1330 20 Nov/270 MP Ridge passage
52) 1730 20 Nov/350 CP Ridge passage
R0930 25 Nov/270 MP Warm sector
53) 1430 25 Nov/350 Cp High passage over region
R1151 4 Dec/270 MP Warm sector
54) 1630 4 Dec/320 Cp Large ridge passage
R1430 9 Dec/220 MP Warm sector
55) 2130 9 Dec/310 CP Ridge passage
R1230 11 Dec/270 MP Warm sector




Table | continued.

1976 PASSAGE TIME (CST)

Air
Cold Front Warm Front Mass? Following Weather Event
56) 1830 11 Dec/310 CP Ridge passage

R2130 13 Dec/270 MP Warm sector

57) 2330 14 Dec/360 CP Ridge passage
R1030 15 Dec/270 MP Retreat, readvanced front 57

(57) 1930 16 Dec/040 CP Ridge passage
R2030 17 Dec/220 MP - Warm sector

58) 2130 18 Dec/320 cp High passage to south
R1730 21 Dec/270 MP Warm sector

59) 0230 22 Dec/290 cp Ridge passage to south
‘ R0930 24 Dec/290 MP Warm sector

60) 1230 24 Dec/330 CP Ridge domination

1977 PASSAGE TIME

R2100 5 Jan/270 MP Warm sector
1) 0812 6 Jan/320 : CP Ridge passage to south

2) 1930 7 Jan/270 CP High pressure passage to south;
' slow movement; followed by wave
passage to southern region on
15th; then ridge domination to 19th
R1800 9 Jan/270 MP Warm sector

3) 1025 20 Jan/360 CP High pressure domination
4) 0630 23 Jan/270 MP No ridge movement, ridge stationery
to west
5) 0228 26 Jan/330 cp High pressure passage over region
R1212 27 Jan MP Warm sector
6) 1630 27 Jan/320 Ccp
R0230 2 Feb/270 MP Warm sector
7) 1230 2 Feb/320 cp Passage of high near region on
Feb. 7

R1330 8 Feb/270 MP Warm sector with ridging

8) 0530 9 Feb/360 CP Front just edge over
R1230 9 Feb/220 MP Warm sector




Table ! continued.

1977 PASSAGE TIME (CST)

Air
Cold Front Warm Front Mass? Following Weather Event
9) 0430 12 Feb/260 MP Ridging
(8) 1330 15 Feb/040 cP High pressure moved over region
R1400 16 Feb/270 MP Warm sector
10) 1430 17 Feb/360 Cp Ridging
R1030 19 Feb/270 MP Warm sector
11) 1430 19 Feb/320 CP Ridge passage
12) 1330 21 Feb/320 Cp Ridging, then wave passage to
south; then high passage to the
south on March 1, then another
wave passage to south on 4th,
then ridge passage on 6th
R1630 6 Mar/220 MP Warm sector
13) 0449 9 Mar/270 MP Ridging
14) 2030 14 Mar/270 MP Ridge passage
15) 2145 15 Mar/330 Cp Ridging
R 17 Mar/200 MpP Ridging
(15) 0430 17 Mar/360 CcP Ridging
R1330 18 Mar/200 MP Warm sector
16) 2030 19 Mar/320 CP High passage over region
17) 0600 22 Mar/330 cp Ridging )
R1030 22 Mar/190 CP Front 17 retreated then advanced
(17) 1745 22 Mar/360 CP Large ridge passage
18) 2130 26 Mar/290 Ridging then passage to southern
18-30 then high passage to south
19) 0030 2 Apr/270 CP Ridging then low passage to south
20) 0247 7 Apr/020 CP High passage over region following
low center passage over region
RO600 10 Apr/220 CP Warm sector
21) 2230 10 Apr/320 MP Ridging
22) 1530 12 Apr/300 MP High passage over region
23) 1045 16 Apr/290 MP Ridging




Table | continued.

1977 PASSAGE TIME (CST)

Air
Cold Front Warm Front Mass? Following Weather Event
24) 0930 18 Apr/290 MP Front stalled over Wisconsin, Lake
Superior until 2lst; then on
22nd high passage over region
25) 0630 23 Apr/320 cp Passage of large high to south
26) 0730 27 Apr/360 CP Passage of high to north
27) 0448 1 May/320 cp High passage over region, then
wave to south on 5th
28) 1130 5 May/020 Cp High passage over region
29) 2230 8 May/020 cp Ridging from high passing to NE
R0230 10 May/290 CP Strong domination by deep ridge
of high pressure
30) 0113 20 May/270 MP  Ridging
R0830 22 May 150 MpP Warm sector
31) 1121 23 May/220 MP Ridging
RO600(w) 25 May/220 MP Long stay in warm sector due to
drop high over Lake Superior
followed by wave passage to
south 7
32) 0430 1 June/020 CP High passage over region
0730 3 June/280 MP Short warm sector stay
33) 1430 3 June MP Small high passage over region
34) 1530 5 June Cp High passage to south, then
passage to south, then high
- passage over region
35) 0230 11 June/320 CP High passage to north, then small,
cold low, then ridge passage
36) 0917 16 June/280 MP Ridge passage
37) 0730 17 June/200 Cp Slow high passage
R1030 23 June MP Warm sector
38) 0530 24 June/310 CP High passage over region
39) 1530 26 June/320 CP High passage to south
40) 0330 30 June/270 CP  High passage to south




Table | continued.

1977 PASSAGE TIME (CST)

Air
Cold Front Warm Front Massé Following Weather Event
41) 1130 3 July/300 MP Front stalled over central Minn.,

Wisconsin until July 6
R0330 14 July/220 MT Warm sector

42) 0630 7 July/250 ' cp High passage over region
43) 1130 11 July/260 CP High passage to south
R0330 14 July/220 MT Warm sector
44) 0730 14 July/290 cp High passage over region followed
by several small systems
45) 1930 16 July/300 CP Ridging
R1000 17 July/150 MT Warm Sector
46) 0149 20 July/320 CP High passage over region
47) 1330 24 July/320 cp High passage over region
48) 0330 28 July/320 MP Ridging
49) 0545 29 July/350 . CP High passage to north; front
stalled over Iowa
50) 2330 30 July/240 MP  Ridging
51) 0675 31 July/300 CP  Ridging
52) 0530 1 Aug/030 CP Small systems
53) 0330 5 Aug/320 CP High passage over region
54) 0830 7 Aug/330 CP . High passage over region
55) 0330 10 Aug/270 - CP High passage to south
56) 0400 12 Aug/300 cp High passage to south, followed by

wave to south on 15th; then
slow high passage to south

57) 0100 21 Aug/330 CP Ridging

58) 0830 22 Aug/310 CP Large high passage over region
R1100 26 Aug MT Warm sector

59) 1230 27 Aug/300 ~ CP High passage to south

60) 1430 31 Aug/310 CP High passage over region




Table ‘ continued.

1977 PASSAGE TIME (CST)

Air
Cold Front Warm Front Mass@ Following Weather Event
61) 0737 4 Sept/320 CP High passage to north, followed

by wave passage to south on 6th
Psbl R1800 8 Sept/220 (P Warm sector

62) 0030 9 Sept/230 ' CP High passage to south

63) 1588 17 Sept/290 - MP Front stalled over Lake Superior
v for a day, then moved east

64) 0030 19 Sept/240 cP High passage over region which
' stalled to east

65) 0630 25 Sept/180 ‘ cp Very slow mover, over region until
29th, finally followed by high
passage to south on Oct., 3

66) 1230 4 Oct/280 cp High pressure ridge moved over -
region, followed by wave to
south on 8th; then ridge moved
to south ‘

67) 0330 10 0ct/290 : CP Cold low aloft moved over surface
low over Lake Superior, causing
intense deeping, cold flow from
north; followed by high passage

to south
68) 0030 14 0ct/300 cp High passage to south
69) 0830 17 0ct/280 CP High passage to south
70) 1100 20 Oct/30 cp High passage over region
71) 0200 26 Oct/310 MP High passage over region
72) 1230 31 0Oct/260 MP Ridging |
73) 0400 3 Nov/300 MP High passage over region followed

by formation of huge low over
southeastern U.S.

74) 0030 9 Nov/280 cp Front stalled over region as low
center crept northward along the
front; then slow high crossed
region on 12th

75) 1330 13 Nov/290 MP Ridging




Table ‘ continued.

1977 PASSAGE TIME (CST)

Cold Front

Warm Front

Air
Mass@

Following Weather Event

76) 0930 15 Nov/220
77) 1530 15 Nov/270

78) 1330 16 Nov/270

79) 6830 30 Nov/290

80) 0430 1 Dec/320

81) 0210 19 Dec/220

82) 1330 22 Dec/300

1978 PASSAGE TIME

1) 1100 2 Jan/020

2) 0100 3 Jan/270

3) 0800 15 Jan/280

R1330 29 Nov/200

R1030 15 Dec

R1400 22 Jan/210

MP
MP

Cp

Cp

CP

Ccp

cp

Cp

Ridging

Deep low lingered a day then
moved out followed by ridging
on 19th; then deep wave moved
from south of region to north-
east of region; followed by
another low moving south on 23rd
then high passage to south on
26th; low passage to south on
27th; high passage to south on
28th

Warm sector

Ridging

Ridge passage, then low center
passage over south part of
region on 13th, followed by
ridging on 1l4th

Warm sector

Low stalled over Upper Great Lakes
till 21st; followed by ridging
on 22nd

Ridging followed by low center
passage to south on 24th
followed by high center passage
to south on 27th; then east-west
ridge dominated region for rest
of year

Ridging

‘East-west ridge dominated to

7th, when wave moved to south;
then strong high passed to
south on 1l1th and stalled

Strong high center passage over
region followed by a second
pulse on 19th

Warm sector




Table I continued.

1978 PASSAGE TIME (CST)

Air
Cold Front Warm Front Mass?@ Following Weather Event

4) 1200 23 Jan/290 CP Ridging

5) 1100 23 Jan/220 CP Deep low center moved over region;
then at Yukon-Gulf ridge domi-
nated until Feb. 3, then moving
east; followed by new pulse
moving north of region on
Feb. 6, becoming quasi-stationary
over region until Feb. 22

R1100 22 Feb/270 MP . Warm sector

6) 1700 22 Feb/290 CP Ridging

7) 1000 24 Feb/260 CP High passage to south; then small
low, then high pulse on Mar. 1,
and another on Mar. 4 and again
on 6th o

8) 0300 10 Mar/020 CP Ridging

R0O800 10 Mar/240 CP Warm sector

(8) 1200 12 Mar/020 CP Lingered on south part at region
through much of 13th, followed
by ridging on l4th

9) 0700 15 Mar/270 cP Ridge passage on 17th

10) 1300 18 Mar/290 CP High passage to south

11) 1100 20 Mar/280 CP Ridging

12) 0300 22 Mar/290 MP Ridging

13) 1000 22 Mar/360 CP High passage over region

4CP=continental polar air mass

MP=maritime polar (Pacific) air mass

MT=maritime tropical air mass




Chapter 3 TEMPERATURE
3.1 SUMMARY

Temperatures during the Copper-Nickel Study shared the unusually cold winters,
unusually warm springs, and unusually cool falls that have marked recent years
in Minnesota. Summers were mixed, with August, 1976, being exceptionally warm
and August, 1977, being exceptionally cold. At Babbitt, where records have been
kept atop the Embarrass Range since 1921, the most anomalous month warm-wise was
May, 1977, over 11° above normal. The most anomalous month, cold-wise was

January, 1977, 8° below normal.

Tablez?: gives the temperature statistics over the life of the Study for Babbitt,
This.station was chosen because of the long record in a similar location, quite
free from air drainage effects, as will be seen. The data, however, are based
on observations taken at 1700 CST from Novémber to April, and at 1600 CST from
May to October, so that the actual sbsolute values of temperature are ''too
warm," both with respect to '"mormal" values and the values observed over thé
length of the Study--midnight-to-midnight observed maxima and minima are needed
to calculaté approximately correct mean temperatures. This is done for Study
stations, as will be seen below. However, the departures of temperatures given

in the table here are approximately correct, since most of the Babbitt data are

similarly based.
3.2 CLIMATIC RECORDS AND CHARACTERISTICS

The various weather stations can be seen to have certain characteristics with
respect to the local topography and vegetation. Figurelé gives a presentation
of temperature variability. At two extremes are the Babbitt station, high on

the Embarrass Range, and Embarrass, on the flat Embarrass plain.




The Embarrass Range 1s a line of small mountains (or high hills; as the reader
may prefer) between 1,800 and 1,900 ft above sea level oriented WSW-ENE from a
cut on the western end made by the Embarrass River just east of Biwabik to

another cut made by the Dunka River on the eastern end. Hills continue in the

same orientation to the east and west of the river cuts.

To the north lies the great flat plain of the Embarrass River, which is bounded
on the north by a ridge at 47°0'N. The plain is marked by a few occasional
hills but mostly by marshland. The western end of the plain is bounded by a
north-south ridge about one mile west of Embarrass center, where the Embarass
River is forced to flow south instead of westward. The eastern portion of the
plain is marked by the irregular hills just west of Babbitt. The plain,
surrounded on all sides, is an ideal cold air trap, and very likely is the
coldest place in Minnesota. Even in July and August, all that is needed for a

frost is a continental polar air mass with clear skies and near-calm air.

The two temperature stations (Embarrass and Eagles Nest) with thermographs main-
tained by the Copper-Nickel Study are of speqial interest with respect to the
microclimate when compared with other standard and special stations in the area.
Data were reviewed for these stations on a daily basis, along with data obtained
from the EPA Tertiary Treatment Plant in Ely and data from Filson Creek. In
addition, data were obtained from the Reserve Mining station at the Babbitt
mine, from the Minnesota Power and Light Company station at Winton, and from the
-Federal Aviation Agency station at Hibbing. Values of temperatures for all
these stations except Babbitt are from midnight to midnight. Except for the.
Winton station, which always observes at 12AM on local legal time, the values
for all midnight-to-midnight stations were in terms of Central Standard Time, a
necessity for valid comparison with first-order National Weather Servicé sta-

tions.




Since the Babbiﬁt station thermometer is read by the Reserve Mining Company
guards at 5PM local legal time, a special reduction of the Embarrass data was
made to be consistent with the station. Comparison of the Embarrass and Reserve
data are of special interest since they represent microclimatic extremes to be

found in the Study Area. The other stations are in intermediate microclimates.

Before discussing the information from the stations, let us discuss a microcli-

mate model classification scheme derived by the author.

The microclimatic classification system has been designed to be compatible with
a landform and vegetation classification system derived by the Minnesota
Department of Natural Resources. The basic microclimate classification is
defined in terms of vegetation typ;, with sub-classifications made in terms of
1andform‘type. In all cases, the surface of the earth is considered to be the
interface between the air and the surfaces of shrubs, grasses, Crops, soil,

‘ e . .
asphalt, etc. Trg@ here are excluded as constituting the surface.

Vegetative effect is basically due to tree cover, and therefore vegetation is
defined in terms of tree effects on the microclimate. Shrubs and grasses are
for the most part below eye-level of persons, and are considered to constitute

the greater part of the surface.

Enclosed vegetation is used to denote the most sheltered class. Here the trees
essentially lift the earth surface to heights above the sphere of persoms.
Protected denotgs that class where trees give partiél sheltering from the
meteorological elements. Open denotes the class with so few (or none) trees

that persons are essentially exposed fully to the weather.

Tables were prepared listing the differences in the key meteorological variables
in the micrometeorological realms. The reference realm is class Cl, which is

3




the open, flat, dry region devoid of trees which has as its greatest example the

prairie flatlands of western Minnesota.

Differences arising from vegetation are listed in the table at the top of the
page, while differences arising from topography are listed in the lower table or
tables. One lower table is given when warm season-cold season differences are
unimportant; two lower tables are given when the cold and warm seasons produce

dissimilar effects on the microclimate.

The upper, vegetation table gives values in refrence to departures from values
in the upper table of class Cl; the lower table gives adjustment values in
reference to the upper table. Thus, if the daily range of temperature over a
given period is 10°C in the realm of class Cl, the daily range on the flat for
class Al would be 8.5°C. However, if class Al vegetation exists on a high
promontory, the daily temperature range would be 10% less than 8.5°C, or 7.65°C

(ignoring the unreality of such precision).

At the bottom of the page, characteristics of the snow cover and evaporation are
given. Snow distribution refers to the evenness of the snow, which tends to be
very unequal over flat areas due to wind drifting, but rather equal in heavy

forest, where drifting due to wind is minimal.

3.2.1 Class A Microclimates: The Enclosed Microclimates

Class A microclimates are the mosﬁ sheltered from the meteorological variables.
There are two vegetative categories in this class: Al, deciduous—conifer
covering over 407% of the surface; and A2, conifer covering over 407 of the sur-
face. Deciduous alone over 40% is not considered to be a éart of type A, or
enclosed, category since a great deal of shielding is lost in the winter when

the trees are devoid of leaves.




In class A, microclimates, wind, temperature range (the difference between the
daily maximum and daily minimum), and sunshine are considerably diminished as

comapred to that experienced in the open.

3.2.2 Class B Microclimates: The Protected Microclimates

Class B microclimates are those which offer some protection from the meteoro-

logical elements. Four vegetative categories are in this class. Bl is a regionA
of over 40% deciduous. In the warm season, this clas is essentially an enclosed
vegetative type, but is only a protected type in the cold season, when the trees

are not in leaf.

B2 is mixed deciduous and conifer covering 10-40% of the surface; B3 is conifer
covering 10-40% of the surface; and B4 is deciduous covering 10-40% of the

surface.

In the B class, the meteorological elements of wind, sunshine, and temperature

range are reduced somewhat as compared to the open.

3.2.3 Class C Microclimates: The Open Microclimates

Class C-microclimates are those which are essentially fully exposed to the
meteorological elements. Two categories are in this class. Class Cl is the
open, dry region, exemplified by prairies and brushland. Up to 107 of the land
in trees is permitted in the classification. This class includes the |
"representative observation site'" where the National Weather Service prefers to

locate its instrumentation for macrometeorological purposes.

Class C2 is open, wet places which include lakes, rivers, bogs, and swamps.
With little exception, these places are frozen through much of the cold season

in Minnesota.




The meteorological stations used here are in the following microclimatic zones:

STATION ZONE MODIFYING FORMS
Embarrass Cl Deep depression
Hibbing Cl None
Ely Water Treatment Plant Cl Shallow depression
Babbitt Bl High promontdry
Filson Creek B2 Low promontary
Winton . B3 Shallow depression
Eagles Nest A2 South slope

All of the stations are in different microclimatic regions when modifying forms

are considered.

Tablesag.to%b give observed temperature data from the stations under con-
sideration. Embarrass is listed twice, with data first analyzed for observation
with reference to §PM local legal time for comparison with Babbitt, and in the
next column with data analyzed for observations with reference to midnight,

. a . . S
Central Standard Time (CST),for comprison with the other stations.

It can be observed that values of monthly mean temperature, temperature range,
etc. are influenced by time of observations. Means are '"cooler" when obser-
vations are made from midnight-to-midnight than when made from 5PM to 5PM
(actually 4PM to 4PM CST during the Daylight Time months). In standard U.S.
meteorological practice, means are calculated by the formula of adding the high
for the 24-hour period to the low for the 24-hour period and dividing by 2. It

should be noted that this is actually a method of approximating the mean tem-

perature, rather than truly calculating it. The values of temperature vary by
observation time, and all have a systematic error. In Europe, means are calcu-
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lated by adding together the readings at 7AM, 2PM, 9PM, with 9PM added in a
second time before division by 4. If the clock time is close to the correct
local mean time (LMT), then there is virtually no systematic error except as

some local microclimatic anomaly may create.

In this discussion, we shall use Embarrass as the standard since calculations

were made for both observing times.

Comparison of Embarrass with the Reserve site shows that the mean daily range of
temperature at Embarrass is 1.5 times that of Reserve. Further, the mean annual
temperéture for the year April, 1977, to March, 1978, at Embarrass averages
4 .3°F cooler than at Reserve. The mean maxima for the full-year period were
virtually the same, being 0.3°F warmer at Embarass, while the mean daily mini-
mum temperature at Embarrass over the year was 8.8° colder at Embarrass than
at Reserve. Thus, the difference in the mean temperature 1is accounted for in
the extreme minimums at Embarrass due to cold air entrapment in the valley, plus
the lack of cold air buildup at Reserve since it i1s on a slope not far from the
aré
crest of the hill. The slightly warmer maxima at Embarrass # likely due to the
fact that it is in the open, while the Resérve Babbitt station is on the north
slope with tfees around. The south slope near the crest is an open area on the
Embarrass Range would present even more contrast with the Embarrass Valley sta-

tion.

Note that in the summer (May to August, 1977) the maximum at the Embarrass
Valley station ran l1.1F higher than at Reserve due to heating in the open in the

Valley.

The northly mean minima is also of interest. Note that in February, 1978, the
mean minimum temperature at Embarrass was ~18.6F, a full 17.5° colder than at
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Reserve, where it ran only -1.1F. The average daily range of temperature at

Embarrass that month was 33.60F, as compared to 19.5°F at Reserve.

It is also informative to contrast Embarrass with the Eagles Nest Lake station.
The latter station is in a forest not far from the north shore of the lake, on a
south-facing slope. In summer when the lake is warm, minima averages about
10°F warmer than at Embarrass, but in the winter months when the lake is fro-

zen, the difference in minimum temperatures is only about 3°F,

The Ely Water Treatment Plant station is located near the bottom of a north-
facing slope not far from the lake, but with the water treatment plant between

the station and the lake. The station is in & treeless area. Although it is

50 F warmer than Embarrass, it is much cooler than the downtown area of Ely,
which repeated temperature surveys show is the warmest spot in the region, due
to the urban heat island effect. The extent of the warmth of Ely, however, is
pretty much confined to the downtown area, while the higher ground of the
Embarrass Ranée (and the other high hills of the region) is a region of substan-

tial warmth.

The Filson Creek station, operated only in the summer, was located iqg rather
large clearing (overiseveral'acres); it was on a slight promontary in the area.
It is warmer by day than Embarrass, very likely due to heat trapping in the
clearing by the surrounding forest, but substantially warmer than Embarrass by
night since Filson Creek is not in a deep valley. However, Filson Creek runs
about 6° cooler than Eagles Nest in the summer, the difference reflecting the

benefits of proximity to water and the forest canopy at Eagles Nest. The forest

canopy also helps keep Eagles Nest a bit cooler by day.




The Hibbing station is somewhat similar in climate to the Ely Water Treatment
Plant. The Ely station runs a bit cooler in the winter when cold air drainage

is a little more effective.
3.2 DAILY TEMPERATURES

Tables ﬁg.toﬂh_give daily maximum and minimum temperatures for stations asso-
ciated with the Copper-Nickel Study. Values for the Embarrass, Eagles Nest, Ely
Water Treatment Plant, Hibbing, Winton Dam, and Filson Creek stations are
midnight-to-midnight values, except that readings at Winton Dam are 2300-2300

CST from May to October inclusive, when local legal time is CDT.

In addition, maxima-minima values for Embarrass are given from 1700-1700 CST
from November to April inclusive, and from 1600-1600 CST from May to October,
inclusive, for comparison with the baseline Babbitt station, which observes at

those times (5PM, local legal time).

The Winton Dam station is quite similar to the Eagles Nest station, being near a
lake. However, it is in more of a cleared area with no forest canopy in the
immediate vicinity of the thermometer, although the forest is very close. The
slightly greater warmth of the Winton station in summer perhaps reflects its

. . . are \ .
more open location. Minima a# a bit cooler likely due to the fact that the sta-
tion is more in a depression not far from the lake rather than simply on the

slope, allowing some cold air entrapment.

The above discussion points out the strong effects that microclimate has on tem-
perature. If we take the average Babbitt annual temperature of 39.1 for the 12-
month period April, 1977, to March, 1978, and compare it to the normal for
Babbitt of 38.5F, we find the period was 0.6° above normal. If we estimate
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that the departure from normal at Embarrass was similar, we can estimate that

the annual normal mean temperature for Embarrass is 34.4°F, only 2.2° above

freezing.
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Chapter 4 PRECIPITATION

4.1 GENERAL SUMMARY

The general precipitation pattern during the Copper-Nickel Study was one of

extreme dryness from July 1, 1976, to February 23, 1977, and was followed by
very wet and rainy weather for the remainder of 1977. The first half of 1978
was near normal in precipitation. The extreme dryness of the second half of

1976 was preceded by a very wet June.

Table Ei_gives monthly values of precipitation for all available operating rain
gages in the Study Area for all months from April, 1976, to June, 1978, where
moﬁth-long readings were made. The most abundant data are from July, 1976, to
October, 1977, with scarce data before the beginning of the Study and since
January, 1978. The data in the table have been adjusted to midnight observation
time so that the totals for each month are comparable between stations. The
adjustments were made from use of the weather radar in determining precipitation
times. Figuresﬁ&l to?}i illustrate the observed monthly totals during the Study

for selected stations against normal values given in the climatology report.

Table :%_calls out the maximum and minimum observed precipitatiom, by month, at
the various stations. The table gives an idea of the variability of precipita-
tion over the region in a month's time. (Tofte and Wales are excluded due to

the unreliability of the gages.)

The variability‘of precipitation arises frém the random way in which precipita-
tion<bearing clouds move and from the non-random, geographical effécts. The |
heaviest precipitation in most cases is formed in the highlands between Lake
Superior and the western plains of St. Louis County, the lightest amounts are

generally near Lake Superior or on the plains.
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Clearly, the table shows that the variability between the station with the most
precipitation and that with the least is of a ratio of about 3 to 1 over the
Study Area. This underscores the need for taking rainfall measurements at or

near a Study site for almost every application.

Figure !é_gives the times each day of occurrence of precipitation at Hibbing.
The chart has 365 segments, each divided into 4 parts. Each segment represents
one day, and the lines creating far divisions in each segment represent 0600,
1200, and 1800 hours clock time.. Snow occurrences are shaded dark, rain or

drizzle are shaded light.
Figure :z_similarly shows thunderstorm occurrences at Hibbing in 1977.
4,2 PRECIPITATION EVENTS

In current meteorological practice, precipitation is measured daily at the same
time every day, although the time of observation varies from station to station.
However, precipitation occurs in association witﬁ eastward moving regions of
general low atmospheric pressure which may have a transit time on the order of
days. Thus, many observations of rainfall occur while it is still raining, and
the total rainfall occurring during the storm in progress is cut into 24-hour
segments, With different observation times at the various stations, daily rain-

fall totals may become very confusing to relate to storm totals.

Furthe?, the eastward-moving regions of general low atmoépheric pressure from
various structures to them. They may contain warm fronts, col& fronts,
mesoscale thunderstorm systems, vorticity maxima, and shower convergence systems
induced by differential advection of air from differept regions. Between these
features, small regions of high pressure or descending air may cause precipita-
tion to cease at times while the general low pressure system passes over.
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The purpose of this section is several-fold. The main purpose is to identify
the precipitation events that occurred during the main part of the Study, from
June 1, 1976, to December 31, 1977, to establish what happened

precipitation-wise.

Another purpose is to enable the reader to gain a deeper understanding of the

precipitation regime in the Study Area. The general patterns remain the same
from one year to the next, although the intensities of the precipitation systems
may vary. Reading of this section should familiarize the ,reader with what '"goes

~
" precipitation-wise. Yet another purpose is to enable users of the infor-

on
mation to relate what may have happened to flora, fauna, leaching processes,

etc., as a result of the precipitation patterns and intensities.

Finally, a purpose is to provide a guide that might be useful for any further
studies. The section is arranged by months. Following a description of the
total rainfall distribution for each month, each rain event is described as

follows:

1) Intensity of the event. Whether an event is a minor, intermediate, major,
or a very major event. A minor event is-one in which very little precipitation
fell--not enough to have much impact on most applications. An intermediate
event is one which has substantial precipitation totals to impact at least
numerous applications. A major event is one which has an impact on a great many
applications, and generally requires at least one inch (2.54 cm) at one of the
stations, or alternately, the better part of an inch at many statioms. A very
major event is one which features 2 or more inches of rain at several stations
and/or nearly that much almost everywhere in the Study Area. The events areA
numbered in order, and the event intensity described after the event.

3




2) The type of rain event. The event types are described as follows:
T - basically thunderstorm-produced precipitation
S - basically convective ﬁhowers not from thunderstorms
R - basically widespread general Iains not from convective activity, in

plain language, general rainstorms or general snowstorms.

In some cases, the events may be a combination of the above. In these cases,
the event types are listed in the judgment of the author in order of their

contribution to the rainfall total.
3) The days on which the event occurred.

4) A description of the event with the heavier totals and the lesser -totals of
the various stations reporting. 1In a few cases, values from some stations were
not included because of inapplicability (such as event gages) or possible
observer error. Nearly every precipitation occurrence in the Study Area during
the period is included herein, including some observed on the radar which passed
between the observing stations. There were a few instances of traces of rain
reported that are not included. Sﬁme of these are likely due to observer error,

while others are due to a few sprinkles from isolated clouds.

In reading this section, the reader may wish to consult the monthly precipita-

tion maps, the daily precipitation records, and the radar echo track charts.

4.2.1 Event Descriptions

June 1976

This was a month of heavy rains, with over 8 inches along the high ground from
Greenwood Lake northeastward and from Hibbing to southwest of Ely. A drier

4




region, 5-6 inches extended from Cotton to Babbitt and along the shore of Lake
Superior. The heavy rains were associated with frequent frontal passages from

8 June to 17 June and lingering frontal systems from 25 June to 29 June.

1) Major T, 7-8 June, afternoon, nighttime, the thundershowers on 7-8 June in
vicinity of a Pacific cold front passing over after sunrise on 8 June. Heavier
system totals included Babbitt 1.71, Virginia 1.68, Isabella Ranger Station 1.38,

Winten 1.2; only .09 at Grand Marais.

2) Intermediate T, 9-10 June. Afternoon, nighttime thundershowers 9-10 June
attending front passing on evening of 9 June. Heavier totals Winton .80,

Hibbing .61, Hoyt Lakes .60; least Isabella Ranger Station .13.

3) Minor T, 10 June. Some light showers late on 10 June reported at Isabella

Ranger Station .14, Ely USFSC .13, Babbitt .03, Crane Lake .02.

4) Major T, 12 June. Thunderstorm activity ahead of warm front on afternoon of
12 June and night of 12-13 June. Heavier system totals Isabella Ranger Station
1.33, Crane Lake 1.26, Eagles Nest 1.23, Meadowlands 1.20, Hoyt Lakes 1.16,

Grand Marais 1.10; least .52 at Virginia.

5) Major T, 14-15 June. Nocturnal thunderstorms night of 14-15 June in north-
westerly flow. Totals added to by rain, drizzle associated with nearby occlu-
sion on 15 June. Heavier totals Meadowlands 2.13, Isabella Range Station 2.07,
Grand Marais 2.04, Babbitt 1.54, Cotton 1.33, Winton 1.16, Brimson 1.01; least

.11 at Eagles Nest, only .58 at Hoyt Lakes.

6) Major T, 17 June. Showers broke out in southerly flow on wee hours of 17
June, with occasional thunderstorms all day and into evening of 17 June, con-
tinuing to a bit after midnight. Heavier totals, Brimson 2.04, Hibbing City

5




1.88, Isabella Range Station 1.61, Crane Lake 1.45, Ely USFSC 1.42, Winton 1.38,

Eagles Nest 1.36; least .56 at Cotton, Finland.

7) Minor S, 18 June. A few light showers with cloudy skies on afternoon of 18

June. No totals over .04.

8) Minor S, 19 June. A few light showers on afternoon. Most .20 at Stony

River, none most places.

9) Major R, 24-25 June. Occluéion passage followed by cold front passage,

brought heavy, steady rain from late on 24 June to late afternoon of 25 June.
Storm totals, Whiteface 2.21, Hoyt Lakes 2.09, Virginia 1.90, Crane Lake 1.76,
Meadowlands 1.60, Brimson 1.57, Cotton 1.52, Ely USFSC 1.42, Eagles Nest 1.30,

Winton 1.22, Stony River 1.10, Isabella Ranger Station 1.04; least Babbitt .59.

10) Minor T, 26 June. Nocturnal thunderstorms late on 26 June as cold front
returned, Heavier amounts, Meadowlands .62, Virginia .45, Crane Lake .42; none

at Isabella Ranger Station; only a trace at Grand Marais.

11) Minor T, 27-28 June. Nocturnal thunderstofm; heaviest totals, Crane Lake
.35, Winton .34, Ely USFSC .28, Eagles Nest .24; none at Meadowlands, Brimson,

only a trace at Babbitt.

12) Minor S, 28 June. A few showers after nocturnal storms of 27-28 June

brought small amounts .10 or less.

13) Major T, 29 June. Thunderstorms on 29 June. Heaviest totals Virginia
1.23, Meadowlands .66, Cotton .49, Whiteface .41, Isabella Range Station .39;

least .06 at Finland.




July 1976

A very dry month, the beginning of a long drought. There was a center of dry-
ness between Birch Lake and Stony River, and general dryness west of a line from

Snowbank Lake to Tofte to central St. Louis County.

1) Intermediate T, 6-7 July, evening thundershowers on 6 July behind Pacific
fron, with additional minor amounts on morning of 7 July ahead of frontal
passage. Heaviest totals, Crane Lake .76, Tower 3S .69, Ely USFSC .67, Eagles

Nest .60; least .07 at Whiteface, Finland, only .10 at Stony River.

2) Minor T, 7-8 July. Nighttime thunderstorm on; precipitation at only a few
stations, Ely USFSC .38, Gunflint Lake .08, Grand Marais .0l, Hibbing a trace,

rest none.,

3) Minor T, 8-9 July. Thunderstorm on 8-9 July. Heaviest amounts, Cotton .64,

Tower .55; least .09 at Crane Lake.

4) Minor T, 13 July. Thunderstorms broke on afternoon, is connection with
occlusion outbreak. Heavier totals, Hibbing City .52, Hibbing Airport .52,
Gunflint Lake .48, Cotton .47; none reported at Eagles Nest, Tower 3S, Virginia,

and Crane Lake.

5) Minor §, 15 July. Showers fell on wee hours of 15 July ahead of cold front
and during that day from stratocumulus over east. Heaviest totals, .13 at
Isabella Ranger Station, Meadowlands, Hibbing Airport; .12 at Hoyt Lakes,

Gunflint Lake; none reported at Babbitt, only a trace at other stations.

6) Major T, 19 July. Heaviest rain of month in connection with cold front;
arrival on evening of 19 July. Heavier totals, Cotton City 1.42, Cotton 1.38,

7




Meadowlands 1.18; least .18 at Isabella Ranger Station, only .20 at Stony River

and Grand Marais, and only .26 at Hoyt Lakes and Babbitt.

7) Intermediate T, 22 July. Scattered thunderstorms with cold front on
evening. Heaviest totals, Meadowlands 1.49, Cotton .48, Hibbing City .31,

Virginia .29; least a trace at Eagles Nest, Babbitt, and Tower 3S.

8) Major T, 25-26 July. Thunderstorms all day on 25 July and into wee hours of
26 July as Pacific warm front moved in on 25 July, followed by cold front on wee
hours of 26 July. Heaviest totals, Hibbing City 1.29, Hibbiﬁg Airport 1.23,
Isabella Ranger Station .68; least .08 at Cotton, only .18 at Babbitt and

Meadowlands, and .19 at Ely USFSC.

9) Minor T, 28 July. Morning thunderstorm; heaviest total, Hibbing City .29,

Hibbing Airport .23, Finland .15, Babbitt .l4; none or a trace at some stations.

Pl

10) Minor T, 29-30 July. Scattered afternoon and evening showers on 29 July.
Heaviest totals, Gunflint Lake .47, Meadowlands .26, Crane Lake .35; none or a

trace most stations.
August 1976

" August 1976 was a very dry month with about half of the Study Area recording
less than one inch of precipitation. A relative wet maximum occurred north-

south from east of Winton southward to Island Lake.

1) Minor T, 1 August. Afternoon thunderstorms in northwesterly flow. Heavier
amounts, Cotton .43, Island Lake .42; less than .05 elsewhere, most statioms had

none.




2) Minor R, 4 August. General rain in southeasterly flow ahead of front.
Heaviest totals, Meadowlands 1.24, Island Lake .65, Hibbing Airport .51, only
.02 at Grand Marais, .03 at Winton, .08 at Hoyt Lakes, .10 at Babbitt, .11 at

Isabella Ranger Station.

3) Minor T, 8-10 August. General thunderstorms from afternoon 8 August to wee
hours of 10 August. Heavier amounts, Gunflint Lake .88, Isabella Ranger Station

.59, Island Lake .57, Babbitt .46, Winton .42; only .14 at Tower 3S.
4) Minor. Scattered showers afternoon of 11 August; only light amounts.

5) Minor T, 12 August. Scattered thunderstorms in afternoon. Heavier amounts,
Winton .71, Tofte .50, Ely USFSC .49, Finland .41; least trace at Hibbing

Airport, Crane Lake; only .02 at Virginia.

6) Minor S, 13 August. Light showers afternoon in southeasterly flow; light

amounts.

7) Minor T, 19 August. Scattered thunderstorms in morning; only light amounts

registered.

8) Minor T, 26 August. Scattered thunderstorms moving behind Pacific cold
front. Heavier amounts, Cotton .35, Whiteface .25, Brimson .20, Island Lake

+20, Cotton .16; none or a trace at some statioms.

September 1976

September 1976 was the third comsecutive dry month of the year. Heavier amounts
centered over Birch Lake, Isabella Ranger Station, separated by dry area from

Stony River to Dunka River.




1) Minor T, 7-8 September. Thunderstorms with cold front passage on evening of
7 September, wee hours of 8 September. Heavier amounts, Gunflint Lake .26,

Babbitt .25, Virginia .22, Tower 38 .18; least .0l at Grand Marais.

2) Minor R, l1-14 September. General rain and drizzle with hail after passage
of cold front morning 13 September. Heavier totals, Finland .47, Isabella
Ranger Station .38, Ely USFSC .37, Hibbing City .36, Tower 38 .32; least .07 at

Grand Marais.

3) Minor S, 19-23 September. General shower activity for four days following
cold front passage morning of 19 September. Heavier totals, Babbitt .97,

Isabella Ranger Station .73, Grand Marais .68, Tower 3S .62.

4) Minor S, 25-27 September. Afternoon and evening shower on 25 September into
wee hours of 26 September. Heavier totals, Gunflint Lake .50, Ely USFSC .28,
Isabella Ranger Station .28, Eagles Nest .26, Tower 3S .26; least .03 at

Meadowl ands, Cotton.

5) Minor; some light drizzle on 26 September following cold front. Heavier

amounts, Isabella Ranger Statiom .11, Finland .10; none reported at many stationms.

October 1976

The fourth very dry month in a row. Slightly less dry along higher ground from

Gunflint Lake to Skibo.

1) Intermediaté R, 4 October. Most of the. precipitation for month fell in con-
nection with cold front passage in morning. Heavier amounts, Hoyt Lakes 1.07,
Babbitt .87, Meadowlands .87, Brimson .76, Ely USFSC .70, Minnamax .70, Cotton
.69, Whiteface .67, Dunka River .66, Winton .65; Kawishiwi .60; least .16 at
Crane Lake, only .24 at Finland, .29 at Hibbing Airport.
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2) Minor S, 7-8 October. Snow showers, rain showers 7-8 October in cold air.
Heavier totals, Grand Marais .47, Crane Lake .24, Hoyt Lakes .13; only .03 at

Eagles Nest, Ely USFSC Cotton, and Hibbing Airport; just a trace at Meadowlands.

3) Minor S, 14-16 October. Instability snow showers 15-16 October. Behind
Continental front passing midday 14 October. Heavier amounts, Ely USFSC .29,

Minnamax .30; least was trace at Meadowlands.

4) Minor S, 19-22 October. Snow and snow showers ahead and behind cold front
' passage during day on 20 October. Heavier totals, Crane Lake .45, Babbitt .23,
Isabella Ranger Station .21, Ely USFSC .20, Winton .20, Kawishiwi .20; many sta-

tions reported less than .10,

November 1976

Very much below normal precipitation for fifth month in a row. Only Dunka River
reported more than .40 inches--and the reading there is probably too high due to

the possible snow blowing into the gage. All precipitation from snow showers.

1) Minor S, l1-4 November. Light snow showers, following frontal passages 1-4
November, Heavier amounts, Winton .14, Tower 3S .13, Crane Lake .12; most sta-

tions less than .05.

2) Minor S, 9-12 November. Light snow showers following frontal passage on 9

November. Heavier totals, Minnamax .19, Island Lake .18, Tower 3§ .l6.

3) Minor S, 17-30 November. Light amounts almost daily 17 November to end of
the month at most stations. Heavier totals through entire period, Gunflint Lake

.18, Cotton .18, Whiteface .16, Brimson .l16; very light amounts at most stations.
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December 1976

Sixth straight month of below-normal precipitation. Maximum over high ground,

less along Lake Superior and west,

1) Minor R, 2-4 December. Snow began ahead of Pacific warm front on evening of
2 December. Snow lasted to arrival of front at midday 4 December then quit or
tapered off. Heavier totals, Kawishiwi .20, Tofte .20, Hoyt Lakes .17; lesser

amounts .04 at Grand Marais, .05 at Hibbing Airport and Tower.

2) Minor S, 5-6 December. Snow began in southerly flow ahead of vorticity max-
imum on late evening of 5 December into evening. Heavier totals, Gunflint Lake
.30, Eagles Nest .18, Whiteface .18, Hibbing City .17; only .03 at Minnamax, .09

at Hibbing Airport.

3) Minor R, 9-10 December. Snow began early on 9 December ahead of Pacific
front, continuing to passage of continental polar cold front late on 9 December.
Heavier totals, Island Lake .48, Gunflint Lake .31; only .02 at Minnimax, .04

reported at Hibbing Airport, Grand Marais, and Cotton.

4) Minor R, 11 December. Light snow ahead of Pacific warm front., Maximum .03

at Crane Lake, trace or none elsewhere.

5) Minor R, 13 December. Light snow began midmorning ahead of Pacific warm
front. Heavier totals, Grand Marais .07, Winton .02, Hoyt Lakes .0l; trace or

none elsewhere. .

6) Minor S/R, 21-22 December. Snow in association with cold front passage wee
hours on 22 December. Heavier totals, Grand Marais .08, Crane Lake .05, Tower

.05; lesser amounts elsewhere.
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7) Minor R, 24-25 December. Snow ahead of Pacific warm front passage; some
after on 24 December. Heavier totals, Eagles Nest .48, Whiteface .16,

Meadowlands .13; lesser amounts elsewhere.

8) Minor R, 26-27 December. Snow on 26, 27 December in response to low passage
to south of Study Area. Heavier totals, Brimson .36, Hibbing City .35, Cotton

.33; only trace at Gunflint Lake, .03 at Grand Marais.

January 1977

This was the seventh straight month below normal precipitation in the Region.
All falls of snow were minor. No liquid precipitation fell. Heaviest preci-
pitation was along the higher ground parallel to the lake, as it is most of the

time, while higher totals either side.

1) Minor S, 1-3 January. Light snow on 2-3 January. Heavier totals Kawishiwi

.10, Island Lake .10. But only trace at Babbitt, .0l at Minnamax.

2) Minor S, 5-6 january. Snow showers ahead of, behind cold front during day
on 6 January. Heavier totals island Lake .24, Babbitt .15. Lighter amounts

Cotton .01, Meadowlands .02, Tower .05.

3) Minor S, 12-14 January. Showers brought by small-scale systems 12-14
January. Heavier totals Island Lake .35, Meadowlands .31, Brinson .21. Only a

trace at Cotton, Gunflint Lake, Tower.

4) Minor R, 19 January. Snow on afternoon of 19 January ahead of Pacific warm
front. Heavier totals Minnimax. 12, Hibbing City .08; only a trace at several

places.
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5) Minor S, 20 January. Light snow flurries behind cold front during day of 20

January. Isabella ELC recorded .0l; other places trace or none.

6) Minor R/S, 22-26 January. Snow most of the time ahead of Pacific front
arriving on 23 January. Heavier totals Brimson .27, Winton .27, Hoyt Lakes .23,

Babbitt .23. Smaller amounts Minnimax .03, Virginia .03.

7) Minor S, 27-31 January. Small systems behind frontal passage of afternoon
27 January brought light scattered snow showers to end of north. Heavier
amounts Isabella ELC .11, Island Lake .06, Hibbing Airport .06, Crane Lake .06.

none reported or a trace at some places.

February 1977

Storm late in month started the end of the long dry period since July and began
a wet period lasting for the rest of the project. Precipitation from the storm
pretty well reflected the pattern for the month. Heaviest precipitation was

along the high ground, the least along Lake Superior and to the west of the high

ground.

1) Minor S, 2-9 February. Snow behind cold front passage on afternoon of 2
February. Heavier totals Minnimax .20, Tower .15, Gunflint Lake .15, Winton .10,

Crane Lake .10, Least .03 at several places.

2) Minor R, 7 February. Light snow in southerly flow on 7 February. Most .06

at Isabella ELC, trace at most other places.

3) Minor R, 11-~12 February. Drizzle and fog in connection with occlusion
passage on 12 February. heavier totals Gunflint Lake .15, Isabella ELC .13,
Hibbing Airport .06. Only a trace at Tower, Virginia, Grand Marais.
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4) Minor S, 13 February. Snow with return of cold front from northeast.
heavier amounts Isabella ELC .04, Eagle Nest ,02. None reported or a trace at

most places.

5) Minor S, 16-18 February. Warm front followed by cold front, brought light
traces of snow to most places, with Babbitt reporting only measurable precipita-

tion at .0l.

6) Minor S, 19-20 February. Light snow on evening of 19 february from low
clouds behind passing cold front. Heaviest fall Virginia .0l, trace or none

reported elsewhere.

7) Major 4, 23-26 February. Biggest storm of the winter signaled the beginning
of a wet era, ending the long drought that prevailed since July 1976. By far
most of the precipitation falling this month occurred during this storm. Heavier
storm totals Finland .86, Whiteface .81, Wales .80, Gunflint Lake .64, Hibbing
Airport .60, Tofte .60, Minnimax .60, Virginia reported only .04, Babbitt .15,

Hoyt Lakes .15.

March 1977

March 1977 was a wet month nearly everywhere in the Region, and especially wet
towards the southern Lake Superior north shore. The high ground area was very

wet,

1) Intermediate R, 3-5 March. A large storm passes to the south of the Region
3-5 March, bringing snow those dates. Heaviest totals Wales ,70, Island Lake
.62, Meadowlands .53, Eagles Nest .27, Tower .27, Embarrass .26. Least a trace
at Grand Marais, .05 at Hibbing Airport.
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2) Minor R, 9 March. First rainstorm of year on 9 March with frontal passage.

Heaviest total .13 at Isabella ELC; .10 at Virginia.

3) Major R, 11-14 March. Heavy rainstorm borne on northeasterly winds as a
storm passed to the south. Heaviest totals Wales 1.80, Finland 1.74, Island
Lake 1.73, Tofte 1.70, Isabella Ranger Station 1,10. Lighter amounts Crane Lake

+25, Embarrass .46, Hibbing Airport .51, Eagles Nest .60.

4) Minor S, 17-18 March. Snow following cold front on 17-18 March. Heavier

totals Island Lake .22, Virginia .21. Trace at Grand Marais, Winton.

5) Minor R, 22 March. Snow accompanying strong cold front passing on afternoon
of 22 March. Heavier totals Brimson .20, Island Lake .15. Lighter totals Grand

Marais trace, Babbitt trace, Virginia .01.

6) Intermediate R, 26 March. Rain and drizzle with cold front passing on
evening of 26 March. Heavier totals Minnimax .65, Grand Marais .51, Wales .50,

Tofte .50, Finland .47, Isabella ELC .45, Isabella RS .45.

7) Intermediate R, 27 March. Storm center passing Region 27-30 March. Heavier
totals ‘Isabella ELC 1.15, Island Lake 1.12, Minnimax 1.05, Wales 1.00. Lighter
totals Hibbing Airport .10, Winfon +29, Meadowlands .54, Hoyt Lakes .39, Tofte

.50, Tower .63.

April 1977

Precipiation was fairly uniform over the Region this month as no single precipi-

tation event dominated the month's totals.

1) Minor R, 1-2 April. Rain, drizzle on night of 1-2 April with passage of
occlusion. Heavier totals Tower .29, Tofte .10, Ely, USFSC .06.
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2) Minor S, 6-7 April., Very light precipitation associated with passage of
cold front from the north-northeast on night of April 6-7. Total of .02 at

I A S AL 1 R AL R A LA A T2t
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1) Minor R/3, 11-12 April. Rain showers before, behind Pacific cold front on
12 April. Heavier totals Crane Lake .32, Brimson .23, Isabella RS .17, Only a

trace at Gunflint Lake, Winton, and Babbitt.

.

4) Minor R/S, 14-15 April. Showers in southeasterly flow 14-15 April. Heavier
totals Tower .21, Isabella RS .10, Cotton ,08. Only a trace at Grand Marais,

.0l at Winton.

5) Intermediate T, 17 April. Nightime thunderstorms broke out on wee hours of -
17 April--the first of the season. Heavier amounts Gunflint Lake .33, Eagles

Nest .32. Lesser amounts trace at Grand Marais, .08 at Ely USFSC.

6) Major R/T, 18 April. Morning and afternoon thundershowers 18 april in conn-
cection with Pacific cold front. Four days of rain and east wind 18-21 April as
the Pacific cold front stalled over Lake Superior. Total amounts over region
fairly uniform, with most locations recording between .90 and 1.10 inches.
héavier totals Gunflint Lake 1.54, Finland 1.16. Lesser totals Grand Marais

.56, Winton .65, Crane Lake .67, Kawishiwi .80.

7) Minor S, 23 April. Sprinkles on 23 April from passing cloud system. Only

traces at some stations.

8) Minor T, 29 April. Light, widely scattered thunderstorms on afternoon of 29
April. Heavier totals Island Lake .17, Gunflint Lake .10, Whiteface .10,
Meadowlands .06, Hoyt .03. ©None or a trace elsewhere. Radar echoes show shower
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cells forming just east of St. Louis River,moving from WNW to ESE, disssipating
upon reaching Lake Superior. First echoes at 1517 CST 29 April; last echo 2010

CST.

May 1977

Three heavy rainstorms conspired to bring expecially heavy totals téthe area
between Burntside and Birch Lakes. Precipitation was only about one-third as

much along the Lake Superior shore.

1) Minor S, 1 may. Light showers with frontal passage during wee hours of 1

May. Maximum precipitation Crane Lake .06, none or a trace at many stations.

2) Intermediate R/S 4~5 May. Showers in southeasterly flow 5 May. Heavier
totals Babbitt ,75, Grand Marais .67, Minnimax .65, Kawishiwi .60, Wales .60.

Lighter amounts Island Lake .22, Cotton .26.

3) Intermediate S, 10-11 May. Showers in warm air on 10 May. heavier amounts
Babbitt .39, Minnimax .35, Ely WFSC .34. But only a trace at Hibbing Airport,

.05 at Hibbing - and Gunflint Lake.

4) Minor S, 13 May. Convective showers detected on radar evening of 10 May
moving from near Northshore Junction to near Split Rock Point. Did not pass

over any rain gage stationms.

5) Major T, 15 May. Heavy nocturnal thunderstorms wee hé&s of 15th, more on
afternoon of Ma§ 15. According to radar, precipitation cells moved from soﬁth—
southwest while systems moved from west in wee hours and afternoon alike.
heavier totals Ely USFSC 1.96, Eagles Nest 1.74, Vermilion College 1.59, Olson
Bay 1.45, Hoyt Lakes 1.10, Cotton .96. Lighter amounts Snowbank Lake trace,
Gunflint Lake Trace, isabella ELC .02 Hibbing Airport .09.
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6) Minor T, 17 May. Convective showers afternoon of 17 May. Heavier amounts
Wales .70, Kawishiwi .60, Winton .45, Brimson .41. None at Virginia, Gunflint

Lake, only a trace at Hibbing Airport.

7) Minor T, 18-19 May. Convective showers afternocon of 19 May. Hevier amounts

.28 at Crane Lake, Cotton .l12. None at some stations.

Nocturnal convective showers cells moving from the southwest appeared on radar a
few minutes before the end of the day on 18 May, lasting through the night.

None as part of organized systems.

8) Major T/R/S 20-24 May. Storm passinf ocwe on 20 May followed by showers off
and on at all times of the day from 20 May to 24 May. Heavier totals Embarrass
2.18, Tower 1.81, Hoyt Lakes 1.73, Ely USFSC 1.51, Kawishiw 1.50, Hoyt Lakes
1.73, Meadowlands 1.36, Winton 1.36 Eagles nest 1.31. Lighter amounts Gunflint

Lake .45, Isabella RS .49, Grand Marais .72, Wales .80.

9) Minor T, 27 May. Showers in warm air 27 May. Heavier amounts Eagles Nest

.+«26, Embarrass .23, Tower and North Shagawa .15. None at many stations.

10) Minor T, 20 May. Showers cell moving from south-southeat detected on radar
just after sunrise 29 May near Beaver Bay. In warm air mass. Moved to east of
Brimson, died. Other cells brought scattered showers elsewhere. heavier totals
Brimson .81, Meadowlands .41, Hibbing Airport .21, Skibo .08. Many stations

none or a trace.

11) Major R, 30-31 May. Warm front passage brought very heavy rains over all
of Region except Grand Marais. Heavier totals Tower RS 2.66, Stony River 2.50,
Isabella RS 2.34, Isabella ELC 2.22, Crane Lake 2.14, Eagles Nest 2.12,
Embarrass 2.08, Hoyt Lakes 2.07, Skibo 2,06, Vermilion College 1.95, North
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Shagawa 1.92, Ely USFSC 1.88, Water Hen 1.85, Virginia 1.75, Cotton 1.75, Olson
Bay 1.74, Snowbank Lake 1.70, Kawishiwi 1.70. Less amounts Grand Marais .73,
Fairbanks .77, Finland .85, Babbitt .92, Hibbing Airport .93, Wales 1.21, Winton

1.37, Gunflint Lake 1.61, Island Lake 1.67, Meadowlands 1.69.
June 1977

1) Minor S, 3-4 June. 3-4 June showers arrived ahead and behind Pacific warm
front., Radar indicates cells and systems both moved from west. Heavier totals
Meadowlands .47, Cotton .45; Water Hen .31, Island Lake .28, Hi#bing Airport.
.27, Whiteface .25; amounts least at Gunflint Lake, Crane Lake, Snowbirch Lake
ﬁrace, North Shagawa trace, Olson Bay .02, Embarrass .03, Eagles Nest .03, Tower

.03, Grand Marais .03.

2) Intermediate T, 5~6 June. Thunderstorms with continental cold front passage
on afternoon of 5 June, lasting to a bit past midnight. Heavier storm totals
were done .90, Gunflint Lake .85, Kawishiwi .80, Stony River .70, Snowbank Lake
.59, North Shagawa .57, Olsen Bay .52, lighter amounts Fairbanks .02,

Meadowlands .02, Cotton .08.

3) Intermediate T/R, 7-8 June. On June 7-8, rainclouds with imbedded thun-
derstorms north of low center brought appreciable rains‘to most of the Region,
imbedded thunderstorm cells radar-detected as far north as Lake Vermilion moved
from north to south. Heavier totals Brimson .92, Olsen Bay .55, Ely USFS .50,

lighter amounts ,02 Isabella RS .02, Isabella ELC .1l0.

4) Minor S., 10 June. Slight storms on 10 June from overcast skies, in
southeasterly flow. Heavier totals brimson .41, Meadowlands and Island lake
.17. None or a trace at some stations.

20




5) Minor R/S, 13~14 June. Cold front brought light showers omn 13-14 June.
Heavier amounts Gunflint lake .32, Water Hen .17, Crane Lake .12, Grand Marais

.09, Fairbanks .08, Eagles Nest .08.

6) Major T, 15-16 June. Nocturnal thunderstorms June 15-16 ahead of Pacific
front brought appreciable amounts of rains over most of region. Cells on radar
moved from west to east. Heavier amounts Crane Lake 1.73, Winton l.44, Hibbing

Airport 1.26, Snowbank Lake 1.13. Lighter amounts Water Hen .04, Cotton .09.

7) Major T/S, 18-20 June. Showers, thunderstorms ahead of advancing warm front
18-20 June. ﬂeavier totals Brimson 2,57, Olson Bay 1.89, Crane Lake 1.80,
Isabella ELC 1.77, Babbitt 1.62, Isabella RS 1.59, Eagles Nest 1.58, Whiteface
1.53, Water Hen 1.50, Stoﬁy River 1.35, Snowbank Lake 1.20, Tower 1.16, Gunflint
lake .99. Lesser amounts Grand Marias .26, Island Lake .38, Winton .37, |

Meadowlands .40.

8) Major T/R, 22-23 June. .Thunderstorms and general rains ahead of warm front
on night of 22-23 June. Radar cells moved from southwest, with one moving
directly over Fairbanks. Heavier totals Fairbanks 1.54, Stony River 1.33,
Whiteface 1.14, Hibbing Airport 1.13, Cotton 1.10, Hoyt Lakes 1.09. Lesser

amounts Isabella ELC, Crane Lake .28, Gunflint Lake .28, Log Cabin .32.

9) Minor S, 24 June. A few cells, seen on radar morning from northwest, around
dawn on 24 June., Most stations recorded northing, and only .02 at Fairbanks and

Island Lake.

10) Minor T, 26 June. some nocturnal thunderstorms on wee hours of 26 June.
Cells on radar seen moving from west-northwest, detected even in far north of
region. But few heavy amounts. Heaviest Snowbank Lake .44, Embarrass .15,
Crane Lake .09.
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11) Major T, 27-28 June. Afternoon thunderstorms 27 June, nocturnal thun-
derstorms 27-28 June. Cells, according to radar, moved from WSW. Many detected
on radar, some into Ontario. Heavier amounts Isabella ELC 1.69, Skibo 1.42,

Island Lake 1.00. Only .02 at Grand Marais, .16 at Snowbank Lake and Virginia.

12) Intermediate, 29-30 June. Nocturnal thunderstorms on night of 29-30 June.
Heavier amounts Stony River 1.15, Island Lake .72, Fairbanks .69, Kawishiwi .60,

Only .09 at Water Hem, Grand Marais .14, Gunflint Lake .15.

13) Intermediate T, 30 June. Rain and thunderstorms on 30 June, following
passage of cold occlusion. Radar indicated cells moved from west-northwest.
heavier totals Snowbank Lake .84, Isabella RS .73, Embarrass .65. Cotton

reported only .09.
July 1977

Heavy totals south shomr Lake Vermilion, Greenwood Lake areas. Dry around
Snowbagk Lake and along Lake Superior shore north of Beaver Bay. Also, dry
trough from Snowbank Lake, along Kawishiwi River through Hoyt Lakes to Hibbing

~

Airport.

1) major T, 2-3 July. Nocturnal thunderstorms on night of 2-3 July ahead of
Pacific cold front. Radar-detected cells moved from southwest. Thunderstorms
continued on afternoon of 3 July following arrival of Pacific front around noon

3 July. Heavier totals Isabella RS 1.22, Babbitt 1.06, Embarrass 1.00. Only

.26 at Meadowlan&s.

2) Major T, 4-5 July. Daytime thunderstorms on 4 July into 5 July. Heavier
totals Tower 1.31, Crane Lake 1.30, Eagles Nest 1.14, Kawishiwi 1.10. Only .02
at Fairbanks, .20 Island Lake.
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3) Minor T, 7 July. Afternoon and evening showers 7 July. Heavier amounts

Skibo .14, Whiteface .14, Fairbanks .13. None or a trace at many places.

4) Intermediate T/S, 11-13 Juiy. Scattered shower activity ahead of continen-
tal cold front on 11 July. Cells moved from the SSW. More showers fell behind
front on 11 July into morning of 12 July, with afternoon thunderstorms on 13
July. Heavier totals .37 at Isabella RS, Skibo, Grand Marais and Cotton.
Lesser amounts Meadowlands .07, Hibbing Airport .07, Isabella ELC .07, Tower

.09.

5) Major T, 16 July. Thunderstorms ahead of cold front on morning and after-
noon 16 July. Cells as seen on radar moved from wést; systems moved from west-
nofthwest. Cells large on radar, observed as far north as Lake vermilion.
Heavier totals Brimson 2,08, Skibo 1.73, Water Hen 1.70, Wales 1.60, Embarrass
1.52, Tower 1.43, Only .01 at Crane Lake, .23 at Gunflint Lake, .28 Olson Bay,
.28 at North Shagwa, .30 at Winton, .31 at Ely USFSC, .34 Babbitt, ;35 Stony

River.

6) Minor S, 20 July. Sprinkles with cold front passage 20 July. Most precipi~

tation .08 at Isabella RS; .02 at Eagles Nest, North Shagwa, Tower.

7) Minor S, 23 July. Showers on 23 July. Most .60 Island Lake, .40 at Stohy

River. None at many stations.

8) Minor T, 24 July. Evening thunderstorms on 24 July after cold front
passage. Heavier totals Stony River .40, Crane Lake .22, Cotton .21, Olson Bay

.18. Many stations reported no rain.

10) Intermediate S, 28 July. Evening showers on 28 July in Pacific air.
" Heavier totals Gunflint Lake .58, Finland .44. None at some stations.
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11) Intermediate R/S, 30-31 July. Showers from low overcast associated with
advancing occlusion during day of 30 July. More showers, following front, to
wee hours of 31 July. Heavier totals Meadowlands .85, Wales .80, Finland .74,
Water Hen .69, Cotton .62, Tower .59. Least .21 at Crane Lake; only .29 at

McKinley, .30 at Kawishiwi and Hoyt Lakes.
August 1977

Very heavy totals along axis from Hibbing Airport to Basswood Lake. Dry axis
along eastern slope of high ground ridge. Much of wet excess due to outbreak of

enormous, stationary system of cells éassing over wet axis 26 to 28 August,

1) Minor S/T, 1-5 August. Rain during early hours of 1 August in association
with vry cold air behind continental cold front. Several small vorticity maxima
brought showers off and on through 3 August. Heavier storm series totals
Brimson l.17, mcKinley .91, Whiteface .68, During some period none at Snowbank
Lake, only trace at Log Cabin and Babbitt, .02 at Finland, .06 at Ely USFSC and

Grand Marais, .10 at Winton and Kawishiwi.

2) Minor S, 5-8 August. New surge of cold air behind front arriving at 0330 5
August brought more days of a small-shower regime from minor systems. Heaviest
totals 5-8 August Gunflint Lake .56, Snowbank Lake .48, North Shagwa .37. Only

.07 at Ely USFSC, .08 at McKinley and Meadowlands.

3) Minor S, 10-14 August. A third cold blast of continental air on wee hours
of 10 August, followed by afternoon 12 August, continued a regime of very light
scattered showers to l&4 August. Heavier totals Embarrass .17, Tower .15. No

rain reported at Skibo and Lob Cabin.
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4) Minor T/S, 15-16 August. Showers on 15 August as wave moved éastward, south
of the Region, followed by thundershowers on afternoon of 16 August. heavier
totals Tower .48, Crane Lake .45, Island Lake .42, Skibo .38. Only .06 at

McKinley, .09 at Finland.

5) Major T, 20 August. Nocturnal thunderstorms began 20 August ahead of cold
front arriving about noon that date. Heavier amounts Skibo 2.49, Hoyt Lakes
1.25, Finland .93, Tower .84, Embarass .73, Babbitt .62, Fairbanks .61, Wales

.60. Only .05 at Meadowlands and Crane Lake, .15 at Cotton.

6) Minor T, .22 August. Thunderstorms broke at around start of day 22 August.

Heaviest totals Winton .22, North Shagawa .21. None at some statioms.

7) Very Major T, 26-28 August. Spectacular outbreak of enormous series of
scores of thunderstorms in system extending from Region to South Dakota. New
s torms s%h on radar genera;ing from 26-28 August; Thunderstorms cells moved
from southwest to northeast while massive system remained almost stationary.

100-year-plus rains at many places. Precipitation totals from systems in order

to totals.
Log Cabin 7.72 Kawishiwi 4.10
Snowbank Lake 5.53 Gunflint Lake 3.84
Ely USFSC 5.08 Grand Marais 2.93
Winton 5.01 Skibo 2.63
Tower 4.96 " Crane Lake 2,38
Olson Bay 4.80 Isabella ELC 2.34
Eagles Nest 4.73 Isabella RS 1.76
Hoyt Lakes 4.73 Meadowlands 1.59
Hibbing Airport 4.62 Whiteface Res. 1.59

25




Babbitt " 4.60 Finland 1.39

N. Shagawa 4,53 Cotton 1.13
McKinley 4.35 Brimson 1.07
Embarrass 4.12 Fairbanks 1.01

Wales 1.00

8) Major T, 30-31 August. More heavy rains over mush of region 30 August,
extending into 31 August. Heaviest totals Grand marais 3.65, Embarrass 2.23,
Isabella RS 2.12, Brimson l.61. Least at Island Lake .41; McKinley .43, Olson

Bay .44, Meadowlands .59, Gunflint .62, Eagles Nest .63, Cabbitt .71.

September 1977

Very wet regime continued. Two cold occlusions responsible for most of totals.
Wet axes along high ground ridge and from western Lake Vermilion to Lac La

Croix; minimum axis from Hibbing through Bfiikh Lake to Brule lake.

1) Intermediate S, 1 September. Showers on 1 September following cold front
passage on afternoon of 31 August. Heavier totals Olson Bay .93, Eagles Nest

.67, Tower .53. None at Gunflint Lake, only a trace at Log Cabin.

2) Major T, 3-4 September. Thunderstorms broke out on evening of 3 September
ahead of cold occlusion passing of morning of 4 September. heavier totals
McKinley 1.73, Hibbing Airport 1.61, Hoyt Lakes 1.56, Skibo 1.45, Virginia 1.30,
- Embarrass 1.22, Wales 1.20, Cotton 1.20, Whiteface 1.07. Lesser amounts

Gunfling Lake .35, Meadowlands .74,

3) Intermediate S/T 4-7 September. Showers, some thunderstorms to rear of cold
occlusions 4-7 September. Heavier totals over period were Cotton .88,
Meadowlands .81, Island Lake .80. Lesser totals Whiteface .10, McKinley .10,

Embarrass .l4.
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4) Very major T/R 9 September. Heavy showers ahead and behind another cold
occlusion forming early.on 9 September. Radar recorded cells to Ontario border,
moving west and west-—southwest. Heavier totals 8-10 September Gunflint Lake
6.40 Crane Lake 2.66, Kawishiwi 2.00. Lesser amounts Meadowlands .19, Island

Lake .20, Wales .30.

5) Intermediate R, 11-13 September. Shower activity to rear of cold occlusion
from 11 September to 13 September. heavier series totals Skibo .61, Hoyt Lakes
+59, Virginia .58. Lesser totals Olsen Bay .04, Winton .05, North Shagawa 10,

Eagles Nest .14, Ely USFS .15, Log Cabin..l5.

6) Major T/S/R, 18-19 September. Thunderstorm activity on 18 September. Radar

indicated cells moving from the west. Followed by showers and drizzle and in

northeasterly winds on 19 September. Heavier totals Grand Marias l.41, Gunflint

Lake 1.27, Crane Lake 1.19, Babbitt 1.08. Lesser amounts Skibo .21, Tower .24,

McKinley .25, Cotton W27,

Very Major R, 21-29 September. Slow-moving cold occlusion brought eight

straight days of rain to nearly every location in the Region. A real soaker.

Totals:

Wales 4.90 Tower 2.63 Embarrass 2.13
Brimson 2.99 Vermilion College 2.59 Virginia 2.05
Isabella 3.88 © Isabella ELC 2.57 Meadowlands 2.05
Grand Marais 3.70 Elf USFS 2.56 Hibbing City 2.00
Skibo 3.05 Olson Bay 2.54  Eagle Nest 1.84
Island Lake 2.99 Hoyt Lakes 2.44  McKinley 1.77
N. Shagawa 2.98 Winton 2.42 Hibbing Airport 1.67
.Whiteface 2.83 Babbitt 2.24 Log Cabin 1.38
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Fairbanks 3.19 * Crane Lake 2.20 Gunflint Lake 1.24

Cotton 2,20

October 1977 : .

Wet axis along high ground ridge and from Isabella to Burntside Lake. Dry from
Cotton to Birch Lake. Bulk precipitation from two major storms in first part of

month.

1) Minor S, 4 October. Showers behind cold front crossing on afternoon of 4
October. Heavier totals Tower .31, Island Lake .26, Meadowlands .26, Whiteface

.18, Crane Lake .17. Only .03 at Virginia, .05 at McKinley, .06 at Babbitt.

2) Major R, 7-8 October. Rain and snow in connection with devloping low
pressure system to the south. Heavier totals Finland 2.08, Island Lake 1.55,
Isabella RS 1.01, Meadowlands .90. Lesser totals Crane Lake .25, Gunflint Lake

«29, Skibo .34, Whiteface .34.

3) Major R, 10-11 October. Cold low pressure area intensified over Lake
Superior, bringing northerly gale andvheavy snow to the region, causing much
damage and deéstruction to the forest. Heavier totals Isabella RS 3.09, Isabella
ELC 2.67, Ely USFSC 2.41, North Shagawa 2.07, Gunflint Lake 2.05, Olson Bay
1.45. Lesser totals Island Lake .41, Hibbing City .61, Meadowlands .72, Skibo

.85.

4) Minor S, 17-18 october, Rain in flow behind cold front. Heavier totals
Hibbing Airport .43, Meadowlands .36, Hibbing City .30. A trace or more at some

stations.

5) Minor S, 25-27 October. Some light rain ahead of and behind Pacific cold
front crossing on wee hours of 26 October. Heavier totals Babbitt .09, Skibo
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.07, Cotton .05. None or a trace reported most stations.

6) Intermediate R, 31 October. Rain ahead of Pacific cold front on 31 October.
Heavier totals Grand Marias .82, Island Lake .52, Isabella Ranger Station .51.

But only .04 at Virginia, .12 at Isabella ELC.

November 1977

Wet axis along high ground ridge and from Birch Lake to Burntside Lake. Dry

axis from Cotton through Skibo to Saganaga Lake,

1) Minor R, 7-8 November. Drizzle and fog ahead of sharp cold front on 7-8
November. Heavier totals, Hoyt Lakes .15, Embarrass .12. Only a trace at

Hibbing.

2) Major R/S, 9-10 November. Drizzle and rain on 9 November ahead of sharp
cold front changed to snow behind the front. Heavier totals Babbitt 2.98, Olson
Bay 1.66, Hoyt Lakes 1.58,.Embarrass 1.57, Eagles Nest 1.54. Only .20 reported

at Grand Marais, isabella RS .39.

3) Major R, 15-17 November. Frontal system brought heavy precipitation
occurring ahead and behind it on 15-17 November. Heavier totals Olson Bay 1.90,

N

Brimson 1.87. Only .14 at Finland, .23 at Grand Marais.

4) Major R, 19-20 November. Warm passage 19-20 November brought snow to all of
region. Heavier totals Finland 1.65, Isabella RS 1.55, Grand Marais 1.48,
Island Lake 1.24, Hibbing Airport 1.22, Brimsonm l.l14. Lesser amounts Babbitt

.44, Cotton .46.

5) Minor S, 22 November. Sprinkling of snow on 22 November as low moved to the
south of the region. Heavier totals Whiteface .07, Island Lake .06. None or a

trace at many stations.
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6) Minor R, 27-28 November, a dash of snow 27-28 November as wave moved south
of Region. Heavier totals Meadowlands .12, Brimson .10, Tower .07. None or a

trace at some stations.

December 1977

Wet axis along high ground, dry along axis from Hibbing airport to Saganaga Lake

and along north shore of Lake Superior.

1) Minor S, 1-3 December. Snow showers 1-3 December behind continental cold
front. Heavier totals Brimson .13, Tower .08, Hoyt Lakes .06, None or a trace

at some stations.

2) Intermediate R, 5-10 December. Six straight days of snow over nearly all of
Region as general low cloudiness prevailed. Heavier totals Isabella RS 1.45,
Finland 1.13., lesser amounts Island Lake .32, Hibbing City .24, Meadowlands

.25.

3) Minor R, 11-15 December. Low pressure to the south 11-15 December brought
freezing drizzle, snow to region. Heavier totals Gunflint Lake .51, Embarrass
.38, Hoyt Lakes .32. Only a trace at Meadowlands, .01 at Cotton and Island

Lake, .02 at Whiteface.

4) Major R, 16-21 December. Approach and passage of Pacific cold front brought
rain, freezing precipitation fand snow 16-21 December. Heavier totals Island
Lake 1.53, Finland 1.44, Brimson 1.28. Lesser totals Babbitt .27, Eagles Nest

.40, Hoyt Lakes .47, Embarrass .53.

5) Minor S, 23-25 December. Dash of snow 23-25 December from occasional
cloudiness in northwesterly flow. Heaviest totals .0l at Embarrass, Eagles
Nest, island Lake. None reported or a trace elsewhere.
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6) Minor S, 27-28 December. Small frontless disturbance brought small amounts
of snow 27-28 December; .06 at Eagles Nest and Meadowlands, .05 at Babbitt, .04

at Tower. None reported or a trace at several stations.
4.3 DAILY RAINFALL TOTALS

This section, on tables%_ toii gives daily rainfall totals for the raingage
station in the»COpper—Nickel Region from April 1, 1976 to April 30, 1978.

Values are in hundredths of inches, the letter "t" indicates trace, i.e., less '
than .0l inches. The nunhers‘atrthe top of each‘chart are the observation time
of the station. All stations except the Hihbing airport operate on local 1éga1"
time. The Hibbing airport data are based on Central Standard Time year round.

Figurelfi gives raingage locations.

Figures and tables

4.4 MONTHLY PRECIPITATION CHARTS (FiguresBa-3w) -

This section contains monthly precipitation charts. Values plotted on the
charts are in hundreths of inches with isopleths of equal precipitation drawn

for every 10 millimeters increment,

The monthly totals are. true monthly totals,

occurred on the last day of the month but was recorded by the observer on the

flrst day of the next month the value was 1ncorporated 1nto the month in whlch
it actually fell. This was done by reference to other ralnfall data and by
‘reference to ‘the weather radar.- The patterns hereln are descrlbed in the

Precipitation Events section.

" Figures . - -
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4.5 DAILY WEATHER RADAR PRECIPITATION ECHO LOCATIONS

This section charts, on a daily basis, the locations of precipitation echoes
over the Copper-Nickel Region as observed by the Minneapolis-Stf Paul weather
radar. In some cases, echoes recorded outside of the Region where their con-
tinuity is important. Where a sharp, straight cutoff appears, the echo was not
charted. On days when no echoes were observed no dates are included. 1In

essence, the shaded patterns on these maps give th elocation of where the larger

precipitation-bearing systems appeared on each given day. In order for thelfv‘
Minneapolis-st. Paul redarAto pick up-the echoes, precipitatien cells mustfbei
quite hiéh ih,altitude. Since the earth curves, precipitation cells further
from Minneapoiie-St. Paul must be higher than those closer. Thus, celle.in the
southern part of the Region will appear more often than those in the north,

which is further from Minneapolis-St. Paul.

The patterns on the charts are discussed in the Events section. On thgg charts,
echoes occurring between midnight (0000) and noon (1200), CST, are shaded'green,

and those occurring between noon (1200) and midnight 2400) CST are shaded red.

Figures o 4o BFF -

| 4.6, STORM TRACK COMPOSITS . .

" The follow1ng charts glve all of the radar prec1p1tat10n tracks in the Copper-'7"

Nlckel Reglon observed each month by the Mlnneapolls—St. Paul weather radar o

~

; durrng 1977._ In 1976 there were v1rtua11y no tracks observed. In‘lleu ofww

1976 therefore, tracks of echos in July, August, and September 1975 are pre~=~

sented so that the‘reader may compare tracks between two years.

F‘j?f%‘ % to
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4.7 CONCLUDING REMARKS

This section has presented information on rainfall that occurred during the
Copper-Nickel Project. What summary can be made from this information? Let us

look at some conslusions that the evidence appears to offer.

1) The general rainfall pattern apparent in most months is one of higher preci-
pitation along the high ground from the Island Lake Reservior through Isabella

to Eagle Mountain.

2) The monthly (and annual) precipitation pattern is generally directed
parallel to lake Superior. This patern breaks up west of Lake Vermilion. This
is a dry axis along the shore, and another from Meadowlands through Brich Lake

to Basswood Lake.

3) .The radar data strongly shows that precipitation echoes moving from the
Region into Lake Superior nearly always quickly disapp%}, indicating sudden
death of thunderstorms and convective systems over the lake. Only a few enor-
mous echos Qere found which survived very far out on the lake. Air over the
lake is cold in the warm season--ingestibn of this cold air into any free rising
updrafts a%%rently quickly kills the updrafts. The immediate land area along
the north shore is likely drier than further inland due not only to subsidence
(sinking) of air moving from the west, but also because convective cells from
the south and south-southwest cannot generally cross the lake to reach the

shore.

4) In a given month, there is about a 3 to 1 ratio in the total precipitation
value between the station recording the most precipitation and the station
recording the least, the station spacing and number of stations being what they

were.
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5) Thunderstorms dominate the precipitation events most strongly in May, June
and July, while general storms dominate in March, April. General storms and
thunderstorms are both important in August and September. From October to

February, general storms and shower regimes are both important.

6) As might be anticipated, thunderstorm events %% associated with the greatest
variations in precipitation over the region, general storms the least, with non-

thunderstorm showers being in-between in va@jationw

7) As might be anticipated, most convective celks observed on radar move from
between WSW and WNW. Wetter years and months seem to favor tracks from the WSW,

drier times favor tacks from the west and WNW.
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Chapter 5 SNOW
5.1 SNOWFALL

Using the Reserve Mining Babbitt station as the reference station for monthly

snowfall for the two seasons, we have the following values of total snowfall:

1976-1977 1977-1978

September t 0
October 0.8 3.0
November 1.7 10.0
December 9.5 5.5
January 7.3 4.3
February 3.2 4.5
March 2.5 A 10.0
April _t £ 3.0

Total 25.0 40.3

Both of the cold seasons are well below the normal of 55 inches of "snow at the

station.
5.2 SNOW DEPTH

Snow on the ground is a meteorological variable which heavily influences other

meteorological variables,I+ has an effect on air temperature, since it acts as a

resistor 1,.rr~pffthheat exchange between the soil and the air. For the same

reason, it has a profound effect on soil temperature. It affects absorbtion of
. . . . . w'da

solar radiation, with the white reflecting far more sunlight thanﬁthe natural

ground cover, .. It also affects fog, impeding its formation when the cover

is complete, but encouraging it during melt times. During melt, it thus also

affects atmospheric humidity.




The 1977-1978 winter had a much more extensive snow cover from the standpoint of
duration and depth than that of 1976-1977. During the 1976-1977 cold season,
the permanent snow cover lasted from early November to early March, while in
1977-1978 the cover lasted from early November to early April--a full month

longer.

Figureslgg toqgé give plots of the depth of snow on the ground from daily obser-
vations during both seasons at Babbitt, Maximum depth occurred at the end of

January in 1977, and in late March in 1978.

Snow depth observations were made by Copper-Nickel staff at other locationms,
notably at the air quality stations and at plots operated by the terrestrial
biology group. Turning attention first to tﬁe depths from the air quality sta-
tions, Figures Qg_tolﬂé give depths for Whiteface, the Babbitt Golf Course,
Toimi, Dunka River, Bearhead Lake, Isabella Environmental Learning Center (ELC),
Kawishiwi, and Fernberg Road. During both cold seasons, not much difference in
snow depth was observed, and the length of cover was about the same, except for
the Fernberg Road site, which is well within the forest aﬂd displayed an

expected longer lingering cover in the spring of 1977.

Data taken by the Copper-Nickel staff on plots in remote areas in January and
February of 1977 are of special interest in that they,too,reflect'very little

difference in snow cover between stations.

Care should be taken in interpreting the results of the snow data. First, both

years were well below normal in snowfall, .In more snowy years, it would be

expected that greater variations in snow would occur, since heavy snow would

mean big storms. Big storms would likely favor heavier snows in the east, 1essﬂ‘$QW5
in the west of the region., @he long-term climatic data indicate that the
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eastern end is¢nowier than the western parts of the regioa. However, it can

also be considered that the differences are not great.




Chapter 6 WIND
6.1 YEAR-TO-YEAR VARIATIONS

Plots were made of the year-to-year wind variation at Hibbing from 1970 to 1976.
These were de-biased, and are shown in Figurestze_tolgéi along with the 10-year
average wind rose from 1964-1977 (Figure El). The yearly roses show that there
is not a great deal of difference in %ind from one year to the next. Note that
in every case the prevailing wind varies only between 310 to 335 degrees.

Further, the southeasterly secondary maximum varies between 135 and 180 degrees.

The warm year, 1973, which had an average annual temperature of 39.6°, has a
very strong south component, coming close but not equalling the northwesterly
maximum. Contrast this with the cold year, 1972, which an average annual tem
perature of 34.9°, and more northwesterly through northeasterly winds. The

south winds were significantly less frequent in 1972 than in 1973.
6.2 MONTHLY WINDS

Monthly wind roses were plotted for Hibbing comparison of monthly wind data with
the 10-year averages from the summer of 1976 &kt the summer of 1977. These are

shown in Figures Ij‘_l to[_‘f_ﬁ_.

It can.be seen from comparison with the 10-year average roses that monthly roses
may vary radically from the average. A month-by-month discussion is
enlightening, especially in context with the departure of mean temperature from
the normal. The temperature average given here is for Babbitt, which has a

large period of record in the same location.
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June 1976--An excess of winds between 130° to 220°, a deficit between 280°
and 320°, Also, a deficit between 070° and 120°. With the surplus of
southerlies and lack of northwesterlies, the mean month's temperature averaged

3.39 above normal.

July 1976--The rose was near the normal. The mean monthly temperature was near

normal also, with the temperature 67.3°, 1°F above the average.

August 1976--A very strong southerly surplus, from 135° to 2109, Also
strong deficit of northwesterlies, from 240° to 350°. The temperature was

3.39 above normal.

September 1976--The wind rose was near the normal, but with more southwesterlies

and fewer southeasterlies than usual, Temperature averaged 1.6° above normal.

October 1976--Southeasterlies and southerlies were far below normal, with a

strong surplus northwesterlies. The temperature was 7.3° below normal,

November 1976--Virtually no easterly winds blew during the month. Very strong

surplus of winds between 315 to 3559, Temperature 4.7° below normal.

December 1976--Very few easterlies and strong surplus of northerlies as in

November. Temperature 9.7° below normal.

January 1977--This month was the third straight of very strong northwesterlies.

The wind was from between 280° and 300°, about 90% of the time. The tem

perature was 8° below normal.

March 1977--The month was marked by a surplus of winds between 40° to 220°
and very muted northwesterlies. The temperature was a strong 9.4° above

normal.




April 1977--April brought a strong surplus of southeasterlies and winds from due
north to north-northeast. Northwesterlies and easterlies in general were less

than usual. The temperature was 7.3° above normal.

May 1977--Lopsided bias toward southeasterlies and southerlies with very little
northwesterlies, northerlies, or northeasterlies. The temperature averaged an

extreme 11,3° above normal, the most above normal of any month of the Study.

June 1977--The wind rose was near normal, but with more southerlies and fewer
southeasterlies than usual. Westerlies were enhanced and easterlies muted.

Temperature was 1/2° above normal.

6.2.1 Comparison of Winds in the Region

6.2.1.1 Hibbing and Isabella--Comparison of wind roses between Hibbing, at the

west end of the Study Area, and Isabella, at the .eastern end, is of interest to

learn about variations over the region.

March 1977--Isabella was with slightly more westerly compdnents, slightly

stronger ESE.

April 1977--Fewer northerlies at Isabella than at Hibbing. Difference made up

by more southerlies at Isabella.
May 1977--Wind roses much the same.

June 1977--Wind roses much the same. Northerly peak at Hibbing mostly due to

local air drainage and/or local channeling.

July 1-24, 1977--Wind roses much the same.




August 18-31, 1977--More northwesterlies at Hibbing, made up by more

southeasterlies at Isabella.

6.2.1.2 Hibbing and Other Locations--Comparison of wind roses is also available

for Eveleth from data taken by Interpoll (from Interpoll report to MPCA 1978)
from January to September, 1977. The roses, not shown here, are similar to
those at Hibbing anﬁ Isabella. During April, Eveleth, like Isabella, did not
have the high occurrence of winds from 350, 360, and 10° that were found at
Hibbing. Possibly, the occasional north wind anomaly that seems to show up at

Hibbing is due to a local channeling effect.

During the Study, wind roses for a 7-year period for Atikokan, Ontario, were
obtained., The Atikokan roses show directions similar to those at Hibbing,
except for much higher frequencies out of the southwest at Atikokan. This dif-

ference may be due to local effects.

6.2.2 Similarities and Variations

What can be concluded from the comparison of the wind roses and from general

observations made during the Copper-Nickel Study?

First, there are no strong, basic differences in wind regime over the general
"mine site" area. The '"mine site" area is sufficiently remote from Lake
Superior in that the Lake-influenced winds is not important. Isabella is
undoubtedly very near the western edge of Lake Superior influence, but since
Isabella is east of the 'mine site'" area, it can be concluded that since Hibbing
winds and Isabella winds are similar, the Hibbing wind data can be used to ade-

] . . . .
quately represent winds in the '"mine site area on the broad scale.




However, local topographic effects are important. It must be bérne in mind that
both the Hibbing and Isabella stations are relatively free of topographic
influence, except for a tendency toward an apparent topographic—enhanced north
wind at Hibbing. Immediately south an& north of the Embarrass Range there must
be important local modifications to wind direction and speed. This was observed
directly many times in passing through that area--as would be expected from such

. e .
a high range of hllls-—d'mountalqi as they are referred to on some maps.

Locations such as Isabella are largely free of local effects--Isabella was, of
course, chosen as a site since topographical consideration was made in selecting
it as an observing site. However, it must be remembered that much of the region
is quite hilly. Any specific location should be evaluated for local effects as
related to specific activities. In general, local effects will be important to
airborne materials that have their origin at or near the surface. However, any
emission to the atmosphere occurring through a s&ack well above the local

terrain will not be influenced significantly by that terrain.

Depressed locations such as the Embarrass Valley will be subject to a high fre-
quency of light winds and calms. The low nighttime temperatures found at the
Embarrass station and on temperature surveys are associated with very light
winds. Temperature observations can be a key used to evaluate the suscep-
tibility of a site to light winds. It would be useful to any future evaluation
project to install a thermograph in the Reserve Mining weather station, if
Reserve is willing, to facilitate easy comparison of a study site (equipped with
a thermograph) for susceptibility to light winds. A measure of temperature
differences at nighttime between the high~ground Babbitt station and a lower

station is an index to wind as well as to variables such as stability.




Chapter 7 UPPER AIR OBSERVATIONS

Observations of the upper atmosphere were made during the Regional Copper-Nickel
Study, mainly to support air quality and other work. Data were taken with
a Contel upper air ﬁéﬁding station. Some of these data are of

interest to review here.
7.1 PROJECT BALLOON-BORNE SONDINGS

Figures ﬁ%?;lgﬁgive a series of observations made in Jﬁiy , 1977, in support of
"Operation Dust Cloud.'" The first three days éf tﬁe observations, July 25-27
were taken between frontal passages 47 and 48 (see section on weather events
during the Study). High pressure passed mid-morning on 26 July, as noted in the

weather events section.

The transition of winds at all levels to 4,500 meters from northwesterly on the
25th to westerly on the 26th to southwesterly on the 27th as the high passed to
the south can be seen. The reader can benefit by reviewing the figures to note
>how structure of the atmosphere varies from behind a cold front through the high

to the southerly flow behind the high and ahead of the next front.

July 28 was marked by the passage of a Pacific front and showers, with a cold
continental front coﬁing in on July 29. Wind observations were limited on
July 29 by low clouds that arrived in connection with the unstable polar air

from the north.

Further frequent observations were made in August in support of a s%%d propoga-
tion experiment. Upper air data were taken here between fronts 58 and 58W of
1977 on August 23, 24, and 25. Data for the 24th show the northwesterly flow
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behind the front on August} 3, 1977, The chart for August 24 is especially
interesting. It shows the entire sequence from northerly flow ahead of the high
pressure in the early morning to the very weak flow during midday to southerly

flow in the evening.

4 . .
Other data were taken about once a month to %mpare upper ailr patterns with those
at International Falls to see how well that station reflects upper air patterns
e
in the Study Area. Outside of the very lowest altitude, very near toAsurface,

no important differences were found.
7.2 INTERNATIONAL FALLS CROSS-SECTIONS

FiguresiéffléAgive upper air temperature cross-sections at International Falls
during four selected months during the Study from 100 to 40 Kilo-Pagals (kPa)

(1,000 to 400 millibar).

In Figure{é&, for July, 1976, note the very strong cooling at mid-month. This
was in connection with a cold Pacific occlusion followed by a surge of polar
air. Note the freezing level (0 degree isotherm ) extending below 80 kPa (about

5,000 ft above the surface of the region).

In August, 1976, the cold influx in the 26th followed another Pacific front
followed by a continental polar surge. Cold air flow behind the sharp cold
fronts can be seen having a deep effect on September 9 and 20, 1976, and on

September 10 and 19, 1977.

The reader is invited to review these upper air cross-sections in connection
with the review of the weather section to gain further understanding of the

meteorology of the Study Area.
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Figure i__is an event graph of inversions at Isabella from tife tower. 1In

winter, very long inversions take place when winds are light and skies are

clear, but during storms a few days may go by without any inversion. Note from
gmaph , _ |

the . that in summer inversions are short-lived, but they are present on

most nights. In summer, inversions are often interrupted for several hours when

| lom-level

thunderstorms pass through. Noﬂlnversions were ever present in the hours around

midday, summer and winter alike.
7.3 TISABELLA TOWER OBSERVATIONS
7.3.1 Lapse Rates

The subject of lapse rate, i.e., temperature charge with height above ground,
must be addressed with great care, especially in the Copper-Nickel Region. The
significance of lapse rate is véry much a matter of scale. For reference to
lapse rates derived during the Project in connection with air quality applica-
tions, the reader is referred to the report on Air Quality. Here we shall
discuss lape rates on the various scales as they pertain to the climate of the

Copper-Nickel Region.

Over the daily cycle, air is heated by the ground by day and cooled by the
ground at night. In additionm, cold air drainage brings enhancement to inver-
sions by night. 1Indeed, in valleys and dells, cold air drainage may be the
dominating factor in setting up strong inversions rather than sﬁnpié radiational

cooling of the ground space;
7.3.2. Tower Data

Figure Ei_gives the temperature difference on a fine weather day, September 14,
1977 on the Isabella River, with sensors at 5 feet and 50 feet above the sur-
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face. From the start of the day to 0700 an inversion is present, i.e., the tem-
perature at 50 feet is warmer than at 5 feet. ﬁuring most of the day, tge
5-foot level is a bit less than 1°C warmer than the 50-foot level,

corresponding to a superadiabatic lapse rate in the shallow layer near the sur-
face. With nightfall, the inversion sets is once again. For the same day, the
temperatures at Eagles Nest and Embarrass aresﬁowﬁ'in Figure _Lji_, and the tem-
perature difference between Eagles Nest and Embarrass for the same date and data
shown in Figureléz_. It is likely that the temperature curve at Eagles Nest
would be more the same as that at the Reserve station above Babbitt; in any
case , it would be roughly similar as a typical day. Note that it takes
Lntil about 0940 before the Embarrass valley station becomes warmed to the point
where it is equal to the Eagles Nest station, and presumably the Reserve sta-
tion. In the evening, the Embarrass station is cooler than the other station
after 1730 CST. Visualize the very enormous amount of heat that must be poured
into the Embarrass Valley before the inversion tﬁerein is broken-—-as compared to

the quick overturning in the shallow layer from 5 to 50 feet at the Isabella

tower.

The meteorology of atmospheric dispersion is much different for dust and
emissions near the ground than for emissions at heights on the order of a
hundred or hundreds of meters. Considering the topography of the Copper-Nickel

Region, with low regigg such as the Embarrass and Dunka River valleys i$ proxi-

. . o ks demperiet do .
mity to high hlll%d-uni&naﬂd take into account the exact problem (design
character of emission source) ~in conjunction with exact location and

topographical situation when addressing dispersion problems.

, dispersion ckaéckr of the afasplert

One approach often used to aid in the description ofndéﬁéaannuﬁc is tGhedsmst
mixing height. This is the height to which atmospheric mixing is taking place
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he FQL‘*S .
for the ground upward. These dspbhs were calculated by the author for 1976 from

International Falls radiosende ~and Hibbing surface data: and from these data
plus consideration of the meteorological anomolies for eachmonth, estimates were

made for mixing heights to be expected on the average over a normal period.

Table_§{ gives calculated mixing heights for 1976, and Table é‘ gives normal
mixing heights for the Region. Maximum mixing heights are to be expected in
May, when temperatures in the lower layers are the warmest with respect to tem-
peratures aloft. The evidence is overwhelming that Hofzwgrth valueﬁ,which were

crudel . .
very neﬂg&éi arrived at, and which give a greater mixing depth in the Region

summer than in spring, are %f the best to use.

Chapter 8 CONCLUSIONS

Variability of climate in the Copper-Nickel Region is much more due to
topography than it is due to other factors. This should be, perhaps, expected
because of the strong topographical variations found in the region, from the
high ground of theﬁﬁmarrass Range to the Valleys of the Dunka and Embarrass

Rivers, and from the rough hills and deep-sited lakes of much of the rest of the

region. .

The difference in winds between Hibbing and Isabella is slight--much less than
the difference in winds between Hibbing and International Falls. But the dif-
ference in winds that prevail between Hibbing and International Falls is found
mostly in the very lowest levels of the atmosphere.
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Perhaps the strongest influence of Lake Superior on the Copper-Nickel Region is
in precipitation pattern. Month after month, the precipitation patterns tended

to be parallel to the lake shore.
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APPENDIX

English-to-Metric Tables

The metrological community had planned to comvert to the SI (System
Internationale) units just prior to the beginning of the Copper-Nickel Study.
Presently, a mixture of English#SI unitsgre‘used in the meteorological com-
munity. In addition, plans were to convert the following year during every year
since up to several months ago, when plans were shelved indefinitely. These
postponements have been due to political pressure. Units used in this report
are those in common use at present. The following tables are presented to
enable the reader to make any needed conversions. - :






