METEOROLOGY/CLIMATOLOGY INTERIM REPORT

?his'report gives a revieﬁ of the meteorological.operations program commenced in
.March, 1976 for4énvirdnmentél analysis of the Copper-Nickel Region (CNR) and
‘results of the backgrOund'climétological study of the regién. ‘The report covers
activities during the period eﬁding June 30, 1976. .Many of the activities during

this period centered around acquisition of the observational equipment.

Tﬁe,operations program was partialiy implemented during this period and the general
‘background climétic_study was completed. All meteoroiogical operations are.expected
to be in full gear within 60 days following/June 30, 1976, except for operation of
the meteorologiqal tower, which was delayed bécauée.the U.S. Forest Service tower

on which inspruﬁentation was to be placed was condemned by officials of the U.S.
Occupaﬁional Safety and HeaI£B Administration (OSHA). The tower is expected to bé

operating in November, 1976.

An OperatiOns'Manual was drafted which specifies data reporting formats, instrument

‘calibration and maintenance plans, and data handling methods.

The background climatic study was completed. However, work in this area will go on

with detailed studies of historic data throughout the CNR,
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 £hé ﬁeﬁeorologiéal tower was not yet installed, and instéllation has been held up
by‘the fact that the tower intended for use was condemned by officials of the
U.S. Occupational Health and éafety Administration.. Oéher observations' not
gommenced until September, 1976 werekhygrbthermograbhy observations because the '

‘sensors and their shelters had not arrived.

Surface Observétions

Daily observations were commenéed by Darrei Dowden on June 1 using a sling psychro-
meter,”which.does not require a shelter. Continuous hygrothermography readings are
available from'the‘Envifonmental Protection Agency (EPA) in Ely. Figure 2 shows
the form that Dowden is using. Several copies of a manual were preparéd which‘

gives complete instructions for observation making:

Réin Gage Installation
:f

Two automatic Fisher-Porter rain gages were installed during the period. One is at
the mouth of the Isabella River by Bald Eagle lLake, the other near the junction of

_ Stony River and Minnesota Route 1.

Acquisition of Data from other Sources

1

Data being taken by the National Weather Service, the Minnesota Departméﬂbof

~ Natural Resources, the EPA, AMAX, fhe U.S. Forest Service, and tHe Feaerél Aviation
Agency are being acquired from”June l.forward; These inclﬁde cooperatiQe_observer
temperatUre,‘rainfall,.556Wfa11,.and évapdfatioh data;'fempérature—hﬁmidity strip
charts; radidsonde~ob;ér§afions; ana houtlyksﬁrfaé% wea§heridbsgrvations at Hibbing.

In addition, other available data include satellite data being stored i

& .

National Weather Service and weather radar dataLwheﬁfébsérVatidhs_q‘J

‘Duluth’Airport ih the fall of 1976.

e
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The balloon~borne temperature sonde and winds aloft equipment weére tested at

Kawishiwi, but no data record readings were made prior to .July 1.

As a footnote, all equipment and programs except the meteorological tower were

opérating by September. The tower 1s expected to be operating in November.

Survey Program

It is impractical to monitor meteorological variables over the entire CNR. However,
by making température and humidity (atmospheric water vapor content, not necessarily
relativé humidity) readings_along various routes over the vafiety of-topographiq

and vegetative features that exist, it is possible to construct temperature,
humidity and 1ow—1ével in;ersion climatology of the entire CNR. Survey data can .
be.related“to other data that are takén éontinuously, and thus variations that exist
in the.atmdspheric_structure can be accounted for. Use of the data withia computer

SYMAP program can facilitate quick climatology construction.

® ' ;

Surveying is being done By automobile aioné fivé étanéardrroufes for‘which 1éndmérks
“have been.established. Sur§eys are conducted on ; continuing basis.. Routeé were
selected for representitiveness of - topographical and vegetafive Variability and

foad quality —-- excessively bumpy roads impede the abiiity to fead the thermometer
and keep it in the ambient air stream. In addition,.sampling will be done on other

roads énough times to establish relationships with the standard routes.

Figure 3 gives the five routes and highway route numbers that form theisfandard:-

route boundaries. The routes are named after water bodiés'within, except for the
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Echo Trail route, which is not a circuit. Most frequent sampling is being done
along the Shagawa and One Pine routes, which together contain essentially all of
the topographic~vegetative features in the region. The size of the two routes

enables several surveys to be made during one night.

Figure 4 gives the results of a survey made between 1:45 am and 2:25 am on the
morning of September 11, 1976. Isotherms, in degrees Celius, are drawn according
to the data, and topographic and vegetative features. Values varied from below

zero degrees Celsius to over 120C on this nearly clear night with realiy calm

winds.

FigufeS'S and 6 give the results of a survey madé in and around Ely on the evening
mof May_lZ, 1976 with the help of Vermilion Coilege students.. The time of the
survey was between 8:30 and 9:00 CDT (1930 ~ 2000 CST).‘ There‘was,a 5000-foot
overcast at the time, with a bit of light drizzle around 8:55 CDT (1955 CST).
~ Even wity thé cloudy weather, the Ely heét island -—.Qarmth of the city as

compared‘to the country —— shows up clearly.

. BACKGROUND CLIMATOLOGICAL STUDY

Weather over the Year

Analyses performed during this work peried permit insights being made into : |

~weather and climate systems over the year in the CNR.

Figure 7 pfesents average daily precipitation.as observed in Tower, MN over 83
years (except for a few years when observations were not available). Figure"8“k
glves the average daily snowfall. Maximum precipitation occurs in late June

(as compared with a maximum around Juné 10 over the‘southern half of;Minnesota),

7
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with minimum precipitation in early February. The: characteristic wet September
and October of northeastern Minnesota is evident. Most maximum and minimum daily

precipitation correspond to those from other parts of the Upper Midwest.

As the year begins; precipitation is not far above the February/minimum. ‘Winds
are bredominantly from the northwest, with‘occasioﬁal southeasterlies ahead of
storms whose centers pass to the norfh. A small maximum occurs in late January,
associated with an increase in northeasterly winds and decrease in southeasterlies
as storm centers pass to tﬁe south. At this time, cold weather rules as the CNR

is bathed in polar or arctic air before and after storm passages.

February is generally marked by lighter Qinds and less precipitation than January.
High pressure to the northwest dominates, with strong, deep inversions in the CNR.
This is a favorite time for potential high pollutant céncentrations; Late Fébruary
has somewhét higher average precipitation than the earlier part of the month. This
is-largeiy‘caused by a moisture increase in ﬁarmer air. An inqreasing percentage

-of this precipitation is in the form of liqpid water gs‘the_month's end is approached.
The last part of February is marked byvmore.sﬁnshinevthan the previous part of the .
winter. More sunshine combined with warmer tgmperatures creates a crust on the

snow surface.

Early March brings a sharp increase in average daily precipitation, with 80 percent
of thé total still in the snow-form through the‘firét‘half of the month.‘ large,
intense stormé dominate the scene_ftom‘the'first few days of March thréugh the '
first week of April. The northwesterly wind component loses i£s~qverwhelming
déminance as the storms begin;, with'a good share of southeasterlies oécurring,'
Associated wind speeds are higﬁer, Increases in the southeasfern wind‘component,
as the end of ;hé'month is reached, is feflected in warmer temberatqtes, ahd raiﬁ

and drizzle making up half the-pfeCipipation'total. : B o -
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Aéril 10 marks the ending time fof big storms. Pressure pattern shifts bring
easterly winds over the middle third of the month. Around the 20th, the "rainy
season" begins as invasions of air aloft from the Gulf of Mexico reach the CNR.
By this time 80 percent of the precipitation total is from rain rathér than
snow. However, occurrence of sn0w»a£ this time is entirely possible. On the
average, as much snow falls during the third‘week of April as during the third
week of February. Snow is important in the CNR tﬁroughout the entire month of
April, and by no means the rarity that it is in the southern ﬁalf of Minnesota.
ﬁuch of the snow falling from April iﬁto early May 1is in the |

férm of passing flurries from daytime-cumuius clouds -~ the type thaf bring rain
showers further south. It is common fof a large storm to pass over the CNR.during.
the first week of May, usually aécompanied by brisk winds. This results in a

~rainfall maximum at this time. The rest of May is marked by passing aftefnoon

rain showers and thunderstorms.

‘From this time through the rest of the summer, prevailing winds are pretty much
evénly‘split-between northwesterlies and southeasterlies, with a smétteriﬁg of
other directions. The_réiny season peak is around June 20,;with June being the
weftest moﬁth of the year. Alweaker maximum occurs around July 10, which does

not oécur further south in ﬁinnesota. The peak is probably associated with
frequent passage of a storm at this time. The lasﬁ half of July is marked by the
season's charactéristic dry périod which occurs throughout the Upper Midwest.: This
is a warm fime of ‘the year. Southwesﬁerly winds in the CNR show’their.gréatest
inclinétion to blow ét this time, élthough their relative~frequency is far léss

than in southern Minnesota.

A strong rainfall maximum occurs during the first week of August. This maximum

occurs throughout the Upper Midwest, and is associated with the prevalence of a
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storm or two. The mid-August dry period, found over the Upper Midwest, is well
develobed in the CNR. A rainy period is well defined in the CNR from August 20
to mid-September. This period of rain is well developed over eastern portions of

Minnesota, northern Wisconsin, and Upper Michigan.

PRainfall drops sharply after mid—Septeﬁber, although the drop is.not as sharp as
invsouthern Minnesota. There is a resurgence of rain in early October, which is
a feature of the Lake Superior region. The "rainy season" ends abruptly around
October 12. By Octobef 20, the winter pattern eétablishes itself, and prevéiling
nofthwesterly winds dominate the scene. At fhis time, snow becomes an.important

precipitation form.

‘Minor precipitation maxima occur in»the region around November 2, 11 and 26; and
December 6 and 25, as they do elsewhere in Minnesota. These are associated with
favoredvstorm passége times. Snow becomes the predominant prédipitation form by
November 12. By October 31 thereﬁis an average.of one-half inch snow cover on the
ground. However, there usually is not a-snow cover mofe thanihalf of the time until
November 12. November is a month of considerable storminess;: but not as much as is
March. December is a time of very little high wind; storms are generally weak; and

. snowfalls are gentle. It is almost unknown to get a blizzard in December.

Snow Depth

The accumulation of snow on the ground is 0.1 inches or greater from October 15 to-
May 1, with the maximum occurring on February 8, according to records made over a
35-year period at Babbitt. TFigure 9 illustrates the average snow cover over the

year.

. Average snow cover on the February 8 peak is 17 inches, which is, for comparison,

three times the maximum average snow cover in the Minneapolis-St. Paul area. The»'ap
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decrease in snow cover after February 8 is associated with the outbreak of generally
fine weather during the latter part>of February. The decrease also results from a
lack of precipitation and melting due to sunshine. Deceleration in snow cover
shrinkage can be seen during the first 10 days 0of March because of frequent storm

occurrences.

Upper Air Climatology

Figure 10 gives International Falls' average temperatures over the year, measured
to a height of 6,250 meters (slightly over 20,000 feet). The graph is based on
monthly averages of observations made at 6:00 AM and 6:00 PM Central Standard Time,

taken over a 1l0-year period,

;The data show the presence of an inversion year—round except in November. The
inversion is even present in June, despite short mights and the fact that June
observations are made about two hours after sunrisé and two hours before sunset.

The data differ from radiosonde data at St. Cloud; where there is no mean inversion
between May and September. The reason fér'the inversion's presence is that at the
time of the 6:00 AM observation, solar heating occurriné in. the firét two hours

after sunrise has not been strong enough to ovércome the inversion that forms at
night—timé. At the 6:OO‘PM observation, when an adiabatic lapse rate is usually
present, the deficit still exists, beéause atmospheric turnover results when the.
lapse rate becbmes even slightly‘superadiabatic (temperature in the lowest few hundred

meters above ground cannot be more than a few degrees cooler than at the ground).

From December through February the inversion is about one kilometer deep. The data
suggest that the inversion is usually present‘throughout the winter day, bécause
the short day and low sun cannot result in breaking up such a deep layer, except

when a low pressure system is near the station.
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In November, lack of the inversion suggests that the air is usually moving and
air temperature is usually colder than the surface (bére or snow-covered) temperature,

resulting in a prevailing condition of local instability.
Wind

Wind variation with season has been previously described under variation of weather
over the year. TFigure 11 gives the annual wind rose for Hibbing, based on a 10-year

observation from 1964 to 1973 inclusive.

Bruce Watson
November 24, 1976

Note: :
" Originally submitted to MEQC in August 1976.°
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