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GREAT LAKES | CE COVER, W NTER 1975-76*

CGeorge A. Leshkevich

From ice-cover data received at the Geat Lakes Envi-
ronnental Research Laboratory during the past winter, 19
conposite ice charts were produced to illustrate estinat-
ed ice distributions and concentrations on the Geat Lakes
at weekly intervals from m d-Decenber 1975 through mid-
April 1976.

According to the definitions of mld, normal, and
severe winters set forth by Rondy (1971), freezing degree-
day accumulations indicate that the 1975-76 w nter was nor-
mal for all lakes. Accumulations were at their seasonal
maxi mum on 21 March in the northern portion of the Geat
Lakes and on 8 February in the southern portion.

Skim ice was reported during late November and early
Decenber at various sites around the Geat Lakes. Freeze-
over was reported in |ate Novenber on some bays and pro-
tected areas of Lake Superior and the lower St. Marys River
and near md-Decenber at other sites on the Geat Lakes,
including portions of Geen Bay, Saginaw Bay, and Lake
St. Cair. Responding to |ower average weekly tenpera-
tures, ice growh continued on these and other protected
shore areas during the week ending 21 Decenber. During
the next 2 weeks slightly warner tenperatures retarded
ice growth, especially on the northern |akes. Ice growth
i n&eased substantially during the week ending 11 January,
reflecting colder air tenperatures. On the average, ice
covers increased during late January, reaching their maxi-
mum extents during early February on all |akes except Lake
Superior, where it reached naxi mum near md-March.  Maxi-
mum i ce extent was estimated to be approximtely 40 per-
cent on Lake Superior, 20 percent on Lake M chigan, 50
percent on Lake Huron, 95 percent on Lake Erie, and 20
percent on Lake Ontario. \armer tenperatures during the
week ending 15 February caused substantial |oss of ice
cover on nost of the Great Lakes and, except for short
periods of relatively stable conditions, started the
period of ice deterioration on the southern portion of
the Great Lakes. On the northern portion of the Lakes
ice covers continued to grow or renmain relatively stable
until the week ending 21 March, when warner tenperatures
started a period of ice deterioration that continued to
the end of the season. Last reports of significant ice
on the northern |akes cane near md-April.

*GLERL Contri bution No. 104.




1. I NTRODUCTI ON

As part of the Geat Lakes Environnental Research Laboratory's ongoing
Lake lce Project, each annual ice cycle on the Geat Lakes is docunented.
This report describes the 1975-76 Great Lakes ice cycle. Reports describing
the progression of ice cover on the Geat Lakes for past winters, beginning
with the 1962-63 winter season, are available from the Geat Lakes Environ-
ment al Research Laboratory, Ann Arbor, Mich. As in nore recent reports in
this series, this report contains information on ice-cover formation, growh,
and decay on the Great Lakes on a weekly basis. A summary of freezing degree-
day (FDD) accunulations is also included as an indicator of winter severity.

2. DATA COLLECTION AND ANALYSI S
2.1 Data Sources

| ce-cover data collected and used in preparing this report include aerial
ice charts, satellite imagery, side-looking airborn radar (SLAR), and surface
ice reports. Ice charts depicting ice distribution and ice concentration, as
wel |l as size and age of floes, were received throughout the winter fromthe
Ice Navigation Center, Ceveland, Ohio, and Ice Forecasting Central, Qtawa,
Ont., Canada. NOAA-4 ViR and LANDSAT-1 and -2 satellite imagery was received
from the National Environmental Satellite Service in Washington, D.C.  SLAR
i mgery was received fromthe Ice Navigation Center, Ceveland. Wekly and
daily surface reports of ice conditions and thickness were received from ob-
servers for the Geat Lakes Environnental Research Laboratory and the United
States Coast CGuard.

2.2 Data Analysis

United States Coast Guard and Canadian ice charts are graphic representa-
tions of visual observations made by ice observers periodically throughout the
W nter season. Sixty-six Coast Guard ice charts, covering Lake Superior, Wiite-
fish Bay, the St. Marys River, the Straits of Mckinac, Lake Mchigan, Geen
Bay, Lake Huron, Saginaw Bay, Lake St. Clair, and Lakes Erie and Ontario (see
map, Fig. 1) and forty-seven Canadi an visual ice charts, covering Canadi an
portions of the Great Lakes, were received. Little, if any, interpretation
of these charts is necessary as they depict actual observed ice conditions
t hrough the use of synbols and codes.

Weekly and daily surface reports of ice thickness and ice conditions re-
ceived from Ger and Coast Guard observers were in witten formand simlarly
needed little or no interpretation.

SLAR imagery and ice charts were received for 51 days of the winter sea-
son. The frequency and extent of coverage, in addition to the imaging capa-
bilities of the radar system nmade it a valuable source of ice-cover data.

NOAA-4 VHRR visible and thermal infrared i magery and LANDSAT (ERTS) -1
and -2 bands 4, 5 6, and 7 (visible and near infrared) satellite inmagery was

2
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received for the ice season in the form of positive transparencies. The sat-
ellites' spectral scanners recorded reflected and enitted radiation in the
visible and infrared wavel engths. SLAR imagery was received in the form of
paper prints. Flown at approximtely 11,000 ft (3400 m), SLAR recorded its
own reflected radar pulse. By using density, tone, and texture, supplenented
by visual ice charts and reinforced by other inmagery, if available at or near
the time in question, the imagery was visually interpreted and information
about ice cover and concentration abstracted and transferred to the conposite
ice charts.

3. DATA PRESENTATI ON
3.1 Freezing Degree-Days

Based on average weekly tenperatures given in the Weekly Weather and Crop
Bulletin, a joint publication of the U S. Departnents of Agriculture and Com
merce, FDD accunul ations were conpiled for selected National Wather Service
net eorol ogi cal stations on the perineter of the Great Lakes. These stations
i ncl ude: Duluth, Mnn.; Sault Ste. Mrie, Mich.; Alpena, Mich.; Green Bay,
Ws.; MIlwaukee, Ws.; Detroit, Mich.; Ceveland, Chio; and Rochester, NY.
FDD's measure the cumulative tenperature departure from 32°F. Based on the
mean of the daily maximum and mininum air tenperatures (defined as the nean
daily air tenperature), 1 FDD is accunulated for each degree of negative de-
parture from32°F. Thus, for a mean daily air tenperature of 28°F, 4 ¥DD's
are accunul ated. Gaphs depicting the 1975-76 FDD accumnul ations conpared to
a l0-year mean are given for each of the Great Lakes (Figs. A 1 through A5).

3.2 Conposite lce Charts

The seasonal pattern of ice formation, growth, and decay on the Geat
Lakes from 14 Decenmber 1975 to 18 April 1976 is illustrated on 19 conposite
ice charts (Figs. A6 through A 24). Based on a subjective evaluation of
avail able ice-cover information, these charts portray estimated ice conditions
at weekly intervals as abstracted from data discussed in Section 2 of this
report.

FDD accumul ations at the eight representative stations noted above are
al so given on each conposite ice chart. Weekly, seasonal, and normal seasonal
accunul ations are presented as an indication of the weekly variation in wnter
severity and the seasonal variation in severity relative to a lo-year nean
(1961-70).

4, DI SCUSSI ON
4.1 Wnter Characteristics

One method of characterizing winter seasons and conparing w nter sever-
ity involves the use of maxinum FDD accunul ations as an indicator. Applying




the FDD winter classification set forth by Rondy (1971), the 1975-76 wi nter
season can be characterized as near normal for all of the Geat Lakes. The
date of maximum accunul ation separates a period of potential ice formation
froma period of potential ice decay. FDD accunulations were near their sea-
sonal maxi mum on 21 NMarch on northern portions of the Geat Lakes and on 8
February on southern portions of the Lakes.

Compared to the average dates of nmaxi num FDD accunul ations given by
Rondy ¢1971), the 1975-76 maxi mum accunul ations occurred earlier at all repre-
sentative stations and total accunulations were less at all but two stations
(Ceveland, Detroit). Conpared to the 1974-75 season, 1975-76 naxi mum FDD
accunul ations were greater at all of the representative stations except
M | waukee and were the sane at Geen Bay. Maxinum accunul ations occurred
approximately 1 to 3 weeks earlier than in the 1974-75 season.

Al though sonewhat superficial, another indicator of the relative severity
of a winter season during the past few years has been the dates of the closing
of the locks at Sault Ste. Marie to navigation. Under the Extension to the
Navi gati on Season Denonstration Program navigation on the Great Lakes has pro-
gressively been extended further into the winter season with the 1974-75 sea, -
son becoming the first year-round shipping season in history. The 1975-76
Wi nter season became the second consecutive year-round shipping season.

It should also be noted that the St. Lawence Seaway was closed to ship-
ping on 21 Decenber 1975 and reopened on 3 April 1976.

4.2 Ceneral Seasonal Trends in |ce-Cover Distribution

Skimice was reported during late November and early Decenber at various
sites around the Great Lakes. Freeze-over was reported in late Novenber on
some bays and protected areas of Lake Superior and the lower St. Marys River
and near m d-Decenber at other sites on the Great Lakes (Fig. A 6). Respond-
ing to lower average weekly tenperatures, ice growh continued on these and
other protected shore areas during the week ending 21 Decenmber (Fig. A 7).
During the next 2 weeks, slightly warmer tenperatures retarded ice growh,
especially on the northern portions of the Lakes (Figs. A.8 and A.9). Ice
growh increased substantially during the week ending 11 January (Fig. A10O.
On the average, ice covers increased during late January and early February,
reflecting the | ow average tenperatures and increased FDD's preval ent at that
time (Figs. A 11 through A 14). Ice covers reached their naxinum extents
during early February on all of the Great Lakes except Lake Superior (Figs.

A 13 and A 14). A break in the weather starting about 10 February and contin-
uing during late February caused significant deterioration of the ice covers
on nost of the Great Lakes during the week ending 15 February (Fig. A 15) and
started the period of ice deterioration on the southern portions of the Lakes
(Figs. A 16 through A 24). Resunption of cold tenperatures on the northern
portions of the Lakes caused stable conditions and some new ice formation
during the first 2 weeks of March (Figs. A 18 and A 19). The period of ice
decay and deterioration on the northern portion of the Lakes began during the
week ending 28 March and continued to the end of the season. Last reports

of significant ice on the Geat Lakes came during the week ending 18 April.
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4.3 Lake Superior and the St. Marys River

Skimice was reported at shore sites on western Lake Superior as early as
23 Novenber and along the St. Marys River on 22 Novenber. Freeze-over was
reported in these areas during late Novermber and early to md-Decenber. By 14
Decenber, Thunder Bay, Black Bay, and N pigon Bay, along the north-central
shore of Lake Superior, as well as portions of the lower St. Marys River, were
partially ice covered. Fluctuating tenperatures prevented any substantial ice
formation until late Decenber when the upper St. Marys River, the southern
portion of Whitefish Bay, and the area around the Apostle Islands had partial
ice cover (Figs. A6 through A.8). No significant change took place until
the week ending 11 January, when narkedly |ower tenperatures caused ice form-
tion on nost of the St. Marys River and Whitefish Bay, around the Apostle
I'slands and the Keweenaw Peninsula, and along the south shore and the north
shore from Thunder Bay to Isle Royale (Figs. A 9 through A 10 . Al though
some deterioration of the ice cover occurred in the central and eastern por-
tions of the lake, ice continued to formin the western portion during the
week ending 18 January (Fig. All). Ice gradually continued to form until
the week ending 15 February (Figs. A 12 through A 15). Starting that week,
a period of relatively warm weather caused some melting, especially in the
northern portion of the lake (Fig. A 16). Unlike conditions to the south,
col der than nornal tenperatures during early Mirch caused new ice formation
on Lake Superior. Except for some deterioration along the southern shoreline,
this trend continued until the week ending 21 March (Figs. A 17 through A 20).
It was during this period that the ice cover on Lake Superior reached its
maxi num extent, covering approximately 40 percent of the lake's surface area
near md-March. Once formed, ice cover on the St. Marys River renamined rela-
tively stable until late March. At that time the upper St. Marys R ver becane
ice-free. Warmer tenperatures beginning the week ending 28 March started the
period of ice deterioration on Lake Superior that continued to the end of the
season (Figs. A.21 through A 24). Mich of the ice cover had deteriorated by
early April, with virtually ice-free conditions occurring on the |lake by the
week ending 11 April. Last reports of significant ice on Witefish Bay came
near mid-April, while Black Bay and N pigon Bay, on the north shore of the
| ake, retained ice cover as late as 24 April.

4.4 Lake M chigan

First reports of skimice on Lake Mchigan came from Green Bay on 2
Decenber with freeze-up date ranging from near md-Decenber to late January,
depending on location. Lower tenperatures just past md-nmonth caused an in-
crease in ice formation on the southern part of Geen Bay, the Bays de DNoc,
and along the northern shore of the lake (Fig. A 7). Ice continued to grow
in thickness and concentration in southern Green Bay although warmer tenpera-
tures during late December and early January caused sone melting in northern
Geen Bay during the week ending 4 January (Figs. A8 and A 9). However, the
cold weather that returned to the Geat Lakes area during early January had a
marked effect on ice formation in Lake Mchigan. By the week ending 11 Janu-
ary, Geen Bay had a ten-tenths ice cover as did nuch of the Straits of Macki -
nac (Fig. A.10). The period of |ow tenperatures that was to continue until




early February caused a fluctuating but general increase in ice cover and con-
centration on the [ake. The week ending 18 January saw some ice deterioration
in the northern part of Green Bay, the Straits of Mckinac, and northern Lake
M chigan, while substantial ice formation occurred for the first tine in the
southern part of the lake (Fig. All). During the followi ng week, southern
Lake Mchigan became nostly ice-free, while Geen Bay and the Straits of Macki-
nac once again gained a ten-tenths ice cover (Fig. A 12). Ice nearly encom
passed the entire perimeter of the lake during the week ending 1 February,
while an area of open water developed in the northern part of Geen Bay and
some deterioration occurred in the northern part of the lake (Fig. A 13).
Conditions remained fairly stable during the next week, when ice concentra-
tions reached ten-tenths coverage over the Straits of Mackinac and nost of
the northern part of the lake (Fig. A 14). It was during this week, on 6
February, that Lake M chigan reached its estimted maxinum ice cover of 20
percent. The week ending 15 February brought warmer tenperatures and a subse-
quent decrease in FDD's to the southern portion of the Geat Lakes, causing
substantial deterioration of the ice cover on southern Lake Mchigan. The
extent of ice cover remained about the sane in the northern sector of the |ake
(Fig. A.15). Sone new ice formation occurred in the vicinity of Beaver Island
during the following week. In the northern part of Green Bay, there reap-
peared an area of open water that changed shape and position, but renained
and increased in size until the end of the season (Fig. A 16). Some redis-
tribution of ice occurred in the northern portion of the lake during the

week ending 29 February, while the Straits of Mackinac remained ten-tenths
ice covered and Geen Bay primarily ice covered. It was during this week

that the southern portion of the lake lost its ice cover, not to regain it

for the remainder of the season (Fig. A 17). Although sonme new thin ice
formed along the northwest shore of the lake during the follow ng week, con-
ditions remained fairly stable until the week ending 21 March (Figs. A 18
through A.20)., Warner tenperatures starting the follow ng week prevailed

t hroughout the Geat Lakes system for the remainder of the season. This
started the period of ice deterioration on Lake Mchigan that continued to
the end of the season (Figs. A 21 through A 24). Northeast w nds during

the week ending 4 April caused sonme lakeward redistribution of the ice cover
(Fig. A.22), subsequently making it easier to nelt. The Straits of Mckinac
and Green Bay were essentially ice free by 15 April, with last reports of

ice comng fromLittle Traverse Bay on 16 April.

4.5 Lake Huron

Skimice fornmed on portions of Saginaw Bay as early as 5 Decenber, wth
reports of freeze-over on Lake Huron ranging from near m d-Decenber to early
in January. Significant ice formation started during the second half of De-
cenber. Cold tenperatures over the lake during the week ending 21 Decenber
i ncreased FDD accunul ation and caused ice formation in Sagi naw Bay, St. Mar-
tin Bay, the North Channel, and the northeast shore of Georgian Bay as well
as along the southeastern shore of the lake (Fig. A 7). Ilce continued to
formin Saginaw Bay, the North Channel, and Georgian Bay the follow ng week,
but succumbed to warmer tenperatures during the week ending 4 January, with




the exception of the southern part of Sagi naw Bay, which devel oped a ten-
tenths ice cover (Figs. A 8 and A 9). As on others of the Great Lakes, the
sharp increase in FDD's due to the marked drop in tenperatures during the week
ending 11 January caused rapid ice growh in mst areas of the lake (Fig. A 10
and started a period of ice formation that continued for the following 4 weeks
(Figs. A 11 through A 14). During this period the North Channel becane ten-
tenths ice covered, ice enconpassed nearly the total perineter of the |ake,
and a maximum ice cover of approxinmately 50 percent was reached on 6 February.
Rel atively warmer tenperatures starting the following week caused significant
ice deterioration over nost of the lake (Fig. A 15). Conditions remained
relatively stable with only minor fluctuations until 29 February, after which
renewed ice formation took place along the western shoreline and in Georgian
Bay for the next 2 weeks (Figs. A 16 through A 19). Slightly warmer average
tenmperatures during the week ending 21 March caused some jce deterioration

in Saginaw Bay and along the western shoreline (Fig. A 20) and ushered in a
warmng trend and period of ice deterioration that continued to the end of

the season (Figs. A 21 through A 24). Breakup in the Straits of Mckinac was
reported on 25 March, with last reports of ice on 12 April. Sagi naw Bay be-
came ice free during the week ending 4 April and by 18 April the only signif-
icant ice was to be found in Georgian Bay and the North Channel.

4.6 Lakes St. Cdair and Erie

First reports of skimice fromLakes St. Cair and Erie came early in
Decenber with freeze-over taking place during |late Decenber and early January
at various sites. Colder tenperatures during the week ending 21 Decenber
were reflected in the formation of a substantial ice cover on Lake St. dair
during that week (Fig. A 7). Some ice decay and redistribution occurred on
Lake St. Clair during the following week, while ice formed in western Lake
Erie, extending to beyond Point Pelee, as well as along the northern shore
near Point aux Pins and Long Point (Fig. A 8). Conditions remained fairly
stable during the next week (Fig. A 9). However, as on others of the Geat
Lakes, the onset of cold tenmperatures during the week ending 11 January caused
rapid and extensive ice formation. The St. Cair River becane seven- to nine-
tenths ice covered. Lake St. Clair became nearly ten-tenths ice covered, while
ice grew eastward in Lake Erie (Fig. A1Q. Ice cover and concentration on
Lake St. Cair remained relatively unchanged during the week ending 18 January,
although an ice jamin the lower St. Cair River near Al gonac caused difficult
navigation. The Coast Quard icebreaker Muckinaw was required to break up the
ice jam Concurrently, ice of various concentrations nearly covered Lake Erie
(Fig. All). During the follow ng week, ice jamming was again reported on the
St. Clair Rver from Port Lampton to the St. Cair cutoff. Lake St. dair be-
cane ten-tenths ice covered, while some nelting occurred in Lake Erie along
the southern shore (Fig. A 12). Lake St. Cair remained ten-tenths ice covered
during the week ending 1 February, while new ice growh on Lake Erie contri-
buted to a nearly conplete ice cover (Fig. A 13). A maximumice cover of
approxi mately 95 percent was estimated to have occurred during the foll ow ng
week on 6 February as did maxi mum FDD accunul ation at Detroit and d evel and.
Some nelting later that week caused an area of open water to appear on Lake
Erie extending nearly the full length of the northern shore (Fig. A 14).




Warmer tenperatures starting about 10 February caused a significant break in
the weather on the southern portion of the Geat Lakes and marked the end of
any major ice formation in that area (Figs. A 15 through A 24). Lake St. <(lair
becanme ice free during the week ending 14 March /Fig. A.19), while westerly

wi nds caused ridging and rafting of the ice in eastern Lake Erie, where ice
prevailed until late April (Fig. A 24).

4.7 Lake Ontario

Due to its nore southward location and its heat storage, ice usually forms
later in the season in Lake Ontario, at least in open water areas (Figs. A6
through A 9). Although skimice was reported as early as 28 Novenber in pro-
tected shore areas, nost reports of first ice formation weren't nade until
| ate Decenber and early January with freeze-over of bays and harbors occurring
fromearly to late January in many areas. Cold tenperatures preval ent over
the Great Lakes system starting the week ending 11 January caused freeze-over
inthe Bay of Quinte (Fig. A 10O. By the end of the follow ng week, ice cov-
ered nost of the northeastern portion of the lake as well as the area near
Hamilton and the nmouth of the Niagara River (Fig. All). Ice continued to
grow on Lake Ontario, covering nost of the northeastern portion of the |ake
by the week ending 25 January, and enconpassed much of the northern shore
during the following week (Figs. A 12 and A 13). During this week, ice was
estimated to cover a nmaxi num of approxinmately 20 percent of the lake and FppD's
at Rochester reached their nmaxi mum accunul ation for the season. The lake-
wide warming trend that started about 10 February caused retreat of the |eading
edge of the ice boundary and decay of the ice cover in the northeastern por-
tion of the lake (Fig. A 15). Except for the week ending 14 March, when aver-
age tenperatures dipped below freezing in the northeast, the warm tenperatures
caused steady, deterioration of the remaining ice cover (Figs. A 16 through
A 24). Last reports of significant ice cane 19 March, and the |ake becane
ice free during the week ending 4 April.
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Figure A.1. Accumulated freezing degree-days - Lake Superior at Sault Ste.
Marie, Mich., and Duluth, Minn.
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Figure A.2. Accumilated freezing degree-days - Lake Michigan at Green Bay
and Milwaukee, Wis.
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Pigure A.3.

Acoumilated freesing degree-days - Lake Hurow at Alpena, Mich.
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Figure A.4. Accumulated freezing degree-days - Lakes St. Clair and Erie at

Detroit, Mich., and Cleveland, Ohio.
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Figure A.5. Accumulated freezing degree-days - Lake Ontario at Rochester,
N. Y.
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Figure A.6. Composite ice chart - week ending 14 December 1975.
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Figure A.8. Composite ice chart - week ending 28 December 1975.
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Figure A.15. Composite ice chart - week ending 15 February 1976.
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Figure A.21., Composite ice chart - week ending 28
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Composite ice chart - week ending 18 April 1976.

Figure A.24.




