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LAKE ERIE ICE: WINTER 1975-76

Jenifer H. Wartha
National Environmental Satellite Service, NOAA

Washington, D.C.

ABSTRACT. Ice conditions on Lake Erie depicted mainly
from satellite imagery were observed during the winter
of 1975-76. The formation, movement, and decay of lake
ice were traced at intervals of about 3 days from
December 28, 1975, to April 19, 1976. Wind speeds and
directions were correlated with ice movement, and air
temperatures were related to ice formation and dissipa-
tion. Ice conditions were generally normal; however,
ice persisted in the eastern end of the lake until mid-
April. This unusually late date for clearing was
caused more by winds concentrating the ice than by very
cold weather.

INTRODUCTION

Lake Erie, more thermally dynamic than the remaining Great Lakes because of
its shallowness, has been selected for these ice studies. This is the second
in a series of ice reports on Lake Erie. Last year’s report (McMillan and
Forsyth, 1975) included satellite data from only one source, the Very High
Resolution Radiometer (VHRR) carried by the National Oceanic and Atmospheric
Administration’s (NOAA) polar orbiting satellite, NOAA-4. This report in-
cludes satellite data from the NOAA-4 VHRR, NOAA’s Geostationary Operational
Environmental Satellite (GOES), and the National Aeronautics and Space Admin-
istration’s (NASA) Landsat; Canadian aerial ice reconnaissance, and aircraft
Side Looking Airborne Radar (SLAR) systems. These data are used to trace the
development, movement, and dissipation of lake ice from December 28, 1975, to

April 19, 1976, at intervals of about 3 days.

The 1974-75 ice season was considered to be milder than normal (Leshkevich,
1976) and milder than the 1975-76 ice season. This statement is based on
freezing degree day accumulations calculated by the author. During the
1975-76 1ice season, temperatures in the second half of December, January, and
the first half of April were generally below normal; February and March were

above normal.

Local daily mean weather conditions for stations surrounding Lake Erie are
used. Air temperatures at these stations are correlated with ice formation
and dissipation; wind speeds and directions are related to ice movement.
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DATA SOURCES

Images from three different satellites (NOAA-4 VHRR, GOES, and Landsat),
and from SLAR and Canadian ice flights were chosen for viewing ice on Lake
Erie during December 1975-April 1976.

Satellites

The NOAA GOES satellite orbital motion matches that of the Earth; thus, the
two GOES satellites appear stationary over fixed points above the Equator.
Orbiting at an altitude of 36,000 km and positioned over the Equator at longi-
tude 75°W, GOES-1 provides visible images at various selectable resolutions
of the Great Lakes area. The visible sensors of the Visible and Infrared
Spin Scan Radiometer (VISSR) aboard the GOES respond to energy in the 0.55- to
0.75-ym range and transmit images to ground stations every half hour during
daylight. Most of the illustrations in this report are 1l-km resolution GOES
visible-range images in which the ice on Lake Erie is clearly discernible.
GOES infrared images are not used because the resolution, 8 km, is too low.

The Very High Resolution Radiometer (VHRR) carried by the NOAA-4 polar
orbiting satellite senses energy in the visible (0.6 to 0.7 ym) and thermal
infrared (IR) (10.5 to 12.5 ym) spectral regions at a resolution of 1 km.

The satellite views an area at approximately 9 a.m. local solar time each day
from an altitude of 1,500 km. Visible images covering the United States are
available once a day; IR data are available twice daily at 9 a.m. and 9 p.m.
local solar time. On the IR images warm features are assigned dark-gray
shades while cold features are assigned light-gray shades. Therefore, the
cold clouds and ice appear lighter than the warmer lake and river waters. In
this report, computer-enhanced VHRR visible and IR images are used to depict

lake ice.

Landsat: NASA"s Earth Resources Technology Satellites (ERTS) were renamed
Landsat 1 and 2. Aboard Landsat, the multispectral scanners (MSS) which
detect light reflected from the Earth provide images from a 920-km altitude
with an 80-m ground resolution; each frame covers a 185- by 185-km area on
the Earth®s surface. The imagery can be obtained in four different spectral
bands: band 4 (0.5 to 0.6 ym), band 5 (0.6 to 0.7 ym), band 6 (0.7 to
0.8 ym), and band 7 (0.8 to 1.1 ym). Only band 5 Landsat images are used in
this study. The major disadvantage of Landsat is that imagery is available
only once every 18 days (9 days when both Landsat 1 and 2 are operating)

Aircraft

The Side Looking Airborne Radar (SLAR) AN/APS-94C system is mounted aboard
a U.S. Coast Guard C-130-B aircraft. SLAR has the ability to penetrate most
weather. The imagery from SLAR can be used to determine roughness or topog-
raphy of the ice surface and to estimate ice thickness. The SLAR system
operates in the X-band at a frequency of 9.245 GHz (3.245-cm wavelength).
SLAR vertical range resolution is 80 m; azimuth resolution varies from 45 m
at 5-km range to 450 m at 50-km range (Schertler et al., 1975). SLAR inter-
pretation charts and prints are included in this report. The SLAR system
involves a cooperative effort among the NASA Lewis Research Center in



Cleveland, Ohio, NOAA, and the U.S. Coast Guard as part of the Winter Naviga-
tion Extension Program for the Great Lakes.

Canadian Flights: The Atmospheric Environmental Service of Canada sponsors
Fflights over the Great Lakes in response to U.S. Coast Guard requirements.
An Airborne Radiation Thermometer (ART) aboard a DC-3 aircraft is used to

determine surface-water temperatures. However, the ice thickness, concentra-
tion, and extent are determined chiefly by visual observations. The ice ob-
servers aboard the aircraft transmit information over facsimile to ice break-
ers below the flight path. The ice observers also formulate ice forecasts

based on visual observations.

Other Sources

Local climatological data for Buffalo, N.Y., Erie, Pa., Cleveland and
Toledo, Ohio, and Detroit, Mich., were provided by the Environmental Data
Service (EDS) in Asheville, N.C.

SUMMARY OF ICE GROWTH, MOVEMENT, AND DECAY

On December 28, 1975, ice could be detected adhering to the western shore
of Lake Erie. This ice was blown offshore after December 28 by westerly
winds but by January 10, 1976, had become refrozen to shore. Five days
later (Jan. 15), ice had developed along the north shore. Within a few days
the ice extended across the lake from midnorth shore (Port Stanley) to mid-
south shore (Ashtabula). New ice also formed and attached to the old ice
west of Pelee Point leaving an area of open water between the two newly

formed ice structures.

Almost 100% of Lake Erie was ice covered by January 19. As expected, the
thinnest ice occurred near the east end (Long Point) in the deepest part of
the lake. Ten days later (Jan. 29), the ice cover split into two large pieces:
the western piece was confined by Pelee Island and Kelleys Island south of
Pelee Point; the other piece partially covered the remainder of the lake.

The predominant westerly winds before January 29 caused the ice in the western
part of Lake Erie to drift eastward to the Pelee-Kelleys island barrier.
Meanwhile, the ice east of these islands drifted eastward causing a lead to

form adjacent to the islands.

On February 2, the lake was 100% ?ce covered in response to very low temper-
atures (-14° to -16°C). Refreezing had occurred along the western shore and

had welded the two major ice areas together. Again westerly winds were so

persistent that by February 8 the eastward ice drift had widened the lead near
the islands. Temperatures were generally 5° to 10°C from February 10 until
the end of the month. This warming caused melting, and westerly winds com-

pressed the ice eastward.

The west end of Lake Erie was ice free at the beginning of March. However,
the ice remained in the eastern portion until mid-April because the persist
ent westerly winds did not allow the ice to drift offshore. The entire lake
was ice free by April 19, a full month later than the previous year.



IMAGERY

A bathymetric chart of Lake Erie is shown in figure 1. Although the maxi-
mum depth is 64 m in the eastern basin, the average lake depth is only 18 m.

The shallowest water is located along the perimeter of the lake and west of
Pelee Island; it is less than or equal to 7.6 m deep.

On December 28, 1975, Erie, Cleveland, Toledo, and Detroit reported air

temperatures of -2.2°, -2.2° -8.9°, and -4.4°C, respectively. In figure 2,
ice concentration of 50 to 100% has formed west of Pelee Point and in the
southern half of Lake St. Clair. Ice with 20 to 60% concentration has formed

west of Long Point where the shallow bottom is less than 15.3 m deep and ex-
tends as a ridge almost entirely across the lake. Open measured radiant

water temperatures ranged from 1.5° to 4.8°C.

Air temperatures at Buffalo, Erie, Cleveland, Toledo, and Detroit were
consistently below freezing for 2 1/2 weeks prior to January 4.
Though cloud cover hinders interpretation of features in the satellite image
of figure 3, ice (labeled) can be detected in the western end of Lake Erie on

January 4.

Alr temperatures at the land stations were still below freezing (-14.4° to
-10 C) on January 8, and in figure 4A the ice (labeled A) in the western end
of Lake Erie appears more concentrated than it did on January 4. Note the
lead parallel to the north and west shores west of Pelee Point, and the open
water or transparent ice on the west shore of Lake St. Clair. The predominant
9-kt westerly and northwesterly winds reported at the land stations have
blown the ice offshore. Clouds cover the southeastern part of the lake.

Figure 4B, the Landsat image acquired on January 8 agrees well with the
GOES i1mage of figure 4A except that the detail is far superior owing to the

better resolution of Landsat (80 m versus 1,000 m). Very thin, newly formed
ice extending almost to shore west of Pelee Point and thin fast ice along the
shore just east of Pelee Point can be seen here, but are not visible in the
GOES image. An interpretation of this image is that ice formed, was blown
offshore by the northwesterly and westerly winds, and new ice formed between
the older offshore ice and the shore. Later this new ice formation broke
away from shore and cracks that occurred in the ice structure extended from
the older ice and continued into the newly formed ice.

Separated by a small lead are two major ice areas west of Pelee Point: one

larger area (labeled 1) compacted against the south shore of the west end of
Lake Erie and a smaller area (labeled 2) east of the larger one. The islands
running longitudinally from Pelee Point to Sandusky seem to confine the ice.

Owing to current speeds as high as 6 kt, the Detroit River seldom freezes
over. The river appears very dark in the Landsat image and is probably ice

free.

Alr temperatures remaining low (about -10°C at the reporting land stations)
on January 10 contributed to the growth of new ice (C in the GOES image of
figure 5) along the north and south shores and to the formation of new ice (B)



adjacent to the west end ice (A). Winds from the south at 9 kt have produced
an apparent small lead parallel to the south shore between Cleveland and Erie.

West end ice (A) in figure 6 has been transported offshore by westerly winds
at 17 kt on January 14. The new ice (B) formerly attached to the eastern part
of the ice west of Pelee Point has moved eastward under the influence of the

wind.

In the GOES image of figure 7A, ice that formed along the north shore (at C)
on January 10 has widened but does not appear more concentrated. Air temper-
atures were -5.5°C on January 15. The eastern tip of Lake Erie near Buffalo
is covered by ice (D). This ice does not look new, but it was previously
undetected probably because of cloud cover.

The extent of the north shore ice (C) is more easily seen in the VHRR
computer-enhanced visible-range satellite image of figure 7B. Also, the
older ice (A) previously blown offshore west of Pelee Point appears whiter or
older than the new ice (E) which has formed between it and the western shore.
The lead between the two areas of A (1 and 2) is still unchanged from

January 8.

Figure 7C is a NOAA-4 VHRR computer-enhanced infrared image acquired simul-
taneously with the visible image of figure 7B. The IR image shows that the
older ice (A) is colder (whiter) than the newer north shore ice (C). The
open water is the warmest surface in the image.

Temperatures were still low enough to form and maintain ice on January 17;
they ranged from -14.4° to -10.6°C. In the GOES image of figure 8A, new ice
(F) has formed across the width of the lake west of Erie, Pa. Winds from the

north at 9 kt have created a lead parallel to the north shore.

The NOAA-4 VHRR computer-enhanced (visible) image in figure 8B compares
well with the GOES image; the same ice features (A, 1 and 2, B, C, E, and F)

and the north shore lead are discernible. Older ice again appears colder than
the newer ice and the water areas appear warmest in the NOAA-4 VHRR (IR) image

of Tigure 8C.

Comparisons between Landsat imagery in figure 8D and GOES and the VHRR

imagery in figures 8A, 8B, and 8C agree very well except that Landsat imagery
is more detailed. The Detroit River remains ice free. Thermal pollution,

due to the dumping of industrial wastes from the automobile plants and to boat
traffic, probably contributes to the ice—free conditions of the river.

At point 3 in figure 8D, a lead has developed where ice was blown offshore
by westerly winds on January 16 and by northerly winds on January 17.
Refreezing has occurred along shore in response to the low temperatures. The
two previously separated ice areas at A in fTigure 4B in the western end of the
lake have united. Details of the irregular ice features can be discerned at
B in Landsat imagery (fig. 8D), but not in the VHRR (figs. 8B, 8C) or GOES
imagery (fig. 8A) because of cloudiness. Thin transparent ice at E extending
to the shore can be seen in the GOES and VHRR images. The black ice (4 in

fig. 8D) is very new transparent ice formed between the ice at E which adheres



to shore and the ice at A. The black ice can also be detected in the VHRR
(visible) image.

Winds were light and variable at 2 to 4 kt and temperatures ranged from
-17° to -14°C at the reporting stations on January 18. In figure 9, Lake
Erie is almost 100% frozen except possibly in area G, which may be open water,
but probably is covered by thin ice. Lake surface temperatures have lowered
to 0°C, and ice has formed on the surface for the reasons explained below.

The maximum density of freshwater is reached when the temperature is 4°C.
Further loss of heat to the atmosphere cools the surface water below 4°C.
Since water at 0°C is less dense than water at 4°C, it remains in equilibrium
on top of the 4°C water. This process of cooling continues until the surface
water reaches 0°C. At this point ice forms at the surface.

Winds from the south at 10 to 17 kt have moved the ice off the south shore
in the GOES image taken on January 19 (fig. 10A). The most outstanding fea-
ture is the lead paralleling the south coast. In the NOAA-4 VHRR (visible)
image from January 19 (fig. 10B), the same features as those in the GOES
image are observed. However, the detail is superior on the VHRR image.

In figure 11, January 22, ice has broken away from the northwest coast in
response to winds from the northwest at 9 kt. Ice appears the least concen-
trated over the deepest part (K) of Lake Erie. It is expected that freezing
occurs here more slowly than the rest of the lake. Air temperatures at the
land stations ranged from -14.4° to -9.4°C.

On January 26, a SLAR image and interpretation chart (fig. 12) were pro-
duced. Many features are discernible in this high-resolution image. Winds
were from the south at Buffalo and Erie and from the west at about 9 kt at
Cleveland, Toledo, and Detroit. Temperatures were above freezing for the
Ffirst time this month: Buffalo, Erie, Cleveland, Toledo, and Detroit reported
5.0°, 3.3°, 3.9°, 0.6°, and 2.8°C, respectively. The wide lead parallel to
the south shore probably is due to temperature and wind conditions. Most of
the lake is covered by ice 13- to 20-cm thick and 90% concentrated. Again
there is open water over the deepest part of the lake.

In figure 13, January 29, a large lead extending from Sandusky on the south
shore north to Pelee Point (between ice A and B) and along part of the north
shore can be discerned. Westerly winds at 9 kt in combination with the island
obstructions caused this lead.

Figures 14A and 14B are GOES images taken 2 1/2 hours apart on
February 2. Temperatures at the land stations were -16.1° to -14.4°C. Winds
from the west at 17 kt are displacing the ice eastward. At 1600 GMT (12 noon
EDT) in figure 14A the entire lake appears frozen. However, by 1830 GMT
(2:30 p.m. EDT) in figure 14B a thin lead developed along the north shore,
possibly because strong winds moved the ice offshore.

The NOAA-4 VHRR computer-enhanced (visible) image (fig. 14C) confirms cloud

movement from the northwest and the lead along the north shore. In figure
14D, a VHRR computer-enhanced (IR) image for the same time as figure 14C, the
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area along the north shore is warmer than the remainder of the ice covered
lake. This factor supports analysis of the presence of a lead along shore.

Westerly winds at 17 kt on February 2, coupled with southerly winds at
10 kt on February 3, caused leads to develop on February 3 (fig. 15A). On the
north shore there is an eastward ice displacement. On the south shore between
Cleveland and Sandusky, ice was displaced northward and a lead developed
between the two large ice areas divided at the islands near Pelee Point and
south to Sandusky. These leads refroze because of low temperatures (-9.4 C).
The two ice areas are designated A and H. H represents a fusion of the

previous B, C, D, F, and G areas.

The westerly and southerly wind-induced leads are confirmed by the VHRR
computer-enhanced (visible) image of figure 15B; also note a thin lead at the
extreme west end on the west and south shores. This feature was not visible
on the GOES image. In figure 15C, the NOAA-4 VHRR (IR) image of February 3,
the lake appears warmest (darkest) where there is open water near Long Point
and along the leads and coldest (whitest) west of Pelee Point where the ice
(A) is the oldest.

On February 6, snow was falling at Buffalo, Erie, Cleveland, and Toledo.
Temperatures were -9°C, and the wind was from the west and northwest at 9 kt.
The GOES image (fig. 16) indicates that snow covered the entire frozen lake
surface except for the lead between the two ice areas and the lead paralleling

the north shore.

The GOES image for February 7 is shown in figure 17. Snow has ceased

falling, and the leads seen on February 6 are wider than they first appeared.
Fog or clouds dominate the middle of Lake Erie. Air temperatures ranged from

-10.6° to -6.1°C, and wind velocities were generally 13 kt from the west at
Buffalo and Cleveland and from the southwest at Erie, Toledo, and Detroit.

Figure 18 is a GOES image taken on February 9. Westerly winds at 13-kt on
February 8 widened the lead between the two major ice areas by pushing the
ice east of Pelee Point farther to the east.

Between February 10 and 12, temperatures at the land stations were 0.6° to
7.2°C; hence, melting occurred and caused a wider gap between the two ice
areas seen in figure 19A, a GOES image for February 12. Clouds cover the
eastern two-thirds of the lake. Winds were generally from the south on the
10th and 12th and from the west on the 11lth at 13 kt on all 3 days.

The SLAR image and interpretation chart of figure 19B clearly depict the
extent of open water. Open-water conditions from Pelee Point south to
Sandusky are 64 km in width. Near Long Point open water extends 32 km east-
ward. Ice concentration is mostly 90% in the two ice areas.

Fast ice along the south shore between Sandusky and Cleveland appears on
the Landsat image of figure 19C as well as the SLAR image, but is not apparent
on the GOES image. Extensive ice cover can be seen under thin clouds over the

middle of the lake.



Figure 20A is a GOES image from February 14. Winds became light and vari-
able, and temperatures averaged about 2.2°C after February 10. A large high-
pressure system dominates the lakes as indicated by the lack of clouds over
Lake Erie, and by local EDS records. Temperatures indicated melting condi-
tions along the north coast and between areas A and H. The VHRR (visible)
image (fig. 20B) is virtually identical with the GOES image except the
Detroit River is clearly ice free. The VHRR (IR) image (fig. 20C) shows that
the coldest, hence thickest, ice is located in the west end of Lake Erie and
in Lake St. Clair. The Detroit River is the warmest feature.

A SLAR image and interpretation chart of Lake Erie for February 17 are
shown in figure 21A. Temperatures of approximately 5.3°C have caused further
melting along the south shore and between A and H. The ice in the western
end of the lake is thicker than the more extensive ice in its eastern end.

An area of open water is visible north of Long Point.

The drawing from the Canadian ice reconnaissance flight (fig. 21B) substan-
tiates the presence of the SLAR-indicated open—water areas. However, ice
concentrations estimated by the Canadians differ from the SLAR interpretation
by approximately +10%. Ice thicknesses are greater than 30 cm west of Pelee

Point and in the eastern tip.

Above freezing temperatures (3°C) melted the ice extensively by February 20,
and a larger gap exists between the two ice areas. (See the GOES image of
figure 22A.) In the Canadian ice chart (fig. 22B) open-water areas along the
north coast are the same as those on the GOES image. The ice in the eastern
end is mostly 80 to 90% concentrated; its thickness ranges from 10 cm to
greater than 30 cm. The ice in the western end is mainly 50 to 80% concen-
trated and is not so thick (10 to 15 cm). The western end ice is thinner

than it was 3 days ago.

Figure 23 is a SLAR image and interpretation chart of the west end of Lake

Erie on February 21. High temperatures were maintained, and melting occurred-
ice In the west end of Lake St. Clair receded and decayed.

Persistent westerly winds and above-freezing temperatures before February 23
caused eastward movement of the two ice areas and considerable melting
in the February 23 GOES image (fig. 24A). In the NOAA-4 VHRR (visible) image
(fig. 24B), ice in Lake St. Clair (J) also has been.pushed to the east shore
by westerly winds. The NOAA-4 VHRR (IR) image (fig! 24C) shows that the open-
water areas of the lake are much warmer than the ice areas. Note that the
cloud tops are cooler than the ice and can be distinguished from the lake ice

on this image.

Figure 25 is a SLAR image and interpretation chart for February 25. Winds
from the south at 13 kt have moved the ice throughout the lake to the north
shores; compare this with positions of the ice in the lake on February 23.
The 1ice concentration is also lower, a factor that allows the ice to drift
more rapidly under wind stress. The open-water area between the two ice
areas is approximately 160 km wide. Temperatures were approximately 13°C.

Winds from the south at 9 kt on February 29 continued to keep the ice in
western Lake Erie compacted along the north shore. (See figure 26, a SLAR
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interpretation chart for this date.) All the remaining ice is thin because
of the high temperatures, but concentration is 90%. The central area of the
lake is not shown in the SLAR interpretation chart.

Figure 27 is a SLAR image and interpretation chart of the west end of Lake
Erie for March 4. Ice formerly attached to the north shore of the west end
ice, although melted somewhat, has been transported westward by the predomi-
nantly 9-kt easterly winds during the past few days. Temperatures have
remained 8° to 14°C.

Winds from the west at 13 kt have kept Lake St. Clair ice compressed against
the eastern shore on March 6 (SLAR image and interpretation chart, fig. 28A)
The Canadian chart (fig. 28B) verifies ice-free conditions”™in the western
half of the lake where surface-water temperatures were 1.4° to 2.8°C according
to Airborne Radiation Thermometer (ART) readings. The remaining ice has
decayed in the eastern end; it is less concentrated and less extensive than

previously.

Owing to frequent storms and snow melt, early spring river runoff is high.
Since in winter there is little vegetation to prevent soil erosion, sediment
transport into the Detroit River and ultimately into Lake Erie is high.
Sediment in the western end of Lake Erie appears lighter than the surrounding
water on March 9 (GOES image, fig. 29A). The only ice remaining is in the
eastern end; it has moved further east because of predominant westerly winds
over the past few days. In the SLAR image and interpretation chart of figure
29B, open water is Visible in the entire west end of the lake and in Lake

St. Clair.

Figures 30A, B, C, and D are GOES, VHRR (visible), Landsat, and SLAR image
and interpretation chart, respectively, for March 11. Sediment in the west
end plus the ice plug at Buffalo and broken floes in the eastern end are the
dominant features in the GOES image (fig. 30A). Only the ice appears clearly
in the VHRR (visible) image (fig. 30B). The sediment is not visible on this
computer-enhanced, rectified image. The Landsat image (fig. 30C) of the west
end of Lake Erie shows that extensive mixing of sediment has occurred in the
western end. The high concentration of sediment in southeastern Lake

St. Clair can be seen draining through the Detroit River into the south shore
of the western end of Lake Erie. Note the high turbidity of the Toledo har-
bor and Sandusky harbor areas. The SLAR image and interpretation chart (fig*
30D) of the east end of Lake Erie reveal that thin- to medium-thickness ice

at 70 to 100% concentration remains in the eastern end.

On March 15 temperatures were not so high as before March 6; however, they
were usually above freezing. Broken pieces of ice from the east end of Lake
Erie have dissipated somewhat and have been compacted into the eastern end o

the lake (GOES image, fig. 31A).

A VHRR computer-enhanced, rectified (visible) image (fig. 31B) provides
better detail than the GOES image and shows that much of the ice along the

south shore has melted since March 11.

The SLAR image and interpretation chart of the east end of Lake Erie (fig.
31C) disclose that ice in the eastern end is 100% concentrated and thin to

9



medium in thickness. A second mass of ice, 10% concentrated, is attached to
this ice.

The SLAR image and interpretation chart of March 19 (fig. 32A) show ice in
the eastern part of the lake is 15 to 51 cm thick, and 100% concentrated.
The second area of ice cover, 10% concentrated, is still attached to the ice
in the eastern end, but has moved further north under the influence of 16-kt

southerly winds.

The Canadian chart of Lake Erie for March 19 (fig. 32B) corresponds exactly
to the extent and location of the ice viewed by SLAR. However, concentrations
and thicknesses of ice differ from the SLAR interpretation. The Canadians
estimated the ice to be less thick than the SLAR interpreters, and the area
of ice cover attached to the ice in the eastern end was thought to be more
concentrated (40 to 60%) than in the SLAR interpretation (10%). Surface
water temperatures ranged from 0.4° to 1.7°C; air temperatures ranged from
8.3° to 15.6°C.

The GOES image of March 24 (fig. 33A) reveals that ice remains in the
eastern tip of Lake Erie despite above-freezing temperatures. Ice in the
eastern end appears very white in contrast to the blackness of the water in
the computer-enhanced, rectified image of figure 33B (VHRR visible); it is
13 to 41 cm thick and 100% concentrated according to the SLAR image and
interpretation chart (fig. 33C).

By March 26, southerly winds at 11 kt had caused the ice to move northward
producing a small lead along the south edge of the ice and extending through
the middle of the ice floe in the SLAR image and interpretation chart of the
eastern end of Lake Erie (fig. 34) from March 26.

By April 3, the ice (GOES image, fig. 35A) had diminished because of the
high temperatures. However, the predominant west winds between March 31 and
April 2 kept the ice compacted against the eastern and northern shores. The
SLAR image and interpretation chart of figure 35B reveal that the surface of
the ice in the eastern tip is rougher and possibly more concentrated along
the southern half than along the northern half.

Figure 36A is a VHRR computer-enhanced, rectified (visible) image taken on
April 5. Winds from the north at 10 kt on March 4 moved the ice off the
north shore. The lead along the north shore is now 20% concentrated
according to the SLAR image and interpretation chart of the east end of Lake
Erie (fig. 36B). The ice floe is 15 to 46 cm thick and 90 to 100%
concentrated.

The NOAA-4 VHRR (visible) image of April 9 is shown in Ffigure 37A.
Northerly winds at 9 kt have transported the ice further off the north shore.
The 1ice is rapidly melting now. The SLAR image and interpretation chart of

eastern Lake Erie (fig. 37B) disclose that the ice is 5 to 41 cm thick and
80 to 90% concentrated.

Figure 38, a GOES image for April 14, shows continued rapid melting in the
eastern tip of Lake Erie. Temperatures were approximately 12°C at the
reporting land stations.

10



The GOES image of April 19 (fig. 39) is the last used in this report. The

entire lake was finally ice free. This late date for clearing was very unu-
sual for Lake Erie; it was caused more by wind concentrating the ice than by

unusually cold weather.
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Figure 5.--GOES image of Lake Erie,
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Figure 6.--GOES image of Lake Erie,

Figure 7A.--GOES image of Lake Erie,
16
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Figure 7B.--NOAA-4 VHRR (visible) image of Lake Erie, January 15, 1976.

Figure 7C.--NOAA-4 VHRR (IR) image of Lake Erie, January 15, 1976.
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Figure 8A.--GOES image of Lake Erie,

Figure 8B.--NOM-4 VHRR (visible)
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Figure 8C.--NOAA-4 VHRR (IR) image of Lake Erie, January 17, 1976.
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Figure 8D.--Landsat image of the western end of Lake Erie,
January 17, 1976.
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Figure 9.--GOES image of Lake Erie,
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Figure 13.--GOES

Figure 14A.--GOES
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Figure 14C.--NOAA-4 VHRR (visible) image of Lake Erie, February 2, 1976.
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Figure 14D.--NOAA-4 VHRR (IR) 1image of Lake Erie, February 2, 1976.
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Figure 15A.--GOES image of Lake Erie, 1830 GMT, February 3, 1976.
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Figure 15B.--NOAA-4 VHRR (visible) image of Lake Erie, February 3, 1976.
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Figure 15C.--NOAA-4 VHRR (IR) image of Lake Erie, February 3, 1976
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Figure 16.--GOES image of Lake Erie, 1900 GMT, February 6, 1976.
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Figure 17.--GOES image of Lake Erie, 1630 GMT, February 7, 1976.
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Figure 18.--GOES image of Lake Erie, 1601 GMT, February 9, 1976

Figure 19A_.--GOES image of Lake Erie, 2130 GMT, February 12, 1976.
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of Lake Erie, February 12, 1976.

Figure 20A.--GOES image of Lake Erie, 1700 GMT, February 14, 1976.
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Figure 24A.--GOES image of Lake Erie, 1700 GMT, February 23, 1976.

Vv -A *

Figure 24B.--NOAA-4 VHRR (visible) image of Lake Erie, February 23, 1976.
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Figure 24C.--NOAA-4 VHRR (IR) image of Lake Erie, February 23, 1976.
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Figure 29A.--GOES image of Lake Erie, 1630 GMT, March 9, 1976
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Figure 29B.--SLAR image and interpretation chart of the west end
of Lake Erie, March 9, 1976.
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Figure 30A.--GOES image of Lake Erie, 1600 GMT, March 11, 1976.
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Figure 30B.--NOAA-4 VHRR (visible) image of Lake Erie, March 11, 1976.
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Figure 30C.--Landsat image of the west end of Lake Erie, March 11, 1976.
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Figure 31A.--GOES image of Lake Erie, 1930 GMT, March 15, 1976.
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Figure 31B.--NOAA-4 VHRR (visible) image of Lake Erie, March 15, 1976.
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Figure 33A.--GOES image of Lake Erie, 1900 GMT, March 24, 1976.

Figure 33B.--NOAA-4 VHRR (visible) image of Lake Erie, March 24, 1976.
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Figure 33C.--SLAR image and interpretation chart of the eastern end
of Lake Erie, March 24, 1976.
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Figure 35A.--GOES image of Lake Erie, 2000 GMT, April 3, 1976.
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Figure 35B.--SLAR image of the eastern end of Lake Erie, April 3, 1976.
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Figure 38.--GOES image of Lake Erie, 1800 GMT, April 14, 1976.

Figure 39.--GOES image of Lake Erie, 2130 GMT, April 19, 1976.
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APPENDIX:  CLIMATOLOGICAL DATA
MEAN DAILY WEATHER CONDITIONS

Buffalo, N.Y. January 1 - April 19, 1976

Date T Surface wind Date T Surface wind
(°F) dd ff °F dd ff
(mi/h) (mi/h)
1/1 26 N 8 2/10 42 S 17
172 26 S 7 2/11 35 W 14
1/3 30 W 14 2/12 35 SW 12
174 19 w 17 2/13 37 W 14
1/5 16 w 7 2/14 28 W 6
1/6 23 s 12 2/15 40 S 16
1/7 25 sw 7 2/16 39 SW 2
1/8 12 w 9 2/17 40 SW 12
1/9 12 w 17 2/18 42 S 6
1/10 17 W 10 2/19 36 w 27
1711 25 S 5 2/20 35 w 11
1712 22 W 8 2/21 42 S 12
1713 30 S 6 2/22 33 NW 13
1/14 27 w 22 2/23 19 W 9
1/15 17 w 10 2/24 38 SW 20
1/16 25 sw 10 2/25 48 s 12
1/17 6 N 8 2/26 46 Ssw 10
1/18 1 w 5 2/27 42 Sw 10
1/19 15 S 13 2/28 40 w 11
1/20 31 w 18 2/29 41 s 9
1721 24 w 12 3/1 31 E 12
1/22 6 NW 13 3/2 27 E 17
1/23 -3 E 5 3/3 32 E 5
1/24 10 NE 9 3/4 47 E 6
1/25 27 E 9 3/5 50 SwW 21
1/26 411 S 13 3/6 30 W 18
1/27 28 W 5 3/7 29 W 17
1/28 22 Sw 13 3/8 25 W 10
1/29 25 w 13 3/9 30 SE 6
1/30 16 N 4 3710 36 SW 12
1/31 16 S 9 3/11 28 w 9
2/1 24 sw 14 3/12 34 S 13
2/2 3 w 22 3/13 36 w 20
2/3 16 Sw 14 3/14 30 sw 17
2/4 24 w 13 3/15 31 w 9
2/5 19 E 4 3/16 25 N 7
2/6 16 W 7 3/17 16 w 15
2/7 19 w 16 3/18 24 S 8
2/8 25 w 18 3/19 47 Sw 16
2/9 23 SwW 7 3/20 62 S 16

Note: Tj_ mean temperature, 24-hr period.
dd, mean wind direction, 24-hr period.
ff, mean wind speed, 24-hr period, in miles per hour.
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Buffalo, N.Y.--Continued

Date T Surface wind Date T Surface wind
P dd ff P dd ff

(mizh) (mi/h)
3/21 44 w 16 4/5 37 Sw 15
3/22 23 w 5 4/6 43 S 10
3/23 34 Sw 11 4/7 40 NW 9
3/24 53 s 13 4/8 36 N 10
3/25 47 Sw 14 4/9 37 w 4
3/26 51 s 8 4/10 42 Sw 18
3/27 53 s 17 4/11 35 NW 16
3/28 37 w 12 4/12 30 w 11
3/29 43 E 11 4/13 42 sw 16
3/30 59 SE 10 4/14 49 sw 12
3/31 48 Sw 9 4/15 61 SwW 13
4/1 42 sw 14 4/16 62 SW 13
4/2 a1 w 9 4/17 69 Sw 10
4/3 41 W 8 4/18 68 s 7
4/4 40 N 11 4/19 63 S 11

Erie, Pa. January 1 - April 19, 1976

Date T Surface wind Date T Surface wind
°P dd ff QD) dd ff
(mi/h) (mi/h)
1/1 28 NE 13 1723 6 E 6
1/2 29 S 11 1724 19 NE 4
1/3 28 w 15 1725 29 SE 9
1/4 18 w 18 1/26 38 S 13
1/5 13 W 10 1/27 24 W 9
1/6 23 S 18 1/28 23 SwW 14
1/7 27 W 6 1/29 25 w 12
1/8 14 w 5 1/30 20 E 5
179 5 S 22 1/31 18 S 10
1/10 13 S 14 2/1 20 W 11
1/11 26 S 12 2/2 3 W 20
1712 25 w 13 2/3 16 S 12
1713 31 S 16 2/4 24 w 11
1/14 27 w 20 2/5 20 E 9
1/15 22 W 13 2/6 17 NW 7
1/16 25 W 11 2/7 19 SW 16
1/17 12 N 14 2/8 24 W 14
1/18 7 NW 3 2/9 17 S 11
1/19 18 S 21 2/10 41 S 24
1/20 28 SW 14 2/11 36 W 16
1/21 20 W 16 2/12 35 S 18
1/22 13 NW 13 2/13 37 W 9
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Erie, Pa.--Continued

Date T Surface wind Date T Surface wind
P dd ff P dd f
(mi/h) (mi/h)
2/1.4 26 N 3 3/18 33 S 15
2/15 44 S 19 3/19 55 S 21
2/16 43 S 3 3720 63 S 21
2/17 41 W 7 3/21 44 w 16
2/18 43 s 10 3/22 25 w 9
2/19 34 w 16 3/23 34 Sw 10
2/20 35 w 6 3/24 54 S 18
2/21 44 S 15 3/25 47 SWw 14
2/22 34 w 13 3/26 52 S 14
2/23 21 W 4 3/27 51 S 17
2/24 42 s 19 3/28 34 NW 8
2/25 56 s 17 3729 44 SE 8
2/26 49 sw 11 3730 59 S 18
2/27 45 w 7 3/31 43 w 6
2/28 42 w 8 4/1 38 sw 12
2/29 46 s 12 4/2 37 W 11
3/1 34 NE 14 4/3 43 N 2
372 30 NE 11 4/4 38 N 12
3/3 44 N 4 4/5 36 w 11
3/4 50 E 5 4/6 43 w 9
3/5 48 sSw 19 a4/7 38 N 4
3/6 30 w 17 4/8 33 N 8
3/7 31 w 19 4/9 31 N 4
3/8 26 w 8 4/10 41 Sw 11
3/9 29 SE 9 4/11 39 N 14
3710 36 S 11 4/12 32 NW 8
3/11 29 N 5 4/13 40 SW 10
3/12 37 s 20 4/14 51 SW 5
3/13 36 W 18 4/15 68 S 13
3/14 34 sw 18 4/16 67 w 10
3715 32 NW 7 4/17 68 w 5
3/16 27 N 10 4/18 67 w 4
3/17 20 w 20 4/19 64 sw 8

Cleveland, Ohio January 1 - April 19, 1976

Date T Surface wind Date T Surface wind
Q1) dd ff P dd ff

(mi/h) (mi/h)
1/1 33 E 11 1/5 13 Sw 10
172 35 S 11 1/6 24 s 16
1/3 27 w 16 1/7 28 w 2
174 14 w 18 1/8 10 NW 10
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Cleveland, Ohio--Continued

Date T Surface wind Date T Surface wind
P dd ff P dd F
(mi/h) (mi/h)
1/9 4 SwW 17 2/24 48 SwW 17
1710 11 S 10 2/25 59 SwW 14
1711 28 SwW 12 2/26 53 SW 11
1712 25 w 13 2/27 50 SW 12
1/13 34 S 8 2/28 47 NW 5
1/14 26 W 17 2/29 56 Sw 8
1715 22 SwW 10 3/1 41 NE 9
1/16 25 w 7 3/2 48 N 5
1/17 13 N 12 3/3 58 Sw 7
1/18 7 W 4 3/4 57 S 3
1/19 18 s 18 3/5 53 w 21
1720 24 w 14 3/6 36 w 16
1721 19 w 10 3/7 36 w 16
1722 15 N 10 3/8 30 N 6
1/23 14 SE 9 3/9 36 E 5
1/24 21 N 2 3710 42 SW 8
1/25 29 SE 10 3711 37 N 7
1/26 39 w 7 3/12 48 S 16
1/27 24 N 9 3/13 41 w 18
1/28 25 SwW 13 3/14 38 SW 14
1/29 28 W 8 3/15 36 N 6
1/30 24 E 5 3/16 30 N 11
1/31 20 SwW 9 3/17 23 W 13
2/1 16 W 8 3/18 36 S 14
2/2 5 W 12 3/19 58 SwW 18
2/3 13 S 12 3/20 64 S 19
2/4 26 w 7 3/21 45 w 15
2/5 21 E 12 3/22 30 N 6
2/6 15 NW 9 3/23 43 Sw 10
2/7 14 W 19 3/24 58 S 17
2/8 27 W 14 3/25 56 w 11
2/9 23 S 9 3/26 61 S 15
2/10 45 S 20 3/27 54 Sw 17
2/11 37 w 17 3/28 42 N 6
2/12 37 s 15 3/29 50 S 10
2/13 37 NW 4 3/30 68 S 13
2/14 29 E 3 3/31 49 w 9
2/15 47 SW 17 4/1 42 w 13
2/16 46 SwW 4 4/2 39 w 8
2/17 45 NW 7 4/3 50 S 4
2/18 50 SwW 10 4/4 41 N 13
2/19 41 W 13 4/5 41 w 7
2/20 41 W 3 4/6 46 NW 3
2/21 51 S 14 4/7 42 NE 5
2/22 41 N 13 4/8 35 N 10
2/23 29 W 6 4/9 34 N 5
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Cleveland, Ohio--Continued

Date T Surface wind Date T Surface wind
QD) dd ff P dd f

(mi/h) (mi/h)
4/10 44 w 9 4/15 69 Sw 14
4/11 40 N 15 4/16 72 w 8
4/12 35 N 6 4/17 70 SW 8
4/13 42 w 4 4/18 69 SW 6
4/14 53 S 8 4/19 68 w 3

Toledo, Ohio January 1 April 19, 1976

Date T Surface wind Date T Surface wind
P dd ff &) dd f
(mi/h) (mi/h)
1/1 28 E 7 2/2 4 w 11
1/2 34 S 9 2/3 7 S 6
1/3 22 w 15 2/4 24 w 7
1/4 13 w 17 2/5 19 NE 12
1/5 12 s 9 2/6 14 w 10
1/6 24 s 11 2/7 13 Sw 14
1/7 24 NW 5 2/8 27 w 14
1/8 6 w 10 2/9 20 S 8
1/9 5 Sw 14 2/10 44 S 13
1/10 12 S 7 2/11 33 w 13
1/11 28 Sw 9 2/12 37 S 12
1/12 23 Sw 10 2/13 37 W 6
1/13 28 N 1 2/14 28 E 5
1/14 23 W 14 2/15 46 S 12
1/15 22 S 9 2/16 38 E 5
1/16 22 w 10 2/17 41 w 2
1/17 7 N 10 2/18 45 w 7
1/18 1 S 2 2/19 37 w 10
1/19 20 S 12 2/20 36 S 4
1/20 24 w 12 2/21 48 E 3
1/21 20 w 10 2/22 29 NW 14
1/22 12 w 10 2/23 22 w 7
1/23 14 E 9 2/24 46 S 14
1/24 20 N 1 2/25 55 S 12
1/25 31 E 9 2/26 50 Sw 10
1/26 33 w 11 2/27 50 Sw 10
1/27 17 W 7 2/28 45 w 3
1/28 21 Sw 11 2/29 47 w 6
1/29 28 w 10 3/1 37 E 16
1/30 24 E 4 3/2 36 E 11
1/31 24 Sw 8 3/3 53 w 2
2/1 16 w 7 3/4 53 E 7
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Toledo, Ohio--Continued

Date T Surface wind Date T Surface wind
°P dd ff °F dd r

(mi/h) (mi/h)
3/5 50 W 19 3/28 42 E 3
3/6 33 W 17 3/29 45 E 9
3/7 32 W 15 3730 61 S 12
3/8 27 N 2 3/31 42 W 9
3/9 35 E 7 4/1 39 W 11
3710 36 SW 6 4/2 44 W 9
3/11 31 E 6 4/3 48 E 8
3/12 46 S 9 4/4 39 N 12
3/13 32 W 17 4/5 43 W 9
3/14 37 SwW 11 4/6 51 W 8
3/15 34 NE 4 a/7 44 N 7
3/16 29 NW 11 4/8 35 N 9
3/17 23 W 13 4/9 35 NW 3
3/18 40 S 8 4/10 46 W 9
3/19 59 S 14 4/11 41 N 13
3720 62 S 17 4/12 34 W 4
3721 40 W 17 4/13 41 W 6
3/22 26 SW 3 4/14 56 S 8
3/23 41 SwW 9 4/15 73 SwW 12
3/24 56 S 13 4/16 74 Sw ii
3/25 53 w 10 4717 71 s 9
3/26 59 s 14 4/18 68 s 10
3/27 48 SwW 11 4/19 70 W 8

Detroit, Mich. January 1 - April 19, 1976

Date T Surface wind Date T Surface wind
P dd f P dd ff

(mi/h) (mi/h)
1/1 31 E 9 1/15 24 S 6
1/2 35 S 12 1/16 24 W 8
1/3 28 w 16 1717 11 NW 16
1/4 18 W 15 1/18 7 S 5
1/5 16 Sw 10 1/19 24 S 15
1/6 27 S 16 1/20 29 w 16
1/7 25 NW 7 1/21 23 W 10
1/8 11 w 12 1722 15 N 9
1/9 10 SwW 17 1/23 12 E 10
1/10 15 S 8 1/24 19 NE 4
1/11 29 S 8 1/25 34 E 10
1/12 28 SwW 11 1/26 37 W 10
1/13 31 SE 1 1/27 22 W 10
1714 26 W 15 1/28 22 SW 15
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Detroit, Mich.--Continued

Date T Surface wind Date T Surface wind
C°P) dd ff P dd f
(mi/h) (mi/h)
1729 29 w 11 3/10 36 Sw 6
1/30 21 E 6 3711 32 N 5
1731 24 S 12 3/12 44 S 13
2/1 16 W 9 3/13 36 W 15
2/2 6 W 13 3/14 37 SW 17
2/3 16 S 11 3/15 34 N 2
2/4 26 W 9 3/16 30 NW 8
2/5 21 NE 8 3/17 23 W 13
2/6 19 W 10 3/18 39 S 13
2/7 21 Sw 14 3/19 60 S 16
2/8 30 w 11 3/20 61 S 19
2/9 30 S 10 3/21 43 w 17
2/10 44 s 16 3/22 28 sSw 4
2/11 35 W 15 3/23 44 s 13
2/12 38 S 15 3/24 58 S 18
2/13 38 NW 8 3/25 56 w 10
2/14 31 SE 4 3/26 59 S 13
2/15 47 S 14 3/27 49 Sw 11
2/16 40 E 4 3/28 40 E 3
2/17 41 W 2 3/29 45 E 12
2/18 46 S 6 3/30 61 S 11
2/19 40 w 13 3/31 45 Sw 11
2/20 41 S 6 4/1 40 w 12
2/21 40 NE 7 4/2 42 w 6
2/22 29 N 14 4/3 48 E 8
2/23 26 W 7 4/4 42 N 13
2/24 45 SW 14 4/5 47 w 9
2/25 58 S 17 4/6 52 NW 7
2/26 53 Sw 9 a/7 46 NE 8
2/27 49 S 7 4/8 35 N 11
2/28 47 w 2 4/9 37 E 3
2/29 48 S 6 4/10 51 w 12
3/1 33 NE 14 4/11 39 N 16
3/2 34 E 9 4/12 40 W 8
3/3 39 E 3 4/13 50 W 8
3/4 49 NE 5 4/14 60 S 9
3/5 48 SwW 16 4/15 73 S 14
3/6 33 W 14 4/16 75 Sw 10
3/7 30 W 17 4/17 73 S 13
3/8 29 SwW 2 4/18 71 S 12
3/9 36 E 8 4/19 70 w 10
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