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SuMMARY OF CGREAT LAKES WEATHER AND | CE CONDI TI ONS, W NTER 1977-78%

The winter of 1977-78 was the 12th col dest since 1850. The
north-westerly flow aloft during this winter directed anticyclonic
centers to the west and south of the Geat Lakes Region, bringing
the greatest negative air tenperature departure from normal ever
recorded on the southern lakes. Ice began formng in the shal-
lows of the Geat Lakes in late Novenber. Lake St. Clair was
virtually frozen over by early January. The remainder of the
Great Lakes neared maximum areal ice extent from md-February to
early March: Lake Superior was 82 percent ice covered, Lake
M chigan 52 percent, Lake Huron 89 percent, Lake Erie 100 percent,
and Lake Ontario 57 percent. Spring breakup began in md- March.
The bulk of the ice was gone by April 26, but ice was observed as
late as May 11 in eastern Lake Erie.

A shipping strike in fall 1977, conbined with an early
winter, provided the catalyst to create massive traffic tie-ups
inthe St. Lawence Seaway in Decenber. A total of 138 shipping
conpanies participated in extended season operations, and ship-
ping on the upper |akes continued throughout the season without
Interruption.  The demands placed on Coast Cuard icebreakers
were the greatest ever, and total cargo tonnage assisted was
about doubl e the previous season.

1. | NTRODUCTI ON
R A Assel

This report on the 1977-78 wi nter weather and ice conditions is the
second coordinated report to conbine the activities of the various NOAA
conponents responsible for nonitoring Geat Lakes ice conditions. The
participating units are the National Wather Service (NWS), the Environnental
Research Laboratories, and the National Environnental Satellite Service
(NESS). In addition, part of the ice-cover data was anal yzed by Dewitt and
Associ ates under NOAA Contract No. 03-79-B01-105.

Most geographic locations referenced in this report are shown in
figure 1. The winter of 1977-78 marked the second year of bel ow nor nal
tenperatures and extensive ice covers on the lakes. Ice began formng in the
shal low areas of the Geat Lakes in late Novenber. Maxi num areal ice extent
on individual Geat Lakes occurred between md-February and the first week in
March.  On Lakes Superior, Huron, and Erie maximumice extent in 1977-78 was
about the same as it had been in the benchmark winter of 1976-77. On Lake
M chigan ice cover was much less in 1977-78 than it had been in 1976-77.
However, on Lake Ontario the ice this winter was nore extensive than during
any of the previous 15 winters. The spring breakup period began in mid-
March, and by the end of April the bulk of the ice was gone fromthe |akes.

*GLERL Contribution No. 206.
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Suppl ementary wind data, synoptic surface weather charts, and |ake bottom
t opography charts are given in the appendices of this report so that the
reader can better understand the bathynetric and meteorol ogi cal factors
affecting ice cover on the Great Lakes.

Wnter shipping activity reached a new record as 138 shipping conpanies
participated in the extended navigation season and the total tonnage of
vessel s assisted by the Coast Quard increased by 50 percent over the old
record set the previous winter. Shipping continued on the upper |akes
t hroughout the winter.

2. suMMARY OF METECROLOG CAL CONDI TI ONS
F. A Keyes
2.1 Synoptic Study of the Wnter

Wnter 1977-78 will go into the record books as one of the col dest
across the southern lakes region, owing in large part to an extrenely cold
February. Mnthly mean tenperatures were progressively farther below nornal
t hroughout the winter across the mgjority of the Geat Lakes, with maxi num
departures in February (table 1).

The upper air ﬁattern for winter 1977-78 was very simlar to that of the
previous winter. That winter a large area of intense cyclonic activity
persisted over the Pacific Ccean and a strong ridge was nearly stationary
over \Western North Anmerica, creating blocking highs over the Canadian Arctic.
The differences this winter were: (1) the ridge was a little further north
and east; (2) there was a strong subtropical jet across the Southern United
States and Northern Mexico as conpared to a weak subtropical jet during
winter 1976-77; and (3) when short waves nmoved through the ridge at intervals
of approximately 5 days, they noved eastward and intensified the |ong wave
trough just to the east of the Geat Lakes Region (figs. 2a-2¢).

Bef ore Novenber 1977, there was little indication of how severe the
winter was going to be. The 3 preceding nonths had averaged bel ow nornal,
but no definite cooling pattern had been set. Cold, belownormal tenpera-
tures noved into the lake region in late Novermber, with readings (degrees
Fahrenheit) falling below zero across the upper |akes and into the teens
across the lower lakes. Followng this cold snap, tenperatures
nmoderated through mid-Decenber as a series of |owpressure centers and areas
of high pressure of Pacific origin noved across the region. Tenperatures
fluctuated bel ow and above normal over all the area until the second week in
January.  Sonme sub-zero (degrees Fahrenheit) readings were reported over the
upper |akes region around Christmas and New Year's Day. Then on the 15th and
16th of January, a strong cold front nmoved through. This was followed by a
large area of Arctic high pressure, which noved southeastward out of
Saskat chewan and drifted south of the Geat Lakes.



Table |.--Mnthly mean tenperature departures fromnormal (°C)

Station

Novenber

Decenber

January

February

Mar ch

Apri |

Mean

Thunder Bay, Ont.
Dul uth, M nn.
Marquette, Mich.
Sault Ste.
Lake Superior Basin
Geen Bay, Ws.

M | waukee, Ws.

Chi cago, 111.
Miskegon, Mich,
Lake M chigan Basin
Alpena, Mich.
Detroit, Mich.
Lake Huron Basin
Tol edo, Chio
Ceveland, Cnhio
Buffalo, NY.
London, Ont.

Lake Erie Basin
Toronto, Ont.
Rochester, N.Y.
Lake Ontario Basin

Mari e, Mich.
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NOVEMBER 1977

Figure 2q.--Mean 700 nb contours for Novenber 1877.



DECEMBER 1977

Figure 2b.-—Mean 700 mb contours for December 1977.



JANGARY 1978

Figure 2¢.--Mean 700 nb contours for January 1978.



FEBRUARY 1978

Figure 2d.--Mean 700 mb contours for February 19738,



MARCH 1518

Figure 2e.--Mean 700 nb contours for March 1978.



Since the Great Lakes are relatively warm conpared to the overlying air
during winter, they provide a large heat source, which readily nodifies
wintertime air masses. As the cold air moves across the lakes, it is rapidly
warmed and noistened and its pressure lowered. For this reason, very few
cold high-pressure centers pass directly over the lakes. This year, the
northwesterly flow aloft directed the majority of the high centers to the
west and south of the Great Lakes Region, thus bringing the greatest negative
departure from normal to the southern |akes region.

On the 25th and 26th of January, a major winter storm noved northeast-
ward over the western lower |akes, bringing blizzard conditions to the
mpjority of the Geat Lakes. This stormwas the worst blizzard on record in
the Chio Valley. The lowest pressure reported was 957.6 nb (28.28 inches) at
Ceveland, Chio. Lowest sea level pressure records were recorded by dozens
of cities in the Chio Valley and the Geat Lakes Region, for exanple Detroit,
Mich., [959.7 nb (28.34 inches)] and Tol edo, Chio [964.8 nb (28.49 inches)].

Wnd gusts approached hurricane force over a wide area and exceeded it
near the stormcenter. Ceveland recorded a record peak of 71 kn and Erie,
Pa., 67 kn. Acconpanying these strong winds were very cold tenperatures and
snow, which resulted in severe wind chill factors and mountainous drifts that
paral yzed transportation for days.

This storm was followed by another series of cold Arctic high-pressure
areas that drifted to the north and south of the |akes region through the
first 3 weeks of February. These cold highs kept tenperatures across the
G eat Lakes well bel ow normal over the mgjority of the region. Mnthly
tenperature departures of 4.4°-6°C (7.9°-~10.8°F) bel ow nornal were conmon,
vith Tol edo reporting a departure of -8.5°C (-15.3°F) for the month.  (See
table 1.)

During late February and early March the upper atmospheric ridge over
the West Coast began to flatten out and this allowed Pacific air to reach the
| akes region. Although tenperatures renmined below normal during March over
nmost of the area, the cold regine that had been holding over the Geat Lakes
was replaced by noderating tenperatures, which allowed readings to return to
0°-7°C (30's and 40's°F).

2.2 Freezing Degree-Days (FDD’s)

The concept of degree-day accumulations is useful in forecasting a wde
range of phenomena: the use of heating fuel, the maturation of crops, etc.
The growth of freshwater ice is closely correlated with accunul ation of
freezing degree-days (Fbp's) (Richards, 1963; Snider, 1974; and Assel, 1976).
Calculations of FDD's are sensitive to mnor changes in conputational pro-
cedures, especially in the southern |akes region. The method used in this
report is to begin accunulating FDD's on the first day on which one or nore
FDD s occur (a nean tenperature of less than 0°C). For exanple on a day with
a mean tenperature of -3°C, 3 FDD' s are accunul ated, and on a day with a mean

10



tenperature of +2°c, -2 FDD's are accunul at ed.

t

negative

hroughout, the wnter

Fi gures 3az-3Z show conparisons of |ong term norna

FDD s continue to accunul ate
If at any time the running sum of FDD s becones
the accunul ation begins again when the next FDD occurs.

FDD curves (solid
lines) versus the winters of 1976-77 (light dashed line) and 1977-78 (heavy
dashed lines) at 12 Geat Lakes cities.

Table 2 gives maximum FDD' s accum

ulated for the 1976-77 and 1977-78 winters.

2.3 Conparison Wth Previous Wnters

In order to be able to conpare winters across the Geat Lakes,
(in Quinn et wl., 1978) developed a w nter severity index.

Thi s index

Sni der

conprises the mean tenperatures for Novenber through February and for Dul uth,
N.Y. The nean tenper-

M nn. ;

Sault Ste.

Table 3 gives a listing of the 12 coldest winters since 1850.

Marie, Mich.; Detroit,
atures are averaged together to obtain a single nunber

and Buffal o,

Each

winter is characterized as late (L), intermediate (1), or early (E), ac-

cording to the timng of its coldest period.
col dest part of the winter occurred in February;

In 8 of the 12 winters the
in 3 the cold weather was

evenly distributed throughout the winter; and in only 1 did the major part of
the cold weather cone in the first part of the wnter.
was the 12th col dest since 1850. with the coldest part of the winter occur-

r

muted Freezing Degree-Days

Aco

ing during February.

The winter

of 1977-78
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Aco mWated Freezing Degree-Days

Accumulated Fr eeng Degr e&ays
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Fi gure 3g.--Freezing degree-day accumul ations, Alpena, Mich.
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Figure 3j.--Freezing degree-day accumulations, O eveland, Chio.
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Fi gure 3k.--Freezing degree-day accumulations, Buffalo, N.Y.

16



3600 2000
2700 1500

1800 1000

Aco mGated Freezing Degr e@ays

— T
QLA_L_A_A_Lfm
5 10 15 20 25 30 5 10 15 20 25 3

900 500p————

NOV.

DEC.

-

P st T = —— ]
o - ——— |

b
o —“{ong-imean N
A 11’ \
- ~

| L b | | Il } | ! | L )| . | | | | | |
5 10 152025 " 6 10 152025 5 10 152025: 5 10 1520 25 aC

JAN. FEB. MAR. APR.

Fi gure 31.--Freezing degree-day accumulations, Rochester, N..

17



Table 2.-=tusimen uccumulated freezing degree-days for the 1976-77 and
1977-1978 winters

1976- 77 1977-78
Rravion (°F) (°C) (°F) (°C)
Dul nch, Minn. 2612 1451 2514 1397
Marg ue tte, Mich. 1680 933 1354 752
Sault Ste. Marie, Mich. 2243 1246 2056 1142
Sreen Ray | wis. 2082 1157 2013 1118
Mi Lwaukee, Wis, 1534 852 1388 771
Mushegon, Mich, 1211 673 1137 632
Al pena , Mich., 1628 904 1621 901
Docrodt,  Mich, 1129 627 1132 629
uodo . Ohido 1317 732 1418 788
Cieveland, Ohio 1135 6 31 913 507
Bt otoley NLY. 1069 594 1098 610
joctesier, VLY. 949 527 987 548
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Table 3.--The 12 coldest winters since 1850

Novenber - Febr uary Novenber - January

Rank Wnt er nean tenmp., °C nean tenp., °c Charact er
1 1874-75 -9.0 6.5 !
2 1903- 04 -7.9 -6.2 L
3 1976-77 7.7 8.2 £
4 1872- 73 -7.5 7.5 13
5 1855- 56 -7.5 -6.0 L
6 1919- 20 -7.4 -7.0 L
7 1880- 81 -7.3 -7.2 |
8 1917-18 -7.2 -6.8 L
9 1856- 57 -7.0 -7.0 I
10 1892- 93 -6.8 -5.8 L
11 1962- 63 -6.5 -6.3 L
12 1977-78 -6.0 -4.5 L
1 Late
2 Early

3 [ nternediate
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3. suMMaRY OF | CE CONDI TI ONS
R A Assel, B. H Dewitt, and J. Wartha
3.1 Data Collection Platforns and Processes

Primary sources of ice-cover information used to docunment the 1977-78
Great Lakes ice cover include: visual aerial ice reconnaissance, side
| ooki ng airborne radar (sLar), and satellite imagery. Ice charts are the end
result of interpretation of these data. |Ice charts depicting ice distribution
and concentration, as well as size and age of floes, were received at the
Geat Lakes Environmental Research Laboratory (GLERL) throughout the winter
fromthe Ice Navigation Center, Ceveland, and Ice Forecasting Central,
Ottawa, Ont. Interpretations of ice conditions made from NOAA-5, and Geo-
stationary Operational Environnental Satellite (GOES) inagery were received
from NESS in Washington, D.C. SLAR inmagery and ice charts based on it were
received fromthe lce Navigation Center, Ceveland. In addition to these
primary data, weekly and daily surface reports of ice conditions and thick-
ness were received from observers for GLERL and the U S. Coast Quard.

3.1.1 Visual Aerial |ce Reconnai ssance

Trained ice observers for the United States Coast CGuard and the Canadian
Department of the Environment record visually observed ice conditions on the
Geat Lakes periodically during winter.

U S Coast CGuard aircraft used for visual ice reconnaissance include the
Gumman HU-16 Albatross and smaller fixed wing craft and rotary (helicopter)
aircraft. Flights are made from Chicago, Ill.; Detroit; and Traverse City,
Mich. Canadian aircraft used to support visual aerial ice reconnaissance
include a Douglas DC-3 and a Lockheed El ectra rissc.

3.1.2 Side Looking Airborne Radar

The National Aeronautics and Space Admnistration Lewi s Research Center,
in cooperation with the U S. Coast Quard and NOAA, has devel oped a SLAR
system for ice surveillance on the Geat Lakes. The system nounted aboard a
HC-130B aircraft operating out of Ceveland, operates in the X-band at a
frequency of 9.245 GHz (3.245-cm wave length). Flight altitude for SLAR
mssions is 3.35 km (11,000 ft) with an average ground speed of 280 kn.
Flights are made regularly over all of the Great Lakes with the exception of
Lake Ontario. The advantage of SLAR over visual reconnaissance and satellite
imagery is its all-weather capability and ability to "see" through clouds.
Schertler et al. (1975) give a history of the devel opnent of the current
system

3.1.3 Satellite |magery

_ NOAA-5 and GOES-| satellite imagery were used in ice-cover docunenta-
tion. The NOAA-5 satellite represents the second generation of operational
satellites in the National Environnental Satellite Service. The orbit is
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near polar and Sun synchronous so the satellite always crosses the Equator at
the same local solar time, in this case 0830 and 2030. This orbit is a
typical polar orbit, providing a twce-daily thermal infrared image and a
one-time visible band image of an area

This type of orbital coverage permts detection of changes at 12-h
intervals for dynamc snow and ice events. O oudiness comonly reduces these
observations, but in most of the United States it is possible to secure at
| east one cloudless view per week. The primary sensor for hydrologic use
aboard NOAA-5 is the Very H gh Resolution Radi ometer (VHRR), dual channe
scanner (visible, 0.6-0.7 um; infrared, 10.5-12.5 um).

The VHRR images of the Geat Lakes presented here have been specially
processed to inprove their quality and to rectify and correct the distortions
due to Earth curvature, Earth rotation, and spacecraft roll-attitude errors
This rectification and correction was acconplished by using an algorithm
devel oped by Legeckis and Pritchard (1976) in which the digital tape data are
rerun and reformatted. The corrected tape is then processed through a
Digital Muirhead Device to prepare new i mages. Standard NESS snow and ice
enhancenent programs were applied to the tapes to bring out details of the
snow and ice areas.

The GCES images were prepared from Visible Spin Scan Radi oneter (VISSR)
negatives stored at NOAA's Environnmental Data and Information Service. Tapes
were not archived for GOES/VISSR immges. The GCES inmges presented here have
not been enhanced or rectified. North-south foreshortening is noticeable in
I mges taken in higher latitudes, such as those of the Geat Lakes.

3.2 Ceneral Description

The ice cycle that occurs on the Geat Lakes each winter can be divided
into three phases (Rondy, 1976): a cooling phase, an ice formation phase,
and a breakup or fragnentation phase. In brief, the cooling phase starts in
fall as air tenperatures drop below water tenmperatures and the water begins
to lose heat. Ice formation starts after fall overturn is conpleted and a
stable water density gradient enables rapid cooling to take place in the
surface layer. During the ice formation phase, both stable and dynanmc ice
is formed. Even though the net energy balance of the lake is negative during
this tine, i.e., the water mass is losing heat, rapid and extensive changes
in ice extent and thickness can occur owing to wnd- and current-induced ice
novement, upwelling of warner waters, and even mdw nter thaws on some
portions of the Geat Lakes. The breakup period begins when the energy
bal ance of the ice cover becomes positive and may be well defined and short
if a warmng trend starts and is persistent, or it may drag on as cold and
warm periods alternate in frequency and intensity in spring

A set of 21 conposite ice charts and 31 satellite images illustrate the

distribution and concentration of ice cover during the 1977-78 winter. (See
figs. 4a-4u and 5a-5ee.) The conposite ice charts were prepared at weekly
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GREEN BAY

W 74
T 146
N N 40

Fi gure 4a.--tomposite ice chart for December T, 1977.
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LEGEND

CONCENTRATION (tenths) FREEZING
-3 4-6 7-9 10 DEGREE-DAY
THIN B T A ACCUMULATION
(0-15 cm) N S
PR e W = Weekly Total
MEDIUM —- ' T = Cumulative
A (15"30 Cm) HH+ Week|y
G Total
E THICK — S N = Normal
(30-70 cm) g Cumulative
Weekly Total
SAULT STE. MARIE pm— N
o ht; VERY THICK — N - Maxi
L 3% (>70cm) —— \\\ M = Maximum

DASHED LINE INDICATES PROJECTED ICE BOUNDARY
CLEAR AREAS INDICATE OPEN WATER

DETROIT
W 13
T

N

CLEVELAND
w 5]
T o]
N o]

Figure 4q.--Composite ice chart jor December v, 1877 (von. ]



GREEN BAY

N
MILWAUKEE &
W 50
T

N

Figure 4b.--Composite 1 ce chart for Decenber 14, 1977.
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LEGEND

CONCENTRATION (tenths) FREEZING
4-6 7-9 10 DEGREE-DAY
THIN = HHH“HH j\\\g\;‘\\: et ACCUMULATION
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(30-70 cm=— \\\\ ] N gﬂmﬁmve
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DASHED LINE INDICATES PROJECTED ICE BOUNDARY
CLEAR AREAS INDICATE OPEN WATER
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ROCHESTEH

f W 41
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DETROIT
W 51
T

N

CLEVELAND
W a7
T 9
N 6

Fi gure 4b.--Composite ice chart for December 14, 1977 (con.).
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GREEN BAY 4

W , 10
T 198
N 136

MILWAUKEE
w

Figure 4c.—-Composite icechart Of Decenber> 21, 1977,
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LEGEND
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DASHED LINE INDICATES PROJECTED ICE BOUNDARY
CLEAR AREAS INDICATE OPEN WATER

ROCHESTER

CLEVELAND
W -34
T —-26
N 19

Figure 4c.--Composite iCe chart for December 21, 1977 (con.).
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% DULUTH
W o1l
T 438
N 333

il
GREEN BAY
w 83
T 281

N 187
MILWAUKEE
W 70
T 166
N 106

Figure é&d,--Composite ice chart for Decenber 28, 1977.
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Figure 4d.--Composite ice chart for Decenber 28, 1977 (con.).
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GREENBAY & ..
W 86 -
T 367

N 237
MILWAUKEE

W E

T

N

Figure 4e.--Composite ice chart for January 4, 1978.
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Figure 4e.,--Composite ice chart for January 4, 1978 (con.).
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MILWAUKEE
w 60
T 279

N 192,

Figure 4f.-~Composite icCe chart for January II, 1g7g
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Figure 4f.--Composite ice chart for January 11, 1978 (con.).
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W
b
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MILWAUKEE & -
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T 338 '\
N 238 .

Figure 4g.--Composite i Cce chart for January 18, 1978.
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Figure 4g.--Compeosite ice chart for January 18, 1978 (con.).
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Figure 4kh.--Composite ice chart for January 25, 1978.
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Figure 4h.--Composite ice chart for January 25, 1978 icon.).

37



GREEN BAY

w

T
N

90

681
510

MILWAUKEE

W

T

84
470
345

N

1978.

ice chart for February 1

Figure 47.--Composite

38



LEGEND

CONCENTRATION (tenths) FREEZING
-3 4-6 79 10 DEGREE-DAY
RN N ACCUMULATION
[ R\ W = Weekly Total
MEDIUM TR SN 4 T = Cumulati
A (15-30 cm) k @ 2K Weekly
G Total
E THICK ! NN ﬁ?% N = Normal
(30-70 cm) HJ“HH &\\\ ﬂtziI Cumulative
Weekly Total
SAULT STE. MARIE — N
VERY THICK —— — ;
g L oo = Il N

N 550

DASHED LINE INDICATES PROJECTED iCE BOUNDARY
CLEAR AREAS INDICATE OPEN WATER

ROCHESTER

[y

=4} e W 48

! ST 233
N 204

DETROIT &,
1W 335(I) P
N 193 7 == =) == b 1
: 5 e o
e A1 L2
S e SRR

-l -t

CLEVELAND
w 67
T 225
N 138

Figure 4i.--Composite 1Ce chart for February 1, 1978 (con.).
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GREEN BAY 4
W 24
T 775
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Figure &4j.--Composite ice chart for February 8, 1978.
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Figure 4j.--Composite ice chart for February 8, 1978 (con, ).
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Figure &4k.--Composite ice chart for February 15, 1978.
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Figure 4n,--Composite ice chart for March 8, 1978.
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Figure 4u.--Composite ice chart for April 26, 1978.
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Figure 5a.--GOES VISSR (visible) image for December 243, 1977,
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Figure 5e.--5044-5 VHRR (visible) image for January 15, 1978.
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Figure 5f.--Gors VI SSR (visible) i mage for January 17, 1978.
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Figure 55.--GOES VI SSR (visible) inmage for January 18, 1978.
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Fi gure .--GOES VI SSR (visible) inmage for January 22, 1978.
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Figure 5j.--GOES VISSR (visible) image for February 3, 1978.
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Figure 5k.--GOES VISSR (visible) image for February 9, 1978.
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Figure 57.--8044-5 VHRR (visible) image for February 1g, 1978.
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Figure 50.--GORS VISSR (visible wmug [or ‘ebriary 14, 1978
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Fi gure 5s.--N0AA-5 VHRR (visible) i mage for March 3, 1978.
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Figure 5t.--GOES VISSR (visible) image for March 8, 1978.

Figure 5u.--GOES ViSsSR (visible) image for March 9, 1978.
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Figure 50.--GOES VIssk (visible) image for March 12, 1978.
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Figure 5w.--NOAA-5 VHRR (visible) 1 mage for March 20
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Figure S5c.--GOES VISSR (visible) inmage for March 24, 1978.

Figure s5y.--GoES VI SSR (visible) i mage for March 29, 1978.
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Figure 5z.--No4d-5 VHRR (visible)imge for March 30, 1978.
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Figure 56b.--GOES VI SSR (visible) imge for April 8, 1978.
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Fi gure scec.--NOAL-5 VHRR (visible) imagefr April 17, 1978.
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Figure 5dd.--N0AA-5 VHRR (visible) image for April 22, 1978.
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Fi gure 5ee.--GOES VISSR (visible) image for April 30, 1978.
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intervals; each chart provides an estimate of the synoptic ice conditions for
Wednesday of that week. In the preparation of each chart, it was necessary to
critically evaluate available source data described in section 3.1. During
this evaluation process, it was interesting to note a considerable day-to-day
change in the ice cover during a single weekly period. However, a study of
synoptic weather charts and wind data verified that the changes in ice cover

| ogically responded to the strong w nds associated wth storm passage.
Consequent|y the weekly ice charts, which it will be recalled represent
synoptic ice conditions for a given date during the week and not average ice
conditions for the week, do not always reflect progressive continuity during
the winter season.

FDD s, which progressively accunulate during the winter season, are
plotted on each ice chart for eight representative locations. FDDs are
useful to define winter severity (Assel and Quinn, 1979, and Rondy, 1971) and
they have also been correlated with ice thickness and extent (Assel, 1976,
and Rogers, 1976). However, it should be noted that numerous other vari-
ables are involved in the formation, extent, and decay of ice on the Geat
Lakes and that FDD s provide only one index for gaging the potential for ice
formation and winter severity. Qher factors, such as water depth, storm
passage, and |ake bottom topography, are discussed later in this report and
docunented in the appendices. The FDD's given on the conposite ice charts
were calculated from daily NWS weather observations, and they provide a
sunmary of (1) the current FDD total in the week ending on the date of each
chart, (2) the total accunmulation of FDD's for the season, and (3) the
climatological normal accunulation up to and including the date of each
chart. Because of the conversion of the original data from degrees Fahren-
heit to degrees Celsius, the sunmary FDD's on the ice charts in sone in-
stances are inconsistent owing to rounding off.

3.2.1 Fall Cooling Phase

Each |ake goes through an isothermal stage twice each year, usually in
April or early My, and again in December. At these tines the lake is iso-
thermal at 4°C.  The heat content associated with this tenperature can be
taken as the base heat content of the |ake.

Any excess or deficiency above or below this base heat content has been
absorbed fromor lost to the atmosphere since the last isothermal stage
Average air tenperatures, integrated over periods of several nonths, have
been found to give useful indications of the water's heat content.

Several different methods of integrating air tenperature have been
used. The nost useful attenpt so far, incorporating a "decay factor" to
give greater weight to nore recent data, is calculated as follows:

ATm + Sm-l
;o T 2
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wher e
S is the heat storage factor at the end of a month,

AT is the departure from normal of the average air tenperature for
the nonth, and

S is the heat storage factor at the end of the previous nonth.

m |

The physical meaning of the heat storage factor cannot be precisely
defined. It approximtes the excess heat, sensible and latent, of a unit
water nmass within the epilimion

At the end of August 1977, the heat storage factor was negative for
Lake Superior and positive el sewhere. The sane pattern was observed in
Septenber. By the end of Cctober, however, the heat storage factor becane
negative everywhere. Novenber tenperatures were near normal to above normal,
providing a moderating trend, and heat storage factors at the Soo and Buffalo
reversed themselves from the previous nonth and became positive. Wth
bel ow-normal air tenperatures in Decenber, heat storage factors were once
nmore on the decline. As a result of npbderating tenperatures in Novenber and
general |y higher tenperatures throughout the cooling period conpared to fal
1976, the fall 1977 cooling period was relatively mld. Heat storage
factors for fall 1977 are summarized in table 4.

3.2.2 | ce Formation and Breakup Phases

Wnter 1977-78 produced ice in various shallow protected areas of the
Geat Lakes in late Novenber and early Decenber. Lake St. Clair was virtu-
ally frozen over by early January. The remainder of the Geat Lakes neared
maxi mum areal i ce coverage in late February and early March.  Spring breakup
on all lakes started in md-March. In general, open-water areas first ap-
peared lakeward of the western shores of the Geat Lakes and expanded east.
The bulk of the ice was gone by April 26. Areas of ice on that date in-
cluded the southeastern shore of Lake Superior, Big Bay de Noc and Little
Traverse Bay in Lake Mchigan, the North Channel and CGeorgian Bay in Lake
Huron, and the Buffalo vicinity in eastern Lake Erie.

3.2.3 The Ice Cycle on Lake Superior

Freeze-up on Lake Superior began in the shallow areas of Witefish Bay
and Duluth Harbor and in the northern inlets of N pigon and Black Bays (fig.
4a). By md-Decenber (fig. 4b) ice was also formng in shallow waters
around the Apostle Islands. One week later fast ice covered Black and
Ni pi gon Bays and ice was beginning to cover Thunder Bay (figs. 4c and 5a).

Toward the end of the month air tenperatures were averaging at or
bel ow -10°Cc. In response to this cold weather, ice grew along the shore
between the Apostle Islands and the Keweenaw Peninsula as well as along the
shores of Witefish Bay. 1n addition, Thunder Bay becane covered with fast
ice (fig. 4d).
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Tabl e 4.--ileat storage factor at month's end (°C)

Gty August Septenber Cctober Novenber Decenber
Dul uth, Mnn. -0.99 -0.83 -0.70 -0. 46 -1.10
Geen Bay, Ws. 0.34 0.34 -0. 36 -0.41 -1.02
Chi cago, 1I11. 0.40 0.17 -0. 36 -0.41 -1.27
Sault Ste. Marie, Mich. -1.81 -1.38 -1.11 0.11 0.14
Detroit, Mich. 0.58 0.71 -1.10 -0.44 -1.09
Buffalo, NY. 0.35 0.45 -0.31 0.80 0.37

During the next 2 weeks, ice fornmed along the coast between Duluth and
the Apostle Islands and also west of Witefish Point. Ice also grew rapidly
i n Keweenaw Bay and the area between the Canadi an shore and Isle Royale
(figs. 4e, 4f, and 5d). Around nid-January air tenperatures were averaging
-15°C and lower. Thus by January 18 the entire southern perineter of the
| ake was ice covered (figs. 49 and 5f). In addition, Witefish Bay had
become conpletely covered for the first time this season. Over the northern
portion of the |ake, broken floes covered the area between Isle Royale east-
ward to St. Ignace |sland.

A major storm passed over the Geat Lakes on January 25 and 26. The 2
weeks after the passage of this storm air tenperatures averaged bel ow
normal, and consequently by February 1 ice had grown around virtually the
entire perimeter of the lake (fig. 4i). (One week later, on February 8
(figs. 4 and 5k), considerable ice had formed over the western and north-
western areas of the lake as well as along the eastern shore.

By md-February the surface waters of Lake Superior had cool ed suffi-
ciently to allowice formation over the northern and western sections of the
| ake (fig. 4k). West and northwest w nds produced |eads along the north-
western shore. Moreover, this persistent flow gradually pushed the ice edge
east and southeast toward the interior of the |ake.

By February 22 (fig. 4) the i nterior of Lake Superior was 70-100
percent ice covered with the exception of a 32-km- (20-mile-) W de clear
area to the east of the Keweenaw Peninsula where the waters of the |ake are
deepest. A thin but solid bridge of ice also connected the Canadian shore
and | sl e Royale.
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During the next 10 days average daily air tenperatures ranged from -4°C
to -15°C at Duluth, and to -13°C at sault Ste. Marie. This cold weather
caused the ice to continue to consolidate and thicken (fig. 4m). Between
March 3 and March 8 the |ake reached its maxinmum ice coverage. As can be
seen in figs. 4n, 58, and 5¢, the interior of the |ake was covered with 70-
100 percent thin ice. Broken to consolidated nmedium ice covered the eastern
portion of the lake while thick fast ice covered all bay areas and ringed
the entire southern coastline. In addition, open and refrozen |eads coul d
be seen east of the Keweenaw Peninsula, in Beaver and G iequanmegon Bays, and
parallel to the shore fromlsle Royale to Duluth. These leads forned as a
result of southwesterly and northwesterly w nds from February 28 to March 5.
In all, 82 percent of the surface of the |ake was ice covered

Warmer weat her between March 8 and March 15 caused a rapid decrease in
the concentration of the interior ice (figs. 4o and 5v). During the next
week, winds with westerly conponents in the west end of the |ake and winds
with northerly and easterly conponents in the east end of the |ake had
cleared the ice fromthe northwestern shores, had conpacted some of it along
the Keweenaw Peninsula, and had created |large open-water areas in the eastern
| ake basin (fig. 4p). The ice in the lake interior continued to decrease
over the week ending March 29 (figs. 4g, 5x¢, and 5y). However, fast ice
still covered Witefish Bay and the three bays north of Isle Royale. \esterly
winds from March 27 to 29 caused floes to consolidate west of the Keweenaw
Peninsula and along the eastern shore.

By the first week in April ice-cover concentration and extent in Wite-
fish Bay, around the Keweenaw Peninsula, and along the northern and eastern
shores had decreased fromthe previous week (figs. 4r and 5az). N pigon and
Bl ack Bays still contained fast ice, however.

By md-April ice around the Apostle Islands began to dissipate (figs.
4sand 5bb). lce was also nelting in Witefish Bay and was decreasing in
thi ckness in N pigon and Bl ack Bays (fig. 4¢t).

One week later, on April 26, the lake was virtually ice free with the
exception of the bays and the area of conpacted floes along the eastern
shore (fig. 4x). Athough the ice along the eastern shore had vanished by
May 1, ice was still discernible in Witefish Bay and the three bays north
of Isle Royale.

Thus the ice season |asted from Decenber to May, with the maxi num
coverage occurring in the first week in March.

3.2.4 The Ice Cycle on Lake M chigan

The freeze-up on Lake Mchigan began in |ate Novenber. By Decenber 7
ice partially covered the southern portion of Geen Bay as well as the Bays
de Noc (fig. 4a). lce grew steadily in these areas through Decenber.
Toward the end of the nonth ice al so began to appear along the extrene
northern edge of the lake as well as along portions of the perineter (figs.
4d and 5a). lce was visible over the deep areas of Geen Bay on January 2
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and subsequently drifted northeastward owing to southwest w nds on January 3
(figs. 5 and 5¢). On the norning of January 4 air tenperatures dropped

to -18°C at Green Bay, Ws. As a result, even the deep areas of Geen Bay
froze over (fig. 4e). lce also grew rapidly between the Straits of Mackinac
and Beaver Island. On January 11 ice in Green Bay broke up slightly in
response to 4 days of westerly winds. These winds also pushed the ice away
fromthe western shore and out to midlake. This ice either nelted or
congregated along the eastern shore (figs. 4f and 5d).

In md-January nean air tenperatures around Lake M chigan averaged
nearly -10°c. As a result, ice grew rapidly over the southern and eastern
portions of the lake (figs. 4g and 5f). Considerable ice coverage is also
visible between the Straits of Mckinac and Beaver Island. On January 22
and 23 ice along the southern border of Lake Mchigan was transported north-
ward by southerly winds (figs. 5k and 5Z).

During January 25 and 26 a major storm passed over the Geat Lakes
Region. The cyclonic flow around this storm produced strong (greater than
20 kn) north and west wi nds over Lake Mchigan. The immediate effect of
these winds was the renoval of the ice west of Beaver Island (fig. 4k).

Low air tenperatures the week followi ng the storm produced an increase in
ice concentration along portions of the western shore and in the south end
of the |ake (fig. 4i). However, persistent westerly and northwesterly wi nds
pushed this ice across the lake and onto the southeast coastline by February
8 (fig. 4). Ice on the southeastern shore on February 12 (fig. smuwas
subsequently moved southwest as a result of northeasterly w nds on February
13 (fig. 50y, and southwesterly wi nds congregated ice in the northern areas
of the |ake on February 15 (figs. 4k and 5p).

After February 15 a 7-day period of light surface winds and low air
tenperatures produced ideal ice formation conditions across the lake. As a
result, on February 22 (fig. 47) fast ice covered both Green Bay and the
Straits of Mackinac out to Beaver Island. Fast ice could also be seen
adhering to the southeastern shoreline, while a broad band of broken ice
covered the eastern one-third of the lake. The maxi num extent of ice for
the season was reached at this time, with 52 percent of the |ake ice covered.

The belowfreezing air tenperatures that had prevailed for over 2
nmonths finally ended during the first half of March. As a result, signs of
ice breakup began to appear. (See figs. 47 and 5s.) As the warner weat her
continued through March, the ice cover becane nore susceptible to wnd
action. For example, the 7-day period of westerly winds that began on March
14 produced a large shore lead along the western shore (fig. 40). On March
25 and 26 a storm passed south of the l|ake, producing 15-20 kn northerly
winds. Mich of the ice west of Fox and Beaver Islands (fig. 5¢) was cleared
by these winds (fig. 54). In addition it continued the breakup of ice over
the deep areas of Green Bay (fig. 4q).

By April 5 ice breakup had proceeded to the point that open water was

visible at the Straits of Mickinac and the southern portion of the |ake was
ice free (figs. 4r and 5bb). Ice still remmined, however, over the southern
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portion of Green Bay. Two weeks later, Geen Bay, Little Traverse Bay, and
Sturgeon Bay still contained ice (figs. &4t and 5ee). Three days later, on
April 22, Green Bay was ice free except for fast ice near d adstone, Mich.,
and a few floes in the south (fig. 5dd). By April 30 Lake Mchigan was
virtually ice free (fig. 5ee).

3.2.5 The Ice Cycle on Lake Huron

Ice formation on Lake Huron was al ready wel| begun.by Decenber 7 (fig.
4a), W th Sagi naw Bay 70-90 percent covered and portions of the St. Marys
River conpletely covered, although with thin ice. Ar tenperatures con-
tinued at or below freezing for the next week. By Decenber 14 ice was
reported covering the St. Joseph Channel of the St. Marys River and shore
ice was formng in northeast Georgian Bay (fig. 4b).

Begi nning on Decenber 15 a 6- to 8-day period of easterly w nds and
near-freezing air tenperatures was observed at Sault Ste. Marie and Al pena,
Mich. Sinmlar conditions may have existed in the vicinity of Saginaw Bay,
where a reduction of ice coverage was observed between the second and third
weeks of Decenber (figs. 4b and 4e), but ice continued to formalong the
entire eastern perineter of Georgian Bay and in the North Channel near
Manitoulin | sl and.

Col der weather initiated ice growth along nost of the coastline of the
| ake by the beginning of January (figs. 4¢ and 5¢). In addition, ice
concentrations of 70-100 percent also covered Saginaw Bay and the North
Channel. During the next 2 weeks, ice growth increased as mninum air
temperatures frequently fell below -18°C (-0.4°F). On January 11 (fig. 34)
fast ice could be detected in southern Lake Huron from Port Huron, Mich., to
Coderich, Ont., and on January 15 (fig. S5e) new ice could be seen in north-
ern Sagi naw Bay and from Port Huron to Harbor Beach, Mich. Westerly winds
reported at Al pena and Sault Ste. Marie on January 15 transported the ice
of fshore and produced | eads from A pena to Standish, Mich., and from Harbor
Beach to north of Port Huron. By January 18 GCeorgian Bay contained 70-90
percent ice cover and the North Channel, 100 percent. Fast ice at Port
Huron had wi dened, and new ice was adhering to the northern part of this
ice. Mreover, a rapidly widening band of shore ice now conpletely en-
circled the lake (figs. 4g and 5g).

Al though a major storm passed directly over the lake on January 25 and
26, little change in the ice cover was discernible (fig. 4k). However
after the passage of the storm low air tenperatures the next 4 weeks caused
further ice formation. By February 3 Georgian Bay was 100 percent ice
covered (fig. 57), with a refrozen lead along the northern shore. Five days
later, on February 8, only the interior of Lake Huron was still ice free
The remainder of the |ake was between 10 and 100 percent ice covered (figs.
47 and 5k).

The marked effect of wind direction on ice novement is illustrated for

February 10-19 in figs. 4k and 52 to 59q. During this period, persistent
westerly wnds on February 9 and 10 transported the ice offshore (fig. 5%),
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formng ieass parallel to the coast near the Straits of Mackinac, Sturgeon
Point, and Harbor Beach. South winds produced similar ice transport and

|l eads from Port Huron to north of Saginaw Bay on February 15 (figs. 4k and
5p). Likewi se, westerly winds on February 18 conpressed the ice in Georgian
Bay and from Harbor Beach to Port Huron against the eastern shore (fig. 5q).

As the cold weather continued, ice concentrations i n the open expanses
of the lake increased (fig. 47), and on February 28 the iake reached its
maxi mum coverage for the season (fig. 5r). Approximately 89 percent of the
| ake was then frozen over with the addition of new ice south of Manitoulin
Island. The interior of the |lake contained 70-100 percent thin to medi um
ice, while the remainder had 100 percent nmediumto thick ice

This maxi num coverage was short |ived, however, as westerly w nds on
March 1 nmoved the ice fromthe western shore eastward (figs. 4mand 5s). In
addition, a lead formed along the northern shore of GCeorgian Bay between the
fast ice adhering to the land and nobile ice covering the rest of the bay.
The lake remained in this configuration through March 8 (fig. 4n).

A 2-week warmng trend began on March 10. The mild weather and winds
gradual |y caused the interior ice either to nove over to the eastern shore
or to dissipate entirely, as shown in figs. 4p, 5w, and 5z. |ce over the
western portion of the |lake and over areas of Georgian Bay was also rapidly
deteriorating

During the last third of March significant changes in the ice cover
included the reduction of ice extent on the western shore fromthe straits
to Saginaw Bay and along the western shore of the Bruce Peninsula (figs. &4p
and 4q).

During the first week in April ice rapidly nelted in Ceorgian and
Sagi naw Bays and al ong the eastern shoreline (figs. 4r and 5bb). Fast ice
still covered the North Channel. By April 17 (fig. 5ce) nost of the |ake
ice had nelted with the follow ng exceptions: ice in |ower Saginaw Bay, the
fast ice in the North Channel, and ice along the eastern perinmeter of GCeor-
gian Bay. By April 26 only the small inlets in Georgian Bay and nost of the
North Channel were ice covered (fig. 4u)., The only remaining ice on Apri
30 (fig. 52¢) was in the North Channel

3.2.6 The Ice Cycle on Lake St. dair

Lake St. dair already had considerable ice coverage by the first week
in Decenber (fig. 4a). Wth persisting cold weather, the |ake was virtually
frozen over by Decenber 14 (fig. 4b). This condition was only tenporary,
however, as a subsequent period of milder air tenperatures and noderate
southwesterly w nds broke up and pushed the thin ice over to the Canadian
side of the lake (figs. 4 and 5a).

By the end of Decenber cold weather had returned so that by January 4

Lake St. Clair was once again 100 percent ice covered (figs. 4e and 5¢).
The | ake remained ice covered for the next 60 days.
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After the first week of March a warmng trend began over the Geat
Lakes.  This warm weather eventually produced a small opening in the thick
ice near the head of the Detroit Rver (figs. 4r and sx). This small opening
grew wi der and extended northward as air tenperatures remained well above
freezing (fig. 40). By March 29, thawing and westerly w nds had cleared the
entire western edge of the lake (figs. 4q and 52). (One week later only the
sout heastern portion of the lake had ice cover (fig. 4r).

Lake St. ciair, after having some ice cover for at |east 126 days
(Decenber 7 to April 12), was finally free of ice on April 12 (figs. 4s and
5c¢a).

3.2.7 The Ice Cycle on Lake Erie

As on the other Geat Lakes, ice formation on Lake Erie was well begun
by the second week in Decenber. As can be seen in fig. 4b, the western basin
of the lake was nearly 100 percent covered with thin ice [0-15 cm (O 6
inches)]. From Decenber 13 to 24, nunerous |ow pressure systenms passed to
the west of the Great Lakes. The passages of these systems caused higher
tenperatures and southeasterly and southwesterly w nds, which broke up this
ice cover and congregated it along the Canadian side of the lake (figs. &4e
and 5a).

Low air tenperatures by the end of the nonth caused rapid ice growh
As can be seen in fig. 4d, the entire western basin was once again conpletely
frozen over by Decenber 28. In addition, a slender ice ribbon had grown all
along the southern shore of the lake. Ice could also be seen forning over
the area from Kelleys and the Pelee Islands eastward to Ceveland. These
i slands hindered ice fromnmoving into the western end of the |ake.

During the first week of January a conbination of |[ow air tenperatures
and westerly and southwesterly w nds pronoted ice formation and novenent
eastward toward the interior of the lake (figs. 4e and 5¢). By January 11
only the deep part of the eastern section of the lake was relatively free of
ice (figs. 4f and sd). The rest of the lake was either conpletely frozen
over or from 70 percent to 90 percent ice covered.

Lake Erie woul d probably have been 100 percent ice covered by mid-
January if it were not for southwesterly and northerly winds on January 15
and 17, respectively. These winds broke up the thin interior ice and pushed
it both east and south, producing the leads seen in figs. 5e and 5g.

About a week later, on January 22 and 23 (figs. 5k and 5¢), ice |ocated
in the lead between the western ice field and the larger eastern ice field
could be seen noving eastward in response to southerly and southwesterly
W nds.

During January 25 and 26 strong westerly and southwesterly w nds that

acconpanied an intense storm produced a large lead to the east of the
islands (fig. 4k). After the storm passed, daily nean air tenperatures
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didn't rise above -5°C for about a nonth. As a result, Lake Erie becane
virtually frozen over by February 3 (fig. 5j) and remained so until the
second week in March. Cccasionally during this period, |leads would form
along the island barrier and refreeze. In addition, on February 14 (fig. 50
a second lead formed in an arc from Port Stanley, Ont., on the north shore to
Fairport, Chio, on the southern shore. Then between the second and third
week in March, in response to mld air tenperatures and strong w nds, the

| ead east of the islands becane much wi der and ice broke up along the north-
ern shore (figs. 4p and 5w). By March 29 all ice was in a rapid state of
decay, with many leads visible along the Canadian shore and south and east of
Kelleys and the Pelee |Islands (figs. 4q and 52).

For the next 2 weeks, as air tenperatures remained in the 0°-15°C
range, ice decay becane nore extensive. As can be seen in fig. 4r, the ice
east of the islands had dissipated along both the northern and southern
shores. The remainder of the |ake was covered by 70-90 percent rotten ice
One week later, on April 12, the western basin was nearly free of ice except
for broken floes along the southern shore. Meanwhile, ice over the interior
of the |ake continued to nelt west to east (fig. 4¢). FromApril 11 to 18
strong westerly and southwesterly winds prevailed over the |ake. These winds
moved this remaining ice over to the east end of the |ake, producing an ice
"plug" there (figs. 4t and 5e¢). A though the renainder of the lake was ice
free by April 26 (figs. 4u and 5dd), this plug nelted very slowy and was
still observed as late as My 11.

3.2.8 The Ice Cycle on Lake Ontario

The ice season on Lake Ontario began on Decenber 14, when ice forned
around Prince Edwards Peninsula and Wlife Island (fig. 4b). The ice grew
gradually in these areas through the end of the nonth and into the second
week of January since air tenperatures averaged near freezing through that
period. By md-January the |ake had cooled sufficiently to allow ice to form
in the relatively shallow eastern portion and also along the southwestern
shore (figs. 4g and 5e).

Mich of the shore ice disappeared on January 25 because of south-
westerly w nds associated with the major storm that passed over the Geat
Lakes on January 25 and 26 (fig. 41). As was the case for other |akes, |ow
air tenperatures after the storm passage produced rapid ice growh over the
lake. As can be seen in figs. 47 and 57, a narrow ribbon of ice extended
along the entire southern shoreline, while ice in the eastern basin grew
thicker (15-30 cn). By February 15, thin ice had grown westward into the
interior of the lake. On that date, the l|ake was 57 percent ice covered, its
maxi num extent for the season (figs. 4k and 5p). This coverage lasted only
a short time, however, as westerly and southwesterly wi nds on February 18 and
19 pushed the ice fromthe western section of the lake into the eastern half.
These winds also removed the new ice from around the shore (fig. 5g).

A 2-week period of persistent southwesterly winds prevailed over the

area after February 15. These winds gradually rmoved the thin interior ice
eastward and packed it into the eastern basin (figs. 47 and 4m. This
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general ice configuration can also be seen through the first week in March
(figs. 4n and 5t).

A considerable warmng trend began on March 10. This trend initiated a
rapid deterioration of ice, especially along the southwestern coastline and
over the eastern basin. Thus, by md-Mrch nmost of the |ake was ice free,
al though fast ice remained along the southeastern and eastern shorelines and
around the island areas (fig. 40).

Vesterly and southwesterly winds noved ice from along the southern shore
to the northeastern shore on March 22 (figs. 4p and 5z). Athough air
tenperatures remained above freezing for the remainder of the nonth and into
April, the conpacted floes and shore ice over this area of the |ake nelted
very slowy (fig. 4t). They are discernible in the satellite image for April
17 (fig. 5ce}.

Lake Ontario finally becane ice free on April 22 (fig. 5dd), having had
ice for at least 129 days (since Decenber 14).

3.3 Conparisons Wth Previous Wnters

Table 5 conpares percent maxinumice extent for winter 1977-78 and for
those given by Quinn et al. (1978) for the Geat Lakes during the past 15
winters. Fromtable 5, it can be seen that the 1977-78 maxi numice extent
was only exceeded by six winters for Lake Superior, two winters for Lake
Mchigan, and one winter for Lake Huron. No winters for Lake Ontario had
greater ice extent. No conparison is made for Lakes Erie and St. Cair as
they freeze over nost winters. Table 5 also contains the nean and standard
deviations of nmaxinmumice extent for the past 16 winters on the Geat Lakes.
Defining as normal the mean plus or mnus one standard deviation, we can
classify the 1977-78 winter as having above-normal ice extent for Lakes Huron
and Ontario and normal extent for Lakes Superior and M chigan.

4. SUMMARY OF LAKE COWERCE
D. E. Boyce

Year -around navigation was resumed on the Geat Lakes during the 1977-78
ice season after an official break during the previous season. It was not
acconpl i shed witheut difficulty, however. There was a high level of shipping
during the extended part of the season due to an earlier strike. Coast Cuard
forces were very active and |ogged a 50-percent increase in mssion mles to
assist commercial traffic (table 6).

4.1 Fall Season
On August 1, 1977, about 18,000 nenbers of the United Steelworkers of

Anerica went on strike against the iron ore mnes and pellet processing
plants in Mnnesota and Upper Mchigan. Production was virtually halted by
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Tabl e 5.--Conparison of maximimpercent ice extent on the G eat Lakes:
1977-78 and previous w nters

Superi or, M chi gan, Hur on, Erie, Ontario,
W nt er per cent per cent per cent per cent per cent
1962- 63 95 80 97 98 51
1963- 64 31 13 32 91 12
1964- 65 90 40 60 NA 10
1965- 66 60 15 29 NA 15
1966- 67 88 46 80 90 12
1967- 68 90 30 50 98 10
1968- 69 40 15 50 80 10
1969-70 80 30 50 95 17
1970-71 48 27 45 92 10
1971-72 95 45 70 95 20
1972-73 55 20 60 95 20
1973-74 70 20 65 95 25
1974-75 30 25 45 80 16
1975-76 40 20 50 95 20
1976- 77 83 90 89 100 38
1977-78 82 52 89 100 57
Mean 67 36 60 93 21
Standar d
devi ation 24 23 20 b 15
1977-78
- Mean + 15 + 16 + 29 + 7 + 36
1977-78
i ce cover nor nal nor nal above NA above

NA = Not applicable.
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Tabl e 6.--Summary Of Geat Lakes icebreaking assistance

L6

Qper ati on, Tonnage of vessels
Wnter hours in M ssion distance assi st ed Cargo tons carried

assistance Mles Ki |l ometers Long tons  Metric tons Long tons Metric tons
1970-71 4080 14,101 22,562 3,452,708 3,508,967 2,520,152 2,560,470
1971-72 2446 11, 765 18, 824 3,617,431 3,675,310 2,276,384 2,312,806
1972-73 1341 9, 494 15,190 2,076,701 2,109,928 1,470,995 1,494,531
1973-74 3872 12, 807 20, 491 3,115,605 3,165,455 1,681,127 1,708,025
1974-75 2575 11, 275 18, 040 5,788,909 5,881,532 3,662,653 3,721,255
1975-76 2775 11, 586 18, 538 4,553,832 4,626,693 2,937,083 2,984,076
1976- 77 5942 23,131 33,810 6,284,304 6,384,853 4,556,724 4,629,632
1977-78 6863 32,322 51, 715 11,994,519 12,186,431 9,507,274 9,659,390




the strike, and sone |ake boats were laid up within a few days. Chers were
scheduled to sail up the St. Lawence River to pick up cargoes from Quebec
nm nes.

The march of early winter storns dropped 5 cm (2 inches) of snow on
Buffalo on Decenber 2.  On the norning of December 4, the mercury had slipped
to -22.2°C (-8°F) in Green Bay, breaking the old record of -20°C (-4°F) set
in 1893. Water tenperatures in the Geat Lakes were well below the |o-year
average and even below 1976 levels. Because of the heavy weather, fears were
mounting that some foreign vessels mght be trapped in the Geat Lakes for
the winter. On Decenber 2 there were 158 ships above St. Lambert, Que.; the
St. Lawence Seaway was officially closed to inbound traffic.

The cold weather and high wnds associated with the frequent storms in
early Decenber rapidly removed heat fromall of the lakes. An ice watch
calling for ice to formin the northern Geat Lakes and Green Bay was issued
on Decenber 7.

The Coast Guard-NOAA Ice Navigation Center in Ceveland opened on Decem
ber 10. The first icebreaking assists were perforned on Decenber 11. The
Coast Quard cutter XZaw had a busy first day; she worked six donestic ships
and five salties (foreign ships) in the Detroit River. The buoy tender
Mariposa assi sted the Saguenay in Sandusky Bay, and the Bramble hel ped the
Leadale in Sagi naw Bay.

The first and the largest Coast CGuard casualty of the ice season oc-
curred on December 13. The major icebreaker westwind went hard aground of f
De Tour Reef at the lower end of the St. Marys River. It took several days
of lightering and hauling by Coast Guard vessels and commercial assistance to
get her off. About 605,600 liters (160,000 gal) of fuel had to be off-|oaded
in the process. And when she finally did ease off the reef, she slid back-
wards and hit the icebreaker Mackinaw, which was behind her. Because of the
| oss of the westwind for duty in the |akes, the Coast CGuard ordered her
sister ship, the ¥ortmwsind, from her hone port of Baltinore to the G eat
Lakes for the season. In addition the Mariposa and the Ojibwa were each | ost
for a week while thrust bearings and seals were replaced in md-Decenber.

And in the St. Lawence Seaway both a British ship and a Liberian vessel were
aground and thus required assistance that sane week. The Fort William ran
into a sand bar while working in a thick fog in western Lake Erie.

The St. Lawence Seaway was scheduled to close for the season at md-
ni ght, December 15. However, as the deadline approached, 60 ships were still
above Montreal, Que., and the waterway remai ned open on a day-to-day basis to
allow themto exit if possible. Very cold weather at md-month produced
| arge clouds of steam over the river, and navigation was halted several tinmes
because of low visibility. The seasonal removal of navigation aids, the
pl acenent of ice boons, and a shortage of pilots also contributed to delays.
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4.2 Extended Season

Decenmber 15 has traditionally marked the beginning of "extended season"
navigation on the Geat Lakes. The cutter Xaw chal ked up an assist on that
day. Earlier, two fishing vessels, the Karen Lee and the saily Ann from
Sandusky, ©Chio, had become trapped in Lake Erie ice. They had been operating
in shallow water close to South Bass Island, too shallow in fact for any of
the Coast CGuard's fleet to reach them Several residents of the island cane
to their aid, however. They used their chain saws to cut through 183 n
(200 yd) of ice so the stranded vessels could reach deeper waters. The Xaw
took over fromthere and escorted them back to home port.

The last few steelworkers' locals settled their strikes on Decenber 17,
and shippers nade inmediate plans to make up for lost time. The weather
noderated al most in synpathy. Although a storm noved through the midwest,
this time very mld air cane with it. On Decenmber 17 the thernoneter soared
to 15.5°C (60°F) in Chicago, tossing out the old record of 12.8° (55°F) set
in 1877. As usual it was short lived, and colder weather with 7.6-17.8 cm
(3-7 inches) of snow fell on northern Illinois and the Lake Ontario shores of
New York State during the next 3 days. On Decenber 20, 40-kn winds and 3.7-
to 4.6-m(i2- to 15-ft) waves on southern Lake M chigan battered the tug
Anerican riking and her two barges in tow.  One barge broke |oose, eventually
capsized, and grounded near Holland, Mich,

Dai ly icebreaking continued on Lake Erie and the Detroit River through-
out December. By the end of the month, 105 direct assists had been |ogged by

the Coast Quard. Only two of themwere in the northern lakes. The main
concern was getting the saities out of the Great Lakes and the St. Lawence
River system before severe ice conditions forced the closing of the river
until spring. Forces on both sides of the international boundary joined in
the effort. A period of mld weather the week before Christmas also contri-
buted. The Swiss freighter St. cCergue, the last commercial vessel to |eave,
exited on Decenber 28. The last ship to actually transit the river was the
Coast Cuard icebreaker Westwind on her way to Montreal for shipyard repairs;
she arrived on Decenber 26.

As the new year dawned across the Geat Lakes, the tough ice caused the
first damage to merchant vessels. The tanker Jupiter was damaged in Lake
Erie and the Leon Falk, Jr., in Superior Harbor. The most costly accident of
the winter occurred on January 4; the Irving A ds was transiting the Living-
ston Channel south of Grosse Isle when she encountered a heavy ridge of ice
and stopped short. Because the Armeco, directly behind her, was unable to
stop, she hit her. The Irving 0lds suffered some shaft damage, and the Armmco
was damaged above the waterline near her anchor. Repairs were estinated at
about a quarter of a mllion dollars. During the nmd-nonth other vessels
sustained ice damage in Lake Erie, including the J. Burton Ayers and the
Paul Thayer. The Falk was al so damaged in Lake St. cClair, and the Saturn
reported damage in Lake M chigan.

Very cold weather donminated the mddle 2 weeks of January. Frequent
snows also fell over the lakes. The Chicago area picked up 12.7-25.4 cm
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(5-10 inches) on the 14th. By the 21st, seasonal record snowfalls had al-
ready been posted in Ceveland. As a result, ice thickened sufficiently to
make regul ar icebreaking necessary on the St. Marys River by January 10. By
far the worst conditions still prevailed on Lake Erie. The tanker Jupiter
got stuck off of Erie on January 10. The Ojibwa set out fromBuffalo to

hel p, but she only got about 4.8 km (3 m) before getting beset herself in
0.9-m 1.5-m (3- to 5-ft) ridged ice. The Nerthwind freed both ships.

By mid-January the only way to nove ships on Lake Erie "as by convoy.
One convoy forned in the Detroit River headed for Ceveland. It consisted of
the Cliffs Victory, Joseph Frantz, William G Mather, Robert C. Norton,
Crispin Oglebay, and J. Burton Ayers. Wth the exception of the Ayers,
whi ch renmai ned in Pelee Passage, they managed to get to the crib just outside
Cevel and before getting beset. Meanwhile another convoy of ships |eft
Ceveland on January 15, upbound. The Northwind, acconpani ed by the Mariposa
and Branmble, escorted the MKee Sons, Falk, William Synder, A. H Ferbert,
and Champlain. Strong northwesterly winds had put the ice field under heavy
pressure and after 12 h of work one ship had only noved 6,401 n (7,000 yd).
Wnds eased the followi ng day. The convoy made it through Pelee Passage--the
nmost dangerous bottleneck--and noved steadily to Detroit.

The Northwind returned to near C eveland and spent 3 days assisting
downbound ships. The nost powerful of the group, the ciiffs Victory, reached
Ceveland on January 22. For awhile, the Coast CGuard Ojibwa hel ped the major
i cebreaker, but then she suffered hull damage while hacking through the ice
and flooded her engine room She "as towed toC eveland. Little change in
ice conditions occurred during the next 2 days.

Coast CQuard aid "as still needed. Food supplies ran |ow on nerchant
vessels, and a Coast CGuard helicopter delivered a fresh load. A helicopter
"as also called on to transport a young seaman fromthe Joseph Frantz after
he was injured in a fall. After day and night struggles against the w ndrowed
ice, the Mather made it to Ceveland on January 24. Late the follow ng day
the Frantz "as escorted to Cleveland, and early on the 26th the Norton and
Oglebay docked.

The Northwind had proceeded to Southeast Shoal to free the Ayers when
an unprecedented "white hurricane" struck Lake Erie. This storm struck
suddenly and fiercely about dawn. The Ferthwind reported w nds of 80 kn,
with gusts to 90 kn, at 9:00 a.m The tenperature "as -9.4°C (15°F) and
visibility 91 m (100 yd) in snow. The Ayers measured 98-kn W nds nearby at
7:00 a.m A dock bridge in Ceveland was blown down by the icy blasts. The
storm center passed northward between O eveland and Erie. Record |ow pres-
sures were established at Ceveland [957.6 nb (28.28 inches)] and at both
Detroit and Erie [959.7 nb (28.34 inches)]. Wnds of over 50 kn were still
reported by the Northwind 12 h |ater, and gales continued for another day
after that. Finally, late on January 28 the Nortiwind freed the Ayers from
Pi geon Bay and escorted her to Lorain Harbor. Al though there were no casu-
alties to ships in the stormon Lake Erie, the Geat Lakes Maritine Acadeny's
training vessel Alegheny iced up and rolled over in the gales at Traverse
Gty.
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In an unrelated incident on January 26, the Charles M Beeghly grounded
at Johnson Point on the St. Marys River. Wth Coast Quard assistance, she
nmoved on to De Tour Passage after lightering. Damage was estimated at
$160, 000.

Traffic gradually dwindled throughout January. About four dozen ships
were still operating at the beginning of the nonth, but the nunber had dropped
to less than half that by the end of the month. The main problem area out-
side of Lake Erie was the St. Marys River. Hgh water flows through the Soo
Canal from Lake Superior appeared to be causing unusually l|arge accunulations
of ice along the ice edge. Engineers measured ice up to 4.6 m (15 ft) thick
at the edge. Because of one-way traffic patterns in the river, when the West
Neebi sh Channel was closed for the winter on January 20, 26 vessels were
awaiting transit. Wth the addition of the dorthwind and the Canadi an
| cebreaker Griffon to the forces in the river, the backlog was cleared by the
end of the nonth.

I ce cover continued to expand and become more stable because of very
cold conditions in February. Shipping continued to gradually withdraw for
the year. By the end of the nonth, traffic was reduced to eight or nore
United States vessels and two Canadian vessels. The last traffic into upper
Geen Bay at Little Bay de Noc was on February 22, when the Wilfred Sykes
| oaded ore pellets.

In spite of the decline in ship traffic during February, icebreaking
assists continued high. The Coast Guard |ogged over 150 direct icebreaking
assists during the nonth. Mst of these were in the St. Mrys River, where
assistance was necessary to transit the area at all. But this season only a
few requests for Coast Cuard assistance were made in Geen Bay because
commercial assistance was available. Two U S Steel Corporation ships
reported damages during the month. The Fresgue Isle was damaged on the 21st,
and $40,000 damage was reported in a collision between the John G Minson and
t he Yorthwind. On February 13 the Coast Cuard |ost the services of the Km
because of hull cracks and rudder danmage.

I nproved sailing conditions in Mrch brought an increase in ship traffic,
but problens to shoreline structures continued. The Blough resuned ore
shipping to Lake Erie with a [oad of pellets to Comnneaut, Chio, on March 23.
The next day the Munson arrived in Lorain, Chio, With taconite. About 45
commercial vessels were sailing by March 31. Heavy snowmelt in northern Chio
caused some flooding problems along Lake Erie, and a nunber of Coast Quard
ships were dispatched to harbors from Vermlion, Chio, to Ashtabula, Onio,
fromMrch 16 to 21 to break up ice at the river nouths. No heavy rains
acconpani ed the snownrelt, so serious flooding threats ended by nonth's end.

The St. Lawence Seaway officially opened on schedule in early April.
On April 3 the French vessel #Hermine entered the Montreal -Lake Ontario
section upbound. The first downbound ship was the J. . MeWatiers. The
Welland Canal opening on March 30 saw the Tarantan pass through. 1Ice on
parts of the seaway ranged from 76.2 to 91.4 cm (from 30 to 36 inches) deep
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at the opening, but forces in both Canada and the United States worked to
keep the track open. "Cperation Open Buffalo" started on March 27.

As usual, the hard spring ice of the |akes took its toll of ships. The
Munson sustained about $40,000 worth of rudder damage in Witefish Bay on
March 27.  On April 20, the Buckeye sustained $30,000 damage while operating
inthe St. Marys River. Nne other vessels reported nmuch smaller amounts of
damage during the renmainder of April.

The nunber of operating ships junped to about 75 during the first week
of April. The Arctic icebreaker Westwind returned to the |akes from Montreal
when the seaway opened, allow ng the Northwind to return to Baltinore, M.,
on April 7.

4.3 summary

During winter 1977-78 there was heavy ice cover on the Geat Lakes, but
in spite of that the Ievel of shipping traffic was high during nost of the
year. For the second year in a row, severe winter weather created very heavy
ice conditions. Novenber was mld, but wthout exception the remaining 5
mont hs were col der than normal throughout the lakes. A strike at mines and
processing plants delayed fall shipping until winter. Because of this
conmbi nation of circunstances, a total of 138 shipping conpanies participated
in the extended season operations. Foreign shipping on the Great Lakes set
a new record for the St. Lawence Seaway. The increased tonnage coupled with
an early winter created massive traffic tie-ups in the river systemin Decem
ber. The last vessels did not reach the ocean until after Christmas--the
| atest the seaway has ever been open. In spite of the severe midwinter
conditions, shipping on the upper |akes continued throughout the season
wi thout interruption.

The demands placed on Coast Quard icebreakers were the greatest ever
because of ice and heavier than usual traffic. Total cargo tonnage assisted
was about double that of the previous season. It was a year of challenge for
all involved, but a year that was met wWith determ nation and dedication. It
was yet another landmark year in Geat Lakes ice history.
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7. Appendix A LAKE BOTTOM TOPOGRAPHY
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Figure 6.--Lake bottom topography (after figure3in Snider, 1974).



8. Appendix B. SURFACE WEATHER MAPS

8.1 Cold Qutbreak (January 15-16)
8.2 Severe Storm (January 25-26)
8.3 Severe Storm Sout hern Lakes (March 25-26)
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5-16.

January I

——Cold air outbreak on

Figure 7a.

Figure 7b

--Severe storm on January 25-26

26.

on March 25

--Severe storm 0N sout hern Zakes

.

Figure 7c

107



9. Appendix C. DALY AIR TEMPERATURE AND WND SPEED AND Di RECTI ON

9.1 Duluth, Mnn.

9.2 Sault Ste. Marie, Mich.
9.3 Gand Rapids, Mich.
9.4 Chicago, IlI.

9.5 Ml waukee, Ws.

9.6 Geen Bay, Ws.

9.7 Alpena, Mich.

9.8 Flint, Mich.

9.9 Buffalo, NY.

9.10 FErie, Pa

9.11 develand, Chio
9.12 Toledo, (nio

9.13 Detroit, Mich,
9.14 Rochester, NY.

9.15 Syracuse, NY.
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FEBRUARY MARCH APRIL

Tt WD WS TC Wb WS TC WD
2147 N Tel ~15.6 SW 2.0 ~—6 W
~21.7 W Eol ~15.6 NY 2.0 -2.2 £
-21.7 E 3el -13.3 w 8ef 1.1 E
-12.8 W LI -12.8 W 6.6 3.9 W
=172 NW 1240 -11.7 sw 2.3 o6 NE
-18.3 w BeD -11.1 w~ 1.0 7.8 E
-10.0 w 840 ~Ye& § lei 3.3 W
-6.7 NE 12.8 -3.3 sw 8.0 6 E
-7.2 n 6ol 1.7 su BN 6 E
-8.9 w 9.6 f.0 Su 3.0 3.9 W
-12.2 u Bal 1.2 W 6.1 1l W
~6o1 NY 10.u f.¢ E l.c 3.9 sW
-7.9 N Tal -1.7 NE 9." [
“8e5 W 8.0 -2.2 NY 5.0 3.9 W
11,7 0w 1e.r -10.0 sw 3.0 3.3 NY
-13.9 w 6al -1.2 W 7.0 2.2 E
-12.2 W 1G.o -1.2  w 5.0 59 €
-12.2 su 3.0 -6 sWw |ICE 3.3 NE
-12.5 SE 2.0 1.7 w B+0 S.¢ N
-11.7 w 4,0 N0 5 4.0 0." NE
-12.2 su 2.0 2.2 sM 5.0 1.1 €
-7+8 S 4.4 2.2 w 10.0 50 €
-3.9 w 8al -5.0 NY 9.0 2.2 NE
-39 € 2.0 -8«3 F 50 6.7 NE
849 W Ba0 -3.9 € 6.0 7.2 €
“11.7 ¥ S5e0 0.0 € 3.0 9% E
-15.D F .7 1.2 W a0 11.7 SE
-12.2 NY AdD 1.1 W 10.0 11.7 E
1.1 W 2»0 44 NE
8.3 E 3.0 2.8 ¢

5.0 NE 7.0

Table 7aq.--Daily air tenperature and wi nd speed and direction,

- T e o e R G D S e A

DECEMBER JANUARY
TC WO WS TC WD WS
1 =4.4 L Be0 =189 W Bell
2 —10.6 W 11.0 =133 W 110
3 -16.1 NY a0 ~12.8 s Tel
4 -15.0 E Sel =12.2 NW 60
5 -12.8 W 4.9 =89 N Gel
6 =16el W 11.0 ~Se0 NE 9.0
T =16e1 NW 2.0 =10e0 NW Eef
8 =11.1 S 60 =21s1 NW 1540
9 =-18+3 N4 14.0 =-25.6 NW 1540
10 =2647 W Te0 2242 W 11.%
11 =22.2 E Te0 -16.1 W 12,
12 =Te.2 SE %0 ~15.0 S 240
13 ~3a9 W Sel =133 N Bel
-6l SW 2e0 =101t N 2ell
14 =3.3 E T =184 W 7s0
15 [ ] NE 1640 -20a1 NW 16.0
1? 1«7 NE 2240 =1%.4 E 2ed
18 107 E 10.0 '10.6 S o6
19 =1.7 SM 60 =-1849 NW Bel
20 =540 NW 110 =1B+3 NW 4.0
21 -8e¢3 NUW 150 =17.8 SW Se0
22 ~8.9 s 3a0 =133 5 10.0
23 ~11.1 W 9.0 ~Te2 s 10.9
2% ~15.6 o 11.0 -6e7 S¥ 8a6
25 -22.8 "] 14,0 ~Feh N 3.0
26 =200 W 13.0 1546 NW 1640
27 =21.1 SM 7.0 -15.0 NW 170
28 =11.1 "] 16.0 =167 NW 14,0
29 =13.3 W S0 =~1Te2 WM 11.0
30 =133 '] 60 ~1843 W 9a0
31 ~16.1 NW 1.0 ~1742 W 9.0
TC = MEAN DAILY AIR YEMPERATURE IN DEGRFES CENTIGRADE
WD = WIND DIRECTION
MS = WINB SPEED IN KNOTS

~9940 = NO DATA AVAILABLE

11.0

12.0C
14,0
70
3.0
30
1.0
1580
940

Duluth, Minn.

TC

-

2e2
6.7
11.7
849
78
61
b
T8
89
13.3
1540
Te2
11.7
12.8
il.1
15.¢
172
194
206
108
11.7
1444
16.1
1843
206
21.1
19,.4
167
13.3
13.9
et

MAY
WD ws
NE Ja0
NE 1.0
E 3.0
NE 1340
E 1640
E Feit
E 1440
E 60
W 110
5 11.3
W Tel
NE B0
N 8.l
NE Gaeli
E 10.0
E Bel
E Sel
su Sa0
Su Te0
N 8.0
E .0
E T
SE Sel
E 5.0
€ 60
SE 640
NE 1.0
NE Eal
E Tel
[ 3.0
NE Gal
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Table 7b.--paily air tenperature and w nd speed and direction, Sault Ste. Marie, Mich.

R A R D R R A DD A A R R R N R ER EP ER P T W W O P S S = e S gy o o A L A e e e e e -

DECEMBER JANUARY FEBRUARY MARCH APRIL MAY
TC WD WS TC wh us TC WD Ws TC WD WS TC WD Ks Tc ) WS
1, . su 440 -8+3 N S5e6 -12.8 W 4.0 -9.4 7.0 -6.7 W 1240 2.2 v 12.0
. =28 SW 100 18,4 W 5e8 -16+1 W 5.0 -12.8 NY 1.0 -5.6 E 4,0 53 W 1t.0
© .o W 10e0 -16e1 N LN ~19.4 NE 1.0 -6.7 NY 6.0 -7 e 130 5.6 W 5.0
4 . ., E 240 -Be3 SW 4.0 -20.6 F 6.0 -10.6 w 6. et N 3.C 7.2 E 4.0
. 9.0 ~t1.7 NE 540 -18.4 K 6. E ‘8.9 s 3on 1.7 6.C 10.0 N 3.0
. =944 N 9.0 =117 E 120 -16.7 N 9. -6.7 3. O0a% € 1840 10.6  NY 2.0
e e 740 “6e7 E 110 -13.9 nw 4.0 -9.4 2.0 6.0 w 12.0 10. ¢ E 6.0
s s E 10.0 -10.0 Nw 9.0 1046 N 3.6 -7.2 N 1.0 -3.3  nw 6.0 8.9 E 9.0
9 .. . N 11.¢ ~19.4 NN 170 1141 W L -8.2 NY 6.0 ~3.3 E 3.0 1.8 sw £l
10 =1843 NE 3.0 =11e1 NW 2040 “Te2 M 4.0 -3.3 W 6.C 6.6 € 12.G 9.4 5.0
11 -9%.06 ¢ Sl ~Te2 W 1341 -10.0 W 8.C 1.7 s 3.0 1.7 w 6. E 12.8 ¢ 7a
e e s 840 ~8+9 E 4,0 5.0 W 1240 1.7 M 3.1 6 S Zad 11.1 E 5.0
13 ... E Tel ~1343  NE a0 “849 N 4.0 1.7 SE 2.0 6 W 1140 7.8 NE 8ad
14 1.1 W 2.0 ~17.8 N Eatl -15.0 SE 2.0 1.7 2.0 1.0 w 12,0 10.0 NE 8.0
15 1.1 SE 3.0 ~16e7 W 5.0 -6a7 S 8.C £ W 7.0 o6& NW 3t 16.1 3 3.0
16 . . E 120 -1%.0 NW 20 -=10.0 5 3.0 -1.7 E 5.0 1.7 wu 4,0 16.1 E o5
17 0.3 E 1640 -18.9 NF 2.0 -9.4 SW Bl -5.6 sw 3.0 2.8 W 2.0 15.0 W 8l
18 ... E 1340 -16+1 NE 20 -13.,9 W Bell “2e W 4,0 3.9 E  1CeC 14. 4 u 540
19 Lo £ 110 -13.9 NW 3.0 -14.4 SE o -e& E 6el 5e6 £ 8. 19.4  sw 3.0
20 6 E 110 =13.9 NE 6l -10.6 N 2.0 -e6_ N 5.0 2.8 N 9.0 13.3 W 8.0
21 ... E Gall =11.7 NE o2 “15.6 W S5al 2.8 n 2.0 -6 W¥ 1.2 Nw Te0
.. ... E 4.0 -12.2 s 1,0 -11e1 W 40 2.8 F 4.0 3.3 S 2.0 12.8. s 2.0
s s ... SW a.0 -2.8 % Tet ~Te8 W 8.1 1.7 W Geb 44 € 7.C 15.1 ¢ 4.6
24 . . S 440 ~242 SN ) ~ae4 W 3. - 5. s 6.3 7.8 NE Selt 16.1 " 2.0
is e . M 840 =849 NE 440 ~6s7 MW 6.5 -2+8 w 16.0 9.4 K IR 19.4 s 240
ie ve .8 1.0 =Te2 N 15.r0 ~10.6 MW Bot ne0_ E 8.0 g.r NY S, 19.4 SE 340
s e e e 4.0 -10.6 NW 13,0 “Fe4 5 240 1.7 su 2.¢C 8.3 W 2242 S 2.0
ie .2 s SW 3.0 1046 NW 11,0 -1fe0 W L 6.1 w 12.u BeS W 6. 22.2 s 340
s e .. . SH 9ol -12.2 NW EP el Nu 12.0 5.0 NW 7." 21.7 £ el
30 ., . SsW 4.0 -14.4 E 440 6 SW 2.0 T R R E 185 £ 6ol
e e E 10 -10.0 W 6ol 13.9  E 11.¢ 12.2 W Eol
TC = MEAN DAILY AIR TEMPERATURE IN DEGREES CENTIGRADF
WD = WIND DIRECTION
WS = WIND SPEED IN KNOTS

-99.0 = NO DATA AVAILABLE
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Table 7d.~-Daily air teémperature and wind speed and direction, Chicago, IZl.

DECEMBER JANUARY FEBRUARY MARCH APRIL MAY
T WD NS Tc WD WS T WD ws TC WO WS TC WD Ws T WD WS
1 3.3 sW 12.0 -8.3 6ol -11.7 S 4ok 742 NM 4.0 9.0 " 7o 4.4 15.0
2 =e6 SW 12 .0 -15.6 su 12en -12.8 W 6ol -Te8 E 6.0 1.1 NE 15.3 56 N 9.0
3 -5.6 W 7.0 -11.7 s 6.0 -12.2 N 2l -7+8 NW 10.0 12.2 E ) 8.5 NE 6ol
4 =3.9 NE 5.0 -2.8 9.0 -1GeG SE Gl =11.1 W 10.0 1048 SW 5.0 6.7 NE 150
b =e86 N 12.0 1.1 ¢ 5.0 ~10e6 NW 1440 =111 §  10a0 8.3 E T 50 N 9.0
6 -10.0 W 18,0 2.8 sE 7.0 =128 NW 1340 -2.8 E 3.C 12.8 ¥ .t 7.8 NE 4.0
7-13.9 su 7.0 3.3 ¢ 5.0 =106 NW 6ol -2.8 NE 12.0 13.9 4.0 8.9 E 15.0
8 =Teb E 3.0 -7.2 o 15.0 -9.4 NE a.r =248 N 16.0 £« N 11.0 10.0 s 9.0
9 «15.0 W 16.0 -18.9 W 18.0 =3.9 N S5ab =2.8 SW 4.0 106 E 10.0 11.7 T 13.0
10 -17.2 sw 8.0 -17.2 W 12.0 -Be3 W 6el 6 Sk 2.0 12.2 s 3.0 15.0 Sw 5.¢
11 -12.2 s Se0 -13. 3 sw 9.D -8.9 SV 5.0 141 NKE 2.0 10.C sW 12.0 15.6 & 15.0
12 beb s 14.0 -10.6 1.0 3.3 W 2.t 1.7 W 3.0 11.7 8 13.¢ 206 s 12.0
13 -1.1 s 9.0 -6.1 6.0 4,4 NE 13.0 6 SE 9.0 7.8 K 15.8 12.2 N 6.0
14 2.2 W 54D 748 N 1140 ~5.,0 S 2a0 1.7 W B0 8.9 sw 7.0 1.8 N 13.0
15 1e7 S 11.0 -12.2 W 740 -9,4 SW 8B40 1.1 " 9.0 6.7 N 6.C 11.7 N 1140
16 6.1 SE 11.0 -11.7 w 5.0 -13.3 SM 8aC ~te7 W 100 b.4 N 8.0 12.8 N 9.0
17 56 SE 12,0 -7.8 NE 15.0 =12.8 SW 6al -2.8 w 10.0 6.1 NE 3.8 14. N 4.0
18 50 sw 6.0 -5.0 NE 6.0 “11.7 W 4,0 =141 S 13.0 11.7 E  13.0 19.4 N 2.0
19 3.5 N 2.0 5.8 N 9.0 -10.6 S 4.0 48 i 5.0 6.7 NY Bel 21.1 sw 5.0
20 -1.7 w 9.0 -5.6 « 12.0 -8e3 E 3.0 5.6 SE 9.0 3.3 NY 110 17.8 ¥ 6o
21 ~3.3 W 11.0 -10.0 w 9.0 -8e3 NW 7.0 4.4 W 10.0 4.4 N 9.0 8. NE 100
22 -4.4 S  13.0 -13.3 s 7.0 -10.0 S 60 8.9 SW Tl 6.7 E 3.0 12.8 E 6.0
23 -1.7 s 10.0 -6.1 s 11.t =5.0 SW Gal 5.0 N 7.6 11.7 sE 940 148 € 5.0
24 -2.2 su 7.0 -3.3 s 7.0 ~eb S 9.0 ~s6 NE 20.0 12.2 E Sl 16.7 NE 4.0
25 -13.3 w 15.0 -4.4 N 3.0 “3.3 W 1l1.D -1.7 N 17.0 8.9 N 140 21.1 s 5.0
26 '13.9 W 100 -849 H 21.0 '7.2 W [ 0«0 N 100 94 N 11.0 ﬁg? s Tl
27 ~15.0 ¥ 9.0 -15.9 w 14.0 -6s7 S Tl 4.8 W 4.0 10.6 N 5.0 . s 640
28 -0.4 sw Bal -12.8 w 12,0 “3.3 NW 240 Be3 SW 6.1) 13.3 N 5 %g 6 sE 5.0
29 -1.7 s 6.0 18,4 U 9.0 3.3 N 7.0 12.8 n 4.0 s Bab
30 -1.1 NE 2.0 -15.6 su 7.0 6.1 SE 7.0 50 N 12.0 23.3 su 8.0
51 -1.1 NE 9.0 -11.7 sw 9.0 18.3 5§  11.0 23.9 SE 3.0

TC = MEAN DAILY AIR TEMPERATURE | N DEGREES CENTIGRADE
WD = WIND DI RECTI ON

WS = WIND SPEED | N KNOTS

-99.0 = NO DATA AVAILABLE
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Table Je.--Daily air tenperature and wind speed and direction, Milwaukee, WS.

- i 2 o o i R - e e e R O e i e e e e o R L L - - -

DECEMBER JANUARY FEBRUARY MARCH

APRIL MAY

TC [7]a) WS TC WD WS TC WD WS TC WD WS TC "4 WS TC WD WS

|  ~e6 W 12.0 -8.9 NY 7.0 -12.2 w 5.0 -89 5.0 8.9 w 12.0 3.9 N 1a.0

2 -3.9 sw 150 -]15 0 w 11.0 -13.5 W 7.1 -10.6 SE 3.0 «& NE 13.0 6.1 N 4,0

. =Te2 W 8.0 -12.8 su 6.0 -10.6 wu a0 -7.2 NY 8.0 50 E 7.0 6.1 E 3.0

& -50 N 1.0 -6.7 su 6.0 6a0 W 9.0 6.1 NY 8.0 6.7 NE 120

5 -1.1 w8 100 -3.3 N 6.0 <10.6 N¥ 13.0 =12.2 sd 8.0 44 E 3.0 ! N 110

B -9.4 w 17.0 «6 SE 6l -12.2 15.0 50 NY .8 7.2 E 3.4 B3 NE .

1-122 w 8.0 1,1 SE 50 -8+3 KN 10.0 =2.8 NE 11.0 1.1 ¥ 5@ 7.2 K 7.0

8 -8.3 sw 6.0 =72 1540 +56_ w 6.0 «5 0 NE 1.0 2.8 N 3.0 13.3 sd  11.0

9 -150 w 19.0 ~18.3 W 140 «6.7 rw Tl «5.6 sw gal 3.5 B i34 11.7 o 140

10 -15.00 w 9.0 -1843 W 4.t 9.4 w 7. 6 W 2.8 944  SW 4.0 12.8 si 40
11 -12.& sw 4.0 -18.4 W 12.0 0,7 W . i 440 .6 ¥ 17,8 15.6 s 330
12 -2.2 s 12.0 -12.2  sM 4,¢ 5.6 nw 5.0 3 s 2.0 9s%  SM 5.0 13.9 E 2.0
13 2.2 s 6.0 6.1 N 1.4 -5.6 v 1.0 §.c SE TeD Te2 MW i5 (@ .1 N 24.0
1. LW 6.0 -7.2 N 12,0 6.7 W 4.0 1.7 NY 7ol 67 W f.g 7.2 N 13.0
b Ll s 9.0 -11.1 W g " -9.4 su 10.6 a6 W 50 4e8 N 8.0 io,o' N 140
16 3.9 SE 12.p ~10.6 W Fott =12.8 sw 9.0t «1.7 w 1tet 3e3 N Se0 0.0 W 9e0
ir 86 SE 140 =Se6 NE 14,0 «12.2 sv 9.0 ‘ w 10D 2.8 NE  § 15.0 N S0
18 5.9 su 340 -6.1 N 5.1 -10.0 w 840 -2.8 S 14.0 4% E 6.0 ge.q W 640
19| 2.2 SW 2.0 =Se& N tued «11.7 sw Talr le7 W a0 Se” ~ i6.C 8.9 NE 640
290 «6  NW 7.0 6.7 N 12,0 -9.4 s 2. L 1.1 SE 8.0 3.3 N 190 Ise & Sed
21 =242 W 11.0 -8.9 W B, ¢ -7.6 i 9.: 4.4 U 1C.6 3.3 N jg.0 6.7 N 108
22 -4.4 SW  13.0 -12.2 sW 8.0 «10.6 sw 7.c 4.4 SW 30 3.3 NE 4. 9.4 E 4ol
23 =3.3 SU 9.0 “Se6 S 11.8 61 W 61 17 M 540 444 SE 1%.0‘ }1.7 NE Se0
24 =~3.9 sW S 40 ~3.3 SW Bal =1.7 su 5.0 =33 N 19.0 7s2 NE . o 5.0 NE 3.0
25 «15.,0 W 14.0 -6a1 NU 2.6 2.2 W 10.C -l.1 NE  19.0 6.7 M 20 ! : 7.0
26 ~16.1 W 110 6.7 W 22.0 =6.7 w 3.0 0.9 N 13,0 Ba3 N gr g : - 8.0
27 ~1647 W 1100 -12.2 W 17.Q ~843 W 6.C 1.3 su .t le.o N 4.0 i g TeD
28 =10.6 Sy 110 ~11.7 W 13.3 -5.0 NY&  ¢.¢ 7.2 W 160 10.6 SE 40 : g B0
29 ~Se6 N 2.0 ~13.9 W 12,1 l.7 N 7.0 10.0 N 12 i s 6e0
30 -2.8 N 9.0 -15.0 W 9. 2.8 SE 6.0 3.3 M5 i sw Ts0
31 1.7 E 5.0 -12.2 W 110! 13,9 5§ 11.C : z 1.0
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Tabl e 7g.--Daily air tenperature and wind speed and direction, 4ipena, Mich.
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Table 7h.--Daily air tenperature and wind speed and direction, Flint, Mich.
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Table 7¢.--Daily air tenperature and w nd speed and direction, Buffale, NY.

DE CEMBER JANUARY FERRUARY MARCH APRIL MAY

TC WO WS TC WD ws TC WO Vs TC WD WS TC ¥D vs TC WD WS
1 10.0 sS4 16.0 —4 .4 8.0 -8.9 s 19.0 -1.7 wv 5.0 B8e3 SW  15.0 1.7 W 12.0
2 -2.2 sd 23.0 -7.8 W 15.0 -8.3 S 8.E -12.8 sw 10.0 6 N 130 4.8 W 9.0
3 0.0 W 9.0 -8.3 W 1T.t -8.3 wy 2.6 -843 5.0 6 E 108 el W 8.0
4 -2.2  w 9.0 -3.9 s 13.9 -15.0 s 44 -10.0  w 11.0 13,3 sW 6e0 6.1 E 120
5 =4.4 Nt 150 0.2 SW 5.0 -15.0 Ne ) -1Ce& SW  13.0 A W 110 6.7 E 9.0
6 =5.6 N 12,0 9.3 1.1 0w 12,0 -9.4 s 11.9 -1.1 £ 10.8 6.1 sw 10.C
7 =5.6 W 12.0 0.0 NE 5.0 1.2 N 14.m -7.2 suW 5.0 5. W 1140 9.4 SE 3.0
B =546 § 7.0 3.3 s 13.0 =843 S 7.0 -7.2 NE 1.P C6 N 120 11.7 SE 130
9 =3,9 sSW 21 .0 -7.8 W 17a.n ~10«6 S 9.6 -6.1 s 6.C 1.1 NY a.t 12,2 sw 150
10 -12.2 N 8.0 F 19.5 -11.1 s 13.0 ~e6 SW 5.0 10.6 E Bal 7.8 W 12.0
11 -13.3 s 5.0 -8.3 SW 22.0 -8.3 s 17.0 -1.1 sw 7ol 11.1 SW 1240 13.3 SW 7.0
12 ~647 S 12.0 SW o 13.r -6.7 SW 17.0 1.7 W 3.0 B.9 W 1%.& 17.8 SE 7.0
13 3.3 s 11.0 -Sef Bal -16.7 Ne 4.0 2.2 SE 4.0 8e3 SW 17,0 16«7 SE 9.0
14 4.4 S 2.0 -89 N 16.0 -8a9 N Tl 50 s 16.0 3.9 W 130 13.3 940
15 2.2 W 6.0 -12.2 sd 12.0 -1Je0 S 1.P & w 11.0 2.2 W 11.& 13.3 NE 14,0
16 2.2 NE 440 SW 14,40 -6.7 s 8.0 -2.2 n 5.0 3.9 su 6ol 13.3 ne  10.0
17 1«1 NE 16.0 -843 NE 9.U -7.8 s 1z2.p -3.9 w 1.6 E. 3 s 4.0 14.4 N 4.0
i8 2.2 E 7.0 N 8.C -10.6 sw 110 -5.3 sw 13.0 1.2 1340 12.8 sw Tahl
26 1.1 £ 10.0 2.1 -11.1  sw 9.0 -4.1 v 16.0 16.6 SF 13.0 15.6 s 118
21 2.8 S 14,40 -7.8 NE 16.0 -10.0 s 3.r 0.0 SE 3.0 3.9 N 7.0 18.2 sw 13.0

1el SN 6.0 -8.9 W P -1C.6  sw 9.3 7.2 5W 140 1.7 NV 1040 11.7 W 7.0
22 =147 S 182 7.2 S 14,0 117w iret 3.3 w 12.P 3.3 W TeC 14.4 SuW 7.0
23 1.1 s 16.0 S 13,0 -8.9 sy 15.0 1.7 su  1fa0 6.1 p 1.0 17.8 5 4.0
24 3.9 5 13.0 s 127 A0 sw 140 -3.9 « 7.6 8.3 W 243 20.0 E 7.0
25 =242 sW 13.0 E 4.0 -39 w 2.1 -2s8 F  13.0 7.8 & 840 18.3  sw 9.0
26 -11.1 W 14.0 -3.9 s 1940 -6.7 sw Bl w2 £ 110 8.2 NE 1249 2040 SM 7.0
27 -%.4 sw  10.0 -7.8 sw 250 -1G45  SW 9. W 3.0 .3 N 7.0 23. SE 4.0
28 =10a6 S 13 40 -7.8 sw 12,0 -6.1 s 3.0 z.8 sW 15.0 18.7 W Fof 23.3 SE 2.6
29 -641 SW  10.0 W 8.1 1.1 W 101 8.3 " 80, 24. 4 s 3.0
30 -1a7 S 7.0 -8.3 3w 11,1 6 SW  1leC 1.1y 23.3 s 4.0
31 -3.9 NE 9.0 SW 157 6.1 s 1. 0 21,1 sw  13.0
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Table 7j.~-Daily air tenperature and w nd speed and direction,
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Table 7k.--Daily air tenperature and wi nd speed and direction,
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Table 77.--Daily air tenperature and w nd speed and direction
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fable Jm--Daily air tenperature and wind speed and direction, Detroit, Mich.

O P e T Y - i S e e e e e e e e e O O S W

DE CEMBER JANUARY FEBRUARY MARCH APRIL MAY
TC ) ¥s T WD WS TC Wb WS TC ¥D WS TC wD Vs TC WD WS
1 7.8 su 15.0 -3.3 N Bel =8.3 SW 1640 -6.7 N 10.0 86 w 150 L 7.0
2 3.3 s 21.9 9.8 SW 14,0 - b, W Sal -8.3 5 2.0 11 w~e  11.0 Be3 NW Bl
3 6 W 8.0 ~8e3 SW 184 -10.0 5.0 -6el N 6.€ 33 « 9.0 8.9 N 40
4 -1.1 W 6.0 ~4,4 SV 12.7 -12.8 E 5.0 -Be9 NW  1laC 10.06 W 1.0 8.9 E  13.8
5 1.1 Ne 1a.8 0.3 NE o6 =160 N 12,0, =72 SW  1Gab Bad W 4,C 1.2 Ke 7.0
6 -2.8 N 11.0 1.1 E 548 13.3  w ~5.6 SK 1.0 56 ¢ 9.0 100 w 4.0
7 -6.1 ¥ 1p.0 1.1 € 740 10.0 NY  1a.0 647 NE 5.0 t2.p w110 10.6 ¢ 7.0
8 -5.6 SE Bal 1.7 NW Bel -7.8 N 5.0 -5e6 N 8.0 3.3 N 9.0 13.9 sf 948
9 -6.1 s¢ 17.0 ~“Be3 W 1740 -6.7 w 6al -3.3 5k Lk 11 € 9.0 13.9 S 13,0
10 -12.2 sw 70 “Be9 W 1740 -6.1 Bal 6 NW 2.P 11.7 SE 7.0 13.9 'y T+0
11 -11.1 sw 4,0 =13.3 SW 150 -50 W 9ai 2.2 S 5.0 122 w 13.0 15.6 s 11.0
12 -3.3 s 13.0 -T.8 SW %al -39 W 7. 2e2 N 7.L 122 sw 120 16.7 s  12.0
13 3.3 s 9.0 -4.4 NFE 9.0 -5.6 NE €40 ~e6 SE 6.0 10.6 w 13.0 148 SE  10.0
1 3.9 N 4.0 ~T«B N 18.0 -8.9 Gt 3.9 W 18.0 78 W 8.0 12.2 ¢ 7e0
15 2.2 s Te0 1046 W Beb -5.6 = Sal 2.2 M 7.0 5.6 N Bel 128 N 10.8
16 4.4 E 740 8.3 SW Befl -5.6 sv 1.0 1.1 W 8400 e N £l @ 14.1 NE  10e6
17 3.3 E 11.0 “Bo9 NE  11a0 -8.3 W Bl 2.8 NV 12.03 4.4 NE 1240, 17.2  w 70
18 4<% SE 540 ~5.6 N 5o -7.2 wu ) 1.7 SW 1 3 6.1 18.3 s¢ 2
19 .7 s sen -3.9 NE 9.0 83N zae 09w 12.0 166_ € 5.0 20 a7
20 1.1 SE Tt -6s7 NE 1447 -2.3 SE 8l 2.8 SE 7.6 B6./77 N 110 21.1  su 7.0
21 -39 su  1s.e 5.6 W Ter -7.8 NY 6al W 11eg 5P ~ 10.0 12.8 9.0
22 -1.7 su  t3.8 8.9 SW 1048 8.3 W 7.0 Se0 SW 8.0 50 € 1.0 13.3 440
23 -3.3 sW 16.0 =748 S 1840 -7.2 su 8ol 5.0 N 8.L 6el E 7.1 16.7 se 1.0
26 2.2 s Bel -2.8 104 -2.8 su CI 2.8 NE 13,0 7.8 E 6ot 20.0 wE 4.0
25 -5.0 w  15.0 0.3 M Be® -1.7 W 11.n -1.7 NE 12,0 6.9 NE to.s 20.6 s 10
26 -11.7 SW 1449 -2.8 W 1043 -4.4 NY Bai tel NE 9.0 111  ®  1pa.t 23.9 s 3.0
21 -9.4 W 1g.e —6a7 W 13.7 -4.4 B4t 1.7 NW B0 1%.6 K 9. 23.9 sE 5e8
28 -8.9 S 13.0 4,4 E -3.9 =y L e 5.6 SW  1laC 12.8 NW 7.0 139 g 50
29 =3.3 sW B0 7.2 W 9.0 2.8 AW 846 12.8  » 4,C 24.4 gF 7.0
30 0.3 W 3.0 8.3 M 8e0 2.2 Sk 5.C 5.n NE 7.0 25.0 s S0
11 -.6 NE 5.0 ~B8e9 W 11af 11.1 SE Bal 22.8 w Teb

- L e e L e ke e L e L ek L e e i o T N A T L e e . e e e S R e = AR e W O e e - ——

TC = MEAN DAILY AIR TEMPERATURE IN DERREZS CENTIGRADE
WD = WIND DIRECTION

ws = wino SPEED | N knots

-99,0 = NO DATA AVAILARLF
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Table 7n.--Daily air tenperature and wind speed and direction,
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Table 7o.--Daily air tenperature and wind speed and direction, Syracuse, N.Y.

- D o e v -

DECEMBER JANUARY FEBRUARY WARCH ARRIL maAY
TC WD ¥S TC ™D ¥S TC WD Vs TC WD us TC WD NS TC WD WS
1 83 € 4,0 -6.7 NE 7.2 -7.2 5% 15.2 -6, N 2.0 10.0 ¥ 6.2 6 W 13.9
2  4ed SM 12,0 ¥ 16.0 -7.8 SM 2.0 -10.0  w 9.0 -1.1 Ny 15.0 a.0 w 10.0
3 2.2 su 840 =508 sv  17.0 -10.6 w 5.0 8.3 E 7.0 -a6 £ 7.0 6.7 ¥ 9.0
-1.1 sv t1.0 -5.2 S 8.0 -14.4 NE 1.0 o W 13.0 8.3 SE a.o 5.6 NE a,0
5 -3.3 N 11.0 1.1 w 4,0 ‘=1B+9 E 6.0 944 ¥ 9.0 5.2 W 1349 7.8 E 10.0
6 =28 W 7.0 -2.2 MM 4.0 3.4 N 840 - 6. ¥ 14,8 3,8 SE 2.2 7.8 E 4.0
7 -6.7 W 13.0 p.t F 8.0 -5.6 Ny 11.0 “9.4 W 6.0 6.1 w 7.0 11.7 NY 3.0
E 3.0 6.1 SE 15.0 9.4 WY 8.0 -7.0 E 2.0 6 N la.B 12.8 st 11.0
9 =8.,8 SN 16.0 —2.2 M 208 -11.1 sw 4.0 -6.7 HE 4,0 0.0 N 9.0 17.2  sM B0
10 -12.2 v 13.0 “11.7 W 21eD -0.9 W 5.0 -39 W 4.0 3.3 E 7.0 106 W 1lel
" 240 -8.9 sw 18.0 -6.7 sw 11.0 0.0 SW 4.0 12.2 N 1.0 12.2 su .
12 -16.1 € 7.0 “6.1 SK 9.0 -3.3 s 150 2.8 W 5.0 10.0 & 7.8 16.1 € 6.0
13 2.8 E 70 =4,.4 8.0 -5.6 W 5.0 1.7 E 3.0 3.3 W 122 17.8 £ 120
1. 2.8 NE 60 -7.2 Ny 10.0 -9.4 W 6.0 7.2 s 106.6 3.3 E 15.0
15 1.7 M 740 -11.1 sw 9.0 -10.0 W 3.0 1.1 & 12.2 2.2 w132 18.3 £  16+8
16 2.2 ¢ 440 -6.7 su 13.0 -7.8 NE 4.0 -2.2 W 6.0 5.6 NY 8.0 15.0 NE 7.0
17 =e6 NE Ta0 -6.7 E 6.0 -2.2 NY 3.0 -3.9 ™ 840 v 3.0 13.3  E Tel
18 -2.2 E 128 -5.6 N 3.0 1.2 M 4.0 3.3 SK 100 5610 E B.O 13.9 NY 3.0
19 «6 E 9.0 -5.6 N 2.0 -11.1 w 8.0 1.7 % 1110 7.8 £ 11.0 15.6 W 3.0
20 1.1 E 12,0 -8.9 N 6.0 -8.3 NE 2.0 1.1 Ne 1.0 5.0 W 2.2 20.0 su 5.0
21 6 E 3.0 9.4 NY Bel -7.8 M 3.0 8.9 S 8.0 2.2 W 120 12.8 ¥ 10.0
22 -1.1 s« 11.0 -8.3 SW 840 -9.4 W 122 2.8 M 7.2 2.8 M Ba0 13.9  w 5.0
25 6 5 Bel -9.4 su 7.2 -5.0 ¥ 13.0 50 W 7.0 6.1 W 5.0 17.8 SE 4.0
2. 2.2 &€ & -8.3 SE 4.0 -2.8 SsM  12.2 2.2 NY 11l.8 -2.2 Nu 5.0 18.9 € GG
25 6 W 11,0 2.2 E 8ed -3.9 N 1.0 -2.8 NE 5.0 6 N 5.0 18.3 w 4.0
26 -Be3 SW  15.0 0.0 S 1&.8 -5.2 W 8.0 0.0 E 11.0 1.1 NE 5.0 21.1  NY 1.0
27 =8.3 6 840 -6.7 s 19 -6.1 9.0 2.8 M 1.0 1.7 NY 6.2 21.7 £ 4.9
28 -0.9 S 60 -7.8_ W 12.0 ~6sl SW 5.0 3.9 s¥ 11.0 6 8.0 22.8 N 1.8
29 -5.6 su 9.0 -11.7 w 10.0 2.8 ] W 8.0 22.8 SE 3.0
39 0.0 S 4.0 -8.9 M Bat 2.2 M 190 =2.8 W 120 25.9 E 3.0
31 -3.9 wy Eel 8.3 W Be0 56 M 3.0 22.8 W 4.0
TC = MEAN DAILY AIR TEMPERATURE Il DESREES CENTIGRADE
WD = WIND DIRECTION
¥s = WIND SPEED | N knots

-99.0 = NO DATA AVAILABLE






