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SUMMARY OF GREAT LAKES WEATHER AND | CE CONDI TI ONS, W NTER 1978-79%

The winter of 1978-79 was the 16th col dest since 1779 and it was the
third consecutive severe winter over the Great Lakes Region. During Jan-
uary and February 1979, the dom nate upper air pressure pattern was such
that the Great Lakes Region experienced a persistent northerly and north-
westerly flow pattern. As a result, record low and near-record |low tem
peratures were recorded over the lakes during January and February. A
uni que feature of the 1978-79 winter season occurred on February 17 when
all of the Geat Lakes were nearly 100 percent ice covered. February 17
was al so the date when each of the Great Lakes reached their maxi mumice
cover. Spring breakup of the ice began during March and by the end of
April the lakes were nostly ice free except for Lake Superior, where sig-
nificant ice cover continued into May. The extensive ice cover and its
duration during the season again severely hanpered shipping on the |akes.
The first ice breaker assistance was rendered on Decenber 11 in Sagi naw
Bay while the last U S. Coast CGuard assistance was provi ded near Dul uth
on My 9.

1. I NTRODUCTI ON
F. H Qinn, R A Assel, and B. H DeWitt

This report on the 1978-79 winter weather and ice conditions is the third co-
ordinated report to conbine the activities of the various NOAA conponents responsi -
ble for nonitoring Great Lakes ice conditions. The participating units are the
National Weather Service (¥WS), the Environnental Research Laboratories, and the
National Environnmental Satellite Service (NESS). Dewitt Associates, Inc., Certified
Consul ting Meterologists al so participated in this joint effort by editing the re-
port and preparing the weekly ice-cover charts, along with the description of the
ice cycle on each of the lakes under NOAA Contract NA79 rRA COO062.

Most geographic locations referenced in this report are shown in figure 1.
The winter of 1978-79 nmarked the third year of bel ownornmal tenperatures and exten-
sive ice cover on the lakes. Ice began to formin the shallow areas of the Geat
Lakes during late Novenber, and reached its maxinum areal ice extent by February 17,
1979. The sinultaneous freeze over all of the Geat Lakes on February 17--with,
nearly 100 percent ice cover--is the first time such an occurrence has been docu-
mented with a high degree of scientific certainty.

The harshness of the 1978-79 winter ice conditions severely hanpered winter
navi gation throughout the Geat Lakes. However, shipping continued on the upper
| akes throughout'the winter and a total of 4,359,953 total cargo tonnage was trans-
ported. The total value of the cargo shipped was $147,720,000.00.

As in the 1977-78 ice-cover report (Assel et al. 1979), suppl enentary w nd
data, synoptic surface weather charts, and |ake bottom topography charts are given
in the appendices of this report so that the reader can better understand the
bathymetric and neteorol ogi cal factors affecting ice cover on the Geat Lakes.

*GLERL Contribution No. 225.
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2. SUMMARY OF METEOROLOG CAL CONDI TI ONS
D. F. Kahlbaum and F. A Keyes
2.1 Synoptic Study of the Wnter

For the third consecutive year, nmpst of the United States shivered under a
bitterly cold and stornmy winter. As with the previous two winters, the Mdwest and
G eat Lakes Region bore the brunt of the foul weather (fig. 3a). A check with his-
torical weather records reveals that such a reoccurrence of cold wnters has not
been observed in the |akes region for nearly 200 years.

Like its tw predecessors, the 1978-79 winter season began with a deceptively
qui et Novenber (table 1). Figures 2a-2y are illustrations of the nmean nmonthly and
mean weekly 700-mb contours for the w nter season. The 700-mb wave pattern for the
first half of the nonth was such that the northern portion of the United States had
near zonal flow (figs. 2b and 2¢). This arrangenent caused |ow pressure centers to
pass by the Great Lakes every 4 to 5 days and kept tenperatures averaging 1°-3° C
(2°-6° F) above normal. However, at about md-nonth, an upper air low forned over
northern Canada and began noving toward Hudson Bay (fig. 2d). This nmovenent trig-
gered an outbreak of arctic air which noved arcoss the Geat Lakes on the 19th and
caused tenperatures to fall below normal. Tenperatures renai ned 1°-4° C (1°-7° F)
bel ow normal through the end of the month as the [ ow continued its slow southward
moverment (fig. 2e).

By early Decenber this |ow had becone stationary over Hudson Bay and was buil d-
ing a trough southwestward toward Baja (fig. 29). This trough was situated in such
a manner that the western and northern |akes received tenperatures that averaged
2°-4° C (4°-7° F) above normal.

This upper air pattern remained unchanged until md-Decenber and then was
quickly replaced by zonal flow when the |ow noved rapidly eastward and dissipated
(figs. 2k and 2¢)., This zonal flow remained essentially intact during the next 2
weeks and caused |ow pressure systems to frequently pass over the Geat Lakes
Region.  These passages brought a mixture of warm and cool air msses, and as a
result, tenperatures averaged only 1°-2° C (1°-4° F) above normal during this
peri od.

Then as Decenber drew to a close, a dramatic shift in the upper air flow occur-
red. A ridge started to develop along the west coast and another |ow formed and
moved southeastward into Manitoba (fig 2j). Both of these features intensified
rapidly and by early January, fornmed a classic (and now fam|iar) 700-mb pattern:

a well defined ridge located along the west coast and extending up into the Arctic
and a deep |ow center over Hudson Bay (fig. 2I). This configuration funneled arc-
tic air into the Mdwest regions and caused tenperatures to plumet to 7°-10° C
(12°- 18" F) bel ow nornmal over the northern |akes and 4°-7° C (8°-12° F) bel ow nor-
mal over the southern half. |n addition, because the |akes were now much warner
than the surrounding air, heavy snow squalls soon began to develop to the lee of
the |akes.

Because of the positioning of the low, these |ake induced snowfalls were soon
augnmented by the frequent passages of weak |ow pressure cells. Then during the
13th and l4th, a major storm formed and produced high wi nds and between 5-41 cm

2-16 in) of snow as it passed over the |akes region. However, the passage of this
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| ow al so had a disruptive effect on the upper air pattern and eventual |y caused the
700-mb flow to flatten out (figs. 2m, 2n, and 20). As a result, tenperatures mcd-
erated t0 average 2°-2° C (3°-6° F) above normal by the end of the nonth. Neverthe-
| ess, despite these devel opnents, weak |ow pressure systems continued to frequently
cross near or over the Geat Lakes, further adding to the snowfall totals. Thus by
the end of the month, some | akeshore stations reported that they had established
new January snowfall records (table 2).

Unl'ike the previous 2 nonths, the 700-mb flow remained nearly zonal over the
United States through nost of February (figs. 2¢, 2r, and 23). However, a ridge
that formed over the north central Pacific early in the month grew progressively
stronger as time passed. As it intensified, this ridge caused increasingly col der
hi gh pressure centers to nmove out of the Arctic and becone entrained in the zonal
flow, after which they passed south of the Geat Lakes Region. Consequently, tem
peratures plummeted again and averaged 6°-10° C (11°-18° F) bel ow normal during the
first 3 weeks of the month. In fact, the period from February 13-17 was the col d-
est of the 1978-79 season, with tenperatures ranging between 8°-11° C (15°-20° F)
bel ow normal over the entire |akes region.

Wnter's icy grip on the United States finally ended towards the end of Febru-
ary when the north Pacific ridge assumed a nore omega shape (fig. 2¢). This change
allowed Pacific air to reach the Geat Lakes and drove tenperatures up to average
bet ween 0°-4° C (0°-7° F) above normal. Neverthel ess, because of the extreme cold
recorded earlier in the nonth, many stations established new February departure
records when the month ended (table 3 and fig. 3d).

Soon after March began, another shift in the upper air flow occurred. The
Pacific ridge moved northwestward and a trough devel oped off the west coast (figs.
2v and 2w). At the same tinme, a low fornmed near Hudson Bay and began extending a
trough southward toward Texas. These three features caused |ow pressure systens
to pass to the west of the |akes and kept tenperatures averaging 2°-3° C (3°-6° F)
above normal for the first 3 weeks of the nonth. However, during the |ast week of
darch, the flow degenerated back to a more zonal configuration as the Hudson Bay
Low noved northward (figs. 2¢x and 2y). This flow continued into April and caused
oet another period of near to belownormal tenperatures to prevail over the Geat
Sakes area.

2.2 Freezing Degree-Days (FDD s)

The concept of degree-day accumulations is useful in forecasting a wde range
»f phenomena:  the use of heating fuel, the maturation of crops, etc. The growh
»f freshwater ice is closely correlated with accunul ation of freezing degree-days
FDD's) (Richards, 1963; Snider, 1974; and Assel, 1976). Calculations of FpD's are
;ensitive t O minorchanges i N conputational procedures, especially in the southern
akes region. The method used in this report is to begin accunulating FDD's on the
irst day on which one or nmore FDD s occur (a nmean tenperature |ess than 0° C (32°
). For exanple, on a day with a nean tenperature of -3" C, 3 FDD's are accumu-
ated, and on a day with a nean tenperature of +2° C, -2 FDD s are accumnul at ed.
DD's continue to accunulate throughout the winter. If at any tinme the running sum
f FDD s becones negative, the accumulation begins again when the next FDD occurs.




Tabl e Z.--Near-record temperatures and snowfall for January 1979

Tenperature Anonal y Snow Remar ks

°C °F °C °F cm in
International Falls, Minn. -22.6  -8.7 -5.9  -10.6 3rd coldest January
Geen Bay, Ws. -14.5 5.9 -5.3 -9.5 5th col dest January
Houghton Lake, Mich. -11.4  11.5 -3.3 -5.9 4th col dest January
Muskegon, Mich. -8.3 17.0 -3.9  -7.0 167.  65.7 2nd col dest January

2nd snow est January

Rockford, Mich. -13.5 7.7 -6.9 -12.5 3rd col dest January
Chi cago QOW), I11. -10.8  12.5 -6.6 -11.8 103.  40.4 2nd snowi est nonth

Buffalo, NY. 108. 42.6 6t h snow est January




Tabl e 3.--Record and near-record monthly mean temperatures observed during February 1979

Station Tenperature Anomal y Remar ks
°G °F °C °F
Fort Wayne, Ind. -9.6 14.6 -7.1 -12.8 Col dest February and col dest nonth
Miuskegon, Mich. -9.7 145 -5.6  -10.1 Col dest February
| ndi anapol i s, Ind. -7.3 18.8 -6.6  -11.9 2nd col dest February
Erie, Pa. -9.9 141 -6.2  -11.1 2nd col dest February
South Bend, Ind. -8.7 16.3 -5.6  -10.0 2nd col dest February
Buffalo, NY. -9.5  14.9 -5.3 -9.5 4th col dest February

Hought on Lake, Mich. -12.0 10.4 -4.3 -7.8 4th col dest February




Figures 4a-4k show conparisons of long termnormal FDD curves (solid |ines)
versus the winter 1978-79 (dash-dot lines) at 11 Geat Lakes cities. Table 4 gives
maxi mum FoD's accunul ated for the 1976-77, 1977-78, and 1978-79 winters.

Tabl e 4,—-Maximm gecunulated freezing degree-days for tinters of
1976-77, 1977-78, and 1978-79 conpared to normal

Station 1976-77 1977-78 1978-79 Nor mal "
°C OF Oc OF OC OF DC OF
Dul ut h, Minn. 1451 2612 1397 2514 1692 3045 1267 2281

Sault Ste. Marie, Mich. 1246 2243 1142 2056 1227 2209 1008 1814

Geen Bay, Ws. 1157 2082 1118 2013 1167 2101 790 1422
M| waukee, Ws. 852 1534 771 1388 804 1447 500 900
Miskegon, Mich. 673 1211 632 1137 661 1190 370 666
Alpena, Mich. 904 1628 901 1621 884 1591 670 1206
Detroit, Mich. 627 1129 629 1132 526 946 + +
Tol edo, Ohio 732 1317 788 1418 541 974 307 553
Ceveland, Chio 631 1135 507 913 394 709 246 443
Buffalo, NY. 594 1069 610 1098 507 912 361 650
Rochester, NY. 527 949 548 987 514 925 364 655

*After Assel (1980)

2.3 Conparison Wth Previous Wnters

In order to be able to conpare winters across the Geat Lakes, Snider (in
Qui nn etal., 1978) developed a winter severity index. This index conprises the

mean tenperatures for Novenmber through February for Duluth, Mnn.; Sault Ste. Marie
and Detroit, Mich.; and Buffalo, N.Y. The nean tenperatures are averaged together

to obtain a single nunber.

Table 5 gives a listing of the 22 coldest winters since 1779. Each winter is

characterized as early (E), internediate (1), or late (L), according to the timng
of its coldest period. In 15 of the 22 winters, the coldest part of the season



occurred in February; in 4 winters, the cold weather was evenly distributed through-
out the winter; and in only 3 winters did the major part of the cold weather cone
in the first part of the season.

Table 5.=-=The 22 eoldest tinters since 1779

Novenber - Febr uary Novenber - January

Rank W nt er nean tenp. nean tenp. Char act er
°C °F °c °F

1 1779-80 -9 15. 8 -10 14.0 E
2 1874- 75 -9 15.8 -6.5% 20.3 L
3 1783-84 -8 17.6 -6.5% 20.3 L
4 1903- 04 -7.9 17.8 -6.2 20. 8 L
5 1976- 77 -7.7 18.1 -8.2 17.2 E
6 1872-73 -7.5" 18.5 ~7.5% 18.5

l 1831- 32 ~7.5% 18.5 -6.5" 20.3 L
8 1855- 56 -7.5% 18.5 -6 21.2 L
9 1919- 20 -7.4 la.7 -7.0 19.4 L
10 1880-81 -7.3 18.9 -7.2 19.0 |
11 1917-18 -7.2 19.0 -6.8 19.8 L
12 1820- 21 -7 19.4 -7 19.4 I
13 1856- 57 -7 19.4 -7 19.4 I
14 1822-23 -7 19.4 ~4,5% 23.9 L
15 1892-93 -6.8 19.8 -5.8 21.6 L
16 1978-79 -6.8 19.8 -5.1 22. 8 L
17 1962- 63 -6.5 20.3 -6.3 20. 7 L
18 1791- 92 =6.5% 20.3 -6 21.2 L
19 1835- 36 -6.5% 20.3 -5.5" 22.1 L
20 1817- 18 -6.5" 20.3 -5 23.0 L
21 1796-97 -6.0 21.2 -7 19.4 E
22 1977-78 -6.0 21.2 -4.5 23.9 L

Each of the coldest winters was characterized as (E), Early, or (l), Internediate,
or (L), Late, according to the timng of its coldest period.

*Data prior to 1888 were not of sufficient quality to justify neans with 0,1° C
preci sion. They have been rounded off to the nearest 0.5" C



The winter of 1978-79 was the 16th col dest since 1779 W th the coldest part

of the season occurring during February.

Of greater inportance to the Geat Lakes

Region is that this was the third consecutive winter that had tenperatures so cold.

(The winters of 1977-78 and 1976-77 were ranked 22nd an
has to go back into the 1770s and the 1780s to

conparabl e cold period.

Sth, respectively.) One
find any data that ?ﬂg%t |n>éll)cate a
In recent tines the only consecutive winters that were

ranked in the col dest 22 over the last 200 years were the wi nter of 1855-56 and

1856- 57.

ok
A

o
-
a

NOYEMBER 1978

1 N o
s o 1 — ; b /
‘‘‘‘‘ A . o
: o
\ AT * L
\\ o )
~0 - -
= ' "
N\
ke
» N \‘
/e {
[y >,
v -\
s o\ \ o
N L7 E -
*», -
NP
o g, L - —
= £}
-, Db
! )
B
- r
(]
hat L
. -
3
&
.
Y — -
> P g ® Kl S
/ el T f’ -
\ Al
. Pl ® .
o LTI o
. : WL ﬁ:« , 2 »
fad - ‘-V-;-:-\ o~
[ h
7 Y Yoo i <, h
i‘ wl
phe——4 Ay

Figure 2a.--Mean 700-nmb contoursgor Novembern 1978.

10



Iy d
/ ) L
[T IR [N 1] \n-

Figure Zb.--Mean 700-mb contounsfon Fi gure 2c.--Mean 700-mb contouns fox

October 31-Novemben 4, 1978.

November 7-1 1,1975.

.
/// vk PR )’\\ e
\ ‘ N . [N{’_'Q )\_
b g S ) : ‘ gé:l" \ \
£ " R -
/ -
e ) !
/ = W
| o A ) \ \
! rer [ 1
' !
P =
T 1 )
7 ey
) S o
1 =%, /¢ ey ; A
' . /“h ey, B % \4
o ) >
2NN , P~ J L
N Y, et R
s iy B - \v\ G
& L 0 P
:l\ / ‘ ——\.-\t‘: ﬁu ‘\C’ \ /-
11
aer 7 - 15, 180 A N : \ \

igure 2d.--Mean 700-mb contouns fon
November 14-18,197§,

11

Fi gure 2e.--Mean 700-mb contounrsfon
November 21-25, 1978,




vy
v ——
e <
S -\\ [ 3
/ ™ /
N - ] &
3 [ - — Vi
"2" o A .
+, >~ -
. 3
~ ﬂ’
A
=
o
o 3 b 4".
v
)
R -
L
o : s
e S
4 Il -
;
=)
- /
3 “
> Iy
pt -
]
= -
*, o
2, 7 !
e 3¢ v
>, 0y
-
] 3 #
L]
! 4
4 ¥ S e ) ®
. N - - ¥ v
& NORT ‘u'-f".’ \
Y ., o -
R = P “3‘
- S &
/ e - & )
*~ [ N
- o~ -~

-
S

s

DECENBER 1978 | \

Figure 24.--Mean 700-nb contoursfcr December 1978.

12



b

Fi gure 2g.--Mean 700-mb contouns for Fi gure 2h.--Mean 700-mbcontounrsfor
Decemben 5-9, 1978, December 12-16, 1978.

A % ' \\'\;
Ll &%\}‘a
Valsh - s

igure 24.--Mean 700-mb contouns for Figure 24.--Mean 700-mb contowisgor
Decemben 19-23, 1978. Decemben 26-30, 1978.

13




IANUARY 1979

Fi gure 2kr.--Mean 700-nb contours for January 1979
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7_5‘ -y TEMPERATURE DEPARTURE [°F} from 30-YEAR
|

T -12 winier (December 13Th—February 1875}

MEAN

Fi gure 3a.--Temperature departure (°F) from 30-year mean for winter

December 1978-Februany 1979.
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3. SUMMARY OF | CE CONDI TI ONS
D. F. Kahlbaum, J. Wartha, D. G Baker, and B. H DeWitt
3.1 Data Collection Platforms and Processes

Primary sources of ice-cover information used to docunent the 1978-79 G eat
Lakes ice cover include: visual aerial ice reconnaissance, side |ooking airborne
radar (SLAR), and satellite imagery. Ice charts are the end result of interpreta-
tion of these data. |Ice charts depicting ice distribution and concentration, as
wel | as size and age of floes, were received at the Geat Lakes Environnmental Re-
search Laboratory (GLERL) throughout the winter fromthe Ice Navigation Center,
Ceveland, and Ice Forecasting Central, Gtawa, Ontario. Interpretations of ice
conditions made from TIRCS-N, and Geostationary Operational Environnmental Satellite
(GCES) imagery were received from NESS in Washington, D.C. SLAR inmagery and ice
charts based on it were received fromthe lIce Navigation Center, Ceveland. In ad-
dition to these primary data, weekly and daily surface reports of ice conditions
and thickness were received fromobservers for GLERL and the U S. Coast Cuard.

3.1.1 Visual Aerial |ce Reconnai ssance

Trained ice observers for the United States Coast CGuard and the Canadi an De-
partment of the Environnent record visually observed ice conditions on the Geat
Lakes periodically during wnter.

U S. Coast Quard aircraft used for visual ice reconnaissance include the Grum-
man HU-16 A batross and snaller fixed wing craft and rotary (helicopter) aircraft.
Flights are made from Chicago, IIl.; Detroit, and Traverse Gty, Mich. Canadian
aircraft used to support visual aerial ice reconnaissance include a Douglas DC 3
and a Lockheed Electra L188C.

3.1.2 Si de Looki ng Al rborne Radar

The 'National Aeronautics and Space Administration Lewis Research Center, in
cooperation with the U S. Coast Guard and NOAA, has devel oped an HC 130B SLAR Sys-
tem for ice surveillance on the Geat Lakes. The system nmounted aboard an HC- 130B
aircraft operating out of Ceveland, operates in the X-band at a frequency of 9.245
GHz (3.245 cmwave length). Flight altitude for SLAR missions is 3.35 km (11, 000
ft) with an average ground speed of 280 kn. Flights are made regularly over all of
the Geat Lakes with the exception of Lake Ontario. The advantage of SLAR over
visual reconnai ssance and satellite imagery is its all-weather capability and abil -
ity to "See" through clouds. Schertler et al. (1975) give a history of the devel op-
ment of the current system

3.1.3 Satellite |nagery

TIRCS-N and GCES satellite imagery were used in ice-cover docunentation. The
TIRCS-N satellite represents the third generation of operational satellites in the
National Environmental Satellite Service. The orbit is near polar and Sun synchro-
nous so the satellite always crosses the Equator at the same local solar tine, in
this case 0730 and 1500. This type of orbital coverage permts detection of dynamc
snow and ice events twice daily. Coudiness comonly reduces these observations,
but in nmost of the United States it is possible to secure at |east one cloudl ess
view per week.

KR!



The GOES inmages ware prepared fromVisible Spin Scan Radi oneter (VI SSR) nega-
tives stored at NOAA's Environnental Data and Information Service. Tapes were not
archived for GOES/VISSR images. Mbst of the GCES images presented here have not
been enhanced or rectified. North-south foreshortening is noticeable in images
taken in higher latitudes, such as those of the Great 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 break-
up or fragnentation phase. In brief, the cooling phase starts in fall as air tem
peratures drop bel ow water tenperatures and the water begins to lose heat. Ice
formation starts after fall overturn is conpleted and a stable water density gradi-
ent enables rapid cooling to take place in the surface layer. During the ice for-
mation phase, both stable and dynamc ice is formed. Even though the net energy
bal ance of the |ake is negative during this time, i.e., the water mass is |o0sing
heat, rapid and extensive changes in ice extent and thickness can occur owing to
wind- and current-induced ice novenent, upwelling of warmer waters, and even m d-
winter thaws on some portions of the Geat Lakes. The breakup period begins when
the energy balance 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 23 satellite images illustrate the dis-
tribution and concentration of ice cover during the 1978-79 winter. (See figs. 3a~
5@ and 6a-6w). The conposite ice charts were prepared at weekly 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
avail abl e 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
singl e weekly period. However, a study of synoptic weather charts and wind data
verified that the changes in ice cover logically responded to the strong w nds asso-
ciated with storm passage. Consequently the weekly ice charts, which it will be re-
called 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 wnter season.

FDD s, which progressively accunul ate during the winter season, are plotted on
each ice chart for eight representative locations. ¥bD's are useful to define wn-
ter severity (Assel and Quinn, 1979, and Rondy, 1971) and they have also been cor-
related with ice thickness and extent (Assel, 1976, and Rogers, 1976). However, it
shoul d be noted that nunerous other variables are involved in the formation, extent,
and decay of ice on the Geat Lakes and the 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 re-
port and documented in the appendices. The FDD s given on the conposite ice charts
were calculated fromdaily National \Wather Service weather observations, and they
provide a sunmary of (1) the current ¥pD total in the week ending on the date of
each chart, (2) the total accunulation of FDD's for the season, and (3) the cli-
matological nornal accunulation up to and including the date of each chart. Be-
cause of the conversion of the original data from degrees Fahrenheit to degrees
Cel sius, the summary FDD's on the ice charts in sone instances are inconsistent
ow ng to rounding off.



3.2.1 Fal | Cooling Phase

Each | ake goes through an isothermal stage twice each year, usually in Apri
or early My, and again in Decenber. At these times the lake is isothermal at 4° C
(39.2" F). 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 ab-
sorbed fromor lost to the atnosphere since the last isothermal stage. Average air
tenmperatures, integrated over periods of several nonths, have been found to give
useful indications of the water's heat content.

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

wher e

S, Is the heat storage factor at the end of a nonth,

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

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

The physical meaning of the heat storage factor cannot be precisely defined.
It approximates the excess heat, sensible and latent, of a unit water mass within
t he epilimnion,

By the end of August 1978, the heat storage factor was positive for Lake On-
tario and negative elsewhere. The trend was reversed at the end of Septenber ex-
cept at Sault Ste. Marie. The predomnately cooler than normal tenperatures over
the |akes region during Cctober, Novenber, and December of 1978 were reflected in
the negative heat storage factor for all of the |lakes except Ontario and Duluth dur-
ing Cctober. The heat storage factors for the fall of 1978 conpare favorably with
the fall of 1977. :However, both the fall of 1977 and 1978 were not as cold as the
fall of 1976 over the lakes region. The heat storage factors for the fall of 1976

1977. and 1978 are summarized in table 6.
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DASHED LINE INDICATES PROJECTED !CE BOUNDARY
CLEAR AREAS INDICATE OPEN WATER
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Fi gure 5a.--Composite ice chartforDecember 13, 197§ (con.).
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Fi gure 5b,--Composite icechartforn December ‘20, 7975.
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CLEAR AREAS INDICATE OPEN WATER
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Figure 5b.--Composite ice chart for December 20, 1978 (con.).
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Fi gure 5. --Composite ice charl for Decemben 27 1978
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G Total
E THICK == (I \\\\ N = Normal
(30-70cm) == |||lJI[lil N\ Cumulative
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DASHED LINE INDICATES PROJECTED ICE BOUNDARY
CLEAR AREAS INDICATE OPEN WATER
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Fi gure sc--Compositeice chantfor December 27, 1978 (con.].

39



R AR A

DULUTH
w131
T 604
N 402

ki

GREEN BAY &

W 86
T 361

N

T
N

Fi gure 5d. --Compositeicecharnt fon January 3, 1979
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Fi gure 5d.--Compositeicechart fon Januarny 3, 1979 (con.).
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A MEDIUM }i}]tl{ ‘Q\& i T = Cumulative
(15-30 cm) I NN 2t Weekly
G Total
E T H I C K pp— [ENIRNT] s\\\\\%
N = Normal
oo em = [l N\ Comtive
Weekly Total
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5e.--Composdite ice chant fon January 10, 1979 (con. ] .
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Fi gure 5§.--Composileiechart for Januany 77, 7979.

44



LEGEND
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N ACCUMULATION
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\
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Figure 5§.--Composite ice chart fon Januarny 17, 1979 (con.).
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Figure 3g. .. Compositeice chantfor January 24, 7979.

46



LEGEND
CONCENTRATION (tenths)

LI e

}‘Q\\}},‘.

AT =1 1
WINW el
IR ek

FREEZING
DEGREE-DAY

ACCUMULATION

W = Weekly Total

[ == i NN\ ,
A a%%gg%no_ _ ‘Mi“} §§§§ i T = Cumulative
=== I N\ FEE Weekly
G Total
THICK = N
e wso s = I\ N s
= N Cumulative
SAULT STE Weekly Total
. MA y
W VERY THICK D HH ® M = Maximu
L 671 (>70¢m) §\ = m
; DASHED LINE INDICATES PROJECTED ICE BOUNDARY
CLEAR AREAS INDICATE OPEN WATER
R
s o CATIIRNY
RN LR
RN
ALPENA®. RN
w  s2f = N
T 467 BNy = :
N 28384 = N
\‘{\‘\\\\\ E:V \\\\\\\é‘
RN e RN
H 1 A \E\l\
o S
N e )
[x-Ah <<
R \\illr‘l: . ~
R 4 ROCHESTER
R W 31
N 0 T 225
N 141
:'1‘|L"§\$\\‘:\\Q\\\§
TR
I R
R R
DETROIT £ A R
! R
w RN
T 274 A .
N 161 R
AR TR IR
Alkmnad
ARTRRRR
R
N CLEVELAND
W 15
T 163
N 7
Fi gure 5g.--Compositeicechartfor January 24, 1979 icon.).
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Fi gure 5h.--Compositeice chart for Januany 31, 1979.
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TR e
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Weekly Total
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Fi gur e 5h.--Composite ice chartfor Januany 31, 1979(con.].
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T = Cumulative
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Total
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Cumulative
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M = Maximum

DASHED LINE INDICATES PROJECTED ICE BOUNDARY
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CLEAR AREAS INDICATE OPEN WATER
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Fi gure 5{.--Compositeiecharnt for Februany 7, 7979 (con.).
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Figure 5f.--Composite {ce chart fon Februarny 14, 1979
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5{.--Composite ice chart forFebruany 14, 1979 (con. ).
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Fi gure 5k.--Composite {ice chart for February 21, 1979.
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Fi gure 5k.-~Composite ice chart fon February 21, 1979 (con.).
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Fi gure 5£&,--Composite ice charnt fon Februany 28, 1979 (con. ) .
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Fi gure sm.--Compositeicechant for March 7, 1979 icon.).
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Figur e 5n.--Composite ice charnt for Manch14,1979(con.).
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Figure 5o.--Composite icechartfor Match 21, 1979 [con.].
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Fi gure Sp.--Composite Lce chart for Manch 28, 1979 (con.]).
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Fi gure 5¢.--Composite ice chantfor Aprnil 4, 1979 [con.).
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Figure 5a.--Compositeicechantfor Apnil 18, 1979.
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Fi gure 6b.--GOES VISSR {v.isible) i mage gor January 18, 1979.
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Fi gure 6c.--GUES VISSR (visdible] imagefon January 25, 1979.

Fi gure 6d.--GOES VI SSR (visible] image for February 5, 1979.
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Figure 64.--GOES VISSR (visible) imagefor February 9, 1979.
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Fi gure 6h.--GOES USSR (visible) imageforn Februany 12, 1979.
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Figure 64.--TIR0S-N VHRR [visible) imagefonFebruany17,1979.
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Figure 6£.--TIR0OS-N VHRR (visible) imagefor February 20, 1979
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Fi gure 6n.--GOES VISSR (visible) image for February 27,1979.
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Figure 6p.--TIROS-N VHRR (visibfe) image for March7,1979
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Fi gure 6g.--TTIR0S-N VHRR (visible] i mage for Maxch 16, 71979.

Fi gure 6#£.--TIROS-N VHRR (v.is.ible) imageforMarch?20, J979
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Fi gure 6u.--TIROS-N VHRR (v.isible) image fon Apnil 6, 1979.

Fi gure 6v.--GOES USSR (visible) image gfor Apnil 30, 1979
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Fi gure 6w.--TIROS-N VHRR (ingrared) image for May 12, 1979.

87



Tabl e 6.--Heat storage factor at month’s end (°C)

city August Sept enber 19§t ober Novenber December
Dul uth, Minn. -0.17 0.73 0.28 -0.48 -1.47
G een Bay, Ws. -0.15 0.91 -0.14 -0.41 -0.96
Chicago, I11. -0.90 0.76 -0. 69 0.22 -0.57
Sault Ste. Marie, Mich. -0.32 -0.11 -0.70 -0.63 -0.94
Detroit, Mich. -0.14 1.02 -0.30 -0.07 -0.08
Buffalo, NY. 0.49 0.47 -0.32 0.01 0.59
1977
Gty August Sept enber Cct ober Novenber Decenber
Dul ut h, Minn. -0.99 -0.83 -0.70 -0. 46 -1.10
G een Bay, Ws. 0.34 0.34 -0.36 -0.41 -1.02
Chi cago, II1. 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, N.Y. 0.35 0.45 -0.31 0.80 0.37
1976
Gty August Sept enber Cct ober Novenber Decenber
Dul uth, Minon. 1.15 1.03 -3.59 -4.95 -7.43
G een Bay, Ws. 0.71 -0.25 -3.08 -5.39 -8.60
Chi cago, II1. -0. 89 -1.15 -3.97 -5.79 -7.10
Sault Ste. Marie, Mich. 1.10 -0.30 -2.60 -4.05 -7.13
Detroit, Mich. 0.22 -0. 64 -3.17 -4.89 -5.95
Buffalo, NY. -0.55 -1.03 -3.12 -4.41 -5.12
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3.2.2 | ce Formation and Breakup Phases

The sequence of ice formation and ice decay for the 1978-79 winter season is
illustrated by the series of 21 weekly conposite ice charts (figs. 5a-5u). These
charts were conpiled from available data as described in section 3.1. Freezing
degree-days accumul ations (°C) at eight representative |locations are included on
each of the conposite ice charts. FDD data are an excellent paranmeter that provides
a general indication of the winter severity. The FDD's were calculated from NWS
data. In addition to the conposite ice charts, 23 satellite inages (figs. 6a-6w)
document synoptic ice conditions for given dates throughout the 1978-79 ice cycle.

The winter 1978-79 produced ice in the shallow and protected areas of the Geat
Lakes in late Novenber. Lake St. Clair was conpletely frozen over by January 10.
The remainder of the Geat Lakes reached their maximum areal i ce coverage on Febru-
ary 17 when all of the Geat Lakes were nearly 100 percent sinultaneously ice cov-
ered. By md-March, ice breakup began over the southern Geat Lakes and they became

nostly ice free by the end of April. 1In Lake Superior sone open water appeared by
the third week in March as the very slow ice decay began. Gadual ice breakup con-
tinued through the end of March and during April. Belownormal tenperatures early

in My slowed the ice decay in western Lake Superior and it was late in the nonth
before the |ake became nostly ice free.

3.2.3 The Ice Cycle on Lake Superior

Because of belowfreezing air tenperatures starting Novenber 14, Lake Superior
al ready had ice coverage by Decenber 13 (fig. 5a). Ice was covering most of Black
and N pigon Bays and the northeast portion of Thunder Bay. lce grew steadily in
these and other shallow areas through the end of Decenber as air tenperatures aver-
aged near -11° C (12° F). By Decenber 20, ice was beginning to form around the
Apostle Islands and along the eastern edge of Witefish Bay (fig. 5b). (ne week
later, on Decenber 27, ice was also forning along the western shores of Witefish
Bay and over the renainder of Thunder Bay (fig. 3e).

For the first 3 weeks of January, air tenperatures averaged near -22° C (-8° F},
with mnimm tenperatures occasionally falling to -35" C (-31° F) and bel ow. By
January 3, ice had formed along the southern shore between Duluth and Ontonogan,
and fromthe tip of the Keweenaw Peninsula to Witefish Bay (fig. 5d). Ice also
grew along the eastern shores between M chipicoten and Wiitefish Bays as well as
between Isle Royal and the Canadian coast. One week |ater, on January 10, shore
ice had grown around the entire perineter of the lake (fig. Se). Wiitefish Bay was
now 40 to 90 percent ice covered and ice was rapidly growing between Isle Royal and
Thunder Bay. By mid-January, the entire western portion of the |ake was covered
with broken ice (fig. 5f). Fast ice had grown along the southern coast from Duluth
to Copper Harbor, and was now covering the area north of Isle Royal as well as nost
of Wiitefish Bay. The remaining ice around the perineter of the |ake had grown no-
ticeably w der and thicker.

Air tenperatures noderated sonewhat during the last third of January and aver-
aged near -12° C (10° F). Accordingly, the rate of ice growth becane mich sl ower
than that of the previous 3 weeks. The only significant changes in the ice cover
during this period were consolidation of the ice in the western portion of the |ake
and the establishnent of fast ice along the southern shore between the Keweenaw
Peni nsul a and Witefish Bay (figs. 5g, 5k, and 6e).
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Air tenperatures again fell after the beginning of February, and averaged near
-18" C (0° F) for the next 3 weeks. The lake responded quickly by producing exten-
sive thin ice coverage over the eastern half of the |ake (figs. 5¢ and 6e). How
ever, in response to 3 to 7 kn west and northwest winds between February 7 and 9,
two leads formed, one in the widdle of the fast ice ncar Beaver Bay, and the other
south of Isle Royal (fig. 6f). Because of the extreme cold, these leads refroze 2
days later (fig..6g). By February 14, the persistent cold weather caused the east-
ern portion of the lake to beconme 60 to 100 percent covered with ice. Leads found
along the eastern shoreline forned in response to 3 days of 2 to 7-kn easterly w nds.
During the next 3 days, this eastern lake ice consolidated very rapidly, and by Feb-
ruary 17, the entire |ake became nearly 100 percent covered, its maxinum extent (fig
675). This total coverage was short lived, however, since 5 dayslater |eads had de-
veloped from4 to 8 kn east and sout heast wi nds al ong the southern shore between
Muni sing and Witefish Point and to the north of Keweenaw Point (figs. Skand 6k).

Al'though ice broke up due to wave action, air tenperatures averaged near -8" C
(18° F) after February 19 and the opened areas again becane ice covered. By Febru-
ary 25, a wde lead forned from east of Mchipicoten Bay to Witefish Point in re-
sponse to 5 to 7-kn east winds on February 22 and 23. Refreezing | eads were evident
al ong the northwest coast of the |ake and sout hwest of Isle Royal (fig. ém).

By the first week of March, this process of breaking up and refreezing produced
i ce coverage which varied markedly in thickness and concentration over the eastern
hal f of the lake (figs. 5I, 5m, and 60). Ice over the western portion had remained
nearly intact, except for a lead from Beaver Bay to the Apostle Islands. One week
later, on March 14, winds primarily from the west and northwest increased the wdth
of this lead and extended it further southward toward the Apostle Idands (figs 3%
and 6g). These winds also conpressed the eastern |ake ice toward the southeast and
produced |eads along the northern coast and south of the Keweenaw Peninsul a

Between March 17 and 22, air tenperatures rose significantly and averaged near
2° C(36° F). This warnth, in-conjunction with 4 to 13-kn south and southeast winds,
broke up the eastern ice and pushed it northwards, creating a wide [ead from Wite-
fish Bay to the Keweenaw Peninsula (fig. 50). This warm weather also created a
curved |ead stretching westward from the Keweenaw Peninsula to the Apostle Islands
and then northward to the Canadian shore.

After March 22, air tenperatures again declined and averaged near -5° C (23" F)
until April 10. The only significant change in the ice coverage during this period
was the dissipation of a portion of the eastern lake ice and some breakup of the
thick ice to the west of Isle Royal (figs. 5p,5¢,5r,6s, and 6u).

After April 10, and for the remainder of April, air tenperatures averaged near
5° C (41° F). The ice responded to this warnth by dissipating in nmost of the east-
emportion by April 18 (fig. 5s). In addition, almost all of the fast ice cover-

ing the western end of the |ake and Witefish Bay began to break up. One week
later, on April 25, ice also began to deteriorate in Thunder Bay and near Isle

Royal (fig. 5t). By My 2, Witefish Bay was ice free (fig. 5u). Broken to fast
ice still covered the western portion of the lake, as well as Thunder, N pigon, and
Bl ack Bays, but was rapidly nelting. Ten days later, on May 12, only thin ice re-
mai ned near Duluth and Chequanegon Bay; the rest of the lake was ice free (fig. 6w).

The ice season on Lake Superior began in early Decenber and lasted until My 12,
about 150 days, with maxi mumice coverage of 100 percent occurring on February 17.
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3.2.4 The Ice Cycle on Lake M chigan

In response to belowfreezing air tenperatures beginning Novenber 18, ice
formed in the southern end of Geen Bay, over the Bays de Noc, and al ong the south-
western shore at Chicago by Decenber 13 (fig. 5a). Ice grew steadily in these areas
through the remainder of Decenber as air tenperatures averaged near -7" C (19" Fj.
Toward the end of the nonth, ice began to appear along the extrene northern edge of
the lake as well as in Sturgeon Bay (fig. 5¢). The northern and southern portions
of Green Bay ware covered by mediumice of 70 to 100 percent concentration on Decem-
ber 27, and thin ice began to form over the deeper areas of the bay.

During the first 2 weeks of January, air tenperatures averaged near -20° C
(-4" F) with mnimum tenperatures falling to -30° C (-22° F) and below. As a re-
sult, rapid ice growh occurred around the entire lake. By January 3, Geen Bay
was nearly frozen over except for a patch of broken ice covering the deeper areas.
Ice was also partially covering the Straits of Mackinac and was beginning to grow
westward toward Beaver Island. A thin ribbon of ice also extended along the entire
western shoreline of the lake. This ice was highly susceptible to wind action and
| eads generally fornmed between it and the coastline. Such a |ead can be seen on
January 8 (fig. 6a), formed by 7 to 14 kn west wi nds over the previous 3 days. Two
days later, on January 10, the area between Beaver |sland and the Straits of Macki-
nac becane frozen over (fig. 5e). Ice also began to form along the eastern shore-
line, while ice along the southern and western shores grew thicker and w der. By
January 17, the persistent cold weather had caused Geen Bay to freeze over and fur-
ther expanded the fast ice pack north and east of Beaver Island (figs. 5f and 6b).
Fast ice can also be seen adhering to the eastern shoreline. However, ice along the
southwestern end of the |ake was transported northeastward as a result of 1 to %-kn
sout hwest w nds between March 15 and 17.

Air tenperatures noderated somewhat during the remainder of January, averaging
near -8" C (18°* F). This slowed the rata at which ice was growi ng and al |l owed wind-
induced ice transport to occur nore frequently. Except for the fast ice along the
coast between Miskegon, Mich., and Gary, Ind., nost of the eastern shore ice was
removed by 4 to 9-kn northeast and southeast w nds on January 20 and 23, respec-
tively (fig. 5g). These winds also pushed the southern |ake ice back toward the
sout hwest shores, thus reducing the size of the lead there (fig. 6¢). By the end
of the nonth, persistent 6 to 1Zz-kn northwest w nds had conpressed the ice in the
southern portion of the lake (fig. 5k). These winds also removed ice from the
northern portion of the |ake and conpressed it along the shores around Gand Tra-
verse Bay.

Very cold weather again prevailed over Lake Mchigan for the first 3 weeks

of February. Air tenperatures during this period averaged near -16° C (3" F), and
m ni num tenperatures frequently fell to -25" C (-13° F) and bel ow. By February 7,
ice was rapidly growing over both the northern and southern portions of the I|ake,
as well as along the west and east coasts (figs. 5S¢ and 6f). Four days later, on
February 11, i ce began to cover Grand Traverse Bay (fig. 6g). By February 14, the
entire surface of the |ake contained ice of at |east 40 percent concentration (figs.
5/ and 67).

Al'though air tenperatures noderated to near -6" ¢ (21° F) during the |ast weeks
of February, ice over Lake Mchigan continued to thicken and consolidate rapidly.
By February 17, the entire lake was nearly 100 percent ice covered, its maximum ex-
tent (fig. 67). By February 21, ice covered between 70 and 100 percent of the |ake.
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However, the effects of wind action on the ice was still evident. The |eads al ong
the western shoreline arose as a result of 7 to 15-kn sout hwest w nds between Feb-
ruary 19 and 21. By February 27, leads formed along the northern and eastern shores
in response to 9 to 13-kn north winds on February 24 and 13 to 21-kn northeast w nds
on February 25 (figs. 5 and ém). These winds also conpressed the |ake ice south-
ward. At this tine, the lake was alnost conpletely ice covered, the ice being at

i ts maximum extent.

During the first 2 weeks of March, air tenperatures over the southern area of
the |lake averaged near 0° C (32° F) with maximum tenperatures reaching as high as
7° C (45" ¥). As a result, a considerable portion of the ice over this part of the
| ake had broken up by March 6 (figs. 5m and 60). |In addition, 10-kn winds, first
fromthe southeast, then from the southwest, during the previous 4 days had trans-
ported all lake ice northward, producing a large |ead along the southern shore,
while at the same time increasing the ice concentration over the northern portion
of the lake. On March 13, 8 to 17-kn west and sout hwest wi nds again pushed the ice
north and eastward end conpressed it onto the eastern shore (figs. 57 and 6g).

For the remainder of March, air tenperatures averaged near 5° C (41° F) with
nmaxi mum tenperatures as high as 20° C (68" F). This warnth caused further ice de-
terioration and pernitted it to be easily noved about by the wind. By March 21, 3
days of 6 to |l-kn south and southeast w nds pushed ice away from the eastern coast
and produced |eads over the northern portion of the |ake and drift ice along the
southern portion (fig. 50). Three days later, 8 to I[l-kn west winds again com
pressed this ice against the eastern coastline (figs. 5p and 6s).

By April 3, sustained warm air tenperatures finally produced ice nelt at the
nmouth of Green Bay (figs. 59 and 6t). Ice also began to deteriorate between Beaver
Island and the Straits of Mckinac, as well as in Gand Traverse Bay. The remain-
der of the |ake was ice free. Between April 7 and 11, 7 to |l-kn east-northeast
winds broke up and transported westward a considerable portion of the ice between
Beaver Island and the straits. Meanwhile, ice began to break up over the deeper
areas of Green Bay. By April 18, only scattered floes remained in Gand Traverse
Bay, and between Beaver Island and the Straits of Mackinac. Mich of the ice over
Green Bay had broken up and was beginning to nelt rapidly. By the end of the nonth,
the only ice remaining on the lake was drift ice at the straits and around Beaver
Island, and rotten ice in Green Bay (fig. 5t). Lake Mchigan finally becane ice
free on My 2.

Thus, the ice season on Lake Mchigan began during the first two weeks of De-
cenber and ended on May 2, lasting nore than 145 days, with maxi num ice coverage
occurring near February 17.

3.2.5 The Ice Cycle on Lake Huron

Air temperatures around Lake Huron were nostly bel ow freezing after Novenber
18. Thus, ice formation had al ready begun by Decenber 13, with ice adhering to the
sout heastern shore of Saginaw Bay and with scattered shore ice in the North Channel
and Ceorgian Bay (fig. 5a). Ice grew steadily in these areas through the renainder
of December as air tenperature averaged near -6° C (21" F). By Decenber 20, broken
ice covered the southern half of Saginaw Bay, while fast ice had grown along its
western shoreline. Thin ice of 10 to 30 percent concentration covered nost of the
North Channel and fast ice was adhering to the northeastern coast of Georgian Bay
(fig. 5b). By the end of the nmonth, the coverage of Saginaw Bay ranged from fast
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ice along the northern and southern shores to thin broken floes in the interior
(fig. 5). Mich of the St. ¥arys River systemwas covered with thin ice while the
North Channel was primarily 70 to 90 percent ice covered with some Open areas over
the deeper sections. The ice along the northern and eastern coasts of Georgian Bay
had grown noticeably wider and further southeastward.

The rate of ice growh increased during the first 3 weeks of January as air
tenperatures averaged near -13" C (9" F) and m ninum tenperatures were -25° C
(-13° F) and below. By January 3, nore than half of the North Channel and Sagi naw
Say were covered with fast ice. Shore ice conpletely encircled Georgian Bay and
extended al ong nost of the western and southern shores of the |ake (fig. 5d). One
week later, on January 10, fast ice conpletely covered both the North Channel and
Sagi naw Bay. Ice was also beginning to cover the southern portion of the |ake as
wel | as the northeastern part of Georgian Bay (fig. 5e). ‘The remminder of the |ake
and CGeorgian Bay were encircled by rapidly growing shore ice. By md-January,
Ceorgi an Bay was approximately 60 percent covered and was separated fromthe nain
| ake by ice north of the Bruce Peninsula. Ice around the remainder of the |ake was
consi derably wider and nore consolidated (figs. 5f and 6b).

During the renmainder of January, air tenperatures noderated to average near
-4" C(25° F). This slowed the rate of ice growh and allowed wind-induced ice
transport to occur. Mst of the shore ice south of Manitoulin |sland was renoved
by 4 to 15-kn winds. These winds also conpressed the ice into the southern por-
tion of the lake (fig. 5g). By January 31, west and northwest w nds had conpressed
the ice on the east shore. These winds also pushed some of the ice away from the
western shore and transported it toward the mddle of the lake (fig. 5m.

Very cold weat her prevailed over Lake Huron during the first 3 weeks of Febru-
ary. During this tine, air tenperatures averaged near -17" C (1° F) with minimum
tenperatures falling to -35° C (-31" F) and below. Wth this extremely cold weather,
rapid ice growth occurred over the entire lake. By February 7, the only area of
open water was near the center of the lake. Al other areas were 40 to 100 percent
covered by thin to nediumice (figs. 5. and 6e). One week |ater, on February 14,
the entire |lake was frozen over except for a small area of broken floes at the cen-
ter of the lake, and a |ead along the eastern shoreline (fig. 5j). Three days
later on February 17, the entire |ake was nearly 100 percent ice covered, the great-
est extent of ice cover (fig. 64).

Between February 19 and the end of the month, air tenperatures warmed up and
averaged near -4" C (25" F). This warnth slowed the growth of ice considerably and
again allowed wi nd-induced ice transport to occur. Wnds fromthe south at 4 to 11~
kn on the 20th pushed all ice northward, producing a semcircular |ead parallel to
the western, southern, and eastern coasts (figs. 5k and 6t). Northerly winds of 8
to 10-kn between the 24th and 26th then pushed the ice southward creating |eads
along the northern shore andin Georgian Bay (figs. 5Z and én). The ice was agin
transported northward by 5 to 15-kn southeast to southwest wi nds between March 2

and 6, producing large |eads along the southern shores of the [ake and bag (figs.
5m and 6p). Finally, 5 t0o 19-kn west and southwest w nds between March 10 to 16

nmoved the ice eastward and conpressed it upon the eastern shores of the |ake and
bay (figs. 5n and 6q). Both the North Channel and Saginaw Bay remained ice

covered throughout this period.

During the latter half of March, air tenperatures averaged near 2° C (36° F)
with maxi mum tenperatures as high as 17° C (63° F), causing a considerable portion
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of the lake ice to break up and dissipate between March 21 and 28. In addition,
ice began to thaw along the southwest and southeast shores of Saginaw Bay (figs.
50, 5p and 6s).

By the first week of April, all of the |ake ice had nelted except some broken
floes west of Alpena and along the eastern shore (figs. 54 and 6t). In addition,
ice over both Saginaw and Georgian Bays had broken up and thinned considerably.
Fast ice still covered the North Channel and the St. Marys River system As above,
freezing air tenperatures continued, this ice began to melt and break up (figs. 5r
and 6u). El sewhere, only scattered to broken floes remained over central Georgian
Bay, southern Saginaw Bay, and along the eastern and northwestern shores.

By md-April, air tenperatures were averagi ng between 8° and 10° C (46' and
50° F). This warnth initiated a rapid breakup of the ice in the North Channel and
inthe St. Marys River system (fig. b5s), as well as nelting the remaining shore ice
in Saginaw Bay. By the end of the nonth, all of the |ake was ice free, except for
rotten ice over the North Channel and around the Straits of Mackinac (fig. 5%).
These areas were finally cleared of ice by My 2.

Ice began to formon Lake Huron in early Decenber and |asted until the begin-
ning of My, nore than 140 days, w th maxi num extent of coverage occurring on Feb-
ruary 17.

3.2.6 The I ce Cycle on Lake St. Jair

Lake St. dair had thin shore ice by the second week of Decenber (fig. 5a).
Persi stent west and southwest w nds during Decenber 9 to 18 noved and conpressed
this thin ice onto the eastern shore (fig. 50). Wth air tenperatures averaging
below 0° C (32° F) the next week, thin broken to solid ice formed over the entire
| ake surface (fig. 5). This ice continued to grow and consolidate during the next
7 days as mninumair tenperatures frequently fell to -20° C (-4" F) and bel ow.

The | ake was prevented fromfreezing over entirely by 20-kn west w nds on January 3
(fig. 5d). By January 10, persistent cold air tenperatures finally caused the |ake
to become conpletely ice covered (figs. 5e and 6b).

Lake St. Cdair remained 100 percent ice covered for the next 2 nonths.  Then,
in response to above-freezing air tenperatures, which began on February 27, thaw ng
began at the mouth of the Detroit River (fig. 5m). Qver the next 7 days, 10 to 15-
kn west and southwest winds and 4" C (39° F)average tenperatures produced thaw ng
and breakup of ice along the entire western and northwestern shorelines (figs. n
and 6g). By March 21, as air tenperatures averaged near 10" C (50° F), only rotten
ice remained on the |ake surface (fig. 50). Finally, after having had sone ice cov-
erage for nore than 103 days (Decenber 14 to March 27), Lake St. Cair became free
of ice on March 27 (figs. 5p and 6s).

3.2.7 The lIce Cycle on Lake Erie

In response to near-freezing air tenperatures since November 26, thin ice had
formed in the shall ow coastal area west of Pt. Pelee and along the extreme western
shoreline by December 13 (fig. 5a). Ice continued to grow slowy during the next
2 weeks as air tenperatures remained near freezing. Thus, by Decenber 27, thin
broken ice covered the entire area west and north of a line extending from near
Ceveland to Pt. Pelee and then eastward toward Port Stanley (fig. 5e).
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Except for a brief period of 3" to 9" C (37° to 48" F) air tenperatures from
december 30 to January 1, below-ireezing conditions prevailed over the |ake for
the next 30 days. By January 3, a ribbon of thin ice had forned al ong the south-
=rn shoreline while the ice east of the Pelee and Kelleys Islands continued to
=xpand eastward (fig. 5d). |lce also began to cover a significant portion of the
shallow area north of Long Point. One week later, on January 10, the entire west-
xrn basin area was frozen over, the usual ice plug at Buffalo had formed, and, with
che exception of the open area over the deep waters south of Long Point, the re-
m nder of the lake was covered with thin broken ice (fig. 5e).

The ice continued to grow and thicken rapidly in the next week. However, this
ice was still susceptible to wind action. West and southwest winds of 4 to 13kn
aad produced a semicircular |ead stretching south fromPort Stanley to the Kelleys
ind Pel ee Islands and then east toward C eveland by January 17 (figs. 57 and 6b).
This | ead separated two distinct ice areas and forned because the islands hindered
:he novenent of ice fromthe western basin.

From January 25 through February 5, winds blew persistently fromthe west and
sout hwest while air tenperatures averaged near -2" C (28° F). As a result, ice
srowth and transport occurred sinultaneously. As can be seen in figures 5g and 5h,
‘he windflow gradual |y pushed the eastern ice pack onto the southern and eastern
shores and enlarged the lead, especially along the northern portion of the |ake.

"he freezing air tenperature continually reforned the ice taken away fromthe north-
arn shorel i ne.

During the first 2 weeks of February, air tenperatures declined further, aver-
aging near -12° C (10° F). Al though winds continued to blow fromthe west and
orthwest during this period, ice gradually filled in this lead (figs. 5 and 6g).
m February 17, the lake had attained its maxi mumice cover of 100 percent (figs.

3 and 67).

After February 19, a warming trend began. The associated -1° to 8° C (3C° to

#° F) air tenperatures initiated ice melt and again allowed w nd-induced ice trans-
sort to occur. On February 21, 15-kn sout hwest w nds produced a small |ead stretch-

ing fromCeveland to Port Alma (fig. 5k). One week later, 14 to 19-kn northeast
7inds pushed the ice toward the southern shore and produced a |ead from east of Pt.
Pelee to Long Point (figs. 5% and 6n).

By the first week of Mrch, air tenperatures were reaching as high as 30" C
(86° F). As aresult, all ice began to deteriorate rapidly and becane nore sus-
ceptible to wind action. By March 7, winds generally fromthe south at 4 to 17-kn
had removed the ice from portions of the southern shore and transported it north-
7ard (fig. 5m). Between March 11 and 16, west winds of 9 to 17-kn pushed all ice
:astward, creating w de |leads east of the islands and along the northern shoreline
(figs. 5n and 6g). In addition, ice in the western basin began to break up and
chaw general ly fromthe coastline toward m d-| ake.

For the remainder of March, tenperatures ranged between 2° and 18° C (35" and
54° F). As aresult, by March 21, all ice was in a state of rapid deterioration
(figs. 50 and 6r). Between March 24 and 27, 9 to 15-kn west and northwest w nds
zleared all ice fromthe western basin and pushed the remaining |ake ice onto the
southern and eastern shores (figs. 5p and 6s).
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(ne week |ater on April 4, only some drift ice and the ice plug at Buffalo
were visible (figs. 5 and 6t). This plug nelted gradually and had al nost dis-
appeared on May 2 (fig. 5e).

Thus, the ice season on Lake Erie lasted over 138 days (from Decenber 13 to
May 2), with the maxi mum coverage of greater than 95 percent occurring between Feb-
ruary 14 and 17:

3.2.8 The I ce Cycle on Lake Ontario

The ice season on Lake Ontario began on Decenber 20 when ice formed in the Bay
of Quinte (fig. 50). Because of relatively mld air tenperatures through the end
of Decenber, ice grew slowy in this bay, but eventually became 100 percent consoli -
dated by January 3 (fig. 5d). At this time, ice also began fornming in the St.

Law ence Seaway and in Chaumont Bay. From January 3 to 12, air tenperatures aver-
aged near -11° C (12° F). This cold weather initiated rapid ice growth around the
entire lake perimeter and further thickened and consolidated the ice in the St.
Lawr ence Seaway and other shallow areas (fig. Se). By January 17, continued cold
weat her produced fast ice along the eastern shoreline and further extended the
northern and southern shore ice towards mid-lake (figs. 5f and 6b). However, be-
tween January 21 and 24, two stornms passed near Lake Ontario. The associated flow
of 1%-kn west-sout hwest wi nds on January 21 foll owed by north-northwest w nds of
5-kn on January 24 renoved nost of the ice fromboth the north and south shores and
pushed ice into the eastern portion of the lake (fig. 5g). After the passage of
these storns, air tenperatures averaged near 2° C (36° F) and wi nds bl ew persis-
tently fromthe west and northwest at 6 to 18-kn, removing all of the remaining
shore ice in western portions of the |ake and nelting a considerable portion of the
eastern lake ice (fig. 5h). Cold weather returned during the first week of Febru-
ary, however, and again produced ice around the entire |ake perineter (fig. 5%).
During the period of February 9 to 18, air tenperatures were particularly cold,
averagi ng near -19° C (-2° F). As expected, marked ice growh occurred over the
entire lake. Except for an open area in the western portion of the lake, the re-
mai nder of the |ake contained nostly broken ice (figs. 5 and 6j). On February 17,
the entire lake was 95 to 100 percent ice covered, its maximum extent. This exten-
sive coverage was short lived, however, as 2 to 3-kn south winds and 0.4 to 4-kn
east winds between February 19 and 20 furthered breakup from St. Catherines to
Oswego (figs. Skand 61). After February 20, air tenperatures of 1°to 4° C (34°
to 39° F) and 12 to 15-kn east-southeast wi nds broke up and melted nuch of the ice
(figs. 57 and éxn). In the first week of March, with air tenperatures averaging
near 5° C (41° F), 10 to 17-kn south and southeast wi nds pushed nost of the ice in-
to the area east of Prince Edward Point (fig. 5m). Areturn of freezing air tem
peratures during the next 2 weeks brought a halt to the rapid ice nelt. Persistent
west and sout hwest winds of 10 to l6-kn noved and conpressed the ice initially east
of Prince Edward Point onto the eastern coast (figs. -5n, 50, and 6ér). After Mrch
23, air tenperatures of 16° C (61° F) restarted the rapid ice deterioration process,
and by March 28 all shore ice was elimnated and ice was rapidly dissipating in

all bays (fig. 5p). Lake Ontario was finally ice free on April 4 after having sone
ice coverage for 105 days (Decenmber 20 to April 4) (fig. 5q).
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3.3 Comparisons Wth Previous Wnters

Table 7 conpares percent maxinum ice extent for wnter 1978-79 and for those
given by asseletal. (1979) for the Geat Lakes during the past 16 winters. From
Table 7, it can be seen that the 1978-79 maxinumice extent exceeded the past 16
winters on the Geat Lakes. No conparison is made for Lakes Erie and St. Clair as
they freeze over nost winters. The simultaneous occurrence of nearly 100 percent
ice cover of February 17, 1979, is a unique feature of the 1978-79 w nter season.
This is the first time such an occurrence has been documented with a high degree
of scientific certainty (fig. 6).

Table 7.--Conparison of maximem percent ice extent on the Great Lakes:
1978-79 and previous tinters

Superi or, M chi gan, Hur on, Erie, Ontario,
Wnter per cent percent 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
1978-79 100 100 100 100 95
Mean 69 39 62 94 26
St andar d
Devi ation 24 27 22 6 23
1978-79
- Mean +31 +61 +38 +6 +69
1978-79
ice cover above above above NA above

NA = Not applicable
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4, EFFECTS ON GREAT LAKES COWMERCE
D. E. Boyce

The 1978-79 ice season on the Geat Lakes for the third year in a row was se-
vere and many records were broken throughout the lakes. For the first time in doc-
unented history, -all of the Great Lakes were nearly frozen over sinultaneously on
February 17, 1979. The western | akes took the brunt of the winter with consistent
col d weat her and frequent very heavy snows, although overall, the |akes region was
1.5" C (2.7 F) colder than normal for the season--slightly mlder than the pre-
vious year, and commercial cargo tomnages directly assisted were about half the
previ ous season (table 8). However, many of the voyages were conpl eted under very
arduous conditions and vessel damage both to comercial ships and Coast Guard ves-
sels was at an all-tinme high.

4.1 Fall Season

Demands during the fall for nost of the common bulk commodities were the high-
est in 3 years. Coal tonnages were down sonewhat, but iron ore, tacomite, and
grain shipments were up. Gain cargoes were up sharply.

As usual, the nunber of storns began to increase during the fall. By Cctober,
the nunber of ship wind observations over 30 kn had nearly doubled over the pre-
vious month.  The strongest stormin Cctober was centered over Lake Wnnipeg on the
24th.  Wnds of 46-kn and 5-m (16-ft) seas were reported on Lake Superior by the
Mesabi Miner. The CharlesM.Beeghly reported simlar conditions on Lake Superior
on the 29th.

Novenber 1978 began with unseasonably warm weather. On the 8th, a |ow pressure
area raced across central Canada, and winds fromthis system were neasured at 36-kn
on Wiitefish Bay by the RobertC.Stanley. Wnds over 40-kn were also reported over
| akes Mchigan and Huron. At nild-month, water tenperatures ware normal or slightly
above as a result of the prolonged mild weather. The first winter stormreached
the Great Lakes on the 17th, and the Mark Twai n was bl own over and sunk in Lake St.
Cair during the storm

Very col d weather continued across the western half of the |akes the first
week of Decenber, and sub-zero tenperatures (degrees Fahrenheit) were observed from
western Lake Superior south across Green Bay and western Lake Mchigan. The cold
weat her formed new ice in shallow water areas and thickened ice already in place.

In Green Bay on the 9th, the SamlLaudwas the first vessel of the season to require
i cebreaking assistance. The commercial tug Green Bayfreed her the next day, but
she got stuck again in the harbor channel. The tug Bonnie Selvick broke her |oose
on the 11th.

. Several groundings were reported in Decenber as the result of high winds or
ice. The Erindale was aground briefly in the St. Clair cutoff on December 5, the
Troisdoc on the St. Marys on Decenber 7, the Prindoc near Anherstburg on the 13th,

and the Charles M Beeghly in Duluth Harbor on the 22nd.

On Decenber 11, the Ice Navigation Center in Ceveland opened for the season,
and began its normal operations to include dispatching Coast Quard icebreakers.
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Tabl e  8.~-Summary of Icebreaking Assistance

Total cargo Total value of Nunber  of
Direct assistance tonnage carried cargo carried preventative
to industry, by vessels by vessels | cebr eaki ng
Year operations hrs. assi st ed assisted Types of cargo carried missions
FYy 1971 4,080 2,520,152 $ 53,965,269 Cenent, coal, general
FY 1972 2,447 2,276,384 61,862,404 Gain, iron ore, |linmestone
FY 1973 1,341 1.470. 995 27,977,811 Petrol eum taconite, grain
FY 1974 3,872 1,681,127 45,640,302 steel, taconite, wood pulp
FY 1975 2,575 3,662,653 10,933,614 Not available 177
Fy 1976 2,775 2,937,083 97,465,465 Not avail able 256
FY 1977 5,942 4,556,724 125,142,602 Taconite, grain, petroleum
steel, coal a7
FY 1978 6, 863 9,507,274 98,982,105 Petroleum taconite, cement,
grain, steel 98
FY 1979 3,990 4,359,953 147,720,000 Taconite, petroleum grain,
coal, chemcals, cenent 216




The first Coast Cuard icebreaker assistance was provided in Sagi naw Bay on Decenber
11, when the Coast Quard assisted the MV s Nieolet,Parker,and Evans. Two days
| ater the Coast Quard cutter Bramble ai ded the J. Burton Ayersin Green Bay.

A major stormnoved through the upper Great Lakes area December 12 and 13.
Wnds as high as 45-kn were reported on Lake Huron by the ThomasWilson, and storm
warnings were issued as far south as Lake Erie. Extensive damage was sustained
guear Sault Ste. Marie when the JohnSherwin struck the ice boomin Little Rapids

t.

4.2 Extended Season

M| der weather the week before Christmas generally halted major changes in the
ice cover and the only direct assistance that was provided to commercial ships was
on the St. Marys River, On the 22nd, the Linme Island Ferry was hel ped along by the
Coast Cuard cutter Naugatuck.

Downstream in the systemon the St. Lawence, preparations were under way for
the traditional closing, which was scheduled for December 20. In order to prevent
the rush of ships attenpting to exit the Geat Lakes during the final days, the
seaway set Decenber 6 as the final date salties could transit the Welland Canal
upbound if they planned to |eave the lakes. The final deadline for the Montreal-
Lake Ontario section was Decenber 15. Ships attenpting to |eave after the deadline
woul d be accepted, but a $20,000 per day fine up to a maxi numof $80, 000 woul d be
levied at the discretion of the seaway. The fines were later suspended due to
regul atory problens and the closing of the Eisenhower Lock on Decenber 20.

On Decenber 20, only four vessels remained in the system but serious ice
probl ens had devel oped in the area above the Beauharnois Lock. There wasal so
some |ast-mnute drans when the Pananmani an Hand Fortuneentered the system after
the deadline. It looked as if she would be headed for an unplanned winter on the
| akes when U S. seaway officials declined to allow her to transit the |ocks. How
ever, after a neeting of officials and representatives of her owners, the ship was
allowed to proceed, but at a cost of $10,000 in lieu of a fine and up to $30, 000
in expenses.

One of the last ships upbound on the seaway was the new Coast Quard nulti-
pur pose 43-m (140 ft) vessel KatmaiBay, the first of six new cutters planned for
the Geat Lakes. She had traveled to the Geat Lakes all the way from the West
Coast of the United States where the new cutter class was built.

The extrenme cold continued through the second week of January, and a major
weekend snowstorm added to the misery and icebreaking difficulties. The Benson
Ford was beset in the Livingston Channel for 3 days, before being freed by the tugs
Jomes Hannan and Barbara AnnonJanuary 11. The Gemini was trapped in the ice in
Sagi naw Bay on January 8. She took 3 days to reach the Dow Chenical docks even
with the help of the Coast Quard cutter Bramble.

The "Monster Storm" of the winter roared through the central Geat Lakes the
weekend of January 13-14. New snow totaled 52.6 cm (20.7 inches) in Chicago--
second only to their 1967 stormfall of 58.4 cm (23.0 inches). The 73.7 cm (29.0
inches) on the ground was an all-time record. It may have been short of the total
on the ground during the "Wnter of the Deep Snow' in 1830-31, when no total for
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Chicago was recorded because the U S. Arny weatherman was off on naneuvers in
Wsconsin that season. Two mgjor incidents took place on Lake M chigan and nearby
Geen Bay during the storm On January 12, the fish tug San Joseph becane stuck in
thick ice about a mle off of Chicago's Cak Street Beach. The crew radioed the
Coast Quard that they did not know their position because of the low visibility,
and their ship was being siowly crushed by the ice. Small search aircraft were un-
able to launch during the storm but the Coast Guard ordered their C 130B aircraft
with precision radio direction finding gear from Ceveland to overfly the area.
This plane routinely flies ice flights over the Geat Lakes each winter, and pi-

| oted by Conmander Leon Thomaes, |ocated the tug by using the SLAR and radio equip-
nment. The crew was rescued fromthe tug on the 14th by Coast CGuard and Chicago Fire
Department helicopters. No Coast Quard tugs were available because they had been
depl oyed to Green Bay.

What started out as a routine icebreaking M ssion in Geen Bay turned into one
of the nost dramatic events of the winter on January 13. The Edwin H. Gott, U. S.
Steel"s new thousand footer, left Bay Shipbuilding on her naiden voyage on January
12 under escort of the Coast Quard cutters Arundel and Acacia. She reached the
open waters of Lake Mchigan and the cutters returned to the bay to assist the
Jupiter, the Comoco Illinoie, and |ater the Wilfred Skes. Theirundel becane be-
set in a windrow near M nneapolis Shoal late on the 13th, and strong w nds noved
the ice and the ship toward the shoal. Rafted ice ripped through two windows in
the Chief Petty Oficer's quarters and tore away stantions on her main deck. The
ice continued to pile up to the "01 deck," conpletely covering her stern and re-
sulting in a 25° list. An estimated 20 tons of icelay on her decks. The crew,
fearing the ship's hull was about to crack under the weight and pressure of the
ice, abandoned the vessel and wal ked by spotlight to the Acacia which was also
beset nearby by this tine. The major Great Lakes icebreaker Mackinawand the Sundew,
as well as a helicopter from Traverse Gty, were diverted to assist, but the winds
shifted before they arrived. Northwest winds rapidly |oosened pressure and the
ships were freed. The craw reboarded her and she linped to Sturgeon Bay for a com
plete inspection, which revealed $13,622 in damages.

Coast Quard vessels ware not the only casualties of the storm and ice that
week.  The Benson Fordreported $1,000 damage in Lake Erie, the Putzfrax $25, 000
damage on the Cuyahoga River in Oeveland, and the AdamE. Cornelius $15, 000 and
the Thomas Patton $25,000 danmage in Green Bay. The Gemini sustained $40,000 dam
age on a trip in Saginaw Bay on January 15th.

Unusual Iy heavy brash ice in the area fromthe . Clair River into Lake Erie
continued to hanper shipping following the md-mnth storm The Arctic icebreaker
Westwind was depl oyed to the area and relieved many of the problens. The XKatmai
arrived at her new honme port of sault Ste. Marie on the 16th, | 0gging her first
G eat Lakes icebreaking assistance on the way, helping the Mesabi Miner. Coast
Quard ship casualties in Lake Mchigan left them short of active resources for
heavy w nter icebreaking. The Bramble was noved fromthe "Coal Shovel" area to
Lake Mchigan to serve "Gl Can." Canadian Coast Guard resources ware also short.
The Canadi an ship 4legoway was beset in Goderich, Ontario, for 2 weeks, and the
cutter Griffin and the tug BarbaraAnnassisted her.

Anot her drama unfol ded on the |akes on Friday, January 20. A Flint, Mich.,
pilot returning from Boston, Mass., over Lake Erie encountered severe icing con-
ditions and ditched his plane on the ice. Dennis Gravelie, the pilot, attenpted
to walk to safety on shore, but found that he and his plane were on a large floe.
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Later that day the signal fromhis enmergency locator transmitter (ELT) was picked
up onshore and the Coast Quard was notified. The Coast Quard |aunched an HH 52
helicopter from their base north of Detroit, but it was forced back by heavy icing.
A Canadi an Coast Cuard plane arrived early on the norning of January 20, and was
relieved by the US. Coast Guard SLAR aircraft 1351 toward dawn as personnel at the
Rescue Coordination Center in Ceveland enlisted the aid of a local civilian traf-
ficopter pilot, Art Fantroy. Since the helicopter had no navigational equipnment on
board, the Coast CGuard aircraft had to be used to slowy vector it through early
morning fog to the crash site. About 9:30 a.m Fantroy spotted the plane, |anded
near it, and returned the pilot to shore-some 22 hours after the crash. Fantroy
landed with only mnutes of fuel left, and later in the year was decorated with the
second highest civilian award, the Silver Lifesaving Medal.

After 3 weeks of belownormal tenperatures, mlder weather reached the M dwest
and Geat Lakes Region. The ice cover stabilized or grew slowy until the last few
days of January. The heavy ice already in place resulted in a continued need for
i cebreaking assistance. The Coast Quard |ogged 106 direct icebreaking assists
through the end of the nonth. On the 30th the Coast Guard cutter Naugatuck lost
her prop near De Tour, although Corps of Engineers divers managed to |ocate the
wheel and it was reunited with the ship in the Sturgeon Bay shipyard. Two weeks
time ware |lost and damages anmounted to $18,700. Comrercial vessel danages were
nuch higher. The Gemini was damaged for the second tinme in Saginaw Bay on the 2gth
at a cost of $100,000. The Jupiter reported $3,000 damage after transiting Lake
Mchigan the following day. On the |ast day of the month major damages resulted
when the Arthur M. Andersonhit the icebreaker Westwind from behi nd near Ashtabul a
on Lake Erie. The Westwind was breaking track when it hit a pressure ridge and
stopped suddenly. The Andersonwas unable to change course in tinme to avoid the
i cebreaker.  Neither vessel took on water, but the bow of the US. Steel ship was
holed and her main and forecastle decks were buckled. Damages on the Westwind jn-
cluded buckling of her main deck and sone smaller gasher. Costs for the Anderson
were about $125,000 and for the Westwind over $172, 000.

By far the coldest nonth of the winter was February, with tenperatures aver-
aging nearly 5.6 C (10.1' F) below normal across the |akes. The col dest area was
around Lake Mchigan. Shipping dwi ndled down to just a few vessels and icebreak-
ing became alnmpst a continuous operation to nmove them

The second week of the nonth brought nore snow into the Great Lakes to accom
pany the continued chill. The ice on Lake Erie becane especially difficult during
the first half of February. The U S. Steel vessel Roger Blough smashed her way to
wi thin several kilometers of Conneaut harbor near the Chio-Pennsylvania border.
There she became beset on February 8 and was still there a week later. North winds
persisted nost of the period and ice jammed in 9-m (15-30-ft) ridges. The Coast
Guard icebreaker Westwind worked throughout the period to provide relief. Finally,
on February 16, the winds shifted and the Blough was able to nove the |ast 300 yds
into the main harbor for unloading. Meanwhile on the St. Clair River, the Harsens
Island ferry service was ended tenporarily by an ice jam near Algonac on February
12.

Damages continued to mount up on commercial vessels. The Philip L. Clarke
reported $15,000 damage in Lake Mchigan on the 12th. On Valentine's Day, the
Gemini reported her third casualty of the season in Saginaw Bay. The repair bill
for ice danmage was the highest of the year and totaled a quarter of a mllion
dol l ars.
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Ice cover was continuing to expand and thicken throughout the Geat Lakes.
On February 15, the ore docks at Escanaba closed for the season, ending shipping
into the Geen Bay ares.

Late in the third week of February, a convoy of ships departed Sault Ste.
Marie across Lake Superior for Two Harbors. Ice was tough all the way across the
lake.  Thicknesses ranged from20 to 60 cm (8 to 24 inches). The Coast Quard cut-
ter Mesquite and t he i cebreaker Mackinaw worked directly with the convoy consisting
of the Edwin Cott, John runson, Philip Clarke, and Cason Callaway. They finally
arrived in the Two Harbors area on February 21 with "a damage |ist long enough to
gi ve any vessel manager nightmares" according to Zake Log Chips. The Gott was up-
bound on her way to load her first cargo. She lost one of her twin rudders and
damaged her side tank. Costs were estimated at $150,000. The Clarke sustai ned
mechani cal damage to a steering engine at $12,000 and the Callaway suffered hull
damage amounting to $50,000, while the Minson, although not damaged, had a delay at
the docks because of the damaged vessels. The tug Edna G lost a prop blade while
doi ng some preventative icebreaking in the harbor area. The del ays and danaged
ships resulted in a temporary pellet shortage at plants between Gary and Indiana
Har bor .

On Lake Mchigan, car ferry operations were severely curtailed by the heavy
ice. On February 18, the Spartan got stuck just over a mle fromthe entrance of
M| waukee Harbor. The Badgerfreed her a few hours later. The Edward Ryerson,
which was |leaving MIwaukee, tried to help but she got stuck also. The Ryerson
was kept busy noving from the southern end of the Lake to MIwaukee--a task nor-
mally left for the railroads, but heavy snows tied up their operations. On Febru-
ary 20, the Vikingwas beset in the entrance to Frankfort, trapping the City O
Milwaukeei n port. The Acacia and Rariian hel ped them both out.

M1 der weather and rain pushed into the |akes region fromthe south during the
| ast week of February. Melting ice and snow broke ice jans on nmany of the rivers
within the lower |akes watershed. The first seasonal flood relief operations got
underway along the Chio shoreline on the 25th. The Coast Quard dispatched the
Coast Cuard cutters Xaw and Mariposa to work on the problem Both ships reported
mnimal progress due to gale winds and heavy brash ice and spent several days in
the area before reaching the inner harbors off Lorain and C evel and.

4.3 Spring Qpening

The warner weather, which carried into the first week of March, brought _
thoughts of spring weather to come to many shippers. The National Weather Service
seasonal outlook for spring (March through May) indicated above-normal tenperatures
for nmost of the lakes region. On March 2, the first spring opening was noted as

the annual "Coal Shovel" runs from the docks at Toledo to the i)ovver conpanies in
Detroit began. The Henry Ford Il opened the season with the hel p of the tug William

A. Whitney. The next day, the icebreaker Mackinaw, which had been pounding ice for
ships all winter, entered Sturgeon Bay Shipyard for $182,000 worth of work on her
port propeller shaft. Mst of the damage was sustained on the Lake Superior convoy

escort late in February.

In the damage departnent, the Roger Blough sustained $5,000 damage on Lake

Superior and the Cason Callaway reported $3,000. Danages total ed $26,000. Sim -
| ar damages ware reported to the Ojibwa to repair her port main engine.
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The third week had well-above-normal tenperatures. Ice cover on Lake Superior
di mnished significantly for the first tinme, and |oo-percent coverage renained only
from Dul uth through the Apostle Islands, behind Isle Royale, and in southern and
eagern bays and harbors. In spite of eased conditions, the Imperial 5t. Clair re-
turned to the Soo after an unsuccessful try for Thunder Bay, Ont., without an ice-
breaker. On March 27, the Leon Fraser punched a $4,000 hole in her bow on a trip
across Lake Mchigan to Escanaba. on March 28, the HM.Giffith was the first
upbound ship to transit the Welland Canal for the year. The first downbound ship
was the Taldoussae. The ice was not the only thing that was nelting; record snow
cover in the Mdwest was also reacting to the warm weather. As a result, nunerous

floods were reported in parts of Illinois, Indiana, and Mchigan. \Warmer weather
brought open water to eastern Superior, but new ice formed in the western end.
Only some drift ice was still around in northern Lake M chigan, the northeast third

of Huron and in the U S waters of Erie fromFairport Harbor to Dunkirk. A solid
ice plug remained fromthere into Buffalo. Saginaw Bay, Geen Bay, and nost of
Wi tefish Bay renmined ice covered at month's end.

The St. Lawence Seaway season got off to a normal start on April 2. The
Fi nni sh ship Puhos was the first foreign boat into the system She called at the
Port of Toledo on April 5--a new record early date. The annual clash between warm
and cold air masses continued over the lakes during early April. An early spring
storm swept through the southern lakes with a cold front on April 5 and 6. At
M| waukee the O arence B.Randall broke |oose from her noorings and wedged herself
agai nst a dock at Jones Island. The tug Purves and the Arundel kept her under con-
trol for the night. Later the same night, the Canadian ship Labradee was caught in
the storm and 50-kn winds and 5-m (16-foot) waves reportedly shifted her cargo,
causing a dangerous |ist about 40 km (25 mles) north of Fairport in Lake Erie.
Most of her crewwas airlifted fromthe vessel after daybreak, although Captain Ray
Chanmbers attenpted to sail her to safety along the north shore, but all efforts
failed and he and the remaining crew of four left her at midafternoon. The ship
proved tougher than the storm and renmined afloat, and when the weather calmed the
tugs Atomic and Glenbrook took her in tow and headed for Pelee Passage, where she
grounded for a tine in the shallow water, but finally made it to safety.

Early in April the Geat Lakes were visited by a new Canadian icebreaker, the
Pierre Radisson. She transited the seaway and headed for Thunder Bay, Ont., for a
spring workout. On April 7, the Upper Lakes Fleet christened their new boat, the
Canadian Transport.

Only slightly-bel ownormal tenperatures highlighted the second week.  Shipping
picked up and so did icebreaking, and over 70 direct icebreaking assists were
| ogged that week alone. The hard spring ice took its usual toll of ships during
the md-month. On Lake Superior the Fraser reported $4,000 damage, the J.L.
Mauthe $10, 000, the Arthur Anderson $5, 000, t he Johnstown $3,000and t he Reiss
Marine $7,500 damage. On Lake M chigan, the BenjaminFairless had a $1,500 damage
and the Jupiter sustained $1,500 damage. TheJupiter al SO sustai ned $10,000 dam
age in Detroit.

Only about 25 vessels were directly assisted by Coast Quard tugs and buoy
tenders during the last half of April, but nunmerous preventative icebreaking
mssions were performed that undoubtedly kept ships noving that would have become
beset .
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Bel ow-normal tenperatures in early May slowed the decay of the western Superior
ice field, and it was late in the nonth before the last ice cubes disappeared from
shipping lanes. The Stadacona had the honors of being the last vessel of the sea-
son to require direct assistance, being helped along from Duluth in the western
| ake by the Coast Cuard cutter Mesquiteand "Operation Taconite" was termnated on
Lake Superior My 9.

4.4 Summary

For the third consecutive year, severe wnter weather was observed throughout
the Geat Lakes Region. Conditions were especially severe in the western Geat
Lakes. A total of 114 vessels participated in the extended season operations, plus
10 foreign ships, and an estimated 25 fishing craft, down slightly from the pre-
vious year.

New regul ations on the St. Lawence Seaway System brought order to the annua
exile of "salties™ and no serious problens devel oped during Decenber. In spite of
the very severe madw nter conditions, shipping continued unabated from the upper
| akes through the |ocks at sault Ste. Marie. Dammges, however, were at an all-tine
hi gh as shipping continued to be pounded by ice. For the first time in documented
history the Geat Lakes were alnost frozen over sinultaneously on February 17, an
event contributing significantly to the anount of icebreaking required by the Coast
Quard icebreaking fleet. Cargo tonnage carried by commercial ships that were di-
rectly assisted by the Coast Guard was |ess than half the previous season. The
figure is msleading, however, because the nunber of preventative icebreaking ms-
sions performed by the government fleet doubled this year. Commercial tonnage
that benefited from these missions is unknown. The dollar values increased signif-
icantly from the previous season, but nost of the increase can be accounted for by
inflation and better record keeping by both commercial and government sources for
this information.

Al inall, it was a very tough and costly year for the Geat Lakes marine
industry and their government support forces.
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7. Appendix A LAKE BOTTOM TOPOGRAPHY
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8. Appendix B. SURFACE WEATHER MAPS

8.1 Severe Storm Northern Lakes (Novenber 8-V)
8.2 First Wnter Storm (Novenber 17-18)

8.3 Cold Air Qutbreak (Novenber 19-20)

8.4 Major Storm of Season (January 13-14)

8.5 Geat Lake Nearly 100 percent Ice Covered
(February 16-17)
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9. Appendix C. DAILY AIR TEMPERATURE avpD W ND SPEED AND DI RECTI ON

9.1 Duluth, Minn.

9.2 Sault Ste. Marie, Mich.
9.3 Geen Bay, Ws.

9.4 Mlwaukee, Ws.

9.5 Alpena, Mich.

9.6 Detroit, Mich.

9.7 Ceveland, Chio

9.8 Rochester, NY.
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Tabl e 9a.--Daily air temperature and wind speed and direction, Duluth, Minn.

HCYEMBER CECEMEER JANGARY FEBRUARY MARCIH APRIL
DAY 1¢ D W5 1C WD 'L TC Wn WS TC WD us TC WD us TC WD a5
1.8 220 12.3 -16.7 280 8.6 -25.0 290 7.9 -13.3 200 1.8 -10.0 90 11.7 -2.0 90 9.”
10.0 210 2.3 -19.4 350 1.6 -27.2 100 8.2 -15.6 150 1.5 -5.0 100 6.5 -2.2 330 n.2
3 1.4 210 8.2 -8.9 350 1.2 -21.7 270 10.0 -21.1 22¢ 0.2 -2.2 20 4.0 -4.4 300 6.3
4 3.9 90 7.4 -0.3 240 11.6 -25.6 200 11.7 -22.8 31" t2.nu -2.8 360 12.9 4.4 180 4.1
5 t.0 270 11.1 -9.4 270 12.9 -25.0 240 9.3 -23.3 130 [ -2.8  3uoQ 5.6 -6.7 290 12.2
€ 1.1 290 7.5 -17.2 270 9.6 -17.2 250 1%.7 -15.0 B0 11 -5.0 240 3.6 -10.6 290 10.2
1 3.3 19" 10.2 -19." 270 5.9 -20.6 300 7.6 -20.6 1330 5.1 -7.2 10 6.9 -4." 100 12.6
a 11.1 220 9.1 -10.3 250 7.0 -20.6 250 10.1 -21.7 350 2.9 -A.9 110 9.1 -2.0 70 R.7
5 3.9 30 5.0 -21.7 300 9.3 -22.2 390 10.0 -20.0 290 1.5 -10.6 2RQ 11.5 -7.2 A0 3.5
10 -0.6 60 12.7 -21.7 260 3.6 -25.6 110 0.1 -23.3 90 7.9 -17.2 290 12.8 4. "0 8.3
1 -5.0 10 8.3 -13.3 230 8.1 -26.7 210 1.6 -1"1.4 6" 1.6 6.1 290 8.9 0.0 90 13.9
12 -3.3 100 9.h -2.2 240 9.4 -16.1 60 3.1 -17.2 89 6.9 .-7.2 110 2.3 1.1 80 16.6
13 1.4 5.6 -8.3 260 11.8 -20.0 330 8.9 -19." 80 9.9 -2,8 320 3.0 1.7 160 7.0
14 -3.3 270 13.1 -6.7 230 7.6 -26.1 290 10.3 -6.9 110 4.3 -11.1 300 14.0 2.0 260 9.1
15 -2.8 230 8.6 -3.3 260 11.8 -22.8 260 1.2 -13.3 340 7.2 -13.3 250 B.6 4.4 282 10.5
16 -3.3 170 31 -5.0 260 10.1 -23.3 90 4.9 -25.6 10 5.2 -1.7 220 12.5 3.9 350 3.6
17 -0.6 330 3.u -6.1 260 6.3 -16.7 290 6.5 -23.3 110 7.9 2.8 150 0.3 3.3 89 5.3
18 -6.7 290 9.8 - n 90 15.1 -20.0 0 3.6 -17.0 110 7.7 2.0 100 10.3 5.6 110 9.8
19 -12.2 320 10.¢ -7.2 110 15.3 -7.8 100 11.5 -12.2 170 6.7 z.8 119 9.9 10.0 110 10.7
20 -13.9 310 7.5 -6.1 330 3.3 -5.6 10 5.5 -6.7 100 3.0 0.0 210 9.0 6.1 100 3.0
21 -1n.  ZED 6.5 -8.9 250 7.0 -8.9 110 10.1 -3.9 1230 3.9 1.1 248 9." 0.9 300 6.3
22 -12.2 130 3.9 -6.7 260 11.7 -11.1 350 5.1 -5.6 90 14.6 1.1 10 3.0 8.9 1300 5.6
23 -5.0 F 0.8 -10.6 10 5.1 -15.6 350 6.9 -6.7 320 5.7 -2.2 380 13.4 6.7 100 8.2
24 -8.9 28D 5.% -17.2 Juo 8.8 -17.2 o 9.1 -15.6 60 6.0 7.2 360 1u.n 6.1 100 11.6
25 -6.7 3100 9.9 ~17.8 320 6.3 -13.9 350 2.4 -13.9 100 7.0 ~13.1 60 0.4 6.7 300 7.9
26 -6.7 90 1.2 -16.1 280 8.6 -10.0 360 1.9 -7.8 130 7.3 -0.9 50 1.8 5.6 350 6.3
27 -6.1 190 3.2" -17.2 250 9.2 -7.2 10 6.7 -3.3 200 5.6 -0.9 190 5.4 3.9 350 0,9
20 -13.3 ZD 4.2 -7.0 110 15.3 61 360 76 -6.1 80 8.3 -.6 180 5.2 2.8 70 2.9
29 -12.2 2m0 8.7 -9.9 180 2.6 -11.1 320 6.1 -1.7 90 11.9 3.1 By 11.2
10 -18.3 210 1.4 -18.9 290 8.8 -13.9 330 6.2 -0.6 360 6.9 2.8 90 9.2
31 -21.1 320 7.9 -12.2 330 5.5 -6.1 a0 5.5
TC = AVEBAGE CAILY AIE TEEFERATUFE, CEGREES CELCIUS

AD = MBAW TAILY RESULTAKT WIND CLIRECTICN, DEGREES FROR NORTH
WS - MEAR EAILY RESULTART WIND SPEED, KNCTS
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NCYENBER

9b.--Datly air temperature and wind speed and direction, Sault Ste. Marie, Mich.
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Tabl e 9c.--Daily air temperature and wind speed and direction, Green Bay, Wis.

NCYENEBER CECENDER JANUARY FEBRUARY MARCH APRIL
DAY TC wp ws IcC WD ws TC LA WS TC an L] TC LAt Lk TC HD WS
1 5.0 220 7.c -11.1 280 6. -14.9 110 11.7 -12.8 100 5.8 -0.6 50 5.6 1.7 10 10. 2
2 10.0 210 6.5 -10.0 150 5." -25.0 280 11.7 -10.6 220 1o -2.2 189 e.9 +0.0 350 9.6
1 11.1 210 7.6 -1.7 70 6.5 -22.8 240 11.6 -11.9 210 5.2 1.7 70 5.6 -2.2 212 5.4
L] 8.1 40 4.9 -6.7 280 14.7 -22.6 260 10.2 -17.2 270 11.9 0.0 160 9.2 2.2 10 b9
10.6 2u40 8.2 -2.2 250 11.7 -25.6 220 9.0 -21.3 Mo 6.5 -1.1 160 4.2 -2.2 260 13.7
6 2.8 30a 7.6 -10.6 280 12.2 -20.6 220 10.8 -11.9 210 7.6 -2.2 200 5.0 -5.6 300 16.7
a 7.2 230 J.e -12.% 350 5.4 -21.7 260 6.1 -15.6 290 15.2 -0.6 10 11.1 -2.2 100 6.3
1.8 Z1G 14.6 -14.4 290 7." -21.7 210 10.4 -20.0 130 10.n -1.7 40 1.7 0.0 q0 10.0
9 8.9 ng 4.7 -17.2 270 0.4 -17.2 270 8.9 -20.6 270 7.6 -4.4 210 9.9 0.6 10 9.9
10 9.4 50 7.6 -18.3 250 7.6 -21.7 200 10.9 -19.9 160 6.6 -11.1 270 12.9 1.1 GO 7.1
11 2.2 10 11.5 -7.8 240 7.2 -26.7 210 5.0 -12.2 20 2.9 -10.6 250 9.5 2.R 20 13.4
12 0.6 49 8.1 -1.1 210 12.2 -16.1 30 9.6 -14.14 10 10.2 -6.1 220 6.3 10.0 120 11.4
13 7.8 200 .2 -5.6 280 15.5 -8.9 20 18.0 -13.3 3" 5.7 i.7 220 11.5 7.8 210 10.1
14 0.0 270 1].®¢ -5.0 210 11.7 -17.8 300 12.1 -8.3 160 2.3 -7.2 120 14.9 5.0 260 B.6
15 -2.2 270 6.3 -1.7 230 10.1 -24.4 210 7.6 -10.6 "o 8.6 -10.0 250 7.1 6.7 110 11.1
16 -1.7 80 1.8 -1.1 250 7.1 -22.8 20 1.0 -20.6 160 10.4 -2.R 220 12.2 8.3 3u0 6.9
17 O 10 6.9 -5.6 210 7.6 -19.4 2560 8.9 -22.8 10 8.2 1.t 170 5.6 8.9 150 3.8
10 ~0.6 270 13.1 -6.1 20 7.9 -16.7 360 3.2 -16.7 60 10.1 5.6 100 3.5 7.8 70 5.1
1< 3.9 300 8.¢ -5.0 80 10.2 -16-17-12 90 8.4 -17.2 220 6.7 5.6 150 8.6 10.0 140 3.0
20 -7.2 360 9.5 -2.2 90 2.5 -5.0 50 9.0 -6.1 200 8.1 3.3 240 6.3 11.9 179 7.5
21 -A.3 130 7.6 -6.7 260 1Q.2 3-8 340 10.9 -4.4 270 6.7 2.2 260 6.0 12.2 310 1.6
22 -6.7 360 2.6 -1.3 240 111.7 -6.7 250 7.0 -5.0 100 6.1 2.8 40 5.4 12.2 220 6.3
21 -1.1 320 3.1 -9.9 170 5.2 -4.4 120 1.9 1.7 210 9.9 2.9 10 12.4 14.u 70 5.1
20 -5.0 2780 11.¢ -6.1 320 7.3 -10.0 w0 17.5 -7.2 20 11.7 -4.9 20 18.1 16.1 160 6.9
25 -3.9 289 4.7 -12.2 280 8.0 -12.2 280 8.2 -11.1 30 11.9 -6.7 10 13.5 15.0 210 7.2
26 -2.2 40 B.z ~-t2.8 28§ 9.0 -9.4 340 A9 -B8.3 150 1.5 -6.7 110 a.u 6.7 360 8.3
27 -1.1 50 6.1 -15.6 250 6.6 -2.0 10 9.6 -7.2 220 6.0 -7.8 240 4.1 b.a 10 7.9
28 -6.1 230 7.9 -8.9 120 8.2 -2.8 3u0 8.9 -4.4 190 1.0 -0.6 180 10.8 5.0 50 5.6
29 -1.9 230 15.2 -1.1 150 10.1 -5.0 320 8.8 2.8 10 7.0 2.2 110 6.5
30 -11.9 270 10.5 -4.% 120 5.0 -8.9 320 6.7 7.2 210 3.2 1.1 20 6.7
kR -9.4 10 11.1 -8.9 330 10.5 2.2 20 5.9
T<C AYERAGE TATLY AIR TEBRPERATUDEE, L[IGEEBS CELCIUS

WD = WEAN LAILY RESULTAKT WIKD DIRECTIICR, DEGREES FROM NORTH
= MEAN CAILY RESOLTANT RIND SPRED, KNCTS
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Table vd.--Daily air temperature and wind speed and direction, Milwaukee, Wis.

NCYEMDBER CECEREER JAAUARY FEBRUARY MARCH APRIL
DAY TC L1 W5 TC WD WS TC L] W5 TC ®D L] TC L3 LB TC wD L34
1 5.0 200 i.n -5.6 310 4.3 -11.1 320 12.1 -9.” 310 18 0.0 360 3.9 2.2 SO 11.2
2 12.8 250 7.5 -5.6 20 6.2 -20.0 280 12.0 -0.3 210 5.2 -0.6 180 1.1 2.2 340 9.4
] 15.4 230 .8 -1.1 170 2.5 -22.2 250 13.0 -10.6 260 0 1 2.2 150 10.0 3.3 150 1.3
4 11.1 330 0.9 -6.1 240 17.3 -19.4 260 12.2 -17.2 280 15.5 2.2 220 9.5 3.3 3o 6.2
5 13.9 230 -0.6 250 13.9 -22.8 260 1.2 -20.6 260 8.6 -0.6 250 8.1 1.1 250 14.0
6 1.8 320 9.6 5.0 300 9.6 -18.9 240 10.3 -12.8 210 1.5 -1.1 220 6.9 -h.4 290 8.1
7 5.0 250 1.6 -5.6 340 0.7 -14. 4 200 1.0 -11.1 300 10.2 1.1 10 2.2 -u4.n 130 6.7
8 7.2 220 16.2 -10.0 300 10.3 -18.3 260 10.0 -15.0 320 12.5 1.7 320 4.0 -0.6 10 10.2
9 10.0 210 5.5 -14.4 280 10.2 -14.4 270 8.9 -16.1 20 93 -1.7 240 9.0 0.6 360 12.6
10 B.% 170 4.8 -17.2 260 9.5 -19.4 280 11.5 -15.0 330 72 -9.4 270 14.4 0.6 60 ol
" 6.1 10 14.1 -6.1 230 6.3 -18.9 250 5.6 -9.9 190 4.9 -9." 260 9.5 2.0 8¢ 11.9
12 5.0 70 12.9 0.6 220 12.3 -10.0 220 3.0 -8.1 40 9.2 -3.9 230 a.0 10.6 140 9.2
1] 10.6 190 11.2 -3.3 290 15.8 -5.0 10 13.8 7.8 200 28 1.1 220 14.5 9.4 250 11.5
14 1.1 260 12.9 -3.3 230 15.2 -15.6 300 13.4 -5.6 160 8.9 -4.4 300 16.1 1.2 210 9.3
19 0.0 210 3.2 0.6 250 14.) -21.7, 250 9.8 -5.6 GO 1.6 -7.4 210 10.0 6.1 300 12.1
16 1.1 70 5.3 -0.6 270 9.2 -19.4% 250 3.1 -11.1 340 11.5 -1.7 230 11.Q §.1 320 .0
11 1.2 200 5.1 -2.6 250 11.9 -9.9 260 8.7 -13.9 a0 12.9 2.2 180 8.3 1.2 90 1.4
18 3.9 260 13.4 -1.1 360 2.9 -10.0 300 2.3 -14.4 90 10.5 5.9 160 9.1 6.7 20 6.0
15 -¥.7 310 8.2 0.0 100 13.2 -3.3 150 12.1 -16.1 200 7.2 0.3 o 1.5 10.0 130 4.0
20 -3.3 380 10.3 0.0 220 2.9 -1.1 340 3.5 -5.6 210 ta.t 6.7 280 5.6 12.2 160 B.7
21 -3.9 330 1.9 -3.4 260 11.8 -2.8 320 9.9 -1.1 24%0 10.8 3.7 30 3.0 9.4 300 .2
22 -0.6 10 3.5 ~2.2 250 15.6 -6.7 250 7.u -2.8 10 73 50 6.7 11.1 160 5.6
2] 2.2 250 1.1 -1.1 200 9.1 -2.2 170 9.7 -0.6 240 19 T. 150 9.7 11.7 90 2.6
24 -0.6 290 10.9 -2.2 260 5.5 -5.0 320 14.5 -1.3 10 13.7 -1.1 340 17.1 11.7 140 2.5
25 -1.1 300 6.2z 8.9 280 7.3 -11.7 290 10.2 -4.9 102 0 . 4 ~4.4 330 14.0 16.7 210 8.1
26 0.6 80 11.9 -9.4 210 8.5 -1.8 310 1.3 -5.0 350 10.5 -3.9 330 7.0 8.3 340 8.9
27 0.0 60 9.0 -10.0 210 6.5 -2.2 360 1.3 -3.3 280 3.0 -3.3 210 0.8 3.9 30 6.0
28 -3.9 250 12.4 ~-4.4 150 14.8 -1.7 320 10.7 -3.3 120 28 4.4 110 9.9 4.4 10 9.9
29 -2.8 230 1%4.6 -0.6 160 13.8 -5.0 300 9.1 5 1 O 6.8 v.1 150 7.6
3¢ -8.9 280 a.e -2.e 300 5.9 -8.3 290 7.0 11.1 230 1.8 5.0 310 6.9
n -5.6 350 16.8 -6.1 320 9.6 3.) 360 11.u
TC AVEFAGE [AILY AIR TEFPERATORE, PEGREES CELCIVS

®D = MEAN DALLY RESULTAFT WIRD DIRECTION, DEGREES FROM NORTH
= NMEMR CALILY KESULTAKT WIND SPEED, KKOTS
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Tabl e 9e,-~Daily air temperature and wind speed and direction, Alpena, Mich.

NGVENBER DECENBER JAHUARY FEDRUART MARCT) APRIT
DAY TC WD WS TC wD ¥s TC WD HS TC W0 LR TC LAY AS TC WD W5
1 6.1 230 5.1 -7.8 230 6.5 -6.1 310 9.5 -9.4 310 11.9 -1.7 30 6.7 -g.6 GO 0.1
2 11.1 249 5.4 -B.1 290 3.0 -13.3 250 6.% -13.1 280 2.8 -1.1 110 5.6 1.1 350 3.2
k| 11.7 200 3.5 -3.3 10" 1.1 -15.6 220 11.5 -11.1 180 b, 4 2.8 wo 10.1 3.9 300 7.5
4 10.0 300 2.1 -1.1 230 13.2 -16.1 230 10.3 -10.6 210 10.1 6.1 160 10.b 0.6 59 5.6
5 13.3 210 5.1 -0.6 240 12.0 -17.2 210 7.9 -15.0 280 7.6 1.7 189 8.6 2.8 190 4 .
6 7.2 300 14 -4." 270 6.4 -15.6 200 8.9 -15.0 150 7.6 -2." 200 5.2 -3.3 299 10.5
7 2.8 200 1.6 -5.6 320 1.8 -15.0 210 1.8 -8.9 260 3.1 -1.1 90 4.5 -1.1 110 5.1
8 6.1 200 11.8 4.4 290 6.5 -16.1 240 4.9 -15.6 310 10.1 -1.1 "0 4.1 1.1 100 1.0
9 10.6 210 91 -8.9 250 5.8 -12.2 250 8.9 -21.1 250 0.9 -0.6 160 6.9 1.3 360 10.1
10 81 90 83 -10.0 230 8.1 -18.9 280 4.0 -22.2 M0 4.6 -6.1 250 8.8 3.3 29 1.6
11 4.4 350 6.2 -1.8 200 8.1 -18.9 220 4.6 -21.1 190 3.e -10.6 271D 1.8 1.7 100 8.9
12 0.0 40 6.4 0.0 210 9.6 -15.0 160 2.1 -10.9 310 4.9 -6.1 210 4.9 1.2 120 13.8
13 6.1 160 8.% -1.7 28¢ 10.2 -5.6 20 1.3 -18.3 90 9.1 3.9 180 9.0 6.7 120 4.1
14 6.7 250 11.2 -2.2 230 8.0 -10.0 110 12.2 ~16.1 190 9.1 -5.0 290 14.7 6.7 250 9.2
1< 2.2 250 3.6 2.8 210 8.2 -12.8 230 8.2 -13.9 10 10.6 -10.0 210 9.5 5.0 290 9.0
16 0.6 130 1.9 -1.1 240 3.6 -15.6 260 2.6 -21.1 159 R.6 0.0 280 G.2 1." 110 10.1
11 5.6 %30 11,4 -1.7 200 8.6 -7.2 2ugQ 3.8 21.8 10 1.9 1.3 160 9.9 7.2 310 8.7
18 4.4 240 9.6 -10.0 360 h.5 -16.1 340 6.4 25.0 110 3.4 2.8 120 6.4 5.6 150 5.2
19 -1.1 280 9.1 -11.7 320 2.1 -14.9 140 5.8 -16.7 200 1.0 3.1 130 8.2 1.2 100 3.6
20 -6 .1 360 5.6 -1.3 120 8.3 -3.9 no 3.1 -3.9 180 1.4 3.9 120 6.7 10.0 150 5.9
21 -n.4 220 2.8 -g.8 290 7.1 -3.9 340 9.1 -2.2 210 3.9 5.0 250 1.6 0.4 260 3.6
22 -3.3 220 1.2 -1.1 230 9.6 1.2 290 8.8 -9.4 150 1.0 1.3 110 6.7 0.1 60 1.2
23 0.6 310 1.0 -2.2 200 a.o -5.0 160 8.2 3.3 110 6.4 6.1 130 6.3 10.0 130 4.3
24 -1.1 260 6.8 1.1 160 6.8 -1.7 19 6.7 -5.0 140 10.3 2.2 20 7.0 13.9 160 4.8
25 -5.6 320 &.& -3.3 290 10.8 -3.9 10 11.6 -12.8 10 9.5 -7.8 340 9.6 16.1 100 10.8
26 -7.8 40 9.% -5.0 270 5.5 -2.2 310 8.8 -8.1 340 8.2 -1.2 300 10.% 11.1 290 6.8
27 -5.0 90 10.1 -9.8 270 8.1 -1.1 360 5.8 -3.9 110 2.4 -5.0 290 4.4 5.9 140 10.4
28 -1.9 250 3.3 -12.2 220 0.2 -2.2 330 9.6 -2.2 180 9.0 -1.7 60 10,7 2.8 30 5.9
29 -2.2 200 12.2 -6.7 190 10.3 -3.3 300 12.2 9.8 330 1.2 2.2 110 1.1
30 -5.0 260 9.6 0.0 190 3.9 -5.0 100 10.2 R.9 110 5.3 1.7 20 n.0
n -2.2 340 9.1 -8.3 0 109 .. 8.8 320 _10.1 e
TC = AVERAGE DAILY AIR T1EPPERATUFE, CIGREES CELCIUS
WD = NEAN CAILY RESULTAFT WIND LIRECTICH, DEGREES FRON NORTH
WS = MEAN CAILY HESULTAKT WIRD SPEED, RECIS
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Table 9f.--Daily air temperature and wind speed and direction, Detroit, Mich.

HCYERBER LECERBER JANUART FEBRUARY HARCI APRIL
DAY Tc RO WS 1C Wp s T WD Hs TC WD WS TC wn  ¥S TC WD s
! 7.2 190 0.% 0.6 210 5.5 1.7 140 9.1 -7.8 100 10.2 2.2 1% 2.5 2. 90 a.9
Z 10.0 230 9.1 2.8 10 5.0 -12.8 280 11.2 9.4 260 5.1 2.2 100 1.8 7. 260 1.5
1 1.7 200 6.7 4.4 140 5.3 -16.1 240 18.1 -8.9 190 4.3 b 1200 0.3 4.0 320 1.5
y 13.3 220 6.1 0.0 250 10.2 -12.2 250 16.1 8.9 290 Iu._8§ 9.4 210 10.9 2.2 63 8.7
5 16.7 210 11.% -0.6 210 10.8 -12.2 240 8.7 -15.6 260 7.7 1.7 240 12." 1.7 260 12.1
6 10.6 330 8.8 0.0 270 4.5 -12.8 230 7.8 -12.2 190 8.3 0.6 210 7.6 1.1 293 25.1
1 4.8 350 8.2 1.1 70 5.2 -10.6 130 3.6 _7.2 290 6.5 1.1 110 5.6 ~0.6 290 5.0
g a.u 220 9.1 0.0 330 9.3 -11.7 260 9.3 -11.7 310 0.1 3.1 100 6.1 1.1 120 9.7
9 10.0 220 12.% .6 . 1300 11.1 -12.8 230 13.1 -15.6 100 6.9 1.1 190 5.6 1.7 20 11.2
10 7.2 180  5.% -11.1 250 9.4 ~11.9 260 8.2 -15.0 110 8.1 1.9 270 15.6 2.8 190 1.0
3! €.9 330 2.1 7.6 210 7.0 -15.0 160 2.1 -13.9 140 9.7 -8.9 270 12.1 1.7 100 11.5
12 .4 50 14.0 1.7 220 11.2 9.4 110 3.6 -10.6 60 10.1 -2.8 270 6.9 10.0 110 12.8
1 9.4 150 8.1 0.6 260 17.2 3.1 80 7.4 -12.0 100 2.6 5.0 220 11.5 10.6 90 2.5
14 9.4 270 12.6 2.2 240 15.2 6.1 100 1L 9 -11.3 120 10.0 -0.6 290 17.3 10.6 280 12.R
15 2.2 150 4.0 2.8 230 15.9 -18.3 220 11.1 -9.4 B0 12.0 6.7 120 13.1 7.2 320 11.4
16 2.8 10 7.1 0.6 250 8.2 -8.3 220 2.2 -11.9 20 10.4 0.6 250 8.6 8.9 110 9.0
17 10.0 180  10.9 0.6 290 11.8 9.9 280 8.3 -18.3 70 9.3 .4 190 5.4 0.3 150 7.1
18 2.0 240 11.7 0.6 310 1.1 -10.6 320 5.0 -19.4 100 14.4 8.9 130 3.6 7.8 10 2.9
19 2.0 110 6.1 5.0 B0 8.9 -10.0 110 9.9 -10.0 250 1.3 5.6 110 9.0 7.2 189 2|
20 -0.6 w0 9.2 1.1 120 3.8 -1.7 10 5.7 -8.9 200 6.9 7.8 110 6.0 10.0 170 9.1
21 -1.1 50 8.7 1.1 270 15.2 2.2 350 10.2 0.0 250 12.2 9.9 130 1.7 11.1 210 2.2
22 1.1 160 3.7 0.6 210 11.6 -1.3 270 12.9 0.6 190 3.5 .9 100 6.9 11.1 wy 2.2
21 5.0 230 5.0 0.0 210 4.5 -1.3 180 1.6 3.9 190 4.8 12.2 160 g, ¥3.3 190 3.8
24 3.3 280 13.2 1.7 150 4.5 0.6 60 9.2 -0.6 30 9.5 6.1 200 g4 4.8 160 1.3
25 1.1 300 7.1 -3.9 270 13.8 -2.8 110 17.5 -4.4 40 16.2 2.8 260 g 16.7 210 8.1
26 -0.6 B0 12.9 -6.1 270 7.6 -1.1 120 9.q -1.7 20 15.1 -1.9 300 454 1.4 220 5.1
27 -2.2  so 10.8 8.3 280 11.2 0.0 270 9.8 0.6 130 6.6 -1.9 30 g3 8.3 10 4.7
28 -2.8 240 12.7 -10.0 160 2.0 0.0 320 11.1 0.0 140 1.0 2.8 180 4192 6.7 80 6.0
29 -1.9 200 9.6 3.1 120 9.9 -1.1 100 $4.6 11.1 230 g9 6.7 170 1.1
10 -2.2 270 9.e 2.2 110 9.3 -2.0 300 8.9 11.9 220 134 6.7 250 12.1
3 2.2 40 4.8 -6.1 310 9.6 g9 3 <97¢
TC = AVERAGE DAILY AIR TEEPEGATURE, LEGEEES CELCIUS

WD = MEAN LAILY RESULTAST WIND DIBRECTICH, DEGREES PROW NORBRTH
= NBAN LAILY RESULIAFT WIND SPEED, KNCTS
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Table 9g.~--Daily air temperature and wind speed and direction, Cleveland, Ohio

FCYENEER CECENMBER JANUARY FEBRDARY MARCH APRIL

DAY TC WD WS TC %D W3 1C WD WS TC WD WS TC L)) LK TC WD LK
1 6.1 JO 1.1 2.0 200 8.7 6.1 310 5.3 -9.9 310 11.6 5.6 200 10.3 5.6 32 6.3
2 8.3 220 6.e 2.8 20 5.9 -10.0 270 12.1 -10.6 230 7.6 4.4 200 3.2 +12.2 230 0.0
k| 12.2 6.3 1.2 170 11.6 -15.6 230 16.3 -7.8 190 6.6 9.4 160 12.4 5.0 369 6.4
L] 12.8 210 2.% 6.7 230 14.8 -10.6 207 14.3 -8.9 240 1n.90 13.3 170 18.8 5.0 100 1.4
5 16.1 190 a8.% 2.2 210 129 -10.0 220 7.2 -15.0 240 10.1 4.0 230 9.1 5.6 220 13.0
3 12.2 310 2.5 2.8 240 4.2 -8.3 210 7.3 -11.7 180 7.6 2.8 2,9 0.2 0.6 270 23.1
7 6.1 20 7.7 7.2 130 4.4 -7.8 340 6.6 -1.9 230 3.9 6.7 120 2.5 0.0 3290 6.0
8 5.0 220 7.2 5.0 350 7.5 -12.2 260 10.4 -11.7 270 8.1 3.9 20 7.3 5.0 140 7.0
9 10.0 200 10.2 -3.3 300 9.8 -11.9 220 15.0 -11.9 30 51 5.6 2"0 6.1 3.1 350 11.5
10 g.3 170 7.6 -0.9 240 11.9 -12.8 230 10.0 -14." 270 7.0 0.6 250 12.2 1.1 360 4.0
11 11.1 200 0.6 -5.0 190 10.5 -1n.4 190 3.4 -15.0 160 u.y -7.8 260 11.6 5.0 90 6.1
12 8.3 10 10.¢C 2.2 210 10.7 -6.7 120 3.9 -10.6 ng 7.2 -1.1 300 6.7 16.7 150 7.9
13 11.7 110 9.6 1.1 250 16.2 0.6 110 6.9 -11.9 20 3.2 B.9 200 15.6 12.2 160 R.2
14 1.1 240 9.6 -1.7 210 14.2 -3.9 270 13.9 -10.6 130 7.0 J.9 270 15.8 11.7 240 11.8
15 3.9 220 1.1 3.9 220 17.5 -13.3 220 13.9 -5.6 uo 8.3 -6.1 300 11.9 7.2 290 10.1
1¢ 5.6 a0 4.5 2.8 210 10.3 -6.1 220 4.3 -12.8 360 13.6 0.0 210 9.1 6.1 290 8.7
17 12.8 180 14.1 1.1 270 15.3 -1.1 230 t0.2 -16.1 40 10.7 7.8 200 3.6 7.2 110 5.4
18 6.7 250 13.0 1.1 270 5.6 -7.2 310 10.2 -12.8 110 10.5 1.7 i0 2.8 5.6 3uag 5.1
19 5.6 240 6.5 -2.8 70 1.7 -6.7 180 6.9 -8.1 220 5.7 9.4 50 6.2 5.6 340 2.6
20 3.9 10 2.9 6.7 170 7.8 0.6 1490 5.9 -3.9 180 10." 9." "0 4.1 R.3 20 2.1
21 2.0 70 6.5 0.6 250 19.5 -0.6 o 9" 4. 210 14.9 10.0 30 5.3 1.8 190 1.0
22 3.9 190 2." 1.7 220 14.1 -2.2 260 12.0 3.3 190 1.3 11.1 30 4.4 8.9 32v 2.8
23 8.3 210 9.i 0.6 210 5.8 -1.1 169 9.2 8.1 180 11.5 18.3 160 14.0 12.2 49 2.1
2" 5.6 270 12.® 3.3 160 8.3 2.2 170 5.5 1.1 10 9.5 B.9 200 8.7 15.6 120 1.5
25 2.2 250 7.9 -3.3 260 19.5 -1.7 290 16.1 -0.6 43 16.8 1.1 230 11.2 21.7 200 5.3
26 1.1 90 9.3 -5.0 240 7.3 -1.7 280 10.1 -1.7 20 11.7 -2.2 270 1.4 14.4 180 9."
21 2.0 150 5.0 -5.6 260 11.1 -0.6 230 2.6 -0.6 300 5.7 -3.6 330 4.7 6.1 150 5.6
28 0.0 250 11.5 -5.6 170 2.2 0.0 310 10.2 1.7 150 5.3 5.4 160 11.8 7.0 220 7.1
29 0.6 190 11.5 -1.1 130 7." -1.7 280 12.8 16.7 200 11.2 6.1 50 2.1
30 0.0 260 9.9 3.3 180 9.2 -3.3 250 10.2 18,3 200 13.2 9.9 220 10.2
kR 9." 170 8.2 -5.6 280 8.1 11.1 300 5.R

TC = AVEHAGE CAILY AIR 1ENPERATURE, DEGREES CELCIUS
WD = MEAW CAILY RESULTANT WIND DIRECTIION, DEGREES FRON WORTIAH
WS = HWEAN DALLY RESULTART WIKD SEEED, KNOIS
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Tabl e 9h.--Daily air temperature and wind speed and direction, Rochester, n,Y.

NCVENBER DECEMBER JANUARY FEBRUART NARCH APRIL
DAY TC WD w5 TC WD WS TC L] WS TC WD w5 TC LAy L3 TC WD RS
1 6.1 150 2.7 0.6 210 5.1 6.1 240 8.2 -10. 300 15.0 5.0 110 5.0 3.3 50 7.
z 8.9 230 10.0 0.6 270 9.1 -2.8 290 B.5 -0." 280 13.9 3.1 260 u.7 8.3 170 11.5
gl 10.6 350 0.2 0.0 120 7.1 -12.2 0 15.5 -10.0 240 4.9 5.6 160 9.1 3.9 260 10.5
4 12.8 220 5.4 6.7 230 14.8 -11.7 240 13.1 -8.9 280 10.9 8.9 170 14.9 2.8 110 7.4
15.0 200 5.6 1.3 230 10.2 -12.2 230 8.7 -12.2 250 21.5 6.7 230 6.3 a.4 240 14.2
€ 11.1 249 6.3 3.3 210 6.6 -8.3 100 4.9 -11.1 240 6.6 1.1 220 4.9 2.2 200 20,8
7 5.6 300 5.5 5.0 110 3.6 -7.2 160 2.2 -9." 80 6.1 1.7 350 2.1 0.6 27" 16.0
8 5.0 200 6.5 5.0 21¢ 4.6 -7.0 270 8.9 -9." 250 17.5 0.6 300 2.1 -1.1 70 0.7
9 9.4 220 8.9 2.8 80 8.7 -11.7 220 11.5 -17.2 260 11.5 2.8 150 4.6 0.0 40 10.7
10 9." 130 1.9 -6.1 250 16.2 -10.6 220 9.3 -16.1 240 2.8 1.3 280 10.9 0.6 280 10.1
11 8.9 250 1.3% 5.t 220 8.5 220 8.2 -20.6 30 4.2 -5.0 210 14.8 0.6 80 1.5
t: 50 50 7 . 6 0.0 200 7.0 1289 130 5.9 -18.3 140 1.3 -4.4 270 14.5 6.1 70 6.9
12 6.1 150 7.% 2.8 220 15.1 -1.7 90 8.6 -18.9 310 6.6 3.3 180 9.9 0.3 120 12.6
1" 10.6 220 12.9 -1.1 250 11.8 -1.1 250 11.5 -20.0 2.2 240 15.5 9." 180 0.1
15 1.9 250 7.3 2.2 220 72.9 -10.6 240 16.0 -15.6 30 11.2 -10.0 280 16.1 6.1 200 11.1
16 2.8 90 3.6 3.3 210 8.2 -11.1 230 0.0 -15.6 10 9.2 -3.9 240 11.6 5.6 200 9.1
17 7.2 150 12.1 0.6 280 16.7 -7.2 220 1.7 -22.8 320 8.2 1.3 280 3.7 8.3 280 11.0
140 9." 250 16.7 -6.1 300 11.7 -8.9 80 11.4 -20.6 110 4.1 2.8 20 3.6 6.7 310 10.7
19 u.u 260 10.1 -8.3 260 10.4 -12.8 120 8116 -9." 170 2.0 2.2 40 5.7 7.2 310 8.5
20 -0.6 330 6.7 -0.6 120 7.5 -5.6 -7.2 190 3.6 u.q 110 3.8 6.7 120 1.2
21 -2.8 110 1.7 2.8 250 16.3 -1.1 330 W.1 0.6 220 7.4 5.0 10 2.2 11.7 150 4.2
22 -1.7 130 6.1 1.1 220 9.0 -2.8 250 16." 1.V 270 7.2 B.3 70 2.3 11.1 260 7.6
23 3.9 150 10.7 -0.6 260 B.%4 -1.7 1m0 5.0 3.3 150 12.5 12.2 150 10.2 10.6 290 1.6
24 6.1 270 11.7 0.6 120 7.5 1.1 100 10.1 3.3 290 3.6 16.1 180 5.8 14.4 J 2.1
25 0.0 310 11.6 2.2 280 a.5 1.7 330 556 -2.2 50 12.6 6.1 250 11.5 18.9 160 5.7
2¢ -5.0 20 6.5 -6.1 250 12.7 2.2 300 11.2 -2.8 JO 13.2 -1.7 250 15.5 16.7 160 11.9
27 -2.2 W0 10.5 -5.6 250 16.3 1.7 260 6.3 -1.1 300 7.6 -2.2 270 13.2 8.9 230 10.%
28 1.1 250 9.0 -10.6 270 8.0 0.6 280 9.8 -0.6 210 4.8 2.2 170 8.0 8.3 260 3.1
29 1.1 170 8.2 -12.2 140 2.7 -1.1 280 17.8 11.7 210  7.7. 5.6 270 4.4
JO -0.6 250 12.4 2.2 120 5.% -1.3 290 13.7 11.7 160 0.6 7.8 210 1.5
31 n.4 130 6.4 -7.2 280 L. 11.1 290  B,5

TC = AVERAGE LAILY AIR 1ENPERATURE, DEGREES CELCIDS
¥D = NEAN CAILY RESULTART WIND DIRECTION, DRGREES FRONM NORIH
9S = MEAN DAILY RESOULTAFT WIKD SEEED, KNOIS



