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bel ow the SIF crossing. Condition D occurs when the position of the janmed
ice front is in Lake Nicolet, below both the SIF crossing and the cut.

The forecast conditions are then conmbined to form forecast conbinations A
with ¢ (AC, Awthbpo(AD, Bwith C(B/C, and Bwith D (B/D).

Once the water tenperature approaches 32°F, the forecast is issued
The forecaster nust decide which conbination exists and issue the forecast
condi tions described for that conbination

2.1.1 Conbination A/C

This is the conbination of ice sonmewhere in the cut near the SIF and
an arctic outbreak expected for all or part of the upconm ng 5-day period
These conditions are ideal for ice formation; therefore the cut could fil
with ice in less than 2 days as occurred in 1972-73. Since the forecast nust
be issued 5 days in advance, it is of prime inportance that the forecaster
be able to detect arctic outbreaks in advance of their onset at Sugar Island
and be prepared to change upconming forecasts accordingly. The rapid north-
ward progression of the jamed ice front under these conditions requires
accurate 5-day meteorological forecasts as well as daily or twice daily ice
position observations by trained observers. The forecaster nust continually
be looking for the onset of arctic outbreak conditions.

2.1.2 Conbination A/D

This is the conmbination of an arctic outbreak with a jamed ice front
in Lake Nicolet. Wth this conbination, ice is jamed further downstream
than it was for conbination A/C. During this extended period of below norma
tenperatures, the jammed ice will rapidly progress northward until it reaches
the Little Rapids Cut. At that time the conbination is changed from A/D to
A/C. Changes nust consequently be made in all forecasts to accomodate the
changi ng conditi ons.

2.1.3 Conbination B/ C

This is the conbination of warner than normal tenperatures and ice in
the Little Rapids Cut. Even if ice is in the cut and perhaps very close to
the SIF crossing, a warmer than normal period is often sufficient to slow
or stop the northward progression of the jamred ice front, provided there
are no large ice floes upstream which may potentially break |oose. Once
again, the forecaster nust be cautious as an arctic outbreak may occur and
suddenly change conditions to conbination A/C

2.1.4 Conbination B/ D

This is the conbination of a warmspell with jammed ice in Lake N colet.
When ice is being produced slowy and the jammed ice is still a great dis-
tance fromthe SIF crossing, the forecaster may be reasonably sure that ice
problems will not begin in the next 5 days. Although one nust be cautious
of changes to arctic outbreak conditions, crossing problens are not Iikely
because conbinations nust first change from B/D to A'D before they can change
to conbination A/C, the condition that produces ice rapidly.
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OPERATI ONAL | CE FORECAST FOR THE LITTLE RAPIDS CUT

Jeffery C. Rogers, Bernard DeWitt!, and Dennis Di xon'

An operational 5-day forecast procedure was devel oped for
predicting the initial date of ice-related problens at the
Little Rapids Cut and the continuing degree of difficulty the
Sugar Island ferry would experience in crossing the St. Marys
River at that point. The forecast procedures were devel oped
by use of neteorological and hydrol ogical data, aerial photo-
graphs of ice cover, and time lapse filns of the notion of
jamed ice toward the Sugar Island ferry crossing.

I ntense warm and cold spells have many ramfications.
For exanple, it was found that ice problenms had generally
begun within 10 days after the water tenmperature in the river
had reached 32°F. Once ice problens began, the degree of
difficulty in crossing the river, expressed in three prob-
ability categories, was forecast daily, based upon air tenp-
eratures, upstreamice cover, and shipping activity. Results
of the operational-experinmental forecast of the onset date of
probl ens during the 1974-75 winter are presented.

Also, shipping activities in January and February were
largely responsible for the ice problens, but there are diffi-
culties in applying the shipping factor in the forecast
procedur e. It was found that, with the continuation of shipping
and accunul ation of over 850 freezing degree-days, the Sugar
Island ferry was often not able to cross the river without ice-
breaker assistance

1. | NTRODUCTI ON

As part of the denonstration Program to Extend the Navigation Season on
the Great Lakes and St. Lawrence Seaway, procedures were developed to fore-
cast ice-related ferry problens in the St. Marys River at the Sugar Island
ferry (SIF) crossing.

Sugar Island lies in the St. Marys River approxinately 3 mles down-
stream of the locks at Sault Ste. Marie, Mich., (fig. 1). To the west of the
i sland, below Frechette Point, |lies Lake Nicolet, and the Little Rapids Cut
lies west of the island, above Frechette Point. At the northernnost part of
the Little Rapids Cut is the ferry crossing between Sugar Island and the
mai nl and at Sault Ste. Marie.

"Bernard H DeWitt and Associates, Consulting Meteorologists

Ann Arbor, M chigan
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Figure 2. Relationship between percentage of time with SIF
erossing problems and percentage of ice cover during the
1973-74 winter.

The relationship between tenperature and upstream ice cover is nore
stable during warm spells. Frequently during the ice season there occur
several days warmer than normal or even above freezing (e.g., the January
thaw) which help nmelt the ice cover. Several examples of warm spells and
their influence on the ice were noted in the four winters from 1970-71
through 1973-74. During 1971-72 a warner than normal period occurred before
the St. Marys River water tenperature reached 32°F and del ayed the onset of
ice problems. A 1972-73 warmspell, starting less than 1 week after the
onset of ice problens, prevented the ice cover from thickening and stabiliz-
ing near the SIF crossing. As a result, ice problens ended tenporarily in
m d-January until the 29th of that nonth. In 1973-74 a less intense warm
spel |l began 2 weeks after the onset of ice problens. This warm spell had
little influence on the ice cover because its onset occurred after jammed
ice had stabilized to several feet in thickness at the SIF crossing. That
warm spell did not open the river to SIF traffic.

A closer study of air tenperatures, in the formof freezing degree-
days, led to the conclusion that a warm period will destroy upstreamice
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The inhabitants of Sugar Island depend upon the regular services of the
SIF for transportation to and fromthe mainland for work and supplies.
Nornal Iy, even though nost of the St. Marys River is ice covered during the
winter, the SIF has little trouble making its scheduled runs across the river
because the rapidly moving water maintains an open ferry track between the
mai nl and and the island. But sometines during the last four winters (1970-
71, 1971-72, 1972-73, and 1973-74) the time necessary to make a crossing
increased and ferry operations were curtailed or sonetimes conpletely halted
due to ice problems caused by continued navigation of the river. This is
partly because, since 1970, the navigation season on the Geat Lakes
has extended into January and February, that is, after a solid ice sheet has
fornmed above the open water at the ferry crossing. Loosened ice, broken up
by prolonged ship activity, noves downstream past the ferry track, into the
Little Rapids Cut, and finally into Lake Nicolet. After a few days the ice
begins to accumulate in Lake Nicolet, and then slowy progresses northward.
The northernnmost front of the ice eventually reaches the ferry crossing
marking the onset of crossing difficulty owing to ice. Fromthe tinme these
ice related problems begin until the closing of the navigation season, ferry
operations are curtailed and sonetines conpletely halted.

A technique was developed to forecast the probability that the SIF would
experience difficulty crossing the river owing to partial obstruction of the
crossing by ice. The indication of the difficulty is the increased tinme
required to make the crossing. This forecast, issued for the following 5
days, allows time to suspend shipping operations on Lake Superior that would
aggravate the problem During the 1974-75 w nter, experinental-operational
forecasts using this technique were made at the National Wather Service
(NWs) Office at Detroit, Mich.

Two forecasts are discussed in the remainder of this report:
1) The 5-day prediction of the onset date of ice problenms, and

2) The 5-day prediction of the expected daily degree of difficulty in
crossing the river after the onset date.

A 5-day prediction of the conplete shutdown of ferry operations due to con-
tinuing severe ice problens is also part of the daily degree-of-difficulty
forecast. These forecasts include one of the three follow ng probability

categories that express the likelihood of ice-related problens:

1) Probability of 0 to 30% that the SIF will be unable to operate because
of ice. No icebreaker assistance is required for normal ferry opera-
tions.

2) Probability of 31 to 89% that the SIF will be unable to operate because
of ice. lcebreaker assistance may be required.

3) Probability of 90 to 100% that the SIF will be unable to operate because
of ice conditions.

These probability limts were subjectively determined and did not result
fromanalysis of the 4 years of data.
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3.3 The Met hodol ogy of the Degree-of-Difficulty Forecast

Based upon the paraneters described above (air tenperature, upstream
ice cover, and ship passages), a standard operating procedure for forecasting
the ice cover at the SIF crossing and the degree of difficulty is presented
in Appendix D.

4. FORECASTING OF DATE OF COMPLETE SHUTDOM OF FERRY
OPERATI ONS DUE TO I CE

The continuation of shipping and |ow tenperatures during the w nter,
without the benefit of icebreaker assistance or warm spells, will result in
jammed ice which prevents the SIF fromcrossing the river. The dates of
the first SIF shutdown for the winters from 1970-71 to 1973-74 because of
severe ice conditions are shown in table 2. Along with these dates for
the four winters 1970-71 through 1973-74 is information concerning the length
of the period of shutdown and data on accumul ated freezing degree-days.

Table 2. Data Regarding the Complete Shutdown of
Ferry Operations

Accumulated

Accumulated Freezing
Inritial Date Length of Freezing Degree-Days, °F
Complete Shutdown Degree—Days at the End of
Season Shutdown (A} (B) °F, (&) (B)
1970-7) /25/7 6 995 1150
1971-72 1/6/72 6 798 932
1972-73 none 0 T41% B41*
1973-74 1/28/74 5 905 949

*pccumulated {reezing degree—days as of 1/25/73 and L/31/73 for comparafive
purpOses.

Table 2 provides information for determning the expected date of
conpl ete shutdown of ferry operations owing to ice. For exanple, if the
1972-73 season data were ignored, an average date of conplete shutdown m ght
be established for sonetime around January 26 of each year. However, using
freezing degree-days as well as data fromthe 1972-73 season is a better
et hodol ogy. During 1972-73 fewer freezing degree-days had occurred by
January 25 and 31 than by the initial dates of conplete shutdown in the other
three winters. During 1971-72, when the nunber of freezing degree-days were
nearly as low (798) on January 26 as during the 1972-73 season, very cold
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and ice at the SIF crossing if the followi ng conditions are net:

1)  The warm spell occurs very shortly, nmost likely within 1 week,
after ice problens begin.

2)  Daily maxinum tenperatures are in the upper thirties or |lower forties
for several days, and the daily average tenperature is sufficiently
high for those days so that 15 to 20 total freezing degree-days are
lost. A freezing degree-day is defined as the negative departure of
one Fahrenheit degree from 32°F averaged over one day (32°F- Tday)
If the warm period occurs nmore than 1 or 2 weeks after the onset of

probl ems, a considerably warmer and longer spell wll be needed. It is

unlikely that such a warm spell would occur.

3.2 The Influence of Ship Passages

Ship traffic is largely responsible for the ice problems at the SIF
crossing. Once the SIF encounters problenms in crossing the river caused
by ice, only a suspension of shipping activities, frequent warm spells, or
intense icebreaker activity (or some conbination of the preceding) will
pernmt continued ferry crossings through the remainder of the ice season
| f shipping continues, w thout warner weather or icebreaker activity, ice
will continually be broken and nove downstream jamming the crossing, or be-
low it, until ice thickness reaches a point where even ship traffic on the
river is inpossible. Analysis of the Corps of Engineers tine |apse notion
pictures for ice seasons 1971-72 through 1973-74 revealed that, once ship-
ing has stopped for a period of 24 to 36 hours, the degree-of-difficulty
the SIF has in crossing the river will decrease. This is due to the rapidly
movi ng water which clears out the previously shifting broken ice in the
vicinity of the crossing.

Both ship passages and the anmpunt of broken ice generated by ships are
difficult to predict. One cannot make a 5-day forecast of the time of ship
passages at the crossing. However, general tendencies are apparent which
may be of use in establishing the forecast procedure, including the continu-
ous decline in the nunber of ships on the |akes during January, February,
and March as well as the generality that during colder weather nore poten-
tial broken ice is available upstream for clogging the crossing. Nor can
one make an advance determnation of the amunt of broken ice eventually
generated. The corps of Engineers' filns reveal that fewer than half the
ships passing the crossing produced broken ice which later janmed the
crossing site. Athough this may be due to one ship |oosening nost of the
potential broken ice, leaving nore for follow ng ships, the paraneters
i nvol ved cannot be forecast accurately.

The degree-of-difficulty forecast is based on 5-day-in-advance air
tenmperature forecasts conbined with a know edge of the ice problens associa-
ted with ship traffic and upstreamice cover. These factors are then applied
to deternine expected ice coverage at the crossing site and the degree-of-
difficulty the SIF will have in traversing the river.




(SE) are due to the poor results of the 1970-71 season, but the SE is stil
better than for methods using climatol ogy.

During the 1974-75 winter, forecasts of the onset date of ice problens
and the ongoing degree of difficulty were initiated on an experinental -
operational basis. Using real-tine data supplied by the U S Coast CGuard,
the Corps of Engineers at Sault Ste. Marie, Mich., and the NWS at Detroit,
Mich., the daily ice problem forecasts were made for the NWS by Bernard
DeWitt and Associates. The forecasts were sent fromthe Detroit NWAS to the
Coast Guard at Sault Ste. Marie, Mich., to the Ice Navigation Center in
C eveland, Chio, and the Detroit Corps of Engineers via telecopier. The
forecasts were first issued on Decenber 16, 1974. For 1 month, the air and
wat er tenperature data and the nonitored ice growh indicated a 0 to 30%
probability of ice problens devel oping.

The forecast nessage of January 17, 1975, (shown in Appendi x B) predic-
ted the onset of ice problens on January 20. While this message was only 3
days in advance of the ice problems, the forecast date was accurate. Late on
January 20 the icebreaker Naugatuck was needed to nmke cuts in the ferry slip
to disperse a brash ice jamso that the SIF could conplete its schedul ed runs.

The forecasted daily degree of difficulty from January 21 to April 11
(date of the final forecast) fluctuated between the (1) and (2) forecast
categories depending upon the expected tenperatures. A (3) probability
forecast would have been appropriate for February 9, 1975, since the SIF was
shut down by heavy snow and ice cover on that day and the icebreaker Naugatuck
was needed to transport passengers. By February 9, 973 freezing degree-days
had been accunul ated at Sault Ste. Mirie. Generally the 1974-75 winter was
mld and the intensive Coast Guard icebreaking effort kept the Little Rapids
Cut open for a considerable distance bel ow the crossing

Anot her factor which significantly influenced the 1974-75 experinental -
operational forecast was the rapid drop in water tenperatures in the St
Marys River. After a storm passage, water tenperatures dropped from 36°F on
January 12 to 33°F on January 13. On January 17, the day of the initial ice
probl em forecast, the water reached 32°F. As a result, water tenperatures
could not provide a warning of inpending ice problems as they would have in
previ ous years.

6.  CONCLUSI ON

An operational forecast procedure has been developed for predicting the
initial date of ice problems and the continuing daily degree of difficulty
5 days in advance at the SIF crossing. Using three probability categories,
the forecaster is able to indicate when ice-related problems will begin and
the probability that the SIF will need aid in crossing the St. Mirys River.

The procedure to forecast the onset of ice problens is based on a
know edge of the rate of notion of jammed ice up the St. Mary's River. There
is no precise know edge of this rate of notion because forecasters have only
4 years of intermttent data. Estimtes were made and the actual standard
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weat her (932 - 798 = 134 freezing degree-days in 6 days) caused conplete
shutdown for 6 days despite the previously warm weat her.

A conplete procedure for predicting the date of conplete shutdown of the
SIF will not be detailed here; however, it is likely that, if icebreakers do
not clear the river occasionally, ferry operations may be completely cur-
tailed after 850 to 900 freezing degree-days accunulate during a winter sea-
son. During the 1970-71, 1971-72, and 1973-74 winters, the SIF was able to
continue after the conplete shutdown period only because either the naviga-
tion season ended or there was continual icebreaker assistance.

5. H NDCASTS OF | CE PROBLEM ONSET DATES AND THE 1974-75
EXPERI MENTAL- CPERATI ONAL  FORECAST

An attenpt was nade to determine the accuracy of the forecast technique
in predicting the onset date of ice problens at the SIF crossing. Air temp-
perature data at Sault Ste. Mrie for the four seasons of data (1970-71
through 1973-74) were used to nmake hindcasts of the onset date. The hindcast
procedure, therefore, assumed a perfect 5-day tenperature forecast and it
al so assumed that janmed ice was collecting in the Little Rapids Cut (Condi-
tion C). H ndcasts began on the dates when the water reached 32°F (table 1).
The hindcast onset date was either the third consecutive day during which
conbination A/C existed or it was the fifth day of a 5-day period in which
conbi nation A/C existed for at least 2 days (table 3). These constraints
may not be applied under future conditions.

Table 3. Hindeast Dates Of the Onset OF Ice Problems

Actual

Date Onset Date of Hindcast

Hindcasts Date Onset Error

Season Began Hindcast {Climatology) (days)
197071 Jan. l4 Jan. 19 Jan. 24 -5
1971-72 Jan. 14 Jan. 19 Jan. 19 0
1972-71 Dec. 30 Jan. 6 Jan. 6 0
19713-74 Janr. 3 Jan. 8 Jan. 7 +1
Average (days) Jan. 14 -1.0
Standard error of estimate (days) 8.9 2.9

In three of the four seasons the hindcast date was within 1 day of the
actual onset date. The large hindcast error and standard error of estinate
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APPENDI X A

DATA BASES FOR THE SIF | CE PROBLEM
FORECASTS

Data used to develop the ice problem forecast for the Sugar |sland
Ferry cane from the previous four winters, 1970-71, 1971-72, 1972-73, and
1973-74, The data consisted of the follow ng el ements:

(A) Daily water tenperatures for the St. Marys River at the U S.
hydroel ectric plant at Sault Ste. Marie, Mich.

(B) Daily air tenperatures fromthe NWS station at Sault Ste. Marie,
Mich.

(€) US. Arny Corps of Engineers' time |apse ice-cover films for the
1971-72, 1972-73, and 1973-74 seasons.

(D) U.S. Arny Corps of Engineers aerial photographs of ice conditions
on the St. Marys River.

(E) The "Sugar Island Ferry Study for the U S. Arny Corps of Engineers"
by the Wellington Transportation Conpany, hereafter referred to as
Vel lington (1973).

(F) The daily ice reports kept by the pilot of the MV Sugar Islander
between December 15, 1973, and April 8, 1974.

(G) A resume of the Poirier Marine, Inc., ferry operations during
January and February 1974.

(H) Records of ship passages at the Locks at Sault Ste. Marie, Mich.,
during the extended navigation seasons 1971-72, 1972-73, and
1973-74.

(I) U S Coast CGuard ice reports, ice charts, and tel etype nessages
(Geat Lakes Marine Circuit).

(J) Detroit NWS analysis charts.

(KY US. Arny Corps of Engineers ice thickness reports for the vicinity
of the Little Rapids Cut.
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operating procedure, shown in Appendix C, is based on the two paraneters
needed to estinate rates of notion, a 5-day tenperature forecast and the
current position of the jammed ice front. Forecasting the daily degree of
difficulty is a procedure based on know edge of expected air tenperatures,
upstreamice cover, and ship passages. This procedure, detailed in Appendix
D, may be hanpered by the inability to predict the ship passage and upstream
ice paraneters. Despite problens in procedural devel opnent and unusually
warm weat her conditions during the 1974-75 winter, the experinental forecast
of the onset of ice problems issued for that season correctly predicted
January 20 as the day difficulties would begin for the SIF in crossing the
river.

The essential procedures needed for forecasting ice in the Little Rapids
Cut near the SIF crossing are unique in sone respects. The forecaster is not
forecasting the date of ice formation, but rather when jammed ice will reach
the SIF crossing in the St. Marys River after being broken |oose by wnter-
time ship traffic or by natural processes. Modification of forecasting pro-
cecedures contained here will depend upon the individual forecaster's experi-
ences with the procedures and the accunulation of nore data from the study
ar ea. It has been shown that available data has led to a forecast procedure
whi ch can be highly accurate and suitable for present needs.
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APPENDI X C

STANDARD OPERATI NG PROCEDURE FOR FORECASTI NG THE
NI TIAL DATE OF | CE PROBLEMS FOR THE SIF

(1) Check water tenperature on a daily basis. Wen it reaches 32°F, prob-
lenms may begin within 4 to 10 days in many seasons.

(2) Check, or nake, a 5-day tenperature forecast for Sault Ste. Marie, Mich.

(A) If the expected average tenperatures will be nmore than 10°F
bel ow normal tenperatures for that period, or if the mininum
tenperatures are to be near or below zero, then condition A exists.

(B) If the expected tenperatures are to be above normal, condition
B exists.

(3) Check the position of the jammed ice front in the St. Marys River
system

(A) If the jammed ice front is in the Little Rapids Cut, which
extends fromthe SIF crossing to Frechette Point, then condition

C exists.

(B) If the jamred ice front is somewhere in Lake Nicolet to Neebish
Island and the Charlotte River, then condition D exists. If the
jammed ice is near the cut, however, take into account that condi-

tion D may rapidly change to condition C

(4) Decide which conbination exists based on (2) and (3). Is it AC
A/D, B/IC, or B/D?

(A) Combination A/C indicates ice problens will begin within
2 or 3 days.

(B) Conbination A/D indicates ice problens will begin in 5 days.
(€C) Combination B/C indicates ice problems will begin in 5 days.

(D) Conbination B/D indicates ice problens will not begin in the up-
conming 5 days.

Conbi nation changes must be anticipated and the forecasts nust allow
for daily revision in the conditions and conbinations. Consult this

report for further details.

(5) The forecast nessage will need to contain a probability that ice prob-
lems will begin in 5 days. Based on the information gathered through

step (4), that probability will be: (1) 0 to 30%, (3) to 89%, (3)
90 to 100%  Choose the correct category and include it in the forecast
message.
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APPENDI X B
1974-75 OPERATI ONAL FORECAST MESSAGES

The following is the 1974-75 operational ice forecast of the onset of
ice problens at the SIF crossing:

Ice Forecast - Little Rapids Cut
NWS, Detroit, Mich,
11 a.m EST Friday, January 17, 1975

Tenperatures in the vicinity of Sault Ste. Marie today through Tuesday
will average 4°F below normal. Nornal daytime high near 22°F, nor nal
low 6°F. Not as cold tonight and noderating into the twenties on
Saturday, then turning col der again Sunday.

Moderate to rapid ice growh in the next 5 days gradually increasing
early next week. Ice will build out from along the shore upstream
fromthe Soo and fromthe Soo to the Sugar Island ferry crossing. 100%
ice cover is expected from below the ferry crossing downstreamto the
vicinity of De Tour by Mnday. The probability of Sugar Island ferry
difficulty due to ice conditions is 0 to 30% through Sunday changing to
31 to 89% on Monday (January 20, 1975) and Tuesday.

The following is an exanple of the daily degree-of-difficulty forecast
i ssued during the 1974-75 season:

| CE Forecast - Little Rapids Cut
NWS, Detroit, Mich,
11 a.m EST Tuesday, January 21, 1975

Tenperatures for the next 5 days will continue low in the vicinity of
the St. Marys River. A cold front passing through the area will result
in nuch lower tenperatures. Tonight's low is expected to be 5 to 10°
bel ow zero, with highs Wednesday of 10 to 15°F. Thursday through
Saturday highs will range fromthe md-teens to the |ow twenties. Lows
will be fromzero to 10°F above zero. Nornmal highs and |ows are 21 and

6°F, respectively.

Wnds shifting to strong northwest to northerly behind the cold front
will conmbine with expected subzero tenperatures tonight and result in
some jamming of ice in the vicinity of the Sugar Island ferry crossing.

I ce breaker assistance to ferry operations will be required tonight and
\Wednesday. Probability of ferry difficulties due to ice conditions wll
be 31 to 89% through Saturday. Wather conditions for the next several
days are expected to continue wthout much change. Steady growth and
consolidation of ice cover is expected on the entire river with increas-
ing ice formation occurring between the Soo Locks and the ferry crossing.
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