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1.0 INTRODUCTION 

This report describes the water levels in the Great Lakes - St. Lawrence River system in 1998. 
It also provides an assessment of hydrologic data collected by other agencies. Water level 
elevations are in metres above sea level at Rimouski, Quebec, on the International Great Lakes 
Datum (IGLD) of 1985. River flows are in cubic metres per second (m3/s). 

2.0 THE GREAT LAKES - ST. LAWRENCE SYSTEM 
The Great Lakes - St. Lawrence River basin, including land and lake surface, covers an area 
more than one million square kilometres (see Figure 1). As shown in Figure 2, the Great 
Lakes comprise a series of natural reservoirs positioned in a step-wise manner, with Lake 
Superior as the highest step and Lake Ontario the lowest. Lakes Michigan and Huron are 
considered one lake in hydraulic terms, because they are connected by the wide and deep 
Straits of Mackinac and stand at the same elevation. 

Water levels fluctuate according to the climate of the region. Over—lake precipitation, 
evaporation and runoff are the main factors that affect water levels. Other factors include flow 
retardation due to ice in winter, and aquatic vegetation in the lakes' outlet rivers in the 
summer. Weather disturbances cause short-term fluctuations in water level. Human impacts 
include regulation of lake outflows, dredging of outlet channels, water diversions and 
consumption of water. 

Lakes Superior and Ontario are the two lakes that have their outflows regulated by structures at—~--——~-- »~ - » 1 

their outlets. The outflows of the un-regulated lakes (Michigan-Huron, St. Clair and Erie) are 
dependent on their water levels. For Lakes Michigan-Huron and Lake St. Clair, their outflows 
through the St. Clair — Detroit River system depend also to a minor extent on'the levels of 
Lake Erie due to backwater effect on these rivers. Ice jams in the St. Clair - Detroit River 
system, though infrequent, can cause large variations in the water level of Lake St. Clair. 

Water level fluctuations on Lake Ontario do not affect the level of Lake Erie, as the two lakes 
are separated by the cascades and Niagara Falls in the Niagara River. 

Lake St. Lawrence is that part of the St. Lawrence River extending from Iroquois to Cornwall, 
Ontario. The hydropower dam at Cornwall, located about 160 kilometres downstream of Lake 
Ontario, is used to regulate Lake Ontario's outflow. Several factors affect the water level on 
Lake St. Lawrence. They include: Lake Ontario level, flow at the hydropower dam at 
Cornwall, ice in the river between Lake Ontario and the dam, and winds. 

Lake St. Francis extends from below Cornwall to its outlets at the Beauharnois and Cedars 
hydro and navigation installations. Large water level fluctuations on Lake St. Francis are rare 
because the water level on Lake St. Francis is regulated within a narrow range by Hydro 
Quebec's control works. Besides the inflows from upstream, factors that affect Lake St. 
Francis levels are local runoff, winds, and ice on Lake St. Francis.



Lake St. Louis is located a short distance upstream of Montreal, at the confluence of the St. 
Lawrence River and the Ottawa River. Due to its relatively small area, the water level of 
Lake St. Louis can rise rapidly following snow melt on the Ottawa River basin and other local 
tributaries. Local runoff during heavy rain can also raise the levels rapidly. 

Like Lake St. Louis, water levels at Montreal are affected by flows from Lake Ontario, the 
Ottawa River, local runoff and, in addition, downstream ice conditions. Winds and tides also 
affect the level in the harbour. 

3. HYDROLOGIC CONDITIONS IN 1998 
3.1 Weather Conditions 

Much can be said about the weather of 1998. It was the year of El Nifio which was considered 
to have affected North America’s climate including the Great Lakes region. It was also the 
warmest year on record in Canada. The national average temperature was 2.5 degrees C above 
normal and the annual mean around the Great Lakes about 2 degrees C above normal. The 
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Country as a whole also experienced 2:7 percentiless preCipitati'on than normal making'it the 9th“ 
driest year on record. The record setting warm weather, below average basin-wide precipitation, 
high evaporation and low runoff resulted in extremely low water supplies to the lakes in the 
summer and fall months. Several monthly low water supply records were set on Lake Superior 
and Lakes Michigan-Huron. As a result of the rapid decline in the water supplies, the Great 
Lakes water levels also declined rapidly, from well above average in the spring to below or near 
average by the end of the year. 

The ice storm, which took place during January 4-9, brought significant moisture to the Lake 
Ontario and the St. Lawrence River region. Precipitation amounts in the areas most heavily 
affected by the ice storm were in the 80 to 100 mm range. This was in an area extending from 
eastern Lake Ontario, up the St. Lawrence River tojust west of Quebec City. Precipitation 

‘ amounts of 60 mm or more from the same storm were recorded as far west as Lake Huron. 
Winter conditions on the upper lakes system were uneventfiil. Due to the mild temperatures 
during the winter of 1997-98, Lake Erie was virtually ice free for the winter. Spring came early 
and caused rapid snow melt at the end of March on the lower Great Lakes, the St. Lawrence 
system and the Ottawa River basin. Summer air temperatures were generally higher than normal, 
and there was plentifiJl sunshine, but no extended periods of heat. The autumn period remained 
mild and thus extended the year’s growing season. On the downside, the summer and fall months 
had below-average precipitation. The mild air temperatures extended into December until 
drastically colder air entered the Great Lakes basin the last several days of the year. 

3.2 Precipitation 

On average, about 820 millimetres (mm) of precipitation falls on the Great Lakes basin each 
year. Readings from about 100 precipitation stations scattered throughout the basin (excluding
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the St. Lawrence River) are used to measure precipitation. This averages to about 7700 square 
kilometresof area covered by each station. The density of stations is greater on the lower 
Great Lakes basins, and less so on the upper Great Lakes basins. 

Table 1 compares the 1998 monthly precipitation with long—term averages since 1900. The 
t0tal basin—wide figure for 1998 was about 800 mm, which was 98 per cent of average. The 
Great Lakes basin monthly precipitation for 1997 and 1998 are shown graphically in Figure 3. 
Basin—by-basin, Lake Superior received 740 mm of precipitation which was 96% of average. 
The Lakes Michigan—Huron basin precipitatiOn was near average for 1998. Very high 
precipitation in January and March (a record maximum for the month) was offset by below 
average precipitation the rest of the year. 

On the Lake Erie basin, precipitation was above average in the first four months of 1998. July 
and August precipitation were slightly above average, whereas the other months had below 
average rainfall. The last four months of 1998 were very dry. The precipitation for the year 
was 95 % of average. 

Like Lake Erie, precipitation on the Lake Ontario. basin in 1998 was abover-average-early in the" 
year and during the summer months, but well below average in the last four months of 1998. 
The total amount for the year was 98% of average. 

3.3 Water Supplies to the Great Lakes 

Net basin supply is the net effect of over-lake precipitation, basin runoff and evaporation from 
the lake. Whereas precipitation is one component of the water balance, net basin supply is a 
better indicator of the hydrologic conditions affecting lake levels. The net total supplies to a 
lake consist of the net basin supplies for the lake, and the inflow from the upper lake. The 
supplies for the Great Lakes are computed in cubic metres per second for each month, and are 
shown in graphic form in Figures 4-7. Net basin supplies are shown for Lake Superior and 
Lakes Michigan—Huron. Since inflows from the upper lakes form a major part of the total 
supplies to Lake Erie and Lake Ontario, net total supplies for the two lower Great Lakes are 
shown. Comparisons with long—term averages are made using data since 1900. 

As shown in Figure 4, the monthly net basin supplies to Lake Superior were below average ‘ 

beginning in mid 1997, and were almost consistently below average in 1998. New record 
minimum supplies were set in the months of July and August 1998. The water supply for the 
year was the lowest on record. 

Well below average net basin supplies also occurred on Lakes Michigan-Huron in 1998 (see 
Figure 5). January and March were the exceptions with above average water supplies. The 
July water supply was a new low record for the month. Water supplies of the last three 
months of 1997 were belOw average. For 1998, the supply for the nine month period from 
April to December was the driest on record.



Total water supplies to Lake Erie (see Figure 6), which include the inflows from Lakes 
Michigan-Huron, were slightly above average for 1998, and much less than those in 1997. 
Water supplies for the first four months in 1998 were well above average, but quickly returned 
to average in May. Water Supplies the last four months of 1998 were consistently below 
average. Total supply to Lake Erie for 1998 was 108% of average. 

As shown in Figure 7, a new record maximum net total supply to Lake Ontario was set in the 
month of January 1998. March also had very high water supply. As Lake Erie’s level 
declined. along with reduced net basin supplies on Lake Ontario itself, the total supplies to 
Lake Ontario also fell. By September, the water supply was close to average. The total 
supply to Lake Ontario for 1998 was 113% of average. 

3.4 Water Levels and Outflows 

Table 2 lists the monthly mean 1998 water levels for the Great Lakes and the St. Lawrence 
River . The tables also show how 1998 levels compare with historical data. The daily mean 
water levels are also shown graphically in Figures 8 to 15. 

For Great Lakes water level comparisons, records since 1918 are used in accordance with the 
procedure agreed between Canada and the United States. A network of gauges located around 
each lake is used to determine the mean daily and monthly water levels of the lakes. Water 
level records for Lake St. Lawrence, as measured at the gauge at the Long Sault dam, started 
in 1960 following completion of the St. Lawrence Seaway and power projects. Data at Pointe 
Claire, which measure the water levels on Lake St. Louis, extend back to 1915. For Montreal 
Harbour, data since 1967 are used following the most recent physical changes to that part of 
the river. 

Lake Superior (see Figure 8) started the year slightly above average and declined at a usual 
rate the first three months of the year. At the end of March, the level rose sharply due to the 
higher-than-average precipitation and early snow melt on the Lake Superior basin. But after 
that, there was no further appreciable rise in the levels. The levels were below average 
beginning in late April. The lake peaked at 183.43 m in the middle of July, about two months 
earlier than usual. The level reached the chart datum elevation of 183.2 m in early November. 
Near chart datum water level elevations occurred during November and much of December. 
Levels were as much as 32 cm below seasonal value in mid November. At the end of 1998. 
Lake Superior was 24 cm below average and a few centimetres below chart datum elevation. 

At the beginning of 1998, Lakes Michigan—Huron levels (see Figure 9) were 38 cm higher than 
average, and similar to levels of one year earlier. However, unlike 1997 which saw continued 
high water levels for the rest of that year, the seasonal rise in the level in 1998 was much 
smaller than usual. The daily levels reached their annual peak of 176.93 m at the end of June, 
about one month earlier than usual. The lakes were at average by mid October, and 7 cm 
below average at the end of the year.

_

l

'



Lake St. Clair and Lake Erie water levels (Figures 10 and 11) in 1998 fluctuated in a similar 
manner as those of Lakes Michigan-Huron. Lake Erie started the year 52 cm higher than 
average, and daily levels were as much as 74 cm above average in mid February. Lake Erie 
peaked in mid May at an elevation of 174.90 m and, like Lakes Michigan-Huron, also one 
month earlier than usual. The end of December levels for Lake St. Clair and Lake Erie were 
very close to seasonal average. 

Lake Ontario (Figure 12) started the year 3 cm above average. Very high water supplies to 
Lake Ontario in January received during the ice storm caused the level to rise rapidly. 
Another rapid rise in levels occurred in early‘April as a result of the rapid snow melt on the 
Lake Ontario basin. It should be noted that during these two events, there were a number of 
reductions of short duration in the Lake Ontario outflow to help alleviate flooding problems 
downstream in the St. Lawrence River. The lake peaked at an elevation of 75.46 m in late 
April. Subsequently, the level declined steadily, and fell below average in the second half of 
September. The rate of deCline slowed down somewhat in November and December. By year 
end, the lake was 28 cm below seasonal average. 

Lake St. Lawrence is that part of the St. Lawrence‘River extending from the Iroquois Dam at 
Iroquois to the Moses-Saunders hydropower dam at Cornwall. Being immediately upstream of 
the hydropower dam used to regulate Lake Ontario outflows, Lake St. Lawrence is directly 
affected by flow variations at the dam. High outflows at the dam lower Lake St. Lawrence 
levels, and low flows have the opposite effect. The 1998 daily mean Lake St. Lawrence 
levels, as measured at the gauge at the Long Sault dam, are plotted in Figure 13. 

The Lake St. Lawrence water levels were very high in mid January and again in early April.~~~~~ »- 

On both occasions, the Lake Ontario outflow at the Moses-Saunders darn was very low in 
response to downstream high water level problems. Levels during the summer and fall months 
were well below average and similar to those one year earlier, a condition brought on by high 
flows at the hydropower dam. Starting in mid October, the levels were close to the post-1960 
seasonal average. The rise in the levels in November and December was due to relatively low 
flows at the hydropower dam. 

On Lake Louis (see Figure 14), higher than average water level conditions occurred in the 
spring and summer of 1998 as a result of high flows from Lake Ontario and to some extent the 
flows from the Ottawa River and other local tributaries. But the level declined rapidly and 
starting November, it was below average. Near record low flows occurred in the Ottawa 
River during the fall months. 

Figure 15 shows that the level at the Port of Montreal rose sharply at the end of March, which 
was caused by the rapid snow melt on the Ottawa River basin and other tributaries to the Lake 
St. Louis and the Montreal region. Very large reductions in Lake Ontario outflows during this 
period helped lower the peak level and shorten the duration of the levels above flood stage. 
The effect of decreasing Lake Ontario outflows, and very low flows from the Ottawa River 
during the last four months of 1998, were felt at the Port of Montreal. Water levels at the 
Port declined sharply starting in September and by early November they were below chart 
datum elevation. Levels in November and December were close to chart datum conditions.



Table 3 lists the 1998 monthly outflows from each of the Great Lakes. The Lake Superior 
outflows for the year averaged 1750 r.‘.‘.’s, 18% below average. The outflows and levels in 
1997 were much higher than average. For the other lakes in 1998, the higher than average 
outflows reflected the high water level conditions on the lakes early in the year. By the end of 
the year, the outflows of the middle lakes were near average. Lake Ontario’s outflows in 1998 
were above average except in November and December when they were slightly below 
average. A new record maximum for the month was set in March for Lake Ontario outflow. 

4.0 WATER MANAGEMENT RELATED TO WATER LEVELS 
4.1 Lake Superior Regulation 

Lake Superior's Regulation Plan 1977-A specifies monthly outflows from the lake based upon 
this lake‘s level and the level of Lakes Michigan-Huron.downstream. The procedure of taking 
downstream lake levels into account is termed systemic regulation, and is a requirement of the 
International Joint Commission >(IJC). Assessment ofthe hydrologic conditions on the upper » _ N - M . 

Great Lakes and overseeing outflow regulation are the responsibilities ofthemIJC'sm 
International Lake Superior Board of Control. In normal operations, Lake Superior outflows 
are as specified by the regulation plan. Under certain conditions, the IJC approves deviations 
from the regulation plan on the advice of the Board. 

The outflow of Lake Superior is regulated by a number of structures in the St. Marys River at 
Sault Ste. Marie, Ontario and Sault Ste. Marie, Michigan. Water leaving Lake Superior flows 
through three hydropower plants, five navigation locks, and the St. Marys River Compensating 
Works. The l6-gated compensating works was built early in the century to offset the extra 
flow capacity added to the St. Marys River by the hydropower developments. This structure is 

located immediately upstream of Whitefish Rapids. The northern half of the structure with 
eight gates is owned and operated by Great Lakes Power Limited in Canada. The other half 
with the remaining eight gates is owned by the U.S. Army Corps of Engineers. 

The IJC requires a minimum flow equivalent to one—halfgate open at the compensating works 
in order to supply water to the main portion of the St. Marys Rapids. In addition, the most 
northerly gate is kept partially open to ensure a continuous supply of water to the fishery 
remedial channel. With the minimum one-half gate open setting in place, changes to Lake 
Superior's outflow are usually accomplished by adjusting the water diversions through the 
hydropower plants. If the hydropower plants can not fully use the available water, the excess 
is released through the compensating works by opening additional gates. 

During 1998, the outflows of Lake Superior were as specified by the regulation plan. The 
outflow for the year was below average, and during the last several months of the year it was 
at the minimum allowable by the regulation plan. The gates at the Compensating Works were 
kept at an equivalent one-half gate open position during 1998, except for short periods in July 
and August when slightly larger gate settings occurred to accommodate repairs at the structure. 
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4.2 Lake Ontario Regulation 

The outflow‘bf Lake Ontario is regulated using the hydropower dam and spillway in the St. 
Lawrence River near Cornwall, Ontario and Massena. New York. Lake Ontario Regulation 
Plan l958—D specifies weekly outflows based upon the lake's level and trends in water 
supplies. The regulation plan helps prevent water level extremes, both upstream on Lake 
Ontario, and downstream in the Montreal area, and it attempts to balance the interests of 
shoreline property owners, commercial navigation and hydropower interests. 

Lake Ontario outflow regulation is overseen by the lJC's International St. Lawrence River 
Board of Control. In normal operations, the Lake Ontario outflow is as specified by the 
regulation plan. However, the Board has some discretionary authority to direct flow 
deviations from the regulation plan to meet certain objectives. These objectives include 
providing some benefit or relief from adverse impacts associated with water level and flow 
fluctuations. In recent years, the Board has also taken into consideration the developing 
recreational boating and the environmental interests in making its regulation decisions. 

Several major events took place in 1998, which necessitated action by the Board to deal with 
unique situations. These ar -

v 

January Ice Storm 

For almost a week beginning on January 4, rain and freezing rain pelted much ofthe Lake Ontario 
and St. Lawrence River watersheds. The ice storm and other weather systems in January brought 
record high water supply to Lake Ontario for the month of January. The storm caused 
unprecedented damage to the hydropower installations at Hydro Quebec’s Beauharnois-Cedars 
complex and drastically reduced their water flow capacities. To offset the reductions in the 
capacity and to prevent serious flooding on Lake St. Francis (located above the Beauharnois- 
Cedars complex), the Board reduced the Lake Ontario outflow during and for a short period of 
time after the ice storm, until operations at the Beauharnois-Cedars had recovered. 

Ear/y Ottawa River F reshet 

The spring snow melt on the Ottawa River basin and other downstream tributaries occurred early 
at the end of March, and at a rate much faster than usual. To prevent serious flooding in the 
Montreal region, the Board reduced the Lake Ontario outflow to as low as 4700 m3/s , which was 
near record minimum. Several days prior to the freshet, the Lake Ontario outflow was at 10200 
m3/s. The drastic flow reduction at the hydropower dam at Cornwall led to extremely high water 
level conditions on Lake St. Lawrence. To suppress Lake St. Lawrence water levels, it was 
necessary to partially close the Iroquois Dam. ' 

Criteria It Operations 

In early 1998, Lake Ontario received extremely high water supplies. To deal with these supplies 
and to minimize potential flooding on Lake Ontario and downstream, the IJC invoked Criterion k 
ofits Orders of Approval from February 3 to June 19. This emergency measure, which was also



invoked in the first eight months of 1997, required that the Lake Ontario outflows be regulated in 
order to provide relief to riparians both upstream on Lake Ontario and downstream along the St. 
Lawrence River. It is estimated that the high outflows directed by the Board prior to and during 
Criterion k operations reduced the peak level of Lake Ontario by 51 cm, in comparison to the 
level which would have occurred had there been no Lake Ontario regulation. On Lake St. Louis, 
the levels would have peaked about 60 cm higher without Lake Ontario outflow regulation. 

Low Water Levels on Lake St. Lawrence 

Low water levels on Lake St. Lawrence affect recreational boating on the lake, and made many 
commercial and private docks unusable or difficult to operate. To provide a measure of relief 
from low levels, the Board reduced the Lake Ontario outflows by about 2% for a three week 
period starting August 20. The outflow was again reduced, by about 3%, during October 10-12, 
which was the Canadian Thanksgiving weekend. 

Low Water Levels at. the Port of Montreal 

Beginning in October, the very low flows from the Ottawa River and other downstream 
tributaries resulted in very low water level conditions at the Port of Montreal. To provide 
relief for downstream navigation, the Board authorized increases in the Lake Ontario outflow, 
with some limitations, to maintain water levels near chart datum at the Port. From 
October 24 through the end of the year, the Lake Ontario’s outflows were at times more than 
the amounts specified by the regulation plan. 

4.3 Activities by Environment Canada 

Environment Canada provides technical support to the IJC's Boards in the regulation of the 
outflows of Lake Superior and Lake Ontario, as discussed in Sections 4.1 and 4.2. 

Environment Canada continues to issue each month, a six-month water level forecast for the 
Great Lakes and Montreal Harbour as a joint undertaking with the U.S. Army Corps of 
Engineers. A monthly newsletter is published to update readers on water levels. The forecasts 
and the newsletters appear monthly in the water level bulletins distributed by Fisheries and 
Oceans Canada in paper copy and on the Internet. 

The department also issues monthly water level bulletins during the recreational boating season 
for locations on the St. Lawrence River as far downstream as Lake St. Louis. The bulletin is 
distributed to local media, shore property owners and marinas to advise citizens of water level 
and flow conditions on the river. 

In support of the International St. Lawrence River Board of Control, a weekly distribution of 
Lake Ontario and St. Lawrence River hydrologic data is made to subscribers on an E-mail list. 

Environment Canada continues to provide up-to-date water level and related information to the 
public thrOugh the World Wide Web. The Great Lakes Information Management Resource
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(GLIMR) is a catalogue of available information on the Great Lakes. GLIMR's URL is 
http://www.cciw.ca/glimr/intro.html. The page has links to sources of recent, historic and 
forecast Water levels. It contains links to sources of data on precipitation, wind, waves, 
currents, flows, water temperatures and ice cover. Also contained are links to homepages for 
the International Joint Commission's International Lake Superior Board of Control and the 
International St. Lawrence River Board of Control. These homepages provide access to the 
Boards' brochures, and current water level and flow data. 

During 1998, Environment Canada worked with Emergency Measures Ontario and the 
Ministry of Natural Resources to communicate with media and municipalities regarding the 
water level situation and risks. Media advisories on water levels and storm situations were 
issued on a regular basis. Responses were given to many media calls for information about the 
rapidly declining water levels on the lakes, particularly approaching the end of the year. 

5.0 EFFECTS OF WATER LEVEL FLUCTUATIONS 
5.1 Shore Properties 

Although water levels on Lakes Michigan-Huron, St. Clair and Erie were higher than average 
for much of 1998, an absence of major storms kept flood and erosion damage low. A severe 
storm on April 9 caused extensive damage along the shoreline of Lake Erie from Point Pelee 
to the north and east, in the township of Mersea. It was reported that about 90 properties in 
the area suffered damages. The Hillman, Marsh dyke in Mersea suffered extensive damage. 
This dyke protects agricultural land and residences that are below Lake Erie levels. 

The rapid rise in Lake Ontario levels from January through April raised concern among the 
lake’s shore property owners. Although the lake level peaked much higher than usual, an 
absence of storms during the high water period kept flood and erosion damage low. Some 
flooding was reported in the Montreal region in April during the Ottawa River freshet. 

Beginning in the fall of 1998, shore property owners who rely on shore wells for their water 
supplies began to express concern about low water levels in the wells. The problem areas 
were on Lake Superior, eastern Lake Ontario and the Thousand Islands area of the St. 
Lawrence River. 

5.2 Commercial Navigation 

The opening of the 1998 Seaway navigation season took place as scheduled on March 26. 
This year, the Seaway entities in Canada and the United States decided to open the navigation 
season several days earlier than usual to take advantage of the lack of ice in the Great Lakes - 

St. Lawrence system. But since the flow and water velocities in the St. Lawrence River at the 
time of the opening were very high, the Seaway entities imposed a number of restrictions on 
traffic and cargo. Normal navigation began on March 29, when the Lake Ontario outflow was 
reduced to cope with downstream flooding conditions.

11



Navigation also encountered delays on Lake Superior due to low levels late in 1998. Strong 
winds at times caused levels at several locations on the lake (Thunder Bay, and eastern Lake 
Superior, for example) to fall below chart datum elevation. Ships carrying full loads also 
encountered delays in the Welland Canal, Lake Ontario and just above Montreal in the St. 
Lawrence River, due to low water levels. 

The most serious problem with low water levels occurred at the Port of Montreal in the last 
three months of 1998. It was reported that due to low water levels, some vessels were 
diverted to other ports, and some were not able to take on full load. But by December 31. the 
low water level problem has diminished, as the backwater effect of the downstream ice covers 
raised the harbour level considerably. 

The 1998 Seaway navigation between Lake Ontario and Montreal closed on December 27 
when the last downbound vessel cleared the St. Lambert Lock. Navigation at the Port of 
Montreal continues year-round. 

5.3 Recreational Boating 

Recreational boaters generally benefited by higher than average water levels on the Great 
Lakes and the St. Lawrence River in 1998. The area of exception was Lake St. Lawrence and 
the upper St. Lawrence River. The summer and early fall levels of Lake St. Lawrence were 
very low, and similar to those one year earlier. There were numerous complaints from boaters 
in this area during the boating season. The low levels prompted the International St. Lawrence 
River Board of Control to direct some limited flow reductions at the Moses-Saunders dam to 
prevent further lowering of Lake St. Lawrence's levels. 

5.4 Hydropower Generation 

Hydropower facilities in the St. Marys River continued to use the full amounts of water 
"Specified by the’regulation plan for power generation. Due to the below average~flows in the 

St. Marys River, power generation in 1998 in the St. Marys River was below average and well 
below plant capacities. High flows in the Niagara River resulted in above average hydropower 
generation at Niagara Falls. Except for the last two months in 1998. hydropower installations 
at Cornwall—Massena and the Beauharnois-Cedars complex had above average Lake Ontario 
outflows for hydropower purposes. 

In January, there were large spills at the Long Sault Dam as a result of damage to Ontario 
Hydro’s and Hydro Quebec’s electric transmission grid caused by the ice storm. Without an 
electric load, flows through the turbines at the Moses-Saunders dam. and at the Beauharnois- 
Cedars complex had to be reduced drastically. 

Spills also occurred in the second half of March at the Long Sault Dam due to repairs on some 
of the units at the Moses—Saunders hydropower dam.

12
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6.0 FORECAST OF FUTURE WATER LEVEL CONDITIONS 
Water levels of the Great Lakes fluctuate according to weather conditions. Since it is not yet 
possible to accurately forecast weather conditions several months in advance, forecasts are 
made assuming average, wet and dry weather conditions for the next six months. 

Assuming average water supplies, the levels of Lakes Michigan, Huron, St. Clair and Erie are 
forecast to remain close to seasonal average for the next six months. Lakes Superior and 
Ontario levels are expected to remain below average in early 1999. Should warm and dry 
conditions again prevail, the water levels of Lakes Michigan, Huron. St. Clair and Erie can be 
expected to continue to fall from near average conditions at the beginning of the year to below 
average similar to the current level conditions of Lakes Superior and Ontario. On the other 
hand if above average water supplies are received, a slow recovery to moderately above 
average levels may be expécted. 

The amounts of precipitation received regionally over the winter, and the spring freshet will 
provide an early indication of level conditions to be expected in the Great Lakes later in 1999. 

7.0 SUMMARY AND CONCLUSIONS 
Well above average air temperatures, high evaporation, limited rainfall and low runoff in the 
summer and fall brought Great Lakes water levels from well above average in the spring to 
near or below average by. year end. The water supply to Lake Superior for 1998 was the 
lowest on record since 1900. The April-December water supply for Lakes Michigan-Huron 
set a new record low for this nine—month period. In 1998, the water levels on all the Great 
Lakes reached their annual peak earlier than usual. 

Lake Superior’s water level was near average the first four months of the year. However, 
below average snowfall during the winter of 1997—98, and well below average water supplies 
that followed caused the water level to fall to below average the rest of the year. During the 
last four months of the year, the levels were the lowest recorded for those months since 1926. 
Lake Superior outflows during the year were below average and in the last several months of 
1998 were at the minimum allowable by the regulation plan. 

Water level fluctuations on the middle unregulated lakes in 1998 demonstrated how weather 
can drastically alter levels in a short time. Lakes Michigan-Huron and Lake Erie were about 
50 cm and 70 cm respectively higher than average in early spring, but declined rapidly to near 
average by November. 

In April, a combination of strong easterly winds and high Lake Erie level led to extensive 
shore damage at the western end of Lake Erie, particularly in Mersea Township. There were 
also some flood damage in the Montreal region during the Ottawa River freshet. Except for 
these events, the declining lake levels and absence of storms kept shoreline flood and erosion 
damage on the Great Lakes low this year.

13



The January ice storm on the Lake Ontario - St. Lawrence River area brought record high water 
supply to Lake Ontario for the month. of January, and raised the level of Lake Ontario sharply. 
Another rapid rise in level occurred in April due to the rapid snow melt. Reduced local water 
supplies then caused Lake Ontario’s level to drop extremely quickly throughout the summer and 
fall to below average by late September. Continuing dry conditions and reducing inflows from 
Lake Erie produced below average Lake Ontario levels through to the end of December. 
Although not record setting, these extremes in Lake Ontario water levels generated concerns at 
both ends of the spectrum. 

As Lake Ontario’s level rose sharply in the early part of the year, the outflows were 
maximized to reduce the risk of serious shoreline flood and erosion damage on the lake. 
Short-term but drastic reductions in the outflow were necessary to cope with the January ice 
storm, and the early freshet to reduce downstream flooding in the Montreal region. With Lake 
Ontario level dropping to below average towards the end of the year, concerns surfaced about 
low water levels in the shore wells in the eastern Lake Ontario and Thousand Islands area of 
the St. Lawrence River. 

The low water level conditions at the Port of Montreal in the last two months of 1998 
necessitated increases in the Lake Ontario outflows to ensure levels at the Port sufficient for 
navigation. Ships that were fully loaded encountered delays due to low water levels on Lake 
Superior, Lake Ontario, the Welland Canal and parts of the Seaway system above Montreal. 

The warmest air temperatures on record during the year across the Great Lakes-St. Lawrence 
watershed resulted in well above average Great Lakes water temperatures during and at the end 
of the year. No significant amount of ice had accumulated in lakes as of the end of December. 
However, the extreme cold air that entered the Great Lakes basin during the last several days 
of the year was expected to accelerate ice formation on the Great Lakes and the St. Lawrence 
River in early January 1999. 

Given the water level conditions on the Great Lakes at the end of 1998, the risk of serious 
shoreline flood and erosion damage in 1999 should remain low unless the winter of 1999 
brings'record amounts of snow to the'Great‘Lakes basin. On the other handgshoulddry 
conditions continue to prevail, low water levels and low water supply conditions in 1999 could 
cause considerable concern to many interests in the Great Lakes-St. Lawrence River basin 
system. 

14
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Table 1 Comparison of 1998 Great Lakes Basin Precipitation 
and Long—Term Average (millimetres) 

Superior Basin Previous Maxima and Minima 
Percentage Average (Year of Occurrence) 

1998 of average 1900—1996 Maximum Minimum 
Jan 45 90 50 91 (1935) 22 (1961) 
Feb 23 63 37 84 (1939) 11 (1993) 
Mar 63 145 44 102 (1979) 10 (1910) 
Apr 27 55 50 106 (1960) 17 (1949) 
May 43 62 69 

. 
129 (1970) 21 (1948) 

Jun 90 109 83 151 (1943) 23 (1910) l 64 77 84 142 (1952) 28 (1936) 
Aug 69 84 82 186 (1988) 26 (1930) 
Sep 88 99 90 164 (1941) 33 (1967) 
Oct 94 136 70 140 (1995) 16 (1947) 
Nov 85 133 . 64 120 (1985) 11 (1939) 
Dec 51 98 52 90 (1984) 9 (1913) 
Sum 740 96 770 

Michigan—Huron Basin ‘ Previous Maxima and Minima 
Percentage Average (Year of Occurrence) 

1998 of averaqe 1900—1996 Maximum Minimum 
Jan 87 165 53 92 (1950) 20 (1956) 
Feb 30 7O 43 86 (1908) 14 (1969) 
Mar 117R 215 54 116 (1976) 15 (1958) 
Apr 50 75 66 126 (1929) 26 (1946) 
May 56 75 76 142 (1983) 31 (1925) 
Jun 85 107 79 144 (1969) 29 (1988) l 41 53 76 132 (1952) 30 (1936) 
Aug 67 86 78 136 (1972) 24 (1927) 
Sep 87 99 88 213 (1986) 30 (1979) 
Oct 68 95 72 147 (1954) ' 14 (1924) 
Nov 72 ' 102 70 128 (1985) 19 (1904) 
Dec 44 75 59 106 (1971) 14 (1913) 
Sum 800 99 810 

Erie Basin Previous Maxima and Minima 
Percentage Average (Year of Occurrence) 

1998 of average 1900—1996 Maximum Minimum 
Jan 102 165 62 160 (1950) 14 (1961) 
Feb 58 111 52 117 (1990) 10 (1987) 
Mar 99 142 70 171 (1913) 11 (1910) 
Apr 107 134 80 152 (1961) 24 (1946) 
May 58 70 83 176 (1943) 17 (1934) 
Jun 63 72 87 168 (1937) 19 (1988) l 90 107 84 190 (1992) 29 (1930) 
Aug 86 106 80 180 (1975) 33 (1969) 
Sep 46 57 80 176 (1926) 19 (1908) 
Oct 52 75 70 196 (1954) 11 (1924) 
Nov 43 6O 72 192 (1985) 10 (1904) 
Dec 43 65 ' 66 160 (1990) 21 (1943) 
Sum 850 95 890
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Table 1 

Ontario Basin 

Jan 
Feb 
Mar 
Apr 
May 
Junl Aug 
Sep 
Oct 
Nov 
Dec 
Sum 

Percentage Average (Year of Occurrence) 
1998 of average 1900—1996 Maximum Minimum 
127 186 68 137 (1978) 28 (1981) 
55 92 60 112 (1971) 23 (1969) 
86 129 67 143 (1936) 18 (1915) 
49 67 74 127 (1929) 29 (1915) 
64 82 78 145 (1943) 16 (1920) 
114 146 78 159 (1972) 30 (1912) 
84 106 79 160 (1992) 32 (1933) 
95 119 79 142 (1977) 32 (1907) 
62 75 82 159 (1945) 24 (1964) 
48 62 78 212 (1955) 13 (1963) 
50 63 80 168 (1927) 15 (1904) 
45 61 74 140 (1990) 27 (1943) 

880 98 900 

Great Lakes Basin Previous Maxima and Minima 
Percentage Average (Year of Occurrence) 

1998 of average 1900—1996 Maximum Minimum 
82 150 55 100 (1950) 22 (1961) 
35 78 45 80 (1908) 17 (1969) 
96 176 55 111 (1976) 15 (1910) 
51 80 64 106 (1929) 29 (1915) 
54 72 75 116 (1983) 33 (1934) 
87 107 81 121 (1968) 36 (1910) 
59 74 80 124 (1992) 32 (1936) 
74 92 80 128 (1977) 29 (1930) 
79 91 87 166 (1986) 39 (1948) 
70 99 72 127 (1954) 21 (1924) 
69 99 70 137 (1985) 18 (1904) 
46 77 60 92 (1983) 17 (1913) 

800 98 820 

Source: Preliminary data provided by NOAA, Corps of Engineers 
compiled from stations in the U.S. 

(continued) 

Previous Maxima and Minima 
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Table 2 Great Lakes Monthly Mean Water Levels in 1997 and 1998 
and Their Comparison with Previous Records (Metres, IGLD—l985) 

Lake Superior Previous Recorded Maxima & Minima 
Average (Year of Occurrence) 

1998 1997 1918—1996 Maximum Minimum 
Jan 183.40 183.59 183.35 183.70 (1986) 182.83 (1926) 
Feb 183.33 183.54 183.29 183.63 (1986) 182.76 (1926) 
Mar 183.29 183.51 183.26 183.61 (1986) 182.74 (1926) 
Apr 183.35 183.55 183.28 183.68 (1986) 182.72 (1926) 
May 183.34 183.64 183.39 ‘183.74 (1986) 182.76 (1926) 
Jun 183.39 183.65 183.47 183.76 (1986) 182.85 (1926) 
Jul 183.41 183.72 183.54 183.82 (1950) 182.96 (1926) 
Aug 183.38 183.68 183.57 183.86 (1952) 183.02 (1926) 
Sep 183.33 183.64 183.57 183.86 (1985) 183.12 (1926) 
Oct 183.26 183.61 183.54 183.91 (1985) 183.10 (1925) 
Nov 183.21 183.56 , 183.50 183.89 (1985) 183.01 (1925) 
Dec 183.19 183.48 183.44 183.81 (1985) 182.92 (1925) 

Lakes Michigan—Huron Previous Recorded Maxima & Minima 
Average (Year of Occurrence) 

1998 1997 1918-1996 Maximum Minimum H 
(Year of Occurrence) 

Jan 176.74 176.79 176.35 177.18 (1987) 175.60 (1965) 
Feb 176.71 176.82 176.33 177.11 (1986) 175.59 (1964) 
Mar 176.74 176.89 176.35 177.12 (1986) 175.58 (1964) 
Apr 176.89 176.95 176.44 177.23 (1986) 175.61 (1964) 
May 176.91 177.07 176.53 177.28 (1986) 175.74 (1964) 
Jun 176.90 177.13 176.60 177.33 (1986) 175.76 (1964) 
Jul 176.88 177.19 176.63 177.39 (1986) 175.78 (1964) 
Aug 176.79 177.16 176.61 177.39 (1986) 175.77 (1964) 
Sep 176.68 177.12 176.56 177.38 (1986) 175.76 (1964) 
Oct 176.55 177.02 176.50 177.50 (1986) 175.70 (1964) 
Nov 176.44 176.89 176.44 177.38 (1986) 175.65 (1964) 
Dec 176.36 176.78 176.39 177.26 (1986) 175.62 (1964) 

Lake St. Clair Previous Recorded Maxima & Minima 
Average (Year of Occurrence) 

. 1998 1997 1918—1996 Maximum Minimum 
Jan 175.45 175.52 174.83 175.80 (1986) 173.88 (1936) 
Feb 175.47 175.51 174.77 175.80 (1986) 173.89 (1926) 
Mar 175.52 175.62 174.90 175.80 (1986) 174.05 (1934) 
Apr 175.61 175.62 175.04 175.82 (1986) 174.32 (1926) 
May 175.63 175.68 175.13 175.83 (1986) 174.42 (1934) 
Jun 175.58 175.81 175.17 175.92 (1986) 174.45 (1934) 
Jul 175.56 175.83 175.19 175.93 (1986) 174.50 (1934) 
Aug 175.48 175.76 175.16 175.90 (1986) 174.41 (1934) 
Sep 175.35 175.68 175.09 175.84 (1986) 174.34 (1934) 
Oct 175.19 175.55 175.01 175.96 (1986) 174.27 (1934) 
Nov 175.00 175.41 174.92 175.82 (1986) 174.18 (1934) 
Dec 174.93 175.36 174.92 175.80 (1986) 174.24 (1964)
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Table 2 (Continued) 

Lake Erie 
Average 

1998 1997 1918—1996 Maximum 
Jan 174.61 174.49 173.98 174.86 (1987) 
Feb 174.66 174.54 173.97 174.78 (1987) 
Mar 174.74 174.79 174.05 174.88 (1986) 
Apr 174.85 174.83 174.21 174.98 (1985) 
May 174.87 174.84 174.29 174.97 (1986) 
Jun 174.77 175.02 174.32 175.04 (1986) 
Jul 174.71 174.97 174.31 175.03 (1986) 
Aug 174.60 174.84 174.25 174.94 (1986) 
Sep 174.46 174.75 174.16 174.83 (1986) 
Oct 174.29 174.62 174.06 174.94 (1986) 
Nov 174.12 174.50 173.99 174.85 (1986) 
Dec 174.04 174.49 173.99 174.90 (1986) 

Lake Ontario Previous Recorded Maxima 
Average 

1998 1997 1918—1996 Maximum 
Jan 74.82 74.81 74.55 75.16 (1946) 
Feb 75.06 74.90 74.58 75.27 (1952) 
Mar 75.15 75.01 74.66 75.37 (1952) 
Apr 75.42 75.17 74.87 75.65 (1973) 
May 75.35 75.33 75.00 75.73 (1973) 
Jun 75.18 75.30 75.04 75.76 (1952) 
Jul 75.14 75.19 74.98 75.66‘(1947) 
Aug 74.93 75 01 74.87 75.58 (1947) 
Sep 74.73 74.87 74.74 75.41 (1947) 
Oct 74.51 74.74 74.62 75.22 (1945) 
Nov 74.34 74.63 74.54 75.18 (1945) 
Dec 74.29 74.59 74.53 75.20 (1945) 

Lake St. Lawrence 
Average 

1998 1997 1960-1996 Maximum 
Jan 73.21 73.05 72.84 73.62 (1967) 
Feb 73.04 71.85 72.39 73.32 (1983) 
Mar 72.80 72.29 72.75 73.42 (1966) 
Apr 73.57 73.35 73.53 73.94 (1962) 
May 73.08 73.66 73.65 74.00 (1973) 
Jun 73.08 73.12 73.60 73.96 (1966) 
Jul 73.10 73.04 73.52 73.92 (1967) 
Aug 72.81 72.90 73.36 73.90 (1967) 
Sep 72.77 72.77. 73.20 73 90 (1967) 
Oct 72.78 72.62 73.10 73.78 (1962) 
Nov 72.99 72.64 73.02 73.72 (1972) 
Dec 73.11 72.62 73.07 73.66 (1966) 
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Previous Recorded Maxima & Minima 
(Year of Occurrence) 

(Year of Occurrence) 

173 
173 
173 
173 
173. 
173 
173 
173 
173 
173 
173 
173 

73 
73 
73. 
74 
74 
74 
74 
74 
73 
73 
73. 
73 

Minimum 
.21 (1935) 
.18 (1936) 
.20 (1934) 
.38 (1934) 
44 (1934) 
.45 (1934) 
.45 (1934) 
.43 (1934) 
.38 (1934) 
.30 (1934) 
.20 (1934) 
.19 (1934) 

& Minima 

Minimum 
.81 (1935) 
.78 (1936) 
94 (1935) 
.03 (1935) 
.11 (1935) 
.19 (1935) 
.14 (1934) 
.00 (1934) 
.91 (1934) 
.82 (1934) 
75 (1934) 
.74 (1934) 

Previous Recorded Maxima & Minima 
(Year of Occurrence) 

71. 
71. 
71 
73 
73 
72 
72 
72 
72 
72 
72 
72 

Minimum 
78 (1977) 
38 (1978) 
.58 (1993) 
.16 (1972) 
.02 (1987) 
.98 (1987) 
.84 (1987) 
.78 (1987) 
.74 (1985) 
.62 (1973) 
.64 (1985) 
.54 (1981) 
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Table 2 

Lake St. Louis 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
OCt 
Nov 
Dec

~ 
(Continued) 

Previous Recorded Maxima & Minima 
(Year of Occurrence) 

20. 
20 
20 
2O 
20. 
20. 
20. 
20. 
20 
20. 
20 
20 

Minimum 
39 (1934) 
.33 (1936) 
.35 (1965) 
.54 (1965) 
51 (1964) 
39 (1965) 
44 (1965) 
19 (1934) 
.12 (1934) 
11 (1934) 
.07 (1934) 
.32 (1935) 

Previous Recorded Maxima & Minima 
(Year of Occurrence) 

Average 
1998 1997 1915-1996 MaximUm 

21.39 21.52 21.19 21.61 (1952) 
21.50 21.72 21.17 21.97 (1978) 
22.03 21.94 21.17 22.12 (1973) 
22.18 22.20 21.59 22.45 (1951) 
21.81 22.24 21.58 22.55 (1974) 
21.61 21.86 21.32 22.46 (1947) 
21.64 21.69 21.16 22.01 (1973) 
21.41 21.48 21.02 21.81 (1972) 
21.28 21.41 20.95 21.74 (1986) 
21.08 21.39 20.94 21.81 (1986) 
20.80 21.40 20.98 21.86 (1986) 
20.76 21.34 21.07 21.80 (1986) 

Montreal Harbour 
Average 

1998 1997 1967—1996 Maximum 
6.78 6.87 6.92 8.96 (1968) 
6.87 7.42 7.11 9.04 (1967) 
7.56 7.57 7.10 8.36 (1973) 
8.21 8.02 7.58 8.82 (1976) 
7.05 8.16 7.38 8.93 (1974) 
6.75 7.14 6.82 8.12 (1974) 
6.84 6.87 6.57 7.49 (1973) 
6.40 6.55 6.47 7.27 (1972) 
6.21 6.45 6.39 7.08 (1986) 
5.94 6.40 6.46 7.16 (1986) 
5.55R 6.49 6.61 7.31 (1967) 
5.60R 6.37 6.67 7.24 (1972) 
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Minimum 
.18 (1992) 
.34 (1989) 
.13 (1989) 
.23 (1995) 
.13 (1995) 
.93 (1988) 
.66 (1988) 
.84 (1995) 
.64 (1995) 
.82 (1991) 
.64 (1991) 
.87 (1978)



Table 3 Outflows from the Great Lakes in 1997 and 1998 
(cubic metres per second)

~ 

Lake Superior Previous Recorded Maxima & Minima 
Average (Year of Occurrence) 

1998 1997 1900-1996 Maximum Minimum 
Jan 1820 2260 1950 2630 (1971) 1250 (1922) 
Feb 1800 2290 1910 2610 (1969) 1270 (1922) 
Mar 1970 2300 1880 2690 (1969) 1290 (1982) 
Apr 1940 2410 1950 2940 (1951) 1300 (1922) 
May 2030 2960 2120 3450 (1951) 1250 (1931) 
Jun 1800 3190 2200 3480 (1951) 1220 (1922) 
Jul 1800 3260 2280 3570 (1938) 1270 (1922) 
Aug 1590 2780 2370 3600 (1950) 1270 (1926) 
Sep 1550 2050 2360 3570 (1950) 1160 (1955) 
Oct 1560 1910 2310 3510 (1968) 1250 (1926) 
Nov 1560 1800 2270 3740 (1985) .1250 (1981) 
Dec 1560 1800 2070 3170 (1950) 1310 (1981) 
Annual 1750 2420 2140 

Lakes Michigan-Huron Previous Recorded Maxima & Minima 
Average (Year of Occurrence) 

1998 1997 1900—1996 Maximum Minimum 
Jan 5480 5180 4500 6060 (1987) 3060 (1934) 
Feb 5450 5430 4390 5720 (1974) 3000 (1942) 

_ Mar 5490 5640 4830 5830 (1986) 3510 (1931) 
Apr 5660 5840 5140 6260 (1986) 3600 (1901) 
May 5660 6020 5370 6370 (1986) 4390 (1964) 
Jun 5680 6010 5460 6430 (1985) 4420 (1964) l 5700 6150 5530 6570 (1974) 4500 (1964) 
Aug 5560 6240 5530 6630 (1986) 4530 (1964) 
Sep 5600 6210 5480 6600 (1986) 4470 (1933) 
Oct 5440 ' 6100 5430 6740 (1986) 4420 (1933) 
Nov 5280 5910"‘538O ” 6650 (1986) 4390 (1934) 
Dec 5310 5780 5190 6230 (1986) 3990 (1935) 
Annual 5530 5880 5180
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Table 3 (Continued) 

Lake Erie Previous Recorded Maxima & Minima 
Average (Year of Occurrence) 

1998 1997 1900—1996 Maximum Minimum 
Jan 7130 7050 5610 7420 (1987) 4050 (1936) 
Feb 6940 6730 5500 7050 (1987) 3340 (1936) 
Mar 7280 7310 5650 7480 (1986) 4110 (1934) 
Apr 7390 7490 5930 7700 (1974) 4390 (1935) 
May 7270 7650 6220 7760 (1974) 4590 (1934) 
Jun 7130 7580 6240 7820 (1986) 4560 (1934) l 7060 7570 6140 7670 (1986) 4450 (1934) 
Aug 6730 7290 6030 7420 (1986) 4470 (1934) 
Sep 6520 7140 5920 7140 (1986) 4450 (1934) 
Oct 6190 6930 5820 7450 (1986) 4420 (1934) 
NOV 6010 6850 5820 7280 (1986) 4280 (1934) 
Dec 5900 6930 5810 7620 (1985) 4330 (1934) 
Annual 6800 7200 5890 

Lake Ontario Previous Recorded Maxima & Minima 
Average (Year of Occurrence) 

1998 1997 1900—1996 Maximum Minimum 
Jan 6830 ' 7250 6290 8470 (1987) 4700 (1935) 
Feb 8150 8310R 6370 8160 (1986) 4360 (1936) 
Mar 9490R 9130R 6670 8890 (1991) 5010 (1935) “‘"Apr 8140 8650 7090 9200 (1973) 5070 (1964) 
May 9640 8530 7340 10100 (1993) 4980 (1965) 
Jun 8870 9400 7440 10010 (1993) 5350 (1965) l 8750 9020 7380 9910 (1976) 5520 (1934) 
Aug 8380 8580 7220 9340 (1974) 5300 (1934) 
Sep 8050 8400 7040 9230 (1986) 5100 (1934) 
Oct 7420 8330 6860 9170 (1986) 4960 (1934) 
Nov 6690 8010 6750 9570 (1986) 4810 (1934) 
Dec 6340 8070 6630 9260 (1986) 4810 (1934) 
Annual 8060 8470 6920 

Source: Environment Canada, Ontario Region 
December and Annual figures for 1998 are preliminary
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