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The St. Lawrence River is an important trade corridor with significant vessel
traffic and hundreds of infrastructure assets, such as ports, docks, dams,
hydroelectric facilities and locks. The safe and effective operation of existing
seaway assets, and the design of new infrastructure, depend on many
environmental factors. The expected effects of climate change must be considered
when planning future operations and construction. One concern for seaway
operations is ice. An ice cover forms seasonally along most of the marine corridor
from the Great Lakes to the Gulf of St. Lawrence. To evaluate the historical ice
conditions along the upper St. Lawrence River, data are examined for the section
from the Iroquois Dam to Montreal, Quebec. Maximum annual shorefast ice
thickness is determined from on-ice measurements, and compared to freezing
degree day calculations based on air temperatures from weather stations and
climate model hindcasts. Plausible future ice thicknesses are assessed from
estimated freezing degree days using climate-modelled future air temperatures as
input. Maximum annual ice thickness has declined over the past 70 years, and is
expected to continue to decline in a warming climate.


mailto:1Denise.Sudom@nrc-cnrc.gc.ca
mailto:2Paul.Barrette@nrc-cnrc.gc.ca

1. Introduction

The St. Lawrence River is a marine corridor with significant vessel traffic and hundreds of
infrastructure assets including ports, docks, dams, hydroelectric facilities and locks. The safe and
effective operation of these assets, and the design of new infrastructure, depends on many
environmental factors — one of which is ice.

The expected effects of climate change must be considered when planning future operations and
construction in the seaway. The historical climate appears to be less and less representative of what
awaits us in the future. Over the past 70 years, the average temperature has increased in all regions
of Canada, and further warming is predicted in all seasons (Bush and Lemmen, 2019). Climate
change is projected to increase the intensity of some extreme weather events and alter climate-
driven variables such as air temperature, water levels and wave conditions. Seasonal duration of
ice presence and maximum annual thickness, meanwhile, are generally expected to decline in a
warming climate. Changes in expected ice conditions in the future could negatively affect the
operations of some infrastructure systems that depend on a stable ice cover.

The region of interest for this study is the section of the St. Lawrence from Prescott, Ontario to
Montreal, Quebec, at the confluence of the Ottawa River. This represents a distance of
approximately 175 km. Most of the St. Lawrence River freezes each year. River ice can cause
issues (e.g., ice jam-induced flooding, frazil ice clogging of water intakes of power generation
stations and potable water plants). One way to mitigate these issues is to actually promote the
formation of a stable ice cover. This is done on the St. Lawrence River by judicious releases of
water at the Moses-Saunders Dam from Lake St. Lawrence, a reservoir to the dam.

The present study focuses on the thickness of the shorefast ice (also called border ice) which forms
along the shore and is “fastened” to it. This is not the ice type that generally causes engineering
challenges on a river — but it is the ice for which good historical measurements have been made.
Ice conditions in the river channel are more dynamic, and the historical trends are more difficult
to assess. Shorefast ice thickness can thus be seen as an indicator of the potential for ice formation
over the river channel and a proxy for assessing climate change effects on the ice of the upper
St. Lawrence River as a whole.

2. Objectives and methodology

This paper is part of a larger study on plausible scenarios of future ice conditions on the upper
St. Lawrence River. Of most interest are the potential changes to ice conditions in Lake
St. Lawrence, upstream of Moses-Saunders Power Dam, and in the Beauharnois Canal, upstream
of Beauharnois Dam (Figure 1 and Figure 2). The objective of this paper is to generate information
on shorefast ice thicknesses near those locations from the 1950s into the future (up to the year
2100).

The methodology is as follows:
- To examine the available historical measurements of ice thickness along the St. Lawrence
River within some reasonable distance (i.e., 50 km) of the sites of interest.



- To calculate expected maximum ice thicknesses for the historical period with a relatively
simple freezing degree day (FDD) method, using air temperatures measured at weather
stations in Cornwall, Ontario, and Montreal, Quebec.

- To estimate, with the FDD method, the maximum annual ice thickness expected in the
future, using air temperatures predicted by a climate model.

3. The upper St. Lawrence River

The St. Lawrence River flows from Lake Ontario to the Gulf of St. Lawrence. The section between
Prescott and Montreal varies in width from less than one to about six kilometers. The area of
interest is shown in Figure 1 (from Prescott to Lake Saint Francis) and Figure 2 (from the
downstream end of Lake Saint Francis to ile St-Ours, 50 km downstream of Montreal). In places,
the river is divided into two or more sub-channels making their way around islands of various
sizes, the largest being the Grande ile just upstream of Montreal, which is about 20 km in length
and 8 km in width. The major tributary is the Ottawa River. There are also several minor
tributaries, namely the Raquette, Saint-Régis, and Grass Rivers on the south shore, with discharge
averaging 750 cubic meters per second (cms) in the spring (Morin & Leclerc, 1998). Some parts
of the river have been dredged to allow passage of ships with deeper drafts, and several canals
have been built, such as the Beauharnois Canal whose location is shown in Figure 2. The difference
in water level between Kingston (at the mouth of Lake Ontario) and Cornwall is 26 m, and between
Kingston and Montreal, it is 54 m. The average discharge through the river on a year-to-year basis
1s about 7000 cms.
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Figure 1. Sites of interest on the St. Lawrence River near Cornwall, Ontario. The river flows
from the southwest to the northeast. The Moses-Saunders power dam straddles the Canada-USA
border between the municipalities of Massena, NY, and Cornwall, Ontario. Lake Saint Lawrence

comprises the portion of the river between the Iroquois and Moses-Saunders dams. The river

portion downstream of Cornwall is referred to as Lake Saint Francis. The letter-number labels

(D1, D2, etc.) refer to locations where ice thickness measurements have been collected (see

Section 4).
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Figure 2. Montreal area sites of interest. The Beauharnois Canal is a shipping corridor that
connects Lake Saint Francis (upstream, to the southwest) with Lake Saint-Louis, bypassing a
series of rapids on the St. Lawrence River. The Ottawa River feeds into the St. Lawrence west of
Montreal. The letter-number labels (A1, A2, etc.) refer to locations where ice thickness
measurements have been collected (see Section 4).

3.1 Ice conditions

An examination of satellite imagery and airborne and ground-based photography showed that ice
formation is consistent with well-documented processes (Ashton, 1986; Prowse, 1995;
Lindenschmidt, 2020). Freeze-up begins along the shorelines — in places, it may be initiated in
small bays where the currents are small or negligible; it then extends outward. This may be seen
in the photograph in Figure 3 — ice has formed near the shore in a small bay, as well as in the canal
adjacent to the river. While open water remains in the center of the river, pans of either skim ice
or frazil ice (depending on the amount of turbulence upstream) drift downstream, increasing in
thickness and, in places, adhering to the already-formed shorefast ice (Figure 4).



St. Lawrence River

Figure 3. View (toward the North) of Honoré Mercier Bridge crossing the St. Lawrence River
and South Shore Canal, upstream of Montreal, 18 March 2019. At this point, the canal is
approximately 100 m wide, and the river is 1 km wide. Note the difference in ice regimes: ice
fully covers the canal, while the river channel is mainly open water with fast ice at one shore.
Photo from the St. Lawrence Seaway Management Corporation (2023), with annotations by the
authors.
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Figure 4. View of Lake St. Louis toward the west (March 2, 2021), showing a combination of
drifting ice and ice pans that have adhered to the shorefast ice, which is typical of cover dynamics
along the upper St. Lawrence River. The width of the narrow central channel is about 1 km.

3.2 Management of the St. Lawrence River in the winter

Lake Ontario and the St. Lawrence River into which it outflows are an important socio-economic
system, catering to six different interests: municipal and industrial water facilities, commercial
navigation, hydropower production, lake and river shoreline properties, lake and river ecosystems,
and recreational boating and tourism (International Joint Commission, 2014). Water levels across
that system are managed by the International Joint Commission (IJC) and their International Lake
Ontario-St. Lawrence River Board, via several dam structures — the main ones are the Iroquois
Dam, Moses-Saunders hydroelectric station and the Beauharnois hydroelectric station (Figure 1
and Figure 2). The water discharge in the upper St. Lawrence River is regulated mainly by the
Moses-Saunders dam. Lake St. Lawrence upstream of it is the forebay of that structure. At the
upstream end of Lake St. Lawrence, there is the Iroquois Dam, which is segmented into 32
independent gates that are used to control the flow. Further downstream are the Beauharnois and
Coteau-Les Cédres dams, which are run-of-the-river structures — the releases at these facilities are
typically made to match those of Moses-Saunders Dam (GLAM, 2021).

Water discharge at Moses-Saunders Dam is managed in such a way as to promote the formation
of a stable ice cover, i.e., one that will resist breakage, for instance, due to later adjustments in
water levels. Freeze-up between Prescott and the Beauharnois Dam usually begins in the
Beauharnois Canal. The ice cover front then proceeds upstream toward the Moses-Saunders Dam
(Figure 5). At that point, the discharge is reduced at Moses-Saunders so as to increase the water
level in its forebay and allow the ice front of that cover to move upstream to Iroquois Dam. Finally,
the gates at the latter dam can be lowered to assist in the formation of an ice cover upstream of that
structure.
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Figure 5. Dam structures on the upper St. Lawrence River. Image courtesy of the Great Lakes-
St. Lawrence River Adaptive Management (GLAM) Committee.

4. On-ice thickness measurements

Historical annual maximum ice thickness is assessed from on-ice measurements conducted by
Environment and Climate Change Canada (ECCC) for their Ice Thickness Program Collection.
Since the aim was to compare measured ice thickness with that estimated by a freezing degree day
method, for which air temperature data is needed, sites close to the Cornwall and Montreal weather
stations were chosen. The on-ice measurement locations used in this study are shown in the
following sections.

ECCC’s ice thickness program provides historical data for 195 sites across Canada, including
locations on lakes, rivers and oceans (near the coast). Measurements are taken at approximately
the same location every year on a weekly basis, starting after freeze-up when the ice is safe to walk
on, and continuing until break-up or when the ice becomes unsafe (Environment and Climate
Change Canada, 2023). In this way, one can be relatively certain that the peak annual ice thickness
has been captured. The measurement locations are all on shorefast ice, over a depth of water which
will exceed the maximum annual ice thickness. Using either an auger kit or a hot wire gauge, ice
thickness is measured to the nearest centimetre. Snow depth on top of the ice is also measured but
is not used in the present study.

ECCC'’s “original” ice thickness program ended in 2002. These historical data were downloaded
from the ECCC Data Mart (Environment and Climate Change Canada, 2023). After 2002, ice
thickness data only for select Arctic sites continued to be collected and made available online. The
measurements at most of the St. Lawrence sites ceased after the year 2000, but ECCC continued
to collect data at several sites downstream of Montreal. These data are not available online; they
were obtained directly from ECCC (E. Thibault, personal communication, 2020).

4.1 Cornwall area

The maximum annual thickness measured by ECCC for sites within 50 km of Cornwall (i.e.,
Moses-Saunders dam) is shown in Figure 6. The locations of these sites are shown in Figure 1.
The sites on Lake Saint Francis, downstream of Cornwall, are denoted by the prefix “D”. The sites
on Lake St. Lawrence, upstream of Cornwall, are denoted by the prefixes E, F, or G. Stations D5
and D8 had fewer than 10 years of measurements. Linear trendlines are shown for several locations
with more than 20 years of measurements. Maximum annual ice thickness is decreasing, with



slopes suggesting that ice is thinning at rates ranging from 0.5 to 1.5 cm per year. Further work is
required to assess the statistical significance of the downward trends in annual maximum ice
thickness.
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Figure 6. Maximum annual ice thickness measurements on the St. Lawrence River near Cornwall,
Ontario. Ice thicknesses were measured by ECCC at shorefast river ice sites within 50 km of
Cornwall, Ontario. Linear trendlines are shown for several locations with more than 20 years of
measurements.

4.2 Montreal area

The maximum annual ice thicknesses measured by ECCC for sites near Montreal are shown in
Figure 7. The locations of these sites are shown in Figure 1. Some sites are on canals and others
on the shorefast ice of the river. As shown in Figure 3, ice can start forming in a canal, where flow
is restricted, before forming in the adjacent river. Site C1 is in the Beauharnois Canal. Site BS is
just downstream of the Beauharnois Dam. The other “B” sites, as well as A9 and A10, are in Lake
Saint-Louis (B1 is not shown, as it only had 2 years of measurements). A7 and A8 are in the La
Prairie Basin. Sites A1, A2 and A3 are located on the South Shore Canal across the river from the
Montreal harbour. Site P2 is downstream, in the river. Further downstream from Montreal, near
fle St-Ours, is site P5. Sites P2 and P5 are the only locations included in this study for which
measurements are available beyond the year 2000. Linear trendlines are shown for several
locations with more than 30 years of measurements. Maximum annual ice thickness is decreasing,
with slopes suggesting that ice is thinning at rates ranging from 0.3 to 0.6 cm per year. Further



work needs to be done to assess statistical significance of the downward trends in annual maximum
ice thickness.
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Figure 7. Maximum annual ice thickness measurements on the St. Lawrence Seaway near
Cornwall, Ontario. Ice thicknesses measured by ECCC at shorefast river ice sites from
Beauharnois Canal (about 20 km upstream of Montreal) to Ile Saint-Ours (about 40 km

downstream of Montreal). Trendlines are shown for the four sites with the longest record of
measurements, i.e., greater than 30 years.

5. Freezing degree day approach to predicting ice thickness

The freezing degree day (FDD) method is a simple approach to estimating the maximum ice
thickness in a winter season. The equation takes the square root of the cumulative freezing degree
days and multiplies it by a site-specific constant. It allows for the comparison of ice thicknesses
obtained from past air temperatures (whether measured or hindcasted) with thicknesses calculated
from future air temperatures (projected from climate simulations). In terms of this analysis, the
greatest caveat of the FDD approach is that it is weighted toward historical climate factors,
including snow depth over the ice and water temperature (Sudom et al., 2022). Therefore, one must
use care in applying FDD methods to determine future ice scenarios in a changing climate.
Johnston (2023) showed that a thermodynamic model is the preferred approach to predicting
shorefast ice thickness, but the FDD method yielded reasonable results for the St. Lawrence River.



In addition, the FDD method cannot be used to predict the thickness of the drifting or accumulating
ice (shown in Figure 4).

Despite its limitations, the FDD approach is a common and useful way to estimate thicknesses of
shorefast ice and has been used in various forms for at least 130 years. As stated by USACE (2002),
going beyond this standard model would require extensive data collection. The first published
version may have been by Stefan (1889). Refinements were made by Michel (1971) and Ashton
(1980), to account for snow cover and other factors which inhibit ice growth. Frederking (2018)
expands on equations that include CFDDs for the prediction of ice thickness growth.

For the present work, we apply the CFDD equation from USACE (2002). Ice thickness, h (in cm),
is defined by
h = a |CFDD|%? [1]

where
CFDD is the cumulative freezing degree days (days with temperature above water’s
freezing point), in °C-days;
the empirical coefficient a is a positive number meant to account for less-than-ideal
conditions for ice growth (including snow on the ice, etc.).

CFDD is calculated by summing each daily mean air temperature that is less than the freezing
point of water, i.e., 0°C for fresh water and -1.8°C for seawater. For the purpose of this study, the
ice growth season is defined as September 1 to June 1. Any days for which the mean daily air
temperature is above the freezing point are ignored in the summation.

The empirically-derived coefficient a takes into account several site-specific parameters that will
inhibit ice growth, such as insulating snow cover, sheltered sites, or rapidly-moving water. The
value chosen should reflect local conditions so can be different from site to site, and even from
year to year. Michel (1971) determined a values for practical application in the sites described
below. The values, converted to metric by USACE (2002) for use in Eqn. 1, are as follows:

Windy lake with no snow: 2.7
Average lake with snow: 1.7-2.4
Average river with snow: 1.4-1.7
Sheltered small river: 0.7-1.4

In this study, for simplicity, a constant o value of 1.7 was used for all FDD calculations. This was
also the value used by Comfort and Abdelnour (2013) for Lake Saint Francis. The values could be
refined by comparing with ice and snow thickness measurements (where available) and attempting
to find a better fit for each site.

An example of a FDD calculation for ice thickness is given in Figure 8. The method estimates that
the maximum ice thickness of about 47 cm is reached in mid-March. This may be compared to
the on-ice measurements made by ECCC in nearby locations that winter. The air temperature data
used in this calculation were those measured at Montreal’s Trudeau Airport weather station.
Weather station data are discussed in the next section.
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Figure 8. Example of shorefast ice thickness calculated for the winter of 1999-2000 with the FDD
method, using measured air temperature from Montreal. On-ice thickness measurements at the
sites shown in Figure 7 are also included here.

5.1 Historical air temperate from weather stations

Historical daily mean air temperature data were obtained from Climatedata.ca (2023). For
Montreal, data were obtained from three stations located nearby at the Montreal Trudeau Airport
(ECCC stations 51157, 5415 and 30165). Daily data are available since 1941. For Cornwall, a
single station with the longest record of measurements (ECCC station 4255) was used; daily data
are available since 1950. The Cornwall and Montreal station locations are shown in Figure 1 and
Figure 2 respectively. The stations are each less than 5 km from the St. Lawrence River, so should
be relatively representative of the air temperatures near the shore of the river.

The daily mean air temperature for the Cornwall station is shown in Figure 9. Air temperature is
increasing since the year 1950.
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Figure 9. Mean daily air temperature measured at Cornwall weather station, 1950-2023. The
trend of increasing air temperature is indicated by the orange dashed trendline (fit to the data
with the least-squares method).

5.2 Historical reanalysis and future predictions of air temperature from climate modelling

To examine potential ice thickness in future periods using the FDD method, daily air temperature
data are needed for the Cornwall and Montreal locations. These were obtained from the study
described by Teufel et al. (2022), referred to in this paper as the “McGill modelling”. For this
study, high-resolution regional climate model simulations were implemented using ECCC’s
Global Environmental Multiscale (GEM) model for current and future climates. A high-resolution
simulation was run for the 1989-2010 period using the GEM model driven by ERAS reanalysis.
This simulation was compared to observations and found to capture important processes and
seasonality. This was followed by future climate simulations, spanning the 2041-2060 and 2081—
2100 periods for Representative Concentration Pathway (RCP) 4.5 and RCP 8.5 scenarios, driven
by Canadian Earth System Model (CanESM2) outputs. A grid-telescoping approach was used to
obtain simulations at 4 km horizontal resolution. The result was a high-resolution data set with
hourly climate variables for the periods of 1989-2010, 2041-2060 and 2081-2100.

The McGill climate model data set was the result of a collaboration between McGill and NRC,
and has been used in previous analyses for the St. Lawrence River from Montreal downstream to
the Gulf of St. Lawrence (Sudom et al., 2022, and Johnston, 2023). Teufel et al. (2022) include ice



as one parameter in their future climate modelling, but Johnston (2023) showed that the ice model
used in their simulation yielded inaccurate results for the Montreal area compared to measurement
data.

For the FDD approach used in this paper, the daily mean air temperature was extracted from the
McGill modelling data set. Two locations were analyzed: the grid cell containing the Cornwall
weather station, and the one containing the Montreal Trudeau Airport weather station (these
stations are discussed in Section 5.1). For grid cells that contain both river and land, McGill
produced temperature estimates over each ground type. For the future period from 2040-2060,
Figure 10 shows the average value over the grid cell (referred to as aggregate) and the value over
the river portion only. Temperatures are moderated in a location over water. The Montreal grid
cell in which the weather station was located contained no river. For the FDD analysis in this
paper, only the aggregate values are used, as the intention was to compare with predictions that
use temperature at the weather stations.
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Figure 10. Modelled daily mean air temperature for the grid cell containing Cornwall weather
station, 2040-2061. The climate scenario for RCP 8.5 is used. The black colour shows the
aggregate temperature in the grid cell. The light blue shows the model value over the river

portion of the cell only. The trend of increasing air temperature is indicated by the orange dashed
trendline (fit with the least-squares method to the aggregate data).



6. Results: historical and predicted future ice thicknesses

The yearly maximum ice thicknesses for historical periods are compared using three methods:
actual on-ice measurements, the FDD approach using air temperatures measured at weather
stations, and the FDD approach using McGill’s air temperature reanalysis.

The ice thickness measurement data for sites in the Cornwall region (shown in full in Figure 6) are
combined into ranges of values in Figure 11. Similarly, for Montreal, Figure 12 shows the ranges
of annual maximum values from Figure 7. The FDD method does not fully capture the true
variability in maximum annual ice thicknesses that are measured from year to year. The FDD
results from the weather station data and McGill hindcast model compare well; this should be
expected, as climate reanalysis should take into consideration locally measured data. Using
temperature data from weather stations, the predicted ice thickness has declined by about 0.18 cm
per year for Cornwall, or 12.6 cm in the last 70 years. For Montreal, the predicted decline is less,
at 0.09 cm per year for Montreal, or 6.3 cm in the last 70 years. Using the actual on-ice
measurements from the 1960s to 2000, the average rate of ice decline is higher at both sites as
noted in Section 4. These preliminary trends have not been tested for statistical significance. The
large inter-annual variability of the peak measured shorefast ice thickness should also be
emphasized here.
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Figure 11. Cornwall area: measured and calculated maximum annual ice thicknesses. CFDD
calculated using (a) Cornwall weather station 4255 data, and (b) McGill hindcast model
temperature, both with an alpha value of 1.7. Orange bars show a range of maximum annual ice



thicknesses measured by ECCC on-ice measurement program, at shorefast ice locations along
St. Lawrence Seaway within 50 km of Cornwall (either upstream or downstream).
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Figure 12. Montreal, Quebec area: measured and calculated maximum annual ice thicknesses.
CFDD calculated using (a) Montreal weather station data, and (b) McGill hindcast model
temperature, both with an alpha value of 1.7. Orange bars show a range of maximum annual ice
thicknesses measured by ECCC on-ice measurement program, at shorefast river ice sites from
Beauharnois Canal (about 20 km upstream of Montreal) to Ile Saint-Ours (about 40 km
downstream of Montreal).

The ice thicknesses predicted by the FDD method and McGill hindcast temperatures compare well
with the ranges of peak annual ice thicknesses measured by ECCC at nearby sites. This gives
credibility to the next step: evaluation of plausible shorefast ice thicknesses for future periods.
McGill’s air temperature predictions for RCP4.5 and 8.5 were used in the FDD equation to produce
estimates of future ice thicknesses. The results are shown in Figure 13 (Cornwall) and Figure 14
(Montreal). At either site, the average annual ice thickness is expected to decrease by at least 10
cm in the 2040-2060 period, compared to the historical period 1989-2010. Both emissions
scenarios, RCP 4.5 and 8.5, yield a similar range of results for the period of 2040-2060. For 2080-
2100, the choice of RCP scenario has a larger impact. With RCP 8.5, ice thicknesses continue to
decline and some nearly ice-free years (maximum thickness of <10 cm) may be expected. It is



interesting to note that the variability in maximum ice thickness from year to year is expected to
increase in the future.
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Figure 13. Cornwall area. Predicted maximum annual ice thickness for three time periods, up to
the year 2100. Ice thickness is estimated using the FDD method, using average daily air
temperature from climate modelling by McGill (Teufel et al., 2022). Aggregate values were
used, from the grid cell containing the Cornwall weather station. Two RCP scenarios are shown.
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Figure 14. Montreal area. Predicted maximum annual ice thickness for three time periods, up to
the year 2100. Ice thickness is estimated using the FDD method, using average daily air
temperature from climate modelling by McGill (Teufel et al., 2022). Aggregate values were
used, from the grid cell containing the Montreal Trudeau Airport weather station. Two RCP
scenarios are shown.

7. Conclusions

This study examined the thickness of shorefast ice in the upper St. Lawrence. Shorefast ice
thickness can be seen as an indicator of the potential for ice formation over the river channel and
a proxy for assessing climate change effects on the ice of the upper St. Lawrence River as a whole.

Systematic measurements of shorefast ice thickness were made by ECCC from the 1960s to 2000
upstream of Montreal, and continue to the present time for some sites downstream of Montreal.
The examination of these on-ice measurements shows that annual maximum shorefast ice
thickness decreased from the 1960s to the year 2000. For the last 20 years, too few data were
examined to be able to draw conclusions on trends.

To predict the maximum annual ice thickness for historical and future periods, the relatively simple
freezing degree day (FDD) approach was used. Daily air temperatures were obtained from weather
station data from Cornwall and Montreal. Temperature data were also extracted from McGill’s
high-resolution climate reanalysis for the period 1989-2010. The ice thicknesses predicted using
McGill hindcast temperatures compare well with those from weather station data, and with the



ranges of peak annual ice thicknesses measured by ECCC at nearby sites. All methods show a
decline in shorefast ice thickness over the past 70 years. Only the on-ice measurements show the
true year-to-year variability in shorefast ice on the upper St. Lawrence.

Plausible shorefast ice thicknesses were evaluated for future periods. Air temperature predictions
from McGill’s high-resolution climate modelling were used in the FDD equation to produce
estimates of future ice thicknesses. At both Cornwall and Montreal, the average annual ice
thickness is expected to decrease by at least 10 cm in the 2040-2060 period, compared to the
historical period 1989-2010. Both emissions scenarios, RCP 4.5 and 8.5, yield a similar range of
results for the time period of 2040-2060. For 2080-2100, the choice of RCP scenario has a larger
impact. With RCP 8.5, ice thicknesses are predicted to continue to decline and some nearly ice-
free years (maximum ice thickness <10 cm) may be expected by the 2080s. The variability in
maximum ice thickness from year to year is expected to increase in the future. If applying the
results of this study, one should note that the FDD approach is weighted toward historical
conditions, which may not be representative of the future. Also, more work is needed to assess
uncertainties in the modelled data and statistical significance of the apparent trends.
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