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Introduction

The study of changes in the date of lake ice-formation and ice-melting (ice
phenology) is being used as a proxy for trends in climate change in the northern
hemisphere (Magnuson et al. 2000, Futter 2003, Lepparanta 2015). Citizen science
programs of lake ice phenology can provide useful long-term monitoring of lake ice

formation and ice melting where other climate change indicators are lacking.

Recently, many lakes have experienced unsafe, thin ice conditions and shorter
periods of ice cover (Sharma 2020, Weyhenmeyer et al. 2022). The influence of air
temperature is a major factor in the formation and melting of ice cover (Wing 1943,
Futter 2003). Predicting the dates of freeze-up and/or ice-off of lakes has been pursued
in order to assist in the use of the lakes in winter and, over the long-term, to indicate

climate change (Williams 1971; Robertson et al. 1992, Weyhenmeyer et al. 2022)

Information on when lakes freeze and when they thaw in Ontario is sparse. Some
marinas and monitoring of inland lakes keep track of when ice melts away but not
necessarily when it freezes The purpose of the Severn Sound Environmental
Association (SSEA) Citizen Science Ice Spotter Program is to observe ice-on and ice-
off dates of local water bodies. Longer-term observations have been made on some
bays and inland lakes in the Severn Sound watershed vicinity (some marinas, Bass
Lake). Little Lake in the Town of Midland was monitored starting in the winter of 2020-
21. This report summarizes the observations in comparison with air temperature
measured at the Midland WWTC.



Monitoring Methods

Little Lake is a shallow kettle lake with maximum depth of 4.3 m, a mean depth of
2.2 m and a maximum fetch of 1.7 km. The lake has a relatively small drainage area
(591.2 ha) compared to the surface area (149.6 ha). Drainage flow to the lake has

minimal impact on ice cover formation and maintenance.
The SSEA protocol for monitoring ice formation and thawing is as follows:

1. Record a description of ice cover within your field of view (examples: no ice;
about 50% cover, thin transparent ice; ice only near shore; iced over except near
stream outflow; fully iced over). Make particular note of the date of ice-on. Ice-on occurs

when ice is completely covering the lake/bay (99-100%).

2. Take a photo with each observation once bits of ice begin to form, noting

approximately which direction you are facing.
3. Submit your photos and ice observations
4. Include a GPS point, address or description of your observing location.

Little Lake observations were made at several locations around the lake (Figure
1).

Photo monitoring also allowed the recording of the date of first skim of ice prior to
the date of full ice-on and the date of the beginning of the melting period prior to the

date of complete ice-free conditions (Williams 1968).

Mean daily air temperature data was obtained from the meteorological station at
the Town of Midland Water and Wastewater Centre for the period 2021 to 2025. Air
temperatures for 2020 were obtained from an Environment Canada station (Orillia
BRAIN 6115811). Mean daily air temperatures were used in conjunction with the photos
to calculate accumulated freezing day degrees (aFDD) and accumulated melting day
degrees (aMDD). A day-degree is the temperature above or below a set point (0.0 °C in
the case of this analysis). FDDs were calculated starting on the first date in late fall or
early winter when the mean daily temperature was below 0 °C. Any temperature after

this date that was above 0 °C was assigned 0 FDDs. The temperatures below 0 °C were
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converted to a positive number and accumulated until at least the date of complete ice
cover (aFDDs). Similarly, MDD were calculated starting at the first positive temperature
in the spring and accumulated until the date of complete ice-free conditions with any

negative temperatures assigned 0 MDD. This method is similar to Williams (1968).

Midland

Site Name Easting Northing Usage
1 McMurtry 588541.1 49543038 2020-2025
2  SmithCG 588577.4 49539225 2020-2025
2 3  Beach 588266.4 49548885 2020-2025
q Y 4 RowingClub 5878466 4954639.7 2020-2025
‘:’ 5  Formier's 588690.3 4954513.1 2020-2021
> 6 Launchramp 5885179 49546519 2021-2025
< 7 Sumacln 5876251  4953472.0 2024-2025

outlet 5885625 4954617.0
Note: access to monitoring sites not available on all dates
each year of use (Zone 17, NAD83)

Map source: Simcoe County.Mapsb :

Figure 1 Ice-cover photo monitoring sites on Little Lake 2020-2025

Williams (1968) also noted the dates when ice started to form a skim on the lake
surface, the start of the 'freezing period', and the dates when ice started to melt in the
spring and pull away from the shore, the 'melting period'. These dates were also

available from observations and the photo monitoring images.

The number of days that Little Lake had complete ice cover each year (i.e. the
date of freeze-up to the date of ice-free conditions) was determined. The number of

days of ice free conditions each year was also calculated.



Results

Accumulated FDDs and MDDs plots were made for each monitoring period
(Figure 2 A to E). Each year showed a different distribution of aFDDs and aMDDs. The
date of freeze up for each year monitored coincided with aFDDs of a minimum of 45.
This compares favourably with (Williams 1971). The date of complete thawing of ice
cover coincided with aMDDs of a minimum of 60 (Table 1). During the freezing period of
2022 (Figure 2 C) the aFDDs leveled off for 4 days before the lake finally froze
completely. During the melting period of 2025 (Figure 2 E), the aMDDs leveled off for 5
days before the lake was ice-free. It is suspected that wind conditions may explain the
delay during 2022 and fluctuating low temperatures during the delay in the spring of
2025 (along with sunny conditions) promoted complete melting of the ice. The duration
of Ice cover ranged from 78 to 114 days over the winters of 2020-21 to 2024-25 (Table

1),

Table 1 Little Lake Midland aFreezing and aMelting Degree-days
to ice-on or ice-off 2020-2025

Year aFDD aMDD Ice cover
20-21 40 80 103
21-22 58 80 108
22-23 46 59 114
23-24 51 71 78
24-25 40 70 111
Mean 47 i 103

The freeze period was more variable than the melt period, 1-31 days compared
to 3-17 days (Table 2). Despite the variable dates of ice-on and ice-off, the open water
period for the years 2021 to 2024 (Table 3) was similar with the exception of 2022 (251
vs 270-274).

An attempt was made to predict the 2025 ice-off date using the 14-day
forecasted temperatures from the Weather Network (mid-point of high-low temperature
forecast) starting at the beginning of the melt period to predict when ice-off would occur.
Using a target aMDD of 70 the forecast temperatures predicted an ice-off date of March
27, 4 2025. However, the actual date of ice-off extended to April 9th and at aMDD 70



(see Figure 2 E).

Table 2 Little Lake Midland Freeze and Thaw Dates 2020-2025

Year skim Ice-on freeze period ice-pull ice-off melt period
20-21 10-Dec-20 11-Dec-20 1 23-Mar-21 26-Mar-21 3
21-22  02-Dec-21 23-Dec-21 11 05-Apr-22 10-Apr-22 5
22-23  14-Dec-22 17-Dec-22 4 06-Apr-23 09-Apr-23 3
23-24  06-Dec-23 08-Jan-24 34 07-Mar-24 24-Mar-24 17
24-25 05-Dec-24 19-Dec-24 14 21-Mar-25 09-Apr-25 19

skim = first date when thin ice appeared

ice-on = first date when 99 to 100% ice cover

Freeze period = days to full ice-on

ice pull = date when ice began thawing and pulling away from shore
Ice-off = first date when 99 to 100% of lake was free of ice

melt period = days from ice-pull to ice-free

Table 3 Open water days 2021-2024

2021 26-Mar-21 23-Dec-21 -
2022 10-Apr-22 17-Dec-22 251
2023 09-Apr-23 08-Jan-24 274
2024 24-Mar-24 19-Dec-24 270

An analysis of the temperature data from the Midland climate station compared to
the Orillia Brain station showed that the calculated aMDDs for 2025 differed by 10 MDD
for the ice-off date, indicating that slight differences between stations can make a
significant difference in the aMDDs. The two stations, however, measure similar
temperatures when compared by date and on a one-to-one plot (Figure 3 A, B, and C).
The Oirillia station has had a much longer period of temperature recording over the
years and if ice-on and ice-off dates have been recorded by others for Little Lake
additional ice phenology analysis could be extended using this station.
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Figure 2 Accumulated Freezing degree days (aFDDs) and melting degree

days (aMDDs) over 5 years
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Figure 3 Midland STP vs Orillia Brain melting period temperatures 2025



Discussion and Conclusions

Other factors could influence the ice phenology such as wind, sunlight, major
flows and currents (Lepparanta 2015). For Little Lake these factors could include winds,
sunlight, an increase in urban runoff directed to the lake and loss of forest in the lake
watershed (leading to changes in wind conditions). Over longer monitoring periods,
global climate events can influence year to year trends in ice cover measurements e.g. -
El Nino events and major volcanic eruptions (Robertson 2000, Weyhenmeyer et al.
2022).

Reductions in ice cover can disrupt trophic links and changing food webs by
lengthening the open water period and changing the under-ice light conditions for
aquatic growth in winter. Many of the factors and threats relating to ice cover in lakes in
the northern hemisphere (Woolway et al 2022) do not apply to a small, shallow, non-
stratified lake with limited flow through and dominated by littoral rooted aquatic plants
such as Little Lake (or other inland lakes in Severn Sound area such as Orr Lake, Bass

Lake or Farlain Lake).
What are the threats associated with reduced ice cover in Little Lake?

e As winter air temperatures rise and remain above -10°C, more salt will be used
on roads and urban surfaces. Increased chloride concentrations in the lake will alter the
ecosystem within the lake and may eventually restrict use of the water for drinking. The
increasing trends of sodium and chloride concentrations in Little Lake will continue as
the watershed continues to be urbanized and the overall temperature increase in winter
requires increasing use of road salt.

e An important reason that Little Lake has provided relatively good quality over the
years for recreational use is the healthy growth of rooted aquatic plants. The plants tie-
up nutrients and reduce the nutrients available to support suspended algae. If the plants
decline through increasing sediment and nutrient loading (from urban storm water
runoff), a tipping point in favour of algae, especially nuisance algae, will result. This may

already be started in the lake.

10



Support of long-term citizen science programs that are designed to ensure
consistent, standardized data collection are important for lakes like Little Lake. These
data must be examined in the context of long-term agency monitoring (especially
climate monitoring) accompanied occasionally by more comprehensive studies to
maximize the value of the findings. A simple addition to future monitoring of ice cover on
Little Lake would be to install a temperature monitoring device in the outlet of the Lake.
The wind conditions monitored at the Midland weather stations may also be helpful in
determining the dates of ice-on and ice-off in future. Unfortunately, unsafe ice conditions
on Little Lake during the five years of monitoring did not lend themselves to safe

monitoring of ice thickness.
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