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Observed impacts of precipitation on the  
cryologic regime of stream channels 

BENOIT TURCOTTE,1 BRIAN MORSE,2 FRANÇOIS ANCTIL3 

ABSTRACT 

Winter precipitation has been observed to affect river ice processes and channel parameters of 
low and high gradient streams in unsuspected ways. A snowfall event initiated the development of 
an ice cover in a low-gradient stream by creating unconsolidated snow slush bridges that 
eventually froze in place. Afterward, both snowfall and rainfall events intercepted by cold spells 
dramatically affected the thickening rate of the ice cover. In a low-gradient agricultural creek, 
wind-blown snow impeded the formation of an ice cover by insulating the flow from cold 
atmospheric conditions. Anchor snow slush has been seen to accumulate on the substrate of steep 
channels of different sizes and morphologies. As opposed to anchor ice, anchor snow slush is not 
believed to require supercooling water conditions to form nor to stay in place. Finally, a rain-on-
snow event generated a snow slush flow and multiple snow slush jams in a steep headwater creek. 
This phenomenon was seen to divert most of the water out of the channel and concomitantly 
corresponded to a mid-winter breakup in the whole watershed.  

Keywords: Anchor snow slush, Ice cover flooding, Snow slush bridges, Snow slush flows, Snow 
slush jams, Winter precipitation.  

INTRODUCTION  

This work presents five instances where winter precipitation was observed to significantly 
impact channels ranging from small headwater creeks to large low-land streams and rivers. Some 
events were punctual in time and space while others affected longer channel reaches over the 
entire winter season. Such phenomena, not widely described in past publications, are believed to 
be widespread in regions submitted to cold-temperate climate conditions. This work aims to 
contribute to a better understanding of channels cryologic dynamics and elucidating unique ice 
processes caused by varying weather conditions.  

A large portion of our current knowledge about the many effects of winter precipitation on 
stream ice processes concerns, in a first instance, snowfall leading to ice cover thickening through 
white ice production or to ice cover insulation from cold air conditions causing a reduction in 
thermal ice growth. For example, a recent paper by Ashton (2011, in press) regrouped a number of 
theoretical formulations describing river and lake ice covers evolution under varying atmospheric 
conditions such as a snowfall. In a second instance, past publications about winter precipitation 
are directed towards rain-on-snow events that can potentially lead to dynamic river ice breakup 
(Beltaos, 2008; Beltaos and Prowse, 2009; Prowse and Beltaos, 2002). Finally, most publications 
about snow or rain interactions with the ice cover of drainage systems have focused on the largest 
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channels (Ashton, 1986; Beltaos, 1995; 2008; Michel, 1984), leaving the upper part of high and 
low gradient watersheds largely undocumented.  

This work is divided into two main sections: low and high gradient rivers. For each case, winter 
precipitation effects on the channel is described and explained using qualitative and quantitative 
data, and observed and potential consequences are emphasized. 

LOW GRADIENT CHANNELS 

A Stream (Le Bras) and a headwater Creek (Belair) of the Etchemin River watershed (Fig. 1) 
were monitored for ice cover areal development (using tree-mounted and portable cameras), ice 
cover thickness (using ice drills), and water temperatures (using aquatic temperature loggers) 
during the winter of 2010-2011. The Etchemin River watershed is located on the south side of the 
St. Lawrence River at Quebec City, Qc, Canada, and its lower portion flows through relatively flat 
farmers’ fields. The Stream presents a watershed area of 220 km2 at the monitored site and the 
Creek watershed extends over 2.5 km2. 

Stream ice cover development caused by a snow storm 

Event description  
On December 5th (2010) at 4 pm, the Stream was ice free (Fig. 2a) and its water temperature 

was 0.8oC while the air temperature was -5oC (Fig. 3). During the next hours, a snow storm 
travelled through the Quebec City region (total accumulation of 15 cm based on Environment 
Canada weather station located at the Quebec City Airport). The water temperature fell to 0oC at 
8 am on December 6th while floating snow slush flocs were drifting at the water surface (Fig 2b). 
In the early afternoon, floating snow slush had accumulated along the left bank of the Stream at 
the camera site (Fig 2c). This stagnant, floating slush mass was not frozen but seemed to be 
maintained in place by cohesion. A photo taken in the mid-afternoon clearly indicates that this 
snow slush accumulation was slowly dragged downstream by the stream flow (Fig 2d).  

 

 

Figure 1. Etchemin River watershed and Le Bras Stream watershed located on the south side of the St. 
Lawrence River at Quebec City, Canada (map adapted from the Quebec Provincial Government). 

In the morning of December 7th, the snow slush accumulation had frozen in place (Fig. 2e). At 
the far end of the visible Stream channel stretch, snow slush bridges had formed. In the afternoon, 
drifting ice pans were seen to drift at the camera site (Fig. 2f) and a series of surface ice jams 
formed new bridges in mid-afternoon (Fig. 2g). In the morning of December 8th, the ice coverage 
extended over 80% of the visible Stream stretch (Fig. 2h). 
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Figure 2. Photos of Le Bras Stream taken by a fixed camera looking upstream (channel width is 15 m). (a) 

No ice coverage on Dec. 5th at 4 pm; (b) drifting snow slush on Dec. 6th at 8 am; (c) snow slush 
accumulation along the left bank on Dec. 6th at 1 pm; (d) snow slush accumulation dragged by the current 

on Dec. 6th at 3 pm; (e) frozen, partial snow slush cover on Dec. 7th at 9 am; (f) drifting ice pans on Dec. 7th 
at 1 pm; (g) surface ice jam on Dec. 7th at 3 pm; (h) ice coverage reaching 80% on Dec. 8th at 9 am. 
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Fig.3 Le Bras Stream water temperature and air temperature measured at the Quebec City Airport (same 
altitude and 20 km away from the Stream site) from December 5th to December 9th, 2010. 

Discussion 
It is worth mentioning that most of the ice cover formed between December 6th and 

December 8th while the Stream reach was only submitted to 8.4 Degree-days of frost (Fig 3). It 
would be relevant to compare the amount of time and degree-days required for an ice cover to 
form over a low-gradient channel reach during a snow storm to an instance where only cold air 
temperatures and thermal processes contribute to the ice cover development. At this point, this 
analysis cannot be performed because numerous freezeup events would have to be considered.  

The snowfall at freezeup contributes to accelerate the development of an ice cover by three 
means. First, snow falling in the channel significantly contributes to cool the water down. This is 
due to the heat released by melting snow flocs (Prowse, 1995). Second and most relevant, drifting 
unconsolidated snow slush can accumulate along the channel banks and create bridges extending 
over the entire width of a low-velocity channel. These bridges can then initiate the upstream 
propagation of a floating cover by intercepting any drifting snow slush flocs and pans, a process 
comparable to frontal progression as described by Michel (1984). This is especially true if the 
snow fall event persists. Third, it is known that ice forms faster in a mixture of water and ice than 
in water alone (Prowse, 1995). Therefore, under similar air temperatures, a snow slush cover 
freezes faster than a thermal ice cover can develop.  

Field observations suggest that snow slush bridges and more generally stagnant snow slush 
accumulations largely dictate the areal ice coverage evolution of the Stream. Snowfall intensity 
and channel slope are parameters to include into an equation that could quantify this process.  

Stream ice cover thickening and winter precipitation cycles 

Observation description 
 

On February 15th (2011), the same Stream stretch was fully ice-covered. Ice samples revealed a 
41-cm thick ice cover surmounted by about 10 cm of slush and an additional 18 cm of dry snow. 
A number of snow and rain events occurred in the region during the following weeks with 
alternating warm and cold air temperature conditions as presented in Figure 4.  

The first rain event (February 17th-18th, 22 mm) saturated the snow layer located on top of the 
ice cover. On the afternoon of February 19th a first flood wave reached the camera site, inundating 
the ice cover and drowning the snow slush layer. In the early morning of February 20th a second 
flood wave further elevated the water level and hid the presence of the ice cover. By that time, the 
air temperature had dropped and a new ice layer soon formed at the water surface. This new ice 
layer remained fairly elevated suggesting that, even though the discharge probably steadily 
decreased in the Stream channel in the following days, most of the water and slush located above 
the initial ice cover froze in place and the water did not percolate back under the initial ice cover. 
By February 25th the Stream channel was covered by nearly 1 m of solid ice. 
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Figure 4. Upper part: Maximum and minimum daily air temperatures, and rain and snow falls measured at 
the Quebec City Airport between February 15th and March 17th . Lower part: Measured and estimated ice 

(marble), slush (gray), and dry snow (white) thickness in the Stream channel at the camera site (all 
measurements in cm). 

 
More snow from February 25th to March 4th resulted in the ice being blanketed by a fresh 25 cm 

of snow. On March 5th, a second rainfall event (23 mm) assorted with wet snow affected the 
region. By March 8th, the one-meter-thick ice layer was covered with 30 cm of a brown-coloured 
ice and slush, which indicates a contact between the water flowing under and above the ice cover. 
Finally, on March 17th, after yet another rain event (March 10th-11th, 25 mm) the Stream was 
covered by up to 1.5 m of various slush and ice layers. Mild temperatures by that time and until 
the breakup period did support substantial freezing of the slush contained in the Stream channel. 

Discussion 
The thickening of the ice cover from 41 cm to nearly 150 cm in 30 days was largely driven by 

rain and snow fall events. During that period, about 126 cm of snow fell in the Stream vicinity. If 
only the snow accumulation is considered to contribute to the ice cover thickening, based on 
eq. 11 in Ashton (2011, in press) and considering a snow density of 200 kg m-3, the ice cover 
thickness would have increased by about 35 cm for a total of 76 cm of ice. This includes the 10 cm 
of slush and 18 cm of snow initially measured on the ice cover on February 15th. If the 70 mm of 
rain are directly added to the ice cover thickness, this remains largely insufficient to explain the 
presence of an ice and slush thickness of 150 cm. If one now considers the total amount of 
precipitation fallen in the Stream vicinity during the 30-day period of interest, 216 mm, added to 
the 120 mm of slush and water-equivalent snow measured on top of the ice cover on 
February 15th, the maximum thickening of the ice cover under cold air temperature conditions 
would have been of about 37 cm for a total of 78 cm of ice. Finally, if no precipitation was 
considered, based on eq. 7 in Ashton (2011, in press), only air temperatures below -50oC would 
lead to a thermal development in the range of the cover thickness measured in the Stream. 

Clearly, the flooding of the snow and slush layers following three rainfall events played a 
substantial role in the thickening of the ice cover. Based on Beltaos (1985), narrow channels and 
thick ice covers represent conditions where the cover does not necessarily float freely under 
varying discharge (hydraulic pressure) conditions. This was confirmed at breakup when the 
Stream ice cover only presented one longitudinal crack in the middle of the channel.  
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This fast ice cover thickening instance presents important consequences. First, rain-on-snow 
events, if followed by reasonably cold spells, can contribute to faster ice cover thickening rates 
than cold air temperatures or snowfall events taken separately. Second, mild winters including 
rain-on-snow events, a generally accepted climate change scenario (Beltaos and Prowse, 2009), 
could lead to the development of thicker ice covers over narrow, low-gradient streams compared 
to winters without any rain-on-snow events. 

Snow-insulation of an agricultural creek 

Observation description 
An agricultural Creek located in the Stream drainage basin was also visited over the same 

winter. Water and air temperature data between December 8th, 2011, and April 7th, 2011, are 
presented in Figure 5. From December 2010 to mid-Januray 2011 only a thin layer of border ice 
was observed in the Creek channel after the coldest air temperature spell. This ice cover was only 
partly in contact with the water and was supported by the banks. By mid-January 2011, the Creek 
was snow-covered and the water surface was not seen again until mid-March.  

A snow trench was made in the Creek channel on February 15th. The water was seen to flow 
below a one to two meter-thick snow cover. No ice was seen between the snow and the water, 
which temperature was 0.3oC, while the air temperature was -12oC. Another trench was made in 
the hard snow covering the Creek channel on March 14th. The water was seen to flow freely under 
a snow gallery, its temperature was 0.7 oC while the air temperature was -5oC. 

Data analysis 
The presence of small ponds located 1.2 km upstream of the monitored reach probably explains 

the relatively warm water temperature of the creek (Figure 5). Once the channel had been snow-
covered, the water temperature only reached the freezing point during 6 distinct periods. The first 
three events highlighted in Figure 5 correspond to cold spells. The snow layer covering the 
channel, partly made of wind-blown snow, contributed to insulate the Creek channel down to air 
temperatures of about -12oC by reducing heat exchanges between the water and the atmosphere.  

 

 
 

Figure 5. Water temperature of the Creek and air temperature measured at the Quebec City Airport. The 
six events where the water temperature dropped to 0oC are highlighted. 

 
The last 3 events where the water temperature fell to 0oC do not correspond to cold spells but 

occur instead during the days following a mild air temperature spell. These three events indeed 
correspond to two of the rain-on-snow events presented in Figure 4 and to a third rain-on-snow 
event that occurred on March 17th. Zhang (2005) proposed that the ground surface temperature is 
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0 C during snowmelt. Two reasons could explain why the water temperature in the Creek dropped 
to the freezing point during these events. First, cold runoff dominates the Creek discharge when 
water (rain) percolates through the snow cover before reaching the Creek channel. Second, as the 
water level increases in the Creek channel, the snow roof is flooded and partly melts. This explains 
why, on March 14th, after two rain-on-snow events, the water was seen to flow under a hard snow 
gallery at low discharge.  

Discussion 
The snow layer covering headwater agricultural creeks controls the channel conditions in 

variable ways. First, snow falls and wind-blown snow prevent the development of an ice cover as 
opposed to what is seen in larger channels. Second, the snow insulates the Creek channel by 
reducing heat exchanges between the water and the atmosphere (Zhang, 2005). Also, snow 
contributes to reduce the Creek temperature during winter runoff events through snow melting. 
Finally, snow can create a tunnel under which the Creek flows freely at low discharge, insulated 
by an air layer and the snow layer itself.  

These unique conditions present local and downstream consequences. At the local scale, 
relatively warm water represents a unique habitat for fish, larvae, and other aquatic communities 
compared to channels were the water temperature is usually 0 oC throughout the winter period. 
Also, relatively warm water creeks feeding larger channels could postpone the development of a 
floating ice cover at freezeup and could reduce the thickness of the ice cover downstream of the 
confluence during the cold period. 

HIGH GRADIENT RIVERS 

Three steep channels were monitored during the winters of 2009-2010 and 2010-2011. These 
channels are located in the Montmorency River watershed, situated on the north side of the St. 
Lawrence River at Quebec City, Qc, Canada (Fig. 6). The Montmorency River is a gravel-bed 
channel draining a forested area of 1 100 km2. The channel morphology of its lower part mostly 
consists of riffle-pool reaches. Further upstream, the Lepine Creek, a step-pool channel, which 
slope averages 7%, drains an area of about 7 km2. In the headwaters of the Creek watershed, a 
small headwater brook, which slope varies from 10% to 25%, drains a hillside of less than 
0.5 km2. The most relevant impacts of winter precipitation on these channels are reported here. 

Snow slush on channel bed substrate 

Observation description 
After the snow storm of December 6th, 2010, unconsolidated, floating snow slush pans were 

drifting at the water surface in a riffle-pool sequence of the River. These pans were seen to quickly 
disintegrate into small snow slush flocs when going through fast flowing sections and then 
reforming (i.e., agglomerating) new, large and thick snow slush pans in slow-flowing pools. At 
shallow water locations, the channel bed was covered by white accumulations of what appeared to 
be anchor ice. Similar accumulations were observed along the banks (Fig. 7a) in instances where 
the flow was deflected towards the channel sides by transverse riffles. While investigating on the 
characteristics of such accumulations, the authors realized that it consisted of the same 
unconsolidated snow slush that was drifting at the water surface. The snow slush at the bed was 
easily removed by creating turbulence in the water in proximity of the white accumulations. 
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Fig.6 Montmorency River watershed and Creek watershed located on the north side of the St. Lawrence 
River at Quebec City, Canada (Map adapted from the Quebec Provincial Government). 

 

Further upstream in the River watershed, the slow-flowing sections of the step-pool Creek 
presented areas covered with a thin, unconsolidated, floating snow slush cover similar to what was 
described in section 2.1. However, in the middle of the two meter-wide channel and at hydraulic 
control sections (i.e., steps), it was the channel bed that was covered with a thin layer of snow 
slush (Fig 7b) disposed in a honeycomb aspect. Snow slush stuck on rocks was observed down to 
a depth of 0.3 m. Again, as for the snow slush accumulations observed in the River, this snow 
slush layer was easily removed by creating additional turbulence in the water, confirming its 
unconsolidated state. 

Discussion 
Two processes are proposed to explain the presence of snow slush at the channel bed: 

mechanical shear and turbulent entrainment. In the first case (Fig. 8a) agglomerating snow slush 
rafts drifting in pool sections achieve a thickness greater than the flow depth in the following riffle 
(or any fast flowing shallow channel section). As a consequence, the lower part of the snow slush 
rafts is mechanically sheared by protruding boulders. Instead of floating back at the water surface, 
the snow slush accumulation remains in place at the upstream face of the bed element by cohesion 
between snow crystals, which compensates for the buoyancy of the snow slush. The repeated 
passage of snow slush pans would contribute to (1) further compress the drowned snow slush 
accumulations and (2) to eventually fill up the gaps between protruding bed elements, therefore 
potentially covering most of the channel bed along riffles.  

 

 
 

Figure 7. (a) Drowned snow slush accumulations between protruding rocks along the right bank of the 
River (upper left picture covers 1 m2 of river bed). (b) Floating snow slush along the Creek banks and 

snow slush layer stuck on large, submerged substrate elements (covered rock at the photo center is 0.5 m in 
diameter). 
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Figure 8. Proposed snow slush accumulation mechanisms: (a) Unconsolidated snow slush rafts 
mechanically sheared along riffles and (b) turbulent entrainment and sticking of snow slush flocs on rough 

channel bed elements in turbulent pool sections. 
 

In the second case (Fig. 8b), small snow slush flocs drifting at the water surface in step-pool 
channels do not have enough time or space to form larger rafts before disintegrating in the 
following step or cascade. Nonetheless, the turbulence generated at steps and cascades is large 
enough to entrain small snow slush flocs in the water column of deep pools. Snow slush flocs can 
be hydraulically plastered against rough substrate elements and the link between the snow crystals 
and the rough surface compensates for the buoyancy of the snow slush. The honeycomb aspect of 
the thin snow slush layer covering rough rocks is tentatively associated to the size of turbulent 
eddies in the channel pools.  

The reported snow slush accumulations present significant differences compared to the largely 
documented anchor ice. First, anchor ice requires supercooling conditions to form (e.g., Ashton 
1986; Kempema et al., 1993). In this case, no significantly cold weather affected the region, the 
coldest air temperature dropping to -10oC on the morning of December 8th. Second, anchor ice 
blankets are known to cover the entire channel bed including protruding boulders (e.g., Kerr et al., 
2002) while boulders were seen to protrude from the snow slush blanket. Third, anchor ice is 
known to be frozen to bed elements (e.g., Beltaos, 1993). This does not correspond to the “slushy” 
texture of the crystals found at the River and Creek bed.  

The term “anchor snow slush” seems to be appropriate to describe the phenomenon reported 
here. Anchor snow slush presents a limited hydraulic and mechanical resistance compared to 
anchor ice. However, alike anchor ice, anchor snow slush could affect aquatic life (e.g., Bisaillon 
and Bergeron, 2009) and could interfere with the operation of water intakes (e.g., Richard and 
Morse, 2007). It is worth mentioning that cold air temperatures led to the development of anchor 
ice in the step-pool Creek on December 9th. Therefore, in addition to the potential for anchor snow 
slush to support anchor ice growth, anchor snow slush could consolidate under supercooled 
conditions and behave like anchor ice. This however requires further investigation. 

Snow slush flows and jams  

Event description 
On January 27th, 2010, an unusual scene intrigued the authors as they visited the headwater 

region of the Creek (Fig. 6) after a rain-on-snow event. A one-meter-wide meandering channel had 
formed in the hard snow pack covering a gravel road. Up the hill side, in the forest, large areas 
were covered with hard, frozen, organic-material-filled snow slush accumulations which thickness 
reached 1.5 m locally. Some accumulations were traversed by a one to two meter-wide rectangular 
channel sculpted in the hard snow and organic material. Another area of the forest located uphill 
had been washed out of snow and organic material leaving roots and rocks exposed. The affected 
area corresponded to the point where the slope of a headwater brook flattens, roughly going from 
20% to 10%. Upstream of the affected area, vertical snow walls flanking the steep brook testified 
the past high water level and discharge. Downstream of the affected area, passed a culvert under 
the gravel road, no sign of a flooding event was observed: snow was still covering the channel and 
the lowest level of snow corresponded to the actual water level. 
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Event reconstitution 
Although the authors were not present at the site on the night of January 25th to 26th when a rain-

on-snow event (about 50 mm preceded by ice rain) affected the region, evidence left on the scene 
(Fig. 9) made the reconstitution of the event chronology possible. 

Before the event, the watershed was covered with about 0.6 m of snow (based on three weather 
stations from Environment Canada). As it was measured in Quebec City, the precipitation event 
probably started with ice-rain. This resulted in covering the snow pack with a thin ice layer, thus 
increasing the potential for unusually fast runoff. Once the ice-rain turned into rain, the snow 
contained in the brook channel became saturated and the increasing water discharge was 
transformed into a snow “slush flow”. Such phenomenon has been reported by Dubé et al. (2009). 
The slush flow probably stalled at the point where the slope suddenly flattens, going from 20% to 
10%. This resulted in forming three massive successive slush jams as high as 1.5 m. These jams 
probably played a double role. First, they controlled the water percolating through their snow 
slush matrix, thus limiting the downstream brook discharge. Second, they blocked the channel and 
diverted most of the water into the forest. The powerful diverted flow washed a forest area of 
about 50 m2 out of snow and organic material, which explains why the downstream (subsequent) 
snow slush accumulations were filled with organic material.  

Downstream of that washed out area, water had been flowing through the forest, depositing 
massive snow slush jams and sculpting vertical channels through them, further diverting the water 
away from the brook channel, eventually reaching the road and flowing along and above its hard 
snow pack and gravel bed surface. As a result, the culvert did not perceive any sign of the rain-on-
snow event. Most of the water associated with the event was diverted along the gravel road to the 
next watershed, which brook is located 100 m away.  

On the afternoon of January 27th, most of the watershed runoff was flowing back in the primary 
Brook channel under the frozen snow slush jams and intact snow cover while some water 
remained flowing in the newly formed diversion channel. On September 2, 2010, the brook was 
visited and the authors found its bed to be covered with a brown-orange substance, most likely 
decomposing organic material associated with the snow slush flow event. 

 

 
 

Figure 9. Scheme of the area affected by a slush flow and jamming event based on field observations made 
on January 27th, 2010 in the headwaters of the Creek located in the Montmorency River watershed. 

Discussion 
On January 26th, the ice cover on the Montmorency River was destroyed over tens of kilometers 

forming impressive shear walls (up to three-meters high) and a massive ice jam that threatened 
infrastructures and private properties. Going up the watershed, all streams and creeks leading to 
the snow slush flow-affected brook were ice-free and dynamic breakup signs were easily 
identified all the way to the snow slush jammed area. Since the steepness of a hydrograph has 
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much to play with potential river ice cover breakup (e.g., Beltaos, 1995), it is worth linking the 
mid-winter breakup event of this gravel bed river with the, most probably sudden, snow slush flow 
that occurred in the brook.  

While a rain-on-snow event can clearly be associated with a snow slush flow, questions remain 
about (1) how the ice-rain preceding the rain event can affect the suddenness of the slush flow and 
about (2) the channel characteristics (slope, width, morphology) that could support, instigate, or 
promote snow slush flows and jams. For example, the rain-on-snow events reported in Figure 5 
did not leave any signs of snow slush floes along the farmers’ fields Creek described in section 
2.3. This can tentatively be associated to the limited channel gradient (i.e., flow power), a factor 
that promoted the slush flow in the steep headwater brook. Also, snow slush jams could be 
initiated at log-jammed sites or at channel constriction and therefore cannot only be associated 
with channel slope flattening. 

Despite our limited knowledge about snow slush flows and jams, their potential impacts are 
believed to be significant: (1) water levels above normal for a given discharge in small channels; 
(2) flash flood events when a slush jam cedes; (3) water diversion into secondary channels or 
simply out of the channel; (4) damages to roads and properties by flooding or erosion; and (5) 
modification of the channel ecology for the months or years following the event. Also, if a 
headwater hydrograph is steep enough to lead to a snow slush flow, it can also generate dynamic 
ice cover breakup of larger channels located downstream. Therefore, understanding headwater 
channel dynamics in winter can only improve our understanding of cold regions watersheds. 

SUMMARY 

Beyond our traditional knowledge about how winter precipitation affects stream channels, snow 
and rain events have been seen to generate significant impacts on both low and high gradient 
channels, but most importantly, snow and rain events have been seen to act in variable ways 
throughout the cold period to create unique channel conditions. Most observations contained in 
this work require to be better quantified and more extensively investigated in order to improve our 
understanding of the reported processes dynamics, frequency, and related ecological impacts.  

Along low-gradient channels, a snowfall under mild air temperature conditions has been seen to 
generate a frozen snow slush cover in less than two days. Repeated cycles of snowfall, rainfall, 
and cold spells have been seen to largely contribute to the thickening of an ice cover, mostly 
because flooding events inundated the ice and slush in the channel. Also, snowfall and wind-
blown snow have been seen to insulate low-gradient agricultural creeks creating unique channel 
settings for aquatic species and potentially impacting the ice dynamics of larger channels into 
which they flow.  

Anchor snow slush has been seen to accumulate on the substrate of riffle-pool and step-pool 
channels. Although the hydraulic impact of anchor snow slush appears to be minor compared to 
the impact of anchor ice development, it is nonetheless likely that snow slush could affect aquatic 
life. Finally, a snow slush flow and jamming event has been reported to affect a steep headwater 
channel and an adjacent infrastructure. In addition to its observed local ecological and 
morphological impact, this snow slush flow has been associated with a major river ice breakup 
and ice jamming event in larger channels located downstream.  
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