Proceedings, International Snow Science Workshop, Innsbruck, Austria, 2018

THE NORTHEASTERN RAINY CONTINENTAL SNOW CLIMATE: A SNOW CLI-
MATE CLASSIFICATION FOR THE GASPE PENINSULA, QUEBEC, CANADA

*Francis Meloche ', Francis Gauthier'*, Alexandre Langloisz’4, Dominic Boucher®

" Département de Biologie, Chimie et Géographie, Université du Québec a Rimouski, Rimouski, Canada
2 Département de Géomatique appliquée, Université de Sherbrooke, Sherbrooke, Canada
® Avalanche Québec, Sainte-Anne-des-Monts, Canada
* Center for Nordic studies, Université Laval, Québec, Canada

ABSTRACT: Snow climate classification has been a subject in avalanche research for the past dec-
ades. A good comprehension of the snow climate and snow avalanche regime of a specific region is
the foundation of reliable avalanche forecasting. Recent studies have added snow climate classifica-
tion to understand new regions that don't fit the snow climate classification in western North America.
The Gaspe Peninsula, located in eastern Canada, is threatened by snow avalanches. The need to
determine a snow climate classification in order to fully understand his connection to the snow ava-
lanche regime is important to make reliable avalanche forecasting. This study focus on two study are-
as: the north coast of the Gaspe Peninsula and the Chic-Chocs range. The meteorological suggest a
continental snow climate and maritime snow climate classification. The snowpack data reveal a cold
and thin snowpack with facets and melt-freeze crusts. The presence of persistent instabilities varies
between winter season. We suggest a new nomenclature for these types of snow climate as north-
eastern rainy continental snow climate.
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1. INTRODUCTION

Snow climate classification has been developed
to characterize the climatic context of a mountain
range (Armstrong & Armstrong, 1986; LaCh-
apelle, 1966; McClung & Schaerer, 2006; Mock
& Birkeland, 2000; Shandro & Haegeli, 2018).
The concept of snow and avalanche climates
has been used to address a specific avalanche
forecasting and mitigation program (McClung &
Schaerer, 2006). Three main snow climate clas-
sifications exist in the literature: continental, mar-
itime and transition (LaChapelle, 1966). Mock &
Birkeland (2000) have proposed a flow chart
algorithm with weather data as input to deter-
mine the snow climate. Recently, Shandro &
Haegeli (2018) propose to use avalanche prob-
lem for a better characterization of the avalanche
hazard.

The Gaspé Peninsula in eastern Canada is
threatened by snow avalanches in the Chic-
Chocs Range and on the north shore of the pen-
insula (Figure 1). The climate of the regions is a
cold temperate climate (Gagnon, 1970) with
maritime influence (Fortin & Hétu, 2011; Gauthi-
er et al, 2017). This contradiction in the climatic
conditions makes the snow classification difficult
for the peninsula. Although the winter climate of
the region has been well described by many
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authors (Fortin & Hétu, 2013; Fortin et al., 2011;
Gauthier et al., 2017). More meteorological and
snowpack evidence is needed to explain the
snow avalanche regime of the region. In order to
fully understand the climate conditions and its
relevance to snow avalanche regime and fore-
casting: the goal of this study is described and
proposed a snow climate classification for the
Gaspé Peninsula and explore is applicability to
other northeastern coastal area.

2. STUDY AREA

The two study area is located on the Gaspé Pen-
insula (Figure 1). Glacier has created u-shape
valley into the mountainous plateau going from
the north side of the Chic-Choc massif to the St-
Lawrence (Figure 1). The annual precipitation
ranges from 800 mm at sea level to 1 600 mm in
the mountains, with 40% falling as snow (Ger-
main et al, 2010). This topographical and geo-
graphical context affects the depressions coming
on the peninsula creating local effect. These
storms are commonly Alberta’s clippers, Colora-
do’s lows and Hattera’s low (Nor’easter) (Fortin
& Hétu, 2014). Snow avalanche cause by snow
storms explains the majority of snow avalanches
for the regions (Germain et al., 2009; Fortin et
al., 2011). Major snow avalanches regime of
both study area has been compared annually
and no synchronism was found between the low-
coastal scree slope and the highland of the Chic-
Chocs. This result suggests the influence of local
effect on the snow avalanche regime (Germain
et al, 2010).
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Fig. 1. Study area with the two forecast areas of
Avalanche Québec and the weather stations:
Cap-Madeleine (29m), Gite du Mt Albert (253m)
and Mt Ernest-Laforce (630m).

3. METHODOLOGY

Multiple methodologies from different studies
focusing on snow and avalanche climatology of
the past decades were used to describe the
snow avalanche climate of the Gaspe Peninsula
(Mock and Birkeland, 2000; Sturm et al, 1995;
Shandro and Haegeli, 2018). We first used the
Mock and Birkeland (2000) flow chart to classify
the snow climate of both study area. Then we
used snowpack data (Sturm et al, 1995) and
forecasted avalanche problem data (Shandro
and Haegeli, 2018) to better described snow
avalanche hazard in the study area. The data-
base represents winter snow and avalanche
regime for every winter season from December
first to March 31st.

3.1 Meteorological database

The meteorological data is provided from various
organizations (Avalanche Québec, MDDELCC
and Environment Canada). Data for the Chic-
Chocs Range is collected at the station Gite du
Mt Albert (253m) and Mont Ernest-Laforce
(630m) (Figure 1). Along the coast, the data from
Cap-Madeleine's weather station is used (29m)
(Figure 1). The dataset cover the winter season
2012-2013 to 2017-2018 from December to

March, according to the methodology proposed
by Mock and Birkeland (2000). Meteorological
variables were derived using the Mock and
Birkeland (2000) methodology.

3.2 Snowpack database

Snow profiles were made by Avalanche Québec
technicians. Snow pit is dug each two days in the
winter season at different aspects and altitude.
Snow grain type classification was made for
every layer according to the Observational
guidelines and recording standards for weather,
snowpack and avalanche from the Canadian
Avalanche Association (CAA, 2014).

3.3 Forecasting database

Avalanche problems are issued every day from
avalanche technicians and forecaster according
to Avalanche Canada terminology (CAA, 2014).
The avalanche problems provide information on
the type of snow instability present during the
period cover by the bulletin. The avalanche prob-
lem is thus a reliable proxy to analyze the spatio-
temporality of avalanche hazard (Shandro and
Haegeli, 2018). The data covers 6 seasons from
2012-2013 to 2017-2018 for the Chic-Chocs
range. The data for the Chic-Chocs was ana-
lyzed for the past six winter seasons.

4. RESULTS

4.1 Snow climate classification

The results of the snow climate classification
using Mock and Birkeland (2000) flow chart
shows a continental climate classification with
maritime exception (table 1). Both study area is
characterized by cold temperature and small
amount of precipitation. The average tempera-
ture for the highest weather station of the Chic-
Choc is below the threshold for continental clas-
sification (-7°C) for every winter (table 1). The
station for the coast area is near this threshold
from -5 to -7 °C, showing warmer conditions
along the coast. The cold air temperature and
the shallow snowpack of December are key driv-
er to facet metamorphism (e.g. McClung and
Shaerer, 2006). 2012-2013 and 2015-2016 were
both warmer at every weather station, resulting
in more rain events during the winter season
(table 1).The decisive criterion that classifies the
majority of the winter season is the mean De-
cember temperature gradient above 10°C/m and
the rainfall above 8 cm. The region is character-
ized by mean cold air temperature and thaw
events.
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Airtemp SWE Rainfall Dec_TG
(°C) (mm) (mm)  (°C/m)
Cap-Madeleine (29m)

Snowclimate

2012-2013 -55 234.6 146.9 624 Maritime
2013-2014 | -9.3 194.8 04 N/A Continental
2014-2015 -89 185.4 33.9 55.4  Continental
2015-2016  -5.2 126.5 81.0 60.0 Maritime

2016-2017 6.6 226.0 20.7 103.1  continental
2017-2018 6.7 2433 13.8 729
Gite du Mt Albert (230m)

2012-2013 -8.2 316.3 135.1

continental

20.6 Maritime

2013-2014 -12.7 296.3 37.5 401 Continental
2014-2015 -13.5 304.3 70.1 457  Continental
2015-2016  -9.3 3412 85.3 50.3 Maritime
2016-2017 -10.8 380.7 39.0 76.2  Continental
2017-2018 -8.3 3074 51.1 29.0 Continental
Mt Ernet-Laforce (630m)

2012-2013  -9.7 466.2 91.0 15.4 Maritime
2013-2014 -13.9 4571 23.3 232  Continental
2014-2015 -13.7 4016 72.8 13.3  Continental
2015-2016  -9.5 358.1 103.5 N/A Maritime
2016-2017 -11.7 454.0 37.6 23,5  Continental
2017-2018 -104 405.6 50.7 17.8  Continental

Table 1: Snow Climate Classification results for
the winter 2012-2013 to 2017-2018. SWE: Snow
water equivalent. Dec_TG: mean December
temperature gradient.

Climatic conditions of the region suggest cold
event for facet metamorphism and thaw events.
The thawing events increase the ice layering in
the snowpack, as experience in other northeast
mountain such as Mt Washington (Joosen,
2008).

4.2 Snowpack characteristics

Analysis of snow grain types is a good proxy to
characterize the dominant metamorphism pro-
cess such as rounding or faceting (e.g. Madore
et al., 2018). The results suggest three main
snow grain types for both study areas: Faceted
crystals (23%) and melt-freeze crusts (22.5%)
and fragmented precipitation particles
(21.5%)(Figure 2). The Chic-Chocs range is
mainly dominant by facets layer (30 %). Along
the coast, the facet is less present (16%)(Figure
2). The dominance of facets is in accordance
with the dominance of strong metamorphism and
continental classification for both study area
(Table 1). The melt-freeze crust is present in
both study area in a different but significant pro-
portion: 28% coast and 16% Chic-Chocs (Figure
2). The melt-freeze crust explains the maritime
influence with thawing/rain-on-snow event. The
absence of surface hoar is a characteristic of the
region.
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Fig.2 : Representation of the presence of snow grains type for the winter seasons 2014-2015 to 2017-
2018. The season 2015-2016 for the coast area have only 3 snow profile. Approximately 10-20 snow
profile was dug every winter season for both study site. The number represents the average for all the
season. The color of each year is the result of the snow climate classification (Table 1): blue years
represented continental classification and red years are maritime classification.
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Difference in the prevalence of facets (more in
the Chic-Chocs) and the melt-freeze crusts
(more on the Coast) show the maritime influence
more present along the coast. Fragmented pre-
cipitation particles represent the second most
prevalent snow grains type for both study area
with presence around 15 to 20%.

4.3 Avalanche Problems

The analysis of the past forecasting data reveal
dominant snow avalanche hazard (Shandro and
Haegeli, 2018). The region is characterized by
the dominance of wind slab avalanche problem
for every winter season (58.5%).
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Fig.3: Representation of avalanche problems
from Avalanche Québec forecasting data for the
winter season 2012-2013 to 2017-2018, Chic-
Chocs range data only. (a) Avalanche problem
for each winter season and the mean avalanche
problem percent for all winter season. (b) Anom-
alies for each winter season are represented by
the difference from the mean of all winter sea-
son.

Wet slabs and loose wet avalanches have
anomalies with none of these types of instabili-
ties for the season 2013-2014 and 2014-2015 (-
2.0% and -3.5%). These seasons also have the

most persistent slab instabilities with +8.8% and
+14.6% (Figure 3-b). Both of these seasons are
continental with the coldest mean air tempera-
ture and the absence of significant thaw events
(table 1).The persistent slab problem is the most
variable instabilities throughout every winter
season, with an average of 9.6% (Figure 3). The
season 2012-2013, 2015-2016 and 2016-2017
has no persistent instabilities. The winters 2012-
2013 and 2015-2016 were classified as maritime
with warmer mean air temperature and rain-on-
snow events (table1). The case where no ava-
lanche problem was issued represent 14% for all
winter season (Figure 3-a).

5. DISCUSSION

5.1 Data quality and reliability

Meteorological data used for the snow climate
classification contain bias. The representability of
the weather station to the study area is an issue.
The Cap Madeleine weather station is nearly 20
km from the study area. However, consistency
between climatic conditions, snowpack data and
avalanche problem show quality in the meteoro-
logical data. The forecast data present also a
certain amount of bias. Variability between winter
seasons can be attributed to a change in staff
and forecasting guideline toward each winter
season. However, each year has anomalies that
can be attributed to climatic conditions and ulti-
mately to snow climate classification result (table
1). The combination of multiple types of data
shows the robustness of the methodology devel-
ops in this study.

52 Difference between the coast and
the inland massif

Difference in altitude, the distance from St-
Lawrence Gulf and the trajectory of low-pressure
cell can explain major difference in climatic con-
ditions and snowpack structure. Some depres-
sion can affect the peninsula in different ways as
the freezing level is in between both study area
and cause different types of instabilities. These
differences in meteorological events can create
different snow layer (wind slab or melt-freeze
crust) in the snowpack.

5.3 Snow climatology

The use of multiple methodologies in this snow
climate research shows the specificity of north-
east snow avalanche climatology and the need
to use different data to fully understand the ava-
lanche regime of a mountainous region. The
result of the climate classification proposes a
continental snow climate with some maritime
exception. If we compare these results with data
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from western Canada (Shandro and Haegeli,
2018). The result shows mostly continental clas-
sification with some transition exception. The
snow climate classification results of the study
area don't fit into the three classic snow climate
develop in western America. The snow climatol-
ogy of the Japanese Alps has been described by
Ikeda et al (2009) with two study areas: the Jap-
anese sea side mountain (northern Japanese
Alps) and the central Japanese Alps. Similarities
were found with the central Japanese Alps and
the Gaspé Peninsula. Both of these regions have
the same snow climate classification results with
the Mock and Birkeland (2000) methodology.
Their results show continental classification re-
sults with maritime exception (lkeda et al, 2009).
The snowpack structure is similar with domi-
nance of faceted crystals and melts forms (lkeda
et al, 2009). They propose a new nomenclature
for the central Japanese Alps as rainy continen-
tal snow climate for specific characteristics
(Ikeda et al, 2009). We thus propose to adopt the
rainy continental for the snow climate of the
Gaspé Peninsula. The term rainy continental
express the major continental component and
the maritime influence. The rainy continental
might be a better fit for peninsular or insular con-
tinental snow climate.

6. CONCLUSION

In this study, we present a new snow climate
classification specific to the Gaspé Peninsula.
This classification can be applied to a northeast-
ern coast climate characterize by rainy continen-
tal climate. We use several methodologies to
fully characterize the snow climate and ava-
lanche regime of the study area. This methodol-
ogy shows the benefit of using several methods
and types of data. The combination of the
flowchart of Mock and Birkeland (2000), snow-
pack data and avalanche problem data should
be considered for snow climate studies in the
future. The similarity of climatic and snowpack
characteristics with the central Japanese Alps
were shown (lkeda et al, 2009). The term rainy
continental shows a snow climate with a major
continental component and maritime influence.
We therefore propose this new nomenclature for
the study area as a rainy continental snow cli-
mate.
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