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Un cours de laboratoire de
terrain a domicile pour étudier
les caracteéristiques de la neige

— Par Julie Mireille Thériault, Emilie Gauthier, Mathieu Lachapelle and René
Laprise —

Un diplébme en sciences de 'atmosphere peut déboucher sur une foule de
professions telles que prévisionniste météo, analyste climatique, spécialiste des
mesures sur le terrain ou une carriere dans la communication. Il est donc
essentiel d’offrir aux étudiants une formation qui se sert des multiples approches
qui refletent ces possibilités de carriére. Tel est I'objectif du nouveau programme
de premier cycle en sciences de I'atmosphere, implanté a lTUQAM en

2019 (Laprise et Thériault, 2019). Le programme comprend trois nouveaux cours
de laboratoire sur les themes suivants : (1) la météorologie synoptique; (2) les
mesures sur le terrain et les expériences en laboratoire; et (3) les simulations de
modeéles numériques.

Le cours de laboratoire, qui couvrait les mesures sur le terrain et les expériences
en laboratoire, a été donné pour la premiere fois au cours du semestre d’hiver



2021. Compte tenu de toutes les restrictions imposées par la pandémie, ce
laboratoire a nécessité une approche créative. On a demandé aux étudiants de
recueillir des données autour de leur maison pendant une tempéte hivernale.
Cela signifie que tous les étudiants ont documenté la méme tempéte et ont par la
suite analysé I'évolution spatiale et temporelle des quantités et des types de
précipitations. Ces mesures manuelles ont été comparées aux mesures
automatiques. Cette approche s’est révélée fructueuse et continuera
probablement a faire partie du programme du cours, avec une autre collecte de
données sur le terrain.

Le laboratoire vise a enseigner aux étudiants comment répondre a une question
scientifique selon la méthode scientifique. Cing expériences ont été réalisées, au
cours desquelles les étudiants devaient répondre a une question scientifique en
utilisant des instruments météorologiques précis ainsi que les données
manuelles qui ont été recueillies a leur domicile, situé dans toute la province du
Québec.

Au cours du trimestre d’hiver 2021, 19 étudiants se sont inscrits au cours de
mesures sur le terrain et d’expériences en laboratoire, dont un étudiant extérieur
au programme. Jusqu’a 500 microphotographies de cristaux de glace ont été
recueillies a travers la province de Québec, de Montréal a Baie-Comeau. Les
étudiants ont appris @ mener un petit projet de recherche sur le terrain en
recueillant et en analysant des données sur le terrain et en résumant les
résultats dans des rapports scientifiques. A I'avenir, les éléves iront plus loin en
concevant une expérience et en installant eux-mémes les instruments pour
documenter les conditions atmosphériques pendant une tempéte.

Enfin, les étudiants étaient bien préparés pour ce laboratoire puisqu’ils avaient
appris a lire et a interpréter les cartes météorologiques synoptiques, les
sondages atmosphériques et les données des stations synoptiques lors de leur
premier cours de laboratoire sur la météorologie synoptique. En plus d’acquérir
de l'expérience sur le terrain, I'analyse des données de terrain a aussi permis
aux étudiants de se familiariser avec les phénomenes météorologiques
hivernaux (dans le cas présent). lls peuvent maintenant se réjouir d’en apprendre
davantage sur les processus physiques en jeu. Les connaissances acquises ici
constituent une bonne transition vers le troisiéme cours de laboratoire, au cours
duquel des simulations de modéles numériques seront utilisées pour vérifier des
hypothéses liées soit aux phénomenes observés pendant le deuxieme cours de
laboratoire, soit a divers principes fondamentaux liés a I'atmosphére qui ont été
abordés dans d’autres cours. Ensemble, ces trois cours de laboratoire proposent
des outils clés pour étudier les phénomenes atmosphériques en utilisant une
approche pratique.



A field laboratory class from home to study
snow characteristics

— By Julie Mireille Thériault, Emilie Gauthier, Mathieu Lachapelle and René
Laprise —

Learning atmospheric sciences

A degree in atmospheric sciences can lead to a variety of professions such as
weather forecaster, climate analyst, field measurement specialist or a career in
communications. It is, therefore, essential to provide students with training that
uses the multiple approaches that reflect those career opportunities. This is the
objective of the new undergraduate program in atmospheric sciences,
implemented at UQAM in 2019 (Laprise and Thériault, 2019). The program
includes three new laboratory courses on the topics of: (1) synoptic meteorology,
(2) field measurements and laboratory experiments, and (3) numerical model
simulations.

The laboratory class, which covered field measurements and laboratory
experiments, was given for the first time during the winter 2021 semester. Given
all the restrictions brought on due to the pandemic, this laboratory required a
creative approach. Students were asked to collect data from around their homes
during a winter storm. This meant that all the students documented the same
storm and then analyzed the spatial and temporal evolution of the amounts and
types of precipitation. These manual measurements were compared to automatic
measurements. This approach proved to be successful and will likely remain as
part of the course curriculum, with additional data collection in the field.

The goal of the field laboratory class

The goal of the laboratory is to teach students how to answer a scientific
question according to the scientific method. Five experiments were conducted,
during which students were asked to answer a scientific question using specific
meteorological instruments as well as the manual data that were collected from
their homes, located across the province of Québec (Fig. 1).

The weather station that is used is installed on the roof of the Université du
Québec a Montréal (UQAM) President-Kennedy Building in downtown Montréal
(Fig. 1). Itis equipped with a standard thermometer, anemometer and
precipitation gauge. Sophisticated instruments are also used at this station: an



optical-laser disdrometer to characterize the size and fall speeds of precipitation
particles, and a Micro Rain Radar to characterize the precipitation aloft.

In addition to automatic measurements, the students were given a 60x
smartphone microscope, a baking pan, a kitchen scale and a ruler (Fig. 1). These
were used to document snow crystals as well as to measure snow depth and
density, as presented in Kumjian et al. (2020).
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Figure 1: (a) Tools used to measure accumulated snow, snow density and to
photograph precipitation particles. (b and c) Spatial distribution of students
around Montréal and across the province of Québec. The circles indicate the
amount of precipitation measured by each observer and the triangle is the
location of the Environment and Climate Change (ECCC) S-band radar at
Blainville. The accumulated precipitation ranged from 1400 UTC 5 February to
1700 UTC 6 February 2021, while a low-pressure system moved from Montréal to
Baie-Comeau. The colour contours indicate the accumulated solid precipitation
data obtained from ERA5 liquid water equivalent accumulated precipitation (x
10 to convert into snow depth).

During their first experiment, the students learned how to use the smartphone
microscope and how to perform manual show measurements. The following
three experiments focused on analyzing the data obtained from the
meteorological instruments using the Python programming language. Basic
computing codes were provided to the students using Jupyter Notebook to read
and analyze the data. The last experiment was to conduct a case study by
collecting precipitation data across Québec Province (Fig. 1) and analyzing the
large-scale atmospheric conditions using ERAS5 reanalysis data (Hersbach et al.,



2020). The precipitation data that were collected included manual measurements
of snowfall and snow particles, as well as documentation of the precipitation type,
degree of riming, and degree of aggregation.

Finally, a group of students was responsible for producing daily weather
forecasts to determine which event to document. Luckily, a snowstorm occurred
at the exact time that the class was scheduled for the students in the Montréal
area, but the storm occurred at a later time (after the storm passed) for those in
eastern Québec.

Documented snowfall event

On 5 February 2021, an occluded front, first located over the Great Lakes region
and associated with a low-pressure system, moved northeastward across the
province of Québec. Precipitation started in the Montréal area at around 1430
UTC 5 February 2021 and reached Baie-Comeau 21 h later.

Up to 12.7 cm of snow was measured across the province by the students
located in the Montréal area, Trois-Rivieres and Baie-Comeau (Fig. 1). The
measurements from the students varied from 2 cm to 12.7 cm across the
Montréal region. The UQAM weather station single-Alter Geonor measured 5.4
mm in liquid water equivalent, whereas the Environment and Climate Change
Canada station at the Montréal-Trudeau Airport measured 3.8 cm of snow. As
another comparison, the ERA5 accumulated precipitation is shown in Fig. 1, with
similar amounts of precipitation for the Montréal area (4-5 cm of snow).
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Figure 32: Timeseries of the weather conditions on 5 February 2021 at the UQAM
station. The images above show (a) air temperature and dew point temperature
timeseries, (b) accumulated precipitation, (c) snow-to-liquid ratio, (d) wind
speed, (e) particle size distribution, (f) particle fall speed distribution, and (g and
h) Micro Rain Radar (MRR) reflectivity (Ze) and particle Doppler velocity.



A range of accumulated snow was measured by the students. The snow density
measurements from the Montréal area varied from 31 to 361 kg/m3, which
corresponds to the range for snow-to-liquid ratio of 2.76:1 to 32.45:1 (Fig. 2).
Spatial variation of snow accumulation in the Montréal area was obtained, which
could be due to the local-scale variations or experimental errors such as whether
the baking pan was placed in a windy environment or near vegetation. Higher
precipitation amounts were measured west of Montréal and decreased to the
east, from 12.7 cm in Laval to 7-8 cm in Varennes (Fig. 1). Stations located
farther west were closer to the centre of the low-pressure system. Reflectivity
measured by the scanning Environment and Climate Change S-band radar
located in Blainville also showed spatial variability (not shown). Finally, snow
density increased during the event, which is consistent with the increasing
environmental air temperatures of -4.43°C to 0.47°C. Lower amounts of snow
accumulation were measured in southern locations such as Candiac, where
snow was reported to have melted.

Many types of ice crystals were also reported by the students. Mainly dendrites,
needles and plates were observed at the onset of precipitation, whereas smaller
plates and snow pellets were reported at the end of the event. Students also
reported the occurrence of rimed snowflakes during the event (Fig. 3). Less
riming was observed at the start of the precipitation event over the Montréal area.
At these locations, the degree of riming increased during the event until particles
were completely rimed. Completely rimed particles referred to as snow pellets,
were also reported by students in Montréal, Laval, Varennes and Candiac during
the last hour of the event, when the environmental air temperature was at its
highest, at 0.47°C. Overall, various degrees of aggregation (not shown) and
riming were reported during the precipitation event.



a) 1400 UTC 02-05-2021 b) 1500 UTC 02-05-2021

Figure 3: Spatial and temporal variations of solid precipitation particles in the
Montréal area at various times on the 5 February 2021: (a) 1400 UTC, (b) 1500
UTC, (c) 1600 UTC, and (d) 1700 UTC. The locations of the four stations shown in
the maps are provided/detailed in Fig. 1c. The photos in blue and red indicate,
respectively, lowest and highest amount of riming.

The sizes of the snow particles that were measured were compared with those
from the OTT Parsivel laser-disdrometer and the vertically pointing radar (Micro
Rain Radar, MRR) located at UQAM (Fig. 2). The particles measured by the
disdrometer were between 0.2 mm and 20 mm, with an average of approximately
1 mm. This is the same range of sizes estimated by the students. Although
smaller particles with various degrees of riming were predominant, all students
also reported the occurrence of aggregated ice crystals. Several students
reported large aggregates that were often too large to photograph with the micro
lens. Growth by aggregation may have occurred, as suggested by the relatively
constant particle Doppler velocity (~1 m/s) and the increased reflectivity towards
the surface, as measured by the vertical-pointing radar at UQAM. The
atmospheric sounding launched at 1500 UTC 5 February 2021 suggests
relatively warm atmospheric conditions aloft, which are favourable for
aggregational growth (Fig. 4).
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Figure 4: Atmospheric sounding launched from the Gault station (Fig. 1). The
red line is the environmental air temperature and the blue line is the dew point
temperature. The wind speed and direction are indicated by the wind barbs.
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The outcome

The 2021 winter term saw 19 students registered in the field measurements and
laboratory experiments class, including one student from outside the program.
Up to 500 microphotographs of ice crystals were collected across the province of
Québec, from Montréal to Baie Comeau. Students learned how to conduct a
small field research project by collecting and analyzing field data and
summarizing the findings in scientific reports. In the future, the students will go
one step further by designing an experiment and installing the instruments
themselves to document atmospheric conditions during a storm.



Finally, students were well prepared for this laboratory as they had learned how
to read and interpret synoptic weather charts, atmospheric soundings and
synoptic-station data during their first laboratory class on synoptic meteorology.
In addition to gaining experience in the field, the analysis of field data also taught
students about winter weather phenomena (in this case). They can now look
forward to learning more about the physical processes that are involved. The
knowledge gained here serves as a good transition to the third laboratory class,
during which numerical model simulations will be used to verify hypotheses that
are related to either phenomenon observed during the second laboratory class or
various atmospheric-related fundamentals that were covered in other courses.
Together, these three laboratory classes provide key tools for studying
atmospheric-related phenomena using a practical approach.
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