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MOTIVATIONS
• Quantitative Precipitation Estimation (QPE) and microphysical features of Antarctic precipitation

remain largely unknown and not well-estimated by numerical weather/climate models or satellite
measurements.

• Knowledge of precipitation amounts is particularly significant in Antarctica as precipitation is the
most considerable positive term of the surface mass balance of the Antarctic Ice Sheet.

• Estimations of snowfall rate are usually accomplished using relationships between Radar
Reflectivity (Ze) and liquid-equivalent Snowfall Rate (SR). However, very few relationships take
advantage of the direct estimation of the microphysical characteristics of snowflakes.
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CONCLUSIONS

GOALS
• Evaluate the effectiveness of a K-band vertically pointing radar collocated with a laser disdrometer

in snowfall quantitative estimations also in the Antarctic environment.

• Use radar and disdrometer observations to develop Ze-SR relationships as a function of snow type.

• Classify the falling hydrometeors based on microphysical features.

• Improve Quantitative Precipitation Estimation by applying different Ze-SR relationships according to
snow classification.

Figure 1. (a) Geographic
map of the Antarctic
continent with the
locations of Mario
Zucchelli (MZS), Dumont
D’Urville (DDU), and
Princess Elisabeth (PE)
research stations (credit:
Earthstar Geographics-
PGC-UMN-Esri); (b)
Aerial view of the Mario
Zucchelli research
station (credit: PNRA.aq)
with the position of the
co-located
instrumentation used in
this study: disdrometer
(c) and radar (d).

• The Italian research station “Mario Zucchelli” managed by the PNRA has been hosting the ground-
based instruments described in this work since December 2016. MZS is located at Terra Nova Bay.

• The Particle Size and Velocity (Parsivel) is an optical disdrometer that measures simultaneously
the sizes and fall velocities of the hydrometeors (binned in 32 × 32 diameter/speed classes) that
cross the horizontal laser matrix produced between the transmitter and receiver heads of the
disdrometer.

• The Micro Rain Radar 2 (MRR) is a profiling Doppler radar, typically used in vertical pointing mode
that operates at the K-band (24 GHz) to derive Doppler power spectra in 64 bins over 32 vertical
range bins.

• Observations during two Antarctic summers, from November to March 2018–2019 and 2019–
2020, were considered. We selected only days with at least 60 min of continuous precipitation,
resulting in 52 days with precipitation, of which 32 were in 2018-2019, and 20 in 2019–2020, for a
total of 23566 min of solid precipitation corresponding to more than 392 h of snowfall data.

1. Disdrometer Reflectivity: combining disdrometer data and radar backscattering cross sections for 6
different snow categories (aggregate, dendrite aggregate, plate aggregate, pristine, dendrite
pristine, plate pristine) to calculate 6 different disdrometer-derived radar reflectivity (ZeParsivel) after
a procedure of wind-correction for disdrometer data.

2. Ze-SR Relationships: deriving 6 Ze-SR relationships (one for each snow category) by using ZeParsivel
and snowfall rates SRs. SRs (in mm liquid water equivalent) are estimated starting from disdrometer
data and applying proper velocity-diameter and mass-diameter relationships.

3. Snow Classification: root mean square errors (RMSE) between the radar reflectivity at the 105 m
height measured by the MRR (ZeMRR) and each of the six values of ZeParsivel (one for each snow
category) were calculated in a 10-min time window. The category with the lowest RMSE value is
considered to be representative of the prevailing type of particles in that time window.

4. QPE improvement: according to the snow category, the proper Ze-SR relationship is applied in that
time window to estimate snow precipitation on the ground.

Figure 3. Density scatter plots
for 1-min MRR and
disdrometer data in terms of
equivalent radar reflectivity for
aggregate-like and pristine-like
categories.
Points are colored based on
data density ranging from dark
red (high density) to dark blue
(low density), the black line
represents the bisecting line.
Merit factors of the
comparisons are also reported
next to each plot.

Figure 2. Scatter plots of the snowfall rate and radar reflectivity both computed from disdrometer observations for each snow category. Black
lines and shaded areas represent the Ze–SR relationships obtained through Nonlinear Least-Squares fitting and their uncertainties,
respectively. Text boxes contain the fitting parameters found for each snow type.

• Categories of aggregates better
approximate the hydrometeors at
MZS.

• Aggregate categories account for
17735 minutes out of 23566, with an
incidence of more than 75%.

• Classification identifies particles
having specific dendrite aggregate
features amounting to 45% of the
total dataset, while 20% of the
precipitation minutes are classified as
belonging to the aggregate category.

• Categories of pristine snow represent
a minority (5830 min) and mainly
exhibit dendrite pristine features.

Figure 4. Minutes of precipitation for each snow category and for each of the 52 snowfall
events investigated in this work. Most snowfall events show a mix of the different categories,
and many of them display both aggregate and pristine features.

Figure 5. Comparison in precipitation accumulation for 32 of the 52
events in the considered periods between the measurements of a
weighing gauge and the estimates using different Ze-SR relationships.
Variable Ze-SR refers to this work, S20 to the fixed Ze-SR relationship in
Scarchilli (2020); G17 to the fixed Ze-SR relationship in Grazioli (2017);
S17 to the fixed Ze-SR relationship in Souverjins (2017). Error bars are
computed using confidence intervals of each Ze-SR relationship.

• Accumulated precipitation calculated by
our variable Ze-SR approach is compared
against a weighing gauge (used as
reference) and fixed Ze-SR approaches
for 32 of the 52 events.

• Snowfall amount using our variable Ze-SR
relationship performs better than applying
a fixed Ze-SR taken from literature as
resulting from the values closest to the
reference ones provided by the weighing
gauge in both the first and second
observation period.

• Estimates using the fixed G17 relationship
agree with our results, although with a
slight underestimation for both periods
and considerable uncertainty, while
applying S20 and S17 leads to a significant
overestimate.

• The combination of MRR and a disdrometer is undoubtedly valuable and workable in snowfall estimations.

• Synergic use of MRR and disdrometer allows obtaining precious information on snow microphysical features and classifying the
falling hydrometeors.

• Instead of a fixed one, the use of variable Ze-SR relationship approach makes it possible to mitigate the impact of snow
microphysical variability in QPE, leading to an improvement in snowfall quantitative estimations.

REFERENCES
Further details of this work can be found in: Bracci et al. (2022) 
https://doi.org/10.3390/rs14010082
Grazioli et al. (2017) https://doi.org/10.5194/tc-11-1797-2017
Scarchilli et al. (2020) https://doi.org/10.1017/jog.2020.70
Souverijns et al. (2017) https://doi.org/10.1016/j.atmosres.2017.06.001

Contact: a.bracci@isac.cnr.it

Acknowledgments
This work is carried out in the framework of the APP (Antarctic Precipitation Properties),
MALOX (MAss LOst in wind fluX) and IAMCO (Italian Antarctic Meteo-Climatological
Observatory) projects funded by the Italian National Antarctic Program (PNRA).

4° Congresso Nazionale 
AISAM 
Milano, 

15-19 febbraio 2022

1

2

3

METHODOLOGY

RESULTS
QPE ImprovementSnow Classification

https://doi.org/10.3390/rs14010082

