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Abstract: Following joint activities between the Portuguese Institute for the Sea and Atmosphere (IPMA),
the National Authority for Emergency and Civil Protection (ANEPC), the National Republican Guard (GNR)
and Portuguese Infrastructures (IP), IPMA carried out in December 2019 a review of snow warning criteria
for Portugal. The new warning includes the change in snow depth thresholds, a new range of altitudes (over
1600m) and the inclusion of texts in warnings with probable impacts on society, in particular related to
snow and ice accumulation on roadways and infrastructures
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1. Introduction
Although snowfall in Portugal is a phenomenon that frequently occurs in winter in places above 1000 m, it
is rare at altitudes below 600 m, which makes it difficult to study this phenomenon. The periods of snow do
not last more than a few days, and the snowfall is usually in a regime of showers and, consequently, in
short periods. Recent studies and activities made it possible to implement in 2019 a review of snow
warning criteria for Portugal.

2. Snow in Portugal from 1941 to 2018
To date, a validation of observational snow depth data has been carried out for the autumn-winter period
2008-09 in mainland Portugal (Moreira et al., 2011). The snow events in this study, in a total of 8, were
mostly associated with convection in cold air (that is, enhanced cumulus, cold air development, comma and
cold fronts), with the snow quota reaching values below 300 m in half of the cases, which is uncommon in
Portugal. 56 daily observations of snow depth were considered, corresponding to the records of 7 weather
stations, with the maximum depth of 26 cm observed at the Penhas Douradas weather station. On the
other hand, the climatological analysis for the period 1941-2009 revealed that snowfall events mostly occur
with 2 m temperatures close to 0 °C and slightly positive. In fact, the analysis of the distribution of snowfall
observations as a function of temperature intervals (Figure 1) indicates that the interval with the highest
frequency of events, 31%, is between 0 and 1°C, followed by range between -1 and 0°C, with 19% of cases.
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Figure 1 – Relative frequency (bars) and cumulative relative frequency (shading) of the observation of snow in
weather stations of Instituto de Meteorologia, in the period 1941-2009, as a function of the air temperature at 2 m
(extracted from Moreira et al., 2011)

With the recent increase in the number of observations of snow depth at the Penhas Douradas station,
another study was carried out comparing these observations and the estimates of snow on the ground
obtained by satellite between January and April 2016 (Diogo et al., 2017). This study is, however, less
representative than the previous one as it considers a small sample (21 daily observations) concerning a
single station. In order to complement the two mentioned studies, a third study was carried out (Lopes,
2019) using the 24-hour snowfall forecasts of the ECMWF model (0.1° x 0.1° resolution) for the location of 8
weather stations in the interior North and Center of mainland Portugal between November 24, 2016 and
April 30, 2018. 194 snowfall forecasts were obtained, the highest predicted value being 44 mm for
Montalegre. Table 1 shows the percentiles calculated for the different snow depth thresholds for the three
studies mentioned. It can be seen that in the 2008-09 and 2016-18 studies, the percentiles are similar or
equal above 15 cm, indicating that depths greater than this value have approximately the same frequency
in these studies. In the 2016 study, the depth of 15 cm corresponds to the 99th percentile, which is
explained by its lower representativeness.
Table 1 - Percentiles for snow depth according to 3 different periods of study (2008-2009 from Moreira et al., 2011;
2016 from Diogo et al., 2017 and 2016-2018 from Lopes, 2019). Note that for the 2016-18 study the values result from
converting forecasts of snowfall (in mm) into snow depth (in cm)
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3. Estimation of snowfall
Despite the high spatial resolution of operational meteorological forecast models (ECMWF and AROME
models used at IPMA), they still have some limitations in the representation of orography, particularly in
areas where it exhibits great variability, such as Estrela mountain, in the center of mainland Portugal.
Additionally, due to limitations in the description of surface characteristics, in the parameterization of
various physical phenomena and in the horizontal resolution itself, the predictions present a non-zero bias
when compared with the observations at a particular location. To minimize these limitations, the
predictions of the numerical models are post-processed through statistical methods, obtaining a higher
quality of prediction compared to the direct output of the models. In the case of snowfall forecast, this
post-processing is crucial, as the differences in altitude between the model and the real altitude can reach a
few hundred meters (as is the case of the central areas of Estrela mountain). As in Portugal, snowfall occurs
mostly in situations with air temperature close to 0 °C, there is high uncertainty in the prediction of the
type of precipitation, since the occurrence of snowfall depends not only on the conditions near the surface,
but also of the temperature and humidity profile in the lower layers of the troposphere. Additionally, it
should be noted that the snowfall forecast corresponds to an average altitude level representative of
relatively extensive areas (200-400 km), so that, depending on the weather situation and the local
orography, snowfall may happen at lower altitudes than expected during a short period of time at some
places. Therefore, an algorithm was developed to estimate snowfall and snow depth, which is in a
validation phase taking into account data observed by IPMA, GNR and IP in the central area of Estrela
mountain during the winters of 2019/2020 and 2020/2021.

4. Snow/ice impacts and the 2019 revision of snow warning criteria
The snow warning review process resulted from several multidisciplinary meetings in the area of civil
protection that promoted the exchange of experiences related to the snow phenomenon. At a national
level IPMA, ANEPC, GNR and IP were involved. At regional and local levels other services or entities were
involved: Grupo de Montanha da Força de Especial de Proteção Civil (FEPC) from ANEPC, Comando Distrital
de Operações de Socorro (CDOS) for Guarda district from ANEPC, Subagrupamento de Montanha (SAMONT)
from Unidade de Emergência de Proteção e Socorro (UEPS) from GNR, Centro de Limpeza de Neve da Serra
da Estrela from IP, Serviço Municipal de Proteção Civil de Seia (SMPCS), Bombeiros Voluntários de Seia (BVS)
and Weather Station of Penhas Douradas from IPMA. The revision of the snow warning is part of the
activities within the European program METEOALARM (responsible for harmonizing the issuance of
weather warnings in Europe) and it is implemented according to the World Meteorological Organization
(WMO) guidelines (WMO, 2015). Namely, it is aimed that weather warnings may include impacts on
society, considering the influence of weather forecasts and warnings on the daily actions of the population.
In this sense, in the referred meeting the topics of snow observation and forecasting were addressed, as
well as the impacts of snowfall, in particular on infrastructure and roadways, including due to the formation
of ice on the roads after snow episodes. In summary, it was possible to systematize 3 changes in relation to
the previous warning: 1) consider larger discrimination of the affected regions according to altitude, with
the inclusion of the 1600 m level (in addition to the 1000 m level) which, for example, in mainland Portugal
allows restricting the warning in Estrela mountain to the municipalities of Gouveia, Manteigas and Seia, in
the district of Guarda, and to the municipality of Covilhã, in the district of Castelo Branco; 2) issue a yellow
warning from 1 cm thick of snow regardless of altitude, taking into account the consequent formation of ice
on the roads and impact on road traffic; 3) include in the warnings additional text with the description of
likely impacts. Therefore, taking also into account the climatological information regarding snowfall in
Portugal referred to in chapter 2, a revised snow warning started to be issued by IPMA, since December 9,
2019, for the mainland, Madeira and Azores, according to the criteria presented in Table 2. A minor revision
of the text impacts introduced on December 13, 2021 is already stated in Table 2.
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Table 2 – Criteria for issuing a snow warning by IPMA. On the left, effective until December 8, 2019; on the right,
effective after December 9, 2019 (with text impact minor revision on December 13, 2021)

Until December 8, 2019

After December 9, 2019

5. Conclusions
A snow warning with revised criteria is in force in Portugal since December 2019. It now considers the same
lower threshold of snow depth on the ground, corresponding to 1 cm, taking into account the immediate
impacts on road traffic. The new criteria also consider different thresholds for regions with altitudes above
1600 m, which allows, on the mainland, to differentiate the Estrela mountain region. The inclusion of likely
impacts in the warnings aims to better inform the public about the influence of snow on road traffic, due to
ice formation, and on infrastructures. In the future, the weather warning scheme in Portugal is intended to
include the formation of ice due to the phenomena of freezing rain and freezing fog.
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