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In winter, driving safety is strongly weather dependent. Timely installation of winter 
tyres is essential when temperature falls to near 0 °C and the surface of the roads 
becomes slippery due to ice and snow. A new user-oriented climate service providing 
tailored sub-seasonal and seasonal climate outlooks for winter tyre season and safety 
driving conditions was developed and piloted by the Finnish Meteorological Institute 
and Vianor Oy.
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According to the legislation, winter 
tyres must be used in Finland from 1 
November to 31 March if the weather 
and road surface conditions require 
(Traficom 2020). Thus, the time of win-
ter tyre installation and distribution to 
the customers varies from year to year 
in conformity with the weather condi-
tions. In this paper, we present a new 
user-oriented climate service provid-
ing tailored sub-seasonal to seasonal 
predictions for tyre companies, devel-
oped within the H2020  e-shape pro-
ject, Seasonal preparedness pilot. The 
service was co-created with the tyre 
and car service chain, Vianor Oy. The 
predictions provided via the sub-sea-
sonal and seasonal climate outlooks 
for the upcoming six weeks and three 
months, respectively, allow tyre com-
panies to plan the distribution of right 
tyre types, the seasonal management, 
and to provide relevant information 
for their customers about the time 
of tyre change. The climate service is 
currently in pilot phase, running in a 
fully automated operational mode.

Development of the sub-season-
al and seasonal climate outlooks. 
An iterative strategy was followed 
in the creation of climate outlooks. 
The end-user, Vianor, was engaged 
through dialog from the beginning of 
the design and development process 

to harmonize their needs in terms of 
forecast products, visualization and 
delivery method. Information about 
the skill of forecasts and uncertainties 
were also discussed. A set of sub-sea-
sonal and seasonal forecast products 
(Table 1) relevant for winter driving 
safety were selected and designed 
with the user. For the onset and off-
set of winter tyre season outlook the 
thresholds for slippery conditions, 
hazarding driving safety, were deter-
mined based on literature survey and 
on analysis of road accident data from 
Finland (Finnish Crash Data Institute, 
OTI) against weather variables for the 
period 2005–2018.

 Data from the state-of-the-art pre-
diction systems from the European 
Centre for Medium-Range Weather 
Forecasts (ECMWF), i.e., sub-season-
al forecasts from the ensemble pre-
diction system (EPS) (ECMWF 2016) 
and seasonal forecasts from SEAS5 
system (Johnson et al. 2019) were 
used in  the development and oper-
ational runs of the forecast products. 
The EPS data is produced for 46 days 
ahead twice a week, on Mondays and 
Thursdays, with 0.4° spatial resolution 
and is accessed through the ECMWF 
dissemination. SEAS5 system data is 
accessed from the Copernicus C3S 
Climate Data Store, where it is avail-

able with a horizontal resolution of 1° 
and updated on 13th of each month. 
The skill of variables used in the de-
velopment of outlooks was assessed 
and systematic errors from the raw 
data were reduced through bias ad-
justment to improve the quality of the 
forecasts. The variables were eval-
uated and calibrated using re-fore-
cast data for the period 2000–2019 
and ERA5 reanalysis (Hersbach et al. 
2020) as reference for the same pe-
riod. The quality of the sub-seasonal 
variables was successfully improved 
by applying the mean bias removal 
method for 2m temperature and the 
quantile mapping method for snow 
depth (Fig. 1). In case of seasonal fore-
casts, the biases of 2m temperature 
and snow depth variables were re-
duced by ensemble model output sta-
tistics (EMOS) (Gneiting et al. 2005). 
All the variables were bias adjusted 
by the first pilot season (winter 2020–
2021) except the sub-seasonal snow 
depth, which was adjusted by the 
start of the pilot season 2021–2022. 
After the post-processing of the in-
put variables, the outlooks were com-
puted. The winter tyre season, prob-
ability of snow cover and freezing 
temperature outlooks describe the 
likelihood of expected climate con-
ditions through begins after the new 
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TABLE 1: The climate outlooks co-designed and developed including the definitions and variables used.

FIG 1: Root mean square error calculated for sub-seasonal raw model, bias adjusted snow depth and observed snow 
climatology (2000–2019) for two locations.

TIME-SCALE CLIMATE OUTLOOKS WEATHER CONDITIONS DESCRIBED VARIABLES USED IN THE 
PRODUCT DEVELOPMENT

METHODOLOGY AND 
THRESHOLD APPLIED 

Sub-seasonal 
outlook

Winter tyre season Weekly probability of slippery 
road conditions during the fo-
recast week in autumn

2 m air temperature Tmin < 0 °C for 2 con-
secutive nights

Weekly probability of non-slip-
pery road conditions during the 
forecast week in spring

2 m air temperature Tmin > 0 °C for 7 con-
secutive days

Probability of snow 
cover

Weekly probability of snow cover 
on the ground

Snow depth, snow 
density

Snow depth ≥ 1 cm

Snow depth Weekly average snow depth Snow depth, snow 
density

Weekly average snow 
depth

Probability of freezing 
temperatures

Weekly probability of freezing 
temperature

2 m air temperature Tmean < 0 °C

Seasonal climate 
outlook

Probability of snow 
cover

Monthly probability of snow cover 
on the ground

SEAS5 snow depth, 
snow density

Snow depth ≥ 1 cm

Probability of freezing 
temperatures

Monthly probability of freezing 
temperature

SEAS5 2 m air tempe-
rature

Tmean < 0 °C
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probability forecast, while the snow 
depth outlook predicts the absolute 
value of snow accumulation.

Production of sub-seasonal out-

looks. The newly developed sub-sea-
sonal outlooks are produced in oper-
ational runs on the FMI servers using 
the improved version of the opera-

tional service prototype developed in 
the CLIPS project (Ervasti et al. 2018)  
produce sub-seasonal climate out-
looks (clips.fmi.fi). The production run
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forecast is disseminated to FMI. The 
variables extracted from the dissemi-
nation stream are post-processed and 
the climate outlooks are generated. 
The output data is visualized through 
weekly maps presenting the predicted 
weather conditions for each forecast 
product and disseminated to the us-
ers through an online user interface, 
the Ilmanet service platform (ilmanet.
fi). The users can access the service 
using credentials. A user-friendly, eas-
ily understandable and interpretable 
format and easily accessible system 
were the main aspects when imple-
menting the outlooks and the ser-
vice. Each outlook consists of (1) an 
informational page including a short 
description of the forecast product 
and its definitions, information on the 
computation of the product and ad-
vice on how to interpret the forecast; 
(2) six static weekly maps presenting 
the predicted weather conditions ei-
ther through probabilities or absolute 
values, and (3) animated version of the 
weekly maps (Fig. 2). The sub-season-
al outlooks are updated twice a week, 
on Tuesday and Friday. In September 
2020, the first version of the service 
was set up and the winter tyre season 
outlook was released. The other out-
looks were added in December 2020.

Production of seasonal climate 
outlooks. The seasonal climate out-
looks are produced on WEkEO, a Co-
pernicus DIAS services as soon as the 
updated seasonal forecast products 
from C3S CDS are shared on WEkEO. 
The forecast products are visualized 
through maps that are disseminated 
to the users through the seasonal.fmi.fi 
web-portal. The outlooks are updated 
on the 13th of each month. The pro-

duction of seasonal climate outlooks 
was deployed in January 2021.

The first pilot season was run dur-
ing winter 2021–2022. After the first 
test season a preliminary qualitative 
evaluation of the forecast products 
was performed. Since the service 
wasn’t included yet to the workflow of 
the user during the first pilot season, 
their feedback on the forecast prod-
ucts will be received after the sec-
ond pilot season. Based on the user’s 
feedback and the results of qualitative 
evaluation of the forecast products, 
the outlooks will be further improved 
to assure their usability.

This new climate service showcases 
the applicability of sub-seasonal and 
seasonal predictions tailored to sup-

port decision taking in transportation 
sector, allowing end-users to increase 
their preparedness and resilience to 
inter-annual climate variability.

Acknowledgements: The study 
contributes to the H2020 e-shape pro-
ject (grant 820852) funded by the Eu-
ropean Commission. The first version 
of the operational service prototype 
used in the production of sub-sea-
sonal outlooks was developed in the 
SA CLIPS project (clips.fmi.fi) funded 
by the Academy of Finland (grant no. 
303951). We thank the Finnish Crash 
Data Institute (OTI) for the road acci-
dent data provided.

FIG 2: An example of the winter tyre season outlook animation issued on 
19.11.2020.
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