BOREAL ENVIRONMENT RESEARCH 30: 181-193

ISSN 1797-2469 (online)

© 2025
Helsinki 24 October 2025

Wind speeds and gusts in Finland: a comparison of
observations and ERA5 reanalysis

Terhi K. Laurila*, Mikko Laapas, Taru Olsson and Kirsti Jylha

Finnish Meteorological Institute, P.O. Box 503, FI-00101 Helsinki, Finland
*corresponding author's e-mail: terhi.laurila @ fmi.fi

Received 02 Jul. 2025, final version received 17 Sep. 2025, accepted 23 Sep. 2025

Laurila T.K., Laapas M., Olsson T. & Jylha K. 2025: Wind speeds and gusts in Finland: a comparison of
observations and ERA5 reanalysis. Boreal Env. Res. 30: 181-193.

In this study, we compare hourly wind speed and wind gust observations from 143 weather
stations in Finland to ERAS reanalysis data from 2014-2023. The weather stations are
classified into inland, coast, lake, and mountain stations based on their elevation and ter-
rain type. Overall, the correlation between ERAS5 and observed winds is strong. However,
both the hourly wind speeds and wind gusts in ERAS are underestimated except for the
weakest winds, which are overestimated. The bias is larger in wind speeds than in wind
gusts. Among the four station classes, the coast and inland stations have in general the best
agreement between ERAS and observed winds, while ERAS performance in the mountain

stations is relatively poor.

Introduction

Extreme winds can cause large impacts on soci-
ety by causing e.g. forest damage, power out-
ages, destruction of buildings and property and
even losses of life (Lang et al. 2021, Jasitinas
et al. 2023, Romagnoli et al. 2023, Laurila et
al. 2025, Virman et al. 2025). Accurate wind
information is essential for a range of applica-
tions, including wind energy production and site
assessment (e.g. Soares et al. 2020, Gualtieri
2021), transportation safety (e.g. Vajda et al.
2014, Taszarek et al. 2020), air quality modelling
(e.g. Ottosen et al. 2019), emergency prepared-
ness (e.g. Haakana er al. 2024) and structural
design (e.g. Jafari & Alipour 2021). Wind data
are also critical for evaluating coastal flooding
risks due to sea level and waves (e.g. Leijala et
al. 2018) and for assessing operational safety
in facilities such as industrial plants, airports,
and power generation sites, including nuclear
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power plants (Jylhéd ef al. 2018). In both urban
and rural settings, strong winds can influence,
for example, the spread of wildfires and airborne
pollutants, underscoring their broad societal rel-
evance. Winds are therefore an important topic of
research needed in many sectors across society.

Windiness can be described by two vari-
ables: wind speed and wind gust. Wind speed
is a 10-min average speed of wind flow meas-
ured ideally at 10-m height, and wind gust is
a 3-second maximum at 10-m height. While
the mean wind speed gives a good overlook of
the wind climate and can represent large-scale
systems, wind gust information is essential for
describing extreme wind events. Therefore, both
the wind speed and wind gust are investigated in
this study.

Reanalysis is a gridded dataset that combines
a weather model and observations. Reanalysis
datasets are commonly used in climate assess-
ments due to their long-time coverage, usually



182

of multiple decades, and large spatial coverage
(there are both global and regional reanalyses). In
addition, reanalysis data is homogeneous on time
while observations are influenced by many addi-
tional factors, such as changes in instruments and
their locations, and environmental changes in the
surroundings of the observation stations. While
the benefits of a reanalysis are evident, there are
also disadvantages. The grid size of a reanalysis
is relatively large (e.g. around 31 km in ERAS
reanalysis used in this study), which means that
the value in one grid box is a smoothed result,
representing average conditions within the grid
box, and may differ from the observed value.
Especially regarding wind speed, the averag-
ing of grid boxes may smooth the most extreme
values. In addition, the turbulent nature of wind
gusts is of a too small scale for reanalyses to be
resolved directly. Therefore, wind gusts need to
be parametrized, i.e., represented by other grid
size variables that are resolvable.

Multiple studies comparing ERAS near-sur-
face i.e. 10-m wind speeds to different obser-
vational datasets have been made in recent
years. Among others, Chen et al. (2024) studied
ERAS wind speeds associated with extratropical
cyclones over central and eastern North America
and compared them to the in-situ station data
during 2005-2019. They found that ERAS per-
forms well in estimating wind speed, but it tends
to overestimate low winds and underestimate
high winds. The authors observed seasonal and
regional variations with the best performance in
winter and consistent underestimation over com-
plex terrain like the Rockies. Jiang et al. (2021)
evaluated ERAS near-surface wind speeds using
the ground automatic meteorological observa-
tion data from 3 April to 31 October 2020 over
Hainan Island and the South China Sea. They
also found that ERAS generally overestimated
low wind speeds and underestimated high wind
speeds, and that the accuracy of ERAS varied
with terrain; it performed better over offshore
islands than over the land areas of Hainan Island,
with the poorest performance over mountainous
regions. Regarding Europe, Molina ef al. (2021)
compared ERAS near-surface wind speeds with
wind observations including 245 stations across
Europe during 1979-2018. Their finding was that
ERAS effectively captured the seasonal cycle of
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monthly wind speeds, but it again tended to over-
estimate the frequency of low wind speeds and
underestimate higher wind speeds, particularly
in complex terrains such as mountainous regions.
Therefore, Molina et al. (2021) concluded that
overall ERA5 winds demonstrate good perfor-
mance across most European locations, but the
accuracy varied with terrain complexity and
wind speed ranges.

Compared to near-surface wind speeds, much
less ERAS evaluation studies have considered
wind gusts. Minola et al. (2020) evaluated ERAS
near-surface wind speed and wind gust data in
Sweden in 2013-2017 based on observations
from 90 weather stations. They divided the sta-
tions to coast, inland and mountain stations based
on the terrain characteristics around the stations
and found that ERAS exhibits the best perfor-
mance at coastal stations, closely capturing both
the seasonal and diurnal cycles of wind speeds
and gusts. However, ERAS showed terrain-
dependent biases; it overestimated wind speeds
in inland areas and substantially underestimated
both wind speeds and wind gusts in mountainous
regions. They additionally shared the commonly
found result that ERAS has a consistent tendency
to overestimate low wind speeds and gusts and
underestimate high wind speeds and gusts.

In Finland, both reanalysis and observa-
tions have been used in wind climate research
(e.g. Laapas and Venéldinen 2017, Gregow et
al. 2020, Laurila et al. 2021). However, to the
authors’ knowledge, previously there have not
been any ERAS5 wind evaluation studies spe-
cifically for Finland. The central goal of this
study is to determine how well ERAS represents
observed near-surface wind speeds and wind
gusts in Finland, and to clarify the extent to
which ERAS can be used as a reliable basis for
wind-related research and applications.

Data and methods

Wind observations

Observations of wind speed and wind gust are
obtained from the weather stations maintained

by the Finnish Meteorological Institute (FMI).
Wind gust observation network reached its cur-
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Fig. 1. (a) FMI’s weather stations from which the wind observations are obtained. The symbols indicate the station
classification: inland stations (76 in total) as circles, coast stations (55) as upward triangles, lake stations (7) as
downward triangles and mountain stations (5) as squares. (b) Elevation of FMI’'s weather stations (classes as dif-
ferent symbols, filled color indicates the elevation value) and ERA5 orography (background map colors). (c) ERA5
land-sea mask, giving fractional values in the range 0 (sea) to 1 (land). Sea areas and major lakes are shown in
Figure 1a by blue shading. In Figure 1c the major lakes are drawn with black contours in the background map.

rent extent about a decade ago. Therefore, we
examine the period of 2014-2023 when both
wind speed and wind gust observations are avail-
able from most of the weather stations.

First, wind speed and wind gust observa-
tions from FMI’s weather stations were retrieved
within a 10-minute time interval. Then, those
stations were removed which have below 95%
temporal data coverage, meaning that a station to
be included can miss in total only 7 days' worth
of data. Based on this criterion, 36 stations were
rejected. The final dataset of wind observations
includes 143 weather stations. Lastly, the obser-
vation data were converted to hourly values to be
comparable to ERAS5 data (which has a 1-hour
time interval). The 10-minute wind speed values
were averaged to hourly mean wind speeds,
while the hourly maximum wind gusts were
retrieved from 3-second wind gust observations.

ERAS reanalysis

ERAS reanalysis is the newest reanalysis data-
set of the European Centre for Medium Range

Weather Forecasts (ECMWF; Hersbach ef al.
2020). It has a spatial resolution of around
31 km, and it covers a time period from 1940
onwards. The data fields are available every
hour. In this study, we used the variables of
instantaneous 10-m wind speed and hourly max-
imum 10-m wind gust.

In the ECMWF weather model, which is
the basis for ERAS reanalysis, wind gust is
calculated as a sum of three components: 10-m
wind speed, turbulent factor (describes surface
friction and boundary layer stability) and con-
vective factor (describes convective downdrafts)
(ECMWF 2016). Therefore, ERAS wind gusts
are strengthened from 10-m wind speed by tur-
bulent and convective factors.

Classification of weather stations

The final set of 143 weather stations were
divided into four classes based on their loca-
tion and elevation: inland (76 stations), coast
(55 stations), lake (7 stations) and mountain
(5 stations) classes (Fig. 1a). The classification
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was made manually to ensure the correct class
for each weather station.

As the resolution of ERAS is 31 km, it is
apparent that it has a limited ability to repre-
sent sub-grid orography and surface roughness.
When comparing the ERAS orography and the
elevation of the weather stations (Fig. 1b), we
can see that the elevations of inland, coast and
lake stations are mostly well comparable. How-
ever, ERAS clearly underestimates the eleva-
tion of mountain stations (Fig. 1b). In addition,
there is one inland station in the most north-
western Finland (the Kaisivarsi area) in the
mountainous region where ERAS orography is
higher than the actual elevation of the station
since ERAS does not differentiate the small-
scale variation in the terrain.

Obviously, surface roughness is larger over
land, with e.g. grass, forest, and buildings,
than over water areas, which are smooth. High
surface roughness slows down the wind speeds
by blocking the free air flow and thus, the mod-
elled surface roughness in a reanalysis has a
large effect on the resulting winds. The spatial
resolution of 31 km in ERAS5 leads to chal-
lenges in representing the sub-grid variations
in surface roughness, especially over the sub-
grid-scale lakes. In the ERAS land-sea mask,
which indicates the proportion of land in each
grid (Fig. lc), the large lakes in Finland have
somewhat lower land proportion and therefore
lower surface roughness than the land areas.
However, the ERAS5 land-sea mask values for
the lake station grids, varying from 0.42 to 0.85
with an average of 0.70, do not represent the
real conditions. In reality for the lake stations,
wind fetches over open lake can be up to 10 km
long (depending on the direction) and therefore
the realistic roughness values would be close to
zero. Hence, the lakes in Finland tend to have
too high surface roughness in ERAS.

ERAS gives the wind speeds and wind
gusts at 10-m height above ground. The wind
instruments in weather stations are, however, in
practice installed to various heights depending
on e.g. the surrounding environment and how
that is assessed to affect the wind. In selecting
the installation height for the instruments, the
aim is that the surroundings would not affect
the speed or direction of wind velocity. In this
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study, the environmental representativeness of
the weather stations was not a selection crite-
rion (but only the data coverage as described
earlier). Therefore, in addition to the elevation
of the location, the height level of the wind
measurement may differ between ERAS and
observations.

Results

In this section, first the 10-year average wind
speeds and wind gusts are presented on a map
to show the spatial distribution. Then, the eval-
uation of the hourly values is investigated in
regard to correlation, bias, and frequency dis-
tribution. Finally, the monthly mean values of
ERAS and observations are examined.

Average over the whole time period
(2014-2023)

The average wind speed (Fig. 2a) and wind
gust (Fig. 2b) over the 10-year study period of
2014-2023 show a clear land-sea difference
with stronger wind speeds and gusts over sea
than over land. This is visible in ERAS as
well as observations when comparing inland
and coast stations. The mean winds in inland
stations are in general slightly overestimated
in ERAS compared to observations, especially
for wind gusts (Fig. 2b). In coast stations, the
observed winds are largely similar to ERAS
values. In ERAS, large lakes of Finland, that
also stand out from ERAS land-sea mask
(Fig. 1c), do not stand out with higher winds
although the observed wind speeds and gusts
in lake stations are stronger than in inland sta-
tions. The biggest difference is seen in moun-
tain stations where ERAS5 largely underesti-
mates the mean wind speeds and gusts.

Correlation of observed and ERA5
winds

The correlations between observations and
ERAS for hourly mean wind speed and hourly
maximum wind gust during the period of
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Fig. 2. (a) Wind speed and b) wind gust of FMI’s weather stations (classes as different symbols) and ERA5 (map
colors) as averages over the whole study period 2014-2023.

2014-2023 are presented in Figs. 3 and 4. To
address autocorrelation, we subsampled the
hourly data using the first lag for which the
autocorrelation dropped below 0.1, this lag
ranging up to 24 hours. Overall, the correla-
tions are strong or very strong (autocorrelation-
adjusted correlation coefficients between 0.74
and 0.86, p-values p < 107'%) in all station
classes for both the wind speed and wind gust.
The correlation is somewhat better for wind
gust (Fig. 4) than for wind speed (Fig. 3), being
the highest (» = 0.86) for wind gust in the coast
stations. Although the correlations are strong,
it is apparent that in general the weak winds
are overestimated, whereas the strong winds
are underestimated. The clearest underestima-
tion in ERAS is found in mountain stations.
The elevation difference in mountain stations
between ERAS and observation stations (see
Fig. 1b) likely affects the large underestimation
in ERAS.

Because many studies consider extreme
winds using high percentiles, also the correla-
tions between observations and ERAS for the
95th and 98th percentiles of wind speeds and
wind gusts were calculated and are attached to
the Supplementary Information (see Figs. S1
and S2 in Supplementary Information). The
percentiles are calculated from the 2014-2023
period so that each station has one observed
value and one ERAS value for the whole period.
Regarding wind speeds, the average high per-
centile wind speed (see triangles in Fig. S1 in
Supplementary Information) in ERAS is the
most comparable to observations inland and
the least in mountainous areas. Regarding wind
gusts, the average high percentile wind gust
(see triangles in Fig. S2 in Supplementary
Information) in ERAS performs the best in
coast stations. However, the performance of
ERAS varies between stations and the spread is
large, especially in coast and mountain stations.
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Fig. 3. Correlation of hourly
mean wind speed between
observations and ERA5 in dif-
ferent classes: (a) inland, (b)
coast, (c) lake and (d) mountain
stations. The black dotted line is
the 1:1 line, and the purple solid
line is the fitted linear regres-
sion line. The rvalues are auto-
correlation-adjusted correlation
coefficients.

Fig. 4. Correlation of hourly
maximum wind gust between
observations and ERA5 in dif-
ferent classes: (a) inland, (b)
coast, (c) lake and (d) mountain
stations. The black dotted line is
the 1:1 line, and the purple solid
line is the fitted linear regres-
sion line. The rvalues are auto-
correlation-adjusted correlation
coefficients.
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Bias of ERA5 winds compared to
observations

Here, bias is calculated as the difference between
hourly ERAS and observed wind value (i.e.,
ERAS5 minus observed wind). The winds are
divided into 5 m s intervals to see if and how
the bias differs between weak and strong winds.
It must be noted that there are considerably more
occurrences, i.e. hourly observations, with lower
wind speed intervals than with higher ones. For
example, there are only 26 occurrences in total (of
which 25 are in mountain stations) when observed
wind speed is over 30 m s and only 26 occur-
rences when observed wind gust is over 40 m s™!
(compared to about 7.6 million occurrences of
observed wind speeds and 3.7 million occur-
rences of observed wind gusts below 5 m s™).

Regarding the hourly wind speed, the bias
increases towards stronger wind speeds (Fig. 5).
In inland and coast stations, the weakest winds
(< 5 m s™) have a positive bias, i.e., ERA5 over-
estimates the weak winds compared to observa-
tions, while wind speeds over 5 m s™' are mostly
underestimated in ERAS. In lake and mountain
stations, even weak wind speeds show a negative
bias, i.e. underestimation of ERAS5 wind speeds.
Overall, the variation of the biases (the height of
the gray box and the distance between whiskers)
within the wind intervals is relatively small. Com-
paring the different station classes, the bias is the
smallest in coast stations and the largest in moun-
tain stations. For example, observed strong wind
speeds between 20 to 25 m s are underestimated
in ERAS5 for around 30 % in coast stations, 45 %
in lake stations, 55 % in inland stations and 70 %
in mountain stations.

The hourly wind gust shows an increasing bias
towards stronger wind gusts (Fig. 6) resembling
that of the hourly wind speed bias. However, the
increase is not as steep for the wind gust as for the
wind speed. The bias is relatively small with wind
gusts below 20 m s! in all station classes except
mountain stations. Observed wind gusts between
20 to 25 m s are underestimated in ERAS by
around 15 % in inland and coast stations, 25 % in
lake stations and 45 % in mountain stations. The
ERAS bias is smaller for the wind gusts than for
the wind speeds in most of the wind intervals and
station classes. An exception is found in one coast

station where the strongest observed wind gust of
over 40 m s has the largest bias of all, but this
is only one occurrence and therefore may not be
generalized. Moreover, since there are consider-
ably fewer cases of extreme winds than weak
winds, the sample sizes differ between the wind
gust classes, and this reduces comparability of the
categories.

As wind speeds in Finland have a seasonal
cycle with the strongest winds during winter and
the weakest during summer (e.g. Laurila et al
2021), the ERAS wind bias is additionally exam-
ined separately for seasons. In inland and coast
stations, the ERAS bias is mostly lower in winter
than in summer, with both wind speed (Fig. 7)
and wind gust (Fig. 8). This is more clearly vis-
ible with stronger (> 15 m s') wind speeds and
wind gusts and, therefore, it may be due to the
different type of strong winds causing storms in
summer and winter. In summer, thunderstorms
are typically small-scale (even just 10 km in
diameter) and the strong winds last only a short
time (minutes) in one location, while wintertime
windstorms are large-scale (even thousands of
kilometers) and the strong winds in one location
can last a long time (hours). Hence, large-scale
windstorms are much better represented in ERAS
than small-scale thunderstorms. In lake stations,
the bias is relatively similar in all seasons, espe-
cially for wind speeds whereas wind gusts show
small variations between seasons. On the con-
trary, in mountain stations the bias is mostly the
largest in winter and the lowest in summer. This
is likely because ERAS is not able to replicate the
seasonal variation in winds over the mountains
and hence the bias is larger in winter when the
observed winds are stronger in general.

Frequency distributions of observed and
ERAS5 winds

The frequency distributions of wind speeds
(Fig. 9) and wind gusts (Fig. 10) show the dif-
ferences in the whole range of winds between
ERAS and observations. In the inland stations
(Figs. 9a and 10a), the peak of the ERAS distri-
bution is shifted towards high values compared
to the observed distribution in both wind speeds
and wind gusts. This is also visible in the coast
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stations (Figs. 9b and 10b), although to a lesser
degree. This means that ERAS overestimates the
majority of the weak wind speeds and wind gusts,
which was also seen from the correlation and bias
results. In the lake stations, the distribution peaks
are at the same location, while in the mountain
stations the ERAS distribution peak is largely
shifted towards low values compared to the obser-
vations. The shapes of the distributions are more
comparable between ERAS and observations for
wind gusts than for wind speeds in all station
classes.

The right tail of the distribution, consisting of
the most extreme winds, extends to much higher

5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50
Observed wind gust interval (ms=!)

m s, lake > 30 m s~' and mountain >
45 m s,

values in observations than in ERAS. In inland
stations, the maximum wind speed in ERAS
is 14.5 m s while the observed maximum is
26.8 m s™'. For wind gusts in inland stations, the
ERAS maximum is 31.5 m s and observed max-
imum 35.2 m s, so the difference in the maxi-
mum values is clearly smaller in wind gust (4.0 m
s than wind speed (12.3 m s™). In coast stations,
the difference between ERAS (23.2 m s') and
observed (30.3 m s') maximum wind speed is
7.1 m s, and the maximum wind gust difference
is 10.4 m s7'. In the lake stations, the differences
between ERAS and observed maximum wind
speed and wind gust, 8.0 m s and 4.9 m s,
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Fig. 7. Seasonal bias box plots in

ERA5 hourly mean wind speed
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respectively, are comparable to the inland and
coast stations. However, in the mountain stations,
the maximum values differ largely being over
20 m s! lower in ERAS5 than in observations.

Monthly means of observed and ERA5
winds

The best agreement for the monthly means
of wind speed and wind gust between ERAS
and observations is found in the coast sta-
tions (Fig. 11b). ERAS monthly means are only
slightly differing from the observed values,
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(small circles).

and the seasonal variation, with the highest
winds during autumn and winter, resembles
the observed seasonality. In the lake stations
(Fig. 11c), the monthly means of ERAS5 wind
gusts are likewise well represented. However,
wind speeds are distinctly underestimated in
ERAS. Nonetheless, the seasonal variation in
ERAS is similar to the observations also in the
lake stations.

In the inland stations (Fig. 1la), ERAS
monthly means are overestimated in all months.
This is more pronounced with wind gusts than
with wind speeds. This finding probably stems
from the fact that the wind speeds over inland are



a) mean wind speed, inland

b) mean wind speed, coast
T

Laurila et al. + BOREAL ENV. RES. Vol. 30

[ ERAS
B Observations
'

Max ERAS: 14,5 m s~1
Max obs: 26;8 ms™1| | 20

T

[ ERAS

B Observations
] '

Max ERAS: 23.2 m s7!
Max obs: 30.3 m s7!

|
|
|
|
!
|
1
|
|
1
|
|
|
|
1
I

15 20 25 30 o 10 15
ms!

c) mean wind speed, lake
T T

mst

d) mean wind speed, mountain

20 25 30

| [0 ERAS
BN Observations

'
Max ERAS: 142 m s~
Max obs: 222 m s~/ | ¢ 59

20 25 30 0 5 10 15

a) max wind gust, inland
0.16 T T 0.16

[0 ERAS
BN Observations

Max ERAS: 12.7 m ™1
Max obs: 38.8 m 5!

Fig. 9. Distributions of hourly mean
wind speed in observations and ERA5
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mostly quite weak overall, and the weak hourly
winds in ERAS5 are in general overestimated
(Fig. 3) and hence are also the monthly means.
The clearest differences between ERAS5 and
observed monthly means are again found in the
mountain stations (Fig. 11d), and as was noted
before, ERAS does not capture the observed sea-
sonal variation in the mountainous regions.

Discussion and conclusions

The results of this study show that wind speed
and wind gust in ERAS in comparison to obser-
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Fig. 10. Distributions of hourly maxi-
mum wind gust in observations and
ERAS5 in different classes: (a) inland,
(b) coast, (c) lake and (d) mountain
stations.
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vations in Finland perform differently depending
on the topography and surface type. A similar
kind of study has been made by Minola et al.
(2020) who compared wind speed and wind gust
observations in Sweden in 2014-2017 to ERAS
and ERA-Interim reanalysis data. They clas-
sified the weather stations to inland, coast and
mountain stations like in our study, except that
we added a class ‘lake’ since there are multiple
weather stations in Finland where the nearby
lake influences the winds. The outcomes of this
paper are largely in agreement with the results
from Minola et al. (2020). They also found
that the coast stations have a better agreement
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between ERAS and observations than inland and
mountain stations. Our results show the overes-
timation of weak winds and an increasing bias
towards higher winds that have previously been
found in many studies (e.g. Chen et al. 2024,
Jiang et al. 2021, Molina et al. 2021, Minola et
al. 2020). However, the performance of ERAS
in representing monthly mean winds had some
differences between Sweden and Finland. While
our study shows that in the Finnish coast sta-
tions ERAS compares well with the monthly
mean wind speeds and wind gusts, Minola et al.
(2020) found ERAS slightly overestimating both
the wind speeds and wind gusts in the Swed-
ish coast stations. In the inland stations, both
our study and Minola et al. (2020) show ERAS
overestimating monthly mean wind speeds and
wind gusts, but the bias is greater in Sweden than
in Finland. The large underestimation of ERAS
monthly mean winds in the mountain stations is
seen both in Finland and Sweden.

By investigating two Finnish weather sta-
tions, Rantanen et al. (2021) found ERAS wind
gust distribution to be in better agreement with
observations than ERAS wind speed distribution.
In their case study of storm Aila, Rantanen et
al. (2021) considered wind speed and wind gust
distributions in Septembers 20042020 retrieved
from ERAS and from observations at the Rauma
and Pietarsaari weather stations in the Finnish
coast where record-high winds were observed
during storm Aila. They noticed that ERAS rep-

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

stations.

resented better the distribution of wind gusts
than that of wind speeds but highlighted that
because two stations only were included in their
study, as well as only the month of September,
further research on the topic was required.

In the current study, 143 FMI weather sta-
tions were considered, categorizing them into
four classes: inland (76 stations), coast (55 sta-
tions), lake (7 stations), and mountain (5 sta-
tions). Therefore, our study fills the research
gap raised by Rantanen et al. (2021) and shares
the same result with a larger sample of weather
stations covering the whole year. As described
in the Data section, wind gust in ERAS is calcu-
lated as a sum of three components: 10-min wind
speed, a turbulent factor, and a convective factor.
Since the hourly wind speeds in ERAS are in
general underestimated (except for the weakest
winds), one or both of the other two components
need to overestimate the hourly wind gusts as
the end result is closer to observed. A future
study could investigate the ECMWF wind gust
parameter in more detail to examine how one or
both of the factors overestimate the wind gusts.
Minola et al. (2020) already took steps this way
by developing an improved gust parameter for
Sweden by adding an elevation dependency and
by tuning the convective gust contribution.

Our study shows that the distribution shapes
between ERAS and observations resemble
each other quite well, especially in the inland
and coast stations. The distributions are better
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aligned for wind gusts than for wind speeds.
Therefore, while it is apparent that the absolute
values of high wind speeds and wind gusts are
underestimated in ERAS, the high percentiles
obtained from ERAS are sensible to be used in
extreme wind studies. Among the four station
classes, coast and inland stations showed the best
alignment with ERAS. In Finland, most of the
land areas are inland or coast types, which is also
evident from the station amounts (131 stations
in total in inland and coast classes, compared to
lake and mountain classes that have only 12 sta-
tions in total). This underscores the dataset's suit-
ability for wind-related modeling, assessments,
and applications in Finland. However, caution
is warranted when interpreting ERAS data in
mountainous regions, where the agreement with
observations is notably weaker.

ERAS is increasingly used due to its global
and spatially and temporally homogeneous rep-
resentation of numerous weather variables. The
primary aim of this study was to evaluate the
performance of ERAS in representing observed
near-surface wind speeds and gusts in Finland.
In doing so, the study provides new insight into
the reliability of ERAS for wind-related research
and applications. The results provide valuable
new information for a wide range of applica-
tions. ,It is important to recognize that ERAS is
a reanalysis rather than an observational data-
set, and different reanalyses may yield vary-
ing results. Therefore, the evaluation of ERAS's
ability to represent observed wind conditions in
Finland is essential. Moreover, our findings ben-
efit not only the wind-specific studies but also
those involving compound events, such as the
co-occurrence of strong winds with heavy snow-
fall, phenomena that are affected by winds, such
as wildfire spread and sea level oscillations, or
impact research on, for example, forest damage
or coastal flooding.
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