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Large-scale weather patterns associated with
intense thunderstorm days in Finland

We investigate the evolution of the large-scale weather patterns prior to the 40 most
intense thunderstorm days in Finland in 2002-2021 by using lightning observations and
the ERAS reanalysis data. Our results show that intense thunderstorm days are typically
associated with a surface high pressure to east and low pressure to west of Finland. An
upper-level ridge is co-located with a warm and moist airmass over Fennoscandia. The

large-scale weather pattern is largely similar for the three preceding days, however,
large case-to-case variability occurs three days before the intense thunderstorm day.
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In Finland, thunderstorms can be asso-
ciated with numerous hazards, such as
fallen trees, flooding and forest fires.
To reduce the societal and economic
impacts posed by thunderstorms, ac-
curate weather forecasts are needed.
Identification of the typical large-scale
weather evolution associated with
thunderstorms can aid forecasting
the risk and preparing for the possible
impacts some days in advance. This
study aims to complement the existing
knowledge of the large-scale weather
conditions conducive to thunderstorm
occurrence in Finland.

The mean large-scale environment
on days with mesoscale convective
systems (MCS) and smaller thunder-
storms in Finland has been investigated
previously by Punkka and Bister (2015)
using radar and the NCEP/NCAR rea-
nalysis data. However, that study cov-
ered only eight warm seasons and did
not show how the environment varied
between cases or evolved over time.
In our study, we investigate the com-
posite large-scale weather patterns,
and their variability, on and before the
most intense thunderstorm days in
Finland and focus on a 20-year time
period in 2002-2021.

We use lightning observations to
find the most intense thunderstorm
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days between May and September.
An intense thunderstorm day is de-
fined to be a day when at least 10 000
cloud-to-ground lightning flashes are
detected in Finland. In 2002-2021, we
have had 40 of such cases. For these
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FIG 1: Mean composite of 300-hPa geopotential height (Z300, a-b) and mean
sea level pressure (MSLP, c-d) on intense thunderstorm days (day O, a and c)
and two days prior to intense thunderstorm days (day -2, b and d).
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well as on the three preceding days
(day -1, -2, and -3).

Our results show that an intense
thunderstorm day occurs, on average,
twice a year. Considerable variability
occurs in the annual and monthly num-
ber of cases (not shown), which is also
seen in the long-term time series of
thunderstorm occurrence in Finland
(Laurila and Mékela, 2019). The high-
est annual number of intense thunder-
storm days occurred in 2003 (9 days),
whereas there were 5 years when no
intense thunderstorm days were de-
tected. Roughly half of the cases
occurred in July (21 days), whereas the
number of intense thunderstorm days
in May, June and August were 2, 9 and
8, respectively. None of the intense
thunderstorm days occurred in Sep-
tember.

The composite mean 300-hPa geo-
potential height shows that on day O,
there is an upper-level ridge over east-
ern Fennoscandia and an upper-lev-
el trough over north-western Europe
(Fig. 1a). At the surface, a high-pres-
sure area is located over parts of
western Russia, whereas an area of
relatively low pressure occurs over
Fennoscandia and another one close
to Iceland (Fig. 1c). This kind of pattern
would trigger a southerly flow over
Finland and, thus, an inflow of warm
and moist air from the south towards
Finland. At the 850-hPa level, warm
air from southern Europe extends to
Fennoscandia, whereas over western
Europe the airmass is colder (Fig. 2a).
Relative humidity at 700-hPa is high
over Fennoscandia and central Europe
(Fig. 2c¢). The composite large-scale
weather pattern somewhat resembles
that associated with observed MCSs
in Finland in a previous study (Punk-
ka and Bister, 2015). More specifical-
ly, Punkka and Bister (2015) showed
that MCSs are associated with an up-
per-level trough over western Europe
and a surface low pressure area over
Fennoscandia. Lastly, the composite
mean fields (Figs. 1 and 2) in this study
closely resemble the corresponding
median fields (not shown).
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FIG 2: Mean composite of 850-hPa temperature (T850, a-b) and 700-hPa
relative humidity (RH700, c-d) on intense thunderstorm days (day O, a and c)
and two days prior to intense thunderstorm days (day -2, b and d).
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FIG 3: Standard deviation composite of 300-hPa geopotential height (2300,
a-b) and mean sea level pressure (MSLP, c-d) on intense thunderstorm days (day
0, a and c) and two days prior to intense thunderstorm days (day -2, b and d).
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On day O, standard deviations of
the 300-hPa geopotential height and
the 850-hPa temperature are relatively
small over Fennoscandia but larger
over parts of western Russia and west-
ern Europe (Fig. 3a and Fig. 4a). This
may suggest that intense thunderstorm
days in Finland are typically associat-
ed with a ridge of warm airmass over
Fennoscandia, but that there is large
case-to-case variability in the zonal ex-
tent of the warm airmass, particularly
to the east of Finland. The standard de-
viation of the mean sea level pressure
on day O is relatively small in southern
Europe and Russia, but relatively large
over northern and western Europe and
Iceland (Fig. 3c). This is expected, as
mid-latitude cyclone activity in Europe
is highest in these regions (Priestley
et al. 2020). Standard deviation of the
700-hPa relative humidity shows large
spatial variability (Fig. 4c), however, a
distinct minimum is seen in the south-
ern half of Finland.

The composite mean large-scale
weather patterns on day -1, -2 and -3
(shown only on day -2 in Fig. 1b, d and
Fig. 2b, d) generally resemble those on
day O (Fig. 1a, ¢ and Fig. 2a, c). Over
Finland, mean sea level pressure de-
creases, and the 300-hPa geopotential
height, 850-hPa temperature and 700-
hPa moisture increase from day -3 to-
wards day 0. On day -1, standard devia-
tions of 300-hPa geopotential, 850-hPa
temperature and mean sea level pres-
sure over Fennoscandia are generally
small (not shown). On day -2, the stand-
ard deviations are slightly larger than
on day O over most parts of Fennoscan-
dia (Fig. 3b, d and Fig. 4b, d). However,
on day -3, standard deviations of mean
sea level pressure and 300-hPa geopo-
tential height are, in general, larger than
on day O, -1 and -2 over most parts of
Fennoscandia, western Russia and east-
ern North Atlantic (not shown).
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FIG 4: Standard deviation composite of 850-hPa temperature (T850, a-b) and
700-hPa relative humidity (RH700, c-d) on intense thunderstorm days (day O, a
and c) and two days prior to intense thunderstorm days (day -2, b and d).

To summarize, our results suggest
that intense thunderstorm days in Fin-
land are associated with an upper-lev-
el ridge over Fennoscandia, a surface
high pressure over western Russia and
the spread of warm and moist airmass
from the south. The mean large-scale
weather pattern is rather similar for at
least the three preceding days. How-
ever, large case-to-case variability, es-
pecially in the northward extent of the
upper-level ridge and the strength of
the low-pressure areas over Fennos-
candia and eastern North Atlantic, is
seen on day -3. This suggests that the
large-scale weather pattern is robust
between day O and -2. However, it is
possible that the large-scale weather
evolution is different for thunderstorms
in different regions in Finland, which

could be a topic for a future study.
This study could also be continued by
assessing whether the most intense
thunderstorm days have been associat-
ed with anomalous large-scale weather
patterns and whether the environment
differs from weaker events.
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