Large hail in Estonia on 12th August 2015
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Introduction
Hail is not as common in Northern Europe as in the rest of
Europe due to the colder climate in the region, and also the
maximum size of hail is not as large as in Central Europe
(Punge and Kunz, 2016). Tuovinen et al. (2009) found that
in Finland there are on average 5 days every year when the
maximum diameter of hail exceeds 2 cm. During the
summer months (June to August) there are on average 4-5
thunderstorm days in Estonia each month (Enno et al.,
2013) and often thunderstorms are accompanied by hail.
But according to Tammets and Kallis (2008) the size of hailstones is usually less than 10 mm in Estonia and the hail
showers last for approximately 1-8 minutes.
Hail is associated with deep convection for which moisture
availability, conditional instability and lifting mechanisms
are necessary ingredients. For the formation of large hail a
very strong updraft is needed (Johns and Doswell, 1992).
The forecasting of hail is challenging. Detection and
nowcasting of hail can be achieved by using satellite (Cecil
and Blankenship, 2012) and radar measurements (e.g.,
Mason, 1971; Kunz and Kugel, 2015). In recent years polarimetric observables measured by dual polarization radars
have also been used to detect hail (e.g. Chandrasekar et al.,
2013; Ryzhkov et al., 2013). The detection of atmospheric
conditions prone to lead to large hail could be achieved by
evaluating values of different atmospheric parameters
important for the development of hail producing convection.
E.g. Groenemeijer and Van Delden (2007) showed that the
probability of large hail is greater the higher the CAPE index
and the stronger the wind shear. Tuovinen et al. (2015)
showed that the most-unstable mean CAPE is 1464 J/kg and
the mean 0-6 km wind shear is 17.5 m/s during hail storms
with hail diameter exceeding 5 cm in Finland.
On the 12th August 2015 large hail was registered in many
places in Estonia. Hailstone diameters of up to 40 mm were
observed and in some locations the ground was covered with
a white layer of hail (Figure 1). In many places the destructive
power of hail was so strong that it broke the windows and
glass panels of greenhouses (Figure 2). There was extensive
damage to many gardens and vehicles. The damage to some
vehicles was so severe that the owners were reimbursed the
entire purchase price by the insurance companies. Overall the
total costs of damages were estimated to be 53,000 euros.
However the extent of the damage was greater, because there
is no data concerning the damages to uninsured buildings in
the rural areas and thus many damages remain unrecorded.
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 Figure 1: Hail in Southern Estonia, 12.08.2015.

Figure 2: Broken windows in Tartumaa, 12.08.2015.

Weather conditions
The days leading up to this massive hail storm were
warm, clear-sky summer days with maximum 2mtemperatures as high as 28°C on the 10th of August. A
high pressure system moved from Scandinavia
towards Russia and the upper ridge of the high pressure system expanded over the Baltic States and
established a southwesterly airflow with significant
warm air advection from Central Europe.

airmass. The arrivival of the cold front and the low
level convergence ahead of it initiated the development of convection. At the same time the temperatures at 850 hPa reached 16°C and 2m-temperatures
reached 31.2°C on the mainland (Figure 4). The very
warm airmass in the lower levels was thus very unstable. Above it at mid and higher levels cold air advection had already started and this increased the
instability. The radio sounding from Tallinn Harku at

On the 12th August a centre of low pressure formed
over the Norwegian Sea. The low pressure centre
extended from the surface into the upper levels and
the whole system extended towards Scandinavia
(Figure 3).
Later in the afternoon a cold front moved across
Scandinavia and the Baltic Sea and arrived in the
Baltic States, followed by a significantly colder

 Figure 3: Surface analysis at 00UTC 12.08.2015.
Figure 4: 850hPa geopotential
and temperatur field 00UCT 12.08.2015.
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00UTC on the 12th August shows quite dry air in the
lower and upper troposphere and higher moisture
amount only in the mid-levels. Wind shear was up to
20 m/s in the 0-6 km layer favouring the development of intense convection (Figure 5). The vertical
profile forecast indicated increasing thermal instability from the ground up to nearly the 200hPa level with
cloud top temperature around -57°C.
The convection intensified by the evening, forming a
chain of cumulonimbus clouds stretching from Belarus to Lithuania and from Latvia towards Southern
Estonia (Figure 6). The process was supported by
violent ascending motions (Figure 7).
Figure 7: At 500 (green); temperature advection at 700hPa
(red: warm, bule: cold) and cyclonic vorticty advection
at 500 hPa (Yellow) from ECMWF model, overlaid
on Meteosat 10 IR 10.8µm image at 12UTC 12.08.2015.

 Figure 1: Souding Tallinn Harku at 00TUC 12.08.2015.
Vertical profile forecast by 12UTC 12.08.2015.

Figure 6: Day Microphysics (left); Airmass RGB (middle)
and Day-Night Microphysics (right- 16.15UTC 12.08.2015. 
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 Figure 8: CAPE (J/kg) in the left panel and 1000-500 hPa wind shear modulus (m/s) in the right panel at 15 UTC 12.08.2015.
 Figure 9: 2m dew point temperature (ºC) together
with the 10m wind vectors at 15 UTC 12.08.2015.

Model guidance
Weather forecasts issued by the Estonian Weather
Service rely heavily on the HIRLAM NWP model
output. Figures 8 and 9 are +15h HIRLAM forecasts
with initial time 00 UTC 12.08.2015. The simulated
CAPE values exceeded 1000 J/kg (maximum values
above 1400 J/kg) in a small area in Estonia and in
larger areas situated to the south and east of the
locations where the hail occurred (Figure 8). The
value of the 1000-500 hPa wind shear modulus was
about 18 m/s in Estonia (also Figure 8). There was
high humidity near the ground in Estonia with the the
2m dewpoint temperatures exceeding 18 ºC (Figure
9). The timing and location of the cold front was well
forecast, together with the low level convergence
ahead of the cold front (Figure 9). However, the onset
of convection was not simulated well in the area of
the hail occurrence. Based on the NWP output on
11th August, forecasts for thunderstorms with intensive rain were given for the next day. However, the
model output did not give sufficient confidence to
the forecasters to issue warnings for (large) hail.
Figure 10: Radar 0.5° PPI reflectivity (dBZ) in the left panel and
dual-polarimetric hydrometeor classification in the right panel
at 1615 UTC 12.08.2015.

Storm signatures on radar
The first signs of convective activity at multiple locations in the Estonian mainland area appeared on
the radar images between 1300 and 1330 UTC. By
1345 UTC hail was already detected (on the radar) in
the cores of two separate storm systems. To detect
hail the standard Vaisala hydrometeor classification
based on dual-polarmetric radar data was used. The
isolated convective cells continued growing and at
1400 UTC the first signs of convective line formation
could be detected from the radar data. A number of
single convective storm cells had merged to form a
squall line with a length of approximately 100 km
from Southern Estonia to NE Estonia by 1430 UTC. At
that time hail was observed from various places along
the line. The largest base level PPI (0.5°) reflectivities of
55 to 60 dBZ were recorded between 1500 – 1700 UTC
behind the squall line (Figure 10, left). This coincides
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well with the hail detection by radar, which showed
large areas hit by hail in Viljandi county from 1500 –
1530 UTC and in Tartu and Jõgeva county from 1600 –
1645 UTC (Figure 10, right). Ground observations
reporting large hailstones are also from these regions
and in the same time window.
A NW to SE RHI radar scan from 1540 UTC illustrates
the cross section of the storm (Figure 11). It can be
seen from the figure that the echo top of the cloud
reached the maximum height of 13 km and the highest reflectivities inside the cloud were up to 66.5 dBZ
which are both indicators of a severe convective storm.

Conclusions
Large hail is rare in Estonia and consequently it is
difficult to gain experience to forecast it. On
12.08.2015 hail was reported in many places in
Estonia, with the maximum hail diameter exceeding
an unprecedented 40 mm. The environmental conditions were favourable for the hail occurrence and this
was predicted by the NWP model, but the numerical
weather forecast did not predict the onset of convection in Estonia. A forecast of thunderstorms and
heavy rain was given by the weather service considering the high probability of growing instability (warm
air advection in the lower levels and cold air advection in the upper levels) and low level convergence.
The thunderstorm warning was given when rapid
convection started. The convective activity and the
growth of the convective storms was well observed
on the radar images. The maximum reflectivity
reached as high as 66.5 dBZ. The dual-polarimetric
hydrometeor classification indicated multiple hail
cases in the storm cells as well.
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 Figure 11: Radar RHI reflectivity (dBZ)
at 1540 UTC 12.08.2015.
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