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Use Case: Heatwaves in
Summer 2019

Summer extreme temperatures
can cause a peak in electricity
demand due to increased use of
cooling systems.
Climate forecasts for up to four
weeks ahead, referred to as
sub-seasonal forecasts, can
provide an insight into the
conditions for the coming
weeks and help predict extreme
weather events, such as a
prolonged period (several days)
of abnormally hot weather or
heatwave.

Within the framework of the S2S4E
project, an outlook of the sub-seasonal
forecasts for 1-4 weeks ahead will be
issued weekly, which can be used to
anticipate these summer extremes.
Climate forecasts
indicate if the
temperature will be close to the average
observed in the last 20 years in a specific
region and time of year, or if it is expected
to be below or above the normal
conditions.
The following user guide shows a typical
S2S4E summer extreme forecast for
Europe and presents the key elements to
read such forecasts.
A use case focusing on sub-seasonal
forecasts that predicted the heatwaves of
summer 2019 is then presented.
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User Guide
How to interpret this forecast?

 Colours:

The colour of circles indicates the predicted
temperature category. If the temperature is expected to be
in the normal range, grey circles are shown in the map. If the
temperature is expected to be higher than normal, orange
circles are presented, while below normal temperatures are
shown in blue.





 Circle

Size: A large circle shows
locations where the predicted
temperature range has high
probability (more than 50%) of
happening.

Sub-seasonal forecast issued
1 week ahead, predicting an
upcoming
episode
of
extremely hot weather.
Based on: ECMWF-Ext-ENS
post-processed data
Only areas with positive skill
are shown.
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Triangles: Orange triangles are shown in regions of the map where there is a high probability (more
than 40%) of high temperature extremes for the forecast week. Similarly, blue triangles indicate a high
probability of low temperature extremes occurring.

Key concepts
Historical observations of temperature are used as a reference for each location and time of the year. The distribution of
the past temperatures is divided into 100 discrete categories, known as percentiles, and these are used to compare
present conditions with the normal (or climatological) conditions. For instance, if the 90th percentile of a distribution is
25°C, it means that for that time and place in the past record, the temperature has been above 25°C for 10% of the time.
Terciles are used to categorise the conditions into the normal, and below or above normal ranges. These three categories
are separated by the 33rd and 66th percentiles of the distribution.
A probabilistic forecast predicts the probability of the temperature being in a certain category (e.g. above normal tercile). The
forecast probability is derived from the number of model simulations (ensemble members) that show a similar prediction for
that category out of the total number of simulations in the forecast. An indicator of the quality of the forecast is the skill
score, which is calculated over a period in the past for which the forecasts can be compared to the observations.
When the probability of the temperatures being below the 10th or above the 90th percentiles is exceptionally high, there
is a risk of extremes occurring. The forecast threshold of 40% selected for the summer extremes means that there is at
least four times higher chance of an extreme temperature happening compared to what was experienced in the past.

Use Case
Heatwaves in summer 2019

A

In summer 2019, two episodes of extremely hot
weather occurred across Europe, with recordbreaking temperatures registered in many
European countries. These heatwaves had a
huge impact on both the society and the
energy sector.
In this case study, we analyse how early in
advance these extreme events were predicted
by the sub-seasonal forecasts issued weekly by
S2S4E.

B

The first episode of exceptionally high
temperatures occurred at the end of June,
affecting many countries in southern and
central Europe. At the end of July, Europe was
affected by a second heatwave lasting for
several days. These episodes resulted in
monthly anomalies well above the normal
conditions for both June and July (Figure 1).
A posterior analysis of the year 2019 indicated
that July 2019 was the hottest month on record
at the global scale1. The heatwaves were
particularly
strong
in
France,
where
temperatures above 45°C were measured for
the first time since the records began2.

June heatwave
The first heatwave occurred in early summer,
when a mass of hot air coming from the Sahara
affected mainly southwest and central Europe
in the 5-day period 25th-29th June 2019.
Above normal temperatures were recorded all
across Europe, particularly in France, Spain,
Italy, the United Kingdom, Germany, Poland,
southern Sweden and eastern Europe. In many
of these countries, local authorities issued
warnings for intense heat. In France, an
absolute national record was reached, with
46°C registered in the south of the country3.

Figure 1. 2m temperature monthly anomalies for June
2019 (A) and July 2019 (B). Source: JRA-55 reanalysis
(years, 1981-2018).

recorded in parts of Belgium, France, Germany,
Luxembourg, the Netherlands, and the United
Kingdom. These extreme temperatures resulted
in increased electricity demand across Europe.

Sub-seasonal forecasts, such as those provided
by the S2S4E project, predicted these
exceptionally high temperatures weeks in
advance.
Forecasts issued based on the available data
from the ECMWF-Ext-ENS model 1-3 weeks
ahead for the days 24-30 June 2019 are shown
in Figure 2.

July heatwave
Another episode of extreme heat affected
Europe between the 22nd and 28th of July
2019, with record-breaking high temperatures

References:
1 https://www.noaa.gov/news/july-2019-was-hottest-month-on-record-for-planet
2 http://www.meteofrance.fr/actualites/74603888-canicules-2019-la-moitie-de-lafrance-n-avait-jamais-eu-aussi-chaud
3 http://www.meteofrance.fr/actualites/74345599-c-est-officiel-on-a-atteint-les-46-cen-france-en-juin

Use Case

Figure 2. Sub-seasonal forecasts for weekly temperature issued 3, 2 and 1 weeks ahead for the days 24-30 June 2019.
Issue date: 6, 13 and 20 June (left to right). Based on: ECMWF-Ext-ENS post-processed data.

On the 6th of June (3 weeks ahead), the
forecasts could not predict the heatwave that
was approaching, except for some indication of
above normal temperatures in Russia.

For the July heatwave episode, forecasts issued
based on the available model data 1-3 weeks
ahead for the days 22-28 July 2019 are shown in
Figure 3.

The forecast issued on the 13th of June (2 weeks
before the event) showed increased probability
of temperatures above normal throughout
Europe, as shown by the orange circles. At this
time, some risk of extreme (orange triangles)
could be seen in the Black Sea and eastern
Mediterranean.

In the forecast issued on the 4th of July (3 weeks
before the heatwave), some high probabilities
of temperatures above normal were already
seen in eastern Europe.

Finally, one week before the heatwave, in the
forecast issued on the 20th of June, the
probability of reaching extreme temperatures
increased drastically, and the risk of extremes
was spanning throughout most of the European
continent and north of Africa.

On the 11th of July (2 weeks ahead), the forecast
indicated above normal temperatures for
western and central Europe with extremes in the
North Atlantic.
One week before the heatwave event, the
forecast was clearly highlighting a risk of high
temperature extremes for central and western
Europe, and parts of Scandinavia.

Figure 3. Sub-seasonal forecasts for weekly temperature issued 3, 2 and 1 weeks ahead for the days 22-28 July 2019.
Issue dates: 4, 11 and 18 July (left to right). Based on: ECMWF-Ext-ENS post-processed data.
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