Forecasting feels-like temperatures as a
strategy to reduce heat ilinesses during
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Many athletes, amateur and professional
alike, compete in and train for outdoor
running events every year, and even more
participate in outdoor sports in general.
Many major sport events such as the Summer
Olympic and Paralympic Games and World
Championships take place in summer and
mostly in the Northern Hemisphere. There-
fore, athletes are often at risk of sustaining
heat illnesses during heat extremes, which
are exacerbated by climate change.'

Heat illnesses describe a group of pathol-
ogies ranging from relatively minor to very
severe symptoms such as potentially fatal
exertional heat stroke.” ®> The risk for heat
illnesses increases with high air tempera-
ture, high solar radiation, high humidity,
low wind speed and strenuous exercise
requiring continuous muscle work.* There
are different strategies to prepare athletes
for exercising in the heat, and thus reduce
the risk for heat illnesses including acclima-
tisation, acclimation, hydration and cooling
strategies.” However, to properly implement
those strategies, the forecasting of the envi-
ronmental conditions prior to the event is
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paramount, but the timing of the forecasting
depends on the strategy to be implemented.

Anticipation of the expected tempera-
ture can be done by the consultation of
a location’s climate data from recent
decades.® The latest International Olympic
Committee consensus statement on sport
events in the heat recommends that bidding
cities provide retrospective weather data
for the 10 previous years and proactively
measure environmental conditions at the
respective competition venues.” However,
the variability of weather superimposed
on a location’s climate is often too large
for adequate anticipation and prepara-
tion weeks in advance. Most weather
forecasts for a general audience quantify
air temperature and include cloud cover,
precipitation or strong winds qualitatively.
But air temperature must be combined
with solar radiation, humidity and wind
to quantify more accurately the heat stress
a human body is physiologically exposed
to. This helps to interpret a forecast, for
example, ‘It will feel 3°C warmer because
of high humidity, but a breeze will cool it
down by 5°C in the afternoon.’

Different indices are used to quantify
what temperatures physiologically feel like
which we describe together as feels-like
temperatures. These include the windchill
index which lowers the effective temperature
due to high winds; the heat index which is
increased due to high humidity; the Wiet-
Bulb Globe Temperature which combines
wind, humidity and solar radiation and is
typically measured directly with a device;
and the Universal Thermal Climate Index
(UTCI) that has been applied to past data
from weather forecast models to quantify a
feels-like temperature at about 25 km resolu-
tion globally.”

For the Olympic and Paralympic Games in
Tokyo in 2021, we ran an experimental fore-
cast of a feels-like temperature, quantified
as UTCI (figure 1). The Twitter bot @Heat-
Forecast was set up to illustrate and test how
heat illness-relevant weather information can
be communicated directly to end-users like
athletes and their teams. In collaboration with

the European Centre for Medium-Range
Weather Forecasts, we analysed their opera-
tional forecast once a day within hours of its
release: The UTCI and its contributions from
wind, radiation and humidity were predicted
up to 10 days ahead, published as a meteo-
gram for Tokyo and Sapporo. The forecast
was later verified with direct measurements
from the race walking and Marathon events
in Sapporo (figure 1).

A forecast of a feels-like temperature
can provide vital information to athletes,
coaches, physicians and organisers, as it can
allow them to adjust strategies in the final
preparation of the event. Going forward,
weather forecast centres and sport medicine
professionals have to work closely together
in order to determine the most appropriate
indices and presentation formats. While
weather forecasts are operationally produced
at ~9km global resolution, several times a
day up to 15 days ahead, a feels-like tempera-
ture is typically not analysed or provided. A
meteogram, as presented here, can be imple-
mented into the operational weather forecast
chain, providing a heat forecast for specific
sport events, but also continuously for any
location in general. Forecast uncertainties
should be communicated and for an easily
understandable presentation, transparency
or categories like ‘best-case’ and ‘worst-case
rain’ can be used (figure 1).

More research is needed to better under-
stand which feels-like temperature is most
applicable to quantify the risk of heat
illnesses, in sport but also in general. For
major athletics outdoor events over the last
decade, the heat illness risk doubled for
each 10°C increase in UTCL* Sports medi-
cine professionals, exercise physiologists and
coaches should agree on and propose oper-
ational forecasts of a feels-like temperature
and general heatrelated information that
are physiologically and clinically relevant.’
This will help athletes and medical teams to
optimally prepare and reduce the risk of heat
illnesses threatening the athletes’ health and
performance. This forecast would be espe-
cially crucial in the days before the compe-
tition to reduce the risk of a heat illness
through hydration, pacing, precooling and
per-cooling strategies or even to change
starting times, as was done in the Olympic
women’s marathon in Sapporo. In addition,
if made freely available, such a forecast may
also be used by recreational and leisure time
athletes to reduce their risk of heat illnesses
during their sports.

Weather forecasts produce large amounts
of data, but often one of the main obstacles
is effective communication. An operational
forecast of feels-like temperatures will be a
helpful tool in the anticipation of expected
conditions during sport events and generally
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Figure 1 A heat forecast meteogram for the race walking (5-6 August) and Marathon events (7-8 August) in Sapporo, Japan, during the Tokyo
Olympic Games in Summer 2021. This forecast was published by the Twitter bot @HeatForecast on 31 July for the weather of the 10 upcoming days.
In the present figure, we have overlaid the measurements (Thermohygrometer TC100, Tretec, Germany) from the finish area in Sapporo during the
respective events (black circles) afterwards. The panels show cloudiness, rain, the feels-like temperature UTCI, strong wind and contributions to UTCI
from wind, radiation and humidity. The uncertainty of the forecast is visualised: for precipitation with the best-case and worst-case possible rain (10th
and 90th percentile of the forecast ensemble); for UTCI and its contributions using transparent shading; for wind using transparent wind socks. The
Twitter bot uses ‘feels-like temperature’, ‘rain’ and ‘sunshine’ instead of UTCI, precipitation and solar radiation to avoid confusion with a non-scientific

audience. UTCI, Universal Thermal Climate Index.

any outdoor activity. In a warming climate,
humans will be increasingly exposed to heat
they might not anticipate nor are acclima-
tised for. Informing them about expected
high feels-like temperatures may be of
considerable benefit to their health.
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