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Training and competition
in the heat and in the cold



The Olympic Games in Tokyo (2021)



Hot also during paralympics



Hourly ambient temperature and 
relative humidity (last 29 years) 

Gerret et al 2019



How hot does it feel?

NWS (National Weather Services 2014



Heat index in Tokyo in last 29 years 

Gerret et al 2019
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Let’s add the solar radiation!

Gerret et al 2019



And what really happened?

The Guardian, Aug 5th, 2021

Associated Press, July 28th, 2021



https://world-weather.info/forecast/hungary/budapest/
accessed April 21, 2023

August 2022

August 2021

August 2020

• Highest temperatures 
between 33-35 ˚C



August 2022

August 2021

August 2020

• Highest temperatures 
between 29-37 ˚C

https://world-weather.info/forecast/france/paris/
accessed October 5th, 2023

August 2023



The athlete’s thermal environment –
exercising in the heat

Racinais et al 2019a



Cognitive challenges in the heat

• ”Global Workspace Theory”

• Changes in skin and in core temperature are effective

Racinais ym 2019



Effects of heat on running 
performance

• Heat is beneficial for 
explosive athletic 
performance

– Sprints, jumps, throws

• In longer events, rise in 
core temperature is a 
challenge, impairing 
performance

Racinais et al 2019a



Endurance exercise in different 
ambient temperatures

• 8 males on cycle ergometer

• TTE @ 70 % of VO2max

• Relative humidity 70 %

• Air velocity 0.7 m/s

• At 4, 11, 21 and 31°C

• No drinking allowed

Galloway et al 1997



Endurance exercise in different 
ambient temperatures

Galloway et al 1997



Effects of heat on long 
endurance performance

Same relative 
difference as winning 

100 m in 11.00 s 
(with PB of 9.83 s)



Competing in endurance event in 
the heat

• 2016 Union Cycliste Internationale (UCI) Road World Championships (Doha, 
Qatar, 9 October–16 October)

• Direct sunlight 37°C ± 3°C, but dry (relative humidity 25 % ± 16 %)

• TTT was 40 km for both, ITT was 28.9 km for women and 40 km for men, and RR 
was 134.5 km for women and 257.5 km for men

Racinais et al. 2019b



Cycling race in the heat

• Core temperature rising through the race

• Power output decreased during the time trials until 
the end spurt to finish

• There was no relationship between core 
temperature and ranking (R2=0.09) or exercise 
duration (R2=0.14)

• None of the athletes were treated for heat illness

Racinais et al. 2019b



10/40 cyclists exceeded 40˚C

• Higher core temperatures in 
time trials than in road race

• Athletes may have high 
core temperatures without 
ill-effects

• In a given thermal 
environment, exercise 
intensity is more important 
than duration

Racinais et al 2019b



Keeping cool during training and 
competitions

• Not an overwhelming problem during low-intensity training 
– However, speed/power at given heart rate is lower

• More challenging during high-intensity training and competitions
– How to keep cool?



Cooling

• Most popular method has been cold water 
immersion, followed by ice vests, cold drinks, … 
(Bongers et al 2020)

• Pre-cooling the core is safe and practical method
– Easy, no gastrointestinal symptoms

• In long endurance events (marathon, race walking) 
also working muscles may be cooled

– Important to practice / test in advance!

• Thermal comfort (for everybody)
• Awareness has improved during last couple of years

– Women less aware than men?

Racinais ym 2021



Cooling strategies

• Pre-cooling
– Before start to create a larger heat storage 

capacity
– Cooling/ice-vests, cold water ingestion, ice 

slurry ingestion, cold water immersion, etc.

• Per-cooling
– During the exercise
– Same methods as above, but not (all) as 

practical

• Post-cooling
– Cold water immersion, cryotherapy



Are cooling strategies beneficial?

Bongers et al. Temperature 2017;4(1):60–78



Pacing in the heat

• Important in relation to optimization of 
performance

• In relation to individual experiences 
related to sensory feedback

• In the heat, balancing the metabolic heat 
production and maximal heat dissipation 
=> “normal signals” are disturbed

• Maximum tolerable pace may vary more 
than in cooler environment

• Simulated race conditions & core 
temperature measurements?

Evan Dunfee after finishing 
third on 50 km RW in Doha: 



Fluid loss and endurance 
performance 
• Reduced body mass could potentially be 

beneficial, but…

• Already 2-3 % will make a difference, 
especially in the heat

• If more fluid loss, more severe effects

• Roughly 500-700 ml of water per hour 
may be released from metabolism for first 
two hours of intense exercise



Keeping the hydration in balance

• Sweat rate may be above 2 L/h

• Max gastric emptying ~ 1.2-1.5 L/h 
during moderate exercise

• Exceeding the gastric emptying 
rate will lead to accumulation of 
water in the gastrointestinal tract

– => may lead to nausea



Plasma osmolarity

• Electrolyte content in the blood may change

• Both hypo- and hypernatremia may impair performance

• Most commercial sports drinks meet the sodium requirements

• Excessive or “salty” sweaters may need extra sodium in long 
events in the heat



Acclima(tiza)tion to heat

– Most of the adaptation happens during the first 
week of heat exposure

– Sweat response starts in lower core temperature
– Capacity of sweating increases (even doubles) in 

ten days 
– Concentration of sodium in sweat decreases (less 

than 20 % of non-acclimatized values)
– Plasma volume increases (typically 4-15 %) 
– Whole-body fluids increase
– As the result body cooling increases
– Thermal comfort increases

Body weight ↑

Performance ↑



Time course of adaptations to 
heat

Periard ym 2015



How much benefits from the 
acclimatization?

• TT in Denmark (temp 8˚C; RH 
30%) before and after heat 
intervention

• TT in Doha (temp 34˚C; RH 18%)

• Similar multiloop, flat track 
including 24–27 turns in which no 
braking was required 

• Wind speed 5-7 m/s

Racinais et al 2015



Strategies for heat adaptations

Saunders et al 2019



In other words

Racinais et al 2019a



What kind of training for heat 
acclimatization?

Racinais et al 2019a



Body weight as a simple tool

• First in the morning for follow-up

• Fast changes in body weight are reflecting 
the changes in total body water

• Changes in a training session
– Weight before, during and after training
– Amount of drinks
– Replace the loss by 150 %



Color of urine

• Practical indicator of hydration status

• First urine sample produced each morning

• Perhaps together with urine special gravity

Wardenaar et al 2021



Practical recommendations

• Control your fluid 
balance in the heat!

–Body weight
–Urine color
–Thirst



Urine special gravity and color

terveurheilija.fi



Racinais et al 2019



Now, from hot to cold environment

Photo: Jesse Väänänen



Training and competing in cold 
environment 

• Athletes in some sports are 
routinely exposed to cold 
during training and 
competing

• For example, FIS rules for 
cross country skiing 
competitions: 



Wind chill index

• Example 1:
– Alpine skier, average speed of 80 km/h 

(22.2 m/s)
– Air temperature of -14°C
– Wind chill index -30°C, high risk of 

hypothermia
– Each run is completed in less than 3 min while 

athlete is using protective clothing and 
producing metabolic heat => no problem

• Example 2:
– XC skier, average speed of 22 km/h (6.1 

m/s)
– Air temperature of -14°C
– Wind chill index -23°C, increased risk of 

hypothermia
– Racing for 38 min (15 km), probability of 

frostbites in facial area is high, even with high 
metabolic heat production and protective 
clothing (what about training for 2 hours?)



Clothing

• Normal skin temperature is 33°C
– At any lower environmental temperature, heat is lost

• Air is a poor conductor of heat = good insulator, whereas water 
conducts heat approximately 25-fold faster than air

• With dry clothes, “micro-climate” close to the skin can easily be 
kept comfortable, but either sweat or rain will make it more 
difficult

• Water penetrates clothing more easily than snow or ice, 
reducing the usual insulation provided by clothing

• Use of inadequate clothing has been established in male cross-
country skiers who wear thin racing suits instead of traditional 
winter clothing The Guardian, Feb 20th, 2022



Exercising in water

• As water conducts heat approximately 25-fold 
faster than air, much higher temperatures are “cold”

• Again, the speed makes a difference

• As does the subcutaneous fat layer

• Using wet- or dry-suit reduces the rate of cooling

Noakes 2000



Effects of cold on exercise

• Cold (with or without wind) => vasoconstriction => decrease in skin 
temperature => decrease in muscle temperature

– Change of 1 °C refers to 2-5 % change in performance

• Maximal contractile force is decreased
– Movement velocity also decreased

• Respiratory exchange ratio is increased 
– Shift to carbohydrate metabolism / anaerobic energy production?

• Being ”cold-uncomfortable” in the early stages is acceptable, as 
metabolic heat production is increased when workout progresses

– Avoiding excessive sweating

• How to warm-up and how to keep athletes warm between warm-up 
and the start of the race?

Gatterer et al  2021



Thin racing suit, temperature 
and endurance performance

Sandsund et al 2012



Cold exposure summary

• Hypothermia / frostbites are very unlikely for athletes wearing wind 
protective clothing and competing in typical weather conditions

• Risk may be higher if fatigued / overtrained
• Increased ventilation during training and competing in cold may result 

airway inflammation => increased prevalence of EIA and BHR
• Symptoms occur more frequently after closely repeated competitions, 

exacerbations caused often by respiratory viral infections

• Protect yourself and don’t compete with a respiratory tract infection!



Practical recommendations

• Pay attention to weather conditions
• Remember wind chill index
• Protection equipment (clothes / mask)
• Regular medical follow-up
• Correct treatment for EIA / BHR

– Note WADA regulations!

• Especially, don’t be stupid and compete with a respiratory tract infection!
Picture: Teemu Lemmettylä



KISS – Keep It Simple, Scientist

• Training & competition in the heat
–Get used to it (+ cool down)!

• Training & competition in the cold
–Put some more clothes (+ other protection) on!
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