








Heat Acclimatization 
Dr. Jack Young, PhD 

Professor, Department of Kinesiology 
University of Nevada, Las Vegas 

USSF Instructor 
 
 

• Exercise in a hot environment is essential to obtain maximal heat acclimatization.  
  
• Acclimatization can be accomplished in 4 to 7 days using a progressive exercise 

program performed in the heat. 
 
• Fitness counts – fit individuals acclimate in 4 days, unfit in 7-10 days.  Exercise 

training produces 50-65% of physiological adjustments to the heat. 
 
• Initially, exercise intensity should be 50% of normal workout for 20 minutes, 

increasing intensity and time daily until normal workout intensity and duration are 
regained. 

 
• Exercise should be continuous at an intensity exceeding 60% of maximal aerobic 

capacity or 70% of maximum heart rate (estimated as 220-age).   Alternatively, 
strenuous interval training can be performed. 

 
• In a cool climate, a degree of heat acclimatization can be obtained by vigorous 

exercise while wearing a non-rubberized sweat suit (sweat shirt and sweat pants) 
or warm-up suit, an elevation in core temperature being the primary stimulus 
promoting heat acclimatization. 

 
• Adaptations during heat acclimatization include an increased plasma volume, 

earlier onset of sweating, higher sweat rate, and reduced salt loss in sweat.  It is 
important to consume as much fluid as possible to replace water and electrolytes 
lost through sweating. 

 
• Take 250-500 mg/day of Vitamin C or citrus fruits, since Vitamin C may enhance 

acclimatization. 
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Referee Preparation

2007 Region IV Tournament
Las Vegas, NV

Factors Affecting Performance

• Muscle glycogen concentration
• Environmental temperature
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Glycogen and Performance

Soccer activity pattern Total match time is 90 min

Glycogen and Performance

Players      Glycogen (mmol/kg) Distance (m) Type (%)

Number of     Pre- Half- Post- 1st 2nd Walk Speed
Players game    time      game 45’ 45’

5 96     32         9 6,100 5,900    27     24
4 45       6         0 5,600 4,100    50     15

Soccer Match

Carbohydrates and Diet

• Endurance performance is improved by a diet high in 
carbohydrates
– 60% of daily caloric intake as carbohydrates or 550-600 grams 

of carbohydrate in 24 hrs restores muscle glycogen
– 0.5 grams of carbohydrate per pound body weight taken 

immediately following  exercise, 2 hrs after exercise, and 4-6 
hrs after exercise will completely restore glycogen levels

• Replenishing muscle glycogen
– For a 150 pound athlete, 75 grams of carbohydrate is needed
– Sample menus providing 75 grams would be

• 1 banana and 8 ounces of yogurt or
• 6-8 ounces of juice and a bagel or
• 8 ounces of milk and 1-1½ cups of cereal

Carbohydrate Foods

• 1 fruit = 15 grams
– 1 apple
– 1orange
– ½ banana
– 4 oz orange juice

• 1 starch = 15 grams
– 1 slice bread
– ¼ large bagel
– ½ cup cooked pasta
– 1 small baked potato

• Sports drinks
7-8 oz = 15 grams

– Gatorade
– POWERADE

– Sportade
• Sports bars = 15-20 g

– 1 PR bar
– 1 Power Bar

• Sports gels = 20-30 g
– 1 Power Gel packet
– 1 ReLode packet

Heat Exchange During Exercise

To maintain thermal balance, heat loss must match 
heat production

Evaporative Heat Loss

• Evaporation of sweat is most effective method for 
cooling

• Sweat rate can be as high as 2-3 liters per hour in our 
Las Vegas climate

• Water loss through sweating leads to dehydration
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Fluid Balance

Performance decreases with dehydration!

Losing as little as 1% of body 
weight due to dehydration will 
limit the body’s ability to cool 
itself.

Losing 2-3% of body weight 
from dehydration will 
significantly hurt performance 
and decrease your ability to 
tolerate heat stress

Know Signs of Dehydration

Fluid Replacement

• Drink enough fluid to maintain plasma volume and 
sweating will remain at optimal levels

• The ideal replacement schedule during exercise 
matches fluid intake with fluid loss
– Monitored by changes in body weight
– Monitored by urine color

• Slightly sweet is better because it encourages drinking
– Sports drinks such as Gatorade, POWERADE, etc. are best

Fluid Replacement

• Cold drinks empty more 
rapidly than warm drinks

• Cold water can decrease 
gastric temperature by 
7°-18°C which may take 
5-60 min to return to 
normal

• The small intestine 
absorbs about 1000 mL
of water per hour (800 ml 
is threshold for stomach 
discomfort)

Sweat Loss Drink Schedule

Drink by Schedule, Not by Thirst
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What Should You Drink?

• Drink beverages containing carbohydrate and 
electrolytes

• Avoid beverages containing carbonation, caffeine, 
alcohol

Monitor Urine Color

• A large volume of clear or light-colored urine indicates 
that you are adequately hydrated

• Smaller volumes of darker colored urine indicates that 
you are still dehydrated

Tips to Beat the Heat

• Know warning signs of heat illness

• Recognize factors that contribute to heat injury

• Gradually increase exposure to heat to acclimatize

• Drink fluids before, during, and after exercise

• Increase salt intake by eating salty foods and 
seasoning your food

Tips to Beat the Heat

• Use body weight or urine color as indicator of hydration 
status

• Wear light-weight, light-colored, moisture-wicking 
clothing

• Seek out shade whenever possible

• Wear sunscreen

Heat Acclimatization

• Acclimatization takes 4-7 
days of exercise in the 
heat

• Acclimatization results in
– Increased plasma volume
– Earlier onset of sweating
– Higher sweat rate
– Reduced salt loss in sweat

• Acclimatization has a co-
requirement for adequate 
fluid intake

Factors in Heat Injury
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Warning Signs of Dehydration

• Unlimited substitution should minimize risk of 
heat stress in players

• Referees still need to be alert for signs of heat 
stress in players
– Dizziness
– Pale skin
– Muscle cramps
– Nausea




