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This document details the changes that have been made to the policy from beta version 1.1 to 

1.2. For reference, the original report supplied to Rowing NSW in December of 2021 is continued 

at the end of this summary. 

Disclaimer 

There are risks inherent in using the RHSS and the user accepts responsibility for the use of the 

rating. The RHSS is designed to reduce the risk of a heat-related adverse event during competition. 

It cannot guarantee that an athlete will not develop heat-related illness since there are factors 

which might pre-dispose an athlete to heat illness that cannot be included in the modelling. The 

scale is designed to assist management, coaches, and athletes to make informed decisions about 

the risk of heat illness during competition rather than functioning as a binding decision-making 

tool.  

It is important to note that the tool is based upon assumptions that apply to regatta competitions 

and therefore has less relevance to training contexts. 

 

Summary of changes 

1. Removed the option to input the level of cloud cover into the calculator due to the 

potential inconsistencies between raters. The effect of cloud has now been dynamically 

built-in to the model based upon the assumption that the effect of the sun upon athletes 

will be greater during days of higher air temperature compared to lower air temperature. 

2. The assumed race distance has been changed to 1 km for youth and older adults based 

upon advice provided by Rowing NSW in March 2023. 

3. The assumed time spent on the lake (either warming-up or rowing to the start line) prior 

to the race has been reduced from 30 to 15 min, as per advice provided by Rowing NSW in 

March 2023. 

4. The assumed rehydration of athletes in-between races has been amended from 50 % to 

75 % (note: 100 % is equal to complete rehydration) based upon advice by Rowing NSW in 

March 2023 and other observations from similar athletes. 

5. Greater emphasis was placed in the modelling upon the inability to attain acceptably high 

sweat rates during extremely hot days. 

6. Subtle changes to the model were made to factors relating to clothing heat exchange 

properties and allowable levels of heat storage. 

7. Clarified that the youth risk chart is related to those under the age of 17 (not 18) due to 

the need to truly separate the adult scale from the youth scale. 
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Example use of the revised RHSS 

The below figures illustrate the air temperature and relative humidity tradeoff for each risk band 

for all three revised age category scales. 

Adults: 

 

 

Youth: 
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Older adults: 

 

 

The breadth of the revised scales can also be illustrated using two examples during historical 

summer afternoon conditions. It is important to note that the tables below represents the risk at 

3pm, which is usually the most severe time of the day, and does not indicate the risk rating that 

would be reported during an earlier (or later) time of the day. Since the scale provides real-time 

risk rating, the recommended action is only relevant for this specific time-of-day, and therefore, 

even though an ‘extreme’ rating might be present at 3pm, this does not guarantee that the 

remainder of the day was deemed ‘extreme’.  
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January 2018 

Table 1. Risk rating at 3pm during January 2018 according to BoM data collected from Penrith 

Lakes (station 067113). 

 

  

Date
Air temp 

(°C)

Relative 

Humidity 

(%)

Adult risk Youth risk
Older adult 

risk

1 30.7 40

2 33.7 33

3 24.7 55

4 26.7 43

5 33.8 24

6 39.2 20

7 45.1 9

8 39.9 21

9 29.3 62

10 23.8 58

11 26.5 53

12 34.1 44

13 31.9 38

14 25.9 29

15 27.8 28

16 25.2 35

17 28.2 24

18 34.5 13

19 40.4 12

20 38.1 7

21 39.2 12

22 42.1 12

23 28.8 56

24 36.1 25

25 31.4 43

26 34.3 38

27 32.6 45

28 31.4 47

29 34.4 30

30 36 22

31 22.4 48
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Taree 2023 

Table 2. Risk rating at 3pm during January 2023 according to BoM data collected from Taree 

(station 060141). 

  

Temp RH Adults Youth
Older 

adults

°C % Risk Risk Risk

1 Su 24.8 61

2 Mo 26.2 55

3 Tu 26.9 55

4 We 25.5 72

5 Th 19 100

6 Fr 24.9 45

7 Sa 20.7 96

8 Su 23.1 54

9 Mo 25.4 56

10 Tu 25.7 56

11 We 25.6 57

12 Th 25.6 61

13 Fr 26.7 58

14 Sa 25.7 58

15 Su 27.4 58

16 Mo 26.5 53

17 Tu 24.7 70

18 We 28.4 57

19 Th 22.7 79

20 Fr 21.7 66

21 Sa 23.4 62

22 Su 23 73

23 Mo 24.6 78

24 Tu 28.5 64

25 We 27.3 72

26 Th 31.2 62

27 Fr 29.3 52

28 Sa 29.7 70

29 Su 31 63

30 Mo 24.7 100

31 Tu 27.6 61

Date Day

3:00 PM
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Summary 

A biophysical human heat balance approach was adopted to model the combined effect of 

environmental and personal factors upon the development of heat strain during rowing. The 

model factors air temperature, relative humidity, air velocity, mean radiant temperature, 

metabolic heat production (via activity), and clothing. Each heat balance component was 

quantified specifically for rowing to ultimately develop the Rowing Heat Stress Scale (RHSS). The 

scale is designed to protect individuals using a “worst-case” scenario philosophy, whereby a high-

end athlete competes in 3 x 2km races over the course of a single day. Moreover, the risk of heat 

illness during a multi-event day is also derived from cumulative dehydration. The level of estimated 

dehydration is accounted in the modelling of risk. A risk model was made for adults, which was 

then adjusted for both older adult rowers (≥55 years old) and youth rowers (<18 years old) 

 

Disclaimer 

There are risks inherent in using the RHSS and the user accepts responsibility for the use of the 

rating. The RHSS is designed to reduce the risk of a heat-related adverse event during competition. 

It cannot guarantee that an athlete will not develop heat-related illness since there are factors 

which might pre-dispose an athlete to heat illness that cannot be included in the modelling. The 

scale is designed to assist management, coaches, and athletes to make informed decisions about 

the risk of heat illness during competition rather than functioning as a binding decision-making 

tool.  

 

Modelling 

The descriptions detailed below outline the development of the base adult scale, which is followed 

by a description about how this modelling was adjusted for the older adult and youth scales. 

 

Body characteristics 

Body characteristics for the model were based upon the typical anthropometrical data reported 

by a range of scientific investigations on national-level elite rowers and reported in a review paper 

by Shephard (1). Body characteristics are based on an adult male, since this is the population that 

is likely to high elicit the highest metabolic heat production during competition. 
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Metabolic heat production 

Metabolic heat production was calculated as per Cramer and Jay 2019 (2). The calculation was 

informed by direct and indirect measurements of rowing-specific metabolic rates (i.e. oxygen 

consumption [VO2] for given rowing speeds) and work efficiency in Jackson and Secher (3), de 

Campos Mello et al. (4), Das et al. (5), Jetté et al. (6), Fukunaga et al. (7), and di Prampero et al. 

(8). Race speeds were calculated according to the typical performance of an elite 2-km crew (9). 

Average rowing speed (and hence, VO2) during the warm-up was estimated given an assumed 

typical duration spent actively warming-up on the lake. This was deemed to be 30 mins and 

associated with an exercise intensity that is on average ~50% of race speed. Both the race and 

warm-up time were combined to constitute one event.  

 

Dry heat exchange 

Radiative heat transfer was determined according to the coefficient provided by Cramer and Jay 

(2). Mean radiant temperature was calculated according to Cramer and Jay (2) after accounting 

for the black globe temperature (factors effect of cloud cover) and prevailing air velocity (wind 

speed). Air velocity is built into the model because the value provided by the Bureau of 

Meteorology (BoM) station is unlikely to fairly represent actual on-water conditions. This is due to 

both the standardised measuring methodology that BoM uses and the geographical differences 

that influence on-water vs on-land wind speed. 

 

Convective heat transfer was determined using an air coefficient based upon movement velocity 

(10). The dry heat transfer resistance of clothing was estimated using known values of clothing 

ensembles according to ISO9920 (11). Estimated skin temperature was clamped at a near-

maximum value, given the assumption that athletes will be both fully exposed to the sun and warm 

air, and performing repeated high-intensity exercise. Heat exchange via respiration (convective 

and evaporative) was calculated as per Cramer and Jay (2). 

 

Evaporative heat loss 

Evaporative heat loss was determined via a coefficient factor and well-established calculations 

provided by Cramer and Jay (2). The evaporative resistance of clothing was estimated based upon 

know values of sporting ensembles (2). Estimated sweat rate was determined according to Cramer 

and Jay (2) and estimated net percentage body mass loss following a single race (and associated 

warm-up) was determined by assuming that an individual will replenish 50% of fluid losses 

following a race. The dehydration risk factor that is applied to the modelling is ultimately designed 

to enforce a more conservative approach to recovery (i.e. more rest and active cooling strategies), 

especially when an athlete approaches a threshold of net percentage body mass loss of 2%. This 



10 
 

is a known threshold that meaningfully influences cardiovascular and thermal strain, which 

manifests in a reduced performance and thermoregulatory capacity (12–14).   

 

Determining risk 

Ultimately, the modelling determines the level of physiological compensability for the activity 

being performed under the prevailing environmental conditions by comparing the evaporative 

requirements to maintain bodily heat balance during the specific activity (Ereq) to the maximum 

evaporative capacity in the ambient environment (Emax). Ereq represents the amount of 

evaporation needed to stop overheating, and if Ereq is greater than Emax, the individual will 

continually get hotter. This base level of risk is accompanied by a dehydration factor, which 

accounts for the cumulative effects of high sweat rates throughout a multi-event day. The 

compensability rating and estimated dehydration are combined in a scale to provide a level of 

global risk and accompanied by recommended guidelines. 

 

How the scale differs between adults, older adults, and youth athletes 

The recommended age for the youth scale is <18 years old, and the recommended age for the 

older adult scale is ≥55 years old. The adult scale is suitable for all ages in-between. The typical 

body size associated with the modelling of risk for youth and older adult athletes is smaller than 

the adult modelling. The body size for the youth scale was adjusted as per upper-percentile 

normative growth values reported by the National Center for Chronic Disease Prevention and 

Health Promotion (assuming a natural selection effect of larger individuals competing in rowing). 

The body size for older adults was adjusted as per reported values in Masters rowers (15,16). The 

rowing speed of junior rowers is modelled as per typical race speed values for a 14 year old (9) 

and VO2 is estimated as per normative VO2max values for upper percentile 14 year olds (17,18) and 

observed VO2max values in junior rowers (19). The critical environmental thresholds for each risk 

zone in the youth scale are more conservative (i.e. more protective), reflecting the long-time 

viewpoint that junior athletes are more susceptible to heat illness (20). Similarly, the critical 

environmental thresholds for each risk zone in the older adult scale are more conservative (i.e. 

more protective), due to the associated physiological declines and potential for underlying health 

conditions that may expose the aging individual to a greater risk of heat illness (21). Maximum skin 

temperature was slightly reduced in the older adult modelling due to the associated changes in 

skin blood flow dynamics with aging (21). 

 

The product 

The RHSS is a single tab Microsoft Excel-based tool which requires the user to input the air 

temperature (°C), relative humidity (%), and cloud cover (cloudy, partly cloudy, or mostly sunny). 
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These values should be placed in the calculator every 30-min (this is the refresh time of the nearest 

BoM weather station), or more frequently if updated weather station observations are available. 

It is important that these values represent current environment combinations, not a combination 

of the predicted peak daily temperature and peak relative humidity. This is because relative 

humidity is a function of air temperature, so the peak daily relative humidity rarely occurs at the 

same time as the daily peak air temperature.  

 

The scale provides a single colour and description-coded rating (‘low, ‘moderate’, or ‘high’). The 
scale contains small transitional zones between categories, acknowledging that there is some error 
and inconsistency with the measuring of environmental parameters. It is important to note that 
there are individual differences between athletes that might influence their tolerance to heat 
stress and susceptibility to extreme heat strain that cannot be captured by the modelling. Each 
primary risk category (low, moderate, high) has recommended actions that are outlined in the 
accompanying policy document. The empirical evidence supporting the cooling and recovery 
approaches are outlined below. When the risk code is blank, it is likely that an unrealistic 
combination of air temperature and relative humidity has been input. In this instance, check the 
input values are correct for the current prevailing environmental conditions. 

 

There is no ‘fixed’ air temperature that is associated with the risk zones 

The modelling uses a holistic approach to determining risk, acknowledging that environmental 
stress is caused by the combined effect of air temperature, humidity, air velocity, and solar 
radiation. Therefore, there is no fixed air temperature that triggers different risk zones. For 
example, the extreme risk zone might be triggered on a day that air temperature could be ~5°C 
lower in comparison to a different day, if the prevailing humidity is much higher. Humidity 
determines the efficiency of sweat evaporation (22), which is the primary avenue for losing heat 
during exercise in the heat. A high humidity day will limit evaporative capacity (i.e. ability to lose 
heat and regulate core body temperature rises during exercise), and therefore will generally 
increase the level of risk. Moreover, it is absolute humidity that determines sweat efficiency, not 
relative humidity. Because the capacity of air to carry water vapour increases exponentially with 
air temperature, absolute humidity can be high despite a seemingly low relative humidity during 
the hottest time of the day. For example, absolute humidity is higher at 45°C with 25% relative 
humidity than at 30°C with 50% relative humidity. The risk calculator requires the user to input 
relative humidity as per available BoM data, but this is converted to absolute humidity (behind-
the-scenes) in the model.  

 

Example use of the SHSR 

The breadth of the scales can be illustrated using two examples during historical summer 

afternoon conditions. It is important to note that the tables below represents the risk at 3pm, 
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which is usually the most severe time of the day, and does not indicate the risk rating that would 

be reported during an earlier (or later) time of the day. Since the scale provides real-time risk 

rating, the recommended action is only relevant for this specific time-of-day, and therefore, even 

though an ‘extreme’ rating might be present at 3pm, this does not guarantee that the remainder 

of the day was deemed ‘extreme’. Moreover, the cloud cover is only estimated via limited data. 

 

January 2021  

Table 1. Risk rating at 3pm during January 2021 according to BoM data collected from Penrith 

Lakes (station 067113). 
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January 2018 

The summer of 2017/18 was labelled the ‘Angry Summer’, characterized by repeated hot and 

humid conditions.  

 

Table 2. Risk rating at 3pm during January 2018 according to BoM data collected from Penrith 

Lakes (station 067113). 
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Evidence and reasoning for recommended risk mitigation strategies 

 

Activity modification 

Limiting time spent on the warm-up lake will reduce bodily heat storage since less physical activity 

can be undertaken and will also restrict the volume of bodily fluid loss via sweating, causing less 

systemic thermal and cardiovascular disturbance. Additional time between races enforces athletes 

to have greater time to cool-down via passive rest in the shade and applying active cooling 

strategies. The recommended duration (30 min) for passive rest in the high risk category is 

estimated to result in a reduced core temperature of up to ~1.0°C for heat-stressed athletes 

following a race. This is based upon previous research following exercise in the heat from Butts 

(23) that observed a reduction of core temperature during passive rest of 0.04°C/min and the work 

of Chalmers et al. (24) that showed that passive rest in the heat for 20-min reduced core 

temperature by ~0.6°C. Both these studies included heat stressed individuals. Therefore, the 

recommended duration (20 min) for passive rest in the moderate risk category is estimated to 

result in a reduced core temperature of up to ~0.5°C for heat-stressed athletes. 

 

Active cooling strategies 

Post-exercise cold fluid or ice slushie ingestion has been shown to have a beneficial cooling effect 

upon core temperature (25,26). Typical volumes of consumed cold fluid or ice slushie in research 

studies is ~400-600mL, and often spaced in smaller allotments (26). The application of ice or cold 

towels post-exercise has been shown to assist in reducing core temperature at a rate of ~0.06 – 

0.11°C/min in heat stressed individuals (27). The effectiveness of fan cooling is largely dependent 

upon the prevailing environmental conditions. Broadly, if ambient temperature is <35°C, 

additional air movement is likely to provide a beneficial cooling effect (the magnitude of cooling 

will vary) since the air-skin temperature gradient facilitates convective heat loss away from the 

body. However, the body gains convective heat from the environment when the air-skin 

temperature gradient becomes reversed (i.e. ambient temperature is ~>35°C [and attainment of 

maximum skin temperature]). The effectiveness of fans to provide a net cooling benefit when 

ambient temperature is >35°C is also dependent on the prevailing humidity. A net cooling benefit 

is likely to be observed in hot-humid but not a very hot-dry environment (28). The cooling effect 

of fanning is reported to substantially improve when combined with dousing water on exposed 

skin (29). Conceptually, additional skin wetting stands to provide the more whole-body cooling 

benefit in hot-dry environmental conditions because skin wettedness (greater than physiological 

sweating alone) is temporarily improved within prevailing conditions that facilitate a high sweat 

efficiency (22,30). This functions to subsequently increase the rate of evaporative heat loss in the 

face of greater air movement (30). In comparison, skin wettedness is already likely to be far greater 

in humid conditions (potentially at maximum), therefore, adding fluid onto the skin is unlikely to 
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provide an additional meaningful cooling benefit. Misting fans promote both additional airflow 

and skin wettedness, and have show to be particularly effective for cooling a heat-stressed 

individuals in a rugby context (31). 

 

Hydration 

Ensuring adequate hydration is important for reducing the risk of heat illness since substantial 

dehydration can impair thermoregulation capacity (32), but it should be emphasized that proper 

hydration cannot fully prevent cases of heat illness. High core temperatures (>39.5°C) have been 

observed in exercise research in the presence of only modest levels of dehydration (<1% of body 

mass loss) (33). Ultimately, striving to maintain net body mass losses (indicative of dehydration) 

below 2% is important since greater losses meaningfully influence cardiovascular and thermal 

strain, which manifests in a reduced performance and thermoregulatory capacity performance 

(12–14,34).  

 

Statement about cold water immersion 

Cold-water immersion has been omitted from the policy guidelines due to the likely lack of access 

for most teams. However, it is considered the gold-standard for both treating individuals with 

suspected cases of heat illness, or just simply cooling an athlete (13). Typically, water temperature 

is held between 2-26°C (27), however, very cold water <15°C is advocated by the National Athletic 

Trainers’ Association (35) and <0-10°C has been shown to be more effective at cooling the body 

in comparison to 10-20°C (36). Post-event full-body water immersion reduces core body 

temperature of heat-stressed individuals at least twice as fast as passive recovery (36), and a rate 

of 0.15 – 0.24°C/min can be achieved according to the American College of Sports Medicine (13). 

Tarp cooling has been suggested as an accessible option in the field where tubs for full body 

immersion are not accessible (37). The method involves an athlete being placed on a water-proof 

sheet and three or more people holding up the edges to create a bowl-shape before cold water 

and/or ice is poured into the tarp and over the athlete whilst the water is agitated regularly (27). 

Tarp cooling studies have used water temperature that was either 2°C or 9°C and it has been 

shown to have a cooling rate of ~0.15°C/min (37,38). 

 

Statement about pre-cooling prior to an event 

Broadly, it is problematic to suggest the duration of effect from pre-cooling approaches since this 

is highly dependent on the type, length, exercise type, and potential adjustments in exercise-

intensity following cooling. It is unreasonable to suggest that a pre-cooling routine which reduces 

core temperature by 0.5°C will simply result in a core temperature that is 0.5°C lower than 

expected at the end of the event. In fact, Jay and Morris (2018) (26) highlighted evidence to 
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suggest that the rate of rise in core temperature may be greater in some cases (but not all) during 

the early stages of performance following a pre-cooling approach. Collective evidence from 

studies suggests that typical pre-cooling routines result in an average reduction in end-event 

absolute core temperature by ~0.2°C following a performance test in hot conditions (39). This 

tentatively suggests a reduction in the risk of heat illness. 

 

 



17 
 

References 

1.  Shephard RJ. Science and medicine of rowing: A review. J Sports Sci. 1998;16(7):603–20.  

2.  Cramer MN, Jay O. Cores of reproducibility in physiology partitional calorimetry. J Appl 
Physiol. 2019;126(2):267–77.  

3.  Jackson R, Secher NH. The aerobic demands of rowing in two olympic rowers. Med Sci 
Sports. 1976;8(3):168–70.  

4.  de Campos Mello F, de Moraes Bertuzzi RC, Grangeiro PM, Franchini E. Energy systems 
contributions in 2,000 m race simulation: A comparison among rowing ergometers and 
water. Eur J Appl Physiol. 2009;107(5):615–9.  

5.  DAS A, Mandal M, Syamal AK, Majumdar P. Monitoring Changes of Cardio-Respiratory 
Parameters During 2000m Rowing Performance. Int J Exerc Sci [Internet]. 2019;12(2):483–
90. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/30899347%0Ahttp://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=PMC6413856 

6.  Jetté M, Sidney K, Blümchen G. Metabolic equivalents (METS) in exercise testing, exercise 
prescription, and evaluation of functional capacity. Clin Cardiol. 1990;13(8):555–65.  

7.  Fukunaga T, Matsuo A, Yamamoto K, Asami T. Applied Physiology Mechanical efficiency in 
rowing. Europ. 1986;55:471–5.  

8.  Di Prampero PE, Cortili G, Celentano F, Cerretelli P. Physiological aspects of rowing. J Appl 
Physiol. 1971;31(6):853–7.  

9.  Silva-Alonso T, Iglesias-Pérez MDC, García-Soidán JL. Percentile curves and reference 
values for 2000-m rowing ergometer performance time in international rowers aged 14-
70 years. J Hum Sport Exerc. 2018;13(4):731–42.  

10.  Defraeye T, Blocken B, Koninckx E, Hespel P, Carmeliet J. Computational fluid dynamics 
analysis of drag and convective heat transfer of individual body segments for different 
cyclist positions. J Biomech [Internet]. 2011;44(9):1695–701. Available from: 
http://dx.doi.org/10.1016/j.jbiomech.2011.03.035 

11.  Parsons K. Human Thermal Environments. 3rd ed. Boca Raton, FL: CRC Press; 2002.  

12.  Montain SJ. Hydration recommendations for sport 2008. Curr Sports Med Rep. 
2008;7(4):187–92.  

13.  Armstrong LE, Casa DJ, Millard-Stafford M, Moran DS, Pyne SW, Roberts WO. Exertional 
heat illness during training and competition. Med Sci Sports Exerc. 2007;39(3):556–72.  

14.  Coyle EF. Fluid and fuel intake during exercise. J Sports Sci [Internet]. 2004;22(1):39–55. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/14971432 

15.  Kim CH, Wheatley CM, Behnia M, Johnson BD. The effect of aging on relationships 



18 
 

between lean body mass and VO2max in rowers. PLoS One. 2016;11(8):1–11.  

16.  Ladyga M, Faff J, Burkhard-Jagodzińska K. Age-related decrease of the indices of aerobic 
capacity in the former elite rowers and kayakers. Biol Sport. 2008;25(3):245–61.  

17.  Hoffmann MD, Colley RC, Doyon CY, Wong SL, Tomkinson GR, Lang JJ. Normative-
referenced percentile values for physical fitness among Canadians. Heal Reports. 
2019;30(10):14–22.  

18.  Eisenmann JC, Laurson KR, Welk GJ. Aerobic fitness percentiles for U.S. adolescents. Am J 
Prev Med. 2011;41(4 SUPPL. 2):106–10.  

19.  Klusiewicz A, Starczewski M, Ładyga M, Długołęcka B, Braksator W, Mamcarz A, et al. 
Reference Values of Maximal Oxygen Uptake for Polish Rowers. J Hum Kinet [Internet]. 
2014;44(44):121–7. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4327362/pdf/jhk-44-121.pdf 

20.  Smith CJ. Pediatric thermoregulation: Considerations in the face of global climate change. 
Nutrients. 2019;11(9):15–8.  

21.  Kenney WL, Munce TA. Physiology of Aging Invited Review: Aging and human temperature 
regulation. J Appl Physiol. 2003;95:2598–603.  

22.  Candas V, Libert JP, Vogt JJ. Human skin wettedness efficiency of sweating. J Appl Physiol. 
1979;46:522–8.  

23.  Butts CL, McDermott BP, Buening BJ, Bonacci JA, Ganio MS, Adams JD, et al. Physiologic 
and perceptual responses to cold-shower cooling after exercise-induced hyperthermia. J 
Athl Train. 2016;51(3):252–7.  

24.  Chalmers S, Siegler J, Lovell R, Lynch G, Gregson W, Marshall P, et al. Brief in-play cooling 
breaks reduce thermal strain during football in hot conditions. J Sci Med Sport [Internet]. 
2019;22(8):912–7. Available from: https://doi.org/10.1016/j.jsams.2019.04.009 

25.  Lee JKW, Yeo ZW, Nio AQX, Koh ACH, Teo YS, Goh LF, et al. Cold drink attenuates heat 
strain during work-rest cycles. Int J Sports Med. 2013;34(12):1037–42.  

26.  Jay O, Morris NB. Does Cold Water or Ice Slurry Ingestion During Exercise Elicit a Net Body 
Cooling Effect in the Heat? Sport Med [Internet]. 2018;48(s1):17–29. Available from: 
https://doi.org/10.1007/s40279-017-0842-8 

27.  Tyler CJ. Heat-stress exercise and cooling. In: Périard JD, Racinais S, editors. Heat Stress in 
Sport and Exercise. Springer Nature; 2019. p. 139–56.  

28.  Morris N, English T, Hospers L, Capon A, Jay O. The Effects of Electric Fan Use Under 
Differing Resting Heat index conditions: A clinical trial. Ann Intern Med. 2019;1–3.  

29.  McDermott BP, Casa DJ, Ganio M, Lopez RM, Yeargin SW, Armstrong LE, et al. Acute 
whole-body cooling for exercise-induced hyperthermia: A systematic review. J Athl Train. 
2009;44(1):84–93.  



19 
 

30.  Berglund LG, Gonzalez RR. Evaporation of sweat from sedentary man in humid 
environments. J Appl Physiol. 1977;42(5):767–72.  

31.  Graham C, Lynch GP, English T, Hospers L, Jay O. Optimal break structures and cooling 
strategies to mitigate heat stress during a Rugby League match simulation. J Sci Med Sport 
[Internet]. 2021;(xxxx). Available from: https://doi.org/10.1016/j.jsams.2021.04.013 

32.  Montain SJ, Coyle EF. Influence of graded dehydration on hyperthermia and 
cardiovascular drift during exercise. J Appl Physiol. 1992;73(4):1340–50.  

33.  Périard JD, Cramer MN, Chapman PG, Caillaud C, Thompson MW. Cardiovascular strain 
impairs prolonged self-paced exercise in the heat. Exp Physiol [Internet]. 2011;96(2):134–
44. Available from: http://doi.wiley.com/10.1113/expphysiol.2010.054213 

34.  Buono M, Wall A. Effect of hypohydration on core temperature during exercise in 
temperate and hot environments. Eur J Appl Physiol. 2000;440(3):476–80.  

35.  Casa DJ, DeMartini JK, Bergeron MF, Csillan D, Eichner ER, Lopez RM, et al. National 
athletic trainers’ association position statement: Exertional heat illnesses. J Athl Train. 
2015;50(9):986–1000.  

36.  Zhang Y, Davis JK, Casa DJ, Bishop PA. Optimizing cold water immersion for exercise-
induced hyperthermia: A meta-analysis. Med Sci Sports Exerc. 2015;47(11):2464–72.  

37.  Hosokawa Y, Adams WM, Belval LN, Vandermark LW, Casa DJ. Tarp-Assisted Cooling as a 
Method of Whole-Body Cooling in Hyperthermic Individuals. Ann Emerg Med [Internet]. 
2017;69(3):347–52. Available from: 
http://dx.doi.org/10.1016/j.annemergmed.2016.08.428 

38.  Luhring KE, Butts CL, Smith CR, Bonacci JA, Ylanan RC, Ganio MS, et al. Cooling 
effectiveness of a modified cold-water immersion method after exercise-induced 
hyperthermia. J Athl Train. 2016;51(11):946–51.  

39.  Bongers CCWG, Thijssen DHJ, Veltmeijer MTW, Hopman MTE, Eijsvogels TMH. Precooling 
and percooling (cooling during exercise) both improve performance in the heat: A meta-
analytical review. Br J Sports Med. 2015;49(6):377–84.  

 


