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MISSION	
  STATEMENT	
  
The	
  mission	
  of	
  the	
  Korey	
  Stringer	
  Ins8tute	
  
(KSI)	
  is	
  to	
  provide	
  first-­‐rate	
  educa8on,	
  
informa8on,	
  resources,	
  assistance,	
  and	
  
advocacy	
  for	
  the	
  preven8on	
  of	
  sudden	
  
death	
  in	
  sport	
  and	
  physical	
  ac8vity.	
  



Korey	
  Stringer	
  Ins8tute	
  

•  Summer	
  pre-­‐season	
  of	
  2001	
  
– Korey	
  Stringer	
  

•  Founded	
  April	
  23,	
  2011	
  
•  Interna8onal	
  leader	
  in	
  sport	
  safety	
  advocacy	
  
and	
  applica8on	
  of	
  evidence-­‐based	
  medicine	
  to	
  
prac8ce	
  
– Exercise	
  scien8sts	
  
– Cer8fied	
  athle8c	
  trainers	
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  and	
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–  Sports	
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–  Professional	
  and	
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  sports	
  
–  Military	
  
–  Interna8onal	
  organiza8ons	
  

•  Educa8on	
  
–  CEU	
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–  Books	
  
	
  

•  Research	
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•  Mass-­‐media	
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•  Consulta8ons	
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  performance	
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Heat	
  and	
  Public	
  Health	
  Concern	
  	
  

•  Elderly	
  and	
  infants	
  
•  Urban	
  poor	
  
•  Under	
  developed	
  countries	
  
•  Laborers	
  

Health	
  issue	
  
•  Classic	
  vs.	
  Exer8onal	
  heat	
  stroke	
  
	
  



Heat	
  and	
  Public	
  Health	
  Concern	
  	
  

July	
  13th-­‐	
  19th,	
  2015	
  in	
  Japan	
  
6,165	
  pa8ents	
  were	
  admi^ed	
  to	
  emergency	
  room	
  
due	
  to	
  exer8onal	
  heat	
  illness	
  
–  Almost	
  twice	
  as	
  many	
  compared	
  to	
  the	
  previous	
  

week	
  
–  Approx.	
  10,000	
  pa8ents	
  within	
  2	
  weeks	
  

•  Lack	
  of	
  ins8tu8onal	
  policies	
  and	
  guidelines	
  

All	
  Nippon	
  News	
  Network.	
  July	
  22nd,	
  2015.	
  11:56:00.	
  h^p://
headlines.yahoo.co.jp/videonews/ann?a=20150722-­‐00000022-­‐ann-­‐pol	
  	
  



Heat	
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  Ac8ve	
  Popula8ons	
  

Athletes	
  

Laborers	
  

Heat	
  

Soldiers	
  

•  Healthy,	
  ac8ve	
  popula8on	
  
– Voluntarily	
  exercise	
  in	
  the	
  
heat	
  

– Part	
  of	
  the	
  work	
  
•  Guidelines	
  and	
  
modifica8ons	
  to	
  ensure	
  
safety	
  



Impacts	
  of	
  Weather	
  on…	
  

•  Athletes	
  
– Youth	
  athletes	
  

•  Football	
  preseason	
  
– Professional	
  athletes	
  

•  FIFA	
  World	
  Cup	
  

– Weekend	
  warriors	
  
•  Ironman	
  triathlon	
  
•  Falmouth	
  road	
  race	
  

Athletes	
  

Laborers	
  

Heat	
  

Soldiers	
  



Football	
  Preseason	
  

•  Heat	
  acclima8za8on	
  
guidelines	
  
– State	
  High	
  School	
  
Associa8ons	
  

•  Body’s	
  adapta8on	
  to	
  
tolerate	
  exercise	
  in	
  heat	
  

•  Gradually	
  building	
  back	
  the	
  
dura8on	
  and	
  intensity	
  of	
  
exercise	
  	
  
	
  



Induc8on	
  of	
  Acclima8za8on:	
  	
  
Variables	
  Influenced	
  

•  Cardiovascular	
  
–  ↓	
  HR	
  

•  3-­‐6	
  days	
  
–  ↑	
  VO2	
  max	
  
–  ↑	
  exercise	
  economy	
  
–  ↑	
  plasma	
  volume	
  

•  3-­‐6	
  days 	
   	
   	
   	
  
	
  	
  

•  Thermoregulatory	
  
–  ↑	
  skin	
  blood	
  flow	
  
–  ↑	
  sweat	
  rate	
  

•  8-­‐14	
  days	
  
–  ↓	
  core	
  temperature	
  at	
  	
  	
  	
  

	
  	
  onset	
  of	
  swea8ng	
  
–  ↓	
  core	
  temperature	
  

•  5-­‐8	
  days	
  
–  ↓	
  skin	
  temperature	
  
–  ↓	
  risk	
  of	
  heat	
  illnesses	
  

60	
  minutes	
  of	
  sustained	
  exercise	
  at	
  
38.5°C	
  	
  



FIFA-­‐	
  Hydra8on	
  Break	
  Rules	
  

•  Previously:	
  “At	
  FIFA	
  matches,	
  addi8onal	
  
cooling	
  breaks	
  are	
  considered	
  when	
  WBGT	
  is	
  
above	
  31°C.”	
  

•  Currently:	
  “Addi8onal	
  cooling	
  breaks	
  (aner	
  
the	
  30th	
  minute	
  of	
  the	
  first	
  and	
  second	
  halves	
  
of	
  the	
  game)	
  will	
  be	
  granted	
  if	
  the	
  WBGT	
  
exceeds	
  32	
  °C.”	
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Environmental Conditions and the Occurrence of
Exertional Heat Illnesses and Exertional Heat Stroke at
the Falmouth Road Race
Julie DeMartini, PhD, ATC*; Douglas J. Casa, PhD, ATC, FNATA. FACSM*; Luke
Belval*; Arthur Crago, MD†; Rob Davis, MD†; John Jardine, MD†; Rebecca
Stearns, PhD, ATC*

*Korey Stringer Institute, University of Connecticut, Storrs; †Falmouth Hospital, MA

Context: The Falmouth Road Race is unique because of
the environmental conditions and relatively short distance, which
allow runners to maintain a high intensity for the duration of the
event. Therefore, the occurrence of exertional heat illnesses
(EHIs), especially exertional heat stroke (EHS), is 10 times
higher than in other races.

Objective: To summarize the occurrence and relationship
of EHI and environmental conditions at the Falmouth Road
Race.

Design: Descriptive epidemiologic study.
Setting: The 11.3-km (7-mile) road race in Falmouth,

Massachusetts.
Patients or Other Participants: Runners who sustained an

EHI while participating in the Falmouth Road Race.
Main Outcome Measure(s): We obtained 18 years of

medical records and environmental conditions from the Fal-
mouth Road Race and documented the incidence of EHI,
specifically EHS, as related to ambient temperature (Tamb),
relative humidity, and heat index (HI).

Results: Average Tamb, relative humidity, and HI were 23.3
6 2.58C, 70 6 16%, and 24 6 3.58C, respectively. Of the 393

total EHI cases observed, EHS accounted for 274 (70%). An
average of 15.2 6 13.0 EHS cases occurred each year; the
incidence was 2.13 6 1.62 cases per 1000 runners. Regression
analysis revealed a relationship between the occurrence of both
EHI and EHS and Tamb (R2¼ 0.71, P¼ .001, and R2¼ 0.65, P¼
.001, respectively) and HI (R2¼0.76, P , .001, and R2¼0.74, P
, .001, respectively). Occurrences of EHS (24.2 6 15.5 cases
versus 9.3 6 4.3 cases) and EHI (32.3 6 16.3 versus 13.0 6
4.9 cases) were higher when Tamb and HI were high compared
with when Tamb and HI were low.

Conclusions: Because of the environmental conditions and
race duration, the Falmouth Road Race provides a unique
setting for a high incidence of EHS . A clear relationship exists
between environmental stress, especially as measured by Tamb

and HI, and the occurrence of EHS or other EHIProper
prevention and treatment strategies should be used during
periods of high environmental temperatures as the likelihood of
runners experiencing EHS is exacerbated in these harsh
conditions.

Key Words: heat illness, heat stress, thermoregulation

Key Points

" The Falmouth Road Race provides a unique setting for the recognition and treatment of exertional heat stroke: the
incidence rate during this race is 10 times that of other races.

" Environmental measures of ambient temperature and heat index contribute to a significant relationship between
environmental stress and the occurrence of exertional heat stroke.

S
evere hyperthermia is an inherent risk of endurance
exercise. Evidence supports the notion that danger-
ous levels of hyperthermia can be prevented with the

use of self-mediated pacing strategies. An individual’s
pacing strategy is determined by underlying physiologic
regulation based on perceptual feedback and on prior
experience.1 In other words, athletes may voluntarily cease
exercise when they perceive high heat stress or decrease
their intensity to allow them to work for a longer period. A
similar model proposes a critical core body temperature
(Tcore) that, when reached, is the defining limit at which
humans will voluntarily stop exercising.2 However, these
internal cues are sometimes ignored during times of
competition, which can often result in exertional heat
illness (EHI).

The umbrella term of EHI has recently been under
scrutiny regarding its in defining previously identified heat
illnesses.3 Terms such as heat exhaustion and heat cramps
have been questioned because of the physiologic causes and
lack of distinguishing diagnostic criteria. Regardless of this
dispute, exertional heat stroke (EHS) has been uniformly
acknowledged as the most serious form of EHI and is
characterized by central nervous system (CNS) dysfunction
and a Tcore greater than 408C. Mitigating the rate of
increase in Tcore primarily depends on the body’s ability to
dissipate endogenous heat production, which is a direct
result of exercise intensity. Heat dissipation is maximized
with high ratios of (1) Tcore to skin temperature and (2) skin
temperature to air temperature. The primary heat-dissipa-
tion mechanism during exercise is sweating, though heat
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Purpose	
  of	
  the	
  Study	
  

1.  Observe	
  the	
  incidence	
  rates	
  of	
  EHI	
  and	
  EHS	
  
at	
  the	
  FRR	
  

2.  Examine	
  the	
  rela8onship	
  between	
  
environmental	
  condi8on	
  and	
  EHI	
  or	
  EHS	
  
during	
  the	
  FRR	
  

3.  Examine	
  the	
  effect	
  of	
  environmental	
  
condi8ons	
  on	
  the	
  occurrence	
  of	
  EHI	
  and	
  EHS	
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performed for the highest and lowest thirds for each
variable. The HI calculations were performed using the
National Weather Service’s HI model.16

Statistical Analysis

Descriptive statistics are presented as mean 6 SD. We
calculated regression analyses to determine goodness of fit
and the Shapiro-Wilk test of normality to ensure that
conditions of the statistical test were met. Additionally,
independent samples t tests were used to determine group
differences between the highest third and lowest third of
each independent variable. Significance was set a priori at
an a level of P , .05. Statistical analyses were performed
using PASW Statistics (version 18.0 for Mac; SPSS Inc,
Chicago, IL).

RESULTS

Incidence

A total of 393 EHI cases were studied, and EHS
accounted for 274 (70%) of these. The total number of
EHIs per year is presented in Figure 1. In the years studied,

an average of 15.2 6 13.0 EHS cases occurred per year. An
overall incidence of 2.13 6 1.62 EHS cases per 1000
runners was calculated. The year with the most cases was
2003, when 61 EHIs were observed, including 53 cases of
EHS. In both 1992 and 1993, only 7 EHI cases were
recorded, including 5 cases of EHS per year.

Ambient Temperature

Daily average Tamb was 23.3 6 2.58C (range, 17.28C to
27.78C). Plots of the incidences of EHI and EHS against
Tamb are shown in Figure 2. Analyses revealed a significant
relationship between an increased Tamb and incidence of
both EHI and EHS (each P¼ .001). When comparing those
years with the highest Tamb versus those with the lowest
Tamb (25.7 6 1.38C versus 20.8 6 2.08C, respectively), we
found the total number of cases was higher in hot
conditions than in cool conditions for both EHI (32.3 6
16.3 cases versus 13.0 6 4.9 cases, P¼ .02) and EHS (24.2
6 15.5 cases versus 9.3 6 4.3 cases, P ¼ .04).

Relative Humidity

Daily average rH was 70% 6 16% (range, 47%–98%).
Plots of the incidences of EHI and EHS against rH are
shown in Figure 3. No significant interaction was
demonstrated by regression analysis(P ¼ .236, P ¼ .128).
When we compared those years with the highest rH versus
those with the lowest rH (87.5 6 6.8% versus 53.7 6
5.2%, respectively), the total number of cases was similar
(P . .05) for both EHI (27.0 6 18.7 cases versus 19.7 6
9.6 cases) and EHS (18.0 6 19.0 cases versus 13.8 6 6.6
cases).

Heat Index

Daily average HI was 248C 6 3.58C (range, 178C
"338C). Plots of the incidences of EHI and EHS against HI
are shown in Figure 4. Positive relationships were noted
between HI and the incidences of both EHI and EHS (each
P , .001). When comparing those years with the highest HI
versus those with the lowest HI (27.5 6 3.08C versus 20.7
6 2.28C, respectively), the total number of cases was
higher in hot conditions than in cool conditions for both
EHI (32.3 6 16.3 cases versus 13.0 6 4.9 cases, P ¼ .02)
and EHS (24.2 6 15.5 cases versus 9.3 6 4.3 cases, P ¼
.04).

Table 1. Finisher Data and Exertional Heat Illness and Exertional Heat Stroke Incidence Rates for the Falmouth Road Race

Year Finishers, No. Exertional Heat Illness Incidence Rate Exertional Heat Stroke Incidence Rate

1997 7752 2.71 2.19
1998 7219 2.22 1.11
2001 7774 2.32 0.77
2003 8058 7.57 6.58
2004 8171 1.59 1.10
2005 7532 4.38 3.19
2006 8242 1.94 0.97
2007 8926 4.37 2.91
2008 8743 3.32 2.63
2009 8864 1.92 1.58
2010 9653 1.55 1.14
2011 10930 1.74 1.37
Mean 6 SD 8489 6 1029 2.97 6 1.76 2.13 6 1.62

Table 2. Falmouth Road Race Environmental Conditions

Year
Ambient

Temperature, 8C
Relative

Humidity, %
Heat

Index, 8C

1984 22.2 55 22
1989 23.9 79 24
1992 17.2 92 17
1993 19.6 61 19
1994 24.2 82 25
1996 24.0 75 24
1997 26.7 70 28
1998 24.5 69 25
2001 23.3 98 25
2003 27.7 87 33
2004 22.0 57 22
2005 26.0 87 28
2006 21.3 47 21
2007 25.3 57 26
2008 23.7 65 24
2009 22.3 49 22
2010 22.7 53 22
2011 23.0 78 23
Mean 6 SD 23.3 6 2.5 70 6 16 24 6 3.5
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HI:	
  26°C	
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DISCUSSION

The purpose of our study was to (1) observe the incidence
rates of EHI and EHS at the Falmouth Road Race, (2)
assess the relationship between environmental conditions
and the incidences of EHI and EHS from 18 years of data at
the Falmouth Road Race, and (3) examine the effect of
environmental conditions on the occurrences of EHI and
EHS. Although we emphasize environmental conditions as

a primary predisposing factor to acquiring EHS, we also
address the potential influence from other factors (eg,
exercise intensity, exercise duration, heat acclimatization).
One key finding was that the incidence rate of EHS during
the studied 18-year span of the Falmouth Road Race was
considerably high. Previous authors reported an average
incidence of approximately 1–2 cases of EHS per 10 000
runners10,15; such is the case with a 12-year profile of injury

Figure 1. Number of cases of exertional heat illness (EHI; white bars) and exertional heat stroke (EHS; gray bars) for 18 years of the
Falmouth Road Race.

Figure 2. Relationship of the incidence rate (per 1000 finishers) of exertional heat illness (EHI; white diamonds, dashed line) and
exertional heat stroke (EHS; black squares, solid line) versus ambient temperature during the Falmouth Road Race.

0 Volume 49 ! Number 3 ! June 2014

Significant	
  rela8onship	
  between	
  an	
  
increased	
  ambient	
  temperature	
  and	
  
incidence	
  of	
  both	
  EHI	
  and	
  EHS	
  (p=.001).	
  
	
  
Total	
  number	
  of	
  EHI	
  and	
  EHS	
  cases	
  was	
  
higher	
  in	
  hot	
  condi8ons	
  than	
  in	
  cool	
  
condi8ons.	
  
	
  EHI:	
  32.3	
  ±	
  16.3	
  vs.	
  13.0	
  ±	
  4.9	
  (p=.02)	
  
	
  EHS:	
  24.2	
  ±	
  15.5	
  vs.	
  9.3	
  ±	
  4.3	
  (p=.04)	
  



Humidity	
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and illness from the Twin Cities Marathon.15 The average
Tamb at the start of this race was 58C (range,!48C to 168C),
and the average Tamb at the 4-hour mark of this race was
138C (range, 58C to 208C).15 Additionally, the average rH at
the start of the race was 84%, but it dropped to an average
of 57% at the 4-hour mark.15 These environmental
conditions were mild compared with those in the current
study, but it is reasonable to assume they played a primary
role in the relatively low incidence rate of EHS. However,
the contribution of Tamb to EHS was similar to that found

by Roberts15 (approximately 70%; Figure 2). Therefore, it
is likely that another factor led to the higher incidence of
EHS at the Falmouth Road Race.

In addition to the higher temperatures present in the
current study, another hallmark difference is the shorter
distance of the race compared with that of the marathon (7
miles versus 26.2 miles). This shorter distance allowed the
runners to maintain high exercise intensity, thereby likely
driving a greater increase in Tcore given the higher
metabolic heat production.17,18

Figure 3. Relationship of the incidence rate (per 1000 finishers) of exertional heat illness (EHI; white diamonds, dashed line) and
exertional heat stroke (EHS; black squares, solid line) versus relative humidity during the Falmouth Road Race.

Figure 4. Relationship of the incidence rate (per 1000 finishers) of exertional heat illness (EHI; white diamonds, dashed line) and
exertional heat stroke (EHS; black squares, solid line) versus heat index during the Falmouth Road Race.
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No	
  significant	
  rela8onship	
  between	
  the	
  
rela8ve	
  humidity	
  and	
  incidence	
  of	
  EHI	
  
and	
  EHS	
  (p>.05).	
  
	
  
Total	
  number	
  of	
  EHI	
  and	
  EHS	
  cases	
  was	
  
similar.	
  
	
  EHI:	
  27.0	
  ±	
  18.7	
  vs.	
  53.7	
  ±	
  5.2	
  (p	
  >.05)	
  
	
  EHS:	
  18.0	
  ±	
  19.0	
  vs.	
  13.8	
  ±	
  6.6	
  (p	
  >.05)	
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and illness from the Twin Cities Marathon.15 The average
Tamb at the start of this race was 58C (range,!48C to 168C),
and the average Tamb at the 4-hour mark of this race was
138C (range, 58C to 208C).15 Additionally, the average rH at
the start of the race was 84%, but it dropped to an average
of 57% at the 4-hour mark.15 These environmental
conditions were mild compared with those in the current
study, but it is reasonable to assume they played a primary
role in the relatively low incidence rate of EHS. However,
the contribution of Tamb to EHS was similar to that found

by Roberts15 (approximately 70%; Figure 2). Therefore, it
is likely that another factor led to the higher incidence of
EHS at the Falmouth Road Race.

In addition to the higher temperatures present in the
current study, another hallmark difference is the shorter
distance of the race compared with that of the marathon (7
miles versus 26.2 miles). This shorter distance allowed the
runners to maintain high exercise intensity, thereby likely
driving a greater increase in Tcore given the higher
metabolic heat production.17,18

Figure 3. Relationship of the incidence rate (per 1000 finishers) of exertional heat illness (EHI; white diamonds, dashed line) and
exertional heat stroke (EHS; black squares, solid line) versus relative humidity during the Falmouth Road Race.

Figure 4. Relationship of the incidence rate (per 1000 finishers) of exertional heat illness (EHI; white diamonds, dashed line) and
exertional heat stroke (EHS; black squares, solid line) versus heat index during the Falmouth Road Race.
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Posi8ve	
  rela8onships	
  between	
  HI	
  and	
  
and	
  incidence	
  of	
  both	
  EHI	
  and	
  EHS	
  	
  
(p	
  <.001).	
  
	
  
Total	
  number	
  of	
  EHI	
  and	
  EHS	
  cases	
  was	
  
higher	
  in	
  hot	
  condi8ons	
  than	
  in	
  cool	
  
condi8ons.	
  
	
  EHI:	
  32.3	
  ±	
  16.3	
  vs.	
  13.0	
  ±	
  4.9	
  (p=.02)	
  
	
  EHS:	
  24.2	
  ±	
  15.5	
  vs.	
  9.3	
  ±	
  4.3	
  (p=.04)	
  



Impacts	
  of	
  Weather	
  on…	
  

•  Laborers	
  
– Heat	
  Illness	
  Preven8on	
  by	
  Cal/OSHA	
  

– Special	
  considera8ons:	
  
•  Microenvironment	
  

–  Protec8ve	
  gear	
  
–  Facility	
  
–  Radiant	
  heat	
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Heat	
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Impacts	
  of	
  Weather	
  on…	
  

•  Soldiers	
  
– Basic	
  training	
  
– Ac8ve	
  service	
  

– Special	
  considera8ons:	
  
•  Accessibility	
  to	
  shelter	
  and	
  water	
  
•  Regiment	
  oriented	
  

–  Fort	
  Bragg	
  
–  Fort	
  Benning	
  
–  Army	
  Ranger	
  

Athletes	
  

Laborers	
  

Heat	
  

Soldiers	
  



Things	
  are	
  getng	
  worse…	
  

•  Fatal	
  EHS	
  cases	
  in	
  high	
  
school	
  and	
  collegiate	
  level	
  
organized	
  sports	
  

•  Advance	
  in	
  medicine,	
  but	
  
why?	
  
–  Increased	
  compe88veness	
  
– Global	
  warming	
  
	
  

Year	
   Fatal	
  EHS	
  Cases	
  

1975-­‐1979	
   8	
  

1980-­‐1984	
   9	
  

1985-­‐1989	
   5	
  

1990-­‐1994	
   2	
  

1995-­‐1999	
   13	
  

2000-­‐2004	
   11	
  

2005-­‐2009	
   18	
  

2010-­‐2014	
   19	
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should trigger the measurement of serum Na+ before
administering IV NS to treat the spasms.

Return to training or competition. Many athletes
with EAMC are able to return to play during the same
game with rest and fluid replacement, while some require
at least a day to recover following treatment. If the muscle
cramping is associated with heat exhaustion or symp-
tomatic hyponatremia (71), the recommendations for the
more severe problem should guide the return to play.

Prevention. EAMC that occur in hot conditions seem
to be prevented by maintaining fluid and salt balance.
Athletes with high sweat Na+ levels and sweat rates, or
who have a history of EAMC, may need to consume
supplemental Na+ during prolonged activities to maintain
salt balance (25,71,137) and may need to increase daily
dietary salt to 5–10 gIdj1 when sweat losses are large
(95,166). This is especially important during the heat
acclimatization phase of training. Calculating sweat Na+

losses and replacing that Na+ during and after activity
allowed two athletes with previously debilitating EAMC to
compete successfully in hot conditions (24). There are
anecdotal reports of EAMC resolution in American
football and in soccer players who increase their oral salt
intake before, during, and after activity.

ATHLETE SAFETY AND REDUCTION OF
HEAT RELATED ILLNESS

Events should be scheduled to avoid extremely hot and
humid months, based on the historical local weather data.
During summer months, all events, games, and practices
should be scheduled during the cooler hours of the day

(e.g., early morning). Unseasonably hot days in spring and
fall will increase the risk of exertional heat illnesses
because competitors are often not sufficiently acclimatized.

Heat acclimatization is the best known protection against
both EHS and heat exhaustion. Acclimatization requires
gradually increasing the duration and intensity of exercise
during the initial 10–14 d of heat exposure, although
maximal protection may take up to 12 wk (17). In a study
of mortality, the minimum temperatures at which fatal heat
stroke occurred decreased at higher latitudes (i.e., northern
Europe), and the minimum temperature for fatal cases
increased as the summer months progressed at the same
latitude (80). Thus, natural heat acclimatization that occurs
from living in a given geographic area and the recom-
mended exercise limits and modifications, must consider
regional climatic differences. Fitness also confers some pro-
tection such that prolonged, near-maximal exertion should
be avoided before acquired physical fitness and heat
acclimatization are sufficient to support high-intensity, long-
duration exercise training or competition (59,122,124,152).
Event-specific physical training in the heat reduces the
incidence of heat exhaustion (36) by enhancing cardiovas-
cular function and fluid-electrolyte homeostasis.

All athletes should be monitored for signs and symptoms
of heat strain, especially during the acclimatization period
and when environmental conditions become more stressful,
because early recognition decreases both the severity of the
episode and the time lost from activity. Athletes, who are
adequately rested, nourished, hydrated, and acclimatized to
heat are at less risk for heat exhaustion (67). If an athlete
experiences recurrent episodes of heat exhaustion, a careful
review of fluid intake, diet, whole-body sodium balance,

TABLE 2. WBGT levels for modification or cancellation of workouts or athletic competition for healthy adults.a,f

WBGT b Training and Noncontinuous Activity

-F -C Continuous Activity and Competition
Nonacclimatized, Unfit,
High-Risk Individuals c

Acclimatized, Fit,
Low-Risk Individuals c,d

e50.0 e10.0 Generally safe; EHS can occur
associated with individual factors

Normal activity Normal activity

50.1–65.0 10.1–18.3 Generally safe; EHS can occur Normal activity Normal activity
65.1–72.0 18.4–22.2 Risk of EHS and other heat illness

begins to rise; high-risk individuals
should be monitored or not compete

Increase the rest:work ratio.
Monitor fluid intake.

Normal activity

72.1–78.0 22.3–25.6 Risk for all competitors is increased Increase the rest:work ratio and decrease total
duration of activity.

Normal activity. Monitor fluid intake.

78.1–82.0 25.7–27.8 Risk for unfit, nonacclimatized
individuals is high

Increase the rest:work ratio; decrease intensity
and total duration of activity.

Normal activity. Monitor fluid intake.

82.1–86.0 27.9–30.0 Cancel level for EHS risk Increase the rest:work ratio to 1:1, decrease
intensity and total duration of activity.
Limit intense exercise. Watch at-risk
individuals carefully

Plan intense or prolonged exercise
with discretionf; watch at-risk
individuals carefully

86.1–90.0 30.1–32.2 Cancel or stop practice and competition. Limit intense exercisef and total daily
exposure to heat and humidity; watch for
early signs and symptoms

Q90.1 932.3 Cancel exercise. Cancel exercise uncompensable heat
stresse exists for all athletesf

a revised from reference (38).
b wet bulb globe temperature.
c while wearing shorts, T-shirt, socks and sneakers.
d acclimatized to training in the heat at least 3 wk.
e internal heat production exceeds heat loss and core body temperature rises continuously, without a plateau.
f Differences of local climate and individual heat acclimatization status may allow activity at higher levels than outlined in the table, but athletes and coaches should consult with
sports medicine staff and should be cautious when exceeding these limits.
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Table 2. Prevention Checklist for the Certified Athletic Trainer*

1. Pre-event preparation
Am I challenging unsafe rules (eg, ability to receive fluids, modify game and practice times)?
Am I encouraging athletes to drink before the onset of thirst and to be well hydrated at the start of activity?
Am I familiar with which athletes have a history of a heat illness?
Am I discouraging alcohol, caffeine, and drug use?
Am I encouraging proper conditioning and acclimatization procedures?

2. Checking hydration status
Do I know the preexercise weight of the athletes (especially those at high risk) with whom I work, particularly during hot and humid
conditions?
Are the athletes familiar with how to assess urine color? Is a urine color chart accessible?
Do the athletes know their sweat rates and, therefore, know how much to drink during exercise?
Is a refractometer or urine color chart present to provide additional information regarding hydration status in high-risk athletes when
baseline body weights are checked?

3. Environmental assessment
Am I regularly checking the wet-bulb globe temperature or temperature and humidity during the day?
Am I knowledgeable about the risk categories of a heat illness based on the environmental conditions?
Are alternate plans made in case risky conditions force rescheduling of events or practices?

4. Coaches’ and athletes’ responsibilities
Are coaches and athletes educated about the signs and symptoms of heat illnesses?
Am I double checking to make sure coaches are allowing ample rest and rehydration breaks?
Are modifications being made to reduce risk in the heat (eg, decrease intensity, change practice times, allow more frequent breaks,
eliminate double sessions, reduce or change equipment or clothing requirements, etc)?
Are rapid weight-loss practices in weight-class sports adamantly disallowed?

5. Event management
Have I checked to make sure proper amounts of fluids will be available and accessible?
Are carbohydrate-electrolyte drinks available at events and practices (especially during twice-a-day practices and those that last longer
than 50 to 60 minutes or are extremely intense in nature)?
Am I aware of the factors that may increase the likelihood of a heat illness?
Am I promptly rehydrating athletes to preexercise weight after an exercise session?
Are shaded or indoor areas used for practices or breaks when possible to minimize thermal strain?

6. Treatment considerations
Am I familiar with the most common early signs and symptoms of heat illnesses?
Do I have the proper field equipment and skills to assess a heat illness?
Is an emergency plan in place in case an immediate evacuation is needed?
Is a kiddy pool available in situations of high risk to initiate immediate cold-water immersion of heat-stroke patients?
Are ice bags available for immediate cooling when cold-water immersion is not possible?
Have shaded, air-conditioned, and cool areas been identified to use when athletes need to cool down, recover, or receive treatment?
Are fans available to assist evaporation when cooling?
Am I properly equipped to assess high core temperature (ie, rectal thermometer)?

7. Other situation-specific considerations
*Adapted with permission from Casa.7

Table 3. Wet-Bulb Globe Temperature Risk Chart62–67*

WBGT Flag Color Level of Risk Comments

,188C (,658F) Green Low Risk low but still exists on the basis of risk factors
18–238C (65–738F) Yellow Moderate Risk level increases as event progresses through the

day
23–288C (73–828F) Red High Everyone should be aware of injury potential; individu-

als at risk should not compete
.288C (828F) Black Extreme or hazardous Consider rescheduling or delaying the event until safer

conditions prevail; if the event must take place, be
on high alert

*Adapted with permission from Roberts.67

6. Encourage athletes to sleep at least 6 to 8 hours at night
in a cool environment,41,35,50 eat a well-balanced diet that fol-
lows the Food Guide Pyramid and United States Dietary
Guidelines,56–58 and maintain proper hydration status. Athletes
exercising in hot conditions (especially during twice-a-day
practices) require extra sodium from the diet or rehydration
beverages or both.
7. Develop event and practice guidelines for hot, humid

weather that anticipate potential problems encountered based

on the wet-bulb globe temperature (WBGT) (Table 3) or heat
and humidity as measured by a sling psychrometer (Figure 1),
the number of participants, the nature of the activity, and other
predisposing risk factors.14,51 If the WBGT is greater than
288C (828F, or ‘‘very high’’ as indicated in Table 3, Figure 1),
an athletic event should be delayed, rescheduled, or moved
into an air-conditioned space, if possible.69–74 It is important
to note that these measures are based on the risk of environ-
mental stress for athletes wearing shorts and a T-shirt; if an
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•  Careful	
  control	
  of	
  all	
  ac8vity	
  should	
  be	
  undertaken	
  when	
  
the	
  WBGT	
  is	
  higher	
  than	
  82˚F	
  

•  Follow	
  ACSM’s	
  guidelines	
  for	
  conduc8ng	
  athle8c	
  ac8vi8es	
  
in	
  the	
  heat	
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A
proper heat-acclimatization plan in secondary
school athletic programs is essential to minimize
the risk of exertional heat illness during the

preseason practice period. Gradually increasing athletes’
exposure to the duration and intensity of physical activity
and to the environment minimizes exertional heat-illness
risk while improving athletic performance. Progressive
acclimatization is especially important during the initial 3
to 5 days of summer practices. When an athlete undergoes
a proper heat-acclimatization program, physiologic func-
tion, exercise heat tolerance, and exercise performance are
all enhanced.1–6 In contrast, athletes who are not exposed
to a proper heat-acclimatization program face measurable
increased risks for exertional heat illness.

For these reasons, the Inter-Association Task Force for
Preseason Secondary School Athletics, in conjunction with
the National Athletic Trainers’ Association’s Secondary
School Athletic Trainers’ Committee, recommends that
these ‘‘Preseason Heat-Acclimatization Guidelines for
Secondary School Athletics’’ be implemented by all sec-
ondary school athletic programs. These guidelines should
be used for all preseason conditioning, training, and
practice activities in a warm or hot environment, whether
these activities are conducted indoors or outdoors. When
athletic programs implement these guidelines, the health
and safety of the athletes are primary. However, the
recommendations outlined here are only minimum stan-
dards, based on the best heat-acclimatization evidence
available. Following these guidelines provides all second-
ary school athletes an opportunity to train safely and
effectively during the preseason practice period.

DEFINITIONS

Before participating in the preseason practice period, all
student-athletes should undergo a preparticipation medical

examination administered by a physician (MD or DO) or
as required/approved by state law. The examination can
identify predisposing factors related to a number of safety
concerns, including the identification of youths at partic-
ular risk for exertional heat illness.

The heat-acclimatization period is defined as the initial 14
consecutive days of preseason practice for all student-
athletes. The goal of the acclimatization period is to
enhance exercise heat tolerance and the ability to exercise
safely and effectively in warm to hot conditions. This
period should begin on the first day of practice or
conditioning before the regular season. Any practices or
conditioning conducted before this time should not be
considered a part of the heat-acclimatization period.
Regardless of the conditioning program and conditioning
status leading up to the first formal practice, all student-
athletes (including those who arrive at preseason practice
after the first day of practice) should follow the 14-day
heat-acclimatization plan. During the preseason heat-
acclimatization period, if practice occurs on 6 consecutive
days, student-athletes should have 1 day of complete rest
(no conditioning, walk-throughs, practices, etc).

Days on which athletes do not practice due to a
scheduled rest day, injury, or illness do not count toward
the heat-acclimatization period. For example, an athlete
who sits out the third and fourth days of practice during
this time (eg, Wednesday and Thursday) will resume
practice as if on day 3 of the heat-acclimatization period
when returning to play on Friday.

A practice is defined as the period of time a participant
engages in a coach-supervised, school-approved, sport- or
conditioning-related physical activity. Each individual
practice should last no more than 3 hours. Warm-up,
stretching, and cool-down activities are included as part of
the 3-hour practice time. Regardless of ambient tempera-
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Heat Acclimatization Guidelines: 
High Schools 

• Single	
  
Prac8ces	
  

• Helmets	
  
only	
  

• <	
  3	
  hrs	
  +	
  
1	
  hour	
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Days	
  
1-­‐2	
  

• Single	
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  day	
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double	
  
sessions	
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  pads	
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  +	
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walk-­‐
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Days	
  
6-­‐14	
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HA	
  requirements	
  
1.  Days	
  1-­‐5	
  are	
  the	
  first	
  formal	
  prac8ces.	
  No	
  more	
  than	
  1	
  prac8ce	
  occurs	
  per	
  day.	
  
2.  Total	
  prac8ce	
  8me	
  should	
  not	
  exceed	
  3	
  hours	
  in	
  any	
  1	
  day.	
  
3.  1-­‐hour	
  maximum	
  walk-­‐through	
  is	
  permi^ed	
  on	
  days	
  1-­‐5;	
  however,	
  there	
  must	
  be	
  a	
  3	
  hours	
  

minimum	
  break	
  between	
  prac8ce	
  and	
  walk-­‐through	
  (or	
  vice	
  versa).	
  
4.  Football	
  only:	
  on	
  days	
  3-­‐5,	
  contact	
  with	
  blocking	
  sleds	
  and	
  talking	
  dummies	
  may	
  be	
  

ini8ated.	
  Full	
  contact	
  sports:	
  100%	
  life	
  contact	
  drills	
  should	
  begin	
  no	
  earlier	
  than	
  day	
  6.	
  
5.  Day	
  6-­‐14,	
  double	
  prac8ce	
  days	
  must	
  be	
  followed	
  by	
  a	
  single-­‐prac8ce	
  day.	
  On	
  single-­‐

prac8ce	
  days,	
  1	
  walk	
  through	
  is	
  permi^ed,	
  separated	
  from	
  the	
  prac8ce	
  by	
  at	
  least	
  3	
  hours	
  
of	
  con8nuous	
  rest.	
  When	
  a	
  double-­‐prac8ce	
  day	
  is	
  followed	
  by	
  a	
  rest	
  day,	
  another	
  double	
  
prac8ce	
  day	
  is	
  permi^ed	
  aner	
  the	
  rest	
  day.	
  

6.  On	
  a	
  double-­‐prac8ce	
  day,	
  neither	
  prac8ce	
  should	
  exceed	
  3	
  hours	
  in	
  dura8on,	
  with	
  no	
  more	
  
than	
  5	
  total	
  hours	
  of	
  prac8ce	
  in	
  the	
  day.	
  Warm-­‐up,	
  stretching,	
  cooling	
  down,	
  walk-­‐through,	
  
condi8oning,	
  and	
  weight-­‐room	
  ac8vi8es	
  are	
  included	
  as	
  part	
  of	
  the	
  prac8ce	
  8me.	
  The	
  2	
  
prac8ces	
  should	
  be	
  separated	
  by	
  at	
  least	
  3	
  con8nuous	
  hours	
  in	
  a	
  cool	
  environment.	
  

7.  Because	
  of	
  the	
  high	
  risk	
  for	
  exer8onal	
  heat	
  illness	
  during	
  the	
  preseason	
  heat	
  
acclima8za8on	
  period,	
  we	
  strongly	
  recommend	
  an	
  athle8c	
  trainer	
  be	
  onsite	
  before,	
  during	
  
and	
  aner	
  all	
  prac8ces.	
  	
  



Heat Acclimatization Map 
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1-­‐2:	
  ■ 	
   	
   	
  	
  
3-­‐4:	
  ■	
  
5-­‐6:	
  ■	
  

Meets	
  minimum	
  best	
  prac8ces:	
  ■	
  



WBGT	
  requirements	
  
1.  Organiza8on	
  requires	
  all	
  divisions	
  to	
  have	
  a	
  heat	
  modifica8on	
  policy	
  for	
  any	
  

sanc8oned	
  ac8vity.	
  
2.  The	
  recommended	
  heat	
  policy	
  is	
  based	
  off	
  of	
  WBGT	
  (not	
  heat	
  index	
  or	
  any	
  other	
  

methods)	
  Heat	
  Index	
  is	
  only	
  acceptable	
  for	
  organiza8ons	
  without	
  funding	
  for	
  WBGT,	
  
and	
  the	
  organiza8on	
  is	
  ac8vely	
  pe88oning	
  for	
  funding	
  to	
  supply	
  a	
  WBGT.	
  

3.  The	
  WBGT	
  temperature	
  guidelines	
  are	
  based	
  off	
  of	
  epidemiological	
  data	
  specific	
  to	
  
that	
  state/region	
  (for	
  bigger	
  states	
  a	
  more	
  comprehensive	
  analysis	
  may	
  be	
  needed).	
  
Organiza8on	
  required	
  to	
  seek	
  alterna8ve	
  ways	
  to	
  obtain	
  WBGT	
  for	
  their	
  area	
  via	
  
weather	
  sta8on	
  WBGT	
  or	
  other	
  valid	
  local	
  sources.	
  	
  

4.  The	
  heat	
  policy	
  has	
  at	
  least	
  a	
  4-­‐step	
  progression	
  of	
  modifica8ons	
  (does	
  not	
  include	
  
the	
  limit	
  that	
  dictates	
  normal	
  prac8ce).	
  

5.  Policy	
  includes	
  specific	
  modifica8on	
  of	
  equipment	
  (if	
  applicable	
  to	
  the	
  sport).	
  
6.  Policy	
  includes	
  specific	
  modifica8on	
  of	
  work	
  :	
  rest	
  ra8os.	
  
7.  Policy	
  includes	
  specific	
  modifica8on	
  of	
  total	
  prac8ce	
  8me.	
  
8.  Policy	
  includes	
  specific	
  modifica8on	
  of	
  water	
  breaks.	
  
9.  Policy	
  men8ons	
  the	
  use	
  of	
  a	
  shaded	
  area	
  for	
  rest	
  breaks.	
  



WBGT Map 
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�� 7KH�ZRUN�UHVW�WLPHV�DQG�ÀXLG�
UHSODFHPHQW�YROXPHV�ZLOO�VXVWDLQ�
SHUIRUPDQFH�DQG�K\GUDWLRQ�IRU�
DW�OHDVW���KUV�RI�ZRUN�LQ�WKH�
VSHFL¿HG�KHDW�FDWHJRU\���)OXLG�
QHHGV�FDQ�YDU\�EDVHG�RQ�
LQGLYLGXDO�GLIIHUHQFHV����ó�TW�KU��
DQG�H[SRVXUH�WR�IXOO�VXQ�RU�IXOO�
VKDGH����ó�TW�KU���

�� NL  �QR�OLPLW�WR�ZRUN�WLPH�SHU�KU�

�� Rest  �PLQLPDO�SK\VLFDO�DFWLYLW\�
�VLWWLQJ�RU�VWDQGLQJ��DFFRPSOLVKHG�
LQ�VKDGH�LI�SRVVLEOH�

�� &$87,21��+RXUO\�ÀXLG�LQWDNH�
VKRXOG�QRW�H[FHHG��ò�TWV�

� 'DLO\�ÀXLG�LQWDNH�VKRXOG�QRW�
H[FHHG����TWV�

�� ,I�ZHDULQJ�ERG\�DUPRU��DGG�5°F WR�
:%*7�LQGH[�LQ�KXPLG�FOLPDWHV�

�� ,I�GRLQJ�(DV\�:RUN�DQG�ZHDULQJ�
1%&��0233����FORWKLQJ��DGG�
10°F WR�:%*7�LQGH[�

�� ,I�GRLQJ�0RGHUDWH�RU�+DUG�:RUN�
DQG�ZHDULQJ�1%&��0233����
FORWKLQJ��DGG�20°F WR�:%*7�LQGH[�

Work/Rest and Water Consumption Table
$SSOLHV�WR�DYHUDJH�VL]HG��KHDW�DFFOLPDWHG�6ROGLHU�ZHDULQJ�$&8��KRW�ZHDWKHU���6HH�7%�0('�����IRU�IXUWKHU�JXLGDQFH��

Heat 
Category

WBGT 
Index, Fº

Easy Work Moderate Work Hard Work

:RUN�5HVW
�PLQ�

:DWHU�
,QWDNH 
�TW�KU�

:RUN�5HVW
�PLQ�

:DWHU�
,QWDNH 
�TW�KU�

:RUN�5HVW
�PLQ�

:DWHU�
,QWDNH 
�TW�KU�

1 ����������� NL ½ NL ¾ ������PLQ ¾

��
�JUHHQ� ����������� NL ½ ������PLQ ¾ ������PLQ 1

3�
�\HOORZ� 85��������º NL ¾ ������PLQ ¾ ������PLQ 1

��
�UHG� 88��������º NL ¾ ������PLQ ¾ ������PLQ 1

5�
�EODFN� !���º ������PLQ 1 ������PLQ 1 ������PLQ 1

Easy Work Moderate Work Hard Work

�� :HDSRQ�0DLQWHQDQFH

�� :DONLQJ�+DUG�6XUIDFH�DW�����PSK���
�����OE�/RDG

�� 0DUNVPDQVKLS�7UDLQLQJ

�� 'ULOO�DQG�&HUHPRQ\

�� 0DQXDO�RI�$UPV

�� :DONLQJ�/RRVH�6DQG�DW�����PSK���
1R�/RDG

�� :DONLQJ�+DUG�6XUIDFH�DW�����PSK���
�����OE�/RDG

�� &DOLVWKHQLFV
�� 3DWUROOLQJ
�� ,QGLYLGXDO�0RYHPHQW�7HFKQLTXHV���
L�H���/RZ�&UDZO�RU�+LJK�&UDZO

�� 'HIHQVLYH�3RVLWLRQ�&RQVWUXFWLRQ

�� :DONLQJ�+DUG�6XUIDFH�DW�����PSK���
�����OE�/RDG

�� :DONLQJ�/RRVH�6DQG�DW�����PSK��
ZLWK�/RDG

�� )LHOG�$VVDXOWV
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Abstract Over the period 1980–2009, there were 58
documented hyperthermia deaths of American-style foot-
ball players in the United States. This study examines the
geography, timing, and meteorological conditions present
during the onset of hyperthermia, using the most complete
dataset available. Deaths are concentrated in the eastern
quadrant of the United States and are most common during
August. Over half the deaths occurred during morning
practices when high humidity levels were common. The
athletes were typically large (79% with a body mass index
>30) and mostly (86%) played linemen positions. Meteo-
rological conditions were atypically hot and humid by local
standards on most days with fatalities. Further, all deaths
occurred under conditions defined as high or extreme by
the American College of Sports Medicine using the wet
bulb globe temperature (WBGT), but under lower threat
levels using the heat index (HI). Football-specific thresh-
olds based on clothing (full football uniform, practice
uniform, or shorts) were also examined. The thresholds
matched well with data from athletes wearing practice
uniforms but poorly for those in shorts only. Too few cases
of athletes in full pads were available to draw any broad
conclusions. We recommend that coaches carefully monitor
players, particularly large linemen, early in the pre-season
on days with wet bulb globe temperatures that are
categorized as high or extreme. Also, as most of the deaths
were among young athletes, longer acclimatization periods
may be needed.

Keywords American football . Hyperthermia . Climate .

United States

Introduction

Over the last 50 years (1960–2009), there have been 123
documented cases of American-style football players in the
United States dying from heat-related illnesses (Mueller
and Colgate 2010), including 58 well-documented cases
from 1980–2009. Football players are particularly suscep-
tible to heat-related illnesses in part because of the timing
of pre-season practice, often in the late summer when
conditions are hot and humid. A climate study of optimal
practice times in Alabama found that there were no suitable
times for outdoor practices in full uniform in August
(Francis et al. 1991). Additionally, the level of clothing
football players wear may increase metabolic heat produc-
tion and inhibit cooling (e.g., Fox et al. 1966; Mathews et
al. 1969; Kulka and Kenney 2002; McCullough and
Kenney 2003; Brothers et al. 2004; Armstrong et al.
2010). A full football uniform, for example, may impede
evaporative heat loss by 60–70% (Mathews et al. 1969).
Finally, football players tend to have physical character-
istics that may increase heat storage, such as greater muscle
mass, lower body surface area to body mass ratios, and
higher body fat percentages (Godek et al. 2004).

A variety of safety guidelines for practicing under
different environmental conditions have been established
by organizations such as Sports Medicine Australia, The
American College of Sports Medicine, and the American
Academy of Pediatrics (Armstrong et al. 1996; Binkley et
al. 2002; American Academy of Pediatrics, Committee on
Sports Medicine and Fitness 1991, 2000; Sports Medicine
Australia 2010). These guidelines rely on a derived variable
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the BMI. The BMI does not distinguish between adipose
and lean tissue, and can be misleading in muscular athletes,
but Laurson and Eisenmann (2007) note that the BMI
correlates well with fat mass for boys aged 11–17.

For further analysis, the positions were aggregated as
linemen (offensive and defensive), backs (two fullbacks, one
running back, one defensive back), and other (one wide

receiver). Among American-style football players, offensive
and defensive linemen tend to be the largest players on the
field with higher levels of body fat percentage and greater
absolute strength (Pincivero and Bompa 1997). Offensive and
defensive linemen tend to mirror each other by position, with
offensive linemen attempting to protect the passer and clear
the way for runners to advance the ball while defensive

Table 1 Temporal patterns of football hyperthermia fatalities

Time of day n Time of season n Month n Sub-month (Jul–Sep) n

Morning (8:00 am–12:00 pm LDT) 21 1st practice 9 Jan–May 1 Jul 1–15 7

Afternoon (2:00–6:00 pm LDT) 15 2nd practice 3 Jun 0 Jul 16–31 9

Unknown 22 3rd practice 1 Jul 10 Aug 1–15 27

1st practice with pads 1 Aug 37 Aug 16–31 11

Unknown 44 Sep 9 Sep 1–15 4

Oct 1 Sep 16–30 2

Nov–Dec 0

LDT Local daylight time

(a.)

(b.)

Fig. 3 Trends in frequency of
August days that exceeded the
local 85th percentile in a maxi-
mum apparent temperature and
b minimum apparent tempera-
ture from 1980–2009. Filled
(open) circles are positive (neg-
ative) trends at p≤0.05 and
crosses are stations with no
trend
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than the average morning temperature of 28°C. Morning
practices, however, had considerably greater relative humidity
values that were nearly 20% greater (67 vs 48%) than those in
the afternoon. The WBGT and HI were calculated for each
death to integrate the influences of several meteorological
variables. Average WBGT values ranged from approximately
24 to 34°C. AfternoonWBGT values of 30°C were about 2°C
greater than morning values of 28°C. The small difference in
WBGT between morning and afternoon occurs because the
WBGT is very sensitive to humidity levels, which contribute
about 70% of the overall value. The HI ranged from 23 to 40°
C, with average afternoon values of 35°C about 5°C greater
than morning values.

Meteorological conditions were next considered in the
context of established risk thresholds for athletic activity.
Sports Medicine Australia, The American College of Sports
Medicine, and the American Academy of Pediatrics define
categories based on the WBGT (Table 4). All 33 deaths
occurred under conditions considered high or extreme by
both the American College of Sports Medicine and Sports
Medicine Australia, which use similar thresholds. Indeed,
over 60% of the deaths occurred on days where the WBGT
suggested that the practice should be canceled. Under
American Academy of Pediatrics guidelines, 42% of deaths
occurred on days where practices should have been
canceled and another 39% on days when activity should
have been stopped for athletes not acclimatized to high
temperatures and/or high humidity. Overall, the vast
majority of deaths occurred in categories where the threat
for heat-related illnesses were high. Very few deaths
occurred under low or moderate risk conditions. The
NWS has established risk thresholds based on the HI
(Table 4). Deaths occurred under conditions with no safety
advisory (15%), caution (30%), and extreme caution (55%).
Of interest is that 45% of deaths occurred on days with no
safety warning or one at the lowest level of risk for a heat-
related illness (i.e. caution), and no deaths occurred on days
categorized as the most dangerous (i.e., danger and extreme

danger). The lower level of threat suggested by the HI is
likely related to assumptions used in its calculation,
including that an individual is in the shade, of average size
(1.7 m and 67 kg), is dressed lightly (i.e. wearing long
trousers and a short sleeve shirt), and engaged in light
activity (i.e. walking at about 1.4 m s−1) (Steadman 1979;
Rothfusz 1990). Clearly, these assumptions are not repre-
sentative of football players who tend to be larger, exposed
to sun, may be dressed in protective gear, and involved in
greater levels of activity. Thus, the HI may underestimate
the environmental risk for athletes such as football players.
Finally, it is important to note that average values were used
to represent the integrated conditions over the practice
period and that the athletes may have been exposed to
higher instantaneous WBGT or HI values.

Third, meteorological conditions were investigated with
regard to the type of clothing the athletes were wearing during
exposure. Kulka and Kenney (2002) established thresholds
for uncompensable heat stress for full pads, practice gear,
and shorts using air temperature and relative humidity. These
thresholds are plotted as curves in Fig. 4. We analyzed 18
cases (8 with shorts only, 8 with practice gear, and 2 with full
uniforms) that included the level of clothing, the approximate
time of heat exposure, and were located within 50 km of a
meteorological station. For comparison, 16 cases without
data on clothing but with time of exposure were included.
Maximum morning or afternoon temperatures along with the
relative humidity at the maximum temperature, representing
the worst possible conditions the athlete would have
experienced, are plotted for each case in Fig. 4. All but one
of the athletes dressed in shorts only fell below the
established threshold for uncompensable heat stress, indicat-
ing that conditions should have been safe. It should be noted
that two of the athletes had pre-existing medical conditions
(i.e., a rare hemoglobin disorder and sickle cell anemia) that
may have made them more vulnerable to a heat-related
illness. Five of the eight deaths for athletes who were
wearing practice uniforms fell above the threshold. Of the

Table 4 Statistics on football hyperthermia fatalities by risk category

American College of
Sports Medicine and
Sports Medicine Australia

Count (%) American Academy
of Pediatrics

Count (%) NWS Heat
Index

Count (%) Uncompensable
heat stress

Above/
below

Low (<18°C) 0 (0) No limits (<24°C) 1 (3) No warning (<26.7°C) 5 (15) Full uniform
(24.7–28.4°C)

1/1

Moderate (18–23°C) 0 (0) Longer rest periods
(24–25.9°C)

5 (15) Caution
(26.7–32.2°C)

10 (30) Practice uniform
(28–29.6°C)

5/3

High (23–28°C) 13 (39) Stop activity if not
acclimatized (26–29°C)

13 (35) Extreme caution
(32.3–40.6°C)

18 (55) Shorts only
(31.6–33.1°C)

1/6

Extreme/Cancel event
(>28°C)

20 (61) Cancel event (>29°C) 14 (42) Danger (40.7–54.4°C) 0

Extreme danger
(>54.4°C)

0
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assessing the meteorological conditions that were present
during the onset of hyperthermia symptoms. In many cases,
the exposure date and death date were different. Clothing
ensembles were categorized according to Kulka and
Kenney (2002) as full football uniform (helmet, undershirt,
shoulder pads, jersey, and game pants with thigh, knee, and
hip pads), practice uniform (helmet, undershirt, shoulder
pads, jersey, and shorts), and shorts only.

Meteorological data were used to assess the environ-
mental conditions under which the fatalities occurred. All
hourly observations of temperature, dew-point temperature,
relative humidity, wind speed, and cloud cover were from
the Integrated Surface Hourly (ISH) dataset (Lott et al.
2001). However, we retrieved data for 1991–2005 from the
National Solar Radiation Database (NSRDB) because of
ease of use of the dataset (NREL 2007). Meteorological
observations were obtained from the nearest station to the
location where the exposure occurred. Fatalities were only
examined, however, if an observing station was within
50 km and recorded data during the approximate exposure
time. The average distance between the station and the
heat-related death was 19.2 km, with a standard deviation
of 13.8 km.

We reconstructed meteorological conditions during the
approximate exposure period. While the exact exposure
time was not available for the majority of the cases,
whether it occurred at a morning or afternoon practice
was often indicated. Thus, two time periods were defined: a
morning session was assumed to occur somewhere between
8:00 am and 12:00 pm local daylight time (LDT), and an
afternoon session was assumed to occur somewhere
between 2:00 and 6:00 pm LDT. For these time periods,
the maximum temperature, relative humidity and dew-point
temperature at the time of maximum temperature, the
average temperature, average dew-point temperature, aver-
age relative humidity, and average cloud cover were

calculated. Two derived meteorological variables, the
WBGT and the Heat Index (HI), were computed using the
average morning or afternoon data. As noted earlier,
WBGT is a widely used measure of environmental con-
ditions assessed for safety standards in athletics and
industry (Cooper et al. 2006). We used the software
package Heat Stress Advisor (Zunis Foundation 2010)
which uses algorithms developed by Coyle (2000) to
convert standard meteorological variables (e.g., air temper-
ature, relative humidity, cloud cover) to the wet bulb globe
temperature (WBGT). The Heat Index is based on the
apparent temperature by Steadman (1979) and modified for
operational purposes by the U.S. National Weather Service
(NWS). The NWS issues heat-health warnings based on the
HI and it is therefore familiar to people in the United States.
An empirical equation by Schoen (2005), requiring air and
dew-point temperatures, is used to compute the HI.

Results

Spatial and temporal patterns

Heat-related football deaths were first examined geograph-
ically (Fig. 1). The fatalities were widespread across the
eastern U.S. in a belt that extends along the central East
Coast southward and westward across the Southeast into
Texas. Only five deaths occurred in the drier western U.S.
(southern California and Arizona), whereas no deaths were
reported in New England.

Over the study period, there were 58 reported deaths of
football players from heat-related causes. On average, there
were almost two deaths per year with a standard deviation
of 1.66 deaths. The greatest number of recorded fatalities
was six in 2008. There is an apparent increase in the
number of deaths over time, particularly since the mid-

Fig. 1 Football hyperthermia
deaths, 1980–2009. Filled
circles are deaths that occurred
in locations with meteorological
observing stations within 50 km
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•  EHI risk was greatest when the WBGT was above 820F  
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to the limited number of school competing:  Volleyball, Wrestling, Swimming & Diving, Soccer, Lacrosse,
Riflery, Gymnastics

(B) The following sports will have separate championships for public and private schools and will use
a power ranking system to qualify for the playoffs:  Football, Softball, Basketball, Baseball

(C) The following sports will have separate championships for public and private schools, but will be
organized in an area format rather than a region format.  Each area will organize and finance its competitions:
Cross Country, Track & Field, Golf, Tennis, One Act Play, Literary (see Literary Committee for Areas).
(Note:  See Cheerleading Committee report for Cheerleading format.)

PRIVATE SCHOOL AREAS PUBLIC SCHOOL AREAS
Area #1: Region 3, 4, and 7 Area #1: Regions 2A and 4
Area #2: Region 8 Area #2: Regions 2B and 3
Area #3: Region 5 Area #3: Region 1
Area #4: Region 6 Area #4: Region 5, 6, 7 and 8

Motion Passed   (voice vote)

Revise By-Law 2.67 - "Practice Policy and Heat and Humidity"  as follows:
Schools must follow the statewide policy for conducting practices and voluntary conditioning workouts in
all sports during times of extremely high heat and/or humidity that will be signed by each head coach at the
beginning of each season and distributed to all players and their parents or guardians.  The policy shall follow
modified guidelines of the American College of Sports Medicine in regard to:

1. The scheduling of practices at various heat/humidity levels
2. The ratio of workout time to time allotted for rest and hydration at various heat/humidity levels
3. The heat/humidity level that will result in practice being terminated

A scientifically approved instrument that measures Wet Bulb Globe Temperature (WBGT) reading must be
utilized at each practice to ensure that the written policy is being followed properly.

WBGT READING                    ACTIVITY GUIDELINES & REST BREAK GUIDELINES
Under 82.0 Normal activities--Provide at least three separate rest breaks each hour of

minimum duration of 3 minutes each during workout
82.0 - 86.9 Use discretion for intense or prolonged exercise; watch at-risk players

carefully;  Provide at least three separate rest breaks each hour of a minimum
of four minutes duration each

87.0 - 89.9 Maximum practice time is two hours.  For Football:  players restricted to
helmet, shoulder pads, and shorts during practice.  All protective equipment
must be removed for conditioning activities. For all sports:  Provide at least
four separate rest breaks each hour of a minimum of four minutes each

90.0 - 92.0 Maximum length of practice is one hour, no protective equipment may be
worn during practice and there may be no conditioning activities.  There
must be 20-minutes of rest breaks provided during the hour of practice

Over 92.1 No outdoor workouts;  Cancel exercise; delay practices until a cooler
WBGT reading occurs

GUIDELINES FOR HYDRATION AND REST BREAKS
1. Rest time should involve both unlimited hydration intake (water or electrolyte drinks) and rest without

any activity involved
2. For football, helmets should be removed during rest time
3. The site of the rest time should be a "cooling zone" and not in direct sunlight

Minutes  -  March 19, 2012              Page - 3-



Acclima8za8on	
  in	
  Georgia	
  Interscholas8c	
  
Football	
  Players:	
  	
  

A	
  Three-­‐Year	
  Perspec8ve	
  

Jessica	
  Dysart	
  Miles,	
  MAE,	
  ATC/L	
  
Michael	
  S.	
  Ferrara,	
  PhD,	
  ATC/L	
  
Earl	
  “Bud”	
  Cooper,	
  EdD,	
  ATC/L	
  

Patrick	
  Curry,	
  MS,	
  ATC/L	
  
Andrew	
  J.	
  Grundstein,	
  PhD	
  
Doug	
  Casa,	
  Ph.D.,	
  ATC	
  

John	
  W.	
  Powell,	
  Ph.D.,	
  ATC	
  



Methods 

•  25	
  Schools	
  were	
  recruited	
  for	
  par8cipa8on	
  in	
  
2009-­‐2011	
  FB	
  seasons	
  

•  Cer8fied	
  Athle8c	
  Trainer	
  performed	
  daily	
  data	
  
collec8on:	
  
–  Prac8ce	
  data	
  (no.	
  exposures,	
  session	
  type,	
  etc)	
  
–  Environmental	
  data	
  (QuestTemp	
  QT34)	
  	
  
–  Injury	
  data	
  (eg,	
  height,	
  weight,	
  posi8on,	
  etc…)	
  

•  Weekly	
  data	
  transmissions	
  to	
  a	
  web	
  database	
  
system	
  



Methods 
Instrumenta8on	
  

•  Quest	
  Technologies	
  QT-­‐34	
  Environmental	
  Stress	
  
monitor	
  (Oconomowoc,	
  WI).	
  

•  Each	
  unit	
  was	
  turned	
  on	
  15	
  minutes	
  prior	
  to	
  prac8ce	
  
and	
  15	
  minutes	
  following	
  prac8ce.	
  

Data	
  
•  Prac8ce	
  start	
  and	
  end	
  8mes.	
  
•  WBGT	
  and	
  heat	
  index	
  recordings	
  were	
  made	
  every	
  15	
  
minutes.	
  

•  WBGT/Heat	
  Index	
  average	
  values	
  were	
  calculated	
  for	
  
each	
  prac8ce	
  session.	
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1.  INTRODUCTION

Extreme heat has an adverse effect upon human
health (O’Neill & Ebi 2009). Already, there is a greater
hazard from heat with the increasing frequency of op-
pressively hot days (Gleason et al. 2008, Hansen et al.
2012), and climate model projections of a warming cli-
mate indicate both longer and more intense heat
waves (Meehl & Tebaldi 2004). Under these condi-
tions, people such as athletes, soldiers, and workers
engaged in strenuous outdoor physical activity may
experience greater risks for exertional heat illnesses
(EHI). The most serious EHI, heat stroke, may result in

death. In the US, over 400 workers died from heat-
related causes from 1992− 2006 (Centers for Disease
Control and Prevention 2008), and 123 athletes died
over a period spanning 1960−2009 (Mueller & Colgate
2010).

Multiple biometeorological indices and models
have attempted to capture thermal stress on humans
(Epstein & Moran 2006). Several of the ‘rational’
indices or models are very comprehensive and con-
sider the environmental and behavioral factors that
influence the total human heat balance. From an
operational standpoint, however, ‘direct’ indices that
measure environmental conditions are most easily

© Inter-Research 2013 · www.int-res.com*Email: andrewg@uga.edu

Exceedance of wet bulb globe temperature safety
thresholds in sports under a warming climate

Andrew Grundstein1,*, Nellie Elguindi2, Earl Cooper3, Michael S. Ferrara4
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ABSTRACT: Extreme heat poses a serious health threat, particularly for people like athletes, sol-
diers, and workers engaged in outdoor physical activity. For athletes, the American College of
Sports Medicine (ACSM) specifies environmental risk categories based on the wet bulb globe
temperature (WBGT). We examined the present and future frequency of days that exceed the
most extreme ACSM risk category (>32.3°C), when training and practice activities should cease.
Using a physically based model, the WBGT was computed for present (1991−2005) climate condi-
tions using standard weather observations and for future (2041−2070) climate conditions using an
ensemble of regional climate model output. Results indicate diverse spatial patterns of
exceedance across the US in the present-day climate, ranging from <5 d yr−1 in northern portions
of the country to >50 d yr−1 across portions of the southeastern US and southern Arizona. Under a
warming climate, the frequency of days unsuitable for practice sessions according to current
ACSM guidelines increases considerably, ranging from 15 to >30 d yr−1 in broad swaths of the
country. Further, our temporal analysis revealed an expansion in the threat for extreme heat
through the day ranging from late morning through early evening, although early mornings
remain one of the safest periods to avoid heat exposure. Various adaptation strategies such as
shifting practice times and developing heat acclimatization plans may be useful in mitigating the
impacts of more frequent oppressive days on training sessions.

KEY WORDS:  Climate change · Wet bulb globe temperature · Heat illness · Sports · United States
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•  Present and future frequency of days that exceed the 
most extreme ACSM category (>32.3°C) 

•  Latitudinal shift in the frequency of oppressive days is 
predicted 

•  Range for oppressive conditions is predicted to expand 
beyond the summer months 
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ally, the vast majority of oppressive days occur in the
summer (Fig. 2b−d). Across most of the country,
spring and fall have very few exceedance days with
approximately 5−15 such days occurring across
southern and southwestern portions of the nation
(Fig. 2b,d).

Under the climate change scenario, the relative
spatial pattern of exceedance days is similar to the
historical period, but there is an increased frequency
of oppressive days, ranging from 15 to >30 d yr−1

across broad swaths of the country (Fig. 2i). Only the
Pacific Northwest, northern New England, northern
tips of Minnesota, Wisconsin, and Michigan, and the
Rocky Mountains show little or no change. Across

southern Arizona and states that border the Gulf
Coast, >85 d yr−1 will have afternoon conditions
where practices would need to be cancelled (Fig. 2e).
Further, 25−60 d yr−1, i.e. nearly double the present-
day conditions, would exceed safety thresholds in an
arc extending northward from Texas into South
Dakota and eastward through much of the Midwest
and Ohio Valley areas. The latitudinal shift in the fre-
quency of oppressive days can be envisioned by
noticing that in the future, Missouri and portions of
Illinois and Indiana would have similar frequencies
of exceedance days as states in the deep south like
Alabama and Georgia (Fig. 2a,e). Also, locations in
North Dakota and Minnesota, which at present infre-
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Fig. 2. Average annual frequency of days with wet bulb globe temperature (WBGT) >32.3°C for (a−d) historical period
(1991−2005) for annual, spring, summer, and fall, respectively; (e−h) future period (2041−2070) for annual, spring, summer, and
fall, respectively; and (i−l) difference in exceedance days (future − present) for annual, spring, summer, and fall, respectively
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quently experience any exceedance days, would
have at least 2 wk of oppressive conditions (Fig. 2e).

Seasonally, the greatest increase in oppressive
days occurs in the summer months, but increases are
also evident in the fall and spring (Fig. 2j−l). During
the spring and more notably in the fall, there are
6−12 more exceedance days across the southern US,
which constitutes at least a 50% increase in danger-
ous conditions. An important implication is that the
temporal range for oppressive conditions has more
widely expanded beyond the summer months.

Finally, we examined the change in frequency of
exceedance by time of day for a sample of stations
distributed across the country (Table 2). The model
data are 3-hourly in GMT while the WBGT climatol-
ogy is in local time. We opted not to interpolate the 3-
hourly values as this would introduce further uncer-

tainty into our modeled WBGT estimates. Thus, we
matched up the 3-hourly model output in GMT with
the associated WBGT value in local daylight time
(LDT) within the climatology. As there are several
time zones across the contiguous US, we were not
able to provide uniform comparisons at a given time.
For instance, GMT 18 corresponds with 14:00 h East-
ern Daylight Time, 13:00 h Central Daylight Time,
12:00 h Mountain Daylight Time, and 11:00 h Pacific
Daylight Time. Thus, we identified observed and
modeled exceedance in days per year for morning
(7:00−9:00 h LDT), late morning-noon (10:00−12:00 h
LDT), afternoon (13:00−15:00 h LDT), late afternoon-
evening (16:00−18:00 h LDT), and evening (19:00−
20:00 h LDT) periods. The historical climatology
shows that little (≤1 d) or no exceedance values occur
during the morning (7:00−9:00 h LDT) or evenings
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                       Morning Late morning-noon Afternoon Late afternoon-evening Evening

                         8:00 h           11:00 h          14:00 h        17:00 h        20:00 h
EASTERN            Historical   Future      Historical   Future      Historical   Future      Historical   Future      Historical   Future

Atlanta, GA                0              0                  4            19                  7            30                  3            31                   0           15
Boston, MA                 0              0                  1              2                  0              6                  0              2                   0             0
Gainesville, FL           0              2                12            30                14            34                  5            32                   0           10
Richmond, VA            0              0                  5            16                  7            26                  2            24                   0             5
Indianapolis, IN         0              0                  2            12                  3            20                  1            12                   0             0

                         7:00 h           10:00 h          13:00 h        16:00 h        19:00 h
CENTRAL           Historical   Future      Historical   Future      Historical   Future      Historical   Future      Historical   Future

Dallas, TX                   0              0                  2            28                10            24                11            27                   1           24
Huron, SD                   0              0                  0              3                  2            15                  2            16                   0           12
Kansas City, MO        0              0                  1              8                  5            21                  6            23                   1           18
Minneapolis, MN       0              0                  0              3                  2            13                  1            14                   0             6
Nashville, TN             0              0                  7            21                  8            26                  3            29                   0           20
New Orleans, LA       0              1                  8            14                17            36                11            36                   0           13

                         9:00 h           12:00 h          15:00 h        18:00 h
WEST                   Historical   Future      Historical   Future      Historical   Future      Historical   Future                               

Albuquerque, NM     0              0                  5            19                  4            25                  0              5                                   
Billings, MT                0              0                  1              7                  1            13                  0              6                                   
Cheyenne, WY           0              0                  1              9                  0              9                  0              1                                   
Phoenix, AZ                0              0                18            24                26            27                  6            21                                   
Salt Lake City, UT     0              0                  2              0                  1              6                  0              2
                                                    
                         8:00 h           11:00 h          14:00 h        17:00 h        20:00 h
PACIFIC              Historical   Future      Historical   Future      Historical   Future      Historical   Future      Historical   Future

Fresno, CA                 0              0                  7              8                13            22                  4            19                   0             0
Las Vegas, NV           0              0                  9            21                11            22                  5            22                   0             0
Los Angeles, CA        0              1                  1              4                  0              3                  0              0                   0             0
Portland, OR               0              0                  0              0                  1              3                  0              2                   0             0
Spokane, WA             0              0                  0              1                  1              5                  1              3                   0             0

Table 2. Frequency of exceedance of 32.3°C wet bulb globe temperature (WBGT) in days per year for historical (1991−2005)
and future periods by time of day (given as local daylight time). Cities are grouped by time zone, and all values are rounded to 

nearest whole number
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“I	
  live	
  in	
  the	
  northeast	
  so	
  I	
  don’t	
  need	
  to	
  worry	
  about	
  

heat	
  issues	
  for	
  my	
  athletes.”	
  	
  
–Anonymous	
  Athle7c	
  Trainer	
  

	
  
•  EHS	
  occur	
  when	
  the	
  environment	
  is	
  above	
  regional	
  

extreme	
  
–  85°F	
  in	
  Connec8cut	
  vs.	
  Arkansas	
  

•  Should	
  the	
  safety	
  guideline	
  take	
  in	
  considera8on	
  of	
  
differences	
  observed	
  in	
  various	
  geographical	
  regions?	
  
–  Limita8on	
  to	
  “one	
  size	
  fits	
  all”	
  approach	
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a b s t r a c t

Exertional heat illnesses affect thousands of athletes each year across the United States (U.S.). Heat safety
guidelines such as those developed by the American College of Sports Medicine (ACSM) are widely used
to direct activities based on environmental conditions but rely on a uniform set of heat safety categories.
Due to geographic variations in heat exposure and acclimatization, however, lower heat safety thresholds
may be needed in areas with cooler climates. Our study addresses this shortcoming by developing
regional guidelines for athletic activity that use relative thresholds of a commonly used heat metric – the
wet bulb globe temperature (WBGT). We employed a uniqueWBGT climatology for the contiguous U.S. to
determine locally extreme WBGTs, defined as the 90th percentile warm season daily maximum value, for
217 stations. Three heat safety regions were identified based on local extremes: Category 3
(WBGTs ! 32.3 "C), Category 2 (30.1e32.2 "C), and Category 1 (#30 "C). Geographically, Category 3
encompasses much of the southeastern quadrant of the U.S. along with portions of the Southwest, and
the Central Valley of California; Category 2 areas extend in an arc from the interior Northwest through
Nevada and portions of the Midwest, Ohio Valley, and Northeast; and Category 1 locations include the
Pacific Coast, New England, and the northern tier of the country. Associated regional activity guidelines
based on those developed by the ACSM and the Georgia High School Association (GHSA) were developed
for each heat safety region.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

Each year, thousands of athletes across the United States (U.S)
suffer exertional heat illnesses (EHIs) such as heat cramps, heat
exhaustion, and most seriously heat stroke (Kerr, Casa, Marshall, &
Comstock, 2013; Nelson, Collins, Comstock, & McKenzie, 2011).
Epidemiological studies show that heat illneses are a particular
problem for high school athletes and especially football players,
where they are a prominent cause of death and disability (Huffman,
Yard, Fields, Collins, & Comstock, 2008; Kerr et al. 2013; Yard et al.
2010). Further, injuries from heat illnesses have wide geographic
distribution and are not necessarily concentrated in southern areas
of the country. For example, EHI rates for football players in many
northern and midwestern states such as Nebraska, Iowa, and

Minnesota are comparable to those in southern states like Georgia
and South Carolina (Kerr et al. 2013).

EHIs are a multifaceted problem with contributing factors
including environmental, behavioral, and health-related compo-
nents (Casa, Armstrong, Ganio, & Yeargin, 2005; Rav-Acha, Hadad,
Epstein, Heled, & Moran, 2004). Meteorological conditions, how-
ever, are still an important consideration in developing appropriate
heat safety policies. Indeed, Cooper, Ferrara, and Broglio (2006)
identified elevated heat injuries among football players with
increased heat exposure. Similarly, Grundstein et al. (2012) found
that the vast majority of football hyperthermia deaths occurred
during weather that was unusually hot and humid by local
standards.

Given the significance and frequency of heat injuries among
athletes, the American College of Sports Medicine (ACSM) provides
recommendations for individuals participating in hot environ-
ments (Armstrong et al. 2007). The ACSM uses the wet-bulb globe
temperature (WBGT), which integrates the influences of sun
exposure, air temperature, humidity, and windspeed, as a metric
for heat intensity. The WBGT is computed as a weighted average of
the wet-bulb temperature (WB), the dry-bulb temperature (DB),

* Corresponding author. Department of Geography, Climatology Research Labo-
ratory, 210 Field Street, Room #204, University of Georgia, Athens, GA 30602-2502,
USA. Tel.: þ1 706 583 0430; fax: þ1 706 542 2388.

E-mail address: andewg@uga.edu (A. Grundstein).
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heat safety regions and 2) regional heat safety tables with activity
guidelines informed by climatological conditions.

Methodology

WBGTs in our analysis were obtained from a climatology that
covers the period 1991e2005 and includes hourly WBGTs for 217
stations across the contiguous U.S. (Grundstein, Elguindi, Ferrara, &
Cooper, 2013; Grundstein, Cooper, Ferrara, & Knox, 2014). The
WBGTs were generated from a physically-based WBGT model
(Liljegren, Carhart, Lawday, Tschopp, & Sharp, 2008) using meteo-
rological data from airport weather observing stations compiled in
the National Solar Radiation Database (NSRDB; National Renewable
Energy Laboratory 2007). We relied on modeled WBGTs because
observed data are rarely collected either temporally or spatially in a
suitable manner for climatological analysis. The Liljegren et al.
(2008) model has been tested in a variety of locations with
different climates across the U.S. and found to be accurate to within
1 !C. Further, Patel, Mullen, & Santee (2013) also observed strong
performance by the Liljegren model in studies conducted in Geor-
gia and found that it outperformed another physically-basedWBGT
model by Matthew, Santee, & Berglund (2001). It is important to
note that micrometeorological conditions can vary between the
airport and playing fields where most training occurs. However, the
scope of our study is at a broad spatial scale with a focus on the
differences in climate conditions between regions.

Our study develops regional WBGT safety guidelines by deter-
mining locally defined extreme conditions. To be conservative, we
made an a priori decision to retain the existing ACSM threshold as
an upper limit for physical activities (32.3 !C), regardless of the
results of our objective analysis on extreme WBGTs. It should be
noted that this is the upper limit applied by the ACSM for low-risk,
fit, and acclimatized individuals. In the development of our heat
safety thresholds, we will make a similar assumption about
health and fitness, and that the athletes will follow a heat accli-
matization plan so that they are acclimatized to local conditions.
Studies of heat-health relationships most frequently use relative
thresholds of heat intensity that range from the 90th to the 99th
percentiles (e.g. Robinson, 2001; Hajat et al. 2006; Medina-Ramon
& Schwartz, 2007; Anderson & Bell, 2011; Smith et al. 2013). These
studies have focused on heat-health relationships in the general
population and not athletes, whose increased metabolic heat

production may enhance the risk for a heat illness under cooler
conditions. Thus, we opted to use the lower end of this range, the
90th percentile warm season (MayeSeptember) WBGT, to deter-
mine extreme local conditions. When this relative threshold is
considered in the context of the current ACSM upper limit, 58% of
stations have extreme WBGTs that fall below 32.3 !C and would
have a lower defined critical WBGT.

We identified three heat safety regions by grouping stations
together based on extreme WBGTs. Stations with WBGTs "32.3 !C
were placed in the “hot” Category 1, those with WBGTs
30.1e32.2 !C in the “moderate” Category 2, and the remaining
stations with WBGTs #30 !C in the “mild” Category 1. Our catego-
rization scheme resulted in roughly equal numbers of stations in
Category 1 and 2 regions with 67 and 63 respectively, and 92 in
Category 3. For each region, we created a modified version of the
ACSM table using the median 90th percentile WBGTs among
category 1 and 2 stations (i.e. 29 !C and 31 !C respectively) and
32.3 !C for category 3 as critical upper limits for practices (Table 1).
It is interesting to note that 32.3 !C provides a conservative mea-
sure of extreme heat in Category 3 areas as the median 90th
percentile warm season WBGT is 35 !C. Activity recommendations
in the ACSM heat safety table were adjusted based on the difference
between the ACSM critical WBGT maximum (32.3 !C) and the
categorical median 90th percentile WBGT. Thus, WBGT cutoffs be-
tween categories in the ACSM table would be adjusted downward
by 1.3 !C (32.3e31 !C) for Category 2 and 3.3 !C (32.3e29 !C) for
Category 3 to account for lower heat acclimatization. Following the
procedure above, we also constructed a heat safety table modeled
on the practice policy adopted in 2012 by the Georgia High School
Association (GHSA 2014). This table is based largely on the ACSM
safety thresholds so the categories themselves are not unique to
Georgia. Rather, we included the Georgia policy as it provides
detailed information on work to rest periods and equipment
adjustment with variations in heat exposure. Also, acknowledging
the high risk for EHIs among football players, it includes football-
specific recommendations.

Results

We first investigated the geographic patterns of the 90th
percentile warm season maximum WBGT to identify locally
extreme conditions (Fig. 1). There is large regional variability in

Fig. 2. Heat safety regions.
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extreme WBGTs across the contiguous U.S., ranging from >36 !C
across portions of the Southeast and southern Arizona to "26 !C
along the Pacific Coast. In the context of 32.3 !C, “cooler” areas like
the Pacific Northwest would experience such conditions very rarely
("5% of warm season days) comparedwith “hotter” areas such as in
the Southeast where 20e35% of warm season days may exceed the
ACSM limit. IntermediateWBGTs of 30e34 !C are located across the
Midwest, Ohio Valley, and Northeast. A strong gradient in extreme
WBGTs is located along the Pacific Coast in response to the North-
South oriented mountain ranges that confine mild, maritime polar
air to coastal areas. On the leeward side of the mountains, such as
the Central Valley of California, values may exceed 34 !C.

Considering local extreme WBGTs, three heat safety regions
were identified (Fig. 2). Category 3 encompasses much of the
southeastern quadrant of the U.S. along with portions of New
Mexico, Arizona, and the Central Valley of California. Locations
within Category 3 would follow the existing ACSM safety guide-
lines. Category 2 areas extend in an arc from the interior Northwest
through Nevada, portions of the Midwest, northern Ohio Valley,
and the Northeast. Finally, Category 1 includes the Pacific Coast,
New England, and the northern tier of the country.

For each region, we developed revised heat safety tables with
information on adjusting activity levels, work to rest intervals, and
equipment with variations in WBGT. Our first table is based on one
provided by the ACSM (Armstrong et al., 2007). We revised the
ACSM heat safety guidelines using the lower maximum WBGT for
canceling practice within Category 1 and 2 areas (Table 2). The new
guidelines would require practice to be canceled at 29 !C (31 !C)
WBGT in Category 1 (2) regions rather than 32.3 !C to account for
the lower degree of acclimatzation among residents in those areas.
Subsequent categories were adjusted downward in similar in-
crements to the original ACSM chart. For instance, intense or pro-
longed exercise should be made with discretion starting at 26.6 !C
in Category 2 areas and 24.6 !C in Category 1 areas.

A second chart is based on one used by the Georgia High Schools
Association (GHSA 2014, Table 3). The guidelines remain un-
changed for Category 3 locations but safety thresholds were
adjusted downward 1.3 !C (32.3e31 !C) and 3.3 !C (32.3e29 !C) for
locations in Category 2 and 1 respectively. Thus, athletes in Cate-
gory 3 would be limited to 2 h of practice, have certain restrictions
on equipment, and have four rest breaks for WBGTs 30.6e32.2 !C
while those in the cooler Category 1 regionwould have these same
limitations at WBGTs of 27.3e28.9 !C.

Discussion and conclusions

Heat acclimatization is not uniform across the country due to
differential exposures and thus susceptibility to an EHI may vary
geographically. Our study identifies three heat category regions

with associated activity guidelines that are adjusted based on local
climatology. Some states completely fall within a particular heat
safety region (e.g. North Dakota in Category 1, Iowa in Category 2,
and Georgia in Category 3) and could implement the appropriate
regional heat safety guidelines statewide. Other states such as
California and Oregon have more diverse climates with areas that
fall within different heat-safety categories. In these cases, the
governing body for interscholastic sports might designate different
guidelines by sections. The California Interscholastic Federation
(CIF), for instance, divides that state into 10 sections (Fig. 3). The CIF
might assign the Northern, SacramentoeJoaquin, and Central sec-
tions to Category 3; the North Coast, San Francisco, Oakland, Los
Angeles, and San Diego sections to Category 1; and use a population
or school density-based weighting to assign the Central Coast
section to Category 1 or 2. The southern section, however, covers a
vast area of Southern California stretching from the coast (Category
1) into the Mojave desert (Category 3). Here, some additional par-
titioning may be needed based on heat safety zones.

Implementing the new categories will have some impact upon
when practices are held in Category 1 and 2 areas due to the lower
WBGT thresholds. Many schools within these regions may not have
had to frequently cancel or adjust practices and thus might lack
experience in how to handle such situations. Revised heat safety
policies should therefore include details on how decisions on ad-
justments or cancelations should be made (e.g. by the athletic di-
rector or athletic trainer for practices or event management staff for
games) and on how alternative activities can be incorporated into
training (e.g. training in climate controlled facilities, video review of
game/training performances, etc.).

Finally, the revised heat safety activity guidelines were developed
with the assumption that the athletes are at least acclimatized to
local conditions. It is well established that athletes who undergo the

Table 2
Regional heat safety guidelines for low-risk acclimatized individuals based on
American College of Sports Medicine guidelines. Values are wet-bulb globe tem-
peratures (!C).

Cat 3 Cat 2 Cat 1 Activitiy guidelines

"10.0 "8.7 "6.7 Normal activity
10.1e18.3 8.8e17.0 6.8e15.0 Normal activity
18.4e22.2 17.1e20.9 15.1e18.9 Normal activity
22.3e25.6 21.0e24.3 19.0e22.3 Normal activity, monitor fluids
25.7e27.8 24.4e26.5 22.4e24.5 Normal activity, monitor fluids
27.9e30.0 26.6e28.7 24.6e26.7 Plan intense or prolonged exercise

with discretion
30.1e32.2 28.8e30.9 26.8e28.9 Limit intense exercise and total

daily exposure to heat and humidity
>32.3 >31.0 >29.0 Cancel exercise

Table 3
Regional heat safety activity guidelines based on the Georgia High School Associa-
tion policy. Values are wet-bulb globe temperatures (!C).

Cat 3 Cat 2 Cat 1 Activity guidelines

<27.8 <26.5 <24.5 Normal Activities - Provide at least
three separate rest breaks each
hour with a minimum duration of
3 min each during the workout.

27.9e30.5 26.6e29.2 24.6e27.2 Use discretion for intense or
prolonged exercise; watch at-risk
players carefully. Provide at least
three separate rest breaks each
hour with a minimum duration of
4 min each.

30.6e32.2 29.3e30.9 27.3e28.9 Maximum practice time is 2 h. For
Football: players are restricted to
helmet, shoulder pads, and shorts
during practice. If the WBGT rises
to this level during practice,
players may continue to work out
wearing football pants without
changing to shorts. For All Sports:
Provide at least four separate rest
breaks each hour with a minimum
duration of 4 min each.

32.3e33.3 31.0e32.0 29.0e30.0 Maximum practice time is 1 h. For
Football: no protective equipment
may be worn during practice, and
there may be no conditioning
activities. For All Sports: There
must be 20 min of rest breaks
distributed throughout the hour of
practice.

#33.4 #32.1 #30.1 No outdoor workouts. Delay
practice until a cooler WBGT level
is reached.
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