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In 2024, global temperatures for June through August were the hot-
test on record, narrowly topping the same period in 2023. The ex-
ceptional heat extended throughout other seasons too, with global 
temperatures breaking records for fifteen straight months from June 
2023 to August 2024. The chart to the left shows how global tem-
peratures calculated from January 2023 to August 2024 differed from 
NASA’s baseline (1951–1980). Although temperature anomalies in 
2024 were closer to past anomalies, they continued to break records 
through August 2024. (Map and chart from the NASA Goddard Insti-
tute for Space Studies)
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July 2024 was the warmest month ever recorded 
since widespread reliable recordkeeping began 
173 years ago, and the world is now approxi- 

	 mately 2.1°F warmer compared to average tem-
peratures between 1850 and 1900.1 Extreme environ-
mental heat presents a growing challenge to service 
member health and performance during operations 
and training. U.S. Secretary of Defense Lloyd Austin 
has called climate change an “existential threat” to 
national security—a strong statement from a senior 
military leader.2 Operationally, an 82°F day may be 
thought to have no more impact than an 80°F day. 
However, small changes to average global temperatures 
create much larger variations in extreme local tempera-
tures, evidenced by worldwide recent “record-shatter-
ing” new extreme temperatures.3 In the diverse regions 
where the Army operates, there is high confidence that 
hotter local temperatures will continue to occur more 
frequently and be more extreme than previously re-
corded.4 Therefore, it is imperative that military leaders 
understand how the future operational environment 
will be impacted.

Global climate change, a concept difficult to appre-
ciate in a practical context, will affect the day-to-day 
training and operations for soldiers in numerous ways. 
Here, we present an overview of how extreme tempera-
tures impacted U.S. and allied operations over the last 
twenty years. Additionally, we provide an analysis of 
the relevance of extreme temperatures to the individual 
soldier and the operational Army. This analysis predicts 
that extreme temperatures will vary in intensity locally 
and heat waves will increase in frequency and intensity 
until midcentury and likely much longer. 

This article is not a treatise on the science behind 
climate change, nor does it describe all the ways a 
changing climate will affect national security. These 
topics are covered at length by others; for military-rel-
evant details, the reader should begin with NATO, 
Department of Defense (DOD), and individual service 
documents (e.g., the 2021 “DOD Climate Adaptation 
Plan,” 2022 United States Army Climate Strategy, or 2023 
NATO Climate Change and Security Impact Assessment).5

For simplicity, this article uses the broad term “heat 
casualty” to refer to soldiers experiencing heat illness 
during operations or training. Various classifications of 
heat illnesses, their causes, and preventative measures 
are described later in the article.

Operational Implications of Extreme 
Heat 

A worst-case heat risk scenario might be a short-no-
tice deployment to an austere urban environment 
during a humid heat wave. Maximum summer tem-
peratures in many cities already exceed 120°F, and 
heat-island effects can compound this by adding more 
than 10°F in some urban locations.6 Acclimatization by 
progressively increasing work effort in new, hot envi-
ronments over two weeks is recommended to reduce 
heat casualties. However, initial response forces likely 
do not have time for structured acclimatizing to local 
conditions. Air conditioning in the deployed environ-
ment may also be nonexistent, especially if the local 
power grid is destroyed, leaving just the handful of 
environmental control units brought with the initial 
force. Operational considerations likely will require the 
initial responding force to secure key sites and patrol 
wearing full kit. Although nighttime temperatures 
may bring some relief, and operations are likely to be 
conducted at night whenever possible, this presents a 
trade-off with rest cycles as sleeping during the daytime 
heat can impact sleep and recovery.7 In such a scenario, 
heat quickly becomes a critical operational factor.

The Army has guidelines for operating in the heat, 
but these work-rest cycles designed to maximize per-
formance while also mitigating against heat casualty 
risk cannot be followed if the military situation does 
not allow it.8 This complication was observed by a 
British military doctor in southern Iraq who described 
that although temperatures well exceeded thresholds 
to trigger work-rest cycle guidelines during most of the 
day, military necessity required continuous operations. 
Even low-risk duties performed in extreme tempera-
tures became high risk as pragmatism and an emphasis 
on treating heat casualties effectively overtook work-
rest cycle recommendations as the way to balance oper-
ational necessity with heat casualty risk.9

Operational impacts of such a scenario extend to 
mission planning. Patrolling with gear or other “heavy 
work” can inhibit the body’s ability to shed heat fast 
enough to prevent core temperature from rising when 
wet bulb globe temperature (WBGT) index exceeds 
about 78°F.10 At this temperature, the Army’s heat 
stress control manual recommends continuous heavy 
exertional efforts such as patrolling be limited to two 
hours or less. Such limitations might not be practical 
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for an initial responding force as exceeding 78°F on the 
WBGT index is common even in current non-heat 
wave summer conditions. For example, since 2009, 
Fort Moore in Georgia experiences about half of all 
hours in July and August at or above this threshold.11 
Guidance suggests additional constraints on military 

operations at higher temperatures, recommending 
time spent on continuous patrol be less than one hour 
when the WBGT exceeds 88°F. Above 90°F, “train-
ing may require extreme modifications or temporary 
suspension.”12 The challenge is that some activities, such 
as security, cannot be suspended. Thus, operations in

Table 1. Select Resources Describing the Effects of Heat on 
Recent U.S. and Allied Military Operations

Study or Report Name Study / Operation Location Country Findings / Discussion

Military Surveillance Monthly Report U.S. Installations (later years 
include CENTCOM specific 

breakdown)

USA Annual descriptions of heat illness rates in the U.S. military.

Heat Stress Mitigation for Leopard 
2C Tank Crews

Afghanistan Canada Tank crew members are likely to be “operationally impaired” 
when operating in hot conditions around Kandahar, AF, 
without microclimate cooling inside the vehicle.

Heat Illness Experience at BHM Shai-
bah, Basra, during Operation TELIC: 
May-June 2003

Northern Kuwait and Southern 
Iraq

United Kingdom 622 patients (56% of the role 3 admissions) had heat-related 
illness at British Military Hospital Shaibah over a 9-week 
period in summer 2003.

Heat Illness in the Army in Cyprus Cyprus United Kingdom Soldiers rotating into Cyprus for training had higher rates of 
heat illness, with inadequate acclimatization being the leading 
factor, especially in the summer. Rotational units did not have 
time to fully acclimatize, although heat injuries were generally 
mild.

EX SAIF SEREEA II - The Field Hospi-
tal Clinical Report

Oman United Kingdom Heat illness was the second-greatest cause of hospital admis-
sions, although cases were generally mild.

Effects of Heat: UK Exercise Saif 
Sareea 3 and Interpreting Military 
Climatic Guidance

Oman United Kingdom Twenty-four heat-related illnesses presented to the role 1 
reception station; organic cooling equipment in the role 1 
was unable to sufficiently cool the station and the purchase of 
supplemental air conditioners was required.

Heat Illness on Operation Telic in 
Summer 2003: The Experience of 
the Heat Illness Treatment Unit in 
Northern Kuwait

Kuwait United Kingdom A heat illness rate of 50/1000 deploying service members 
was observed over a one-month period during which 
British service members rotated into Iraq to relieve the initial 
occupation forces.

The Role of the Physician in Modern 
Military Operations: 12 Months 
Experience in Southern Iraq

Iraq United Kingdom Medical admissions during the first 12 months of the Iraq war 
were generally split equally between medical and surgical 
admissions except during the summer when new, unacclima-
tized troops arrived into the theater and medical admissions 
related to heat illness rose sharply. Heat illness was the 
second greatest cause of medical admissions, with an average 
in hospital stay of 2.9 days.

A 2-Year Review of the General 
Internal Medicine Admissions to 
the British Role 3 Hospital in Camp 
Bastion, Afghanistan

Afghanistan United Kingdom Heat illness was the second-greatest cause of service member 
admissions to the internal medicine section at this role 3.

Injury and Illness Casualty Distribu-
tion Among U.S. Army and Marine 
Corps Personnel During Operation 
Iraqi Freedom

Iraq USA Heat injury accounted for 1.2% of all non-battlefield injuries 
requiring hospitalization during OIF1 and OIF2.

Vanguard of Valor Series, Volumes 
I–III

Afghanistan USA Official historical accounts of tactical actions in Afghanistan. In 
many accounts, the effects of heat on operations is described, 
such as small units becoming operationally ineffective due to 
heat casualties and the deliberate decision to slow or shorten 
movement through rough terrain to prevent heat injury.

U.S. Marines in Battle: Al-Najaf Iraq USA Official historical accounts of operations during August 2004 
in the city of Al-Najaf. Describes operational decisions made 
to prevent heat casualties during the battle.

(Table by authors)
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extreme temperatures struggle to balance the risk of 
heat casualties with mission requirements. 

In nonpermissive environments, heat casualty pre-
vention is deprioritized compared to immediate military 
necessity, which may increase the risk for larger numbers 
of heat casualties. A NATO report found that in August 
2004, 10 percent of the force engaged in Najaf, Iraq, 
became “incapacitated from heat stress and [were] evac-
uated.”13 During that battle, temperatures reached 130°F, 
and thirst was at times a higher priority than enemy fire. 
Tanks crews rotated by section to recover from the heat 
and were administered intravenous fluids to help pre-
vent heat casualties, with some crew members hanging 
two or three IV bags inside their tanks while fighting.14 
Similar situations were observed during dismounted en-
gagements in Afghanistan, where maneuver was slowed 
by heat and necessary treatment of heat casualties.15 

Vehicle crew members, who compared with dis-
mounted soldiers operate with relatively less physical 
exertion, can also become heat casualties. A 2007 
Canadian Army study found expected temperatures 
inside the Leopard 2C tanks operating around Kandahar 
to be higher than 145°F, conditions that would render 
the crew “operationally impaired within 1-2 hours.”16 
Microclimate cooling using air-cooled vests was rec-
ommended to improve operational effectiveness, but 
whole-vehicle cooling was considered impractical. In 
armored personnel carriers, dismounts may not have ac-
cess to cooling vests and are likely to remain challenged 
by high temperatures during transport.

In permissive or semipermissive environments, 
heat illness may contribute to a substantial portion of 
overall casualties. During 2003 in southern Iraq, 161 
of 766 British soldiers admitted to the field hospital for 

heat illness were evacuated back to the 
United Kingdom, with this “large number 
of personnel being evacuated [causing] 
concern amongst the operational staff.”17 
In Afghanistan, heat illness was the 
second most common reason for internal 
medicine admissions at the Role 3 British 
hospital in Camp Bastion.18 Based on 
British experiences, during summer expe-
ditionary operations in austere environ-
ments “approximately 50 per 1,000 troops 
deployed” can be expected to be heat 
casualties in the first ten to fourteen days 

of operations.19 This rate would result in the temporary 
loss of more than a company equivalent of soldiers 
during the first two weeks of a brigade-size response. 
Most heat casualties can expect to return to duty but 
require a period of recuperation; although nearly 80 
percent were discharged back to their unit, the average 
hospital stay for a British heat casualty during the first 
twelve months of conflict in Iraq was 2.9 days followed 
by an additional limited-duty profile period.20 Table 1 
provides a list of select studies and reports that describe 
heat casualties in military operations.

How Extreme Heat Negatively 
Affects Soldier Health and 
Performance

“Heat illness” is the general term in medical literature 
for negative heat-related health outcomes. Exertional 
heat illness exists on a spectrum with myriad signs and 
symptoms (see the figure).21 Heat exhaustion is con-
sidered the least severe form of exertional heat illness, 
and soldiers typically return to duty after a few days of 
recovery. Heat injury is characterized by hyperthermia, 
that is, an elevated body core temperature, with evidence 
of end-organ damage (e.g., kidneys, liver, muscle, gastro-
intestinal) and may require two weeks or more for recov-
ery depending on the extent of the injury. Heat stroke 
is a severe and potentially fatal form of exertional heat 
illness that presents with hyperthermia (usually > 104°F 
rectal temperature) and central nervous system distur-
bances and may cause multiorgan damage or failure. 
After a heat stroke, Army Regulation 40-501, Standards 
of Medical Fitness, proscribes a ten-week return-to-duty 
process that may be lengthened (or shortened) based on 
medical provider judgment.22 

Exertional Heat Illness

Heat Exhaustion Heat StrokeHeat Injury

Less serious Most serious/life 
threatening

Figure. Types of Exertional Heat  
Illness Common in Soldiers

(Figure by authors; modified from Lt. Col. [Dr.] DeGroot’s presentation to the 2024 Army Heat Forum)
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Every soldier has the fundamental limitation of 
being human, subject to a physiological ceiling for 
adapting to extreme environments that cannot be over-
come by fitness or motivation. Soldiers must prevent 
their body core temperature from rising excessively or 
risk death by heat stroke. This can become challenging 
when performing tasks such as patrolling, conducting 
physical training, and other daily work. Metabolic 
rates increase in proportion to exercise intensity during 
physical activity, with some metabolic energy convert-
ed into mechanical energy but most released as heat 
produced by working skeletal muscles during exercise.23 
Working at the same rate, a soldier with better move-
ment economy, not aerobic fitness, will produce less 
metabolic heat and have smaller heat storage compared 
to a less efficient counterpart.24

Increased heat storage during physical work chal-
lenges soldier health and performance. During physical 
work in hot environments, cardiac output (i.e., the 
amount of blood pumped by the heart per minute) 
increases to support the metabolic demand of working 
muscles.25 However, to support thermoregulation in 
these conditions, blood flow is also redirected away 
from visceral organs to support thermoregulation and 
heat loss mechanisms.26 The risk of non-heat stroke 
end-organ damage is increased with hyperthermia 
and dehydration, believed to primarily occur due to 
this reduced blood flow to these vital organs.27 During 
exertional heat stroke, elevated body temperature is ac-
companied by central nervous system dysfunction (e.g., 

delirium and combativeness), often with end-organ 
damage similar to that observed with heat injury.

Unfortunately for soldiers, the laws of physics limit 
heat loss rates when high temperatures occur with high 
humidity. Sweating is the most effective form of heat 
dissipation, with heat drawn from the skin as sweat 
evaporates. The ability to lose heat via sweating can be 
impaired by high humidity, low air velocity, or clothing, 
especially impermeable clothing like chemical, biologi-
cal, radiological, nuclear, and explosive (CBRNE) pro-
tective equipment. This creates conditions under which 
unrestrained increases in body core temperature occur 
that cannot be compensated by physiological processes 
like sweating, and the risk of exertional heat illness is 
significantly increased.

In temperatures measured by the wet-bulb ther-
mometer—which, like a sweating human, is cooled by 
evaporation—work becomes difficult above a wet bulb 
temperature of 88°F and potentially fatal at tempera-
tures not much higher (see table 2).28 Historically, a wet 
bulb temperature of 95°F was proposed as the theoret-
ical thermal human survival limit. At this threshold, 
heat loss from the body effectively stops but heat stor-
age from the environment and metabolism continues, 
leading to heat illness.29 Recent studies have challenged 
this 95°F limit by finding that much lower wet bulb 
temperatures (~81°F) create conditions under which 
heat loss can’t keep pace with heat generated from low 
intensity activities like walking.30 To account for the 
cooling power of sweat and the influence of humidity, 

Table 2. Wet Bulb Globe Temperature (WBGT) Index

Heat Cat
WBGT 
Index,  

°F

Easy Work Moderate Work Heavy Work Very Heavy Work

Work (min) Water Intake 
qt/hr Work (min) Water Intake 

qt/hr Work (min) Water Intake 
qt/hr Work (min) Water Intake 

qt/hr

1 78° - 81.9° NL 1/2 NL 3/4 100 3/4 45 3/4

2 82° - 84.9° NL 1/2 NL 1 70 1 40 1

3 85° - 87.9° NL 3/4 NL 1 60 1 25 1

4 88° - 89.9° NL 3/4 180 1 1/4 50 1 1/4 20 1 1/4

5 > 90° NL 1 70 1 1/2 45 1 1/2 20 1 1/2

Cat: Category | min: minutes | qt/hr: quart per hour | NL: no limit | WBGT: wet bulb globe temperature
Easy Work = weapons maintenance, marksmanship training, drill and ceremony
Moderate Work = patrolling with a 30-pound load, low and high crawl, digging a defensive position
Heavy Work = patrolling with a 45-pound load, 4-person litter carry (180 pounds), jogging 4 mph
Very Heavy Work = 2-person litter carry (150 pounds), move under direct fire, obstacle course

(Table by Defense Health Agency)
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along with the need to consider solar radiation (which 
adds an additional heat burden) and wind speed (which 
can promote cooling), the military uses the WBGT in-
dex to classify dangerously high heat. Spikes in soldier 
heat casualties have been associated with periods of 
raised humidity even as ambient temperatures re-
mained relatively constant, and humid Army installa-
tions in the South and Southeast routinely have greater 
rates of heat illness than hotter but drier locations in 
the desert Southwest.31

As body core temperature rises, especially with 
intense physical activity during high WBGT, heat 
stroke risk is increased. During training, heat stroke 
is almost exclusively of the exertional variety. Pacing 
strategies, such as slowing down or utilizing work-rest 
cycles, can effectively mitigate excessive heat strain and 
help to prevent exertional heat stroke.32 However, these 
strategies are not always an option. No soldier wants to 
quit on their teammates or themselves, leading to the 
paradox that high motivation is a heat stroke risk factor 
in soldiers.33 Timed ruck marches and runs are some of 
the events with the highest incidence of heat casualties.34 
Fear of falling out, getting cut from a course for missing a 

standard, or motivation to lead from the front can cause 
a soldier to override their natural protective instinct 
to slow down. Fort Moore, Georgia, has the highest 
reported incidence of heat stroke across all U.S. military 
installations—fifty-six cases in 2023—due to a combi-
nation of environmental conditions (e.g., temperature 
and humidity) and motivational factors (training effort 
during infantry, armor, airborne and Ranger courses). 
Of note, the higher incidence of exertional heat stroke 
at Fort Moore is partly from the enhanced recognition 
and accurate reporting of cases due to ongoing training 
and support provided by the Army Heat Center within 
Martin Army Community Hospital. 

During operations, nonexertional heat illness con-
tributes to a large proportion of heat casualties, espe-
cially during the first couple weeks deployed in a hot 
environment. As the name suggests, these heat illnesses 

Lance Cpl. Andrew Howe of Company C, 1st Battalion, Royal An-
glian, is given fluids intravenously by a combat medic as treatment 
for heat exhaustion in a ruined compound during a firefight with 
Taliban fighters in Kajaki, Helmand Province, Afghanistan, on 6 July 
2007. (Photo by Jason P. Howe)
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aren’t associated with heavy work, and acclimatiza-
tion and environmental factors are more relevant 
than working effort. The British Army, analyzing heat 
casualties during operations in Oman, Afghanistan, 
and Iraq, found nonexertional heat illnesses accounted 
for most (up to 86 percent) cases observed in soldiers 
recently arriving to the area of operations.35 

An Ever-Hotter Battlefield
Climate change impacts in one part of the world can 

lead to ripple effects around the world, affecting U.S. se-
curity and economic interests. Climate change is expect-
ed to contribute to political and social instability and, 
in some cases, conflict, affecting a wide range of U.S. 
national security interests.36 Given the Army’s world-
wide presence, soldiers will be required to operate in 
parts of the world where the impacts of climate change 
are most severe. Average global temperatures have 
increased by over 2°F, and this increase elicits greater 
temperature extremes.37 Heat waves will significantly 
affect future Army operations as they increase in fre-
quency, duration, and intensity.38 Presently, heat waves 
across the United States are twice as common and the 
heat wave season is thirty days longer than it was in the 
1980s.39 Even under relatively optimistic projections, 
heat waves like those that killed tens of thousands in 
Europe in 2003 and Russia in 2010 are likely to occur in 
the United States in the coming decades and more often 
in other parts of the world.40 Worldwide, heat waves 
with an intensity that occurred on average once every 
ten years will be 5.6 times as likely and nearly +5°F more 
intense (above already hot historical maximum tem-
peratures) when the world experiences an additional 2°F 
of warming.41 Put plainly, the frequency of exceptionally 
hot days is rising much faster than gradual warming of 
global temperature would suggest.

Heat waves directly impact operations. Black flag 
days, when the Army’s top heat safety threshold is 
exceeded, result in training modification or reschedul-
ing.42 In summer 2023, Joint Base San Antonio, Texas, 
experienced seventy-four days of 100+ degree weather, 
and over half of all hours in the month of July experi-
enced temperatures exceeding the “heat risk” threshold 
set by the National Weather Service.43 Combat medic 
trainees removed vests and helmets as temperatures 
climbed and afternoon missions were cancelled.44 At 
the Joint Readiness Training Center in Louisiana, 

the most common summer training injuries that 1st 
Battalion, 5th Aviation Regiment’s medevac unit 
responds to are heat related.45 Over the last five years, 
84 percent of the installations tracked by the Defense 
Centers for Public Health had more exceptionally hot 
heat risk days than the fifteen-year average.46

Abroad, heat waves increasingly affect areas critical 
to U.S. security interests, including where soldiers 
are currently or have recently deployed. Last year, 
Basra exceeded 123°F, and Baghdad reached 120°F. A 
2024 RAND corporation study points to the multiple 
recent heat waves in Basra and Baghdad as a contrib-
uting factor to insecurity and rioting. The study finds 
parts of Syria and Jordan may experience “extreme 
danger” heat classification, defined as periods when 
heat stroke is highly likely, for fifteen or more days per 
year by midcentury. In fact, “nearly all countries in 
the [CENTCOM] AOR are increasingly exposed to 
extreme heat,” and Iran may experience an incredible 
thirty additional days at the extreme danger thresh-
old.47 Globally, at least twenty-three countries have al-
ready recorded maximum temperatures above 122°F.48  

Ever increasing temperatures will be the norm for the 
foreseeable future. Heat waves are predicted to signifi-
cantly increase over most of Africa, South America, and 
Southeast Asia in the near term, with heat wave events 
rare or unprecedented today becoming normal in some 
future scenarios.49 Estimates using current warming 
trends project an additional 2.0–4.5°F increase in global 
average temperature this century above the approx-
imately 2°F already experienced.50 At a global 3.6°F 
increase (approximately half of which has already oc-
curred), the frequency of extreme heat waves is expected 
to double over most of the world and affect nearly 40 
percent of world population once every five years.51

Adapting to Ensure Future 
Readiness

Military operations won’t stop on account of 
extreme heat, yet human physiology limits how far 
a soldier can push before becoming a heat casualty. 
Future conditions will increase challenges for soldiers 
operating during heat waves more intense than those 
experienced during home station training. The remain-
der of this article proposes adaptation measures to 
ensure the Army can fight and win wars in the future, 
hotter operational environment. 
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To an extent, adaptations already occurring have 
proved successful in reducing the most severe heat 
illness. In 2022, U.S. Army Training and Doctrine 
Command (TRADOC) recorded the lowest number 
of heat strokes in the last ten years (ninety total), and 
2023 had the third lowest (111), even as those years 
had the seventh and third highest rate of heat illness 
overall.52 This reduction to the most severe form of 
heat illness during training is likely due to a combi-
nation of safety measures, policies, command empha-
sis, and widespread adoption of techniques like arm 
immersion cooling.53 Perhaps the best example of heat 
stroke mitigation is the 47 percent decrease in this 
condition at Fort Moore, Georgia, since the Army Heat 
Center stood up there in 2019.54 Similar efforts at other 
training installations may yield similar results for other 
training programs.

While heat illness 
is an acknowledged 
and mitigated risk in 
TRADOC, training 
programs in TRADOC 
are highly structured 
and facilitate relatively 
easy adoption of risk 
mitigation practices. 
Less attention has been 
given to how the opera-
tional Army can adapt 
to rising heat. Rapid, 
initial responses during 
real-world operations 
have less flexibility to 
incorporate safety pre-
cautions implemented 
in training. Even the 
Army’s medical manual 
on heat illness preven-
tion acknowledges 
“work cycles should 
be customized for the 
environment, task, 
and military situation 
when possible [emphasis 
added].”55 

The most basic, 
and one of the most 

effective, risk mitigation method is to address individu-
al risk factors associated with heat illness. For soldiers, 
modifiable risk factors include physical fitness and 
body mass. Higher body mass index increases risk for 
exertional heat stroke, while more fit individuals have 
lower risk of heat illness.56 The physiological reasons are 
many, but in general terms, excess body fat impairs heat 
loss and increases heat storage, while increased cardio-
vascular fitness is associated with increased sweat rate 
and blood flow that can help shed excess body heat.57  
Three other individual factors are worth mentioning: 
hydration, medication, md motivation. Unsurprisingly, 
a dehydrated soldier is more susceptible to heat illness 
and end-organ damage, although hydration alone does 
not prevent it.58 Medication is more complicated and 
may not be controllable if a soldier requires certain 
prescriptions, but it is important to note that some 
classes of common medications can reduce the body’s 
ability to shed heat.59 Lastly, high internal motivation 
to excel in soldiers has recently been demonstrated to 
be an important risk factor for exertional heat stroke, 
especially during high risk events such as timed runs or 
rucking.60
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 For units, the most effective available adapta-
tion is acclimatizing all members to the heat. Ten 
to fourteen days of progressively longer work in the 
heat promotes physiologically protective adaptations 
within the body. The rates of these cardiovascular and 
thermoregulatory adaptations vary, but maximum 
benefits are achieved after about the second week, 
and fit soldiers acclimatize fastest.61 In some mili-
tary situations, acclimatization can be challenging or 
even impossible; for example, it would be impractical 
for paratroopers stationed at Joint Base Elmendorf-
Richardson, Alaska, to properly heat acclimatize prior 
to a jump onto an airfield in tropical Guam (as was 
conducted in June 2020). Acclimatization efforts, 
typically a structured program of physical training/
work in the heat, must be balanced against predeploy-
ment tasks, time available, and the risk of overtrain-
ing. NATO recommendations call for two hours per 
day of cardiovascular endurance exercise in the heat 
to achieve acclimatization.62 Despite the challenges, 
acclimatization programs should be conducted when-
ever possible before deploying to hot environments. 
If unable to acclimatize predeployment, the first two 

weeks in the hot environment should be structured to 
provide gradual acclimatization whenever practical.63

Operationally, units can adapt to extreme heat by 
operating primarily at night. During extreme heat waves, 
operating at night may be the only practical way to re-
duce an unacceptably high risk of heat casualties during 
missions. Fortunately, this adaptation aligns well with 
elements of the soldier lethality concept defined in the 
2019 Army Modernization Strategy, specifically the devel-
opment and fielding of next-generation night vision.64 
The Army has always claimed to own the night, and in 
future operating conditions where extreme heat de-
grades daytime operations, fighting at night may be the 
norm. Predeployment training should reflect this, with 
nighttime training emphasized, at least during the sum-
mer. Further, heat casualty identification and response 
should be a battle drill rehearsed prior to deployment by 
every soldier with an emphasis on a “cool first, transport 

Soldiers from 1st Battalion, 501st Parachute Infantry Regiment, as-
sist a fellow soldier who suffered heat stroke 24 August 2007 while 
conducting a foot patrol south of Baghdad during Operation Gecko. 
(Photo by David Furst, Agence France-Presse)
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second” approach based on the need to rapidly reduce 
body core temperature in a heat casualty.

Logistically, adaptations for operating in hot envi-
ronments fall into two categories: unit equipment and 
medical equipment. For unit equipment, air condition-
ing in vehicles must be operational. Every troop-car-
rying vehicle should be equipped with coolers for ice 
sheets. Ice making equipment should be obtained and 
prioritized for early deployment; it is notable the 2023 
National Defense Authorization Act lists contain-
erized ice making systems as a directed priority item 
for National Guard and Army Reserve procurement 
alongside aircraft, drones, and communication equip-
ment.65 Ice machines may not rank highly as a capa-
bility considered critical for operations, but they can 
save lives by providing the means to restock ice sheets 
and medical sites for fast cooling of heat casualties, 
particularly when ice cannot be sourced locally. Ice 
packs should be stocked with the assumption that use 
for cooling (especially in the absence of ice production) 
will consume greater than normal quantities of this 
mundane medical supply in hot environments, and 
a platoon can more easily distribute many ice packs 
among soldiers instead of carrying larger ice blanket 
coolers during dismounted operations.

For the medical community, the British example 
of an enhanced Role 1 in Kuwait is illuminating.66 
This enhanced Role 1 included a heat illness unit to 
support troops deploying to Iraq in summer 2003 
that was equipped with nonstandard items like spray 
bottles and electric fans to cool heat casualties. The 
heat illness unit handled three hundred heat-related 
casualties in one month of operation and provides a 
template for modifying U.S. Role 1 facilities deploying 
to hot environments. During operations in Oman, 
British medical personnel discovered the environ-
mental control unit (ECU) organic to the medical 
tent was unable to adequately cool the interior, 
resulting in temperatures regularly exceeding 86°F; 
local air conditioners were purchased to supplement 
the inadequate ECU.67 Similarly, British Land Rover 
battlefield ambulances used in Kuwait were unable to 
cool the patient compartment below 95°F even when 
operating at full capacity and were supplemented 
with a nontactical air-conditioned vehicle. While it 
is unclear if U.S. ECUs and field ambulances have 
more robust air conditioning systems, effective air 

conditioning must be a consideration for medical 
teams deploying in hot environments. 

During severe future heat waves, current equipment 
may prove inadequate. Humid heat approaching the 
limits of human tolerance may already be occurring for 
short durations in a few hot coastal locations; some fu-
ture projections anticipate this condition will regularly 
occur in parts of the world soon after 2050.68 In such 
conditions, more extreme adaptations may need to be 
developed. One potential is personal biometric sensors. 
Wearable devices to predict imminent heat stroke have 
already been developed by the U.S. Army Research 
Institute of Environmental Medicine and employed 
in select training groups.69 Advanced development of 
such sensors could integrate directly into a soldier’s 
equipment, allowing real-time assessment of core 
temperature and predicting imminent heat casualties. 
Understanding just how hard a unit can push before 
taking heat casualties may extend the operational range 
of soldiers. Coupled with personal cooling devices, fu-
ture soldiers may be able to operate in conditions that 
an adversary can’t, gaining a distinct tactical advantage. 
Although variations of personal cooling technology 
exist, such equipment is not currently issued, and some 
systems (such as small personal air conditioners) are 
practical only with CBRNE or explosive ordnance 
disposal suits. Further refinement may lead to practical 
individual cooling systems to augment the body’s nat-
ural cooling ability. Small, unmanned ground vehicles 
can assist with heat management by hauling heavy 
supplies during patrols, reducing effort (and therefore 
heat generated) by soldiers who would otherwise carry 
the equipment. This technology is also not advanced 
enough for field deployment but may soon be. If opera-
tional environments reach conditions where even mod-
erate physical effort results in a dangerous body core 
temperature increase, a more robotic future may be the 
only practical way to conduct daytime operations. It 
remains to be seen if such autonomous systems can be 
developed and fielded before soldiers must operate in 
such an extreme environment.  

Conclusion
Climate change will continue to adversely affect 

temperatures, creating future operating conditions 
more extreme that those the Army has experience 
operating in. Seemingly small increasing global 
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temperatures will result in heat waves occurring more 
frequently, at greater intensity, and in parts of the 
world that have not experienced extreme temperatures. 
Although extreme heat has always been a challenge, 
soldiers will be expected to operate in conditions that 
are hotter, and hotter for longer, than historically expe-
rienced during previous campaigns or training. 

Extreme heat degrades both individual soldier and 
unit effectiveness. Physiology, physics, and experience 
all show that hot—especially hot and humid—weather 
increases the risk for heat casualties, including poten-
tially fatal heat stroke. For individual soldiers, both 
exertional and nonexertional heat illness present risk. 
Exertional heat illness accounts for many of the heat 
injuries experienced during training when working 
effort generates large metabolic heat loads, particularly 
during runs and ruck marches. Nonexertional heat 
illness is more common during the first two weeks of 
deployment in hot environments before a soldier has 

acclimatized to new conditions. For units deployed or 
training in hot environments, operational effectiveness 
is degraded when heat casualties occur. The ability of 
tactical units to maneuver and fight is reduced during 
high temperatures for both mounted and dismounted 
soldiers. Commanders and staff may need to balance 
the risk of heat casualties against operational risk, es-
pecially during an initial response to hot environments 
when there is no time for structured acclimatization. 
Recent global operations highlight the risk of heat 
illness are not trivial, and adaptations are occurring 
in some training environments, but adaptations to 
mitigate heat risk during deployment are less developed 
and should be aggressively pursued.   

The opinions or assertions contained herein are the views 
of the authors and are not to be construed as official or as 
reflecting the views of the U.S. Army, the Department of 
Defense, or the U.S. government.
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