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ABSTRACT The physiological burden created by heat strain and physical exercise, also called thermal-work strain,
was quantified for 10 male Marines (age 21.9 £ 2.3 years, height 180.3 £ 5.2 cm, and weight 85.2 + 10.8 kg) during three
dismounted missions in Helmand Province, Afghanistan. Heart rate (HR) and core body temperature (7o) were
recorded every 15 seconds (Equivital EQ-01; Hidalgo, Cambridge, United Kingdom) during periods of light, moderate,
and heavy work and used to estimate metabolic rate. Meteorological measures, clothing characteristics, anthropometrics,
and estimated metabolic rates were used to predict T, for the same missions during March (spring) and July (summer)
conditions. Thermal-work strain was quantified from HR and T, values using the Physiological Strain Index (PSI)
developed by Moran et al. July PSI and T values were predicted and not observed due to lack of access to in-theater
warfighters at that time. Our methods quantify and compare the predicted and observed thermal-work strain resulting
from environment and worn or carried equipment and illustrate that a small increase in ambient temperature and solar

load might result in increased thermal-work strain.

INTRODUCTION

Military operations requiring rigorous physical activity and
occurring in extremes of climate and terrain can induce
severe thermal-work strain in dismounted warfighters.'
Given demanding mission activities and operational condi-
tions, commanders must balance “the physical ability of sol-
diers against the risks of not carrying items of clothing,
equipment, food, water, or munitions.”? Included in this bal-
ance are considerations for the effects of macroenvir-
onmental factors (e.g., solar load, ambient temperature),
microenvironmental factors (protective clothing and equip-
ment), and physical activity (metabolic heat production and
increased work intensity). In this context, heat stress gener-
ally refers to conditions that increase body temperature,
whereas heat strain refers to the physiological responses asso-
ciated with the increase in body temperature. Thermal-work
strain refers to the physiological burden created by both heat
strain and physical exercise.

Thermal-work strain results from the rate of heat stor-
age in body tissue—heat being generated either internally
by metabolic mechanisms or absorbed from the external
environment—exceeding the rate of dissipation. Physical
exercise increases heat production as ~20% of the energy
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This work has been refined from a broader data set presented in U.S.
Army Institute of Environmental Medicine (USARIEM) technical report
T11-02, titled “Thermal-Work Strain During Marine Rifle Squad Operations
in Afghanistan (March 2010).” However, this article improves on the previ-
ous work significantly by using ensemble permeability and insulation data
collected from thermal manikin testing of the current U.S. Marine Corps
field ensemble rather than estimating values (as done in T11-02).
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released during skeletal muscle contraction is used to per-
form mechanical work and the remaining ~80% is released
into tissue as heat.® Dissipation of body heat is mediated by
the evaporation of sweat from the surface of the skin and the
nonevaporative transfer of heat from the body to the sur-
rounding environment via convective, conductive, and radia-
tive mechanisms.* Nonevaporative heat dissipation, however,
requires a difference in temperature between the skin surface
and the surrounding environment, whereas evaporative heat
dissipation is dependent on the humidity of the micro and
macroenvironments and greatly affected by the water vapor
permeability of any worn clothing.

As an individual experiences more thermal-work strain,
not only does the likelihood of thermal illness or injury
increase but endurance performance decreases. Maximal
oxygen uptake (VO, max)—a general indicator of aerobic
performance capacity—decreases as the individual experi-
ences increasing thermal-work strain.> The decrease in
VO, max results in an increase in work intensity (% VO,
max)® for a given absolute work rate which translates to
increased effort to perform the task at hand, e.g., marching
or sustained manual labor.”> Clothing and individual equip-
ment (CIE) can exacerbate thermal-work strain by impeding
the evaporation of sweat”® and increasing metabolic rate
because of the cost of load carriage.’

Given the potential impact thermal-work strain can have,
it is unsurprising that it has been studied under laboratory
conditions and during military training exercises. However,
little to no data exists examining the thermal-work strain expe-
rienced during actual in-theater missions, which may differ
greatly from more controlled settings in terms of environment,
activity, equipment, and subject motivation. Collecting the
necessary physiological data to compare mission environ-
ments and activities has historically been hindered by lack
of access to in-theater warfighters and difficulties associated
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with collecting heart rate (HR) and T values in the field. 10-12
It is only with the recent development of compact, medical
grade (U.S. Food and Drug Administration certified), and non-
invasive physiological status monitoring (PSM) systems, that
such data can be collected effectively during military missions.

Our article details the thermal-work strain experienced by a
United States Marine Corps infantry company during March
2010 (spring) missions in Helmand Province, Afghanistan.
The purpose of this study was (1) to characterize the thermal-
work strain, activity profiles, and CIE of warfighters per-
forming dismounted mission activities in Afghanistan during
March and (2) to use the observed mission profiles to predict
the effects of conducting the same missions during typical July
(summer) weather conditions in the same location.

METHODS

Test Volunteers and Missions

The work detailed in this article was completed under the
oversight of the Brook Army Medical Center Institutional
Review Board and the Joint Combat Casualty Research Team
(Afghanistan). At all volunteer recruitment briefings an
ombudsman (either a chaplain or officer not related to the
unit) was present to ensure no coercion occurred. The inves-
tigators have also adhered to the policies for protection
of human subjects as prescribed in Army Regulation 70-25,
and the research was conducted in adherence with the pro-
visions of 32 CFR Part 219.

Physiological data (HR, T, and accelerometry counts)
were collected during missions conducted by Fox Company,
2" Battalion 2"! Marines under Regimental Combat Team
Seven (RCT-7), which was stationed in Combat Outpost
Sher, Helmand Province, Afghanistan. Ten males from
RCT-7 (age 21.9 = 2.3 years; self-report 3-mile run time
20.1 £ 1.6 minutes) (mean = standard deviation) volunteered
for this study after being briefed on the research procedures
and risks. The cohort’s mean percent body fat, height,
weight, and waist circumference were 15.3% + 3.4%, 180.3 £
5.2 cm, 85.2 + 10.8 kg, and 84.1 £ 5.9 cm, respectively.
Volunteers carried total loads of 30.3 + 4.0 kg (mean +
standard deviation). Contextual information including
anthropometrics, clothing characteristics, individual equip-
ment descriptions, meteorology, and mission profiles were
documented and used as inputs for metabolic and thermo-
regulatory models used to estimate thermal-work strain
during warmer summer weather. Mission profiles (e.g., vehi-
cle movement, foot patrol, rest periods) were recorded by
an in-theater investigator who accompanied the Marines
on their mission.

The relatively small sample size of 10 subjects was due to
the difficulties inherent in collecting physiological data in the
field and the nature of in-theater operations. Data collection
can be disrupted by premature passing of an ingested ther-
mometer pill, vigorous movement or clothing and equipment
disrupting sensor contact with the skin, or chance positioning
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of the pill in a subject’s gastrointestinal tract leading to a
blocked signal. Given in-theater safety and security consider-
ations, it was often impossible to ensure or check whether or
not an individual’s PSM system was functioning properly
much less whether or not valid data were being collected.

We were, however, able to collect data for three specific
missions, each with a unique work profile: (A) heavy-
to-moderate work separated by rest, (B) sustained heavy-
to-moderate work, and (C) light work with bursts of
intense very heavy work. Mission data were collected
between 19 and 23 March, 2010 and activities included
dismounted and mounted patrols and rifle range/squad rush
training with Afghani police forces. Of the 10 volunteers,
five participated in mission A, four in mission B, and three
in mission C.

Physiological Measures

HR and T, (beats per minute and °C) were recorded every
15 seconds from a chest-worn PSM (Equivital EQ-01;
Hidalgo, Cambridge, United Kingdom) capable of recording
data from an associated temperature pill. The Physiological
Strain Index (PSI),13 a 0-10 measure of thermal-work strain
derived from HR and T,,., was calculated as an indicator
of thermal-work strain.'® PSI values are associated with the
following levels of physiologically strain: 0 to 2, no/little;
3 to 4, low; 5 to 6, moderate; 7 to 8, high; and 9 to 10, very
high. Metabolic rates (M) were estimated using individual
subjects’ HR and ambient temperature (T (see biomed-
ical modeling analysis below).

Anthropometric Measures

Height (self-report), body weight (seminude with shorts and
t-shirt), and waist circumference at the navel (anthropometric
tape measure) were used to estimate percent body fat.'®
Fighting weight (total weight with combat clothing and
equipment) was also collected for use as model inputs.

Clothing and Individual Equipment Characterization
A typical CIE configuration for Fox Company 2" Battalion
2"! Marines RCT-7 included the Flame Retardant Organiza-
tional Gear uniform; Scalable Plate Carrier with front, back,
and side Enhanced Small Arms Protective Insert plates; and
the Lightweight Helmet. Clothing insulation (clo) and vapor
permeability (im) of the Marine ensemble were measured via
thermal manikin by USARIEM personnel according to
ASTM standards.'”'® The permeability index, im, is a
nondimensional index where 0 indicates a garment or ensem-
ble is impermeable and permits no evaporative heat transfer.
An im of 1 indicates the garment or ensemble allows the
theoretical maximum of evaporative heat loss given by its
insulation.'” The ratio im/clo indicates the approximate
“cooling power” of an ensemble. All values reported are
given for a wind speed of 1.0 m/s.
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Meteorological Measures

Meteorological data were collected at Kabul Airfield by the
14th Weather Squadron. Ambient air temperature (7,), dew
point, and black globe temperature (T},) were obtained for 19
to 23 March 2010 as well as for 17 to 25 July 2010. Relative
humidity was calculated from air temperature and dew point
using the National Weather Service’s Meteorological Calcula-
tor.”’ The meteorological values recorded at the Kabul Airfield
in July 2009 were averaged by hour to provide a composite
24 hour day that represented July weather (summer) in Kabul
Afghanistan and the surrounding area. Wind speed was assumed
to be 1 m/s for both the March and July modeling periods.

Procedures

Thermometer pills (Mini Mitter; Bend, OR) were orally
administered to volunteers the evening before the initiation
of data collection to avoid erroneous temperatures resulting
from fluid ingestion.'” The following morning volunteers
donned the PSM chest belt system according to the manufac-
turer’s instructions, and had waist circumferences and semi-
nude weights measured before mission activities began.

Biomedical Modeling Analysis

The thermoregulatory model SCENARIO?'** was used to
predict T,y (°C) and PSI values during meteorological con-
ditions typical for July in Afghanistan. The SCENARIO
model predicts T, from: metabolic rate, meteorological
parameters, clothing vapor permeability, clothing insulation,
individual anthropometric measures (percent body fat,
height, and weight), and heat acclimation state (all subjects
were assumed to be heat acclimated as they had been
in-theater for 5 months as of March 2012). Figure 1 depicts a
schematic detailing the steps of our modeling efforts and the
generation of mission profiles.

Metabolic Rate Estimation

Metabolic rate was calculated from resting HR, exercise HR,
and T, (°C) values using the Initial Capability Decision Aid

Observed Meteorological Data:
- March, July Data:

{+Ta
+BGT
+9% humidity

Observed Tcore and HR: Modeled Metabolic Profiles:
- Mission A | Berglund - Mission A: March, July |
- Mission B e Equation - Mission B: March, July 4
- Mission C - Mission C: March, July

A

Da

Anthropometric Data:
Dubois -
Ul —{ : body mass }

Equation height
- % body fat

(ICDA) model.">?* This model uses a metabolic rate estima-
tor developed by Berglund et al'*'>:

MET = 0.68+4.69(HRR — 1) — 0.052(HRR — 1)(T, — 20) (1)

where MET refers to metabolic equivalent of task and HRR
to heart rate ratio. An MET equals 58.1 W/m? and is gener-
ally considered the rate of energy expenditure of a sedentary
person. HRR is the heart rate during exercise divided by the
resting HR at 20°C in beats per minute (bpm). The MET ratio
is converted into a rate (watts) using Equation 2:

M= MET (58.1 %)Da )

where M is metabolic rate measured in watts and D, the
Dubois surface area of the individual for whom M is being
calculated. D, is calculated based on an individual’s height
and weight using Equation 3:

Da _ 0‘202B().425H0,725 (3)

where B is the body mass in kilograms and H the height
in meters.

Berglund’s equation (Equation 1) has been used success-
fully in the ICDA model, but can overestimate M under
some conditions.** Overestimation errors are pronounced for
HRR > 2 where the equation is estimating M through extrap-
olation. To better estimate M, we used Equation (1) for
HRR values <2 and reduced its slope as well as modified its
y-intercept for HRR values >2.

To identify the appropriate reduction of slope for HRR
values >2, a series of equations were generated by incremen-
tally reducing the slope of Equation (1). Metabolic rates were
estimated for each subject and mission using the modified
equations and used as inputs for the SCENARIO model. The
Teore values produced by the SCENARIO model for each
subject were then compared to their observed T s and root
mean square error (RMSE) was calculated. The modified
slope and intercept which resulted in the lowest mean RMSE

Modeled Tcore and HR
- Mission A: March, July . PSI
- Mission B: March, July v
- Mission C: March, July

- Mission A: March, July
- Mission B: March, July
- Mission C: March, July

Ensemble
Permeability Data:

o

Note: BGT is black globe temperature, Da is Dubois surface area, PSI is physiological strain index, and Ta is ambient temperature.

FIGURE 1.
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Schematic representation of model inputs and outputs and generation of the mission profiles.
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Mission PSI Profiles:

220z ¥snbny (g uo 1senb Ag 0G2ZSEY/ L1 L/01/8. L /8101He/paw|i/wod dno-dlwapede//:sd)y Wwody papeojumod



Thermal-Work Strain During Marine Rifle Squad Operations in Afghanistan

TABLE I. Observed March (Spring) and Average July (Summer) Environmental Conditions (Mean + SD)
Mission Air Temperature (°C) Relative Humidity (%) Dew Point (°C) Black Globe (°C) WBGT (°F) WBGT Flag
A March 255+ 1.9 148422 3525 33.6+9.7 619+52  White/No Flag
July 304 1.5 200+£34 49+2.1 37.1+£5.7 704 £2.1 White/No Flag
B March 21.4+0.5 25.6+34 0.8+£2.2 27959 58.7+3.4 White/No Flag
July 31.3+£1.0 18024 42+20 41.1 £4.8 71.6 £2.0 White/No Flag
C March 19.6 £2.9 20.2 £ 10.8 -5.1%£3.1 36.5+£8.0 58.2+39 White/No Flag
July 299+ 1.1 204 +£59 43+£29 46.5 £ 4.1 729+£29 White/No Flag

across all subjects for a given mission was then selected to
model metabolic rate for all subjects participating in that
mission when HRR exceeded 2.0.

Statistical Analysis

Predicted and observed T, HR, and PSI values for March
were compared using Bland—Altman analysis® and linear
regression. Estimated bias (mean difference between predicted
and observed values) and the limits of agreement (LoA, bias
1.96 x SD of the differences) were calculated as were the
coefficients of determination (R?). The LoA provide a range
of error within which 95% of our March predicted values
should fall assuming a normal distribution. The analyses were
performed using Microsoft Excel 2007 (Microsoft Corpora-
tion, Redmond, Washington).

RESULTS

Clothing and Equipment Characteristics
Analysis by thermal manikin found the Marine ensemble to
have an insulation value of 1.50 clo, a permeability index
(im) value of 0.39, and an im/clo value of 0.26.

Meteorological Conditions

Table T shows the air temperature, relative humidity, dew
point, black globe temperature, wet bulb globe temperature
(WBGT), and corresponding WBGT flag color for each of the
mission periods during March and the mean values for July.
The WBGT Index is currently used by all branches of the U.S.
Armed Forces as well as the Occupational Safety and Health
Administration to mark levels of and protect against environ-
mental heat stress using a combination of work rest schedules,
fluid replacement tables, and work intensity guidelines.”®?’

Mission Profiles

The three mission profiles represent three distinct work pro-
files: heavy to moderate work separated by rest (Mission A),
sustained heavy to moderate work (Mission B), and light work
with bursts of very heavy work (Mission C). We defined these
profiles as such using the definitions of work intensity
according to metabolic rate found in TB MED 507.2® Missions
Aand B (M=517+73 W and 544 + 84 W, respectively) were
dismounted patrols occurring from 4:00 to 7:00 p.m. on March
19, 2010 and 3:00 to 6:30 p.m. on March 22, 2010, respec-
tively. Mission C (M= 297 + 141 W) was more complex and
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contained dismounted and mounted patrol periods before
training exercises with Afghani security forces. The training
exercises included the assembly of a firing range, marksman-
ship training, squad rush exercises, and firing range breakdown
before the Marines remounted and returned to base. Mission
C occurred from 8:00 a.m. to 5:00 p.m. (11 hours) on March
23, 2010.

Biomedical Modeling Analysis

M was calculated using ambient temperatures of 25.5, 21.4,
and 19.6°C for missions A, B, and C, respectively. When
HRR exceed 2.0, a modified slope of 0.9 was used and the
resulting intercepts were (A) 3.281, (B) 3.497, and (C) 3.589.
The resulting mean RMSE values * standard deviation (SD)
for observed versus predicted T, were 0.29 + 0.02°C for
mission A, 0.25 + 0.22°C for mission B, and 0.29 + 0.19°C
for mission C. For 11 of 12 data collections, T, RMSE
values were between 0.10 and 0.38 with standard deviations
between 0.08 and 0.30. The remaining data collection
resulted in a T,... RME value of 0.42 with a standard devia-
tion of 0.25.

Comparison of observed and predicted March PSI values
by Bland—Altman analysis revealed a bias of 0.34 + 0.93 PSI
units LoA * 1.83 PSI units. The R2 value for the linear
regression of predicted versus observed March PSI value
was 0.79. Similar analysis of predicted versus observed T¢ore
values showed our modeling resulted in a bias of —0.02 £
0.32°C and LoA £ 0.61°C. T, linear regression resulted in
a R2 value of 0.61. Finally, Bland—Altman analysis of HR

TABLE Il.  Observed and Predicted Mission Physiological
Measures (Mean + SD)
Estimated
HR Teore Metabolic
Mission ~ Month  (bpm) ({©) PSI Rate (W)
A O March 121+14 38.1+£02 54£07 51773
P March 129+12 38.1+03 58£09
P July 1429 38604 7.0+£09
B O March 119+£13 37.8+0.1 4.6%£0.7 544+84
P March 126+11 389+0.2 5.0£0.8
P July 153+15 39.1+0.7 82%1.8
C O March 8719 374104 22%14 297%141
P March 99+14 373103 24+£1.2
P July 11822 37.6+06 38%22

O, observed data; P, predicted data.
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FIGURE 2.
drills (N = 3).

resulted in a bias of 9 + 16 bpm with LoA # 32 bpm and a R?
value of 0.62. No data were collected during July because of
lack of access to in-theater subjects and investigators.

Table II presents observed physiological data (7o, HR),
PSI value, and estimated metabolic rate summary informa-
tion for each of the mission periods during March. Also
shown are the modeled thermal-work strain data for both
March and July. Figure 2 shows mean observed and predicted
T.ore and HR values for mission C, whereas Figure 3 shows
the mean observed and predicted PSI values. Where data are
available, changes in activity are indicated by vertical dotted
lines, and error bars represent 1 SD (error bars only extend in
one direction to prevent overlap with plotted data).

DISCUSSION

Bland—Altman analysis of predicted versus observed March
PSI values revealed an overall bias of 0.34 £ 0.93 PSI units
and limits of agreement of +1.83 PSI units indicating small
overprediction across subjects and missions. This overpredic-
tion may in part be due to a similar but larger bias for
overpredicting HR (9 £ 16 bpm with LoA of = 31 bpm). T¢qre
appears to be predicted reasonably well given a small bias of
-0.02 = 0.32°C, LoA of 0.63°C, and predicted versus
observed (March) RMSE values between 0.10 and 0.38 for
11 of the 12 data collections. Unfortunately, we did not have
access to in-theater warfighters during July to collect data for
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Mean heart rate and core temperature for mission C: 0800-1700, 23 March 2010; dismounted/mounted patrol, firing range, and squad rush

comparison with our July predictions of HR, T, and PSI
values but, a follow-up study is currently planned to gather
this data from warfighters in Afghanistan during the summer
of 2013. A follow-up study was conducted during the sum-
mer of 2012 but, no missions with suitable activity profiles
were observed (data were collected but only during periods of
little to no activity).

The relatively accurate modeling of T, but overpredic-
tion of HR (and consequent overprediction of PSI) stands to
reason as there was wider range of variability in subject HR
data than T, and we modified Berglund’s equation (for HRR
values greater than 2) to more accurately model observed Tecore
with SCENARIO. It is possible that overestimations of M led
to overprediction of HR but this is paradoxical as our Tco
predictions are generally effective and lower metabolic rates
would result in further under prediction of T.y.. It is also
worth noting that the coefficients of determination for HR and
T.ore are approximately the same (R2 = 0.62 and 0.61). The
consistent nature of the overprediction of HR values (Fig. 2)
potentially indicates that the SCENARIO model is biased
toward overprediction of HR but it requires future work spe-
cifically designed to determine this. Other potential solutions
that might address under or overestimation of metabolic rate
include the use of HR and accelerometry data as an alternate
method of its estimation as well as further modification to
Berglund’s equation for values of HRR greater than 2.
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FIGURE 3.

Although predicting HR remains a challenge and future
work remains to be done, our modeling efforts still present a
useful tool for analyzing a set of environmental conditions
given a metabolic profile. Missions A, B, and C occurred
during temperate environmental conditions typically associ-
ated with a low risk for heat injury. The WBGT flag conditions
for each mission were white/no flag even when accounting for
the addition of 2.8°C (5°F) to air temperature for individuals
wearing body armor.”® However, the maximum mean PSI
values observed during these missions indicated that the sub-
jects approached medium to high thermal-work strain at vari-
ous points during each mission (PSI values of 5.4, 6.7, and 6.0
for missions A, B, and C, respectively). Given the brevity for
which these maximum PSI values were reached and sustained,
it is unlikely that any subject would have incurred thermal
injury but the same levels of exertion modeled under July
conditions indicate warfighters would be at increased risk of
heat illness or injury.

Average summer environmental conditions were warmer
(+~8°C) and exposed warfighters to greater solar radiation
(+~10°C black globe) yet were still under white/no flag
WBGT conditions as observed in March (Table I). Metabolic
mission profiles involving chronic heavy work or acute very
heavy work (B and C) under the warmer white/no flag July
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Mean PSI values for mission C: 0800-1700, 23 March 2010; dismounted/mounted patrol, firing range, and squad rush drills (N = 3).

conditions resulted in predicted PSI values >8, which corre-
spond to high thermal-work strain.'* Unsurprisingly, the
corresponding predicted T, values for July conditions aver-
aged greater than 38.5°C with mission B’s predicted average
peaking above 39.5°C (Table II). As the data displayed in
Figure 2 illustrates, Bland—Altman analysis indicated that
across all data points (Missions A, B, and C) there is a slight
bias for under estimating 7. (—0.02 £ 0.32°C) values. Com-
bined with our overprediction of HR this suggests that war-
fighters might experience even greater thermal-work strain
than predicted and that our predictions should serve as lower
bounds of thermal-work strain likely to be experienced.

Given the increased thermal load predicted for July, it is
likely that warfighters would self-adjust their operational
tempo to reduce thermal-work strain. Nevertheless, our
modeling effort raises the point that conditions not usually
associated with high thermal-work strain may still pose a risk
of thermal illness or injury when combined with sustained
heavy or acute very heavy work. This is especially relevant
given Schickele’s finding during her examination of training
related heat stroke fatalities that “most fatalities associated
with heavy exercise can occur at relatively low [air] temper-
atures, when the total heat strain is commonly under-
estimated.””® Quantifying thermal-work strain may provide a
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more sensitive method for determining when specific training
conditions (i.e., meteorological conditions, worn ensemble,
and metabolic work profile) place warfighters at increased or
lessened likelihood of thermal injury. Leaders can then maxi-
mize training time that might otherwise be excluded by the
current WBGT flag system and avoid scenarios where
warfighters are at actually at heightened risk of incurring ther-
mal injury.

Although our study used both PSI and T, values to
quantify the thermal-work strain associated with different
environmental conditions, a similar approach could be used
to compare the thermal burden of different CIE ensembles.
Our physiological data, CIE im and clo values, and esti-
mated metabolic data can serve as control inputs for the
SCENARIO thermoregulatory model while the permeability
index and insulation of a new or modified ensemble serve as
the experimental inputs. Differences in predicted PSI and
T.ore values between control and experimental ensembles
would indicate the thermal-work strain impact that changes
in ensemble permeability and/or insulation would have on
dismounted warfighters under known meteorological condi-
tions while engaging in three distinct mission work profiles.
Unit leaders and materiel developers could use these metrics
to weigh the thermal cost and benefit of “mission essential”
equipment either currently deployed in the field or being
developed for future use.

CONCLUSIONS

Using a modified metabolic estimator from the ICDA model
and the rational SCENARIO model it is possible to quanti-
tatively compare in-theater dismounted warfighter thermal-
work strain during different sets of environmental conditions
and metabolic profiles. This study’s comparison of March
and July environmental conditions in Afghanistan high-
lights three important points: (1) the data necessary for
predictive physiological modeling can be successfully col-
lected during in-theater missions, (2) small increases in
ambient temperature and solar load are likely to lead to high
thermal-work strain when combined with heavy or very
heavy work, and (3) similar modeling methods can be used
to predict and compare the thermal burden resulting from
various environmental conditions and CIE ensembles.
Future modeling efforts will benefit from the development
of more accurate methods of measuring or estimating M and
HR in the field. The methods presented here should be
valuable to field commanders and materiel developers seek-
ing to predict and mitigate thermal-work strain experienced
by dismounted warfighters.
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