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Learning Objectives DHA”;'
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At the conclusion of this activity, participants will be
able to:

1. Summarize key elements that affect thermal stress.

2. ldentify potential use cases of decision aids.

3. Recognize different types of modeling methods.
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U.S. Army Research Institute of —
Environmental Medicine (USARIEM) DHA"

Mission: Protect, sustain, and optimize the health and performance of Service
Members through basic and applied research in environmental physiology and
occupational medicine.

Co-located with US Army Natick Soldier Systems Center (SSC)

A subordinate lab of the US Army’s Medical Research and Development Command (USMRDC)

“World-Class” laboratory for environmental medicine, physiology, performance & nutrition research

Integrated cellular, tissue, animal & human research programs

¢ [USARIEM, 2020]

J
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USARIEM Facilities

B Center for Military Biomechanics
Research

Doriot Climatic Facility

High Altitude Laboratory
(Pikes Peak CO)

Hypobaric chambers & hypoxia rooms

Manikins for heat transfer biophysics
Thermal Chambers

Water Immersion Laboratory

Bone Health Laboratory

Human Performance Laboratories

Warfighter Cognitive Performance Lab

[USARIEM, 2020]
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Biophysics and Biomedical Modeling

Division (BBMD)
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Manikin /
physical test
measures

Biomedical
Mathematical
Modeling

B Prohahility of Survival Decision Aid 1.0
File  View Hp
-~ Enviromental Parameters - 1~ Physical Attributes

Ar Temperature 29.0

S
Water Temperature 20
Relative Humidity 500 (%) ,[
Wind Speed ’T ’m

'"lnmmna'ml State and Clothing E
Immersion [Water toeck 3] Cold Functional Time (hr) 62
Heatloss Cosff,  © Laminar © Turbulent Cold Survval Tme (hr) - i04™—
Clathing Dehyd. Survival Time (he) e

Hame |testl

Real-Time
Health State
Monitoring

[USARIEM, 2020]
|
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Manikin /
physical test
measures

[USARIEM, 2020]
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Biomedical and Mathematical
Modeling
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.[USARIEM, 2020]
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Real-Time Health Status Monitoring DHAI‘

e Health Age

Real-Time
Health State
Monitoring

[USARIEM, 2020]

“Medically Ready Force...Ready Medical Force” 13



Goal: Practical Solutions
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Cold Weather Ensemble Decision Aid [0.4.2,15892 (3/3/2018 2:45:44 AM)]

Cold Weather
Ensemble

USARIEM Decision Aid

r Environment
Air Temp. (-10¢) | Extreme Cold | | Cold | | Temperate |

Wind Speed (1 m/s) High | | Moderate | | Light
~ Activity
Avg Wats: Resting Results (Max 24 hours)

110 (®)Rest OUght (O Moderate QHeavy

 Command Buttons @

Reset All Details

r Results @
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Select One / Clear Selection v Save

« Clothing Selection @)

Head | ¥

Summary  Switch Chart Type  Run Model

Activity
O 5miRun ® 12 mi Ruck
Madify Course Length:
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Completion Time
Movement Speed

|E mph  [15:00( minute mile
Carried Load (including armor if worn}

Upper Body | v

da Soldier / Environment ! {E] Map A Equipment !

Soldier Information

Presats Military Average Save Pressts
Height 5ft -| &in - Temperature
| Weight 175 | s Wind Speed
Days in Heat 0 |Days Relative Humidity
| [Mildiy) 1.24% Solar Exposure
Activity Total Activity Peak
Dastance 0 Maes Metabods Cost Okikg

Partly Cloudy (O Cloudy ) Night
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e I
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[USARIEM, 2020]
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i

B Ideal testing process

Swatch Level Individual Component Full Ensemble Physiological Models
» Sweating Guarded » Thermal Hand, Foot,and  » Four 20-zone Newton » Biophysical data—a
Hotplate (SGHP) Head Systems model manikins main input parameter
» Material evaluations for » More detailed data for
prototype clothing extremities

[Potter et al., 2020b]
1
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Quantifying Relationships DHA;;_

In order to model and predict heat rise or fall in humans, it is important to
understand the interrelated elements involved in heat exchange. These
Individual relationships can be described mathematically.

Broadly, we can characterize heat storage (S) by calculating the sum of heat
produced, heat gained, and heat lost. For humans, we simplify this into the
heat balance equation:

[ S=M+W+R+C+K—E [W-m? J

where M is metabolic heat production, W is work rate, R is radiation, C is

convection, K is conduction, and E is evaporation.

*The relationship and impact of these elements become more complicated
as they are changed (e.g., protective clothing impacts the exchange of heat)
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Quantifying Relationships DHA—-,;_

Human + Clothing + Environment
A [Potter, et al., 2015]

J
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Quantifying Relationships
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Historically, models have been developed using linear algebra to describe
two dimensional relationships (typically the empirical approach); while
differential equations have been developed to characterize the three
dimensional relationships (typically the rational approach).

oT Y aT
2
pc: == =dm+ A VT + wyy - ppiCpl * (Tp — T) —A- a—n=R+C+K+E
[W-m™] [W - m™?]
[core to skin] N [skin to environment]

where p is tissue mass (kg m~3), ¢ is specific heat of the tissue (kJ kg™t°C™1), T is tissue
temperature (°C), t is time (sec), q,, is metabolic heat production rate (W m=3), X is tissue
heat conductivity (W m~! °C™1), V2 is a Laplace transform for heat conduction based on the
tissue temperature gradient, o, is blood flow rate (m3s~tm= tissue), p,, is blood flow mass
(kg m>3), ¢, is blood specific heat (kJ kg~1°C™'), and T, is blood temperature (°C), n is the

tissue coordinate normal to the skin surface
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Heat Exchange & Elapsed Time DHAZ
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1

[Potter, et al., 2015]
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L. L Heat stroke
Human Activity risk
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I “
I 3 *7 L1 Heat
| I 2 exhaustion
E 385
Environment Clothing $ s -
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at exercise
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Using the backdrop of the heat balance we can model out how much heat is lost, gained, and
ultimate stored. This summed storage (positive or negative) can be translated into a rise or
fall in core body temperature over time

I
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Metabolic Heat Production
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Metabolic Heat Production

Body Surface Area

Defense Health Agency

Armv Soldiers
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[Looney, et al., 2020]

Journal of Thermal Biology

21

“Medically Ready Force...Ready Medical Force”



Metabolic Heat Production e
Movement Speed DHA"

. . .. 9 =

Metabolic Costs of Standing and Walking in .
Healthy Military-Age Adults: A Meta-regression 3 4
DAVID P. LOONEY', ADAM V\r’l.4P()TTERl. J. LUKE PRYPRz. PATRICIA E. BREMN]Z;R3. » o ..
CHRISTOPHER R. CHALMERS ™", HOLLY L. MCCLUNG", ALEXANDER P. WELLES", and WILLIAM R. SANTELE"™ ®
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Metabolic Heat Production e
Steep Uphill & Downhill Slopes HA"

Estimating Energy Expenditure during Level,
Uphill, and Downhill Walking

DAVID P. LOONEY', WILLIAM R. SANTEE'?, ERIC O. HANSEN"?, PETER J. BONVENTRE?,
CHRISTOPHER R. CHALMERS'?, and ADAM W. POTTER!
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LLooney, et al., 2019L
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Metabolic Heat Production ——
Equipment Load “’

80 T
- . - @66% BM
Effects of modern military equipment loads on the maneuverability and 044% BM ®
metabolism of US Army Soldiers o
©22%BM

David P. Looney, Elizabeth M. Doughty, Peter S. Figueiredo, Sai V. Vangala, J. Luke
Pryor, William R. Santee, Holly L. McClung, Adam W. Potter.
Under Journal Review

000% BM

"B

&
=)
-
=
<)
-

Photo by U.S. Army/Mr. David Kamm (RDECOM)
https://www.tactical-life.com/news/us-army-molle-4000-rucksack/ Time (min)
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Metabolic Heat Production

Difficult Terrain
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TERRAIN FACTORS FOR PREDICTING WALKING
AND LOAD CARRIAGE ENERGY COSTS: REVIEW

Table 11. Recommended Values for 5 for use in eq 8.

AND REFINEMENT ;ﬂ‘"“‘{“ﬁ N Comments
Richmond PW’, Potter AW?, Santee WR’ sscriphion
JOURNAL OF SEORT AND HUMAN 2ERECRAMANCE Rough Terrain unknown Assume surface roughness affect 1s
embedded i the 5 selected for the
terrain.
i Shppery Terram | 1.7 Hard wet clay. ice
Vegetation n = 0.0718V? + 1.3V? — 5.3701V
+ 6.0705
Swamp 3.5 Based on Table 2 and Figure 5 for very
low cone mndex
Paved Roads 1.0 See Table 3, there 1s variability and
possibly a relationship to load and
veloeity
Gravel Roads 1.2
“Dirt” Roads 1.2
Sand 1.3 See Figure 1, for range of values. weaker
Ay o b n=15+7 sand will have higher val
vV sand will have higher values.
d Silts and Clays 25 For Cone Index < 7 assume it is a

cuta

=10+
1 (Conelndex — 4.8)

for Conelndex = 7

swanip

[Richmond, et al., 2015; 2019]

“Medically Ready Force...Ready Medical Force”




Metabolic Heat Production ;’_:
Complex Terrain

Metabolic Costs of Military Load Carriage over Complex Terrain

David P. Looney, PhD™t; William R. Santee, PhD™f; Anthony J. Karis, BS™; Laurie A. Blanchard, BS™;
Maxwell N. Rome, BA'f; Alyssa J. Carter’; Adam W. Potter, MS* 40

MILITARY MEDICINE

Lap 1 40 + Lap 1
+30% BM

+45% BM

=
.E 10 3 M i i . } i } i I lﬂ 1 M " PRt 1 ! " L
- 0 500 1000 1500 2000 0 500 1000 1500 2000
g
T 40 T Lap 2 40 + Lap 2
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Q [
- [ .
|'
[
L. .
I 20 -
] |
10-!' 10 +———
0 500 1000 1500 2000 0 500
[Looney, et al.’ 2018] Course Distance (m)
I
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Metabolic Heat Production —
[ ] [ ] ’
ca rd Iova scu Ia r St ra I n Defense Health Agency

Cardiorespiratory responses to heavy military load carriage over complex
terrain™ —
David P. Looney™", William R. Santee™”, Laurie A. Blanchard®, Anthony J. Karis®, g
Alyssa J. Carter®, Adam W. Potter” =
Applied Ergonomics 73 (2018) 194-198 .%
E
8
£
o
&
=]
B
F
2
80% -
=
z
60% -
- O
:
: 0% |
T I
< ) e, N i g e s 4 20% ¢ ' ' | : : : i
. ' ' . 0 10 20 30 40 30 20 10 0
[Looney, et al., 2018] Trail Segment #

—
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Metabolic Heat Production m

Extreme Environments

Divers risk accelerated fatigue and core temperature rise during fully-immersed 395 4 Water Temperature
exercise in warmer water temperature extremes o
m-38.6 °C

David P. Looney?, Edwin T. Long®, Adam W. Potter>, Xiaojiang Xu?, Karl E. Friedl?, Reed W. Hoyt?,
Christopher R. Chalmers®¢, Mark J. Buller?, and John P. Florian® 372 °C
TEMPERATURE i
https://doi.org/10.1080/23328940.2019.1599182 39.0 - +-358°C

o@ P A—34.4 °C

£ 4

2 385 - e

g ®

5

- »

£ 380 - | A

2 A

@

S .

37.5 1 i v /
- 3?0 :IL L] L] L] L] L] L] L]
£\ 0 30 60 90 120 150 180 210
Dive Time (min)
[Looney, et al., 2019]
a, * o ”
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Schematic of the
Heat Strain Decision Aid (HSDA)
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[Potter, et al., 2017]




Validation

DHAZ
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Heat stress [Assessment 1] — Individual
2 Studies (Lab and Field);
Chemical Protective Clothing,

39.5
N =28
o
W
=
<
W 385
=
i
&
o
Q
e
z
w
9 37.5
o
© Field © Laboratory
36.5
36.5 37.5 385 39.5
[Potter, et aI., 2019] MODELED CORE TEMPERATURE (°C)

—_—
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Validation
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Heat stress [Assessment 1] — Individual
2 Studies (Lab and Field); Chemical Protective Clothing, N = 28

Environment Clothing Observed T, Bias MAE RMSE

L1 37.64 £ 0.55 -0.15+0.26 0.23+0.20 0.30+£0.13

L2 37.75+£0.64 -0.14 £ 0.34 0.29+0.24 0.38+0.20

Laboratory

L3 37.88£0.70 0.03+0.42 0.31+0.28 0.42+0.33

Total 37.76 £0.64 -0.10 £ 0.36 0.28+0.24 0.37+0.24

F1 37.69+0.35 0.22+0.30 0.29+0.24 0.37+0.21

F2 37.67 +0.36 0.21+0.32 0.30+0.24 0.39+0.21

Field

F3 37.55+0.35 0.36 £ 0.30 0.37+£0.28 0.47 £0.27

F4 37.79+0.43 0.13+0.32 0.27+0.23 0.35+0.20

Total 37.68 +0.38 0.23+0.32 0.30 £0.25 0.40+£0.25

Collective Total L1-L3 F1-F4 37.69 £ 0.45 0.16 £ 0.36 0.30 £0.25 0.39+0.23

Acceptable bias: + 0.27°C

[Potter, et al.. 2019] |
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Validation

\
DHA=
Heat stress [Assessment 1] — Individual
2 Studies (Lab and Field); Chemical Protective Clothing, N = 28

Defense Health Agency

Error
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[Potter, et al., 2019]
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Validation

e
DHAZ
Heat stress [Assessment 1] — Group Mean
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1 Study (Lab); 3 Chemical Protective Clothing ensembles (Human subjects; N = 8)

40 40

395 39.5

o 39 T 39
@ v
£ 385 £ 385
[= 1% o
: ;
> 38 > 38
Q o
o o
v v
S 375 S 375

37

37

36.5 36.5
40

C 20 40 60 80 100 0 20 40 60 80 100

Time (minutes) Time (minutes)

395
——A observed —+—A Modeled ——B observed —=B modeled

39

385

RMSE for each ensemble;
0.70°C for A,

T o 0.37°C for B,

0.25°C for C.

0 20 40 60 80 100

Time (minutes) [POtter, et a.l, 2018]

—+—Cobserved —+—Cmodeled

38

Core body temperature (°C)
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Heat Strain Decision Aid (HSDA) DHA’/-'
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Y F =21 _
Activi ‘® Heat Strain Decision Aid
Summary Switch Chart Type  Run Model ctivity

O &miRun ® 12 mi Ruck

Modify Course Length:
. Miles

& 1801 ki,
Movement Speed

|-"-_'.:"I'I|‘."I m"lrl.f- Tulbe
Carried Load (including armor if worn)
— [so]1s
Uniform
) Shorts/Tshiet (8) ACU ) ACU + armar

Temperature over Time 02 3

Compiletion Time

SELECTIONS

Work intensity:

Environment
— Very light
TE'TIFJ. - F|(deg. F
. Clothing:
Humidity: =% b-\

& Full Sun ) Partly Cloudy (O Cloudy () Hight
Wind: ® cam ) Gentle () Breezy () Windy Lighting conditions:

Full sun

e Empirically based —
* For use in materiel developer down-selection or assessment
e Customizable for specific end users
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Simplified Modeling of Cold Exposure Survival

DHAZ
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Survival Time (minutes)

Surface plot of survival at rest as a function of air temperature
(°C) and clothing insulation (clo)
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Constructed using data from Santee [1996]
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Modeling of Cold Response “&;

Defense Health Agency

__|metabolic heat production

vasomotor control

sweat production
[ s

a(t)

weighting of temperature measurements

TI(r .t) ................................. Te(r .t)
@)
CYL 1 ................................. CYL 6
Ta(t)
central

. environment [Xu & Werner, 1997!
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Human Representation “?

Core
Muscle

Fat ——
Skin

Air gap

Clothing

[Potter, et al., 2020b]
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Cold Weather Ensemble Decision Aid —
(COWEDA) D]-'A"

Inputs by Users:

* Environmental conditions
* Activity levels
* Clothing items for five body regions

(head, upper body, hands, lower body, feet)

l

Get biophysical properties from database

!

Calculate regional resistances

l

Run Six Cylinder Thermoregulatory Model

Outputs:
* Hand endurance times * Hypothermia times

\ * Foot endurance times * Comfort Time
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CoWEDA Displays
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Display can be changed ‘simple’ or ‘advanced’ input views

& Cold Weather Ensemble Decision Aid (Betajv1.0

| Menu || Help |

Cold Weather Ensemble
i Decision Aid

USARIEM

~ Emvironment @'

Air Temp. (-10C) | Extreme Culd] Cold TEmpeﬁteI

Wind Speed (1 m/fs) High | | Moderate | Low

~ Activity @

Avg Watts: Resting Results (Max 24 hours)

110 @Rest Olight O Moderate () Heavy

~ Results @
Bodly Section: Number of Hours Until Critical Temperature

% Cold Weather Ensemble Decision Aid (Betajv1.0

| Menu || Help |

- O X

~ Preset Clothing Selections @

Select One / Clear Selection ¥ Save
~ Clothing @

Head | ™
Upper Body | ™
Hands | ¥
Legs |*“
Feet |

 Command Buttons @

Reset All | | Plot Results |

Cold Weather Ensemble
’K Decision Aid

USARIEM
— Emviromment @

~ Preset Clothing Selections @

— [ %

[ 10 || | —

Air Tempergture

Relgtive Humigity | 75 |

ou
WindSpeed | 1 | [(mis | () —
- Activity @
Active Max 4 Hours) () 110 | W

Rest (Max 24 Hoursh |\ &)

Activity Selection: (Resting Results: Max 24 hours)

o

~ Results @

Body Section: Number of Hours Until Critical Temperature

Select One [ Clear Selection ¥ Save
~ Clothing @

Head |~
Upper Body | ¥
Hands | ¥
Legs |~
é Fest |~

=)

~ Command Buttons @

| ResetAll | | Plot Results |

[Potter, et al., 2020b] ]
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CoWEDA Results m'h’;
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Example Output, where (a) shows the area of outputs or plots can be generated

A Cold Weather Ensemble Decision Aid (Beta)v1.0 — O >
| Menu | | Help | - Preset Clothing Selections @
Mild Cold Weather Gear i Save
Cold Weather Ensemble ]
Decision Aid - Clothing ©
USARIEM .: Head |*
 Emvironment @
Air Tempergture ;-15.2] O | ——
Relative Humig 75 £ -
i ’ : | = Upper Body |~
WindSpeed | 1 | | mys | () —
~ Activity @)
Active (Max 4 Hours) | _J 110 W
Hands |~
Rest (Max 24 Hours) &)
Activity Selection: (Resting Results: Max 24 hours)
L
legs |*
~ Results @)
Body Section: Mumber of Hours Until Critical Temperature
Exposed(Frostbite) 0.9 Hr Inadequat
| xposed(Frostbite] rs nadequate l_|| Feet | ¥
|Feeti{Frostbite) 1.2 Hrs Limited K]
[Hands{Frostbite) 2.6 Hrs Adequate - |
)
[Body{Hypothermia) 219 Hrs deal M|| [ Command Buttons (@)
|Comfort(l\|l.ﬂ\] | | Reset All | | Plot Results |

[Potter, et al., 2020Db]
1
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CoWEDA Validation —
Predicted skin temperatures DHA’-

Cold stress [Assessment] —
Individual

4 Studies (Lab and Field);
Cold exposure 0 to -40 °C,
N =23

35 +
30 +
25 +
20 +

15 +

[Potter, et al., 2020b]

OBSERVED SKIN TEMPERATURE (°C)

10 +

0 5 10 15 20 25 30 35
MODELED SKIN TEMPERATURE (°C)
Note: error bars indicate weighted error of group mean data; solid line is linear regression plot
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Other Scenarios or Settings...

eeeeeeeeeeeeeeeeeee

Extreme highs, lows, and in between...

Immersion in water...

Underwater...

Disabled submarine...

Enclosed spaces (vehicles, aircrafts, etc.)...

Subterranean environments...
High altitude...

Space...

“Medically Ready Force...Ready Medical Force”
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Probability of Survival Decision Aid (PSDA) W

Defense Health Agency

[Xu, et al., 2008; 2014]
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Probability of Survival Decision Aid (PSDA)

Inputs

Outputs

DHAZ=

Defense Health Agency

) Cold Thermoregulation Model - Research Version 1.0

File View Help
Enviromental Parameters

Temperature Humidity Wind Speed

@ Uniform Celsius - Relative Hum (%) +  Meters /Sec =
() Nonunifom Inital Final Inital Final Inital Final
Whole Body 23000 2900 40.00 40.00 0.10 0.10
Head 29.00 2500 40.00 40.00 0.10 0.10
Torso 29.00 2500 40.00 40.00 0.10 0.10
Ams 23.00 29.00 40.00 40.00 0.10 0.10
Hands 29.00 2500 40.00 40.00 0.10 0.10
Legs 29.00 2500 40.00 40.00 0.10 0.10

Feet 29.00 25.00 40.00 40.00 0.10 0.10

Immersion  No Immersion (In Air} -

Clothing Parameters Time Parameters

@ 5]
S S Run Tme  Minutes = 60.00
User Defined -
Step Time  Minutss 10.00
Input CLO Input 1M
Head 0 0.46
T=s 072 0.39
Ams 0.54 04
Hands 0 0.38
Legs 107 0.38 )
= = = USARIEM

Warfighter Health & Performance

Energy Usage
Extemnal Workc (Watts)

Activity (Watts)

Physical Attributes

Gender @ Male

) Female

Height UserDefined = m. « 174

Weight User Defined = kg » 7600

Fat (%)  [C] Checkk

VoZMax [[] Check K

Age (Years)

Output Results
Core Temp (C) =

Skin Temp (C) =
Output Result Time (min) =

Scenario Events

A
[ Interval 2 [
[T] Interval 3
[T] Interval 4
[7] Interval 5
[T] Interval &
[T] Interval 7
[ Interval 8
[T] Interval 9

[[] Interval 10 =

m

Unlenown 137

Unkenown 44

20

Water Loss (kg) =
Water Loss (%) =

@ Automatic Mods

) Manual Mode

s - I R A E AL AR At AL

o |m

5
)

A

B e |t
Y

o

Lt i P L i

o

oo

W

5

5

oo

o

Lt i P L i

o

oo

W

Pooo |k
POS  Tmam Tmleg
t ¢
1 e xn
1 35 33
1 ¥ 3n
1 NM %%
1onE ER
1onE B

3638
#3%
#3}%
363
3638
k)
3
£ E0)
38
3638

Tahead Ts.Losu

c

008: 20

I u ¥ W x

Tahand Ts.leg
L c €

un e
1836 185€
1647 1664
1605 1618
1 1508

158

1588
1)
1586

78 154
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PSDA Inputs & Outputs

File View Help

Enviromental Parameters Physical Attributes
L] From File Name 2014.1.10 - 8.54.11 Probability of Survival
Air Temperature 10.0 Age 20 % Fithness |7 =
) 7]
Water Temperature 10.0 Sex % Male ' Female
Relative Humidity 40.0 [(%) ~ Height |Medium  ~| 510" |ft'in" »
Weight |Medium =) | 1765/ (b~ =
Wind Speed 0.2 |knots = [: i
Fat (%) |Medium - 23.3 5
-
Immersion State and Clothing Ensembles Results %
Immersion |Air/Boat . Cold Functional Time (hr) 23.1 g
= >
Heat Loss Coeff. aminar @ Turbulent ColciSurvival Time (hr) 2.8 =
[] Personal Floatation Device Dehyd. Survival Time (hr) 240.0 ﬁ
Clothing [
= Land Ensembles o
MNude / swimsuit
| Summer clothing, {T-shirt, light pants)
1 Fall / Spring clothing (long-sleeve shirt & med-weight pant|
l: Winter clothing (Parka & sweater & heavy weight pants)
| Calculate 0

18.4 204 224 244 264 284 304
Survival Time (hours)

[Xu, et al., 2008; 2014]
e
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Other Species... m'h';

Defense Health Agency

Respiratory heat loss

Evaporation from skin

. Ta, Tr, RH, V
Protective cover

Tk, RHk, Vk

Qk_evap

diff
)'Q | /

Tsk, Wsk

[ = core
[ = skin compartment
[ = clothing property

~
RS
Radiation to surroundingsurfaces

Qres

Qdry *—
[Berglund, et al., 2013] Qk_dry
\

[Berglund, et al., 2011] ]
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Canine Thermal Model DHA";'
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Journal of Thermal Biology 91 (2020) 102651

GContents lists available at ScienceDirect

Journal of Thermal Biology

ELSEVIER journal homepage: httpy/www.elsevier.com/locate/jtherbio

A canine thermal model for simulating temperature responses of military e |

working dogs

Adam W. Potter >, Larry G. Berglund ®, Catherine O’Brien”

® Binphysics and Biomedical Modeling Division, U5, Army Research Instirute of Emvironmental Medicine, 10 General Greene Avenue, Bldg 42, Narick, MA, 01760-5007,

UsA

¥ Thermal and Mountain Medicine Divizion, U.5. Army Research Instinete of Emvironmental Medicing, 10 General Greene Avenue, Bldg 42, Natick, MA, 01760-5007,

usA

ARTICLEINFO ABETRACT

Keywords: Military working dogs (MWDz) are often required to operate in dangerous or extreme environments, to include

1:]“: ) het and humid climate conditions. These scenarios can put MWD at significant risk of heat injury. To address this
a3l rirain e e F_ . Mt h et W oaM Mt W__*__ W ___ &% _____ & ¥ _ A4 x_ W _a am _
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Canine Thermal Model DHA";'
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ISR -
ECanine Thermal Model v. 1.2
42 - - 20 - 100 T
__ 106
40 - Core Temperature - 15 e
- 80 =
- 38 1 - 10 g | ' '
g = leo E 2
e
E_ 2 3 %0 20 4 s 80 100 12014
8 36 - S = 4 = Time (min)
® MET level w =
@ ] = |40 s
2 a4 L 0
8 DRAW GRAPH
- 20 ACTIVITIES
32 4 . 5 CONDITIONS \CTIVITIES
_ SCENARIO SETTINGS
PBMIW Scenario Id
30 T T - ‘10 - D
0 100 200 300 Targot R
Time, min
S Temp (°F) 100.94
ENVIRONMENT CONDITIONS
[Potter, et al., 2020a] - -
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Key Takeaways DHAZ

eeeeeeeeeeeeeeeeeee

" Heat loss or gain can be effectively modeled when
key parameters are known (or estimated).

= Metabolic heat production (e.g., heat produced from
work) and clothing properties (insulation / vapor
permeability) can significantly influence heat gain or
loss.

= Scientifically-based decision aids can be used for risk
mitigation, mission planning, and optimization.
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To receive CE/CME credit, you must register by 0745 ET on 25 September 2020 to qualify for the receipt of
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