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Abstract
The Arctic is one of the harshest environments due to remoteness and freezing temperatures, but Indigenous peoples have

successfully persisted there for centuries through the development of protective garments. Limited research suggests that
Indigenous-made garments provide excellent insulation. Contributing to this research, the insulation of Indigenous-made
garments was measured using a thermal manikin, alongside issued clothing. Complimenting this laboratory work, Indige-
nous craft producers, Canadian Rangers, Coast Guard Auxiliary, and Government of Canada employees were interviewed and
surveyed. It was found that some Indigenous-made garments had similar levels of insulation compared to issued clothing,
while others were higher. Interview and surveys highlighted the benefits of Indigenous-made clothing. Interviewees almost
universally supplemented their issued clothing to stay warmer, and want to support craft producers through purchasing prod-
ucts. Craft producers prefer using natural and traditional materials due to performance and longevity. Additionally, the act
of creating their products has cultural significance with perceived positive mental health benefits. This foundational study
demonstrated what Indigenous peoples have known for centuries: garments made with natural materials offer excellent pro-
tection, increasing safety in challenging conditions. Procurement of Indigenous-made clothing can increase the opportunities
for craft producers, bolster Northern economies, and benefit employees in their work.

Key words: thermal manikin, Indigenous, cold weather clothing, thermal protection, Northern economies

Traditional knowledge
Responsibility and ownership over this information is

spread across several distinct communities. Use will be de-
pendent upon discussion and negotiation with the multi-
ple Northern communities named in the Acknowledgements
and Contributions section. Decisions about use will need to
be decided collectively. As an external user of this informa-
tion, you are asked to recognize and respect cultural proto-
cols in relation to the use of this material and clear your in-
tended use with the relevant communities.

Introduction
The Canadian Arctic is one of the harshest environments

on the Earth due to its remote nature and freezing tempera-
tures that can often drop below −30 ◦C (Environment Canada
2023). Even though it is a harsh environment, Government of
Canada (GoC) personnel routinely need to operate in the Arc-
tic as part of their duties. To help protect them from freez-

ing temperatures and to enable them to perform their duties
safely, personnel are issued personal protective equipment
(PPE). Despite the provision of PPE, feedback from GoC per-
sonnel indicate that the issued garments may not be suffi-
cient for use in the Arctic depending on the weather, with
reports of frost bite and other cold related injuries occurring
nonetheless (Sullivan-Kwantes et al. 2020).

Indigenous peoples have successfully lived and worked
in the environment of the Canadian Arctic for centuries,
through the development of garments to protect themselves
from the harsh conditions. Indigenous Knowledge (IK) pro-
vides leadership when it comes to protecting people from the
elements in Canada’s northern environments. As acknowl-
edged by the GoC in its reconciliation documents (Truth
and Reconciliation Commission of Canada 2015), and as
proposed by Inuit Tapiriit Kanatami in its National Inuit
Strategy on Research (Inuit Tapiriit Kanatami 2018) there
are equal and different ways of knowing to those of west-
ern science. Indigenous garments have been developed with
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natural items, through observations and experience that
the component materials have properties that promote wa-
ter resistance, wicking, and heat retention; all properties
required for survival in the challenging conditions of the
Arctic.

Even though Canada’s Indigenous peoples have established
through the use of IK that their clothing systems enable them
to live and work successfully in the harsh Canadian Arctic,
few studies have supported Indigenous peoples in demon-
strating their expertise and knowledge of the thermal perfor-
mance of clothing in a format that is comparable to studies
done for conventional PPE; to date, only three relevant to the
current study.

A previous study by Oakes et al. (1995) compared the ther-
mal performance of a clothing ensemble consisting of natural
materials (e.g., inner and outer caribou skin parka; caribou
skin outer pants; caribou skin stockings; seal skin boots; and
caribou skinmittens) against two western style ensembles. In
contrast to using human participants, Havenith (2010) used a
thermal manikin to measure the thermal insulation of cloth-
ing representative of what was worn by Robert F. Scott and
Roald Amundsen in their race to the South Pole, clothing
representative of that worn by Georgy Mallroy when he as-
cended Mount Everest, and modern-day clothing. Finally, a
later study by Hill et al. (2020) also examined the thermal per-
formance of caribou skin clothing compared to a standard-
issue Canadian army, winter uniform, and an ensemble con-
sisting of modern retail garments designed for extreme cold.
The results of these studies will be discussed later, in the con-
text of the results from the current study.

Although not directly comparable to the current study,
Dabrowska and Bartkowiak (2017) examined other natural
fibers besides caribou, investigating properties of non-woven
thermoplastic fibres, goose down, and duck down. The au-
thors found that the goose and duck down had higher ther-
mal resistance values compared to the non-woven thermo-
plastic fibres, indicating that the natural materials would
provide higher thermal insulation when used in PPE. Inter-
estingly, Dabrowska and Bartkowiak (2017) found that the
non-woven thermoplastic fibres had lower water vapor resis-
tance, allowing for moisture to be more easily transported
through clothing, which would be beneficial if the garments
were damp, or if physical activity increased.

This small body of existing work suggests that natural
materials provide excellent thermal protection and are ex-
tremely beneficial to allow people to operate in the Arctic.
To contribute to this growing knowledge base, the National
Research Council Canada (NRC) conducted a collaborative,
exploratory study using a thermal manikin to measure the
insulation of garments made by Indigenous craft producers.
Distinctively, the current study brought together IK and west-
ern science, with a wider range of garments as well as contri-
butions from the craft producers via interviews and surveys.
This approach is still in its infancy in applied science and
engineering disciplines (see, for example, Greenwood et al.
2025). In addition, the study takes a unique view, examining
how personal protective clothing assigned to GoC staff could
be replaced by Indigenous-made clothing. This included in-
terviewing GoC staff about their preferences for PPE and why

some prefer to use Indigenous-made garments. Combined,
this study contributes to the knowledge base by:

r Measuring the thermal insulation of a wider variety of cold
weather garments made by Indigenous craft producers for
use in Arctic conditions.

r Measuring the thermal insulation of various clothing gar-
ments and ensembles used by GoC personnel staff with op-
erational requirements in the North.

r Working with craft producers to understand the thermal
and other properties valued in the clothing, care require-
ments and garment preferences for different activities.

r Comparing the results between the various garments to
determine if clothing made by Indigenous craft producers
could provide ameans tomeet Canadian Federal (e.g., Cana-
dian Coast Guard, Fisheries and Oceans, Parks Canada and
Department of National Defence) operational challenges in
protecting personnel in cold environments.

Understanding how the thermal performance of garments
made by Indigenous craft producers compare to existing GoC
issued PPE may allow for areas of potential improvement to
be identified. If there are areas for improvement, this would
create opportunities for garments made by Indigenous craft
producers be considered for future procurement opportuni-
ties by the GoC. These procurement opportunities may in
turn help to remove barriers to economic diversification,
by improving the opportunities for individuals’ small enter-
prises. The project’s objective, outcomes, and impacts are
summarized in Fig. 1.

Materials and methods

Craft organizations support and input
At the outset of this project, the research team had a series

of meetings with its crafting partners: the Nunavut Develop-
ment Corporation Cultural Industries; the Northwest Terri-
tories Arts Program; the Nunatsiavut Arts Program; and the
Craft Council of Newfoundland and Labrador. Thesemeetings
determined the types of garments to be evaluated and identi-
fied the craft producers, chosen from across Inuit Nunangat
and northern First Nations communities.

Once the garments were chosen (Fig. 2), the Craft Council
of Newfoundland and Labrador acted as the lead organiza-
tion for procuring the clothing for testing at full market rate
from each of the craft producers. In addition, small contracts
with the chosen craft producers were put in place to support
their time to provide input into the project via interviews,
including details about the material they use, their chosen
construction methods, and any other relevant information.

Clothing garments
In addition to the garments procured from the Indige-

nous craft producers, reference clothing used for northern
operations by Parks Canada, the Canadian Coast Guard, and
the Department of National Defence were supplied. This
manuscript provides results pertaining to the Parks Canada
and Canadian Coast Guard tests. A list of the select garments
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Fig. 1. Project objective, outcomes, and impacts.

Fig. 2. Tested clothing.

reported on in this manuscript are given in Tables 1, 2, and
3. More garments were tested (Barker et al. 2022), but to keep
thismanuscript at an acceptable length, only the results from
select ones are reported. The garments and ensembles re-
ported in this manuscript are of a similar insulation value
to those not described, and were chosen as representatives
of that value. All garments were a size ‘Medium’ and two sets
of each were provided or procured.

Thermal manikin (NEMO)
All tests were conducted using a 23-zone submersible ther-

mal manikin, NEMO (Thermetrics, Seattle, USA) (Fig. 3). Each
of the 23 independently heated zones contain a heater, and

two precision thermistors for measuring skin temperature.
While NEMO is capable of being submerged, all tests for this
project were conducted in the air. NEMO was dressed in dif-
ferent garments to create various ensembles that would be
representative of what a person may wear in harsh environ-
ments, and to allow for comparisons between garments. For
example, an ensemble might consist of the NRC base layer,
as well as a toque, parka, wind pants, mittens and boots.

Procedure——laboratory tests
All tests were conducted in the Thermal Measurements

Lab (TML), located in the NRC’s St. John’s facility. The
TML is a temperature-controlled facility that is capable of
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Table 1. National Research Council Canada standard base layer ensembles.

Base Layer Garments Description

Underwear briefs 100% cotton

Underwear jersey 100% cotton

T-shirt 100% cotton

Long sleeved shirt 100% cotton

Pants 60% polyester; 30% cotton; 10% viscose

Socks 82% cotton; 15% polyester; 3% spandex

Toque Shell: 50% ragwool; 50% acrylic. Lining: 100% polyester

Mittens Outdoor Research� Mutant Mitts – 330D Cordura�
Gore-Tex� fabric outer shell. Inner liner not used.

Boots 90% neoprene; 10% nylon boots

Note: Based on ASTM F2732-16 (ASTM 2016b).

Table 2. Government of Canada cold weather garments reported in this paper.

Garment Description

Canadian coast guard (CCG) parka CCG standard issue parka with heavyweight insert

CCG custom inner jacket Off the shelf commercial option with 3L Gore-Tex Pro �

CCG custom pants Off the shelf commercial option with G-LOFT� insulation (100 g) with Gore Windstopper� outer fabric

CCG custom outer jacket Off the shelf commercial option with G-LOFT� insulation (body: 220 g.m−2; Arms: 145 g.m−2) with Gore
Windstopper� outer fabric

Parks Canada shirt 98% nylon, 2% spandex

Parks Canada socks Merino wool/nylon socks

Parks Canada long underwear 100% Merino wool

Parks Canada undershirt 100% Merino wool long sleeved crewneck shirt

Parks Canada toque 50%–50% Merino wool-acrylic blend chef style hat

Parks Canada mittens Leather mittens with 100% polyester fill

Parks Canada pants Cargo pants, silicone polymer encapsulation, plain weave, DWR, 99% nylon, 1% spandex, 161 g/m2 cargo
pants

Parks Canada bib liner for pants 100% nylon with powderfill, 100 g/m2

Parks Canada leather dress gloves Leather gloves with 100% polyester fleece insulation

Parks Canada parka 100% polyamide (Primaloft�) 100% insulation, coyote fur trim on removable insulated hood

Table 3. Indigenous craft producer garments reported in this paper.

Garment Description

Bison hide mittens Mittens made with bison hide and sheared beaver fur

Parka Pull over hunting style parka with fur lined hood and double sided Nylon outer shell. Inside lined with
RadianTex™ and Nylon–Oxford style weave.

Wind pants Double sided nylon outer shell bib style pants with Hollowfill (hollow-strand polyester fibre).

Beaver fur mittens Mittens made with beaver fur on the outside and lined with Sherpa faux-fur (polyester and acrylic blend).

Seal mittens Mittens made with seal fur on the outside; interior lined with Sherpa faux-fur; genuine leather palms.

Fur hand warmers Sheared beaver hand warmers worn inside mittens

Beaver gauntlets Long haired beaver on outside; synthetic Sherpa faux-fur lining on inside; tanned moose hide on palms

Siliapik parka Soft shell outer liner; quilted inner liner

Sealskin long hunting mittens Mittens made with seal fur on the outside; interior lined with Sherpa faux-fur; genuine leather palms.
Trigger finger style mitten.

Duffle Parka Soft shell outer liner; thermal quilted inner liner

Long mittens Thick pile lining mittens, with RadianTex™ liner between the inner and outer layers

maintaining an air temperature (Ta) over a range of 4–30 ◦C,
which is monitored by a pair of thermistors. Ta was set to
4 ◦C in the TML, and NEMO was suspended from an overhead
crane located in the TML (Fig. 3, left) by two hooks under-
neath its armpits, for all tests.

All clothing garments and ensembleswere tested according
to ASTM F1291-16 (ASTM 2016a) and ASTM F2732-16 (ASTM
2016b) with some deviations that were agreed upon at the
outset of testing, including using a modified calibration pro-
cedure, using two tests instead of three per ensemble and
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Fig. 3. Thermal manikin, NEMO, in National Research Coun-
cil Canada’s (NRC) Thermal Measurements Lab (left), and
wearing the NRC base layer ensemble (right).

using a higher mean skin temperature (40 ◦C) for Nemo. Fur-
ther details about these modifications may be found in the
Annex to this paper.

A stationary Honeywell Advanced QuietSet fan generated
wind at approximately 0.4m·s−1 at the chest height of NEMO.
The wind velocity was measured using an anemometer inte-
grated into NEMO’s data acquisition system, which was posi-
tioned at chest height for each test. Figure 3 (right) shows the
position of the wind anemometer during testing. The fan is
not visible in any photo, as it was behind the camera being
used to take the pictures.

Ta values used to calculate the thermal insulation were
measured by NEMO using the mean from two separate ther-
mistors, which are part of the data acquisition system of the
thermal manikin. These two thermistors were suspended in
the air next to the manikin near the left shoulder and an-
kle for all tests (Fig. 3, right). All garments were hung on a
coat rack in the TML for at least 12 h prior to testing to al-
low them to acclimatize with the facility environment. The
NRC Base Layer ensemble (Table 1) was used as the base layer
for all tests, unless a specific component of it were replaced
with the garment being tested (e.g., NRC Base Layer mittens
replaced with Bison mittens).

Once NEMO was dressed in the various garments to create
the specified ensemble, it was programmed to raise its Tsk to
40 ◦C andmaintain it for the duration of the test. Once NEMO
reached a thermal steady state, a minimum of 30 min of data

were collected. ASTM F1291-16 (ASTM 2016a) defines steady
state as less than 3% variation in Tsk and power output of the
thermal manikin. Tests were not a fixed duration, and ran
as long as necessary to collect the 30 min of thermal steady
state data. The last 30 min of steady state data were averaged
to calculate thermal resistance.

After the test was completed, NEMO was undressed and
allowed to cool down to the point where its skin tempera-
ture was near equal to room temperature. NEMO was then
redressed in the same ensemble and the test repeated. In ad-
dition to the ensembles, nude tests were performed where
NEMO was suspended by the hooks while wearing no cloth-
ing garments. These tests were performed to measure the
thermal insulation of the air layer around NEMO.

Procedure——interviews and surveys
Research licenses were applied for and received for each

of the jurisdictions in which interviews might have oc-
curred: the Northwest Territories, Nunavut, and Nunatsi-
avut in Northern Canada. The National Research Council of
Canada’s Research Ethics Board provided research ethics ap-
proval for the interviews. All participants gave their consent
to participate before being interviewed. Research was con-
ducted with 20 participants: eight craft producers across the
Northwest Territories, Nunavut, and Nunatsiavut, two Cana-
dian Rangers, one Coast Guard Auxiliary member, and nine
GoC employees, with locations ranging across the North.
It is noted that 22 Craft Producers and 18 GoC employees
were contacted to be interviewed. Although the response
sample size was smaller than anticipated, the responses
provide sufficient insight into craft producer expertise and
personal preferences when it comes to personal protective
equipment.

One of the core elements for the research interviews was
the inclusion of Indigenous methodologies. This was consid-
ered deeply, by allowing the craft producers to share, redact,
and remove what they like, allowing them to opt-out of con-
sent at any point in time, and allowing stories to be an inte-
gral part of learning and listening. The craft producers in In-
digenous communities are often elders, specifically women,
and they have a lot to share regarding traditional arts; but
they have also watched the world change rapidly in front of
them and they bring those insights and analysis into their
worldview. Respecting that and what they want to share is a
foundational part of interviewing elders in the North andwas
the foundation for the interview-based research conducted
for this project.

The research was done with two components. The
interview-based research was conducted with craft produc-
ers, Canadian Rangers, and Coast Guard Auxiliary. The CGA
and Rangers are volunteer-based organizations so they were
significantly harder to recruit for interviews or surveys. The
interviews took between 30 and 90 min. Then a survey
was conducted with GoC employees. The survey took ap-
proximately 10 min for individuals to complete. Questions
that were asked of the craft producers included those per-
taining to clothing choices and preferences, typical activi-
ties performed outdoors, material selection, clothing care,
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Fig. 4. Select ensembles: 3, 7, 15, 18.

Table 4. Mean [SD] STIV (clo), estimated TR2 (◦C), and TR4 (◦C) values for select ensembles reported in this paper (all ensembles
were tested with the NRC base layer ensemble).

Ensemble No. Description Mean [SD] STIV (clo) TR2 (◦C) TR4 (◦C)

BL NRC base layer ensemble 1.251 [0.046] 15.6 − 3.4

1 Parks Canada parka 2.206 [0.039] 3.0 − 29.2

2 Parks Canada parka and pants 2.539 [0.024] − 1.4 − 38.2

3 Parks Canada parka, pants, and bib lining 2.851 [0.012] − 5.5 − 46.6

4 Parks Canada parka, pants, bib lining, neck warmer, long socks, chef
hat, and leather mittens

2.905 [0.057] − 6.2 − 48.1

5 Commander and fur pull over parka 2.118 [0.006] 4.1 − 26.8

6 Commander and fur pull over parka and wind pants 3.162 [0.014] − 9.6 − 55.0

7 Parka lined with duffle 1.811 [0.002] 8.2 − 18.5

15 Siliapik parka 1.976 [0.009] 6.0 − 23.0

18 Commander and fur pull over parka, wind pants, beaver neck
warmer, beaver trapper hat, sealskin and fur long hunting mittens

3.353 [0.045] − 12.2 − 60.2

19 CCG Parka with NRC base layer ensemble 1.994 [0.073] 5.8 − 23.5

20 CCG Custom Clothing–Commercial outer jacket, commercial
insulated pants, commercial mid layer jacket.

3.142 [0.027] − 9.4 − 54.5

and clothing longevity. For the survey, questions centered
upon the types of clothing issued, whether the individ-
ual supplements their issued PPE, typical activities per-
formed as part of their northern duties, clothing preferences,
and care.

Results

Ensembles
Twenty-one different clothing ensembles (including the

base layer) were tested. Pictures of select ensembles are given
in Fig. 4. Some of these ensembles were comprised ofmany of
the same garments as others, with only small articles of cloth-
ing changed (like hand garments) to allow individual com-
parisons to be made. Therefore, no comparisons were made
between overall STIV clo values of each ensemble against all

the others as that would not provide an accurate assessment
of the thermal insulation of the different, smaller garments.
Instead, ensemble comparisons are made between those that
contain large garments that cover a large portion of the body.
Table 4 provides the mean STIV (clo) for select ensembles.
Figure 5 plots the estimated TR2 (◦C) and TR4 (◦C) values for
the same ensembles.

When comparing only the parkas themselves (Ensembles 1,
5, 7,15, and 19), the Parks Canada parka (Ensemble 1) had the
highest STIV of 2.21 clo. The Commander and Fur pullover
parka had a slightly lower STIV of 2.12 clo. The CCG parka
(Ensemble 19) had the next lowest STIV of 1.99 clo, followed
by the Siliapik parka (1.98 clo).

Ensembles that consisted of only a parka over the base
layer clothing (Ensembles: 1, 5, 7, 15, and 19) had lower STIV
compared to others that included garments that covered the
legs of NEMO (Table 4). As expected, regardless of how warm
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Fig. 5. Estimated temperature ratings (◦C) for various ensembles at TR2 and TR4.

a parka or jacket may be, wearing a garment that covers
the legs will always increase the STIV, allowing for lower
temperature ratings. The effects of adding outer pants to
an ensemble can be seen in comparing Ensembles 1 and 2
(Table 4), where the only difference is the addition of the
Parks Canada pants.

Comparing the ensembles that consisted of large garments
covering both the torso and legs, those that were composed
mainly of Parks Canada items (Ensembles 2 and 3) had lower
STIV compared to those that included garments from Indige-
nous craft producers (Ensembles 6 and 18——Table 4). Gener-
ally, ensembles that contained items from Indigenous craft
producers had higher STIV compared to those that did not.
The exception to this is Ensemble 20 which had one of the
highest STIV of 3.14 clo.

Ensembles 4 and 18 were comprised not just of large gar-
ments from Parks Canada and Indigenous craft producers,
but also smaller items such as neck warmers, mittens, and
socks. This was done to compare the overall STIV for ensem-
bles that were comprised entirely of one style of garments
(with the exception of a few items from the NRC base layer)
against the other. Ensemble 4 had a STIV of 2.91 clo, while
Ensemble 18 had a STIV of 3.35 clo, which was a 15% increase
(Table 4).

Hand garments
Pictures of a selection of the hand garments tested are

given in Fig. 6, while Table 5 provides the mean clo values
(clo) for the various hand garments tested. Similar to the re-
sults from the large garments, hand garments made by In-
digenous craft producers had a higher clo value compared to
the NRC base layermittens, and the Parks Canada leathermit-
tens (Table 5). These differences in clo values compared to the
base layer mittens (1.51 clo) ranged from small (Bison hide

Fig. 6. Examples of themittens tested in the laboratory. These
include: (center) base layer mittens and (clockwise from top)
beaver fur gauntlet, seal, sealskin and fur long hunting, bison
hide, shorter beaver fur, and Parks Canada issued mittens.

mittens: 1.73 clo;∼14% increase) to almost double (Sheepskin
long mittens: 2.83 clo; ∼87% increase).

Interviews
All of the craft producers gave similar responses:

r Handmade garments are warmer than their commercial
counterparts and that is why they chose to make them for
themselves, their families, and communities.

r Handmade clothing is more expensive than commercial
clothing but they unanimously agreed that it is worth the
investment.
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Fig. 7. Mean [SD] clo value (clo) for the various hard garments tested.

Table 5. Mean [SD] clo values (clo) for the various hand garments tested.

Hand garments Zone mean clo value (clo)

Mean [SD]

Base layer mittens 1.51 [0.02]

Parks Canada leather mittens 1.28 [0.04]

Parks Canada leather mittens with fur hand warmers 1.32 [0.16]

Bison hide mittens 1.73 [0.03]

Beaver fur mittens 2.77 [0.11]

Seal fur mittens 2.18 [0.07]

Beaver fur gauntlet mittens 2.15 [0.07]

Sealskin and fur long hunting mittens 1.97 [0.02]

Sheepskin long mittens 2.83 [0.16]

r Practicing traditional arts is good for them and their con-
nection to their cultures.

r Craft producers seemed to be the groupwho spent themost
time on the land, compared to GoC staff and the Rangers
and CGA. Some craft producers said that they spent weeks
at a time on the land, and would visit their camps as much
as bi-weekly for 2 or more days at a time.

Other observations provided by some of the craft produc-
ers included comments on construction, care and longevity,
and preferences. For example, with respect to construction,
the craft producers make their clothing differently accord-
ing to the different needs and uses of the person wearing
it. Clothing made for extreme use is made differently from
clothing for fashion. Most said that their clothing requires

no extra care other than drying the clothing out thoroughly
prior to storage, depending on how the material was tanned.
Most suggested that mittens, as the most common itemmen-
tioned, would last a minimum of 3 years. Other outerwear,
such as a fur trapper hat, producers said would last 20 years
or longer. Items such as parkas could last as long as 10 years,
with some lasting 70+ and passed down generationally. Their
personal preferences when they were on the land included
trapper hats, seal mittens lined with beaver, and homemade
parkas. They said that they would wear commercial snow
pants, commercial boots, and commercial base layers includ-
ing long johns and gloves.

For the Canadian Rangers and Coast Guard Auxiliary, they
said that this research needs to be done and is important.
Some of them wanted their voices heard because they do not
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often get to speak on these matters. Generally, the consistent
findings were:

r They spent 30+ days on the land a year as members of the
community, with 10+ being for their duties as Canadian
Rangers or CGA.

r They fully supplied their own outerwear, and chose to in-
clude elements of traditionally-made clothing.

r They would all be happy if they were supplied traditionally-
made clothing for their duties.

One variable finding was that some chose to include very
little elements of traditionally-made clothing for their volun-
teer responsibilities, such as only one pair of mittens, while
some chose to wear primarily traditional clothing.

Surveys
Of the nine respondents, most said that they were issued

clothing for the purposes of their work, that they had been
working 5 years or less in the north and everyone said that
they worked more than 5 days outside a year. For the ques-
tion “If you are issued clothing, does it allow you to com-
plete your work comfortably?”, 5/9 rated their comfortabil-
ity for issued clothing a 7 or below (with a 10 being most
comfortable). Employees were divided about the longevity of
their issued clothing. 5/9 said that their issued clothing last 6
years or less, but 3/9 also said that their issued clothing lasts
7 years. Of the nine respondents, all but two supplemented
their issued clothing in some manner. 7/9 said that they pre-
fer to mix commercially available clothing with traditionally-
made clothing, with one respondent saying that they prefer
only handmade products and one saying that they prefer only
commercial products. When asked what they were issued for
clothing, the employee descriptions can be grouped as out-
erwear, mid-layers, and underlayers. The responses varied by
organization, and largely aligned with the items tested in the
laboratory component of the research project (see Barker et
al. 2022).

Most GoC employees mentioned that traditionally-made
clothing works better, is warmer, and is more suited for
the conditions. Most also emphasized supporting local
economies by using Indigenous-made clothing. When asked
with what they choose to supplement their issued cloth-
ing, wool underlayers were frequently mentioned, as well
as fur mittens and hats. When asked what they preferred
to be handmade, all respondents indicated mittens. Almost-
unanimously mentioned were hats, as well as boots, boot lin-
ers, socks and parkas with fur trim.

When asked if there was anything else they wanted to
mention about the clothing they wear while working out-
doors in the north, respondents had a variety of comments,
ranging from their interest in supporting local Indigenous
economies through comments on the quality of issued cloth-
ing. A few respondents also reflected on the commercial
availability/timeliness of procurement of Indigenous cloth-
ing when compared to commercial clothing. There were
sometimes conflicting opinions on the subject of the per-
formance of Indigenous clothing compared to commercially-
available clothing; however, the comments focused upon

weight-to-warmth ratios versus the ability of a garment to
protect the wearer.

Discussion
While data exist that suggests natural materials such as an-

imal fur has superior thermal insulation compared to syn-
thetic materials, as previously mentioned, there is only a
small amount of published research comparing the two.

Reviewing the available previous studies, the first ensem-
ble studied in Oakes et al. (1995) was termed the caribou skin
ensemble and consisted of natural materials which included:
inner and outer caribou skin parka; caribou skin outer pants;
caribou skin stockings; seal skin boots; and caribou skin mit-
tens. The second ensemble was termed the ‘expedition en-
semble’ and used garments that were composed of nylon,
Thinsulate� and Gore-Tex�. The third was the arctic winter
Canadian military ensemble, and consisted of garments that
were composed of Polarguard�, Dermoflex�, and Nomex�

(Oakes et al. 1995). All three ensembles were tested across
12 participants sitting in −28◦C with 20 km·h−1 wind being
generated by fans. The authors found that the average skin
temperatures and comfort ratings dropped significantly less
when wearing the natural materials ensemble compared to
the other twowestern style ensembles (Oakes et al. 1995), sug-
gesting that the caribou ensemble offered better thermal pro-
tection than the other two ensembles. For the current study,
the larger garments (i.e., parkas and pants) made by Indige-
nous craft producers had a similar level of thermal insula-
tion compared to the Parks Canada and the CCG garments
(Table 4). Previously, Oakes et al. (1995) found that there was
significantly less drop in mean skin temperature and com-
fort ratings when wearing caribou skin compared to military
clothing. While our work in the current study used a ther-
mal manikin to determine thermal performance, compared
to the humans in Oakes et al. (1995), the results between the
two studies are in agreement. Ensemble 18, which was com-
prised of garments all from Indigenous craft producers that
contained a combination of natural and synthetic fibres, had
the highest STIV (3.35 clo) of all ensembles tested (Table 4),
indicating a higher level of thermal insulation compared to
those ensembles consisting of garments provided for GoC
PPE. Ensemble 6 had the next highest STIV (3.16 clo; Table 4)
which incorporated Indigenous-made garments (Commander
and Fur pull over parka and wind pants). The ensemble with
the third highest STIV was Ensemble 20, which was com-
prised of commercially-procured, off the shelf garments, and
it had a STIV (3.14 clo) extremely similar to that of Ensemble
6 (Table 4).

In contrast to using human participants, Havenith (2010)
used a thermal manikin, like the current study, to mea-
sure the thermal insulation of clothing representative of
what was worn by Robert F. Scott and Roald Amundsen
in their race to the South Pole, clothing representative of
that worn by Georgy Mallroy when he ascended Mount Ever-
est, and modern-day clothing. The Amundsen clothing con-
tained natural materials such as a reindeer skin anorak
with hood, seal skin pants, and reindeer mittens, while the
modern-day clothing used manmade materials such as
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polyethylene terephthalate, fleece, and down (Havenith
2010). Havenith found that the clothing ensemble represent-
ing that which was worn by Amundsen, which contained nat-
ural materials like reindeer and seal skin, had a near simi-
lar level of thermal insulation compared to the modern-day
clothing that used man-made materials such as fleece, and
performed well when exposed to wind (Havenith 2010). Our
findings are also similar to the results from Havenith (2010):
ensembles that had larger garments (e.g., jackets and pull
overs) from Indigenous craft producers (e.g., Ensembles 5, 6,
and 15) had similar STIV compared to ensembles with com-
mercial garments used by GoC personnel (e.g., Ensembles 1
and 2).

To compare different ensembles, Hill et al. (2020) used ther-
mal imaging to quantify the temperature of the outer sur-
face of garments worn by two participants in −22 ◦C air. The
authors found that an ensemble consisting of caribou skin
garments was similar to the modern retail garment, in that
the outer surface temperatures of both were approximately
−22 ◦C, which suggests that both had enough thermal insu-
lation to prevent heat loss from warming the outer surface
(Hill et al. 2020). The authors reported that the army winter
uniform ensemble was inferior as it allowed the outer sur-
face to warm to −18.9 ◦C, suggesting that it had less thermal
insulation than the other two ensembles (Hill et al. 2020).
Hill et al. (2020) also reported that since the caribou garment
ensembles did not use zippers, there was no heat leakage
around these structures, while there was in the other two
ensembles which did use them. Similarly, Hill et al. (2020)
also found that garments that used natural materials, such as
caribou skin, were similar to modern extreme cold weather
gear, and found it superior to the army winter uniform they
tested. In the current study, while Ensemble 18 had the high-
est STIV out of all the ensembles tested; this included addi-
tional Indigenous garments such as the beaver trapper hat,
and sealskin and fur long hunting mittens. Ensemble 20 had
high quality commercially-procured garments, along with
the base layer mittens and hat. Ensemble 6 was a compara-
ble ensemble to Ensemble 20, as it used the similar base layer
mittens and hat. As previouslymentioned, the STIV of Ensem-
bles 6 and 20 were extremely similar (3.16 clo and 3.14 clo,
respectively), showing that these Indigenous-made garments
performed similarly to high quality commercially-procured
garments, which is in agreement with the findings of Hill et
al. (2020).

Going beyond these previous studies, the current study ex-
amined component garments in-depth. Unlike the larger gar-
ment results, the increase in clo value from the base layer
and Parks Canada mittens to Indigenous garments was much
larger (Table 5). The Indigenous-made hand garments with
the lowest clo value were the Bison hide mittens (1.73 clo),
which was an increase of 14.5% compared to the base layer
mittens (1.51 clo) (Table 5). The beavermittens had a clo value
of 2.77 clo, which was an astounding 83.2% increase in insula-
tion compared to the base layer mittens (Table 5). Compared
to the base layer and Parks Canada hand garments with a
combination of leather and synthetic materials, all of the In-
digenous hand garmentsmadewith natural fibers had higher
clo values. This result expands the findings of Dabrowska and

Bartkowiak (2017) which found that natural materials had
higher insulation compared to synthetic materials, by indi-
cating that this holds true once these component materials
are incorporated into garments.

Previous work by Fallahi et al. (2017b) provided estimates
for hand garment clo value to prevent frostbite of human
fingers for different lengths of time across a range of tem-
peratures (Fig. 8). These estimations were derived from a 3D
model of the human finger that assumed the individual was
stationary, and not physically active (Fallahi et al. 2017a). For
example, if an individual was stationary for 60 min outside
at a temperature of −20 ◦C with a wind velocity of 3.0 m·s−1,
the clo value of a hand garment to prevent frostbite should
be about 0.45 clo or higher. For the same person to be outside
at the identical temperature for 180 min, the clo value of the
hand garment would need to be 1.00 clo or higher.

Based on estimations from Fallahi et al. (2017b), all of the
hand garments tested have a sufficient amount of thermal in-
sulation to prevent frostbite in −30 ◦C air (with wind at a ve-
locity of 3 m·s−1) for a 60 min exposure. If the exposure time
was increased to 120 min, all hand garments would again
have a sufficient amount of insulation to prevent frostbite,
except Parks Canada leather mittens would be very close to
the minimum amount required at −30 ◦C (1.32 clo). The ad-
dition of the fur warmer bundles to the Parks Canada leather
mittens provided a slight increase in thermal insulation (1.28
clo to 1.32 clo; Table 5) which would allow them to meet
the 120 min exposure duration at −30 ◦C. Although it can-
not be called a rigorous comparison given the extremely
small number of observations, this small difference is im-
pactful given that the fur warmer bundles can be simply
added to any hand garment to increase the overall ther-
mal insulation. If the exposure time was 180 min, then only
the hand garments made by the Indigenous craft producers
would have a sufficient amount of thermal insulation to pre-
vent frostbite in −30 ◦C ambient air. This is summarized in
Fig. 9.

When comparing the present results with the Fallahi et al.
(2017b) estimations for prevention of frostbite, the results of
this study have great importance for operational exercises
and duties carried out by GoC staff working in harsh envi-
ronmental conditions, whose duties could potentially require
them to be outdoors in cold weather for extended periods (>2
h) of time. For example, the uniform mittens issued to Parks
Canada staff, under the conditions as described by Fallahi et
al. (2017a), would only enable staff to be outside for less than
2 h prior to the onsite of frostbite. The use of Indigenous
hand garments could increase operational performance for
GoC staff by enabling individuals to be outside for extended
periods of time, with reduced risk of frostbite.

The results from the laboratory component of this study
suggest that some garments, such as parkas, made by In-
digenous craft producers can be comparable in thermal in-
sulation to clothing currently being used by GoC employees.
Moreover, other garments made by Indigenous craft produc-
ers, like mittens, exceed the thermal insulation of existing
GoC clothing, which could allow for increased performance
in harsh environments by protecting people in colder tem-
peratures for a longer period of time. The results in this
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Fig. 8. Estimated hand garment clo value (clo) to prevent frostbite in human fingers in 3 m.s−1 for various durations (min)
across a range of ambient air temperature (◦C) (adapted from Fallahi et al. 2017b).

Fig. 9. Estimated performance of the tested mittens under the frostbite conditions presented by Fallahi et al. (2017b).

current study provide foundational knowledge on how se-
lect Indigenous-made garments compare to existing GoC PPE.
These results show that there exists the opportunity to inte-
grate garments from Indigenous craft producers into existing
GoC PPE ensembles with no significant loss in thermal insu-
lation, and possibly even increasing the protection provided

in certain cases, such as Indigenous-made mittens to reduce
the likelihood of frostbite.

With respect to broader considerations for use, the inter-
views and survey indicated that Indigenous-made clothing
could provide an opportunity to address PPE fit concerns (of-
ten for women) brought forward by some GoC employees.
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With smaller procurement volumes, this could be feasible
and lead to better-fitting and safer PPE options. Another take-
away is that customization for purpose-driven needs could
also be achieved for smaller-volume procurements. Procure-
ment times, warmth-to-weight ratios, and waterproofing of
some types of Indigenous-made garments were the two draw-
backs mentioned with respect to potentially supplement-
ing issued PPE. Mittens were the most-commonly mentioned
item with which employees personally supplemented their
issued PPE. Fur mittens and hood liners were also frequently
mentioned as important. That hood liners were noted in par-
ticular is of interest, given the commercial parka industry’s
move away from using fur in their products. Anecdotal com-
ments from the northern academic, federal research, and
tourism sectors indicated that there is a push away from syn-
thetic fur, as a derivative plastic product, due to concerns
about the prevalence of plastics from clothing sources in the
environment, leading to personal preferences for organicma-
terials where feasible.

Suggestions for future research
On the technical side, additional laboratory researchwould

be beneficial in determining how things such as garment
wetting due to weather, sweating, or insulation consistency
across different suppliers would impact the overall thermal
insulation.

Beyond the technical nature of this research, this project
demonstrates a means to fulfill two major gaps: economic
development in northern communities through the creation
of a pool of craft producers, and safe PPE for GoC employees.
Both of these are important for northern communities and
GoC staff. However, there are ways to utilize this project to
develop communities not just economically, but also tradi-
tionally and relationally.

With respect to traditional considerations, several craft
producers brought up the idea that creating traditional crafts
is important culturally for them. This is because due to the
changes in the type of economy, people are having to focus
more on monetary survival than traditional or cultural sur-
vival, i.e., traditional fine arts making, hide production, tra-
ditional hunting practices, etc. Continuing to explore how
procurement could support traditional craft production in a
further phase by working with northern Indigenous govern-
ments and organizations would be beneficial to that end.

For relational possibilities related to this project, some con-
siderations could include:

r the development of “makerspaces” or some style of shared
spaces;

r a mentor-apprentice program, where elders and youth get
to connect through the art of making traditional clothing;

r crafting circles, where community members get together
to create clothing for this type of procurement, but have
time to connect while doing so;

r community hunts, where elders take youth out on the
land to hunt materials that could be used for this type of
procurement——a seal hunt camp, for example.

Some of these might be more viable options than others,
but they are representative of projects that have been con-
ducted in the North in the past, that could also be incorpo-
rated into a research and development context.

Summary
The goal of this foundational, exploratory study was to

investigate how Indigenous clothing could be part of harsh
weather PPE, leading to increased personal safety and secu-
rity in Arctic environments. It did so in two ways, first by us-
ing a thermal manikin to measure the insulation provided
by various garments made by Indigenous craft producers,
and comparing the values to clothing currently used by GoC
personnel in harsh environments. The garments were assem-
bled into various ensembles: those comprised of GoC issued
clothing; those comprised of garments made by Indigenous
craft producers; and a mixture of both. It was found that
the majority of garments made by Indigenous craft produc-
ers were comparable to the GoC issued clothing. The larger
garments made by Indigenous craft producers such as coats
and bib pants had comparable STIV compared to the GoC is-
sued clothing, while the hand garments generally had higher
clo values. These results suggest that integrating specific gar-
ments made by Indigenous craft producers, such as beaver
mittens, can increase the thermal protection of the wearer,
allowing for greater protection and performance in cold en-
vironments.

Secondly, through interviews or surveys with craft produc-
ers, CGA and Canadian Ranger volunteers, and GoC staff,
the benefits and preferences with respect to using northern
Indigenous-made clothing was highlighted. GoC staff inter-
viewed almost universally supplemented their issued cloth-
ing and personal protective equipment to stay warmer at
work. Those same staff members are interested in the oppor-
tunities to support Indigenous craft producers through the
purchase of their products. Craft producers prefer using nat-
ural and traditional materials due to warmth, performance,
and longevity. And the act of creating their products has cul-
tural significance with perceived positive mental health ben-
efits.

This study may be viewed as a first step for a number of op-
portunities. It was an opportunity for some Indigenous craft
producers to have (typically) hard-to-access laboratory perfor-
mance evaluations of their harsh environment clothing. It
has similarly been an opportunity to examine how these gar-
ments compare to commercially available products currently
in use by GoC Departments and Agencies with operational
requirements in the North, and how they could augment the
performance of those issued PPE items. It was also an oppor-
tunity for those same GoC Departments and Agencies to ex-
amine first-hand how Indigenous clothingmay be able to play
a role in increasing occupational safety for their staff when
carrying out their duties in the North.

However, the biggest opportunity for this project is that
through this means to fiscally support Northern communi-
ties through the development of a pool of craft producers,
to produce a sufficient stock for purchase by the GoC, there
is also an opportunity for cultural, community, ceremonial,
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and craft resurgence in the North. One of the largest ways
thatmental health and general health can be improved in the
North is through connecting to the land; this project can also
fill that gap though investment via community craft produc-
ers. This type of investment could change the lives of people
living in Northern communities if this investment was done
correctly and over the long-term.

Indigenous peoples have successfully lived and worked in
the harsh environment of the Canadian Arctic for centuries
due to their experience, knowledge and expertise of how to
protect themselves from the elements. This study has sup-
ported what has been known to Indigenous peoples for cen-
turies: cold weather garments made from natural fibers such
as animal fur offer excellent protection from the extreme
conditions in the Arctic, and can allow a person to oper-
ate safely and effectively in the environment. It is our hope
that this study contributes to a growing knowledge base that
demonstrates the value of IK for operating in harsh envi-
ronments, and encourages others to investigate how they
may work with Indigenous craft producers to incorporate
Indigenous-made garments into their own PPE to increase
safety and effective operations in the Arctic.
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Appendix A. Testing standards and
calculations

Testing standards
All clothing garments and ensembleswere tested according

to ASTM F1291-16 (ASTM 2016a) and ASTM F2732-16 (ASTM
2016b) with some deviations that were agreed upon at the
outset of testing.

1. NEMO was not calibrated using a calibration ensemble as
described in ASTMF1291-16 (ASTM2016a). NRC-OCRE uses
a custom procedure (Mak et al. 2010) that verifies NEMO’s
power output by immersing it in a known volume of wa-
ter. Additionally, NEMO was calibrated through a proce-
dure compliant with ISO/IEC 17025 (International Orga-
nization for Standardization 2017) and ANSI/NCSL Z540.1
(American National Standard Institutes 2002).

2. NEMO was programmed to maintain a mean skin tem-
perature (Tsk) of 40 ◦C instead of 35 ◦C. This was done to
increase the thermal gradient between NEMO and the
ambient air temperature of the TML, which was set to
4 ◦C, which is the lowest stable temperature the facility
can maintain. Previous work by NRC with high insulation
clothing found that a Tsk of 35 ◦C resulted in a thermal
gradient that only required the heaters in NEMO to op-
erate with minimal, if any, power. Having the heaters in
NEMO operate with little to no power canmake it difficult
to get an accurate measurement of the thermal insulation
provided by an ensemble. By increasing Tsk to 40 ◦C, the
thermal gradient is increased, requiringmore power from
the heaters in NEMO, allowing formore accuratemeasure-
ments of thermal insulation of clothing ensembles with
high insulation.

3. Only two tests of each ensemble were performed, instead
of the three specified by ASTM F2732-16 (ASTM 2016b).

As these deviations to ASTM standards were chosen, the
tests cannot be said to have strictly followed ASTM proce-
dures. It was not the intention of this study to calculate ASTM
temperature ratings for the ensembles tested. ASTM F2732-
16 (ASTM 2016b) was used as a guideline to create a standard-
izedmethodology that would allow comparisons between the
Indigenous-made garments and the GoC clothing.
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Thermal insulation calculations

Parallel thermal resistance

NEMO’s onboard software (ThermDac) automatically calcu-
lates total thermal resistance using the parallel method (par-
allel thermal resistance) for each zone during the tests us-
ing the following equations specified in its operator’s manual
(Thermetrics 2007):

Rct = Tskin − Ta

(Q /A)
(1)

where Rct is the Zone thermal resistance (m2·◦C·W−1); Tskin is
the zone average temperature (◦C); Ta is the air temperature
(mean value from NEMO thermistors) (◦C); and Q/A is the area
weighted heat flux (W·m−2).

After the zone thermal resistance was calculated, parallel
thermal resistance was calculated using the following equa-
tion:

Rwtd (parallel) = 1
� Ai

(Atot·Rct )

(2)

where Rwtd (parallel) is the parallel thermal resistance
(m2·◦C·W−1); Ai is the zone surface area (m2); and Atot is the to-
tal surface area (m2).

Parallel clo value

Parallel thermal resistance values were converted to clo1

units using the following equation (Thermetrics 2007):

Rclo = Rwtd (parallel) · 6.45(3)

where Rclo is the parallel clo value.
The parallel clo value from each of the two tests were aver-

aged to get the mean value for each clothing ensemble.

Intrinsic thermal resistance

As per ASTM F2732-16 (ASTM 2016b), the intrinsic thermal
resistance of each clothing ensemblewas calculated using the
following equation:

Icl = It − ( Ia/ fcl )(4)

where Icl is the intrinsic thermal resistance (insulation) of the
clothing (clo); It is the total thermal resistance (insulation) of
the clothing and surface air layer around the manikin (clo),
which is equal to Rclo calculated using eq. 3. Ia is the ther-
mal resistance (insulation) of the air layer on the surface of
the nude manikin (clo). fcl is the clothing area factor (dimen-
sionless). A value of 1.25 was used for the NRC base layer en-

1 One clo is equal to the amount of insulation needed to keep a seated
person comfortable in air at a temperature of 21◦C, 50% or less rel-
ative humidity, with an air velocity of 0.1 m·s−1 (Golden and Tipton
2002).

semble, and a value of 1.35 was used for all other clothing
ensembles as per ASTM F2732-16 (ASTM 2016b).

Standardized total thermal resistance

Standardized total thermal resistance (insulation) was cal-
culated using the following equation as defined by ASTM
F2732-16 (ASTM 2016b):

It.s = Icl − ( Ia.s/ fcl )(5)

where Icl is the intrinsic thermal resistance (insulation) of
the clothing (clo); It,sis the standardized total thermal insula-
tion value (STIV) of the clothing and surface air layer around
the manikin (clo); Ia,sis the standardized thermal resistance
(insulation) of the air layer on the surface area of the nude
manikin which has a value of 0.5 clo.2 fcl is the clothing area
factor (dimensionless). A value of 1.35 was used for all the
clothing ensembles as per ASTM F2732-16 (ASTM 2016b).

All thermal insulation values are reported as clo values.
Where specified, the thermal insulation values for large gar-
ments (e.g., parkas), or ensembles contain multiple large gar-
ments (e.g., parka and pants) have their clo values reported
as STIV. STIV account for the thermal insulation provided by
both clothing and surface air layer around the manikin, and
allow for temperature ratings to be calculated (ASTM 2016b).

For the hand garments, the clo value was calculated using
eq. 1 (then multiplied by 6.45 to convert to clo) with the mea-
sured Tskin , Ta, and Q/A values from the left and right hand
zones of NEMO.

Estimated temperature rating calculations

The following equations, as specified3 by ASTM F2732-
16, were used to calculate temperature ratings for ensem-
bles that cover a substantial amount of body surface area
such as jackets, coats, and insulated pants (ASTM 2016b). As
there were deviations from the test standards specified in
ASTM F2732-16, and some ensembles had a different base
layer than was is prescribed in the standard, the temperature
ratings reported here are not “ASTM Temperature Ratings”
but are estimated values that would allow a person to re-
main in a thermoneutral condition for a givenmetabolic rate
and Ta.

TR2 = ((−23.78 · It, s + 89.93) − 32) · 5
9

(6)

TR4 = ((−48.61 · It, s + 86.70) − 32) · 5
9

(7)

2 The thermal resistance of the air layer measured with a nude
manikin (Ia) will vary from lab to lab due to air velocity and flow
patterns throughout the room. As a result, each lab will need to use
their own Ia value to determine Icl and use the standard Ia,s of 0.5
clo to calculate a standardized total thermal resistance (insulation)
value It,s for each clothing ensemble (ASTM 2016b).

3 The equations in ASTM 2732-16 provide the values in ◦F. The con-
version from ◦F to ◦C have been included in eqs. 6 and 7.
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where TR2 is the temperature rating (◦C) for a low level of
physical activity, which is equal to a metabolic equivalent4 of
2 (2MET). A low level of physical activity is equivalent to a per-
son walking very slowly (ASTM 2016b). TR4 is the temperature

4 One metabolic equivalent level of activity is equal to the amount
of energy consumed, and heat produced, by a person who is lying
down motionless.

rating (◦C) for a moderate level of physical activity, which is
equal to ametabolic equivalent of 4 (4 MET). Amoderate level
of physical activity is equivalent to a person walking very fast
(ASTM 2016b).
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