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Abstract: Extreme heat and poor air quality arising from landscape fires are an increasing global
concern driven by anthropogenic climate change. Previous studies have shown these environmental
conditions are associated with negative health outcomes for vulnerable people. Managing and
adapting to these conditions in a warming climate can present substantial difficulties, especially in
climates already challenging for human habitation. This study was set in the tropical city of Darwin,
Australia. We recruited individuals from population groups vulnerable to outdoor hazards: outdoor
workers, teachers and carers, and sportspeople, to participate in focus group discussions. We aimed
to gain an understanding of the impacts of extreme heat and poor air quality and how individuals
perceived and managed these environmental conditions. We identified a number of key themes
relating to impacts on health, work and activity, and adaptive behaviors, while identifying gaps in
policy and infrastructure that could improve the lives and protect the health of vulnerable people
living, working, and playing in this region. In addition, these outcomes potentially provide direction
for other regions with similar environmental challenges. Extreme heat and poor air quality place an
additional burden on the lives of people in high-risk settings, such as outdoor workers, teachers and
carers, and sportspeople.

Keywords: extreme heat; heatwave; air quality; bushfire smoke; heat stress; outdoor workers;
teachers; sportspeople

1. Introduction

Anthropogenic climate change is recognized as having a substantive and negative
impact on human health [1,2]. A changing climate has multiple direct and indirect impacts
on health that expand and amplify existing health risks [3]. One of the most significant of
these includes the increased risk of mortality and morbidity as a result of the increased
intensity and severity of natural events and environmental hazards, including heatwaves,
bushfires, floods, droughts, increased air pollution, and increased pollen loads [4,5].

Heatwaves (also known as extreme heat events) pose a particular threat, having killed
more people in Australia than all other natural disasters combined [6]. Heatwaves discrim-
inate to identified vulnerable populations such as the very old, the very young, outdoor
workers, and those with existing medical conditions [7]. Research conducted globally and
nationally demonstrate that heatwaves increase rates of mortality and morbidity [8] and
have a major impact on health service delivery and capacity [9–11]. Overall, there are
increasing negative health outcomes as temperatures increase [12]. Extreme heat causes
stress on the body via a number of physiological pathways. These include a redirection of
blood flow causing organ hypoxia and ischemia, systemic inflammation, cell damage, and
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cell death. This may lead to critical damage in various organs, including the heart, brain,
liver, and kidneys [13].

Smoke pollution and poor air quality from landscape fires are globally significant
public health problems [14]. Poor air quality provokes many immunological and stress
responses, which are critical pathways for the development and exacerbation of many
common diseases including ischemic heart disease, stroke, respiratory infections, and
asthma [15], leading to increased community mortality and morbidity [16–18]. Research
on the health impacts of the 2019–2020 Australian ‘Black Summer’ fire smoke emissions
estimated over 400 premature deaths and over 2000 additional hospital admissions [19].

1.1. Study Setting

Located in the far north of Australia’s tropical region, Darwin has the highest av-
erage temperature and relative humidity of all Australian capital cities (see Figure 1).
Environmental conditions are considered extreme enough during the build-up and wet
season (October–March) to cause workforce shortages in critical sectors [20]. The most
recent climate projections suggest Darwin may experience up to 317 days per year of
35 ◦C or above by 2090 if a high-emissions scenario is followed [21]. Darwin also experi-
ences severe smoke pollution every dry season, recording regular exceedances of the Aus-
tralian air quality standard for 24 h average concentrations of particulate matter less than
2.5 µm in diameter (PM2.5) [22]. A recently published study highlights the contribution of
savanna burns in the greater Northern Territory (NT) on reductions in local air quality in
Darwin [23]. Air pollution in Darwin is almost entirely caused by smoke from fires in the
surrounding savannas—vehicular and industrial sources of air pollution are relatively low
compared with other major cities, with 95% of Darwin’s particulate pollution attributable to
landscape fires [24]. Almost all early dry season fires are attributable to prescribed burning
practices [25].
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Given these considerations, Darwin offers an ideal location to consider the problem
of climate-related environmental hazard health impacts on vulnerable populations. Local
knowledge of the impact of these conditions is vital for both clinical surge capacity planning
and public health promotion campaigns both preceding and during these events. Under-
standing how these events impact vulnerable populations increases the overall adaptive
capacity of the community.

A number of current policy drivers support applied research on extreme heat risk
in the NT. These include the Northern Territory Climate Change Response: Towards 2050
document [26] and the Darwin Heat Mitigation and Adaptation Strategy [27]. The heat
mitigation strategy highlights the risk of extreme heat on vulnerable groups, including the
elderly, the very young, those who lack mobility or who are unable to adequately care for
themselves, those with limited resources to prepare or adapt, and those who are homeless.
The strategy also highlights outdoor workers, schools, and sports clubs as specific settings
or groups worthy of adopting actions to adapt their behaviors to manage extreme heat.

1.2. Research Aim and Questions

The aim of this project was to improve the understanding of extreme heat and poor
air quality impacts on vulnerable groups in the Darwin region. Therefore, our research
questions were:

• What are the specific impacts of extreme heat and poor air quality on vulnerable
groups in the Darwin region?

• How do vulnerable groups in the Darwin region perceive and manage episodes of
extreme heat and poor air quality?

Our research also aimed to target and address a number of identified recommendations
in the heat mitigation strategy, including “18. Explore and trial methods to better prevent
heat stress for people working or playing sport outdoors”, “21. Identify, learn from and
promote actions that improve heat-related livability in Darwin”, and “25. Identify, develop
and test innovative heat mitigation and adaptation approaches for Darwin” [27].

1.3. Ethics Statement

The study was conducted within an ethics proposal approved by the University of
Tasmania Human Research Ethics Committee (27058) with reciprocal approval from the
CSIRO Human Research Ethics Committee (053/22).

2. Methods
2.1. Study Design

A focus group methodology was employed to gain a greater understanding of the
impacts of heat and smoke on three specific vulnerable groups: (i) outdoor workers (OW),
(ii) teachers and carers (TC), and (iii) sportspeople who play and train in the build-up
and wet season (October to March) (SP). These groups were selected to provide a greater
understanding of the impacts on the identified vulnerable settings highlighted in the
Darwin Heat Mitigation and Adaptation Strategy.

2.2. Study Recruitment

Participants for each focus group were recruited using purposive sampling to obtain
representation from the respective identified vulnerable groups: outdoor workers, teachers
and carers, and sportspeople. This was achieved through social media, word-of-mouth,
and existing personal and professional networks. Recruitment was facilitated by a local
organization specializing in this field. Written consent was provided by each participant.
Participants were gifted a AUD 50 shopping voucher to compensate for their time.
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2.3. Data Collection and Analysis

A short, anonymous paper survey was conducted at the beginning of each focus
group to gather participant characteristics (see Appendix A). Focus group discussions were
recorded with the permission of participants (see Appendix B for focus group guiding
questions). Data from the three focus group interviews were de-identified, transcribed, and
analyzed with the Thomas data analysis framework [28]. Using an inductive approach, data
were sorted into themes and sub-themes common across all groups that elucidated the core
meaning of the data. A conceptual model based on the relevant themes and sub-themes
was developed. NVivo 12 software [29] was used to assist with inductive thematic analysis.

3. Results
3.1. Characteristics of Participants

Twenty-three participants in total took part in the three focus groups. Of those, 30%
were male and 70% were female. As presented in Table 1, participants in each focus group
tended to cluster by gender. There was a wide variation in the number of hours spent
outdoors per week (3–40 h) and the amount of time participants had lived in the Darwin
region (7 months–64 years). Almost half the participants fell into the 25–34-year age group,
with the remaining participants spread evenly across the age spectrum (18–65 years).

Table 1. Characteristics of participants.

Group Count
Gender
(M/F)

Hours Spent
Outdoors per Week

Years Lived in the
Darwin Region

Mean Range Mean Range

Outdoor workers (OW) 7 5/2 18.8 3–40 28.6 12–64
Teachers and carers (TC) 11 1/10 21.3 3–30 18.5 3–50

Sportspeople (SP) 5 1/4 13.4 7–25 12.4 0.6–29

Total 23 7/16 17.8 3–40 13.2 0.6–64

3.2. Focus Group Content Analysis

Common themes across all focus groups were identified. These themes were:

1. Increasing temperatures;
2. Seasonal smoke;
3. Impacts on work from heat and smoke;
4. Impacts on health from heat and smoke;
5. Impacts on activity from heat and smoke;
6. Adaptive behaviors;
7. Lack of policy and infrastructure;
8. Doing the same things as usual.

There was a common perception among participants that it was getting hotter and
that increased local temperatures impacted their work, health, and activity. Seasonal
smoke also impacted their work, health, and activity. Adaptative behaviors were used by
participants because of hotter temperatures and decreased air quality from seasonal smoke.
A lack of policies around increased temperatures and seasonal smoke and of appropriate
infrastructure were perceived as barriers that resulted in work practices and sporting
activities not adapting to environmental changes (i.e., doing the same things as usual),
which ultimately had health and activity implications. Figure 2 shows the relationships
between these themes.
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3.2.1. Increasing Temperatures

Across all focus groups, participants noticed that temperatures in Darwin were in-
creasing over time.

Even having been here 20 years, we’ve seen exactly the same thing. The temperatures are
blatantly going up—OW

The heat policy the [sport] have brought in up here, it’s only been around for four years.
And so they brought it out for a reason. And they didn’t have one before that. Because it’s
just getting hotter—SP

I grew up here and I was 17 when Cyclone Tracey hit. I started my work life on the street
gangs cleaning up the streets and Darwin was 32 [◦C]. Now it’s 34 and 35 [◦C]—OW

3.2.2. Seasonal Smoke

Smoke in the air was recognized as a seasonal issue, only occurring during the dry
season (April–September). This also coincided with the perceived ‘better weather’.

It’s interesting to hear the wet seasons are the hottest, but we don’t have smoke in a wet
season. As soon as the weather comes good, the smoke starts—OW

if you were here four or five days ago, as soon as that dry bit kicked in and the south-
easterly started, that was it . . . grey skies—OW

3.2.3. Impacts on Work from Heat and Smoke

Participants reported that heat had a substantial impact on work productivity.

You get more done in the first three hours of work than the rest of the day—OW

Like, obviously safety is a massive thing when it comes to heat and smoke, regardless
of people’s medical conditions. It impacts everyone. I’ve had people who have lived in
Darwin their whole life, first day on the job, they go down with heat stress. Yeah, it’s
a productivity thing as well . . . but it’s also if you’re constantly being affected by heat



Sustainability 2022, 14, 13805 6 of 15

stress, it also impacts on the relationships with the people that you work with because
when you feel like s**t you treat people like s**t—OW

Definitely as it gets hotter, yeah. I find myself making more mistakes—OW

Activities in the workplace meant special considerations were necessary to prevent
heat-related injuries. For example, teachers and carers reported how heat impacted infras-
tructure in the workplace.

Playgrounds with climbing frames that aren’t under shade sails. Climbing frames get
well over 40 degrees. Then grabbing on it burns on the hands—TC

And sandpit burns—TC

Smoke impacted work as it forced day-care centers to keep children inside.

If we have a colleague having the issue with asthma, so we have to bring the kids in as
well. Because otherwise you can’t look after the kids. Somehow those kids in their age,
they would have to play more outdoors. So, that’s what happened, which made the kids to
be anxious too, so “Why do we need to go inside? Why can’t we play outside?”—TC

Teachers also commented on their increased workloads, as having children inside all
day meant extra cleaning was needed.

So, if you’ve got to clean rooms or you’ve got kids coming out, so you’ve got to close down
one yard and transfer children to another yard. It’s like you’re inside, the room is a mess
and you’ve got to clean it all over again—TC

3.2.4. Impacts on Health from Heat and Smoke

Heat and smoke had noticeable impacts on health. These impacts were both physical
and psychological. Participants complained of heat and smoke induced health problems
including, but not limited to, sore throats, respiratory complaints, visual problems, anxiety,
dehydration, nausea, cramps, and inability to concentrate.

Tired, dizzy and not really wanting to do anything. Wanting to drink more. Just, yeah,
it’s time for bed—OW

Tired. Lethargic. Can’t be bothered. Irritable—TC

Sometimes your vision can be blurry if you’re real dehydrated and all that—OW

I guess some light-headedness if I get really dehydrated. Yeah, just get a bit woozy, can
get a bit nauseous—SP

It’s anxiety causing, very much so. So, stepping out into a smoky environment, it triggers
something within me anyway, where oh my goodness if I’m not getting the air in and
that just exacerbates other feelings and sensations—OW

For those that don’t like the smell, they can become agitated. Because you can’t get away
from it—TC

Headaches were linked to dehydration and smoke exposure.

Yeah, your head aches and you can’t really satisfy your thirst for rehydration. I think that
the more you try to rehydrate I think it almost feels like you can’t do it, so you tend to
not. So, there’s kind of like a self-fulfilling prophecy for—and I see it all the time where
people go way beyond it. Kids in sport . . . and I’m involved mainly in coaching . . .
where they’re way too thirsty to drink. That’s a real problem—SP

Me, I find I get headaches, especially if there’s a lot of tobacco or fire smoke around—OW

One outdoor worker explained how heat would affect cognition as well as fine
motor skills.

It clouds your thinking as well, so when you get really hot, you’re finding it hard to
think straight, especially if you’re dealing with anything that needs fine motor skills or
coordination—OW
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Smoke impacted respiratory health, especially for asthmatics. Smoke exacerbated
asthma and caused asthma attacks.

A lot of people have asthma and they struggle to breathe normally—TC

I’m asthmatic. . . . So, I’ll be on the field and I’ll start having symptoms before anyone
else can smell the smoke. So, it impacts me significantly. And I had a real scare a few
years ago where it was night-time burning off, so I could feel it happening. And I tried to
get off, and my coach didn’t sub me off. And then I got called back to [position]. So, I
tried to breathe out and I couldn’t breathe. And I was running...and I literally ran [off
the field] . . . into a full-blown asthma attack. And it was a really bad season for the fires
up here, and we’ve got a few asthmatics in our [sports] club. And I think three of us went
down with asthma attacks on that round, on that day, and it was interesting the club’s
shift in it. So now the moment there is smoke or anything, straight away they ask us
three, “Do you want to go on?”—SP

One outdoor worker reported that smoke can cause air filters in diving equipment to
become blocked and compressed air to become contaminated. The combination of blocked
air filters and contaminated air is potentially life threatening for commercial divers.

I used to be a commercial diver and whenever there was bushfires around on the harbor,
especially if we were working later in the evenings . . . if you had the compressor on board,
first you had to keep a real eye on what the weather was doing. As the air cools, the smoke
drops. It only takes about five minutes before the filters are chockers, even just from a
normal smoky day. Then getting contaminated air, it can be catastrophic—OW

3.2.5. Impacts on Activity from Heat and Smoke

Separate from impacts on work productivity and health, participants identified the
impacts on day-to-day activity from heat and smoke.

I do know that often if it is too smoky outside, we bring the children back inside, so
they’re not exposed to that smoke. Which reduces their outside time for play and running
around—TC

Like really just box yourself in. You can’t really escape because it just fills the whole
sky—TC

So what I noticed is when I’m down south, I’m a completely different person and I have
so much more energy, my fatigue levels are different, I don’t drink as much water, I don’t
feel the need for water. I’m actually really much happier down south. And I’ve just got a
lot more energy. Where I get up here and I’m actually quite sluggish—SP

The ones that tend to have asthma or reduced lung capacity, they can be really heavily
affected by it whilst the person they’re playing against might be non-asthmatic and they
can handle it perfectly fine. So it’s just finding that balance of when we stop play or when
you let them keep going at their own discretion, or at the parent’s discretion—SP

It was perceived by participants that heat caused physical activity to be more difficult
and was therefore less likely to be achieved.

I just find the air feels a lot thicker and heavier, so I find it harder to breath and work
around that as well. And be motivated then to go out and go for a run, because it just
seems that added layer in addition to running . . . having to breathe—SP

3.2.6. Adaptative Behaviors

Participants highlighted that they adapted their behavior because of the heat and smoke.
Behavioral adaptation strategies included, but were not limited to, cooling down behaviors,
drinking more, wearing suitable clothing, and modifying work and/or activity times.

Seeking shade was mentioned as a common cooling down behavior.
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And also, if they’re having a break, quickly try and have a shade break. In terms of my
players, I’m so aware, if it’s really hot, I’ll modify sessions to help or have shorter, sharp
bursts and then go in the shade—SP

When we stop and talk about something, it’s predominantly in the shade, so we try
and find a shady spot. We don’t stand out in the sun and talk about things, it’s just
shade—OW

We have outdoor fans. They put up shade cloth as well as we’ve got the trees—TC

Seeking air-conditioned buildings was noted as another adaptive behavior.

When [we have customers] we will use other people’s air conditioning, so we will go
into the foyer of a hotel or we will go down an arcade . . . it’s deliberate, we’ve gone
through different laneways, different big arcades for arguments sake, so there’s a blast of
the air-con as you’re actually walking in there. This is the kind of thing we were looking
for all the time, just to try and help out—OW

Ice applications were also used to decrease body temperature in the heat.

Before I go on the field . . . I fill my bra up with ice. And then I fill it up every time I sub
off. I go to the ice machine and I put ice down my bra—SP

Yeah we have water coolers and an ice machine at our work—OW

From our club’s point of view, like it’s quite proactive . . . each team gets its own kind of
heat management kit. So it’s the big ice buckets and towels and that all gets distributed
out to each of the teams at the start of every seasons, along with a list of what you do—SP

I guess for our higher-level events, where they can be a bit more intense and a bit longer
matches, we have inflatable baths that we set up as ice baths. For the players to, like under
physio supervision, they’ll use the ice baths throughout the tournaments—SP

Increasing fluids and adding electrolytes was another adaptation behavior used to
mitigate the effects of heat.

Drink lots of water while you’re working. I’ve had some days where I’ve drunk nine liters
of water—OW

If it’s like really hot, I’ll call up the boss and tell him to give me a purchase order for some
electrolytes. But yeah, I’m willing to pay for it myself —OW

And then a couple of sips of water and a sip of Gatorade, always just keep the hydrolytes
going. And then myself, if I’m really bad, I will have hydrolytes after—SP

Wearing suitable clothing was perceived as useful to adapt to working on hot days.

Yeah, so if I know it’s going to be a really hot day, even though it sounds counterproductive,
long sleeve shirts, long sleeve pants because of the sun—OW

Another adaptation behavior was avoiding working during the hottest part of the day
by adjusting work hours.

We’ve started at two in the morning before, six, seven, just depends. Normally is
eight—OW

We usually try and mitigate it by our [events] are all scheduled early morning, when I
say early morning, 8, 10:30 and later in the afternoon. So, we try and avoid the really
stinking hot part of the day—OW

To adapt to the smoky outdoor environment, closing windows and doors was seen
as helpful. Once doors and windows were shut, turning on air-conditioning helped to
mitigate the heat.

When you’re working outside, there’s not much you can do about it. But if back at home,
shutting all the doors and windows and turning the aircon on, you’re going to have a bit
of a decent sleep and escape it—OW
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Childcare centers also mentioned air filters and monitors.

Our aircons are filtered. So, they’re recycling air through the center, but they’re filtered.
We get filters checked as well to make sure that they’re giving us as clean aircon as
possible—TC

We’ve got some air quality monitors in the school just recently. Because of COVID and I
know that they’ve started to use those in some of the classrooms. Because of the inability
to actually open classroom windows quite often—TC

3.2.7. Lack of Policies and Infrastructure

Although there was some evidence of existing policies to manage heat and smoke, there
was an identified lack of policies specific to local conditions and space for improvements in
policy overall, especially in sport. Lack of policies was identified as a barrier to adaptation.

I think they just put it in the too hard basket to do a policy specifically for more tropical
climates. Compared to the policy for the southern climates. Because even across the NT,
that would be different as well, even the Alice [Alice Springs] or the desert climate. And
we’re tropical up in Darwin. So, we’d need separate policies within the NT—SP

I know guys that play in Brisbane and North Queensland. It comes into effect a little
bit there. They changed it, because the national policy would mean that we never played
here. So the scientists who came up with it originally, what was a good number to play
to not damage whatever is getting damaged, they had to adjust it because we wouldn’t
play [sport] above the 26th parallel. So they had to change it. There’s a rule—they kind of
adjusted it to make sure that we could play in northern Australia. Not just here, Cairns,
the Kimberley—SP

We’ve got nothing. When I say ‘nothing’, I’m actually not a [sport] NT or [sport]
Australia [administrator], but the fact is that we play [sport] while we’ve got ash falling
on us and heavy smoke, with three people being treated . . . —SP

On game days, where the peak body has a heat policy, which changes the times of the
games and the rest breaks and it allows you to be able to go into the shade or leave the
field of play. So that’s really good, but it gets invoked at 36 degrees and 80% humidity
. . . So it’s filthy way before that. And most of the kids I think 90% of our games this year
are 2pm, so it was horrid—SP

. . . the heat policies and stuff, don’t actually know how effective they are. They’re trying.
Like you’ve got to do something. But I do worry that the long-term effects are probably
yet to be known—SP

Inconsistency with policy was evidenced by this participant’s comment about rules at
different childcare businesses.

It depends what center—I’ve been at multiple centers and at some centers it’s, “No, it’s
time for you to go outside.” So, we’re all going outside. Until whoever is in power comes
outside and goes, “I don’t want to be out here.” And other centers where people don’t
want to go outside even if the day is quite nice. So, it does have that opposite effect in
some centers as well—TC

Natural environments were identified to be more effective in cooling the environment,
with a discussion around the ineffectiveness of using man-made products to cool the
environment. Policy and funding support were considered as potential solutions to include
more natural environments and infrastructure to help create cool places, while greater
access to shade was essential for sportspeople.

Especially outside, it has to be that natural environment. It has to be the trees, it has to
be grass, it has to . . . like you were saying with the outdoor area with the water and the
creeks and stuff like that. I think centers definitely need a lot more funding to go towards
that outdoor environment, to keep it safe for the children. And to make it safe for the staff
as well, to make it enjoyable to be outside and a lot cooler. Not sails, not Astroturf —TC
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We should put it back to the government. So, something in the regulations through
ACECQA [Australian Children’s Education and Care Quality Authority] would be nice
around the natural environment—TC

But when they can go off for breaks, I just don’t think there’s—well, we don’t have—we
definitely don’t have sufficient [shade]. I’m trying to cram them into shade whilst also
being COVID safe. I’m like, “You there, you there.” And it’s a nightmare. I don’t know
whether [to prioritize] heat or COVID. So definitely more shade structures around the
facility—SP

3.2.8. Doing the Same Things as Usual

Without defined policies on heat and smoke, there was an expectation to do things the
same way as had always been done, despite environmental changes in temperature and
seasonal smoke. Local cultural influences were also mentioned.

So there definitely is that sort of well, it’s hot but you’re in the Territory, so get on with
it—SP

I think for the [sport], it’s slowly changing but we touched on it before, I think the general
attitude here is that it’s been like this forever. We’ve done this forever. So, we kind of
know that it’s hot, but it’s hot for everyone, so... we just get on with it—SP

Because the standard response is, “Oh, we’ve been doing it here for 70 years,” so it doesn’t
actually . . . I don’t think that stacks up—SP

Darwin does have—it is changing slowly, but it does have that ‘we’re territory tough’
attitude. “Oh yeah, doesn’t matter that it’s 37 degrees, get out there and work.”—OW

4. Discussion

Our research found that increasing temperatures and exposure to seasonal smoke
impacted the work, health, and activities of groups that live, work, and play in Darwin’s
outdoor settings. While these groups have developed various adaptive strategies to re-
duce exposure and mitigate harm, gaps in policy and infrastructure provision across all
sectors limited how these strategies can be maintained and maximized. Our research also
emphasized how climate change has both common and diverse impacts across a variety of
different settings.

The existing literature describing the impact of environmental conditions on the vul-
nerable community groups we studied was relatively limited, especially for sportspeople
and teachers and carers. For example, while the health impact of extreme heat on sports-
people was relatively well researched in terms of epidemiological outcomes [30,31] and
some progress on implementing strategies to manage extreme heat in elite sport appears to
be progressing [32], there was a paucity of published literature on sportspeople’s percep-
tions of heat and poor air quality and how this impacts their enjoyment or participation
in sport at the community level. Similarly, while the negative health impacts of extreme
heat on children were well-known from a number of epidemiological studies [33,34], an
understanding of the impacts of these conditions on institutions and carers was not well
established, especially for warmer climates. For example, research on the impacts of heat
for preschools in the cold climate of Sweden found that these institutions were exposed
to extreme temperatures during heatwaves and these conditions impacted the children
and educators’ wellbeing [35]. However, these findings may lack relevance in the Darwin
setting given the substantial differences in climate.

In contrast, there were a greater number of studies on this issue for the outdoor worker
sector, with an identification of the health and productivity burdens of extreme heat and
poor air quality [36–38] and a recognition that there are substantial gaps in knowledge [39].
Results of a qualitative study of outdoor workers by Singh et al. [40] demonstrated a clear
correlation with our research, reporting experiences of heat stress, while working outdoors,
reductions in productivity, attempted adaptive behaviors, and clear policy gaps in relation
to health protection for outdoor workers. A second qualitative study by Xiang et al. [41]
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demonstrated that outdoor workers are interested in increased policies and guidelines
regarding working in extreme heat and are willing to change their practice to accommodate
this hazard. Furthermore, studies undertaken in the Darwin region demonstrated further
similarities with our findings, most notably that outdoor workers were more likely to
experience chronic and severe heat stress compared to workers who did not spend the
majority of their time outdoors and that outdoor workers reported that heat had a negative
impact on work speed, quality, focus, quality, satisfaction, and attention to detail [42].

The existing literature on the impact of extreme heat for those from cultural and lin-
guistic minorities shows an alternate narrative to that presented by the identified vulnerable
groups in our research, with concerns over message translation, barriers to understanding
social norms around heat (such as using sunscreen or drinking water), concerns over hous-
ing and power costs during events, and the discrepancies between traditional dress and
clothing more suitable to hot weather [43]. Furthermore, research by Varickanickal et al. [44]
demonstrated that people from a non-English speaking background experienced a number
of unique barriers to understanding and responding to the risks associated with extreme
heat. Similarly, research on the perceptions of heat management by the elderly highlight
issues with fear and anxiety about heat, difficulties with using technology to manage hot
environments, and socioeconomic factors [45]. Taken together, this research highlights that
specific identified vulnerable groups may have varying concerns and each needs to be
taken into consideration with regard to the development of policies and guidelines.

4.1. Study Strengths and Limitations

There were several strengths and limitations of this study. Firstly, our study focused on
one location within a tropical urban setting. This created both strengths and limitations with
regard to the generalizability of the findings. While these results are highly relevant for the
location in question and may be relevant for locations of a similar size, density, and climate
(for example, Cairns or Townsville in Queensland), these findings were not necessarily
generalizable to other locations in a non-tropical environment. However, correlation with
Singh et al. [40], which conducted interviews largely across the temperate eastern states of
Australia, suggest there are strong synergies of issues between tropical and non-tropical
climates, at least for outdoor workers.

Secondly, our study was limited by recruiting participants from a largely English-
speaking background with little diversity in culture and language. Therefore, the results
of this study may be less relevant for those from a culturally diverse background or for
sectors within the settings in this study that recruit from a largely non-English speaking
population. Furthermore, our study did not seek any specific recruitment from older age
groups known to be vulnerable to heat.

4.2. Policy and Practice Implications and Priorities

Our findings highlighted a number of implications for policy and practice. These
included specific gaps in knowledge and infrastructure that, if addressed, could potentially
improve adaptive strategies for those exposed to adverse environmental conditions in their
chosen outdoor settings.

For example, while the issue of extreme heat and workplace safety in tropical regions
is relatively well explored [42], flow-on effects such as worker productivity, worker error,
and the impact of heat on workplace relationships are less well understood and potentially
contribute substantially to workplace health and safety concerns in addition to the direct
impact of heat illness or worker mortality and morbidity. Furthermore, our study strongly
aligned with findings from Gamage et al. [46] that found sports policies referencing heat
illness in Victoria, Australia did not match international best practice and had substantial
gaps in addressing heat definitions, recognition of signs and symptoms, cooling strategies,
and acclimatization. While this is a potential area for improvement at the elite level, these
strategies also need to filter through to the relevant policies at the community level of
sports participation.
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Findings from our study have demonstrated how extreme heat and poor air quality
can reduce workplace productivity, contribute to decreased participation in sport, and to a
reduction in outdoor play time for children, creating a negative impact on human capacity
and productivity. These outcomes directly conflict with national policies that focus on the
benefits of increasing productivity, community sports participation, and access to outdoor
settings for children’s play [47–49].

To protect the region from further health impacts of increasing heat and poor air quality
conditions, local policymakers could use these results to seek a greater understanding of
the day-to-day realities of individuals living, working, and playing in the Darwin region,
and engage with these communities in developing useful and applicable adaptive solutions,
beyond the current advice and warning systems. Furthermore, increased support and
education for leaders in the three sectors under study may assist to improve policies and
practices, make informed decisions, and manage risks appropriately. Given the impacts
are happening in the present, addressing these barriers in a timely manner appears to be
a high priority. There remain substantial risks from a business-as-usual approach, with
negative impacts across key areas of productivity and health.

Finally, Darwin serves as a marker for the most extreme climate scenario in Australia.
Policies and guidance in response to extreme heat and poor air quality in Darwin can therefore
act as a national benchmark for managing these risks as they arise in other regions. In this
context, collaboration between national and Darwin-based leaders may provide an effective
vehicle to develop improved national heat and air quality policies for community settings.

4.3. Future Research

Our findings highlighted an immediate need for the development of solutions to
manage the health burdens associated with living and working in extreme environmental
conditions. Future research could potentially concentrate on a community-led co-design of
responses and outcomes or a wider exploration of how these issues are managed in other
similar locations worldwide. Further research into the impact of climate change on sports
participation at the community level is also warranted.

Research on suitable and relevant adaptive solutions is also needed. The role of
technological solutions, for example, does not appear to be well understood across the
literature. Technological solutions may provide the opportunity to provide real-time
information to inform a personalized approach in managing health in the face of extreme
environmental hazards [50,51].

5. Conclusions

Climate change is causing an increase in the frequency and intensity of extreme heat
and bushfires, leading to poor air quality. Extreme heat and poor air quality place an
additional burden on the lives of people in high-risk settings, such as outdoor workers,
teachers and carers, and sportspeople. Work, health, and day-to-day activities are affected,
with a range of adaptive behaviors needed to accommodate for the extreme conditions. A
lack of policy and infrastructure specific to managing extreme heat and poor air quality was
evidenced across a range of settings in the Darwin region. This gap made it difficult to adopt
behaviors that were better suited for managing these extreme environmental conditions.
Future research incorporating co-design by impacted communities is paramount.
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Appendix A

The following short survey was completed for each participant prior to the focus
group.

1. Please provide your gender.

• Female
• Male
• Non-binary
• Prefer not to say

2. Please provide your age group.

• 0–18
• 19–24
• 25–34
• 35–44
• 45–54
• 55–64
• Over 65

3. Please provide your occupation (optional).
4. In your capacity as an outdoor worker/sportsperson/teacher or carer, please provide

the number of hours you would spend outdoors on a weekly basis through the
build-up and wet season in Darwin (October–March).

5. How long have you lived in the Darwin region?

Appendix B

The following questions were used to guide focus group discussions.

1. What is your personal understanding of how extreme heat can impact your health/the
health of those you care for?

2. What about for poor air quality . . . what is your understanding of how this can impact
your health? Follow up question if not understood: For example, when there is a lot
of smoke in the air?

3. How much of a problem is this for you/those you care for when you are work-
ing/playing/training?

4. When it’s very hot, what sort of things can you do to manage the heat as you
work/play sport outdoors?

5. What sort of things does your employer/sports club provide for you to manage in
hot weather?



Sustainability 2022, 14, 13805 14 of 15

6. What about when its smoky? What sorts of things do you do to manage? And does
your employer/sports club provide anything to help you?

7. What sort of things would you like to do that you haven’t been able to? Is there
anything that might help to make this easier for you? What do others do?

8. Do you think the culture of your workplace/sports club makes it easier or harder for
you to manage extreme heat? For example, is it ‘normal’ to just ‘get on with it’? Or
are their strict rules around when you can work/play/train based on temperature or
air quality?

9. Is there anything else you’d like to say about this topic?

References
1. Watts, N.; Adger, W.N.; Agnolucci, P.; Blackstock, J.; Byass, P.; Cai, W.; Chaytor, S.; Colbourn, T.; Collins, M.; Cooper, A.; et al.

Health and climate change: Policy responses to protect public health. Lancet 2015, 386, 1861–1914. [CrossRef]
2. Costello, A.; Abbas, M.; Allen, A.; Ball, S.; Bell, S.; Bellamy, R.; Friel, S.; Groce, N.; Johnson, A.; Kett, M.; et al. Managing the health

effects of climate change. Lancet 2009, 373, 1693–1733. [CrossRef]
3. Blashki, G.; Armstrong, G.; Berry, H.L.; Weaver, H.J.; Hanna, E.G.; Peng, B.; Harley, D.; Spickett, J.T. Preparing Health Services for

Climate Change in Australia. Asia-Pac. J. Public Health 2011, 23, 133S–143S. [CrossRef] [PubMed]
4. World Health Organization. Atlas of Health and Climate Change; World Health Organization: Geneva, Switzerland, 2012.
5. IPCC. Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of

the Intergovernmental Panel on Climate Change; IPCC: Geneva, Switzerland, 2022.
6. Coates, L.; Haynes, K.; O’Brien, J.; McAneney, J.; Dimer-de Oliveira, F. Exploring 167 years of vulnerability: An examination of

extreme heat events in Australia 1844–2010. Environ. Sci. Policy 2014, 42, 33–44. [CrossRef]
7. Bi, P.; Williams, S.; Loughnan, M.; Lloyd, G.; Hansen, A.; Kjellstrom, T.; Dear, K.; Saniotis, A. The effects of extreme heat on human

mortality and morbidity in Australia: Implications for public health. Asia-Pac. J. Public Health 2011, 23, 27S–36S. [CrossRef]
[PubMed]

8. Campbell, S.; Remenyi, T.A.; White, C.J.; Johnston, F.H. Heatwave and health impact research: A global review. Health Place 2018,
53, 210–218. [CrossRef] [PubMed]

9. Turner, L.R.; Connell, D.; Tong, S. The effect of heat waves on ambulance attendances in Brisbane, Australia. Prehospital Disaster
Med. 2013, 28, 482–487. [CrossRef] [PubMed]

10. Schaffer, A.; Muscatello, D.; Broome, R.; Corbett, S.; Smith, W. Emergency department visits, ambulance calls, and mortality
associated with an exceptional heat wave in Sydney, Australia, 2011: A time-series analysis. Environ. Health 2012, 11, 3. [CrossRef]
[PubMed]

11. Campbell, S.L.; Remenyi, T.; Williamson, G.J.; Rollins, D.; White, C.J.; Johnston, F.H. Ambulance dispatches and heatwaves in
Tasmania, Australia: A case-crossover analysis. Environ. Res. 2021, 202, 111655. [CrossRef]

12. Gasparrini, A.; Guo, Y.; Hashizume, M.; Lavigne, E.; Zanobetti, A.; Schwartz, J.; Tobias, A.; Tong, S.; Rocklöv, J.; Forsberg, B.; et al.
Mortality risk attributable to high and low ambient temperature: A multicountry observational study. Lancet 2015, 386, 369–375.
[CrossRef]

13. Mora, C.; Counsell, C.W.W.; Bielecki, C.R.; Louis, L.V. Twenty-Seven Ways a Heat Wave Can Kill You. Circ. Cardiovasc. Qual.
Outcomes 2017, 10, e004233. [CrossRef] [PubMed]

14. Johnston, F.H.; Henderson, S.B.; Chen, Y.; Randerson, J.T.; Marlier, M.; DeFries, R.S.; Kinney, P.; Bowman, D.M.J.S.; Brauer, M.
Estimated Global Mortality Attributable to Smoke from Landscape Fires. Environ. Health Perspect. 2012, 120, 695–701. [CrossRef]
[PubMed]

15. Gangwar, R.S.; Bevan, G.H.; Palanivel, R.; Das, L.; Rajagopalan, S. Oxidative stress pathways of air pollution mediated toxicity:
Recent insights. Redox Biol. 2020, 34, 101545. [CrossRef] [PubMed]

16. Johnston, F.H.; Bailie, R.S.; Pilotto, L.S.; Hanigan, I.C. Ambient biomass smoke and cardio-respiratory hospital admissions in
Darwin, Australia. BMC Public Health 2007, 7, 240. [CrossRef] [PubMed]

17. Morgan, G.; Sheppeard, V.; Khalaj, B.; Ayyar, A.; Lincoln, D.; Jalaludin, B.; Beard, J.; Corbett, S.; Lumley, T. Effects of Bushfire
Smoke on Daily Mortality and Hospital Admissions in Sydney, Australia. Epidemiology 2010, 21, 47–55. [CrossRef]

18. Borchers Arriagada, N.; Horsley, J.A.; Palmer, A.J.; Morgan, G.G.; Tham, R.; Johnston, F.H. Association between fire smoke fine
particulate matter and asthma-related outcomes: Systematic review and meta-analysis. Environ. Res. 2019, 179, 108777. [CrossRef]
[PubMed]

19. Johnston, F.H.; Borchers-Arriagada, N.; Morgan, G.G.; Jalaludin, B.; Palmer, A.J.; Williamson, G.J.; Bowman, D.M.J.S. Unprece-
dented health costs of smoke-related PM2.5 from the 2019–20 Australian megafires. Nat. Sustain. 2021, 4, 42–47. [CrossRef]

20. Pendrey, C.G.; Quilty, S.; Gruen, R.L.; Weeramanthri, T.; Lucas, R.M. Is climate change exacerbating health-care workforce
shortages for underserved populations? Lancet Planet. Health 2021, 5, e183–e184. [CrossRef]

21. NESP Earth Systems and Climate Change Hub. Climate Change in the Northern Territory: State of the Science and Cliimate Change
Impacts; NESP ESCC Hub: Melbourne, Australia, 2020.

http://doi.org/10.1016/S0140-6736(15)60854-6
http://doi.org/10.1016/S0140-6736(09)60935-1
http://doi.org/10.1177/1010539510395121
http://www.ncbi.nlm.nih.gov/pubmed/21447548
http://doi.org/10.1016/j.envsci.2014.05.003
http://doi.org/10.1177/1010539510391644
http://www.ncbi.nlm.nih.gov/pubmed/21247972
http://doi.org/10.1016/j.healthplace.2018.08.017
http://www.ncbi.nlm.nih.gov/pubmed/30189362
http://doi.org/10.1017/S1049023X13008789
http://www.ncbi.nlm.nih.gov/pubmed/23981779
http://doi.org/10.1186/1476-069X-11-3
http://www.ncbi.nlm.nih.gov/pubmed/22273155
http://doi.org/10.1016/j.envres.2021.111655
http://doi.org/10.1016/S0140-6736(14)62114-0
http://doi.org/10.1161/CIRCOUTCOMES.117.004233
http://www.ncbi.nlm.nih.gov/pubmed/29122837
http://doi.org/10.1289/ehp.1104422
http://www.ncbi.nlm.nih.gov/pubmed/22456494
http://doi.org/10.1016/j.redox.2020.101545
http://www.ncbi.nlm.nih.gov/pubmed/32505541
http://doi.org/10.1186/1471-2458-7-240
http://www.ncbi.nlm.nih.gov/pubmed/17854481
http://doi.org/10.1097/EDE.0b013e3181c15d5a
http://doi.org/10.1016/j.envres.2019.108777
http://www.ncbi.nlm.nih.gov/pubmed/31593836
http://doi.org/10.1038/s41893-020-00610-5
http://doi.org/10.1016/S2542-5196(21)00028-0


Sustainability 2022, 14, 13805 15 of 15

22. de Jesus, A.L.; Thompson, H.; Knibbs, L.D.; Hanigan, I.; De Torres, L.; Fisher, G.; Berko, H.; Morawska, L. Two decades of trends
in urban particulate matter concentrations across Australia. Environ. Res. 2020, 190, 110021. [CrossRef]

23. Jones, P.J.; Furlaud, J.M.; Williamson, G.J.; Johnston, F.H.; Bowman, D.M.J.S. Smoke pollution must be part of the savanna fire
management equation: A case study from Darwin, Australia. Ambio 2022, 51, 2214–2226. [CrossRef]

24. Denlay, J.; Cook, G.; Galbally, I.; Meyer, M.; Caruana, A.; Hughes, T. Vegetation Burning Emissions in Darwin; NT Department of
Infrastructure Planning and Environment: Darwin, Australia, 2001.

25. Russell-Smith, J.; Edwards, A.C.; Sangha, K.K.; Yates, C.P.; Gardener, M.R. Challenges for prescribed fire management in
Australia’s fire-prone rangelands—The example of the Northern Territory. Int. J. Wildland Fire 2020, 29, 339–353. [CrossRef]

26. Northern Territory Government. Northern Territory Climate Change Response: Towards 2050; Northern Territory Government:
Darwin, Australia, 2021.

27. Northern Territory Government. Feeling Cooler in Darwin; Northern Territory Government: Darwin, Australia, 2021.
28. Thomas, D. A general inductive approach for analyzing qualitative evaluation data. Am. J. Eval. 2006, 27, 237–246. [CrossRef]
29. QSR International Pty Ltd. NVivo v12; QSR International Pty Ltd.: Doncaster, Australia, 2020.
30. Finch, C.F.; Boufous, S. The descriptive epidemiology of sports/leisure-related heat illness hospitalisations in New South Wales,

Australia. J. Sci. Med. Sport 2008, 11, 48–51. [CrossRef] [PubMed]
31. Gamage, P.; Fortington, L.; Finch, C. Epidemiology of exertional heat illnesses in organised sports: A systematic review.

J. Sci. Med. Sport 2019, 22, S83–S84. [CrossRef]
32. O’Meara, S. The science helping athletes to beat the heat. Nature 2021, 592, 2–3. [CrossRef] [PubMed]
33. Helldén, D.; Andersson, C.; Nilsson, M.; Ebi, K.L.; Friberg, P.; Alfvén, T. Climate change and child health: A scoping review and

an expanded conceptual framework. Lancet Planet. Health 2021, 5, e164–e175. [CrossRef]
34. Xu, Z.; Sheffield, P.E.; Su, H.; Wang, X.; Bi, Y.; Tong, S. The impact of heat waves on children’s health: A systematic review.

Int. J. Biometeorol. 2014, 58, 239–247. [CrossRef] [PubMed]
35. Malmquist, A.; Lundgren, T.; Hjerpe, M.; Glaas, E.; Turner, E.; Storbjörk, S. Vulnerability and adaptation to heat waves in

preschools: Experiences, impacts and responses by unit heads, educators and parents. Clim. Risk Manag. 2021, 31, 100271.
[CrossRef]

36. Riley, K.; Wilhalme, H.; Delp, L.; Eisenman, D.P. Mortality and Morbidity during Extreme Heat Events and Prevalence of Outdoor
Work: An Analysis of Community-Level Data from Los Angeles County, California. Int. J. Environ. Res. Public Health 2018, 15, 580.
[CrossRef] [PubMed]

37. Archsmith, J.; Heyes, A.; Saberian, S. Air Quality and Error Quantity: Pollution and Performance in a High-Skilled, Quality-
Focused Occupation. J. Assoc. Environ. Resour. Econ. 2018, 5, 827–863. [CrossRef]

38. Austin, E.; Kasner, E.; Seto, E.; Spector, J. Combined Burden of Heat and Particulate Matter Air Quality in WA Agriculture.
J. Agromedicine 2021, 26, 18–27. [CrossRef]

39. Moda, H.M.; Filho, W.L.; Minhas, A. Impacts of Climate Change on Outdoor Workers and Their Safety: Some Research Priorities.
Int. J. Environ. Res. Public Health 2019, 16, 3458. [CrossRef] [PubMed]

40. Singh, S.; Hanna, E.G.; Kjellstrom, T. Working in Australia’s heat: Health promotion concerns for health and productivity. Health
Promot. Int. 2015, 30, 239–250. [CrossRef]

41. Xiang, J.; Hansen, A.; Pisaniello, D.; Bi, P. Workers’ perceptions of climate change related extreme heat exposure in South Australia:
A cross-sectional survey. BMC Public Health 2016, 16, 549. [CrossRef] [PubMed]

42. Carter, S.; Field, E.; Oppermann, E.; Brearley, M. The impact of perceived heat stress symptoms on work-related tasks and social
factors: A cross-sectional survey of Australia’s Monsoonal North. Appl. Ergon. 2020, 82, 102918. [CrossRef]

43. Hansen, A.; Nitschke, M.; Saniotis, A.; Benson, J.; Tan, Y.; Smyth, V.; Wilson, L.; Han, G.-S.; Mwanri, L.; Bi, P. Extreme heat and
cultural and linguistic minorities in Australia: Perceptions of stakeholders. BMC Public Health 2014, 14, 550. [CrossRef] [PubMed]

44. Varickanickal, J.; Newbold, K.B. Extreme heat events and health vulnerabilities among immigrant and newcomer populations.
Environ. Health Rev. 2021, 64, 28–34. [CrossRef]

45. Hansen, A.; Bi, P.; Nitschke, M.; Pisaniello, D.; Newbury, J.; Kitson, A. Perceptions of Heat-Susceptibility in Older Persons:
Barriers to Adaptation. Int. J. Environ. Res. Public Health 2011, 8, 4714–4728. [CrossRef] [PubMed]

46. Gamage, P.J.; Finch, C.F.; Fortington, L.V. Document analysis of exertional heat illness policies and guidelines published by sports
organisations in Victoria, Australia. BMJ Open Sport Exerc. Med. 2020, 6, e000591. [CrossRef] [PubMed]

47. Australian Government. What Is Productivity? Available online: www.pc.gov.au/what-is-productivity (accessed on 24 August 2022).
48. Commonwealth Government. Sport 2030: National Sport Plan; Department of Health: Canberra, Australia, 2018.
49. Australian Curriculum Assessment and Reporting Authority. Outdoor Learning. Available online: https://www.australiancurriculum.

edu.au/resources/curriculum-connections/portfolios/outdoor-learning (accessed on 29 August 2022).
50. Campbell, S.L.; Jones, P.J.; Williamson, G.J.; Wheeler, A.J.; Lucani, C.; Bowman, D.M.J.S.; Johnston, F.H. Using Digital Technology

to Protect Health in Prolonged Poor Air Quality Episodes: A Case Study of the AirRater App during the Australian 2019–20 Fires.
Fire 2020, 3, 40. [CrossRef]

51. Che, W.; Frey, H.C.; Fung, J.C.H.; Ning, Z.; Qu, H.; Lo, H.K.; Chen, L.; Wong, T.-W.; Wong, M.K.M.; Lee, O.C.W.; et al. PRAISE-HK:
A personalized real-time air quality informatics system for citizen participation in exposure and health risk management. Sustain.
Cities Soc. 2020, 54, 101986. [CrossRef]

http://doi.org/10.1016/j.envres.2020.110021
http://doi.org/10.1007/s13280-022-01745-9
http://doi.org/10.1071/WF18127
http://doi.org/10.1177/1098214005283748
http://doi.org/10.1016/j.jsams.2007.08.008
http://www.ncbi.nlm.nih.gov/pubmed/17931973
http://doi.org/10.1016/j.jsams.2019.08.092
http://doi.org/10.1038/d41586-021-00815-4
http://www.ncbi.nlm.nih.gov/pubmed/33790454
http://doi.org/10.1016/S2542-5196(20)30274-6
http://doi.org/10.1007/s00484-013-0655-x
http://www.ncbi.nlm.nih.gov/pubmed/23525899
http://doi.org/10.1016/j.crm.2020.100271
http://doi.org/10.3390/ijerph15040580
http://www.ncbi.nlm.nih.gov/pubmed/29570664
http://doi.org/10.1086/698728
http://doi.org/10.1080/1059924X.2020.1795032
http://doi.org/10.3390/ijerph16183458
http://www.ncbi.nlm.nih.gov/pubmed/31533360
http://doi.org/10.1093/heapro/dat027
http://doi.org/10.1186/s12889-016-3241-4
http://www.ncbi.nlm.nih.gov/pubmed/27402077
http://doi.org/10.1016/j.apergo.2019.102918
http://doi.org/10.1186/1471-2458-14-550
http://www.ncbi.nlm.nih.gov/pubmed/24889099
http://doi.org/10.5864/d2021-011
http://doi.org/10.3390/ijerph8124714
http://www.ncbi.nlm.nih.gov/pubmed/22408598
http://doi.org/10.1136/bmjsem-2019-000591
http://www.ncbi.nlm.nih.gov/pubmed/32342949
www.pc.gov.au/what-is-productivity
https://www.australiancurriculum.edu.au/resources/curriculum-connections/portfolios/outdoor-learning
https://www.australiancurriculum.edu.au/resources/curriculum-connections/portfolios/outdoor-learning
http://doi.org/10.3390/fire3030040
http://doi.org/10.1016/j.scs.2019.101986

	Introduction 
	Study Setting 
	Research Aim and Questions 
	Ethics Statement 

	Methods 
	Study Design 
	Study Recruitment 
	Data Collection and Analysis 

	Results 
	Characteristics of Participants 
	Focus Group Content Analysis 
	Increasing Temperatures 
	Seasonal Smoke 
	Impacts on Work from Heat and Smoke 
	Impacts on Health from Heat and Smoke 
	Impacts on Activity from Heat and Smoke 
	Adaptative Behaviors 
	Lack of Policies and Infrastructure 
	Doing the Same Things as Usual 


	Discussion 
	Study Strengths and Limitations 
	Policy and Practice Implications and Priorities 
	Future Research 

	Conclusions 
	Appendix A
	Appendix B
	References

