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ABSTRACT

Under climate change, the risk of heatwaves is increasing worldwide. However, the health risks resulting
from heatwaves are uneven. Relatively socially disadvantaged people are disproportionately affected by
temperature extremes. This paper explores this point in Cambodia: one of the world’s hottest and most
humid countries, and a Least Developed Country (LDC) as designated by the UN. The paper evidences the
extent of the heat exposure faced by workers in Cambodia and the way occupational, environmental and
geographical dynamics combine to shape it. It explores heat stress in five occupational sectors -
construction, garment work, informal selling, agriculture and tourism work - across four climatic zones
of Cambodia. The results of the study show that 64% of the 100 surveyed workers recorded core
temperatures over 38°C — considered an unhealthy body temperature — at least once within 7 days of
work. However, substantial variances were observed within and between occupations. Even within the
same study region, the number of working minutes over 38°C ranged from 0.8% on average for
tourism workers to 8.4% of working minutes for construction workers. These variations translate to
significant differences in occupational sensitivity to high temperatures, especially when combined
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with humidity.

Heat stress inequality in the global southern
workforce

Extreme temperatures are rapidly becoming an everyday part
of working life around the world. With global temperatures
now 1.5°C above pre-industrial levels (Diffenbaugh & Barnes,
2023), once-a-decade heatwaves will become biannual events
by 2030 (IPCC, 2021). The ILO (2019) estimates that extreme
heat will cost global GDP some 2.4 trillion USD annually by
2030 (ILO, 2019). Furthermore, this heightened risk has situ-
ated heat stress as a concern within the Global Burden of Dis-
ease Study (Burkart et al., 2021) and pushed climate change up
the agenda for the World Health Organization, which esti-
mates heat stress will cost the healthcare sector between 2
and 4 billion USD annually by 2030 (WHO, 2024), causing
an estimated 7.1 trillion USD in productivity losses by 2050
(WEF, 2024) and resulting in an additional 250,000 deaths
per year between 2030 and 2050 and (WHO, 2024).

Extreme heat has major implications for decent work glob-
ally but disproportionately affects workers and countries in the
global South. In the global North, there are often occupational
guidelines specifying upper limits of heat exposure for
workers. However, such guidelines are often generic over a
broad range of settings (see Jackson and Rosenberg, 2010)
and their implementation is sketchy, even in organized work-
places (Humphrys et al., 2022). In the global South however,

there is even more biogeographical vulnerability to extreme
heat (see Zhang et al. 2023), and a large proportion of the
workforce is engaged in outdoor work such as in agriculture
and construction where workers are more affected by extreme
heat. Additionally, high levels of informality in these countries
combine with lack of access to social protection and accident
and injury insurance for which workers face the brunt of
heat impacts upon their health (O’Brien et al., 2015) and on
their livelihoods (Odonkor and Adams, 2022). The resulting
intersection of health detriments with small- and large-scale
economic impacts has major implications for the development
trajectories of many low- and middle-income countries
(LMIC) and their efforts to achieve the UN Sustainable Devel-
opment Goals (Birkmann et al., 2022).

In mapping out the geography of impact from extreme heat,
it is important to highlight that the risk of heat stress is highly
variegated, and unequal heat exposure exacerbates health and
socio-economic inequities along multiple axes and scales. Vul-
nerable populations, women, young people, older, low-income
and precarious communities are all at greater risk, making dis-
tributive justice a key ethic of heat action (see Mitchell and
Chakraborty, 2015; Grineski et al., 2015). Current analysis
lacks the nuance needed to disentangle complex and varie-
gated health and economic impacts under climate change.
Seeking to bridge this gap, this paper demonstrates the
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variation in heat exposure faced by workers in different sectors
in Cambodia, providing a key evidence base to link these heat
exposures to associated health impacts.

The Southeast Asian nation of Cambodia exemplifies the
multiple intersecting vulnerabilities that present a complex
landscape of risk. In Cambodia, the number of very hot
days - days over 35°C or a Wet Bulb Global Temperature
[WBGT] of 32°C (UNICEF, 2022) - have increased by 46
days per year since 1990 (World Bank and ADB, 2021),
making the country one of the world’s most vulnerable to
the impacts of rising temperatures. In climates like Cambo-
dia’s, WBGT is a major threat to health (Lo et al,, 2023) and
between 386 and 500 DALYs per 100,000 are attributable to
high temperature (Burkart et al., 2021). With a large pro-
portion of the working population of Cambodia (and South-
east Asia in general) centred in high-risk sectors such as
construction and agriculture, these factors place Cambodian
workers at exceptionally high risk of climate-linked heat
waves.

The data in this paper was generated from 100 Cambo-
dian workers, divided equally amongst four sites in each of
the four major agro-climatic zones in Cambodia; and Cam-
bodia’s five largest occupational sectors: tourism, construc-
tion, food sellers, garment workers, and agricultural
workers. These workers undertake a combination of indoor
and outdoor work. Garment workers work almost exclu-
sively indoors, whilst food sellers and agricultural workers
work predominantly outdoors. Tourism and construction
workers undertake a combination of the two. Participants
wore CORE thermal monitors during working hours for 7
days, which automatically uploaded core temperature, skin
temperature and heartrate data to an online database. Con-
currently, these data were methodologically integrated with
daily activity surveys secondary weather station data in
order to connect core temperature readings to work and
environmental conditions.

The data evidences greater variations in excess core temp-
erature than predicted by conventional modelling and struc-
tured to an equal or greater extent by economic and
occupationally specific factors such as geography and weather.
Specifically, these factors include (1) differences in the built
environment linked to each occupation, with an additional fac-
tor being whether the working day was spent indoors or out-
doors, (2) differences in working practices and capacity for
self-regulation of core temperatures, and (3) differences in
economic capacity to adapt.” This paper therefore highlights
the need for a broader sampling base of heat stress data gener-
ation and health impacts, in order to interpret the socioeco-
nomic determinants of heat stress variation in vulnerable
populations.

Unlike previous studies, our work compares heat stress
both within occupations and across geographical locations
with different climatic and occupational environment con-
ditions. By comparing occupations and climatic conditions
across four climatological regions of Cambodia — which vary
in terms of heat and humidity - the aim is to generate a clearer
picture of how climatic, social determinants and occupational
dynamics combine to shape heat stress risk amongst vulner-
able populations.

Cambodia: climate vulnerability in a dynamic low-
income economy

Cambodia is both one of the world’s hottest and most humid
countries (NCEI, 2022), and one of its least developed
(UNCTAD, 2022). Despite spending 6% of GDP on healthcare,
above the regional average, health outcomes are amongst the
poorest in Southeast Asia (Asante et al., 2019). Cambodia lacks
universal healthcare provision, with 53% of the population lack-
ing any social health protection (Kolesar et al., 2020). As a result,
much of the population lacks economic capacity to manage high
temperatures and their health impacts, a problem compounded
by, ‘a lack of the empirical data needed to estimate the exposure-
response functions’, meaning that little concrete is known on the
specific impacts of heat stress in Cambodia (Vicedo-Cabrera
et al., 2021, p. 498), or its direct impact on health.

Although Cambodia is a relatively small country in terms of
area, it includes at least four major climatic regions, as shown
in Figure 1: The Tonle Sap, Lower Mekong, Highland, and
Coastal regions (Sar et al, 2012; Weng et al.,, 2023). These
four zones cover the range of climatic variability in Cambodia,
from a mean annual high of 29.9°C (85.82°F) in Svay Rieng to a
low of 24.5°C (76.1°F) in Rattanakiri. Under climate change,
these variations have significant implications for heat stress
vulnerability. Heavy labour can only be undertaken safely for
sustained periods at temperatures below 26°C (Basu &
Ostro, 2008), and even light labour requires a rest every half
hour at temperatures above 32°C to prevent organ damage.
When high temperatures meet high humidity and even more
so when combined with heavy work (Levi et al., 2018) impacts
can range from acute impacts such as heatstroke to less visible,
chronic disease vulnerability. Moreover, the more-than-health
impacts are significant. Between 2000 and 2015, global labour
productivity declined by 5% due to climate change (Watts
et al,, 2015) and labour capacity loss, which is more acute in
LMICs, threatens to reduce the Gross Domestic Product
(GDP) of countries already low on the Human Development
Index (HDI - Cambodia is ranked 148 out of 193 countries)
by 3.8-6.1%, with heat-related labour loss predicted to rise
by 50% by 2050 without mitigation (Romanello et al., 2023).

Nevertheless, assessing the dynamics of climate change on
human populations is a major research challenge due to the
complexity and granularity of their manifestation. The risk
resulting from heatwaves is highly uneven in its distribution:
those who are relatively socially disadvantaged are likely to
find themselves ‘disproportionately affected by temperature
extremes’ (Hansen et al, 2013, p. 2) and simultaneously less
able to mitigate those impacts. As a result, major data limitations
exist on how heat stress impacts workers in low-wage, informal
sectors, both in Cambodia and internationally, leaving such
impacts ‘challenging and underexplored’ (Li et al., 2018, p. 171).

Recent research has highlighted the risks faced by garment
workers globally (e.g. Anderson Hoffner et al., 2021) and in
Cambodia specifically, where multiple reports (Judd et al.,
2023; Kjellstrom & Phan, 2016; Kor et al., 2023; Parsons
et al., 2022) have shown that climate change is a major concern
for Cambodian garment workers. However, outside the gar-
ment sector, data are sparse. A handful of studies have high-
lighted the heat stress risk faced by construction workers
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Figure 1. Location of Study Sites within Cambodia’s Agro-climatic zones (map adapted from Weng et al., 2023).

under climate change (see Acharya et al., 2018; Parsons, 2021).
Yet informal and agricultural workers are even more poorly
served by data, despite the International Labour Organization
(ILO) having flagged these sectors as areas of risk in its global
Working on a Warmer Planet report (2019, p. 14), which notes
that ‘on the whole, the countries that are most affected by heat
stress have higher rates of working poverty, informal employ-
ment and subsistence agriculture’.

For example, despite 33% of Cambodians working in the
agricultural sector (NIS, ILO and ADB, 2019), data on the
health impacts of agricultural heat stress is - excepting two
notable papers on cassava (Hashim et al.,, 2018) and sugar
(Radir et al, 2017) farmers - extremely limited, whilst the

final two occupations explored in this paper, street vendors
and tourism workers, lack any data at all. How the thermal vul-
nerability arising from climate change impacts occupational
groups in differing regions and different environmental con-
ditions - including, but not limited to, indoor and outdoor
work - is thus a key question, both for scholarship and the
development of effective healthcare policy for this large and
underserved population.

Methods

The data presented here were generated between January and
July 2023 in three phases. During Phase 1, from January to
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April 2023, preliminary qualitative interviews were conducted
with workers to understand heat impacts in the workplace.
These discussions on heat-related health issues faced by
workers, then fed into the qualitative and quantitative ques-
tionnaires, and sample frame, deployed in Phase 2.

During Phase 2, from June to August 2023, 100 workers
were recruited, 25 in each of the four study sites: Kampong
Chhnang, Svay Rieng, Kampot and Mondulkiri, selected to
represent the four major agro-climatic zones in Cambodia
(Sar et al.,, 2012; Weng et al., 2023). In total, five occupations
were incorporated into the study: garment workers (indoors)
construction workers tourism workers, informal food sellers
(all outdoors in urban settings) and agricultural workers (out-
doors in rural settings), representing the 5 largest occupational
sectors in the Cambodian economy. In each of these study
sites, 5 workers from each occupation were recruited to par-
ticipate for 7 days, whilst working as normal in their
occupation.

Each participant wore a CORE thermal monitor during
their working hours for 7 days, which automatically uploaded
core temperature, skin temperature and heartrate data to an
online database. Research logistics operated in three cycles,
each lasting 9-10 days in June, July and August. During each
of these cycles, the research team moved between the four
study sites, to ensure data were generated on the same days
in different locations. Across this period, comparable data
were generated on 29 calendar day, across which the method-
ology generated an integrated dataset of 576,292 min of ther-
mal data, or 96 working hours per participating worker.

Whilst these data do not match the accuracy of the most
sensitive thermometric tools, i.e. orally ingested thermometric
pills and rectal thermometer readings (see Casa et al., 2007 for
a comparison of alternative technologies), the deviation from
this standard is within acceptable limits. As outlined in a hand-
ful of recent papers that have explored the accuracy of these
and similar devices (e.g. Dolson et al., 2022; Ibrahim et al,
2023), CORE readings deviate from gold standard thermo-
metric pills and rectal measurements by more than the manu-
facturers’ claimed 0.2°C in some cases. Studies are split over
the validity of the core temperature measurement, with some
studies indicating acceptable validity (Dolson et al., 2022; Ibra-
him et al., 2023) and others indicating unacceptable validity
(Desroches et al., 2023; Verdel et al., 2021) compared to rectal
and ingested thermal measurements. However, this discre-
pancy is largely due to the threshold employed. Overall, a sys-
tematic review of CORE and similar technologies (Dolson
et al., 2022), this deviation averages from 0.1 to 0.4 degrees,
averaging under 0.3 degrees of deviation. When compared to
the 0.27°C threshold applied by Casa et al. (2007) in a meta-
review of existing technologies, all current CORE studies indi-
cate an acceptable level of accuracy, especially given that the
data concern hard to reach populations with whom data
could not be generated using oral or rectal thermometers.

Moreover, the methods we have developed - whilst applied
to a small sample size in this study, which we recognise as a
limitation - can be employed by the workers themselves in
participatory action approaches. In this case, these thermal
data were methodologically integrated with (1) a preliminary
quantitative livelihoods, assets and liabilities survey, (2) a

survey of participants’ daily activity diaries, including experi-
ences of heat stress, and (3) extended qualitative interviews
at the beginning, middle and end of the study. Thus, by
empowering hard-to-reach workers to participate in the
assessment of their own conditions, this study helps to counter
the challenges of post-colonial health research methods (Khan
et al., 2024) in the academy and wider policy.

Results

The duration of time spent working at or above 38°C - the
generally agreed safe limit (Lamarche et al., 2017) - varies sub-
stantially between sectors. Whilst informal food sellers spent
0.8% of working minutes >38°C core temperature, and tour-
ism workers spent 1.4% of working minutes above this
threshold. Considerably higher were garment workers, spend-
ing 5.4% of working minutes >38°C, followed by 7.1% of
working minutes for agricultural workers, and 8.4% for con-
struction workers. In total, 64% of the 100 surveyed workers
recorded core temperatures >38°C at least once during the
study: 45% of food sellers, 50% of garment workers, 55% of
tourism workers, 75% of agricultural workers and 100% of
construction workers.

As shown in Figure 2, these data were also used to calculate
prolonged heat stress (each instance of core temperature
equating to or exceeding 38°C for 5 consecutive minutes) in
each occupational group. The results show that construction
(1.2%) and agricultural (1.07%) workers spent more than 1%
of working minutes in prolonged heat stress, with garment
workers (0.84%) slightly lower, and tourism workers (0.21%)
and food sellers (0.12%) considerably lower.

Geographic-environmental differences were a significant
factor in this variation, as shown in Figure 3. Across the four
study sites, temperature and humidity (expressed here by com-
bined Wet Bulb Global Temperature [WBGT]) varied geo-
graphically. Mean WBGT in Mondulkiri was 25.98°C. In
Svay Rieng it was 28.49°C. In Kampot it was 28.56°C, whilst
in Kampong Chhnang it was 27.85°C. Consequently, whereas
surveyed workers in Mondulkiri spent only 4.8% of working
minutes >38°C core temperature, this figure was 7.3% in
Svay Rieng, 9.5% in Kampong Chhnang, and 11.7% in Kam-
pot. This emphasizes the relevance of WBGT, as humid con-
ditions, which make it more difficult for the body to regulate
temperature through sweating, are more challenging to
human health than high temperature alone (Kong & Huber,
2022), but WBGT is currently under-used as an indicator of
healthy climatic conditions by public health observatories
(Spangler et al., 2022).

Nevertheless, geographic averages conceal substantial occu-
pational variations, which persist across climatic regions. For
example, the data in Figure 4 show that certain occupations
experienced larger variation within and across locations than
others. Agricultural workers, varied between a low of 5.3% in
Svay Rieng and 9% in Kampot. Garment workers, on the
other hand, varied from a low of 0.1% of working minutes
in Mondulkiri to a high of 10.9% in Kampong Chhnang.
This may indicate differences in the balance of socioeconomic
and demographic influences underpinning heat stress amongst
the different occupational groups. For example, food sellers,
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Figure 2. Percentage of working minutes in prolonged heat stress (5 + minutes > 38°C), by occupational group.

who display consistently low proportions of unsafe core temp-
eratures across all four locations, tend to do low intensity work
outside in the shade, whilst garment workers, working inside,
may be more sensitive to differences in the built environment,
such as urban heat islands (Wong et al., 2017) or unventilated
spaces (Judd et al, 2023). Construction and agricultural
workers, both working outside at high intensity, are likely to
be more prone to hot days than their peers working indoors,
but also less sensitive to geographic variations, due to the sig-
nificant role of exertion on core body temperature.

These data indicate that, although certain high intensity,
predominantly outdoor occupations - such as agricultural
and construction work - produce consistently high pro-
portions of working minutes at unsafe core temperatures,
other occupations generally deemed at lower risk of heat stress
- such as food sellers, garment workers and tourism workers -
may be more sensitive to climatic variations across both time
and space. With this in mind, Figure 5, displays the daily per-
centage of working minutes over the 38°C safe threshold
against the maximum WGBT on that day. From this arrange-
ment of the data, a clearer relationship emerges, with rises in
daily maximum WBGT associated with rises in the percentage
of working minutes spent over a core temperature of 38°C.

However, this variation is masked by aggregate figures. As
shown in Figure 6, whereas workers spent only 5.3% of work-
ing minutes with core temperatures over 38°C at low ambient
WBGT, this figure rises to 9.1% at moderate WBGT and 12.4%
at high WBGT. Where external WBGT reached severe levels,
the percentage of working minutes spent with core tempera-
tures over 38°C rose to 26.8% across the whole sample. Overall,
the data evidenced a moderate correlation between average
daily WBGT and worker core temperature (Spearman’s=
0.259; p = 0.000) underpinned by a J-shaped curve when ambi-
ent temperature reaches ‘severe’ levels.

However, environmental factors are only one dimension of
this nexus. To demonstrate this, Figure 7 consolidates WBGT
into a binary variable - severe and non-severe WGBT (i.e.

above or below 31.1°C as per Figure 6) — and disaggregates
the data by occupation. Viewed thus, significant differences
are observable in occupational sensitivity to severe WBGT.
Whilst all occupational groups saw rises in the proportion of
working minutes spent above 38°C, the biggest proportional
rise — a more than twelvefold increase — was experienced by
food sellers, albeit from a low base, of 0.7% to 8.7%, whereas
the smallest proportional rise of 50%, from 1.4% to 2.1%,
was experienced by tourism workers. Garment workers saw
a rise of 77% on severe WBGT days, from 5.4% to 9.6%.

Based on current climatic projections for 2050, this
relationship will have substantial implications for workers in
multiple sectors. Under the IPCC’s RCP 8.5 emission scenario
- the most severe scenario, which climatic trends are currently
tracking (Schwalm et al., 2020) - Cambodia will see a rise in
days where the temperature reaches the severe WBGT
threshold of 31.1°C from 87 days annually to 135.7 days
annually (World Bank and ADB, 2021). Amongst the five
occupations included in the study here, representing just
over half of the workforce, therefore, Cambodia can expect
an additional 227,818,146 working hours above safe tempera-
tures by 2050. This is likely to bring with it a corresponding
increase in days lost due to heat-stress related illness, heat-
stress related healthcare costs and chronic conditions in
which heat exposure is a key risk factor, such as kidney disease
(Foster et al., 2020), cardiorespiratory conditions and mental
health (Ebi et al., 2021) (Table 1).

When applied to existing data on the Cambodian labour
force, currently estimated at 7.9 million people (NIS, ILO
and ADB, 2021),” these data indicate Cambodia will see an
increase in working hours lost to high temperatures of 18.2%
by 2050. However, this proportion will vary from a 5.1%
increase in the case of the tourism sector, to 7.8% in the case
of the garment sector, 17.7% amongst agricultural workers,
and 20% amongst construction workers. From a very low
base, informal food sellers can expect to see an increase of
58% due to a high sensitivity to high temperatures.
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Figure 3. Percentage of working minutes >38°C core body temperature disaggregated by Study Site.

Overall, therefore, these data indicate the need for a particularly in a country such as Cambodia where high out-
more occupationally-specific, and occupational-environment of-pocket health expenses mean the number of households
specific interpretation of heat stress impacts on health. We facing ‘catastrophic’ health expenditure is 4-6 x higher than
argue, for example, that not all working hours lost are lost the Southeast Asian average, and the core capacity index for
either to ill-health or efforts to avoid ill-health, but that work the International Health Regulations is amongst the region’s
productivity and healthcare provision are closely linked, lowest (Ministry of Health and JICA, 2018).
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Figure 4. Percentage of working minutes at > 38°C Core Temperature, Disaggregated by Occupation and Location.
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Integrating these data with productivity loss figures facili-
tates a disaggregation of heat stress-induced productivity loss
far more detailed than existing estimates (e.g. ILO, 2019;
Kjellstrom et al., 2009). This analysis shows that by 2050,
Cambodia will each year see an additional 151,527,958
hours of unsafe temperatures amongst agricultural workers;
58,090,000 additional hours of high temperatures amongst
construction workers, 8,486,400 additional hours amongst
garment workers; 7,547,878 additional hours amongst tour-
ism sector workers, and 2,165,910 additional hours amongst

informal food sellers. Amongst the five occupations included
in the study here, representing just over half of the work-
force, Cambodia can expect an additional 227,818,146
hours of working hours above safe temperatures by 2050
(Table 2).

These data broadly align with the ILO’s (2019) projection of
working hours lost to heat stress. Whilst the ILO report fore-
cast 60% of these lost hours will come from agriculture and
19% from construction work, data generated for this report
place these figures at 67% and 25% respectively.* Based on
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Figure 6. Percentage of working minutes > 38°C core temperature disaggregated by ambient WBGT.
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Figure 7. Percentage of working minutes > 38°C core temperature disaggregated by occupation and severe/ non-severe WBGT.

Table 1. Projected sectoral changes in workers’ core temperatures >38°C by 2050, per IPCC RCP 8.5.

Core Temperatures >38°C

Present average
Occupation (87 annual days ‘severe” WBGT >31.1°C)

2050 projection
(135.7 annual days ‘severe’ WBGT >31.1°C)

Additional working hours
>38°C core temperature by 2050

Agricultural worker
Construction worker
Food seller
Garment worker
Tourism worker

313.7
3813
63.8
184.9
47.0

371.7
4553
98.4
197.7
49.8

58.0
74.0
345
12.8

2.8

Table 2. Estimated productivity loss by 2050 by sector.

Additional working hours per year per worker with Mean productivity loss at Annual equivalent hours  Annual equivalent hours lost

Occupation core temperatures > 38°C by 2050 severe WBGT (%) lost per worker by population

Agricultural 58 75.00 113,645,968.5
worker

Construction 74 75.00 43,567,500
worker

Food seller 345 25.00 541,477.5

Garment worker 12.8 25.00 2,121,600

Tourism worker 2.8 25.00 188,696.9

Total 160,065,242.9

Table 3. Percentage productivity loss.

% productivity loss due to high
Occupation temperatures now

% total productivity loss due to high
temperatures by 2050

% additional productivity loss due to high

temperatures by 2050

Agricultural worker
Construction worker
Food seller
Garment worker
Tourism worker
Total

7.9

9.3
1.4
0.8
1.6
0.41
7.8

1.4 (17.7% increase)

1.9 (20% increase)
0.29 (58% increase)
0.11 (7.3% increase)
0.02 (5.1% increase)

1.2 (18.2% increase)

the ILO’s (2019) estimation that working in high temperatures
reduces productivity by an average of 75% for those undertak-
ing heavy work (defined as 400W working output) and 25% for
those undertaking light work (200W working output), the

estimated output loss is 6.6% of total working hours across
all five sectors at present, rising to 7.8% of all working hours
by 2050.° However, as shown in Table 3, the impact of rising
temperatures is expected to vary substantially by sector.



The greatest percentage increase in lost productivity
between now and 2050 is expected to be seen in the construc-
tion sector, which will see the proportion of working hours lost
rise from 9.5% of potential productivity to 11.4% of potential
productivity, a difference of 1.9% of working hours. This is clo-
sely followed by the agricultural sector, which will see the pro-
portion of working hours lost rise from 7.9% of potential
productivity to 9.3% of potential productivity, a difference of
1.4% of working hours. The smallest difference is expected
to be seen in the tourism sector, where only a 0.02% decrease
in productivity is expected by 2050. The next least sensitive is
the garment sector, which is expected to see a decrease in pro-
ductivity of only 0.11% by 2050. Food sellers, starting from a
low base of 0.5% of working hours lost, is expected to increase
by a further 0.29% over the same period. Proportionally, these
figures indicate a significant increase in the proportion of
working hours lost as a result of heat by 2050, compared
with the present time.

Overall, Cambodia will - based on the five surveyed sectors
- see an increase in working hours lost to high temperatures of
18.2% by 2050. However, this proportion will vary from an
only 5.1% increase in the case of the tourism sector, to 7.8%
in the case of the garment sector, 17.7% amongst agricultural
workers, and 20% amongst construction workers. From a
very low base, informal food sellers can expect to see an
increase of some 58% due to an unexpectedly high sensitivity
to high temperatures.

Conclusions

Employing a novel, integrated methodology combining body-
worn temperature sensors with qualitative and quantitative
data collection, the data presented here show variations in
excess core temperature that were (1) higher than predicted
by conventional modelling and (2) structured as much by
economic and occupationally specific factors as geography
and weather.

Heat stress in the Cambodian workplace is already a serious
issue in many sectors. Moreover, it is one that is growing in
severity as rising global temperatures are increasing the num-
ber of very hot days in the Kingdom. This report has aimed to
build on existing understanding of this growing risk by using
new technology to emphasize the variegation of heat stress
impacts across the Cambodian economy and to specific econ-
omic sectors. In particular, it has aimed to highlight that pro-
pensity to heat stress depends upon the combination of
climate, geography, work and work environment. Depending
on the particular circumstances, any one of these factors
may be the dominant factor in shaping worker heat stress.

For example, the proportion of working minutes spent at
unsafe core temperatures was strongly influenced by occu-
pation and working environment. Informal food sellers, work-
ing outdoors in urban settings, spent only 0.8% of working
minutes with a core temperature exceeding 38°C, the lowest
of the five occupations surveyed. Tourism workers, working
in similar conditions, were only slightly higher at 1.4% of
working minutes above 38°C. Considerably higher, though,
were indoor garment workers, who spent on average 5.4% of
working minutes above 38°C, followed by 7.1% of working
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minutes for agricultural workers outdoors in rural settings,
and 8.4% of working minutes above 38°C for urban construc-
tion workers.

Moreover, occupational sectors play a role in shaping the
impacts of very hot days. On days when WBGT reached severe
levels (over WBGT 31.1°C), food sellers saw an increase in the
percentage of working minutes with core temperatures over
38°C increase from 0.7% to 8.7%, whereas the smallest pro-
portional rise of 50%, from 1.4% to 2.1%, was experienced
by food sellers. Garment workers saw a rise of 77% on severe
WBGT days, from 5.4% to 9.6%. On severe WGBT days, agri-
cultural workers saw their proportion of working minutes
increase more than 300%, from 7% to 21.5%. Construction
workers, similarly, saw an increase of 315% from 8.5% to
26.8%.

At the same time, differences within occupations are as
important as differences between occupational sectors. In
each of the five sectors included in this study, certain forms
of work were associated with little or no risk of heat stress,
whilst a smaller number are associated with high levels of
heat stress. This finding supports the conclusion that the land-
scape of heat stress is highly uneven. Rather than impacting
working populations in broadly the same way, the physiologi-
cal and productivity impacts of heat stress are predominantly
focused on certain occupational sub-sectors, who experience
acute impacts whilst others are less affected. On a sectoral
basis, these acute impacts aggregate to significant productivity
losses in economic output. The estimated national pro-
ductivity loss is 6.6% of total working hours across all five sec-
tors at present, rising to 7.8% of all working hours by 2050.
However, the impact of rising temperatures is expected to
vary substantially by sector and sub-sector.

The implications of this variegation for decent work are
substantial because of the ways in which productivity impacts
livelihoods. In certain sectors, such as the garment sector,
reduced productivity is likely to lead not only to lost income,
but loss of bonuses, potential job loss and longer hours for
those remaining in work (Judd et al., 2023; Parsons et al.,
2022). In construction or agriculture, by contrast, pro-
ductivity loss may be offset by working longer or more inten-
sively in dangerous temperatures. Food sellers, who possess a
greater degree of informal autonomy, may be able to balance
their exposure to heat stress and income loss more effectively
than other sectors, whilst tourism workers, from a low base
may be facing substantial proportional impacts from heat
stress, the extent and response to which are uncertain. In
all cases, though, the economic and health impacts manifest
at the nexus of time, sector, and small-scale geographic
variation.

This approach presents significant potential for further
research. Whilst core body temperature monitoring of this
kind has been used to monitor health of military and emer-
gency services personnel operating in high temperatures (Bul-
ler et al., 2021; Hintz et al., 2024; Richmond et al.,, 2015) and
are routinely used in the livestock sector to monitor animal
health (Chung et al., 2020; Levit et al., 2021), this represents
the only study to use this methodology to evidence heat stress
impact on the health of workers across multiple industries
simultaneously.
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Moreover, this approach has also raised key questions for
policy, which must respond to differences in occupational sen-
sitivity to temperature extremes. Drawing on the above data,
we hypothesise that these differences arise from the combi-
nation of (1) differences in the built environment linked to
each occupation, (2) differences in working practices, work
environment and capacity for self-regulation of core tempera-
tures, and (3) differences in economic capacity to adapt. How-
ever, further research is needed to establish the specific
mechanisms through which adaptive capacities in each occu-
pational group differentiate, and the relationship of these
mechanisms to working practices and health.

Working populations currently deemed less vulnerable to
heat stress on health and productivity bases may be far more
sensitive to high WBGT than previously observed. The impli-
cations of this for workers, as noted by Kjellstrom
(forthcoming), and for populations as a whole are both
more-than-somatic and more-than-economic. Towards a
lens better attuned to integrated geographic, occupational
and climatic trends, this paper therefore highlights the need
for a broader sampling base of heat stress data, and better
recording of health and economic outcomes to link heat stress
exposure to the diverse socio-economic circumstances that it
meets.

Notes

1. Disability-adjusted life years are the sum of the years of life lost to
due to premature mortality and the years lived with a disability.

2. Wealso considered different heat stress according to gender within
our study by disaggregating our findings. However, the gendered
nature of different roles mean that sub-occupational differences
are often the key metric shaping these differences. Overall, for
example, men spend 20% more minutes working minutes > 38°
because they are over-represented in the hottest occupations, agri-
culture and construction, though men are also over-represented as
tourism workers with low levels of heat stress. In agriculture and
construction, the sampled women workers experience almost
equal rates of heat stress. By contrast, women are over-represented
in garment work, reflecting the overall industry, where 85-90% of
the workforce is female, and informal food selling, in which only
one male respondent against 22 female respondents was sampled.
In the garment sector, women (N = 15) spend 12 times more work-
ing minutes > 38° than men (N =5), likely reflecting the more
senior (e.g. management) positions occupied by men. These differ-
ences warrant further research into the gendered dynamics of the
occupation. However, for the reasons outlined, this would require
a specifically designed sample, in order to reflect how gendered
differences in the nature of work supersede the influence of specific
roles.

3. Some 33% of the Cambodian labour force (2,612,551 people) is
employed in agriculture, whilst 10% (or 785,000 people) are
employed in construction. The latest available data indicate
663,000 workers employed in the formal garment sector, or 8.4%
of the total labour force (Responsible Business Hub, 2022). The
tourism sector, best represented by the 3.4% of workers employed
in “accommodation and food service activities” accounts for
269,567 people, whilst 62,780 people were employed as street ven-
dors, or 0.79% of the total labour force in 2019 (Oxfam, 2020). As
such, the sample here represents data relating to some 55.59% of
the Cambodian workforce as a whole.

4. These calculations should be treated as indicative estimations,
rather than modelled outcomes, for three reasons. First, the data
collected have been selected to represent the full variety of climatic,
geographic and labour variations in Cambodia. However, they are

not sampled to a statistically significant level: a criterion that would
require a much larger sample. Second, the assumptions around
productivity loss are based, following ILO (2019), on the Universal
Thermal Index, which considers the risk of clinical health effects
when the heat limits are reached and the exposed person keeps
working, but also the loss in productivity when someone reduces
his or her metabolic rate by slowing the pace of work to avoid
such effects (Kjellstrom et al., 2009). As such, they do not reflect
empirically measured changes in output in each sector. Third,
the data generated here pertain to a 7-week period of the year
and are not sampled across the entire year. Most notably, they
do not include the hottest part of the year, from March to May.
This final factor is likely to mean that the data here represent a
low estimate of heat stress and its impacts on workers.

5. While Productivity loss is a predicted outcome, another outcome is
also deteriorating health especially where livelihood concerns or
the pressure to maintain production rates push workers to con-
tinue functioning. Oppermann et al. (2020) observes this of open
pit mine workers in northern Australia among whom chronic
heat stress was widespread as it was internalized and normalized.
Indeed, she observes how individualized chronic heat stress
enabled the assemblage of mine production to remain functional
rather than being disruptive of production. Working despite heat
stress is also related to increased risk of making mistakes leading
to work-related accidents (see Kjellstrom et al., 2018; Mathee
et al., 2010).
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