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Supplementary Methods

Step 1. Outdoor and indoor WBGT

Outdoor and indoor WBGT values were calculated separately based on the fifth-generation
reanalysis land (ERA5-Land) meteorological data derived from the European Centre for Medium
Range Weather Forecasts (ECMWF), which include hourly data throughout Europe at a
resolution of 0.1 by 0.1 latitude-longitude (approximately 9 by 9 km) between 1970 and 2024 (1).
Meteorological data used for these calculations include air temperature (dry-bulb ambient
temperature), relative humidity (wet-bulb temperature), wind speed (wet-bulb temperature and
globe temperature), and radiant heat sources (wet-bulb temperature and globe temperature).
The complete list of ERA5-Land variables used in the WBGT calculation can be found in
Supplementary Table 1. These variables were downloaded between September 2024 and April
2025.

Natural wet-bulb temperature (tnw) and globe temperature (tg) were estimated using the
Liljegren method based on meteorological data (2). These estimates, along with dry-bulb
ambient temperature (ta), were subsequently used to calculate outdoor WBGT using the
standard ISO 7243 formula:

Outdoor WBGT=0.7 *t,w+ 0.2 *tg+ 0.1 * t,

Indoor WBGT was calculated by assuming that the radiant temperature equals the dry bulb
temperature, wind speed is 0.4 meters per second, and irradiance is zero for the calculation of
the natural wet-bulb temperature, which simplifies the formula to:

Indoor WBGT =0.7 *taw + 0.3 * t,

Hourly WBGT values were calculated at the Nomenclature of Territorial Units for Statistics
(NUTS) 3 level. The ERAS dataset provides hourly data in Coordinated Universal Time (UTC), also
known as Greenwich Mean Time (GMT), which was used in the model. Finally, WBGT values
were adjusted to the appropriate local time zones based on the NUTS classification.

Data processing and analysis of WBGT values were conducted using Python statistical software.

Step 2. Outdoor and indoor WBGTs




The outdoor and indoor WBGT values obtained in step 1 were modified by job-specific clothing
adjustment values (CAVs) to obtain the WBGT.« The CAVs were assigned to each ISCO-
88(COM) job code by the expert panel through categorizing jobs based on mandatory work
clothing and head covering requirements. The corresponding CAVs were then applied according
to 1ISO 9920 (3). using the following formula:

WBGT.w= WBGT + CAV

Supplementary Table 2 provides an overview of the clothing categories and head covering
classifications, and their corresponding CAVs. Three clothing categories were distinguished, i.e.
low (normal work clothes, cloth coveralls), medium (non-woven or double layer coveralls or
vapour barrier aprons) and high (vapor barrier coveralls or firefighting turnout gear). To each
category, a CAV was assigned: 0 °C-WBGT for low, +3 °C-WBGT for medium, and +11 °C-WBGT
for high. For the high clothing category, an additional assessment was conducted by the experts
to determine how frequently workers wear that specific outfit. This consideration was deemed
relevant exclusively for firefighters, who were classified to wear their full protective outfit for a
randomly distributed average of 6 hours per 40-hour working week during activities spent
outdoors. In addition, the mandatory use of a protective helmet or a hood was assessed by the
expert panel, for which an additional CAV value of +1 °C-WBGT was assigned. Caps that could
protect against sunshine, hairnets, or chef's hats were not considered relevant for heat
assessment. These categories and related CAVs were based on ISO 7243 (4) and the
Occupational Safety and Health Administration (OSHA) clothing adjustment factors which were
adopted from the American Conference of Governmental Industrial Hygienists (ACGIH) “2017
Threshold Limit Values (TLVs) and Biological Exposure Indices (BEIls)” (5).

Step 3. WBGT

WBGT, were calculated based on the metabolic rate specific to each job, estimated according
to ISO 8996 (6), and the acclimatization status. The calculations were performed using the
following formula:

Unacclimatized workers: WBGT,.s=59.9 - 14.1 *logio(metabolic rate)
Acclimatized workers: WBGT..s=59.9- 11.5 *logo(metabolic rate)

Metabolic rate was determined using physical activity, expressed in metabolic equivalent of task
(MET, 1 MET ~ 58.2 Watts per m) (6). Quantitative job-specific MET values were derived from a
previously developed JEM as described in detail elsewhere (7). Briefly, for this JEM, MET values
were assigned to job-specific tasks compiled for each ISCO-08 code. The MET values
corresponding to these tasks were averaged to obtain an average hourly MET value per ISCO-08
code, which were subsequently converted to ISCO-88(COM) codes using a crosswalk developed
by an expert in occupational epidemiology (Calvin Ge).

For the heat JEM, metabolic rates in Watts were calculated based on these MET values using the
formula:

Metabolic rate = MET value x body surface area x 58.2,
where body surface area in m? was estimated using the Du Bois formula (8):

Body surface area = 0.007184 = weight (kg)**?* x height (cm)®”?*.



If information on weight and height is unavailable, typical sex-specific body surface area values
can be used—approximately 1.9 m?for men and 1.6 m” for women (9)—though these may vary
slightly depending on population characteristics (10, 11). This approach implicitly assumes that
women are less vulnerable to heat stress due to their lower average body surface area. We did
not apply any further sex-specific adjustments to the WBGT.., as existing evidence on sex-based
differences in vulnerability to heat stress is inconsistent and no standardized adjustment values
have been established (12).

Step 4. Heat stress hours classification (WBGTe> WBGT )

After obtaining WBGT.« for each hour and WBGT s as a standard across all hours, heat stress
was determined for each outdoor and indoor hour by evaluating whether WBGT. exceeds
WBGT . (4).

Step 5. Indoor heat stress hours adjusted for local heat and cooling sources

For indoor work, further adjustments were made for the presence of local heat and cooling
sources. During the hours workers were exposed to a local heat source while performing indoor
tasks, the indoor WBGT.« were overruled, and these exposure hours were classified as heat
stress. Conversely, in the presence of local cooling, it was assumed that the indoor environment
is sufficiently cooled below WBGT.., resulting in no exposure to heat stress. Under this
assumption, local cooling overrules the effect of meteorological conditions and local heat
sources.

The presence of a local heat source as well as the worker’s likelihood and duration of exposure
were assessed using a two-step approach. First, a literature search was conducted to assess
publications on occupational heat sources and occupational heat exposure in 2023. From this
review, 64 articles (including duplicates) were examined to identify heat sources. This search
was subsequently expanded with reports from OSHA and EU-OSHA, non-scientific documents
and websites that provide additional information on potential heat sources per industry or
occupation. An overview of identified heat sources is provided in Supplementary Table 3. Based
on this literature overview, an initial assessment of the potential presence of each heat source
was made for each ISCO-88(COM) job code by the researcher who reviewed the literature (FP).
Second, the five experts of the expert panel reviewed this initial assessment independently by
confirming or rejecting the assessment of the proposed heat source in that specific job. Experts
also rated the likelihood of exposure to the heat source and the exposure duration. The
likelihood of exposure was categorized into four levels by the percentage of workers with that
job affected by a heat source: approximately 10%, 25%, 75%, or 90%. The area that is affected
by the local heat sources was defined as within a radius of 5 meter of a non-industrial size heat
source, and 10 meters in case of an industrial size source. The exposure duration within the
likelihood of the heat source was also categorized into four levels based on average number of
working hours per day: <1, 1-2, 3-4, or >4 hours out of an 8-hour work-shift. The total number of
exposure hours was determined by taking the midpoint of each frequency category (0.5 hours,
1.5 hours, 3.5 hours, and 6 hours within an 8-hour work shift) and multiplying it by the likelihood
of exposure. It was assumed that exposure to local heat sources is evenly distributed across the
workday. For the assessment of the presence and frequency of local heat sources, no
distinction was made between European countries, as experts concluded that exposure did not



differ across countries. However, for the categorisation of exposure duration, a distinction was
made between Southern European countries and other European countries, with Southern
European countries defined according to the United Nations geoscheme. Specifically, longer
exposure durations were assigned to drivers and heavy machinery operators in Southern
European countries.

The worker’s likelihood of exposure to active cooling was assessed for all ISCO-88(COM) job
codes by the expert panel in four categories: approximately 10%, 25%, 75%, or 90%. Active
cooling is defined as the presence of a type of a fan, air conditioning, or HVAC (Heating
ventilation and air conditioning) system in the location or area where work is performed. No
distinction was made regarding the type of local cooling source or number of hours workers
were exposed to active cooling, as it was assumed to be constantly activated when relevant. All
workers classified within the 75% and 90% likelihood categories were assumed to be in an
indoor environment sufficiently cooled below WBGT ., resulting in no exposure to heat stress.
Worker in the lower likelihood categories were assumed to have no indoor cooling.

Step 6. Heat stress hours adjusted for outdoor and indoor work

To account for the ratio of time workers spent indoors versus outdoors, the total annual working
hours in which WBGT.« exceeded WBGT,.s were first calculated separately for indoor and
outdoor conditions (step 1-5 and 1-4, respectively). These values were then weighted by the
proportion of time spent indoors and outdoors. The estimation of working hours spent indoors
versus outdoors was based on an expert assessment from a previously published JEM for UV
exposure (13). In this assessment, six experts assessed the duration of outdoor work per ISCO-
88(COM) job title, assuming an 8-hour workday, using a five-point scale, i.e., 0 =0 hours, 1 =1-2
hours, 2 = 3-4 hours, 3 = =5 hours. After initial ratings, experts discussed disagreements and
subsequently independently re-rated each job. These final ratings were averaged and rounded.
For the Heat JEM, an additional single expert assessment (CG) was conducted to further classify
jobs initially rated as >4 hours outdoors into two categories: 6 hours or a full workday. The
average values for each category were used to estimate the percentage of working hours spent
outdoors. The final classifications were: 0 hours (0%, i.e. fully indoor), 1.5 hours (18.75%), 3.5
hours (43.75%), 6 hours (75%), and a full workday (100%).

Step 7. Total heat stress hours adjusted for work organization factors

In this final step, the total annual hours in which WBGT.« exceeded WBGT,.s were first summed
to obtain the total annual exposed hours. This number was then adjusted for work organization
conditions, including daily and weekly working hours and vacation days, can be tailored
according to cohort-specific practices and norms. Daily working hours refer to the specific time
range during which work is performed, while weekly working hours account for the total number
of hours worked per week. Vacation days include both the total number of days off and, when
specified, the timing.
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Supplementary Table S1. Overview of ERA5-Land variables used in WBGT calculation with

descriptions.

ERA5-Land variables

Description

2m dewpoint temperature

Temperature to which the air, at 2 meters above the surface
of the Earth, would have to be cooled for saturation to occur.
It is a measure of the humidity of the air.

2m temperature

Temperature of air at 2m above the surface of land, sea orin-
land waters.

Surface net solar radiation

Amount of solar radiation (also known as shortwave
radiation) reaching the surface of the Earth (both direct and
diffuse) minus the amount reflected by the Earth's surface
(which is governed by the albedo)

Surface solar radiation
downwards

Amount of solar radiation (also known as shortwave
radiation) reaching the surface of the Earth. This variable
comprises both direct and diffuse solar radiation).

10m u-component of wind

Eastward component of the 10m wind

10m v-component of wind

Northward component of the 10m wind

Surface pressure

Pressure (force per unit area) of the atmosphere on the
surface of land, sea and in-land water. It is a measure of the
weight of all the air in a column vertically above the area of
the Earth's surface represented at a fixed point

ERA5-Land: Fifth-generation ECMWF atmospheric reanalysis dataset for land applications.




Supplementary Table S2. Overview of clothing categories and assigned CAV values.

Clothing category

Description

CAV values
(°C-WBGT)

Low

Work clothes made from a woven fabric, considered the
reference ensemble.

Cloth coveralls made from woven fabric, including treated
cotton.

Non-woven SMS (Spunbond-Meltblown-Spunbond)
coveralls (single layer) from a non-proprietary fabric made
from polypropylene.

0

Moderate

Non-woven polyolefin coveralls (single layer) from
proprietary polyethylene fabric, such as micro-porous
materials (e.g., Tyvek™).

Vapor-barrier apron with long sleeves and long length over
cloth coveralls, designed as a wrap-around apron to
protect the front and sides from chemical spills.

Double layer of woven clothing, typically consists of
coveralls worn over standard work clothes.

+3

High

Limited-use vapor-barrier coveralls, i.e. full-body
protective garments designed for extreme environments.
Examples include encapsulating suits, whole-body
chemical protective suits, firefighter turnout gear.

+11

Protective helmet
or hood

Mandatory use of a protective helmet or hood which
generally adds to the heat burden. This does not include,
for instance, a cap for sun protection, a hairnet, or a
chef’s hat.

+1

The clothing categories and corresponding clothing adjustment values (CAVs) were based on
ISO 7243 and the Occupational Safety and Health Administration (OSHA) clothing adjustment
factors, which were adopted from the American Conference of Governmental Industrial
Hygienists (ACGIH) "2017 Threshold Limit Values (TLVs) and Biological Exposure Indices (BEls)".




Supplementary Table S3. Overview of identified heat sources.

Source

Industrial Oven

Industrial Furnace

Industrial Smelter

Industrial Kiln

Other industrial heat source

Retail/ Workshop-size Oven

Retail/ Workshop-size Furnace

Retail/ Workshop-size Kiln

Retail/ Workshop-size Other heat source

Heated material

Boiler

Greenhouse effect

Welding equipment

Kitchen equipment

Engine - Engine room

Drying / Cleaning equipment

Geothermal heating

Heated environment (e.g. Roof / Asphalt)

Vehicle cabin

Incinerator

Canning




100 - Armed forces

1110 - Legislators and senier gevernment officials

1141 - Senjor officials of political pary organisations

1142 - Senior officials of employers', workers® and oiher economic-interest erganisations
143 - Senior officials of humanitarian and other special-interest ofganisations

1210 - Directors and chief excutives

1221 - Production and operations managers in agrioulturs, hunting. forestry and fishing
1222 - Produstion and operations managers in manufacturing

1223 - Production and operations managers in construction

1224 - Production and operations managers in wholesale and retail trade

1225 - Production and operations managers in restaurants and holels

1226 - Produotion and operations managers in ransport, storage and communioations
1227 - Production and operations managers in business senices enferprises

1228 - Production and operations managers in personal care, cleaning and related senices
1228 - Production and operations managers not elsewhere classified

1231 - Finance and administration managers

1232 - Personnel and indusirial relations managers
1233 - Sales and marketing managers

1234 - Advertising and public relations managers
1235 - Supply and distribution managers

236 - Computing se managers
d S

7
1239 - Other peci

1311 - Managers of small enterprises in agricu
1312 - Managers of small enterprises in manufacturing

1313 - Managers of small enterprises in construction

1314 - Managers of small enterprises in wholesale and retail trade

1315 - Managers of small enterprises of restaurants and hotels

1316 - Managers of small enterprises in franspert, storage and communisations
1317 - Managers of small enterprises in business senices enterprises

1318 - Managers of small enterprises in personal care, cleaning and related senices
1319 - Managers of small enterprises not elsewhere classifie

2141-Ph

icists and astronomers
2112 - Meteorologists
2113 - Chemists

2114 - Geologists and geophysicists

ISCO-88(COM) codes

2121 - Mathematicians and related professianals

2122 - Statisticians

2131 - Computer systems designers, analysts and programmers.
2139 - Computing professionals not elsewhere classified

2141 - Architects, town and traffic planners.

2142 - il engineers

2143 - Elestrical engineers

2144 - Electronics and telecommunications engineers

2145 - Mechanical engineers

2146 - Chamical engineers

2147 - Mining engineers, metallurgists and related professionals
48.- C
- Architects, engineers and related professionals not elsewhere classified

tographers and surveyors

2211 - Biclogists, botanists, zoologists and related professionals
2212 - Phamacologists, pathologists and related professianals

2213 - Agronomists and related professianals

2221 - Medical doctors

2222 - Dentists

2223 - Veteri

2224 - Pharmacists

2229 - Health professiondls (except nursing) not elsewnere slassiied
2230 - Nursing and midwiery professionals

2310 - Gollege, University and higher sducation teaching professionals
2320 - Secondary education teaching professianals

N

- Primary education teaching professicnals
2 - Pre-primary education te:

2340 - Special education te:

2351 - Education methods specialists

2352 - Sehool inspectors

2359 - Other teaching professionals not elsewhere classified

2412 - Personnel and oareers professionals
2419 - Business professionals not elsewhere classified

2421 - Lawyers

2422 - Judges

2428 - Legal professionals not elswhere classified

2431 - Archivists and curators

2432 - Librarians and related information professionals

2441 - Economists

2442 - Socialogists, anthrepologists and related professionals
2443 - Philosophers, historians and poltical scientists

2444 - Philologists, translators and interpreters

2445 - Peyenalogists
2446 - Social work professionals

2451 - Authors, journalists and other writers
2452 - Sculptors. painters and felated artists

2453 - Gomposers. musicians and singers

2454 Choreographers and d

2455 - Film, stage and related actors and direstars

2480 - Religious professionals
2470 - Public senice administrative professionals

3111 - Chemical and physical science technicians

3112 - Civil engineering technicians

3113 - Electrical enginesring technicians

3114 - Electronics and telecommunications engineering technicians

3115 - Mechanical engineering technicians

3116 - Chemical engineering technicians

3117 - Mining and metallurgieal teehnicians

3118 - Draughtspersons

3119 - Physical and engineering science technicians not elsewhere classified
3121 - Computer assistants

3122 - Compuler equipment cperalors

Industrial robot control

3131 - Photographers and image and sound recarding equipment operat
3132 - Broadoasting and telscommunications equipmant operat

3133 - Medical equipment operatars

3139 - Optical and electronic equipment operators not elsewhere classified
3141 - Ships' engineers

3142 - Ships' deck officers and pilots

3143 - Airoraft pilots and related assosiate professionals

3144 - Air traffic controllers
3145 - Air traffic safety technicians
3151 - Building and fire inspectors
3152 - Safety, health and quali

3212 - A

sistant
3222 - Hygienists, heaith and environmental officer
3223 - Dieticians and nutritionists

3224 - Oplometrists and oplicians

3225 - Dental assistants

3226 - Physiatherapists and related associate professionals
3227 - Veterinary assistants

O O
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Supplementary Figure S1a. Ridge plot depicting variation in annual occupational heat stress
hours across all jobs and European countries. Each ridge represents the variation in annual

occupational heat stress hours across 37 European countries for the corresponding ISCO-
88(COM) code listed on the y-axis, covering codes from 100 to 4223. Higher peaks indicate that
most workers within an job experience similar heat stress hours across regions, whereas wider
distributions reflect greater variation in heat stress hours across regions within that job.
Calculations are based on unacclimatized workers with a body surface area of 1.9 mZin 2020,
assuming full-time employment from 9 AM to 5 PM (8 hours/day, 5 days/week) and 30 vacation
days (230 workdays/year).



3228 - Phammaeeutical assistants

3229 - Health assosiate professionals (except nursing) not elsewhers classified
3231 - Nursing asscoiate professianals

3232 - Midwifery associate professianals

3310 - Primary education teaching associate professianals

3320 - Pre-primary education teaching assotiate professionals

3330 - Special education teaching associate professionals

3340 - Other teaching asscoiate professionals

3411 - Securities and finance dealers and brokers

3412 - Insurance representatives

3413 - Estate agents

3414 - Travel consultants and organisers

3415 - Teohnical and commeroial sales representatives

3416 - Buyers

3417 - Appraisers, valuers and austioneers

3419 - Finanoe and sales associate professionals not elsewnere olassified
3421 - Trade brokers

3422 - Clearing and forwarding agents
3423 - Employment agents and labour contractors

3432 - Legal and related business assosiate professianals
3433 - Baokkeepers

3434 - Statistical, and related assceiate profess|
3441 - Gustoms and border inspestars

3442 - Goverment tax and excise officials

3443 - Govemment sacial benefits officials

3444 - Government licensing officials

3449 - Customs, ta, related government associate profess not elsewhere ¢

professionals
3471 - Decorators and commercial designers

3472 - Radio, television and other announcers

3473 - Street, night-club and related musicians, singers and dancers
3474 - Clowns, magicians, acrobats and refated associate professionals
3475 - Athlstes, sports persans and related assooiats professionals
3480 - Religious asscciate professionals

4111 - Stenographers and typists

4112 - Word-processer and related operators

4113 - Data entry operators

4114 - Galculating-machine operators

4115 - Secrelaries

4121 - Accounting and book-keeping clerks

4122 - Statistical and financs

4131 - Stoc

4132 - Productio ]

4133 - Transport

4141 - Library and filing clerks

ISCO-88(COM) codes

4143 - Coding, proof-rea
4144 - Scribes and related warkers

4212 - Tellers and other counter clerks
1213 - Bookmakers and croupiers

mbrokers. and money-lenders
4215 - Debtcollectors and related workers
4221 - Travel agency and related clerks
4222 - Raceptionists and infarmation ¢
4223 - Telephone switchboard operators
5111 - Travel attendants and travel stewards
5112 - Transport conductors

5113 - Travel guides
5121 - Housekeepers and related workers

5122 - Cooks
5123 - Wailers, waitresses and barlenders
workers
workers
workers

5132 - Institution-based pers:

5133 - Home-based person.

5139 - Personal care and related workers not elsewhere classified
5141 - Hairdressers, barbers, beauticians and related warkers
5142 - Companions and v

5143 - Undertakers and embalmers

5149 - Other persanal serices workers not elsewhere classified

5169 - Protective senvices workers not elsewhere classified
5210 - Fashion and other modsls

5220 - Shop, stall and market salespersons and demonst
6111 - Field crop and vegetable growers

6112 - Gardeners, horticultural and nursery growers

§121 - Dairy and lives

6122 - Po

€129 - Animal producers and related workers not /s
6130 - Grap and animal pro

6141 - Forestry workers and logg

6142 - Charcoal burners and related workers

6151 - Aquatic life cultivation workers
6152 - Inland and coastal waters fish
6153 - Deep-sea fishery workers

6154 Hunters and trappers
7111 - Miners and orkers

7122 - Bricklayers and stonemasons
7123 - Goncrete placers, conorete finishers and related workers

7124 - Carpenters and joiners.

7129 - Building frame and related trades workers not elsewhere classified
31 - Roofers

7132 - Floor layers and tile selters
33 Plasterers
7134 - Insulation workers

7135 - Glaziers

7130 - Plumbers and pipe fitiers

7137 - Building and related electricians

7139 - Building finishers and related trade workers not eisewhere classified
7141 - Painters and related workers

7143 -Bu Ucture cleaners

7211 - Metal mo.

7212 - Welders and flame cutiers

7213 - Sheel-metal workers

7214 - Structural-metal preparers and erectors

rs and coremakers

7215 -

iggers and cable splicers
7216 - Undenwate

7221 - Blacksmiths, hammer-smiths and forging-press workers
7222 - Tool-makers and related workers

7223 - Machine-tool setters and selier-operalars

7224 - Metal wheel-grinders, polishers and tool sharpeners

- Motor vehicle mechanios and fitters
ircraft engine mechanics and fitters
7233 - Agricultural- or industria-machinery mechanics and fitters
7241 -

orkers

rical mechanics fitters and services.

N
S
N

Annual occupational heat stress hours

Supplementary Figure S1b. Ridge plot depicting variation in annual occupational heat stress
hours across all jobs and European countries. Each ridge represents the variation in annual
occupational heat stress hours across 37 European countries for the corresponding ISCO-
88(COM) code listed on the y-axis, covering codes from 5111 to 9330. Higher peaks indicate that
most workers within an job experience similar heat stress hours across regions, whereas wider
distributions reflect greater variation in heat stress hours across regions within that job.
Calculations are based on unacclimatized workers with a body surface area of 1.9 m?in 2020,
assuming full-time employment from 9 AM to 5 PM (8 hours/day, 5 days/week) and 30 vacation

days (230 workdays/year).
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ISCO-88(COM) codes

7242 - Elestronics mechanics, fitters and servicers

8224 - Photographic-products machine operators

-

7244 - Telegraph and telephone installers and servicers 8229 - Chemical-products machine operatars not elsewhere
7245 - Electrical line installers. repairers and cable jointers —r— 8231 - Rubber-produsts mashine A
7311 - Precision-instrument maksrs and repairers 8232 - Plastic-products machine -~
7312 - Musical-instrument makers and tuners 8240 u;»f: n:uuczs Ha’:: e
7313 - Jawellery and precious-metal workears 1251 - Printing-machine s
7321 - Abrasive wheel formers, potters and related workers ‘é—— 8252 - Book-binding-machine s —T
7322 - Glass-makers, cutters, gnnders and finishers — 8253 - Paper-products machine s -
7323 - Glass engravers and etchers t 8261 - Fibre-preparing-, spinning- and winding-machine s ——
7324 - Glass, ceramics and related decorative painters 8262 - Weaving ing-machine s ——
7331 - Handicraft workers in weed and related materials - 8283 - Sewing-machine s '
7332 - Handicraft workers in textile, leather and related materials —— 8264 - Bleaching-, dysing- and cleaning-maching aps s ]
7341 - Compositors, typesetters and related workers '3‘15;5(; i“j' and ‘Ca"\D"P"CP“""‘Z'”“: e : —
. . e hoemaking- and related machine s -
7344 - Photographic and related workers 827 t-and fish-pracessing-machine
7345 - Bookbinders and related workers = 8272 - Dairy-products machine
7346 - Silk-screen, block and craft textile printers 8273 - Grain- and spice-milling-machine
7411 - Butchers, fishmongers and rslated foad praparars 8274 - Baked-goods, cereal and chocolate- products machine
7412 - Bakers, pastry-cooks and confestionery makers A___ 8275 - Fruit-, vegetable- and nut.processing-machine -~
7413 - Dairy-products workers 8276 - Sugar production machine e

7414 - Fruit, vegetable and related presenvers

7415 - Feod and beverage lasters and graders

7416 - Tobaceo preparers and tobacen products makers
7421 - Wood veaters

7422 - Cabinetmakers and related workers

7423 - Wioodworking machine setters and sefter-operators
7424 - Basketry weavers, brush makers and related workers
7431 - Fibre preparers

7432 - Weavers, knitters and related workers

7433 - Tailors, dressmakers and hatters

7434 - Furriers and related workers

7435 - Texile, leather and related pallern-makers and cutt
7436 - Sewers, embroiderers and related work

7437 - Upholsterers and related workers

7441 - Pelt dressers, tanners and fellmongers

7442 - Shoe-makers and related workers

8111 - Mining plant operalars

8112 - Mineral-ore and stone-processing-piant operatars
8113 - Well crillers and borers and related workers

8121 - Ore and metal fumace operators

8122 - Metal meliers, casters and rolling-mill operators
8123 - Metal heat treating-plant operators

8124 - Metal drawers and extuders

8131 - Glass and ceramics kiln and related machine operators

s

cessing-machine

8278 - Brewers, wine and other bev
8279 - Tobaseo produstion machine operators

6281 - Mechanical-machinery assemblers

8282 - Elecrical-equipment assemblers

8283 - Electronic-equipment assemblers

roducts assemblers
roducts assemblers

8286 - Paperboard, textile and related products assemblers
8287 - Composite products assemblers

8280 - Cther machine operators nat elsewhere classified
8311 - Locomotive engine drivers

8323 - Bus and tram

8324 - Heavy truck and lon

8331 - Matorised farm and forestry plant

8332 - Earth-moving and related plant

8333 - Crane, hoist and related plan

§334 - Lifting-ruck

8340 - Ships’ deck crews an

9111 - Street vendors

9113 - Door-to-door and telephone salespersons

9120 - Shoe cleaning and other street services elementary occupations

i

Slass, ceramics and related plant operstors not slsewhere classified e
8141 - Wood-processing-plant operatars o —— 9131 - Domestic helpers and cleaners o E
8142 - Paper-pulp plant opsrators -~ 9132 - Helpers and eleaners in offices, hotels and
8143 - Papermaking-plant operators _ £133 - Hand-la nd pressers
8151 - Crushing- grinding- and chamical-mixing-machinery operalors | A —— 9141 - Building caretakars -
152 - Chemical-heat-treating-plant operators -~ 9142 - Vehicle, window and related cleaners | <eem—— —  —
8153 - Chemical-filtering- and separating-equipment operalors o~ 9151 - Messengers, package and lugga: bors and deliverers

8154 - Chamical-still and reactor operators (except petroleum and natural gas)
8155 - Petroleum- and natural-gas-refining-plant operators

8158 - Chemical-processing plant operators not elsewhere classified
8161 - Power-production plant operatars

8162 - Steam-angine and boiler operators

8163 - Incinerator, water-treatment and related plant operators

8170 - Industrial robot operatars

8211 - Machine-tool operators

8212 - Cemant and ather mineral products machine oparators

8221 - Pharmaceutical-and toiletry-preducts machine operatars
6222 - Ammunition- and explosive-products machine operalars

8223 - Metal finishing., plating- and coating-machine operatars

9152 - Doorkeepers, watchpersons and related workers

9153 - Vending-machine money collectors, meter readers and related workers
9161 - Garbage coll

9162 - Sweepers and related labourers

9211 - Fam-hands and labourers
8212 - Forestry labourers

9213 - Fishery. hunting and trapping labourers

8311 - Mining and quarying labourers

9312 - Construction and maintenance labourers: reads, dams and similar construc

tors

9313 - Building o Iabourers
9320 - Manufacturing labourers

9330 - Transpart labourers and freight handlers

£
S
N
Annual occupational heat stress hours

Supplementary Figure S1c. Ridge plot depicting variation in annual occupational heat stress
hours across all jobs and European countries. Each ridge represents the variation in annual
occupational heat stress hours across 37 European countries for the corresponding ISCO-
88(COM) code listed on the y-axis, covering codes from 5111 to 9330. Higher peaks indicate that
most workers within an job experience similar heat stress hours across regions, whereas wider
distributions reflect greater variation in heat stress hours across regions within that job.
Calculations are based on unacclimatized workers with a body surface area of 1.9 m?in 2020,
assuming full-time employment from 9 AM to 5 PM (8 hours/day, 5 days/week) and 30 vacation
days (230 workdays/year).
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Supplementary Table S4a. Step-by-step example of heat stress hours calculation using the heat
JEM (medical doctors, ISCO 2221).

(NUTS 0 level).

Time Outdoor WBGT (°C) Indoor WBGT (°C)
9:00-10:00 AM 21.20 20.01
10:00-11:00AM  22.52 20.77
11:00-12:00PM  23.59 21.54
12:00-1:00 PM 24.50 22.29

1:00-2:00 PM 25.04 22.92

2:00-3:00 PM 25.29 23.34

3:00-4:00 PM 25.30 23.55

4:00-5:00 PM 25.07 23.51

Steps Description
Step 1. Outdoor and As an example, the table below presents indoor and outdoor WBGT values
indoor WBGT (°C) for standard work hours (9:00 AM to 5:00 PM) on 1 August 2020 in France

Step 2. Outdoor and
indoor WBGT

For “medical doctors”, the expert panel assumed no mandatory work
clothing or head covering is worn, meaning that WBGT values were taken as
WBGTvalues.

Time Outdoor WBGT. (°C)  Indoor WBGT. (°C)
9:00-10:00 AM 21.20 20.01
10:00-11:00AM  22.52 20.77
11:00-12:00 PM  23.59 21.54
12:00-1:00 PM 24.50 22.29
1:00-2:00 PM 25.04 22.92
2:00-3:00 PM 25.29 23.34
3:00-4:00 PM 25.30 23.55
4:00-5:00 PM 25.07 23.51

Step 3. WBGT

The activity level of “medical doctors”, corresponds to 1.85 metabolic
equivalents (METs). The metabolic rate was calculated as:
Metabolic rate = MET * body surface area * 58.2

Using a body surface area of 1.9 m?, this yields:
1.85* 1.9 * 58.2 = 204.6 Watts

The WBGT,s value is than calculated as:
WBGT.s = 59.9 - 14.1 x log,,(metabolic rate)
Which results in:

WBGT s = 59.9-14.1 x log,,(204.6) = 27.32°C

Step 4. Heat stress
hours classification
(WBGTek > WBGT, )

Each hour is classified as a heat stress hour if WBGTess > WBGT et

Time Outdoor WBGTref Outdoor WBGTes >
WBGT (°C) (°C) WBGT
9:00-10:00 AM 21.20 27.32 No
10:00-11:00AM  22.52 27.32 No
11:00-12:00PM  23.59 27.32 No
12:00-1:00 PM 24.50 27.32 No
1:00-2:00PM 25.04 27.32 No
2:00-3:00 PM 25.29 27.32 No
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3:00-4:00 PM 25.30 27.32 No
4:00-5:00 PM 25.07 27.32 No
Time Indoor WBGTref Indoor WBGTs >
WBGT (°C) (°C) WBGT
9:00-10:00 AM 20.01 27.32 No
10:00-11:00AM  20.77 27.32 No
11:00-12:00PM 21.54 27.32 No
12:00-1:00 PM 22.29 27.32 No
1:00-2:00PM 22.92 27.32 No
2:00-3:00 PM 23.34 27.32 No
3:00-4:00 PM 23.55 27.32 No
4:00-5:00 PM 23.51 27.32 No

Step 5. Indoor heat
stress hours adjusted
for local heat and
cooling sources

The expert panel assumed that “medical doctors” are not exposed to local
heat sources but are exposed to local cooling sources. Therefore, if indoor
WBGTes values exceeded WBGT,, this was not considered to represent
actual heat stress exposure.

Steps 1 to 5 are repeated
stress exposure.

for each individual work hour to estimate total annual occupational heat

Step 6. Heat stress
hours adjusted for

outdoor and indoor
work

Across the full year (including weekends), 23 hours exceeded the WBGT

threshold for outdoor work, and 0 hours for indoor work. “Medical doctors”

are classified as working 18.75% of their time outdoor and 81.25% of their
time indoor. Therefore, the total number of heat stress hours is calculated
as:

(23 * 0.1875) + (0 * 0. 8125) = 4 hours

Step 7. Total heat
stress hours adjusted
for work organization
factors

To reflect a typical work schedule of five working days per week and 30
vacation days per year (230 work hours per year), the total number of heat
stress hours was adjusted proportionally:

4*230/365=3hours
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Supplementary Table S4b. Step-by-step example of heat stress hours calculation using the heat
JEM (crop and animal producers, ISCO 6130).

Steps Description
Step 1. Outdoor and As an example, the table below presents indoor and outdoor WBGT values
indoor WBGT (°C) for standard work hours (9:00 AM to 5:00 PM) on 1 August 2020 in France

(NUTS 0 level).

Time Outdoor WBGT (°C) Indoor WBGT (°C)
9:00-10:00 AM 21.20 20.01
10:00-11:00AM  22.52 20.77
11:00-12:00PM  23.59 21.54
12:00-1:00 PM 24.50 22.29
1:00-2:00 PM 25.04 22.92
2:00-3:00 PM 25.29 23.34
3:00-4:00 PM 25.30 23.55
4:00-5:00 PM 25.07 23.51

Step 2. Outdoor and
indoor WBGT

For “crop and animal producers” the expert panel assumed no mandatory
work clothing or head covering is worn, meaning that WBGT values were
taken as WBGTe«values.

Time Outdoor WBGTe (°C)  Indoor WBGTe (°C)
9:00-10:00 AM 21.20 20.01
10:00-11:00AM 22,52 20.77
11:00-12:00PM  23.59 21.54
12:00-1:00 PM 24.50 22.29
1:00-2:00 PM 25.04 22.92
2:00-3:00PM 25.29 23.34
3:00-4:00 PM 25.30 23.55
4:00-5:00PM 25.07 23.51

Step 3. WBGT

The activity level of “building construction labourers” corresponds to 3.15
metabolic equivalents (METs). The metabolic rate was calculated as:
Metabolic rate = MET * body surface area * 58.2

Using a body surface area of 1.9 m?, this yields:
3.15* 1.9 * 58.2 = 348.3 Watts

The WBGT,s value is than calculated as:
WBGT.s = 59.9 - 14.1 x log,,(metabolic rate)
Which results in:

WBGTer =59.9-14.1 x l0g,,(348.3) = 24.06 °C

Step 4. Heat stress
hours classification
(WBGTet > WBGT )

Each hour is classified as a heat stress hour if WBGTess > WBGT et

Time Outdoor WBGTref Outdoor WBGTes >
WBGT (°C) (°C) WBGT

9:00-10:00 AM 22.20 24.06 No

10:00-11:00AM  23.52 24.06 No

11:00-12:00PM  24.59 24.06 Yes

12:00-1:00 PM 25.50 24.06 Yes

1:00-2:00PM 26.04 24.06 Yes
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2:00-3:00 PM 26.29 24.06 Yes
3:00-4:00 PM 26.30 24.06 Yes
4:00-5:00 PM 26.07 24.06 Yes
Time Indoor WBGTref Indoor WBGTes >
WBGT (°C) (°C) WBGT
9:00-10:00 AM 21.01 24.06 No
10:00-11:00AM  21.77 24.06 No
11:00-12:00PM  22.54 24.06 No
12:00-1:00 PM 23.29 24.06 No
1:00-2:00PM 23.92 24.06 No
2:00-3:00 PM 24.34 24.06 Yes
3:00-4:00 PM 24.55 24.06 Yes
4:00-5:00 PM 24.51 24.06 Yes

Step 5. Indoor heat
stress hours adjusted
for local heat and
cooling sources

The expert panel assumed that “crop and animal producers” are not
exposed to local heat sources or local cooling sources. Therefore, the total
number of indoor heat stress hours remains unchanged.

Steps 1 to 5 are repeated
stress exposure.

for each individual work hour to estimate total annual occupational heat

Step 6. Heat stress
hours adjusted for

outdoor and indoor
work

Across the full year (including weekends), 111 hours exceeded the WBGT
threshold for outdoor work, and 38 hours for indoor work. “Crop and animal
producers” are classified as working 75% of their time outdoor and 25% of
their time indoor. Therefore, the total number of heat stress hours is
calculated as:

(111 * 0.75) + (38 * 0.25) = 93 hours

Step 7. Total heat
stress hours adjusted
for work organization
factors

To reflect a typical work schedule of five working days per week and 30
vacation days per year (230 work hours per year), the total number of heat
stress hours was adjusted proportionally:

93 * 230/ 365 =58 hours
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Supplementary Table S4c. Step-by-step example of heat stress hours calculation using the heat
JEM (painters and related workers, ISCO 7141).

Steps Description
Step 1. Outdoor and As an example, the table below presents indoor and outdoor WBGT values
indoor WBGT (°C) for standard work hours (9:00 AM to 5:00 PM) on 1 August 2020 in France

(NUTS 0 level).

Time Outdoor WBGT (°C) Indoor WBGT (°C)
9:00-10:00 AM 21.20 20.01
10:00-11:00AM  22.52 20.77
11:00-12:00PM  23.59 21.54
12:00-1:00 PM 24.50 22.29
1:00-2:00 PM 25.04 22.92
2:00-3:00 PM 25.29 23.34
3:00-4:00 PM 25.30 23.55
4:00-5:00 PM 25.07 23.51

Step 2. Outdoor and
indoor WBGT

For “painters and related workers”, the expert panel assumed no mandatory
work clothing or head covering is worn, meaning that WBGT values were
taken as WBGTe«values.

Time Outdoor WBGTe (°C)  Indoor WBGTe (°C)
9:00-10:00 AM 21.20 20.01
10:00-11:00AM 22,52 20.77
11:00-12:00PM  23.59 21.54
12:00-1:00 PM 24.50 22.29
1:00-2:00 PM 25.04 22.92
2:00-3:00PM 25.29 23.34
3:00-4:00 PM 25.30 23.55
4:00-5:00PM 25.07 23.51

Step 3. WBGT

The activity level of “painters and related workers” corresponds to 2.94
metabolic equivalents (METs). The metabolic rate was calculated as:
Metabolic rate = MET * body surface area * 58.2

Using a body surface area of 1.9 m?, this yields:
2.94*1.9*58.2 =325.1 Watts

The WBGT,s value is than calculated as:
WBGT.s = 59.9 - 14.1 x log,,(metabolic rate)
Which results in:

WBGTer =59.9-14.1 x l0g,,(325.1) =24.48 °C

Step 4. Heat stress
hours classification
(WBGTet > WBGT )

Each hour is classified as a heat stress hour if WBGTess > WBGT et

Time Outdoor WBGTref Outdoor WBGT >
WBGT (°C) (°C) WBGT

9:00-10:00 AM 22.20 24.48 No

10:00-11:00AM  23.52 24.48 No

11:00-12:00PM  24.59 24.48 Yes

12:00-1:00 PM 25.50 24.48 Yes

1:00-2:00PM 26.04 24.48 Yes
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2:00-3:00 PM 26.29 24.48 Yes
3:00-4:00 PM 26.30 24.48 Yes
4:00-5:00 PM 26.07 24.48 Yes
Time Indoor WBGTref Indoor WBGTes >
WBGT (°C) (°C) WBGT
9:00-10:00 AM 21.01 24.48 No
10:00-11:00AM  21.77 24.48 No
11:00-12:00PM  22.54 24.48 No
12:00-1:00 PM 23.29 24.48 No
1:00-2:00PM 23.92 24.48 No
2:00-3:00 PM 24.34 24.48 No
3:00-4:00 PM 24.55 24.48 Yes
4:00-5:00 PM 24.51 24.48 Yes

Step 5. Indoor heat
stress hours adjusted
for local heat and
cooling sources

The expert panel assumed that “painters and related workers” are not
exposed to local heat sources or local cooling sources. Therefore, the total
number of indoor heat stress hours remains unchanged.

Steps 1 to 5 are repeated
stress exposure.

for each individual work hour to estimate total annual occupational heat

Step 6. Heat stress
hours adjusted for

outdoor and indoor
work

Across the full year (including weekends), 95 hours exceeded the WBGT
threshold for outdoor work, and 29 hours for indoor work. “Painters and
related workers” are classified as working 43.75% of their time outdoor and
56.25% of their time indoor. Therefore, the total number of heat stress hours
is calculated as:

(95 * 0. 4375) + (29 * 0. 5625) = 58 hours

Step 7. Total heat
stress hours adjusted
for work organization
factors

To reflect a typical work schedule of five working days per week and 30
vacation days per year (230 work hours per year), the total number of heat
stress hours was adjusted proportionally:

58 * 230/ 365 =36 hours
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Supplementary Table S4d. Step-by-step example of heat stress hours calculation using the heat
JEM (building construction labourers, ISCO 9313).

Steps Description
Step 1. Outdoor and As an example, the table below presents indoor and outdoor WBGT values
indoor WBGT (°C) for standard work hours (9:00 AM to 5:00 PM) on 1 August 2020 in France
(NUTS 0 level).
Time Outdoor WBGT (°C) Indoor WBGT (°C)
9:00-10:00 AM 21.20 20.01
10:00-11:00AM  22.52 20.77
11:00-12:00PM  23.59 21.54
12:00-1:00 PM 24.50 22.29
1:00-2:00 PM 25.04 22.92
2:00-3:00 PM 25.29 23.34
3:00-4:00 PM 25.30 23.55
4:00-5:00 PM 25.07 23.51
Step 2. Outdoor and For “building construction labourers”, the expert panel assumed no
indoor WBGTes mandatory work clothing was worn but that head covering was mandatory,

adding a +1 °C CAV to the WBGT to obtain WBGTeff values.

Time Outdoor WBGT. (°C)  Indoor WBGTe (°C)
9:00-10:00 AM 22.20 21.01
10:00-11:00AM  23.52 21.77
11:00-12:00PM  24.59 22.54
12:00-1:00 PM 25.50 23.29
1:00-2:00 PM 26.04 23.92
2:00-3:00 PM 26.29 24.34
3:00-4:00 PM 26.30 24.55
4:00-5:00 PM 26.07 24.51
Step 3. WBGT The activity level of “building construction labourers” corresponds to 4.90

metabolic equivalents (METs). The metabolic rate was calculated as:
Metabolic rate = MET * body surface area * 58.2

Using a body surface area of 1.9 m?, this yields:
4.90 * 1.9 * 58.2 = 541.8 Watts

The WBGT,s value is than calculated as:
WBGT.s = 59.9 - 14.1 x log,,(metabolic rate)
Which results in:

WBGT s = 59.9-14.1 x log,,(541.8) =21.35°C

Step 4. Heat stress Each hour is classified as a heat stress hour if WBGTex > WBGT e:
hours classification
(WBGTest > WBGTer) Time Outdoor WBGTref Outdoor WBGT >
WBGTe (°C) (°C) WBGT et
9:00-10:00 AM 22.20 21.35 Yes
10:00-11:00AM  23.52 21.35 Yes
11:00-12:00PM  24.59 21.35 Yes
12:00-1:00 PM 25.50 21.35 Yes
1:00-2:00 PM 26.04 21.35 Yes
2:00-3:00 PM 26.29 21.35 Yes
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3:00-4:00 PM 26.30 21.35 Yes
4:00-5:00 PM 26.07 21.35 Yes
Time Indoor WBGTref Indoor WBGTs >
WBGT (°C) (°C) WBGT
9:00-10:00 AM 21.01 21.35 No
10:00-11:00AM  21.77 21.35 Yes
11:00-12:00PM  22.54 21.35 Yes
12:00-1:00 PM 23.29 21.35 Yes
1:00-2:00PM 23.92 21.35 Yes
2:00-3:00 PM 24.34 21.35 Yes
3:00-4:00 PM 24.55 21.35 Yes
4:00-5:00 PM 24.51 21.35 Yes

Step 5. Indoor heat
stress hours adjusted
for local heat and
cooling sources

The expert panel assumed that “building construction labourers” are not
exposed to local heat sources or local cooling sources. Therefore, the total
number of indoor heat stress hours remains unchanged.

Steps 1 to 5 are repeated
stress exposure.

for each individual work hour to estimate total annual occupational heat

Step 6. Heat stress
hours adjusted for

outdoor and indoor
work

Across the full year (including weekends), 454 hours exceeded the WBGT
threshold for outdoor work, and 238 hours for indoor work. “Building
construction labourers” are classified as working fully outdoors. Therefore,
the total number of heat stress hours is calculated as:

(454 *1.0) + (238 * 0.0) = 454 hours

Step 7. Total heat
stress hours adjusted
for work organization
factors

To reflect a typical work schedule of five working days per week and 30
vacation days per year (230 work hours per year), the total number of heat
stress hours was adjusted proportionally:

454 * 230/ 365 = 286 hours
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