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Assess needs
– hazards assessment

– profile of the target population

– background on the social context

Gain support
– identify and involve key actors that provide ongoing advice, support, networking

Establish education objectives and content
– identify specific learning objectives to create an activist workforce that will advocate effectively for a healthier work environment

Select education methods
– select methods based on objectives, content areas and the profile of the workforce

Implementing an education program
– carry out the plan

Evaluate and follow up
– allow lerners to judge the progress toward new knowledge, skills, attitudes or actions

– allow educators to judge the effectiveness of the training and what has been accomplished

ILO METHODOLOGY TO ADDRESS OCCUPATIONAL CHALLENGES
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FIELD STUDIES ACROSS EUROPE

HEAT-SHIELD mission: to address the negative impacts of workplace heat stress 

on the health and productivity of workers in strategic European industries
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FIELD STUDIES ACROSS EUROPE – METHODOLOGY

6/45 Ioannou et al., 2021, Int J Env Res Public Health



FIELD STUDIES ACROSS EUROPE – MITIGATION

Personalized warning system

Adaptation strategies
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mechanization clothingwork-rest ratios hydration

Vulnerable workers



ALL PROJECT OUTPUTS ARE SHOWN IN OUR WEBPAGE

Outputs to date:

– guidance documents

– 52 scientific articles

– >40 conference presentations

– 6 videos

– 9 infographics

– …

www.heat-shield.eu
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HEALTH IMPACT OF OCCUPATIONAL HEAT

During or at the end of a single work shift under heat stress

– 35% of workers experience symptoms of 

occupational heat strain

9/45 Flouris et al., 2018, Lancet Plan Health



HEALTH IMPACT OF OCCUPATIONAL HEAT

Those who frequently work in the heat experience

– 4-fold increase in the likelihood of having heat strain

– 0.7°C higher body temperature

– 14.5% increase in urine specific gravity

– 15% risk for kidney disease / acute kidney injury

10/45 Flouris et al., 2018, Lancet Plan Health



HEAT IN THE WORKPLACE
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Construction

Agriculture

max core temp. 

recorded

max core temp. 

recorded

Flouris et al., Unpublished Data



HEAT IN THE WORKPLACE
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Flouris et al., Unpublished Data



PRODUCTIVITY IMPACT OF OCCUPATIONAL HEAT

During or at the end of a single work shift under heat stress

– 30% of workers report productivity losses

13/45 Flouris et al., 2018, Lancet Plan Health

In most cases, the adopted units of labor 

reflected the total volume of output over    

an hour or a day recorded from tens or even 

thousands of workers grouped together



DO YOU THINK THE HEAT AFFECTS YOUR PRODUCTIVITY?
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DO YOU THINK THE HEAT AFFECTS YOUR PRODUCTIVITY?

Loss of 1% of labor time for every 1°C increase in 

environmental temperature, for this worker

15/45 Ioannou et al., under review, Lancet Planet Health



IMPACT OF HEAT STRESS ON LABOUR PRODUCTIVITY

16/45 Ioannou et al., under review, Lancet Planet Health



VULNERABILITY MAPS FOR EUROPE AT NUTS2

Percentage of gross value added lost 

across Europe
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agriculture construction

manufacturing tourism transportation

Flouris et al., Under Preparation



IMPACTS IN AGRICULTURE LABOUR PRODUCTIVITY

18/45 Ioannou et al., under review, Lancet Planet Health



IMPACTS IN AGRICULTURE – FUELING INEQUALITIES

19/45 Ioannou et al., under review, Lancet Planet Health



IMPACTS IN AGRICULTURE – FUELING INEQUALITIES

20/45 Ioannou et al., under review, Lancet Planet Health



How well do thermal indicators

quantify the magnitude

of occupational

heat strain? 



THERMAL INDICATORS TO ASSESS OCCUP. HEAT STRESS

22/45 Ioannou et al., under review, Temperature

Process to evaluate the efficacy of thermal indicators for assessing 

occupational heat stress and protecting workers



THERMAL INDICATORS TO ASSESS OCCUP. HEAT STRESS
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232 publications (1905 – 2018)

339 thermal indicators

– 187 calculated using                                                                             

meteorological data

61 suitable for use in

occupational settings

Ioannou et al., under review, Temperature



THERMAL INDICATORS TO ASSESS OCCUP. HEAT STRESS

24/45 Ioannou et al., under review, Temperature

Criteria to consider 

when adopting a 

thermal indicator



THERMAL INDICATORS TO ASSESS OCCUP. HEAT STRESS

25/45 Ioannou et al., under review, Temperature

Field experiments evaluating the efficacy of 61 

meteorology-based indicators for occupational 

settings to quantify the physiological strain 

experienced by those who work in the heat

– 9 countries (Australia, Cyprus, Canada, 

Denmark, Greece, Qatar, Slovenia, Spain, and 

USA)

– 372 experienced and acclimatized workers

– 1 to 5 work shifts per worker

core body temperature

mean skin temperature

heart rate

urine specific gravity



THERMAL INDICATORS TO ASSESS OCCUP. HEAT STRESS

26/45 Ioannou et al., under review, Temperature

Simply measuring one or more meteorological parameters (air temperature, 
humidity, wind, solar radiation) does not adequately reflect the physiological 
heat strain experienced by working individuals

The indoor and outdoor Wet-Bulb Globe Temperature (WBGT) as well as the 
Universal Thermal Climate Index (UTCI) emerge as the most efficacious meteo-
based indicators for quantifying the physiological strain experienced by 
workers in different occupational settings



IMPROVING OCCUPATIONAL HEAT STRESS ASSESSMENT

Wet-Bulb Globe Temperature (WBGT) ---> largest evidence base for

use in occupational settings
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From the webpage of the Greek National Weather Service

Popularize adoption of WBGT for work settings



FACTORS DETERMINING RESPONSE TO HEAT

28/45 Notley et al. 2019, Am J Ind Med



ADDRESSING HEAT EFFECTS ON OCCUPATIONAL HEALTH

Assess needs
– hazards assessment

– profile of the target population

– background on the social context

Gain support
– identify and involve key actors that provide ongoing advice, support, networking

Establish education objectives and content
– identify specific learning objectives to create an activist workforce that will advocate effectively for a healthier work environment

Select education methods
– select methods based on objectives, content areas and the profile of the workforce

Implementing an education program
– carry out the plan

Evaluate and follow up
– allow lerners to judge the progress toward new knowledge, skills, attitudes or actions

– allow educators to judge the effectiveness of the training and what has been accomplished
29/45



COLLABORATION WITH KEY ACTORS

Workshops with industry and worker stakeholders
– Florence, Italy

– Athens, Greece

– Tønder, Denmark

– Nicosia, Cyprus

– Ljubljana, Slovenia

– Loughborough, UK

– Madrid, Spain

Supporting European Trade Union Confederation

Supporting Global Heat Health Information Network

Meetings/Workshops with policy makers
– WHO, Geneva

– Honk Kong, China

– Wellington, New Zealand

– Doha, Qatar

– Athens, Greece
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CONTRIBUTION TO WHO, UNFCCC, AND GHHIN
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Assess needs
– hazards assessment

– profile of the target population

– background on the social context

Gain support
– identify and involve key actors that provide ongoing advice, support, networking

Establish education objectives and content
– identify specific learning objectives to create an activist workforce that will advocate effectively for a healthier work environment

Select education methods
– select methods based on objectives, content areas and the profile of the workforce

Implementing an education program
– carry out the plan

Evaluate and follow up
– allow lerners to judge the progress toward new knowledge, skills, attitudes or actions

– allow educators to judge the effectiveness of the training and what has been accomplished

ADDRESSING HEAT EFFECTS ON OCCUPATIONAL HEALTH
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TECHNICAL REPORTS ON OCCUPATIONAL HEAT STRESS
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Flouris et al., 2019Flouris et al., 2021



WHO – WMO REPORT ON OCCUPATIONAL HEAT STRESS

Technical report on occupational heat stress to be jointly published in 2021 by:
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Assess needs
– hazards assessment

– profile of the target population

– background on the social context

Gain support
– identify and involve key actors that provide ongoing advice, support, networking

Establish education objectives and content
– identify specific learning objectives to create an activist workforce that will advocate effectively for a healthier work environment

Select education methods
– select methods based on objectives, content areas and the profile of the workforce

Implementing an education program
– carry out the plan

Evaluate and follow up
– allow lerners to judge the progress toward new knowledge, skills, attitudes or actions

– allow educators to judge the effectiveness of the training and what has been accomplished

ADDRESSING HEAT EFFECTS ON OCCUPATIONAL HEALTH
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INFORMATION FOR WORKERS & EMPLOYERS
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Agriculture

Construction

Manufacturing

Tourism

Transportation



INFORMATION FOR WORKERS, EMPLOYERS & OHS EXPERTS

37/45

Employers

OHS experts



PERSONALIZED WARNING SYSTEM

38/45 www.heat-shield.eu

Online platform providing 

forecasts and guidance 

up to 30 days in advance

Designed for workers and 

employers



PERSONALIZED WARNING SYSTEM
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PERSONALIZED WARNING SYSTEM
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PERSONALIZED WARNING SYSTEM
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PERSONALIZED WARNING SYSTEM
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PERSONALIZED WARNING SYSTEM

43/45 www.heat-shield.eu



Assess needs
– hazards assessment

– profile of the target population

– background on the social context

Gain support
– identify and involve key actors that provide ongoing advice, support, networking

Establish education objectives and content
– identify specific learning objectives to create an activist workforce that will advocate effectively for a healthier work environment

Select education methods
– select methods based on objectives, content areas and the profile of the workforce

Implementing an education program
– carry out the plan

Evaluate and follow up
– allow lerners to judge the progress toward new knowledge, skills, attitudes or actions

– allow educators to judge the effectiveness of the training and what has been accomplished

ADDRESSING HEAT EFFECTS ON OCCUPATIONAL HEALTH
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