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“It’s too hot to work today!”

For many of us, an exclamation like the above is a way of giving vent to our annoyance at the occasional 
inconveniences of the hottest months of the year. For millions of workers across the world, it is a sign 
of distress. For many economies, it is a threat to their productivity.

The phenomenon of heat stress refers to heat received in excess of that which the body can tolerate 
without physiological impairment. Heat stress affects, above all, outdoor workers such as those engaged 
in agriculture and on construction sites. It is a serious problem for a large proportion of the world’s 
1 billion agricultural workers and 66 million textile workers (many of whom have to work inside factories 
and workshops without air conditioning), and for workers employed, inter alia, in refuse collection, 
emergency repair work, transport, tourism and sports.

Temperatures exceeding 39°C can kill. But even where there are no fatalities, such temperatures can 
leave many people unable to work or able to work only at a reduced rate. Some groups of workers are 
more vulnerable than others because they suffer the effects of heat stress at lower temperatures. Older 
workers, in particular, have lower physiological resistance to high levels of heat. Yet they represent 
an increasing share of workers – a natural consequence of population ageing. Heat stress, moreover, 
can be one of many factors prompting people to migrate.

By 2030 the equivalent of more than 2 per cent of total working hours worldwide is projected to 
be lost every year, either because it is too hot to work or because workers have to work at a slower 
pace. In Southern Asia and Western Africa the resulting productivity loss may even reach 5 per cent. 
Unfortunately, heat stress is often accompanied by other challenges as it is more prevalent in countries 

poverty. Excessive heat levels aggravate inequality between rich and poor countries, and between 
population groups within the same country.

Heat stress is increasingly becoming an obstacle to economic activity. It reduces the ability of busi-
nesses to operate during the hottest hours. Adapting to these new and threatening conditions is costly. 
Even if it does prove possible to limit global warming by the end of the century to 1.5°C above pre- 

by 2030. If nothing is done now to mitigate climate change, these costs will be much higher as global 
temperatures increase even further towards the end of the century.

Solutions do exist. In particular, the structural transformation of rural economies should be speeded 
up so that fewer agricultural workers are exposed to high temperatures and so that less physical effort 
has to be expended in such conditions. Other important policy measures that can help are skills devel-
opment, the promotion of an enabling environment for sustainable enterprises, public investment in 
infrastructure, and improved integration of developing countries into global trade. At the workplace 
level, enhanced information about on-site weather conditions, the adaptation of workwear and equip-
ment, and technological improvements can make it easier for workers and their employers to cope with 
higher temperatures. Employers and workers should discuss together how to adjust working hours, in 
addition to adopting other occupational safety and health measures. Accordingly, social dialogue is a 
relevant tool for improving working conditions on a warming planet.

International collaboration and the coordination of joint efforts are a key part of the package of 
solutions to the problem of heat stress. This report has been prepared in part to follow up on the 
ILO Guidelines for a just transition towards environmentally sustainable economies and societies 
for all, which invite governments, in consultation with the social partners, to conduct assessments 
of increased or new occupational safety and health risks resulting from climate change or other 
risks related to human health and the environment, and identify adequate prevention and protection 
measures that seek to ensure occupational safety and health. Furthermore, in March 2017, the ILO 
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Governing Body requested the Director-General to promote further discussion, knowledge and under-
standing of the implications of climate change for the world of work, particularly for those most 
affected and vulnerable.

be tackled, above all, by promoting occupational safety and health, social dialogue and structural 
transformation in agriculture, and by encouraging the development of responsible and sustainable, or 
“green”, businesses. Such an integrated approach was also taken in 2019 by the Global Commission 
on the Future of Work, which highlighted the need for a universal labour guarantee that includes health 
and safety standards in all places of work.

Damian Grimshaw Vic van Vuuren 
Director, Research Department Director, Enterprises Department
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Global warming will make heat stress  
and extreme weather events more common

Climate projections point towards an increase in the frequency and intensity of extreme weather 
events, and one result of this trend is the loss of jobs and productivity. The rise in global temperatures 
caused by climate change will also make the phenomenon of “heat stress” more common. Heat stress 
refers to heat received in excess of that which the body can tolerate without suffering physiological 
impairment. Such excess heat increases workers’ occupational risks and vulnerability; it can lead to 
heatstroke and, ultimately, even to death. The proliferation of so-called “urban heat islands”, areas 
of concentrated heat inside cities resulting from growing population numbers and urbanization, 
will further intensify the impact of heatwaves, aggravating the risks faced by workers. The world of 
work’s response to global warming should include: adaptation policies and actions to protect workers 
from these conditions; an overall strategy to mitigate climate change and limit further temperature 
increases; structural reforms to help agricultural workers achieve the transition to other sectors; and 
measures to prepare for climatic hazards. Equally important is a coherent approach to sustainable 
economic development.

Heat is an occupational safety and health hazard

Heat stress generally occurs at temperatures above 35°C and in conditions of high humidity. Excessive 
heat during work creates occupational health risks; it restricts a worker’s physical functions and cap-
abilities, work capacity and productivity. “Heat exhaustion” occurs when body temperature exceeds 
39°C: it is associated with reduced labour productivity, a greater prevalence of job-related errors 
and an increased risk of accidental workplace injuries. Exposure to excessive heat levels can lead 
to heatstroke, sometimes even with a fatal outcome. Workers in all sectors are affected, but cer-
tain occupations are especially at risk because they involve more physical effort and/or take place 
outdoors. Such jobs are typically found in agriculture, environmental goods and services (natural 
resource management), construction, refuse collection, emergency repair work, transport, tourism 
and sports. Industrial workers in indoor settings are also at risk if temperature levels inside factories 

Heat stress is projected to reduce total working hours worldwide 
by 2.2 per cent and global GDP by US$2,400 billion in 2030

also on labour force trends, suggest that, in 2030, 2.2 per cent of total working hours worldwide 

however, a conservative estimate because, apart from postulating that the long-term increase in global 
mean temperature will not exceed 1.5°C, it rests on the assumption that agricultural and construction 
work is carried out in the shade. This assumption is based partly on the fact that in tropical countries 

in subsistence agriculture, can often be moved to times of the day when it is less hot. If, instead, we 
assume that agricultural and construction work is carried out in the sun, the projected loss of working 

global warming continues beyond 2030, greater temperature rises are expected to diminish labour 
productivity even further.
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most pronounced in lower-middle- and low-income countries.

Heat stress is more prevalent in countries with decent work deficits

On the whole, the countries that are most affected by heat stress have higher rates of working 
poverty, informal employment and subsistence agriculture. In addition, disadvantaged and vulnerable 
population groups and communities – including indigenous and tribal peoples who are dependent on 
agricultural or coastal livelihoods – are at greater risk of suffering the adverse consequences of rising 
temperatures. Given that the United Nations 2030 Agenda for Sustainable Development emphasizes 
the simultaneous achievement of environmental, social and economic goals, it is worth noting that the 
countries that are expected to be most affected by heat stress are also those with the greatest decent 

expected to be lost as a result of heat stress, the lower the coverage of their social protection systems.

The impact of heat stress is unevenly distributed geographically, 
with the expected reduction in working hours in 2030 amounting 
to around 5 per cent in both Southern Asia and Western Africa

Some subregions are at a higher risk of suffering the adverse consequences of global warming. 
Southern Asia and Western Africa are expected to be the worst affected. Under a scenario of 1.5°C 
global warming by the end of the century, heat stress in these two subregions would lead to the loss 

9 million full-time jobs, respectively. The European subregions are expected to experience a smaller 
impact, with their productivity losses projected to be less than 0.1 per cent in all cases. However, 
in Europe and North America the health, social and economic losses could be substantial during 
unusually intense heatwaves.

Subregions in the tropical or subtropical latitudes with a large proportion of agricultural and/or con-
struction employment are expected to suffer greater productivity losses overall because the risk of 
heat stress is higher for work carried out in the sun than for work carried out in the shade. These 
are densely populated geographical areas characterized by high rates of informality and vulnerable 
employment, making workers there particularly susceptible to rising temperatures.

Agricultural and construction workers are expected to be the worst 
affected, accounting for 60 per cent and 19 per cent, respectively,  
of working hours lost to heat stress in 2030

The effects of rising average temperatures are felt differently across occupations and employment 
sectors. For example, jobs involving high levels of physical exertion or prolonged work outdoors are 
particularly affected by increasing heat levels. Agricultural and construction workers are expected 

hours lost to heat stress in 1995 and is projected to account for 60 per cent of such loss in 2030. 
Further temperature rises will make some agricultural areas unproductive, displacing a large number 
of workers. Whereas construction accounted for just 6 per cent of global working hours lost to heat 

working hours lost to heat stress in North America, Western Europe, Northern and Southern Europe 
and in the Arab States are concentrated in the construction sector.

Heat stress exacerbates inequality and contributes 
to the displacement of people

Labour productivity losses caused by heat stress are concentrated in subregions with already pre-
carious labour market conditions, such as high rates of vulnerable employment and working poverty. 
Additionally, heat stress is more common in agriculture and construction – two sectors that are char-
acterized by a high level of informality. The challenges of heat stress could widen existing gender gaps 
in the world of work, notably by making working conditions worse for the many women employed in 
subsistence agriculture (although, of course, conditions for men working on construction sites would 
also become more arduous). Heat exposure during work adds to the health and productivity risks 
faced by pregnant women.
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Heat stress may also act as a push factor prompting agricultural workers to leave rural areas in search 
of better prospects in the cities or in other countries. Although various factors ultimately contribute to 

trend not observed for the preceding ten-year period. This may well be a sign that households are 
increasingly taking climate change into account in their migration decisions.

The age distribution of populations will be an important determinant of the future of work under con-
ditions of heat stress because, for both women and men, ageing results in changes to the regulation of 
body temperature. Moreover, people aged over 50 are at greater risk of suffering from cardiovascular 
diseases. These factors need to be considered in the design of adaptation measures.

For workers and businesses to be able to cope with heat stress, 
appropriate policies, technological investments and behavioural change 
are required

Efforts to improve the capacity of workplaces to adapt to rising temperatures are necessary if the 
goals of the 2030 Agenda are to be achieved. Although governments are instrumental in creating a 
regulatory and institutional environment that facilitates behavioural change at the workplace level, 
the role of both employers’ and workers’ organizations is no less crucial to a successful implemen-
tation of adaptation measures. In addition to the enforcement of occupational safety and health 
standards, appropriate measures are necessary to improve early warning systems for heat events and 
to ensure that social protection covers the entire population. International labour standards, such as 

when designing national policies to tackle the occupational safety and health hazards associated 
with heat stress.

A sectoral response to heat stress in agriculture and construction 
should include technological improvements, skills development  
and awareness raising

Around 60 per cent of the reduction in working hours projected to take place worldwide by 2030 as 
a result of heat stress is concentrated in the agricultural sector. Indeed, agriculture is expected to 
account for more than 90 per cent of the working hours lost in Central and Eastern Africa in that year 
owing to heat stress. Because of the impact of such productivity losses on the yields of subsistence 
agriculture and hence on food prices, the consequences would be greater poverty and food insecurity. 
The long-term options for reducing the impact of heat stress on agriculture include promoting mechan-
ization and skills development in order to ensure higher productivity and food security. Measures for 
monitoring and raising awareness of local weather conditions, such as those currently being applied 
in Kenya, can help rural households to adapt to heat stress conditions.

the monitoring of on-site weather conditions, enhanced information sharing and communication, 
and technological improvements can enable construction workers and their employers to adapt more 
effectively to heat stress.

Governments, employers and workers are the primary drivers  
of change in adaptation to, and mitigation of, the effects of 
rising temperatures on the world of work

Governments must work together with workers’ and employers’ organizations, through social dialogue, 
in designing, implementing and monitoring mitigation and adaptation policies, as recommended in 
the ILO’s 2015 Guidelines for a just transition towards environmentally sustainable economies and 
societies for all. Social dialogue plays a crucial role in the development of national policies, including 
policies on occupational safety and health. With the help of social dialogue tools, such as collective 
agreements, employers and workers can design and implement policies for dealing with heat stress 
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The world of work is intimately connected with the natural environment. Environmental degradation 
directly affects the world of work in a negative way. Both the availability of jobs and the provision of 
safe, healthy and decent working conditions rely on the absence of environmental hazards and the 
preservation of environmental stability. The risks and hazards associated with environmental deg-

intensity of natural disasters associated with human activity have already caused productivity losses. 
Looking ahead, projected temperature increases will make heat stress more common, reducing the 
total number of working hours and affecting, above all, vulnerable workers in developing countries. 
The damage resulting from unmitigated climate change is therefore a direct threat to the growth of real 

Heat stress is a health hazard…

“Heat stress” refers to heat received in excess of that which the body can tolerate without suffering 
physiological impairment (Kjellstrom et al., 2016). Maintaining a core body temperature of around 
37°C is essential for continued normal body function. Achieving this body temperature equilibrium 
requires a constant exchange of heat between the body and the environment. The amount of heat 
that must be exchanged depends on the total heat produced by the body from muscular physical 
activity and the heat gained, if any, from the environment (NIOSH, 2016). Four environmental factors 
contribute to the stress level experienced by a worker in a workplace with hot conditions: temperature, 

Above a certain threshold of heat stress, the body’s internal regulation mechanisms are no longer 
capable of maintaining body temperature at a level required for normal functioning. As a result, there 
is an increased risk of discomfort, of limitations in physical functions and capabilities, and ultimately 
also of injuries and heat-related illnesses. The latter illnesses range from mild forms, such as heat 
rash, heat cramps and heat exhaustion, to potentially fatal heatstroke. If the body temperature rises 

(“heatstroke”), the risk of organ damage, loss of consciousness and, ultimately, death increases 
1 may offer some protection, but only up to 

a point; moreover, it can only be developed after a certain transition period (typically one to two weeks 
of heat exposure). During peak heat periods in some hot countries, the acclimatization threshold of 
workers is exceeded far too often and the risks of working under high temperatures persist.

… which endangers the safety of workers and reduces 
their productivity…

A worker’s natural defence mechanism against heat stress is to slow down work, take more frequent 
and longer breaks and/or limit the number of working hours, all of which, in turn, reduce productivity, 
economic output and family income. International standards have been issued that specify maximum 
recommended heat exposure levels and prescribe regular rest periods at workplaces for both accli-
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or a very high temperature, workers should be given a shortened working day or breaks included in 
the working hours, or other relevant measures taken” (Para. 25).

Exposure to extreme heat can result in occupational illnesses and productivity losses, as well as 

dizziness and an impairment of brain function responsible for reasoning ability, which of course creates 
additional hazards. Heat-related occupational safety and health risks are exacerbated in workplaces 
that are poorly ventilated and lack cooling systems (ILO, 2019). Moreover, the majority of workers 
suffering from heat stress in developing countries are not covered by employment injury insurance 

incapacity for work, or a disability pension if their earning capacity is reduced. Nor can their families 

of individuals of working age are covered in the event of an injury at work (ILO, 2017a).

… unevenly across sectors and regions.

The impact of heat stress varies across different employment sectors and geographical regions. For 
instance, jobs that involve high levels of physical exertion are particularly affected by increasing heat 
levels because the physical activity itself causes the body to produce a lot of internal heat, which 
must be released to prevent the onset of heat strain. Jobs that require workers to wear heavy clothing 
and personal protective equipment are also more likely to be affected by heat stress. Agricultural and 

become a problem for industrial workers in indoor settings, too, if temperature levels inside factories 
and workshops are not regulated properly. Certain service sector occupations are also affected by 
increasing heat levels, including jobs in refuse collection, emergency repair work, transport, tourism 

mental exhaustion sets in (Hancock, Ross and Szalma, 2007; Costa et al., 2016).

The fact that the most vulnerable workers in developing and emerging countries (e.g. the self- employed 
in agriculture or migrant workers in the construction sector) are the hardest hit by heat stress raises 
questions of social justice. The social equity challenges of heat exposure are already making them-

population of low-income countries lives in tropical areas.

Exacerbated by climate change, heat stress impedes progress 
towards decent work and social justice…

The higher heat levels caused by climate change threaten progress towards decent work by leading to 
a deterioration of working conditions and undermining the security, health and well-being of workers, 
as well as reducing their productivity, which is closely tied to living standards. Because of the link 
between employment type and heat conditions at work, when making projections of heat stress 
incidence it is necessary to take into account the employment distribution in the country or region in 
question, together with various other labour market indicators.

Although the physiological effects of workplace heat exposure have been studied since the 1950s, 
the debate on the impact of heat stress on decent work in the context of climate change has gained 

Assessment Report of the Intergovernmental Panel on Climate Change (IPCC, 2007) and received 

understanding of the issue became possible only when the results of long-standing research into 
physiological responses to heat were combined with the emerging science of climate change. The late 

Ongoing global climate change is making occupational safety and health risks more severe for a large 

et al., 2016). When local conditions become excessively hot, migration to cooler areas is very often 
the only solution (IOM, 2017).

The altered thermal conditions at many workplaces worldwide are leading to non-compliance with 
international standards (e.g. ISO, 2017) and with ILO guidelines and codes of practice on hot work-
place environments (e.g. ILO, 2001a and 2001b) as companies struggle to adapt to the increasing 
heat. Also, future episodes of extreme heat are likely to prompt many vulnerable workers to migrate, 
exacerbating current migration patterns (IOM, 2017). That climate change is one of the root causes of 
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its preamble (UNFCCC, 2015). Indeed, migrant workers are often among the most severely affected by 
climate-related risks. However, internal or international migration also constitutes a feasible strategy 
for adaptation to climate change, if regular migration channels are open to workers, for example, 
 opportunities for seasonal or temporary work in cooler areas.

… and, more generally, jeopardizes achievement of the Sustainable 
Development Goals unless concrete measures are taken.

The impact of heat stress on labour productivity is likely to be among the most serious economic 
consequences of climate change. Economic losses are expected to occur at various levels, affecting 
individual workers, their families, businesses and entire communities. In the case of heavily exposed 
economies, the effects could be so strong as to undermine national economic output, which in turn 
would have implications for the global outlook. The economic, social and health effects of heat stress 
would make it harder to tackle poverty and promote human development, and, consequently, also to 
attain most of the United Nations Sustainable Development Goals (SDGs), including those related to 
poverty, food security, health, decent work and economic growth, inequality and cities.

If no efforts are undertaken to improve the adaptive capacities2 of workplaces across all countries, 
rising temperatures are likely to jeopardize progress towards the environmental, social and economic 
sustainability objectives laid down in the SDGs (table 1.1).

It is clear that preventive measures must be taken proactively to deal with heat stress. Together with 
governments, both employers and workers should be involved in the design and implementation of 
mitigation and adaptation policies. As indicated in the ILO’s 2015 Guidelines for a just transition 
towards environmentally sustainable economies and societies for all (hereinafter referred to as the 
ILO Guidelines for a just transition), workers and employers are best placed to implement adaptation 
measures and to take action at the workplace, such as ensuring compliance with health and safety 

-
tinue to do their jobs.

This report looks at the impact of rising temperatures, and of the increasing frequency and intensity 
of heatwaves, on decent work and labour productivity. Drawing on climate and employment data, 
it presents estimates of the current and projected productivity losses resulting from heat stress at 
the national, regional and global levels. Our analysis takes into account the fact that temperature, 
humidity, wind speed, physical intensity and other factors affect the way in which rising temper-
atures impact on the physical work capacity of workers. Productivity loss is measured in terms of 
reduced work capacity and translated into an equivalent number of working hours lost.3 The effects 
of heat stress on workers are reported for four sectors, to each of which we have assigned one of 
three levels of physical work intensity. Higher physical work intensity is assumed for workers in agri-
culture and construction (these workers are also assumed to work outdoors), moderate intensity for 
industrial workers,  and lower intensity for service workers. The report continues with a discussion 
of relevant adaptation and mitigation policies. In the short run, proactive employment policies and 
appropriate climate change adaptation measures are required to enable workers, businesses and 
vulnerable households to adapt to rising temperatures. In the long term, climate change mitigation 
is indispensable if occupational heat stress is to be prevented and the future labour force protected 
from heat-related risks.
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Table 1.1 Heat stress impacts on work in relation to the Sustainable Development Goals

Goal Focus Impact of rising heat in the workplace

1 The lowest-income groups, in particular agricultural workers, small-scale and 
 subsistence farmers, and casual workers in urban areas in tropical and sub-
tropical developing countries are worst affected. Social protection systems 
in these countries tend to provide only limited coverage.

2 A reduction in the available working hours, and by implication also in outputs, 
among small-scale and subsistence farmers is likely to affect household food 
security.

3 Large-scale exposure to heat injury and health risks such as heatstroke, exhaus-
tion and even death will thwart efforts to improve health, particularly in countries 
without universal health-care coverage. Migrants may be especially vulnerable to 
health risks if they do not have access to health care and occupational safety and 
health services in their destination country.

4 Heat-exposed students and teachers are less likely to receive and provide quality 
education and learning.

5 Many heat-exposed occupational functions involve women and men differently, 
especially in developing countries. Pregnancy adds to the risks of heat exposure.

8 New heat extremes affect working conditions, productivity and economic growth. 

on the occupational safety and health of workers. The economic consequences 
are considerable.

10 High-income temperate regions are affected by heat stress to a far lesser extent 
than tropical and subtropical developing regions, which counteracts efforts to 
reduce inequalities.

11 Heat extremes pose a challenge to the built environment (houses and workplaces) 

13 The impact of climate change on labour is a major challenge to climate resilience 
that has yet to be effectively recognized or addressed through international and 
national measures.

Source: Adapted from UNDP, 2016.
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2.1  Climate change and the rising incidence 
of heat stress

This section discusses global heat levels and presents an overall picture of the countries and regions 
that are at risk. In order to estimate the incidence of heat stress, one of the most common heat stress 
indices in occupational health is used, namely the wet bulb globe temperature (WBGT), measured 

calculated on the basis of temperature, humidity, air movement (wind speed) and radiated heat (sun or 

for the hottest month in small geographical areas (grid cells), following the same method that was used 

The heat levels and trends presented in this section cover two periods of 30 years each. Thirty-year 
averages are used because the climate science community regards 30 years as the minimum time 
period over which a long-term climate trend, as opposed to weather or extreme events, can be demon-

1 and offers a 

and subtropical areas are the hottest overall. The month that is actually the hottest in each of these 
areas depends on several variables, such as wind patterns and monsoons. It is worth noting that the 

sun conditions they would be around 2–3°C higher.2

To help workers in hot areas cope with the heat, certain adjustments need to be made, such as 
scheduling work appropriately and allowing for rest periods to reduce heat strain on their bodies. This 
is an example of an existing climate-related impact on labour productivity. The only cool areas in the 
tropical and subtropical latitudes are to be found at high altitudes, including parts of Mexico and 
South America (the Andes), Eastern Africa (Ethiopia and Kenya) and Asia (Tibet and the Himalayas). 
Consequently, workforce output in tropical and subtropical regions is already lower than that in cooler 
regions (Gallup, Sachs and Mellinger, 1999).

under a scenario in which the global mean temperature increases by 2.7°C above pre-industrial levels 
by the end of the century in accordance with Representative Concentration Pathway 6.0 (RCP6.0). 
The latter is one of the four scenarios for the evolution of atmospheric concentrations of greenhouse 

are expected to occur in sub-Saharan Africa, southern India, northern Australia and South-East Asia.
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conditions in low- and high-latitude areas are. Annual mean temperatures are relatively similar in 
the low-latitude areas of many different regions. However, in high-latitude areas, including large Arctic 
areas (parts of North America and Northern Europe), the annual mean temperatures are negative. 
This is because in such areas temperatures drop to very low values in the colder months, and winters 
are long compared with lower-latitude areas. In tropical regions, for example, the temperature in the 
coolest months remains relatively high.

Note: The map shows the average over 29 years (2071–2099) of projected daily maximum WBGT (afternoon values in the shade) during the locally 

change pathway; the mean of the WBGT values from the HadGEM2 and GFDL-ESM2M climate models was calculated for each grid cell.

Source: Map based on the HadGEM2 and GFDL-ESM2M climate models.

Figure 2.1 Estimated incidence of heat stress worldwide in 1995

Figure 2.2 Projected incidence of heat stress worldwide in 2085



2. Global overview 23

Table 2.1 shows the current mean temperatures for all the world subregions and the estimated 

change pathways, which envisage a temperature increase by the end of the century of 1.5°C and 
2.7°C, respectively. The temperature increases projected to take place in all subregions by 2025 are 
relatively similar for the two pathways because any increases in the near future will be the result of 

pathway are often twice as large as those projected under the RCP2.6 pathway. This is in line with 
the changes to average global temperature predicted by the two pathways. Although the greatest 
increases are projected to occur in the coolest subregions (North America and Eastern Europe), the 
hottest subregions are also expected to experience rising temperatures, which would clearly exacerbate 
heat-related risks in workplaces.

Table 2.1  Annual average temperature in world subregions in 1995 and projected increases 
by 2025 and 2085 (°C)

Region Subregion Mean annual 
temperature 

(°C)

Increase under 1.5°C 
global warming 

scenario (RCP2.6)

Increase under 2.7°C 
global warming scenario 

(RCP6.0)

1995 2025 2085 2025 2085

Africa Northern Africa +23.7 1.2 1.5 1.1 3.1

Central Africa 1.2 1.3 1.0 3.0

Eastern Africa +23.6 1.0 1.1 0.9 2.7

Southern Africa +19.5 1.1 1.2 0.9 3.0

Western Africa +27.6 1.1 1.3 1.0 3.0

Americas Caribbean +25.5 1.0 1.0 0.7 2.1

Central America 1.0 1.1 2.6

South America +21.1 1.0 1.1 2.5

North America 1.6 2.1 1.6

Arab States 1.3 1.6 1.2

Asia Eastern Asia +6.3 1.3 1.7 1.2 3.2

South-East Asia +25.6 1.0 2.2

1.0 1.2 1.0 2.6

Southern Asia +20.5 1.1 1.0 3.0

Europe 
and Central Asia

Northern Europe 1.5 1.5 3.3

Southern Europe +13.5 1.2 1.6 1.1

Western Europe +9.7 1.2 1.5 1.2 2.9

Eastern Europe 2.0

Central Asia 1.6

Western Asia +11.5 1.2 1.5 1.1 3.1

respectively, 1.5°C and 2.7°C above pre-industrial levels.

Source: ILO estimates based on the HadGEM2 and GFDL-ESM2M climate models.
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2.2  Labour market trends  
and exposure to heat stress

In this section, global labour market trends are broken down by subregion and by the four sectors 
relevant to the analysis of heat stress: agriculture, construction, industry and services. Projections of 
labour market trends up to 2030, based on ILO estimates, are presented – this is an important part 
of the report because the type of work performed and working conditions also determine the likelihood 
of workers’ exposure to heat stress.

The global working-age population (aged 15 or older) is expected to grow from 3.9 billion in 1995 
to 6.6 billion in 2030 (a 66 per cent increase). This growth is disproportionately spread across 
subregions. Thus, the working-age population in Eastern and Southern Asia is projected to grow 
substantially, whereas in Eastern Europe, for example, it is expected to decline.

Similarly, there is considerable heterogeneity in labour force participation rates (the proportion of the 
total working-age population that is currently employed or seeking employment) across subregions. For 

to a large extent their different female labour force participation rates (21 per cent in Northern Africa, 
compared with 69 per cent in Eastern Asia). It is expected that the labour force participation rates 
in almost half of the world’s subregions will increase slightly by 2030, whereas in the remaining sub-

the population in subregions; in other words, as populations age, there are more people outside the 
labour force and this pushes participation rates down. Subregions such as Eastern Asia, however, are 
expected to experience large labour force growth in absolute numbers. This is relevant to some of the 
projected heat-related impacts discussed later in this report.

The composition of employment also differs considerably across the subregions. In most of the 
subregions within Africa, for example, agriculture continues to be a major employment sector. 

Figure 2.3  Sectoral composition of total employment by subregion, 
1995 and projections for 2030 (percentages)

Note: Industry excludes construction, which is shown separately.

Source: ILOSTAT database.
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these subregions exhibit moderate to high risk of exposure to heat stress. The combination of high agri-
cultural employment and geographical location makes these subregions prone to severe heat-related 
impacts, intensifying the associated health risks for workers and increasing the number of working 
hours lost. Subregions with a high share of employment in the construction sector, such as the Arab 
States, are also likely to be susceptible to heat-related hazards. By contrast, in North America and 
several European subregions agriculture accounts for a low share of total employment. With the excep-
tion of certain areas of North America, these subregions exhibit a low risk of exposure to heat stress.

It is worth noting that, depending on their stage of development, certain areas possess greater adaptive 
capacities than others. Financial resources for the creation and upgrading of infrastructure, institu-

altered working conditions, awareness raising and training are some of the means by which advanced 
countries can deal with heat exposure. Subregions within Africa and Asia, where workers are at high 
risk of suffering heat-related impacts, have a lower adaptive capacity than, say, European subregions, 
where heat-related issues are less pronounced.

Changing demographics and the increase in heat stress will determine various future social and labour 

stress in their daily lives. Second, population ageing aggravates the detrimental effects of heat stress 

adults are at greater risk of suffering heat stress on account of their diminished capacity to dissipate 

cent of the total population in 1990, and it is expected that this share will increase to 11 per cent in 
2030 (estimates based on ILOSTAT).

2.3 Methodology
The methodology we used to determine the impact of heat stress on labour productivity combines 
climate models and global temperature projections with labour force projections and occupational 
health data. The correlation between projected temperature, heat stress and labour productivity was 

-

(they are explained further in Appendix I).

Data sources include historical data on temperature, humidity and wind speed from the Climatic 
Research Unit at the University of East Anglia. Climate projections are based on general circulation 
models agreed on by the IPCC to obtain climate parameter outputs on the basis of GHG emissions 
and atmosphere–ocean coupling. The projections also draw on data from the Inter-Sectoral Impact 
Model Intercomparison Project, and from the HadGEM2 (Hadley Centre Global Environmental Model, 
version 2) and GFDL-ESM2M (Geophysical Fluid Dynamics Laboratory) climate models for the RCP2.6 
scenario, which envisages global warming of 1.5°C by the end of the century. It is worth noting here 
that the projected heat levels in all parts of the world in 2030 are similar under all four RCP scen-

“Gridded Population of the World” data set, which is based on United Nations population estimates 
and assessments of age distribution carried out by the International Institute for Applied Systems 
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2.4  Heat stress and its effect  
on labour productivity

force trends suggest that, by 2030, when the global temperature is expected to have risen by about 
1.3°C, the share of total working hours lost will rise to 2.2 per cent – a productivity loss equivalent 

cent of their GDP in 2030, respectively. These results are in line with a study that points to losses of 

Forum, 2012). GDP loss will increase by up to 9 per cent for a representative low-income country 
in 2100 (IMF, 2017).

the increase in global mean temperature by the end of the century will not exceed 1.5°C, as well as 
assuming that agricultural and construction work is carried out in the shade. (For a comparison of 
in-sun and in-shade estimates, see Appendix II.) The economic loss due to decreased labour product-
ivity is expected to be greater than that caused by any other major disruption related to climate change, 
including sea-level rise and biodiversity loss (for a comparison between these phenomena, see DARA 
and Climate Vulnerable Forum, 2012).

Southern Asia and Western Africa are expected to be the subregions most affected by heat stress, 

9 million full-time jobs, respectively. 

Table 2.2 Summary of data sources and models used, and of analytical steps performed

Step Input data Output

1.Selection of climate data (a) Historical monthly data on temperature, 

(b) Future modelled increase in the data  
(2011   –   2099) for the 1.5°C warming scenario.

Temperatures (Tmax, Tmin, Tmean), 
relative humidity and wind speed for small 
geographical areas (grid cells) covering 
50 km x 50 km at the equator.

2. Derivation of monthly heat stress 
index (WBGT) for each small geo-
graphical area

Climate data selected in step 1. The data for the 

(midpoint). The “2030” data were produced from 

midpoint 2025 to 2030.

Multi-year monthly value of the heat stress 
index (WBGT) for the historical data;
Daily distributions of heat stress index 
(WBGT) (maximum and mean) for the 
projected data.

3. Estimation of hourly heat stress 
index (WBGT) distributions

(a) Monthly values of heat stress index (WBGT) for 
historical data (derived in step 2);

(b) Monthly mean of daily values of heat stress 
index (WBGT) (maximum and mean) (derived 
using daily values from step 2).

Number of hours per month with stand-
ardized temperatures (WBGT) between 
20°C and 50°C (estimated using the 

4. Estimation of employment data 
for each small geographical area 
by applying national estimates of 
employment-to-population ratios for 
employment sectors to population 
data for that area

(a) National estimates of employment-to- 
population ratio (ages 15+) for four sectors: 
agriculture, construction, industry and services;

(b) Population data (ages 15+) for each small 
geographical area.

Share of employment (ages 15+) in 
each of the four sectors for each small 
 geographical area.

5. Derivation of relationship 
between heat exposure and 
 physiological response

(a) Quantitative data from epidemiological studies 
on the impacts of heat stress on work capacity;

various metabolic rates.

Smooth functions that relate heat stress 
index (WBGT) to expected work capacity 
loss for three levels of physical work 

6. Calculation of working hours lost 
per worker for each level of physical 
intensity in each small geographical 
area

(a) Gridded heat stress (WBGT) exposure data 
(derived in step 3);

(b) Three exposure–response functions for each 
level of physical intensity (derived in step 5).

Potential daylight working hours in each 
small geographical area and corres-
ponding working hours lost per worker.

7. Calculation of total working hours 
lost by countries and subregions

(a) Daylight hours lost per worker in each small 
geographical area;

(b) Number of workers in each sector for each 
small geographical area.

Percentage of potential working hours lost 
for each level of physical work intensity.
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Figure 2.4  Equivalent full-time jobs and GDP lost to heat stress, global  
and by country income group, 1995 and projections for 2030

Figure 2.5  Working hours lost to heat stress by subregion, 
1995 and projections for 2030 (percentages)

1995 2030 1995 2030

Global equivalent full-time jobs loss (millions) Global GDP loss (US$ billions,  PPP)

Share of GDP loss by country income group (percentages)
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Source: ILO estimates based on data from the ILOSTAT database and from the HadGEM2 and GFDL-ESM2M 
climate models (using as input the RCP2.6 climate change pathway, which envisages a global average 
 temperature rise of 1.5°C by the end of the century).

Source: ILO estimates based on data from the ILOSTAT database and from the HadGEM2 
and GFDL-ESM2M climate models (using as input the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century).
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Looking at the opposite end of the climate spectrum, geographical areas in which it is currently too 
cold to work may acquire a more work-friendly climate as a result of global warming. Since these 
areas have a low population density, the impact of global warming on increasing working hours is 
expected to be small. Indeed, our projections point to a virtually zero effect of heat stress on labour 
productivity in Northern Europe.

Agricultural and construction workers will be the worst affected. The agricultural sector alone accounts 
-

mainly undertaken outdoors, and also in view of the fact that a large number of workers are engaged 
in agriculture in the areas expected to be most affected by heat stress in the future. Even greater tem-
perature increases, as predicted under a business-as-usual scenario, would make some of those areas 
completely unproductive, displacing a large number of workers. Other key employment sectors are 
expected to take up an increasing share of global working hours lost owing to heat stress. Construction 
is expected to account for 19 per cent of the total loss in 2030, up from 6 per cent in 1995. Similar 
patterns can also be observed at the subregional level. For instance, most of the working hours lost 
to heat stress in North America, Western Europe, Northern and Southern Europe, and in the Arab 
States are concentrated in the construction sector.

In 1995, the industry and services sectors accounted for 9 per cent and 3 per cent, respectively, of 
working hours lost to heat stress; these shares are projected to increase to 12 per cent and 10 per 
cent by 2030. This trend can be explained to some extent by the changing global composition of 
employment (i.e. more and more workers operating within the service sector), but it also has to do 
with increased heat exposure in workplaces.

Figure 2.6  Working hours lost to heat stress by sector,  
1995 and projections for 2030 (percentages)

Source: ILO estimates based on data from the ILOSTAT database and from the HadGEM2 and GFDL-ESM2M 
climate models (using as input the RCP2.6 climate change pathway, which envisages a global average 
 temperature rise of 1.5°C by the end of the century).
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2.5 Urban heat islands
The intensity of temperature increases can vary within countries, and the impact can be especially 
high in cities. The urban heat island (UHI) phenomenon refers to urban or metropolitan areas that 

buildings and roads, and also as a result of human activities (IPCC, 2007). This human-induced 
-

ance caused by variations in land use, surface properties and geometry of the urban area (Coutts, 
Beringer and Tapper, 2007). For example, unlike vegetation, urban building materials (e.g. concrete 
and asphalt) can absorb heat during the day and radiate it back at night (Bhargava, Lakmini and 
Bhargava, 2017). Moreover, the heating and cooling systems of buildings and vehicles contribute to 
the background heat in urban environments.

The resulting differences in temperature between urban and rural areas can be quite pronounced. 
For instance, at the turn of the millennium, maximum UHI intensities (based on air temperature) of 

Vide, 2007).

them have a negative impact on local economies. These negative effects include increased energy 
consumption (notably in cooling systems), elevated emissions of air pollutants and GHGs, compro-
mised human health and comfort, and deterioration of water quality (Bhargava, Lakmini and Bhargava, 
2017). A study by Estrada, Botzen and Tol (2017) analysed 1,692 cities (including all the main cities 
in the world) and found that the total economic costs of climate change for cities in the course of this 
century could be up to 2.6 times higher if UHI effects are taken into account than if they are not. On 
average, cities could lose 5.6 per cent of their GDP by the end of the century.

Figure 2.7 shows the correlation between the estimated labour productivity loss due to heat stress 
in 1995 and the degree of urbanization for all the countries analysed for the purposes of this report. 
Countries with higher productivity losses tend to have lower urbanization rates. It is worth noting that 
the methodology we used does not take into account UHIs or heatwaves. Consequently, it is likely 
that the results presented here underestimate the magnitude of labour productivity losses, particularly 
for highly urbanized countries.

The UHI effect is likely to intensify in the future with the expansion of urban centres and growing 
urban populations in both developed and developing countries, and it may be further exacerbated 
by future temperature increases. It is therefore important that policy-makers should adopt measures 

and Bhargava, 2017).

In the United States, for example, several cities have implemented a variety of strategies to reduce 
the UHI effect. These strategies include the installation of cool roofs and cool pavements, which use 

authorities of Los Angeles approved an update to the existing building code so as to require all new 

Figure 2.7  Correlation between estimated labour productivity loss due to heat stress 
and urbanization, 183 countries from all world subregions, 1995 (percentages)

Source: ILO estimates based on the World Bank’s World Development Indicators.
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and absorbing less heat than a roof made of standard materials. Similarly, the municipal authorities 
in Phoenix, Arizona, have launched a “Cool Roofs Master Plan” and a “Tree and Shade Master Plan”, 
which envisage the installation of cool roofs and the planting of trees to mitigate heat effects in the 
city’s metropolitan area. Evaluation of these various initiatives shows that the combination of increased 
tree canopy cover and cool roofs lowers temperature and reduces the demand for air conditioning, 

The western Indian city of Ahmedabad incorporated a cool roofs initiative into its 2017 Heat Action 
Plan, notably by providing access to affordable cool roofs for the city’s slum residents and urban poor, 
i.e. those who are most vulnerable to the health effects of extreme heat. The initiative aims to turn the 

buildings and schools, and raise public awareness (Kaur, 2017).

In Singapore, the Skyrise Greenery initiative, launched in 2009, has successfully turned the country 
into a “city in the garden” and mitigated the UHI effect by planting rooftop and vertical greenery. There 
are currently more than 200 such projects in the country, covering 100 hectares of skyrise greenery 

Various Australian cities have also acknowledged the importance of the UHI effect and implemented 

plan has been adopted that sets out principles and ideas on urban planning with a view to supporting 
urban greening and improving local water management. The action plan focuses on the concept of 
a “green–blue city”, which involves recreating a natural water cycle while facilitating urban greening 
and supporting healthy green infrastructure. It includes initiatives designed to increase tree canopy 
cover, improve green infrastructure and reduce heat-related risks for the most vulnerable groups in 
the population (City of Ballarat, 2016).

2.6  Vulnerability of disadvantaged 
workers and subregions

Productivity losses due to heat stress are concentrated in subregions with already precarious labour 
market conditions. For example, the share of workers less likely to be in formal employment, such as 
contributing family workers and own-account workers, is particularly high in most of the subregions 
with the greatest productivity losses induced by heat stress in 2015. Indeed, in the two subregions 
most affected by heat stress (Southern Asia and Western Africa), this category of workers accounted 

correlation can be observed between heat stress and working poverty. The working poverty rate is 

the African subregions most affected by heat stress, such as Western Africa and Central Africa, also 
have the highest levels of working poverty. Southern Asia, the subregion most affected by heat stress, 
has a relatively high level (around 15 per cent) of working poverty, too.

Similar patterns emerge if we consider the relationship between the impact of heat stress and other 

of the main characteristics of informal employment is the lack of social security coverage, as noted 

stress tend to have high levels of informality and inadequate social security coverage. In certain African 
countries with heat stress-related productivity losses exceeding 3 per cent, the informal economy 
accounts for up to 90 per cent of total employment, and less than a quarter of the population is 
protected by any form of social security.

Although they are not necessarily causal, the abovementioned correlations highlight the particular vul-
nerability of regions in which several labour market weaknesses are concentrated, and which are also 
greatly affected by heat stress. The fact that the most vulnerable workers in developing and emerging 
countries are the hardest hit by heat stress raises questions of social justice, i.e. there is a very real 
possibility that heat stress will contribute to increasing inequality. These observations are in line with 
those of Burke, Hsiang and Miguel (2015) who, studying a sample of around 170 countries over the 
period 1960–2010, found that, in the case of cold countries, warming helped them to perform better 
in economic terms up to a certain point. There is an optimal annual average temperature of around 
13°C at which economic performance peaks. Any warming that causes the average temperature to 
rise above that level leads to a decline in economic productivity; the rate of decline accelerates with 
subsequent warming. The hotter a country is to begin with, the more economic damage is caused by 
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Figure 2.8  Correlation between labour productivity loss due to heat stress and share of (A) own-account 
and contributing family workers; and (B) working poverty, all world subregions, 2015

Figure 2.9  Correlation between labour productivity loss due to heat stress, 2015 and (A) informality; 
and (B) social security coverage, selected countries, latest available year

Note: Panel B does not feature all world subregions because working poverty in North America, Northern Europe and 
Western Europe is so low that no statistically meaningful data can be reported.

Source: ILO estimates based on data from the ILOSTAT database and from the HadGEM2 and GFDL-ESM2M climate 
models (using as input the RCP2.6 climate change pathway, which envisages a global average temperature rise of 
1.5°C by the end of the century).

Note: No data available for the Arab States on social security coverage (Panel B).

Source: ILO estimates based on data from the ILOSTAT database and from the HadGEM2 and GFDL-ESM2M climate models (using as input  
the RCP2.6 climate change pathway, which envisages a global average temperature rise of 1.5°C by the end of the century).
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every additional 1°C of warming. Because some of the cooler high-income countries are expected to 

to increase as a result of climate change (ibid.).

by heat stress tend to be the ones with lowest GHG emissions. For example, with GHG emissions of 
only 2.2 tonnes of carbon dioxide equivalent per capita, Southern Asia is the subregion with both the 
highest productivity loss and the lowest emissions per person.

labour productivity losses.

Figure 2.10  Correlation between GHG emissions and labour productivity loss  
due to heat stress, all world subregions, 2012 and 2015

Note: Several countries were omitted in the calculation of regional GHG emissions because of lack of data.  
In particular, no data were available for the Islamic Republic of Iran, Saudi Arabia or South Africa.

Source: ILO estimates based on the ILOSTAT database and the World Bank’s World Development Indicators.
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3.1 Current and projected heat levels
With a population of around 1.2 billion and a land area of approximately 30.1 million km2, Africa1 

vulnerable to heat stress because of its high heat exposure and low adaptive capacity.2 According to 
the IPCC’s Fifth Assessment Report, during the last 50 to 100 years, near-surface temperatures have 
increased by at least 0.5°C across most parts of Africa, with minimum temperatures rising more rapidly 
than maximum temperatures. The report also concludes that temperatures in Africa are projected to 

the mean annual temperature rise is likely to exceed 2°C by the end of the present century. Under 
a high Representative Concentration Pathway (RCP) scenario, which is one of the climatic futures 

of Africa, with the mean annual temperature rise ranging from 3°C to 6°C by the end of the century.

Given the continent’s vast size, varying topography and unique geographical location (it almost sym-

both the northern and southern hemispheres. Whereas the northern half of Africa is primarily desert or 
arid, the central and southern areas contain savannah and rainforest regions. In fact, Africa has eight 

Figure 3.1 shows the heat stress levels in Africa for 1995 and 2030, presented as WBGT values. 
(As explained in Chapter 2, the WBGT index measures temperature taking into account the effects 
of humidity, wind and solar radiation.) As can be seen, most countries in Africa exhibit heat levels in 
the hottest month that are likely to affect labour productivity. However, some areas are more exposed 
than others. For instance, high-altitude areas stretching from Ethiopia to Zimbabwe are less affected 
by heat during the hottest month compared with low-altitude areas, including the coasts. Coastal 
areas tend to have relatively higher humidity levels than inland low-lying areas, contributing to higher 
WBGT values.

Many countries in Africa already experience heat-related issues, which are having a negative impact 
on individuals, the economy, social conditions and the environment. For example, high ambient tem-
peratures have led to increased mortality in Ghana and Burkina Faso, with children and elderly people 
being particularly at risk (Azongo et al., 2012; Diboulo et al., 2012; Egondi et al., 2012). Heat-related 
health effects are also a cause for concern in Western and Southern Africa (Dapi et al., 2010; Mathee, 

(Patricola and Cook, 2010; Vizy and Cook, 2012).
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3.2 Labour market trends
In 1995, around 230 million people were employed in Africa, which was equivalent to almost 10 per 

Figure 3.2 shows the distribution of workers across subregions and main employment sectors (agri-
culture, construction, industry and services) for the years 1995 and 2030. A large share of the 
workforce in Africa is employed in agriculture, a sector in which vulnerable employment is typically 
widespread. Thus, in 1995, more than 129 million workers in the region were employed in agriculture, 
accounting for over 55 per cent of the continent’s total workforce. This trend is even more pronounced 
in the most populated subregions – Eastern Africa, Western Africa and Central Africa – where, re-
spectively, 67 per cent, 57 per cent and 63 per cent of the workers were employed in agriculture 
in 1995. Although these shares are projected to decrease in all the subregions by 2030, the overall 

small compared with that of agricultural workers, is also expected to increase in the region, namely 
from 3 per cent in 1995 to 5 per cent in 2030. Given the physical nature of their work, which is 
mostly undertaken outdoors and entails direct exposure to heat, agricultural and construction workers 
are likely to be particularly affected by the higher heat levels caused by climate change.

For example, the region has, at around 66 per cent of total employment, the world’s highest propor-
tion of workers less likely to be in formal employment, such as own-account workers and contributing 
family workers. Estimates indicate that 290 million African workers were employed in informal jobs 

place in sub-Saharan Africa. The region also has very high rates of informal employment outside the 

The challenge posed by informality is severe because the informal economy tends to be characterized 

generally lack access to social protection and accident and injury insurance, making them particularly 
vulnerable to the negative effects of heat stress on livelihoods.

Although the extreme working poverty rate (i.e. the share of the employed population living on less 

almost 250 million workers in Africa currently live in extreme or moderate poverty – a number that 

working-age population and the failure to adopt adequate measures to tackle working poverty (ILO, 

Note: The maps show averages of daily maximum WBGT during the hottest month for 1995 and 

the midpoint (2025) to give the projected level in 2030 for each country.

Source: ILO estimates based on data from the HadGEM2 and GFDL-ESM2M climate models (using as input the RCP2.6 climate change pathway, which 
envisages a global average temperature rise of 1.5°C by the end of the century).

Figure 3.1 Incidence of heat stress during the hottest month in Africa, 1995 and 2030 (projections)

1995 2030
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Africa contains several areas that are at high risk of heat exposure; it has a high share of agricultural 
employment and, moreover, its resources to adapt to increasing heat levels are limited. Our analysis 
suggests that in 1995 around 1.3 per cent of the total number of working hours in Africa were lost owing 

cent of this productivity loss occurred among agricultural workers. The impact of heat stress is expected 
to intensify in the future. In particular, projections suggest that up to 2.3 per cent of total working hours 

these estimates are of course alarming, it is worth noting that the impact of heat stress varies widely 
across countries because of differences in both climate and composition of the labour force.

3.3 Subregional and national estimates
Although the impact of heat stress is relatively small in most of the countries in Northern Africa 
(table 3.1), Sudan does appear to be highly affected, with 3.7 per cent of working hours lost in 1995 

respectively. The losses range from 0.07 to 0.39 per cent in other countries for 1995, and from 

this subregion between 1995 and 2030.

Source: ILO estimates based on data from the ILOSTAT database.

Figure 3.2 Breakdown of total employment in Africa, by sector and subregion, 1995 and 2030 (projections)

Agriculture Construction Industry Services
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Table 3.1 Working hours lost to heat stress, by sector and country/territory, Northern Africa, 1995 and 2030 (projections)

Country 1995 2030
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Algeria 0.05 0 0.07 4 0.52 0.19 0.52 0.02 0.19 24

Egypt 0.35 0.35 0 0.16 25 1.05 0.32 1.05 0.02 0.42 134

Libya 0.31 0.10 0.31 0.01 0.09 1 0.79 0.30 0.79 0.25 6

Morocco 0.13 0.13 0 0.07 5 0.39 0.39 0.02 0.16 19

Sudan 6.21 6.21 0.79 3.70 210 10.57 6.53 10.57 2.11 5.91 852

Tunisia 0.63 0.25 0.63 0.25 6 1.36 0.63 1.36 0.12 0.44 17

Western Sahara 0.39 0 0.67 0.13 0.84 2

Northern Africa 1.41 0.46 1.41 0.11 0.65 251 3.52 1.23 3.52 0.38 1.37 1054

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.
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Countries in Central Africa (table 3.2) are affected by heat stress to a greater extent than those in 
Northern Africa. Indeed, more than half of the countries in Central Africa experienced a loss of at least 
1 per cent of working hours in 1995. Moreover, only three countries in the subregion are projected to 
experience a loss of less than 1 per cent in 2030. The greatest impact is felt by Chad, with 3.9 per 
cent of working hours lost in 1995 and 7.1 per cent projected to be lost in 2030. This can be attrib-
uted to Chad’s exposure to extreme heat, and also to the vulnerability of its agricultural workers, who 
constitute the majority of the labour force. Because of its large population, the Democratic Republic 
of the Congo is expected to lose the equivalent of more than 1.2 million jobs in 2030 as a result of 

cent of working hours in these two sectors will be lost in 2030 throughout the subregion.

In Eastern Africa, the impact of heat stress on labour productivity is relatively low compared with 
other subregions in Africa (see table 3.3). This can be partly explained by the higher altitudes of 
countries such as Kenya and Ethiopia. However, in some countries, such as Somalia, Djibouti, Eritrea 
and Mozambique, losses in working hours were estimated to be above 1 per cent in 1995. The effect 

working hours were lost in 1995 and 5.6 per cent of working hours are projected to be lost in 2030. 
Although the loss of working hours in the subregion as a whole is relatively low as a percentage, 
the corresponding loss in absolute terms is by no means negligible. Because Eastern Africa is the 
most populated subregion of Africa, it is expected that a productivity loss equivalent to more than 
1.6 million full-time jobs will take place there in 2030 as a result of rising temperatures. In the United 
Republic of Tanzania alone, the projected loss of 0.76 per cent in 2030 would be equivalent to around 
303,000 jobs. Although agricultural and construction workers are assumed to be the hardest hit, 
informal workers in urban centres are also likely to suffer greatly from rising temperatures even when 
they are working in the service sector. This is the case, for example, with street vendors in Zimbabwe 
(see box 3.1).

Our analysis suggests that the impact of heat stress on Southern African countries is the lowest in 

the equator, their high altitudes and more temperate climates, and on the other hand by the smaller 
share of agricultural employment in the subregion, where it accounts for just 19 per cent of total 
employment. The country most affected is Eswatini, with 0.3 per cent of working hours lost to heat 
stress in 1995 and 0.5 per cent projected to be lost in 2030. By contrast, the impact of heat stress 
on Lesotho’s labour productivity is practically zero.

Table 3.2 Working hours lost to heat stress, by sector and country, Central Africa, 1995 and 2030 (projections)

Country 1995 2030
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Angola 0.33 0.06 0.33 0 0.11 4 0.21 0.01 0.27 34

Cameroon 2.26 2.26 0.11 1.62 84 2.00 0.36 3.01 458

Central African Republic 0.61 0.06 1.34 15 0.22 3.05 79

Chad 2.33 3.90 88 1.33 7.11 480

Congo 0.30 0 0.83 6 1.22 0.05 2.11 38

Congo, Dem. Rep. of the 1.73 1.73 0.01 1.29 208 0.09 2.72 1152

Equatorial Guinea 0.71 0.06 0.71 0 0.50 1 0 0.73 4

Gabon 3.20 3.20 0.01 1.24 4 7.11 2.36 7.11 1.54 10

Sao Tome and Principe 0 0 0 0 0 0 0.02 0 0.02 0 0.01 0

Central Africa 2.09 0.32 2.09 0.05 1.38 410 4.77 0.95 4.77 0.18 2.73 2255

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.
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Table 3.3 Working hours lost to heat stress, by sector and country, Eastern Africa, 1995 and 2030 (projections)

Country 1995 2030
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Burundi 0 0 0 0 0 0 0.01 0 0.01 0 0.01 1

Comoros 0.02 0 0.02 0 0.01 0 0.32 0 0.32 0 0.20 1

Djibouti 3.17 1.17 3.17 0.11 1.17 2 3.00 2.55 10

Eritrea 1.63 0.72 1.63 0.13 1.06 15 1.67 2.08 95

Ethiopia 0.19 0.07 0.19 0.01 0.11 24 0.03 0.33 190

Kenya 0.11 0.01 0.27 27 0.31 0.03 0.53 147

Madagascar 0.07 0 0.27 17 0.20 0.01 0.57 108

Malawi 0.26 0.07 0.26 0.01 0.19 8 0.51 0.15 0.51 0.01 0.36 47

Mauritius 0 0 0 0 0 0 0.09 0 0.09 0 0.01 0

Mozambique 1.32 1.32 1.08 63 2.52 0.95 2.52 0.11 1.99 272

Rwanda 0 0 0 0 0 0 0 0 0 0 0 0

Somalia 3.62 1.36 3.62 2.76 57 5.59 172

South Sudan 0 0 0 0 0 0 0 0 0 0 0 0

Tanzania, United Rep. of 0.19 0.01 0.52 73 1.12 0.36 1.12 0.02 0.76 303

Uganda 0.33 0.33 0 0.24 20 1.01 0.31 1.01 0.03 0.75 212

Zambia 0.11 0.02 0.11 0 0.08 3 0.30 0.06 0.30 0 0.17 18

Zimbabwe 0.17 0.05 0.17 0 0.11 5 0.12 0.01 0.28 26

Eastern Africa 0.50 0.11 0.50 0.01 0.35 313 0.91 0.32 0.91 0.04 0.65 1602

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Box 3.1 Heat stress and vulnerable outdoor workers 
in the city of Bulawayo in Zimbabwe

A majority (60.6 per cent) of the Zimbabwean working population is employed in the informal 

decades has forced hundreds of thousands of economically active people to engage in informal 

products ranging from food and vegetables to second-hand clothes. They have to work long hours 
under high temperature, humidity and radiant heat. These are conditions that can very easily lead to 
heat stress and heat-related illness, and, in the long term, increase the risk of chronic kidney disease.

regarding heat stress, their health status and on the measures they had taken to adapt to the above-

fallen ill during the summer months. Zimbabwe has no legislation in place to protect workers from 
environmental heat exposure, especially the most vulnerable workers who are employed in the informal 

are considered to be illegal traders. Moreover, current initiatives to address the impacts of climate 
change in Zimbabwe tend to focus on the rural population. Although people living in the countryside 
are of course at risk from the consequences of climate change, these efforts are leaving behind other 
segments of the working population that are also vulnerable to rising temperatures, such as street 
vendors who are highly exposed to heat strain and other heat-related risks.
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Table 3.4 Working hours lost to heat stress, by sector and country, Southern Africa, 1995 and 2030 (projections)

Country 1995 2030
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Botswana 0.26 0.06 0.26 0 0.09 0 0.63 0.20 0.63 0.01 0.21 2

Eswatini 0.71 0.29 0.71 0.26 1 1.35 0.61 1.35 0.12 0.49 2

Lesotho 0 0 0 0 0 0 0 0 0 0 0 0

Namibia 0.15 0.15 0 0.07 0 0.37 0.11 0.37 0.01 0.13 1

South Africa 0 0.04 5 0.29 0.11 0.29 0.01 0.07 13

Southern Africa 0.14 0.05 0.14 0 0.05 6 0.35 0.11 0.35 0.02 0.09 18

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Table 3.5 Working hours lost to heat stress, by sector and country, Western Africa, 1995 and 2030 (projections)

Country 1995 2030
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Benin 7.21 7.21 0.37 3.88 49 6.33 1.20 6.18 246

Burkina Faso 2.06 0.32 4.08 175 1.00 7.08 894

Côte d’Ivoire 4.09 204 10.61 5.01 10.61 0.75 6.01 763

The Gambia 1.56 0.13 2.34 8 3.19 2.88 28

Ghana 4.41 298 11.69 5.53 11.69 0.79 5.54 1038

Guinea 2.17 0.67 2.17 0.06 1.70 43 1.65 0.19 3.20 244

Guinea-Bissau 3.17 1.01 3.17 2.15 9 6.20 6.20 3.72 39

Liberia 0.13 2.79 18 7.79 3.20 7.79 0.39 3.88 85

Mali 1.91 0.32 2.40 57 3.90 5.01 448

Mauritania 1.99 0.37 2.40 11 7.26 7.26 1.12 3.65 45

Niger 5.02 5.02 3.56 86 9.22 9.22 1.55 6.83 651

Nigeria 2.27 0.33 3.18 932 9.79 9.79 0.96 3.89 3639

Senegal 3.69 3.69 0.16 2.23 62 6.55 3.11 6.55 0.50 3.88 234

Sierra Leone 5.23 1.93 5.23 0.17 3.76 54 9.31 9.31 0.53 6.63 189

Togo 2.29 4.12 82 10.61 5.10 10.61 7.18 425

Western Africa 5.23 2.20 5.23 0.29 3.37 2088 9.17 4.71 9.17 0.90 4.77 8968

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century. Cabo Verde has been omitted because of the unavailability of data.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.
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As can be seen from table 3.5, Western Africa contains the countries most affected by heat stress on 

of total working hours already in 1995. This was the case with Burkina Faso, Côte d’Ivoire, Ghana 
and Togo, of which Ghana was the most affected. Estimates suggest that by 2030 the percentage 
of working hours lost will reach levels close to 7 per cent in these and a few other countries in the 
subregion. In the agricultural and construction sectors, Benin, Côte d’Ivoire, Ghana and Togo are all 
expected to experience losses of working hours exceeding 10 per cent. At the subregional level, the 

the equivalent of 3.6 million full-time jobs lost in Nigeria alone.

Working hours lost to heat stress could result in a reduction in aggregate production. Combining the 
equivalent losses in terms of full-time jobs presented for the various countries above with measures of 
GDP per worker gives a preliminary estimate of the GDP losses expected to occur as a result of heat 
stress. These estimates take into account changes in technology and capital, and also other factors 
considered in the ILO projection models. Figure 3.3 shows the estimated GDP loss due to heat stress 
for the ten countries in the region that are most affected. In 1995, Ghana, Togo, and Burkina Faso lost 

cent for all the other nine countries. Eight out of these ten countries are located in Western Africa, 

diversity within the region, our analysis does reveal a general trend of increasing GDP losses due to 
heat stress. In 1995, African countries lost on average 0.9 per cent of their combined GDP as a result 

productivity effects) in the ten most affected countries in the region, together with the averaged regional estimates, 
for 1995 and projections for 2030. GDP loss is calculated by multiplying the equivalent number of full-time jobs lost 
by GDP per worker. Technological and capital changes over time are taken into account in the measure of GDP per 
worker. The underlying climate data are based on observations and estimates obtained using the RCP2.6 climate change 
pathway, which envisages a global average temperature rise of 1.5°C by the end of the century. It is worth noting, 
though, that the RCP2.6 and RCP6.0 pathways envisage relatively similar temperature increases until 2030, with most 
of the divergence appearing thereafter.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Figure 3.3  Percentage of GDP lost to heat stress under a 1.5°C global warming scenario, 
ten most affected countries in Africa, 1995 and 2030 (projections)
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3.4 Conclusion and key findings
Africa is the second largest and most populated region in the world. With a projected 610 million 

of the warmest areas of the world, has a high share of workers in agriculture, and exhibits high rates 
of vulnerable forms of employment and informality; moreover, its resources for adapting to increasing 
heat levels are limited. These characteristics mean that the impact of heat stress on labour product-

full-time jobs.

This productivity loss will put additional pressure on an increasing number of workers who are already 
threatened by other negative effects of climate change, such as changing rain patterns, natural dis-

questions of social justice, especially given that the continent has contributed less than 1 per cent of 
the historical GHG emissions that are responsible for current climate change.

The impact of rising temperatures will vary considerably across countries and subregions, with Western 
Africa and Central Africa being the subregions most affected. The countries that are particularly at risk 
include Benin, Ghana, Togo, Burkina Faso, Côte d’Ivoire, Sierra Leone, Niger, Nigeria, Somalia, Chad 
and Sudan. In the African context, which is dominated by agricultural employment, such measures 
as promoting the mechanization of agriculture and skills development policies aimed at increasing 

complement monitoring and awareness campaigns as part of efforts to adapt to heat stress. So far, 
the impact of agroecological practices in Africa has been disappointing in terms of yields, employment 
and farmers’ income (ibid.), but it should be possible to improve their implementation so that they 
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4.1 Current and projected heat levels
2, the Americas1 

are the world’s largest region and have the lowest population density. The Americas extend for approx-

(which comprises Central America and South America) and the Caribbean being particularly at risk 
of heat exposure.

According to the IPCC’s Fifth Assessment Report, mean annual temperature has increased over the 
past century in most of North America. Observations also point to an increase in the frequency of 
extreme heat events across the United States. Climate projections indicate that the mean annual 

increases are expected to occur in the high latitudes of the United States and Canada, and also in 

Report makes it clear that, without increased investment in adaptation measures, hot temperatures 
and extreme weather events in Canada and the United States will exacerbate the adverse health 

As for Latin America and the Caribbean, a temperature increase of around 0.7°C to 1°C has been 

the Chilean coast, which experienced a cooling of approximately 1°C during the same period. Moreover, 

the tropical and subtropical areas of South America. Looking forward, projections indicate an increase 

6.7°C in South America (ibid.).

as WBGT values. Some areas of the Americas exhibit heat levels in the hottest month that are likely 
to affect labour productivity. The areas most affected are those within the tropical and subtropical 
zones, including large swaths of Central America, South America and the Caribbean. On the other 
hand, the risk of heat stress is lower in North America, except for some areas in the south, because 
of its proximity to the northern polar region. High-altitude areas such as the Andes are also at lower 
risk of heat exposure.
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4.2 Labour market trends
In 1995, approximately 330 million people were employed in the Americas, which represented about 
13 per cent of the global employed population at the time. This share is projected to remain relatively 

and main employment sectors (agriculture, construction, industry and services) for 1995 and pro-
jections for 2030.

The share of agricultural workers in the Americas is relatively low compared with Africa and with Asia 

America and the rest of the region. Whereas the share of agricultural employment was 26 per cent in 

America barely reached 3 per cent.

These shares are projected to decrease across all subregions. Moreover, the overall average is expected 

other hand, employment in the construction sector is expected to remain relatively stable with a slight 
increase from 6 per cent in 1995 to 7 per cent in 2030. Meanwhile, the service sector will remain 
the dominant sector in the region, employing over 520 million workers and accounting for 72 per cent 
of total employment in 2030. This trend is particularly evident in North America, where the service 

There is considerable heterogeneity across the Americas regarding access to decent work. Thus, North 
America has a relatively low share of jobs that lack essential attributes of decent work. The propor-
tion of workers there who are more likely to be prone to vulnerability, such as own-account workers 
and contributing family workers, was as low as 7 per cent of the total employed population in 2017. 
Meanwhile, the number of such vulnerable workers remains persistently high in Latin America and 
the Caribbean, comprising around 91 million workers, or 32 per cent of the workforce, in 2017. The 
incidence of informality in Latin America and the Caribbean is one of the highest in the world. 
The mean share of informal employment in total employment across countries in Latin America and 

Note: The maps show averages of daily maximum WBGT during the hottest month for 1995 and 
projections for 2030. The estimates for 1995 were based on a 30-year average for the period 

adjustment of the value at the midpoint (2025) to give the projected level in 2030 for each country.

Source: ILO estimates based on data from the HadGEM2 and GFDL-ESM2M climate models (using as input the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century).

Figure 4.1 Incidence of heat stress during the hottest month in the Americas, 1995 and 2030 (projections)

1995 2030
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the Plurinational State of Bolivia. In Mexico and Colombia the shares of informal employment are 
53 per cent and 60 per cent, respectively. These shares are also high in countries with relatively 

Reducing informality is arguably one of the most promising approaches to the eradication of extreme 
and moderate working poverty, which still affects 15 per cent of workers in Latin America and the 

reaching over 93 million in 2019. As a result, adaptive capacities vary widely across the region, with 
workers, employers and governments in North America having more resources to adapt to increasing 
heat levels than their counterparts in Latin America and the Caribbean.

The Americas feature several areas that are at high risk of heat exposure; these areas are mainly in 
Central America, South America and the Caribbean. The impact of heat stress on labour productivity 
can already be observed, but it is low compared with other regions of the world because agricultural 
employment is relatively less widespread. In 1995, around 0.3 per cent of the total number of working 

analysis shows that 55 per cent of this loss was concentrated in the agricultural sector.

The impact of heat stress is expected to intensify in the future. In particular, projections suggest 
that 0.6 per cent of total working hours will be lost to heat stress in 2030 – the equivalent of around 
2.9 million full-time jobs. In line with the lower prevalence of agricultural employment in the region, 
the agricultural sector’s share of this productivity loss is projected to decrease from 55 per cent 
in 1995 to 39 per cent in 2030, while the construction sector’s share is projected to increase from 
19 per cent in 1995 to 26 per cent in 2030. In this respect, it is worth noting the strong heterogeneity 
across subregions: whereas North America is expected to be affected only to a small degree, most 
of the losses are projected to occur in Latin America and the Caribbean. The next section presents 

to the impact of heat stress on labour productivity.

4.3 Subregional and national estimates

the United States). The data suggest that the impacts of heat stress in this subregion are the lowest 
in the Americas. This can be explained partly by the large proportion of the subregion located close 
to the Arctic and therefore experiencing cold or temperate climates, and partly also by the relatively 
small share of agricultural employment, which accounts for less than 3 per cent of total employment 
in the subregion. Since the share of employment in construction is relatively high, at around 7 per 
cent, over one third of the working hours lost to heat stress were concentrated in the construction 
sector in 1995. Whereas the impact of heat stress on labour productivity in Canada is practically 
zero, the United States lost 0.11 per cent of total working hours as a result of heat stress in 1995 and 
is projected to lose 0.21 per cent in 2030. The expected productivity loss in 2030 is equivalent to 

Americas, which is due, in part, to its proximity to the tropical zone. Indeed, the subregion lost a total 

Source: ILO estimates based on data from the ILOSTAT database.

Figure 4.2  Breakdown of total employment in the Americas, by sector and subregion, 
1995 and 2030 (projections)
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Table 4.1 Working hours lost to heat stress, by sector and country, North America, 1995 and 2030 (projections)

Country 1995 2030
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Canada 0 0 0 0 0 0.0 0.03 0.01 0.03 0 0 0.8

United States 0.22 0.03 0.11 150.3 0.09 0.21 389.3

North America 0.50 0.21 0.50 0.02 0.10 150.3 1.01 0.48 1.01 0.08 0.19 390.1

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Box 4.1 Vulnerability to heat exposure among farm workers 
in North America

The occupational risks of heat stress are not limited to tropical low-income countries; they also affect 
developed countries. Farm workers in developed countries such as Canada and the United States are 
vulnerable to heat-related risks. The occupational health risks are particularly high for those workers 
who are not regularly exposed to hot environments, but who suddenly experience a heatwave, such 
as workers in Canada.

In the United States, between 2003 and 2009, there were 232 worker fatalities from heat ex-
posure, of which 90 per cent occurred during the summer months. More than half of these fatalities 
occurred in southern states and nearly one quarter on farms or in other agricultural settings (Fleischer 
et al., 2013). The common payment mechanism based on the amount of produce harvested further 
increases workers’ vulnerability, because it discourages them from taking enough breaks or time off 
to eat and drink water.

A majority of farm workers in the United States are seasonal and migrant workers. They often work 
long days during the hot summer months, and have limited control over their work schedule and 
job tasks. Moreover, they are usually not properly trained in heat-stress preventive measures (ibid.). 
Among male migrant farm workers in California heat stress is associated with a higher probability of 
acute kidney injury. Payment on a piecework basis and longer years of work also increase the odds 
of acute kidney injury among their female counterparts (Moyce et al., 2017). Similarly, migrant farm 
workers in southern Georgia who were exposed to heat risks have been shown to experience high 
levels of heat-related symptoms (Fleischer et al., 2013).

In addition to enhancing workers’ awareness of the dangers of heat stress and their preventive 
capacity, it is essential that the federal and state/provincial governments in the United States and 
Canada, as well as employers, should play a more prominent role in protecting workers from heat 
stress and heat-related illness in the workplace. There are already some good practices to build on. 
For example, the Division of Occupational Safety and Health of the State of California requires farmers 
to provide their workers with training on heat illness prevention and also to offer them regular breaks 
so that they can cool down and rehydrate in the shade (Cal/OSHA, 2006). The regulations in force in 
California also include requirements relating to heat illness prevention plans, training, acclimatiza-
tion assessment and emergency response procedures. In Canada, the “Sun Safety at Work Canada” 
programme aims to enhance sun safety in the country’s workplaces, thereby protecting workers from 
skin cancer, heat stress and eye damage. The programme publishes fact sheets and helps with the 
development of preventive measures and regulatory frameworks to deal with sun exposure at work.

 

of 0.61 per cent of total working hours (the equivalent of 272,000 full-time jobs) as a result of heat 
stress in 1995. In 2030, the impact of heat stress on labour productivity is expected to be even more 

full-time jobs). The country most affected is Belize, which lost 1.63 per cent of working hours in 

cent in Nicaragua, while projections for 2030 range from 0.65 per cent in Costa Rica to 1.2 per cent 
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Table 4.2 Working hours lost to heat stress, by sector and country, Central America, 1995 and 2030 (projections)

Country 1995 2030
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Belize 0.09 1.63 1.0 7.95 3.57 7.95 2.45 4.9

Costa Rica 0.02 0.47 6.5 2.99 1.02 2.99 0.09 0.65 16.3

El Salvador 1.19 1.19 0.02 0.43 8.9 2.51 2.51 0.73 32.3

Guatemala 1.02 1.02 0.42 14.6 1.95 1.95 0.13 0.87 88.4

Honduras 0.03 0.59 11.6 2.71 1.11 2.71 1.09 54.2

Mexico 0.71 0.13 0.64 214.9 1.27 0.30 0.90 544.4

Nicaragua 1.77 1.77 0.02 0.69 8.5 1.39 0.10 1.19 34.7

Panama 1.93 0.37 1.93 0.01 0.57 5.6 0.05 1.20 24.6

Central America 1.48 0.62 1.48 0.11 0.61 271.6 2.50 1.21 2.50 0.24 0.91 799.8

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Box 4.2 Heat stress, poor working conditions and health impacts 
among workers on Central American sugar cane plantations

Workers on sugar cane plantations across Central America are exposed to occupational heat stress and 
heat-related illnesses. Their working conditions are harsh, including long hours of work under direct sunlight 
and high humidity with only short breaks and limited access to clean drinking water. Payment is often based 
on the amount of crop harvested, which discourages workers from taking enough breaks during each shift. 

especially in view of the chronic kidney disease (CKD) epidemic that has spread among plantation workers in 
the region (Campese, 2016; Nerbass et al., 2017). In Costa Rica, heat and dehydration symptoms were ex-

the frequency was higher for those categories of workers who were more exposed to heat (Crowe et al., 2015).

Sugar cane harvesters in Costa Rica are seasonal workers who face a variety of socio-economic challenges and 
have limited opportunities for decent employment. A majority of them are migrant workers from Nicaragua. 
Harvesters are at risk of heat stress during most of the work shift since full outdoor work often lasts from 
5–6.30 a.m. to 10–11 a.m., and the WBGT limit of 26°C for heavy tasks is already reached by 7.30 a.m. 
(Crowe et al., 2013). There is usually no mandatory or scheduled break at the plantations and sugar mills. 
Instead, workers stop to drink water, eat, rest or sharpen their tools as and when they choose. The piecework 
payment system, however, prompts harvesters to work longer into the day and take fewer breaks (ibid.).

-
direct jobs and accounts for, respectively, 31 per cent and 15 per cent of agricultural and total exports (CNV 
International, 2015). The sugar industry’s economic importance, however, has not yet led to the promotion 
of decent working conditions. Around one quarter of the sugar cane cutters who took part in a recent survey 
reported having been diagnosed with CKD. More than 90 per cent suffered from insolation, muscle aches, 
respiratory problems and dehydration (ibid.). Kidney function decline has also been observed among sugar 

dehydration and CKD (Laws et al., 2015).

Such inadequate working conditions for vulnerable workers can be observed on many sugar cane plantations 
across Central America (Nerbass et al., 2017). Temperature increases due to climate change and the growing 
demand for sugar cane exports further exacerbate the situation. Interventions are needed from governments, 
employers and workers in order to raise awareness and implement appropriate measures for the protection 
of workers against heat stress. A good example of a recent intervention of this kind is the “Regulations for 
the prevention of heat stress and the protection of workers exposed to heat stress” adopted in 2015 by 

observed on sugar cane plantations. These regulations require employers to provide shade, water, rest breaks 
and protective clothing for outdoor agricultural workers.
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Table 4.3 Working hours lost to heat stress, by sector and country, South America, 1995 and 2030 (projections)

Country 1995 2030
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Argentina 0.29 0.10 0.29 0.01 0.05 6.2 0.60 0.27 0.60 0.05 0.15 30.9

Bolivia, Plurinat. State of 0.33 0.17 3.5 1.97 0.91 1.97 0.17 0.49 25.0

Brazil 1.21 0.36 1.21 0.03 0.44 314.4 1.09 0.13 0.84 849.9

Chile 0 0 0 0 0 0.0 0 0 0 0 0 0.0

Colombia 1.92 0.71 1.92 0.07 0.55 75.0 3.52 1.60 3.52 0.23 0.90 222.5

Ecuador 0.53 0.05 0.31 14.4 2.97 1.30 2.97 0.19 1.20 97.6

Guyana 0.73 0.01 1.56 4.1 10.31 10.31 0.23 3.24 9.4

Paraguay 1.05 0.36 1.05 0.03 0.42 8.1 1.13 0.22 0.89 33.2

Peru 0.17 0.02 0.09 8.5 1.07 1.07 0.07 0.38 69.8

Suriname 0.69 0.01 0.64 0.9 9.70 3.59 9.70 0.22 1.96 4.6

Uruguay 0.07 0.01 0.07 0 0.01 0.2 0.15 0.15 0 0.03 0.5

Venezuela, Boliv. Rep. of 2.19 0.69 2.19 0.55 45.6 2.06 0.22 1.52 260.7

South America 1.28 0.34 1.28 0.03 0.37 480.9 2.66 1.05 2.66 0.13 0.76 1604.1

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Table 4.4 Working hours lost to heat stress, by sector and country/territory, Caribbean, 1995 and 2030 (projections)

Country 1995 2030
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Bahamas 0.72 0.01 0.72 0 0.09 0.1 2.70 2.70 0 0.35 0.7

Barbados 0 0 0.06 0.1 3.10 0.26 3.10 0 0.40 0.5

Cuba 2.05 0.50 2.05 0.01 0.70 30.3 1.52 0.09 0.76 34.1

Dominican Republic 0.19 0 0.30 8.1 2.63 2.63 0.56 26.3

Haiti 0.27 0.03 0.27 0 0.14 3.9 1.09 0.20 1.09 0 0.56 29.2

Jamaica 0 0 0 0 0 0.0 0.15 0 0.15 0 0.04 0.4

Puerto Rico (USA) 0.02 0 0.02 0 0 0.0 0.31 0.01 0.31 0 0.02 0.2

Saint Lucia 0.12 0 0.12 0 0.05 0.0 0.07 0 0.20 0.2

Saint Vincent 
and the Grenadines

3.00 0.36 3.00 0 0.78 0.3 7.71 7.71 0.03 2.10 0.8

Trinidad and Tobago 1.66 0.26 1.66 0.01 0.42 1.9 5.05 1.17 5.05 0.03 1.22 7.1

Virgin Islands (USA) 0.03 0 0.03 0 0.01 0.0 1.17 0.02 1.17 0 0.23 0.1

Caribbean 0.97 0.25 0.97 0 0.35 44.8 1.76 0.67 1.76 0.04 0.56 99.7

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.
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-

this productivity loss is expected to reach 0.76 per cent in 2030 (equivalent to 1.6 million full-time 
jobs). However, the impact varies considerably within the subregion. In 1995, the countries with the 

cent); other countries, such as Uruguay, Argentina and Peru, exhibited much lower rates. Although 

for more than half of the loss incurred by the subregion. As a result of climate change, the productivity 
loss in terms of working hours is expected to increase in practically all countries in South America.

affected by heat stress. Not only are those countries generally unaffected in terms of working hours 
lost but, given their relatively small population size, the absolute loss in terms of full-time jobs is also 
low. Nevertheless, the impact of heat stress at the subregional level is expected to increase from 
0.35 per cent of working hours lost in 1995 to 0.56 per cent in 2030.

The Americas cover a large geographical area with considerable variety in terms of climate, employment 
structure and the working conditions faced by workers. Central America and South America were the 
two subregions most affected by heat stress in 1995, and the situation is expected to be much the 

countries most affected in the region. In all ten countries, which are located in Central and South 
America, the share of GDP lost as a result of heat stress is projected to increase between 1995 and 
2030. Guyana is the country hardest hit: it lost 1.6 per cent of GDP to heat stress in 1995 and is 

stress on other Central and South American countries, with GDP losses increasing to more than 1 per 

on labour productivity are projected to almost triple in Suriname and Ecuador between 1995 and 
2030, rising from 0.7 to 2 per cent and from 0.3 to 1.1 per cent, respectively. Tropical countries with 
a large share of agricultural employment such as Honduras, El Salvador, Nicaragua and Guatemala 
are also among the most affected by heat stress in the region. The estimated regional average GDP 

heat stress is expected to have on the northern part of the region.

in the ten most affected countries in the region, together with the averaged regional estimates, for 1995 and projections for 2030. 
GDP loss is calculated by multiplying the equivalent number of full-time jobs lost by GDP per worker. Technological and capital 
changes over time are taken into account in the measure of GDP per worker. The underlying climate data are based on historical 
observations and on estimates obtained using the RCP2.6 climate change pathway, which envisages a global average temperature 
rise of 1.5°C by the end of the century. It is worth noting, though, that the RCP2.6 and RCP6.0 pathways envisage relatively 
similar temperature increases until 2030, with most of the divergence appearing thereafter.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Figure 4.3  Percentage of GDP lost to heat stress under a 1.5°C global warming scenario, 
ten most affected countries in the Americas, 1995 and 2030 (projections)
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4.4 Conclusion and key findings
Climate change impacts, decent work challenges and adaptive capacity levels vary considerably across 
the Americas. The North America subregion, for instance, enjoys low levels of heat stress and relatively 
high labour standards. By contrast, the number of vulnerable workers, such as own-account workers 
and contributing family workers, remains persistently high in Latin America and the Caribbean.

Because of its overall proximity to the equator, Central America is the subregion most affected by heat 
stress. Although the reduction in working hours due to heat stress is projected to remain below 1 per 
cent at the subregional level in Central America, South America and the Caribbean in 2030, locally 
the productivity losses can be much higher. The adverse impact of heat stress on labour productivity 
is sometimes very high precisely in those countries where the lack of decent work remains a major 
issue (e.g. Guyana).
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5.1 Current and projected heat levels
2, the 

Arab States1 are the smallest and least populated region in the world. Although the region as a whole 
is vulnerable to heat exposure, some countries face greater risks of heat stress than others. In par-
ticular, the wealthier countries that are members of the Gulf Cooperation Council (GCC) have greater 
adaptive capacity than non-GCC countries. The Arab region also has widely contrasting topography 
and distinctive landforms. Thus, it is characterized by large mountainous zones (e.g. the Hijaz and 
Asir Mountains in Saudi Arabia and the highlands of Hadhramaut in Yemen) and vast deserts that 
cover most of the area. These desert expanses are interspersed with oases that create microclimates 
which make agriculture possible to a limited extent. The Arab States mostly experience a hot desert 

these conditions occur in the coastal zones of eastern Oman, south-western Saudi Arabia, and Yemen, 
where rainfall is more abundant because of the seasonal monsoon winds and northward expansion of 
the intertropical convergence zone.

Compared with other parts of the world, relatively little is known about the evolution of climate in the 
Arab region. However, the available studies do suggest that average surface temperatures rose during 
the twentieth century, accompanied by an increase in the frequency of hot days and a gradual reduc-
tion in the number of cold days (Zhang et al., 2005; ESCWA et al., 2017). For instance, Tanarhte, 

the summer months. In addition to rising temperatures, other studies note that there has been an 
increase in the number of heatwaves in countries within the region (Rahman et al., 2015). Looking 
forward, a report by ESCWA et al. (2017) concludes that temperatures in the Arab States are set to 

Pathway (RCP) scenario, the increase in average annual temperatures could range from 1.5°C to 2.3°C 
by the end of the century.

Figure 5.1 shows the heat stress levels in the Arab States for 1995 and 2030. As can be seen, large 
areas of the region exhibit heat levels in the hottest month that are likely to affect labour productivity. 
However, heat exposure is most pronounced mainly in the coastal areas, where humidity is higher 
than in the inland desert areas.
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5.2 Labour market trends

around 1 per cent of the global employed population at the time. This share is projected to increase 
in the coming years, reaching 2 per cent of the global employed population by 2030, with more than 
60 million workers. Figure 5.2 shows the distribution of workers by main employment sector (agri-
culture, construction, industry and services) for the years 1995 and 2030.

Employment in the Arab States is dominated by the service sector. Indeed, in 1995, no less than 
-

construction workers, who accounted for 11 per cent of total employment in 1995. Looking forward, 
the service sector is projected to expand further in the Arab States and to reach 62 per cent of total 

is expected to shift towards services, the construction sector may become one of the dominant sectors 
in other countries, notably Qatar and the United Arab Emirates. Overall, the construction sector is 

cent of total employment in the region. Meanwhile, the agricultural sector is expected to continue its 

of total employment in the region.2

 there is considerable heterogeneity within the region with regard to 
extreme working poverty and vulnerable employment. Thus, in the GCC countries extreme working 
poverty is non-existent and vulnerable employment rates are very low (3 per cent in 2017). The main 
labour market issue there has to do with the proper governance of migration, given that migrant workers 
make up more than 50 per cent of the total population in four of the six GCC countries (ILO, 2017c). 
Most of these workers, moreover, are employed in lower-skilled sectors, such as construction and 
domestic work. Meanwhile, in non-GCC countries the share of workers in vulnerable employment has 

in moderate poverty.

Note: The maps show averages of daily maximum WBGT during the hottest month for 1995 and 

of the value at the midpoint (2025) to give the projected level in 2030 for each country.

Source: ILO estimates based on the HadGEM2 and GFDL-ESM2M climate models (using as input the RCP2.6 climate change pathway, which envisages a 
global average temperature rise of 1.5°C by the end of the century).

Figure 5.1 Incidence of heat stress during the hottest month in the Arab States, 1995 and 2030 (projections)

1995 2030
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Workers with a vulnerable employment status are particularly at risk of suffering the consequences of 
lost working time. This is because such workers are less likely to be in formal employment, and tend 

only may lost output translate into reduced wages and incomes, but these workers are also less likely 
to have health-care coverage that could help them cope with the health effects caused by working 
in high temperatures. Workers in non-GCC countries are more likely to be exposed to the economic 
consequences of heat stress than their GCC counterparts.

All in all, the Arab States include several countries that are at high risk of heat exposure. The region 
as a whole has a low share of agricultural employment but a relatively high share of construction 

number of working hours in the Arab States were lost to heat stress – the equivalent of approximately 
90,000 full-time jobs. This impact is expected to intensify in the future, with projections suggesting 
that 1 per cent of total working hours will be lost as a result of heat stress in 2030 – the equivalent 

Several options are available to countries in the region for mitigating the adverse impact of heat stress 
on their economies and labour markets. For example, measures to protect workers on construction 
sites – such as appropriate dress codes, changes to working hours, information and monitoring cam-
paigns (including those targeted at migrant workers), and other occupational safety and health meas-
ures – can help workers and businesses in adapting to heat stress. There is evidence that some GCC 
countries are indeed making efforts to improve occupational safety and health for migrant workers 
(see box 5.1 further down). Innovation is a major factor in the transformation of businesses, espe-
cially when supported by research and development (ILO, 2017d), and new technologies can help to 
reduce heat retention in workplaces. Similarly, limiting the use of outdoor employment can mitigate 

urban planning in the Arab States should be reorganized to take into account the need to reduce heat 
stress and its adverse impact on workers.3

5.3 Regional and national estimates
As can be seen in table 5.1, average labour productivity in the Arab States is affected by heat stress 
to a small extent. This can partly be explained by the fact that the agricultural sector makes up only a 
small proportion of the region’s total employment. However, a number of countries with a high share 
of employment in the construction sector are affected to a greater extent.

In 1995, for instance, Qatar and Bahrain lost, respectively, 2.3 per cent and 1.9 per cent of working 

and Lebanon lost less than 0.1 per cent. Projections for 2030 suggest that the percentage of working 
hours lost to heat stress will more than double in both Qatar and Bahrain, reaching 5.3 per cent and 

Source: ILO estimates based on data from the ILOSTAT database.

Figure 5.2  Breakdown of total employment by sector, 
Arab States, 1995 and 2030 (projections)
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Most of the impact of heat stress in the Arab States is driven by the construction sector, which is 

Moreover, workers in this sector are often migrants with low adaptive capacity. Although the wages they 
earn in the Arab States are higher than in their home countries, migrant construction workers often 
face a variety of risks, among which late payment or even non-payment of wages and occupational 
injuries feature prominently (Wells, 2017). In the GCC countries, in particular, high temperatures and 
humidity, alongside outdoor work, can exacerbate heat-related risks for these workers (see box 5.1).

The Arab States region as a whole is estimated to have lost about 0.5 per cent of its average GDP 
in 1995 as a result of heat stress, and this productivity loss is projected to increase to 1.1 per cent 

region. Qatar is the country most affected: it lost 2.3 per cent of its GDP in 1995 and is projected to 
lose 3.2 per cent in 2030. Bahrain and the United Arab Emirates are also expected to lose more than 
2 per cent of their GDP by 2030 as a result of heat stress. Other countries in the region are affected by 
heat stress to a lesser extent. Thus, the impact of heat stress on labour productivity in Oman is almost 
negligible: its GDP loss was almost zero in 1995 and is expected to reach only 0.2 per cent by 2030.

Table 5.1 Working hours lost to heat stress, by sector and country/territory, Arab States, 1995 and 2030 (projections)

Country 1995 2030
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Bahrain 3.2 0.9 1.9 4.4 9.5 6.2 9.5 2.2 4.1 32.1

Iraq 0.9 0.3 0.9 0 0.3 11.3 0.1 0.7 87.9

Jordan 0.3 0.1 0.3 0 0 0.4 0.3 0 0.1 2.3

Kuwait 1.6 0.6 1.6 0 0.4 3.0 3.3 1.6 3.3 0.3 1.0 20.9

Lebanon 0.1 0 0.1 0 0 0.3 0.5 0.2 0.5 0 0.1 2.3

Occupied Palestinian 
Territory

0.6 0.2 0.6 0 0.2 0.9 1.5 0.6 1.5 0.1 0.5 7.4

Oman 0.1 0 0.1 0.4 1.2 1.2 0.1 0.5 6.2

Qatar 2.9 0.7 2.3 6.6 5.6 1.9 5.3 76.6

Saudi Arabia 0.7 0.3 0.7 0.1 0.2 8.8 1.6 1.6 0.2 0.5 69.3

Syrian Arab Republic 0.6 0.2 0.6 0 0.3 12.0 0.6 0.1 0.7 53.3

United Arab Emirates 2.2 0.5 1.8 21.1 7.6 7.6 2.6 164.1

Yemen 1.1 0.5 1.1 0.1 0.7 20.4 2.0 1.1 2.0 0.3 1.0 95.7

Arab States 1.0 0.6 1.0 0.1 0.4 89.5 2.0 1.4 2.0 0.4 1.0 618.0

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.
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Box 5.1 Heat-related risks and occupational safety 
and health measures in the GCC countries

Outdoor workers are highly exposed to heat-related risks in the countries of the GCC, because the regional 
climate is characterized by dry and subtropical desert conditions. During the summer, temperature and 
humidity levels are high and rainfall is scarce. Between April and September, temperatures can reach 55°C 

In the GCC countries, the construction sector accounted for 23 per cent of employment in 2017 (ILOSTAT), 
putting a large number of workers at risk of heat stress. In the United Arab Emirates, heat-related illnesses 
and heightened risk of accidents are, together with long working hours, the main health issues faced by 

Qatar, the United Arab Emirates and Saudi Arabia, 17.6 per cent of the respondents said that they suffered 
from heat-related illness (Joshi, Simkhada and Prescott, 2011). For migrant workers in the GCC countries, 
occupational safety and health (OSH) risks are exacerbated by cultural and language barriers. Language 
barriers impede communication, especially when it comes to the delivery of training on OSH guidelines 
and on preventive practices. They also make it harder for workers to report symptoms and raise concerns 
with their managers, or even just to explain that they need to take a break or drink some water. The GCC 
countries have some of the world’s highest ratios of migrant workers to total workforce. Indeed, migrant 

the workforce are migrant workers from low-wage Asian countries such as Pakistan, India, the Philippines, 
Bangladesh and Nepal (ibid.).

The governments of the GCC countries have been developing measures to protect workers from OSH risks, 
including heat stress. A ban on midday work has been adopted by all GCC countries. This prohibits any out-
door work during the hottest hours in the summer (typically from June to August, though the exact dates and 

however, temperatures are still extremely high outside of the banned hours, and limited labour inspection 
undermines the policy’s effectiveness. Moreover, since climate change is expected to increase the frequency 

heat stress in these countries. Consequently, the current ban on outdoor midday work in the GCC countries 

example, in Qatar, the Supreme Committee for Delivery and Legacy, in 2016, mandated work-to-rest ratios 
based on a real-time heat and humidity index (the “Humidex” index, also used in Canada) for a limited 
number of workers on construction sites related to the preparations for the 2022 FIFA World Cup.

General OSH measures have been developed in most GCC countries. Bahrain, Kuwait, the United Arab 

In Abu Dhabi, the “Safety in Heat” programme aims to assist and guide employers in the implementa-
tion of heat stress management procedures, and also to ensure proper control measures for the protec-

Occupational Safety and Health requires companies with 50 or more workers to have an OSH strategy in 
place; an additional legal instrument regulating noise, heat, lighting and personal safety was enacted in late 

acknowledges the importance of protecting the health of migrant workers in the country, who have limited 
access to health-care services and work in hazardous environments. In addition, Qatar has already imple-
mented several other heat stress management practices on its World Cup construction sites. The ILO has 
launched a joint technical cooperation programme with the Government of Qatar with a view to the adop-
tion and implementation of an Occupational Safety and Health National Policy, which would also address 

focused on strengthening the labour inspection system and the capacity of staff in the Ministry of Human 

In the current context, further regulatory improvements can help reduce heat-stress risks, enhance workers’ 
ability to deal with these risks and provide them with more space to voice their concerns in the GCC countries 
(QDVC, VINCI and BWI, 2017). Mechanisms that ensure compliance with laws and policies are important 
in protecting workers from occupational heat stress. One such mechanism is the labour inspectorate, 

Wells, 2017). In this respect, the posters and infographics used in awareness-raising campaigns that have 
been delivered in the languages most frequently spoken by migrant workers in Kuwait and Qatar have been 
considered very helpful (Wells, 2017).

Labour Code (Ch. 2, Art.16(3)).
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5.4 Conclusion and key findings
Although the Arab States region is projected to face increasing temperatures in the course of the 

part, this can be explained by the composition of employment in the region, which features a small 
and dwindling proportion of workers in the agricultural sector. Nonetheless, some of the countries in 
the region that are most exposed to heat stress also have high rates of vulnerable employment and 
working poverty, particularly in the construction sector, where many workers are at risk of suffering 
heat-related health effects.

effects) in the ten most affected countries in the region, together with the averaged regional estimates, for 1995 and 
projections for 2030. GDP loss is calculated by multiplying the equivalent number of full-time jobs lost by GDP per worker. 
Technological and capital changes over time are taken into account in the measure of GDP per worker. The underlying 
climate data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century. It is worth noting, though, that the 
RCP2.6 and RCP6.0 pathways envisage relatively similar temperature increases until 2030, with most of the divergence 
appearing thereafter.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Figure 5.3  Percentage of GDP lost to heat stress under a 1.5°C global warming scenario, 
ten most affected countries/territories, Arab States, 1995 and 2030 (projections)
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6.1 Current and projected heat levels
2, Asia and 

1 is the world’s most populated region. It is particularly vulnerable to heat stress because 
of its high exposure in some subregions. The region also has varying degrees of adaptive capacity.

Comprising some of the world’s most diverse subregions in terms of geography and climate, Asia is 

Indian Ocean. Moreover, it features 11 climate zones, which range from a tropical monsoon climate 
in the far south, through humid, cool and temperate climates in the north, to a desert climate in the 
west and north-west. In the rest of its populated areas, a humid, temperate climate prevails.

According to the IPCC’s Fifth Assessment Report, warming trends and increasing temperature 
-

exceeded 2°C in the second half of the twentieth century. Over the period 1901–2009, such trends 

arid areas of Asia. Rising annual mean temperatures have been observed at the country level in Eastern 
and Southern Asia during the twentieth century. Across South-East Asia, the temperature has been 

number of hot days and warm nights, and a decline in cooler weather. Looking forward, projections 

of extreme events, including more intense and frequent heatwaves in some parts.

areas that are highly vulnerable to increasing temperatures. This subregion exhibits a wide diversity 
of climates (e.g. moist tropical monsoonal, arid and moist temperate, including alpine conditions) 
and geography. Accordingly, the risks associated with climate change differ notably across Australia, 

to a shift towards higher land surface air temperatures and sea surface temperatures (including more 
hot extremes and fewer cold extremes), and also to changing rainfall patterns, an overarching concern 

high adaptive capacity, whereas there is considerable heterogeneity in that respect across the small 

For instance, with the exception of high-altitude areas such as Tibet and the Himalayas, areas within 
the tropical and subtropical zones are the most affected. These include parts of Southern Asia, South-
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to the health impacts of climate change, and that this could impede their economic development. 
The highest priority health risks in these countries include trauma from extreme weather events, heat- 
related illnesses, and compromised safety and security of water and food. Elsewhere in the region, 

in 2013 (Zander et al., 2015). Using Representative Concentration Pathway 6.0 (RCP 6.0) as input 

hours were lost during 2015 in India and Cambodia, respectively, as a result of high temperatures 
(UNDP, 2016).

6.2 Labour market trends

over 60 per cent of the global employed population at the time. This share is projected to decrease in 
the coming years, falling to 56 per cent of the global employed population by 2030, even though the 
region will then have around 2 billion workers. The distribution of workers by main employment sectors 
(agriculture, construction, industry and services) for the years 1995 and 2030 reveals considerable 

the composition of employment. In 1995, as much as half of the total employed population – around 
760 million workers – were working in the agricultural sector, which is characterized by informal 
arrangements and vulnerable employment. This predominance of agriculture could be observed in 
Southern Asia (59 per cent) and South-East Asia (51 per cent); it was less pronounced in Eastern 

overall share of agricultural employment in the region is expected to fall to as low as 27 per cent by 

2030. Meanwhile, the service sector is set to become the dominant sector in the region, employing 
over 1 billion workers and accounting for 50 per cent of total employment in 2030. Although a sig-

sector in 2030 compared with 2015, a sizeable number of workers will nevertheless be affected by 
the increasing heat levels resulting from climate change, including not only those who will still be 

Note: The maps show averages of daily maximum WBGT during the hottest month for 1995 and 

of the value at the midpoint (2025) to give the projected level in 2030 for each country.

Source: ILO estimates based on the HadGEM2 and GFDL-ESM2M climate models (using as input the RCP2.6 climate change pathway, which envisages 
a global average temperature rise of 1.5°C by the end of the century).

Figure 6.1 Incidence of heat stress during the hottest month in Asia and the Pacific, 1995 and 2030 (projections)

1995 2030
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working in agriculture but also the growing number of construction workers. (Also, some areas will 
simply become too hot, even for workers in the industry or service sectors.) It is worth bearing in 
mind that, though the share of the agricultural sector may decrease, the number of workers involved 
will remain very high. In Eastern Asia, for instance, the projected share of agricultural employment in 

-
ticular, a large proportion of the new jobs created are expected to remain of low quality (i.e. of a 
vulnerable nature). However, the share of workers who are less likely to be in formal employment, 
such as own-account workers and contributing family workers, varies considerably across the region. 

On the other hand, the incidence of working poverty in the region is expected to continue to decrease 
in the coming years. The percentage of the working population living in extreme or moderate poverty 

to 9 per cent in Eastern Asia. Another labour market challenge pertains to the high rates of informality 
in the region, particularly in Southern Asia and South-East Asia. For example, as many as 90 per cent 
of all workers in India, Bangladesh, Cambodia and Nepal work informally. Although the prevalence of 
informality can to a great extent be explained by the high share of employment in agriculture, infor-
mality is also pervasive in other sectors, including construction, wholesale and retail trade, and the 

of construction workers is expected to rise considerably. In various areas, the resources available 
for adapting to increasing heat levels are limited. As a result, the impact of heat stress on labour 
productivity is already substantial and is expected to become even greater. Our analysis suggests 

this productivity loss was concentrated in the agricultural sector. Looking ahead, projections suggest 
that up to 3.1 per cent of total working hours will be lost to heat stress in 2030 – the equivalent of 
around 62 million full-time jobs. These estimates are of course alarming, but it is important to note 
that the impact of heat stress differs widely across countries, because of variations in both climate 
and composition of the labour force.

The economies of many Asian countries have undergone major structural transformation since 
2000 – a phenomenon that is relevant when it comes to selecting the most appropriate measures for 
adapting to heat stress. In Bangladesh, for example, the share of manufacturing in total employment 
rose from 10 per cent in 1999–2000 to 16 per cent in 2013 (ADB and ILO, 2016). For these workers, 
improved ventilation and air conditioning are the most effective OSH measures.

Source: ILO estimates based on data from the ILOSTAT database.

Figure 6.2  Breakdown of total employment by sector, Asia-Pacific subregions,  
1995 and 2030 (projections)
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6.3 Subregional and national estimates
Table 6.1 shows the productivity loss due to heat stress for countries and territories in Eastern Asia. 
The impact across the subregion is relatively small. For instance, in 1995, the highest productivity loss 
in terms of percentage of working hours was 0.55 per cent (observed in China); the highest product-
ivity loss projected for 2030 is expected to be just 1.13 per cent (in Macau, China). Nonetheless, 

of working hours lost in 1995 and projected to be lost in 2030 respectively translate into 3.9 million 
and 5.7 million full-time jobs. The impact of heat stress is expected to increase in all countries in the 

territory mean that its southern provinces face much greater risks than the country as a whole.

(the equivalent of 19 million full-time jobs), with more than half of the countries there suffering losses 
of at least 1 per cent. A third of the countries in Southern Asia actually incurred losses greater than 

full-time jobs) are projected to be lost, with two-thirds of Southern Asian countries facing losses of 
at least 2 per cent. However, there is considerable variation within the subregion. The country most 

of heat stress. Although most of the impact in India will be felt in the agricultural sector, more and 
more working hours are expected to be lost in the construction sector, where heat stress affects both 
male and female workers (see box 6.1). The Islamic Republic of Iran is less affected by heat stress 
on average, although heat exposure differs across the country (see box 6.2). Pakistan is expected 
to lose more than 5.5 per cent of working hours in 2030 owing to excessive heat, prompting an 
increasing number of people to migrate (see box 6.3). By contrast, the expected productivity loss is 
close to zero in the Maldives.

Table 6.1 Working hours lost to heat stress, by sector and country/territory, Eastern Asia, 1995 and 2030 (projections)

Country 1995 2030
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China 0.90 0.36 0.90 0.05 0.55 3780 0.91 0.16 0.78 5479

Hong Kong, China 0.01 0.45 16 5.62 2.57 5.62 0.23 0.81 43

Japan 0.12 0.01 0.10 64 0.99 0.39 0.99 0.21 126

Korea, Dem. People's 
Republic of

0.05 0.01 0.05 0 0.03 4 0.22 0.07 0.22 0.01 0.15 22

Korea, Republic of 0.10 0.02 0.10 0 0.03 6 0.15 0.01 0.08 21

Macau, China 0 0.96 0 0.02 0.55 1 0.29 1.13 3

Mongolia 0 0 0 0 0 0 0 0 0 0 0 0

Taiwan, China 0.79 0.79 0 0.19 17 0.60 0.39 49

Eastern Asia 0.87 0.31 0.87 0.04 0.49 3887 1.76 0.84 1.76 0.15 0.70 5743

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.
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Table 6.2 Working hours lost to heat stress, by sector and country, Southern Asia, 1995 and 2030 (projections)

Country 1995 2030
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Afghanistan 0.16 0.06 0.16 0.01 0.12 7 0.17 0.03 0.25 36

Bangladesh 2.59 0.30 4.24 2274 0.72 4.84 3833

Bhutan 0 0.09 0 0.70 0.22 0.70 0.01 0.38 1

India 2.95 0.63 4.31 15519 5.29 5.80 34056

Iran, Islamic Republic of 0.22 0.07 0.22 34 0.16 0.42 108

Maldives 0.16 0 0.16 0 0.04 0 0 0.15 0

Nepal 0.56 1.17 106 2.62 1.26 2.62 0.23 2.05 391

Pakistan 6.19 6.19 1.12 4.19 1439 2.22 5.54 4603

Sri Lanka 1.83 119 0.16 2.67 221

Southern Asia 5.64 2.75 5.64 0.58 4.02 19498 8.43 5.00 8.43 1.36 5.29 43251

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the sun in the afternoon adds around 2–3°C to the in-shade 
WBGT (see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change 
pathway, which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Box 6.1 Occupational heat stress and brickmaking workers in India

The Indian brickmaking industry employs millions of people, most of whom have migrated from 
poor villages to the outskirts of cities. These workers, including many young children, often have a 
low socio-economic status, work under harsh conditions, and receive low wages or even none at all. 
The severe risks faced by such workers include high temperature and radiant heat levels, a heavy 
physical workload, and also a lack of awareness of OSH matters. They are indeed exposed to both 

In their assessment of the impact of heat stress on the productivity and health of female brickmaking 

approximately a 2 per cent loss in productivity. The workers surveyed in this study only took short 
breaks (10–15 minutes) in the shade when they were fully exhausted, and they returned to work after-

-
cantly higher in elevated temperatures. The majority of the workers were aware of their heat stress 
symptoms, but they lacked the knowledge and resources to implement preventive measures (ibid.).

There are two statutory instruments in India that are relevant to unorganized industries such as 

(Regulation of Employment and Conditions of Service) Act 1996. These statutes, however, do not 
make it clear how the occupational safety and health of brickmaking workers is to be protected (ibid.). 
In addition, a majority of these workers are not aware of their rights at work and do not have other 
employment opportunities to choose from, which forces them to continue working under such harsh 
conditions (Chandran, 2016).
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Box 6.2 The impact of outdoor occupational heat stress 
in the Islamic Republic of Iran

The Islamic Republic of Iran enjoys considerable climatic diversity, having 11 of the 13 climate 

territory comprises arid and semi-arid areas (Heidari et al., 2015). In these areas, heat exposure in 

by employers and local governments exacerbates the health impacts of heat exposure (Golbabaei 
et al., 2016).

A study assessing heat exposure across different regions of the Islamic Republic of Iran found that 
the WBGT exceeds threshold values in the entire country between noon and 3 p.m. in the summer, 
while the south, the south-west and large areas of the central regions experience heat stress situations 
in both spring and summer (Heidari et al., 2015). Another study, conducted among male farmers in 

physiological parameters such as blood pressure and skin and core body temperatures, implying that 
heat stress could have adverse impacts on farmers’ health and productivity (Zamanian et al., 2017). 
In a cross-sectional study, Golbabaei et al. (2016) found that concrete makers, porters, farmers, 
road-building workers and workers in the construction sector are more prone to heat exposure than 

and stonemasons). The adaptation measures used by these workers include scheduled short breaks 
in shaded areas, the frequent drinking of water, and the use of personal protective equipment such 
as sunglasses, hats and masks. However, the facilities available to outdoor workers to avoid heat are 
often inadequate.

No formal guidelines have been issued yet in the Islamic Republic of Iran to protect workers from the 
health effects of heat stress. Nor are there any regulations or legislative frameworks focusing on OSH 
for outdoor workers (ibid.). In view of these workers’ high exposure to heat stress during the midday 
hours in hot months, interventions by the Government, employers’ and workers’ organizations are 
necessary to raise awareness of the potential impact of heat stress and other heat-related illnesses, 
and also of suitable adaptive measures.

 

Box 6.3 Extreme heat and migration in Pakistan

Pakistan is among the ten countries most affected by climate change (Eckstein, Künzel and Schäfer, 
-

tation, the country faces high risks arising from the increased frequency and intensity of extreme 

 hit southern 
Pakistan and caused up to 2,000 deaths from heatstroke and dehydration (Haider and Anis, 2015). 
The high death toll was the result of a combination of factors, including extreme temperatures and 
humidity, fasting during Ramadan, and electricity and water shortages.

Migration is an adaptation strategy to deal with climate change; it can help reduce livelihood vulner-
abilities and provide more economic opportunities. Heat stress is one of the main climatic drivers of 
migration as people move to minimize the effects of rising temperatures on their health or to compen-
sate for income lost as a result of their reduced labour productivity (IOM, 2017). In a unique 21-year 

Heat stress was observed to have negative effects on both farm and non-farm incomes, thus forcing 
people to move. Such migration was more likely among poorer rural dwellers (ibid.). A case study 
conducted in Pakistan’s Punjab Province also found that people migrated mainly to improve their 

The increased risks of climate change combined with other socio-economic pressures have driven 
people to migrate both internally and internationally. However, people who decide or are forced to 
migrate because of push factors (i.e. negative environmental or economic pressures) and do not have 
access to regular migration channels may have a low socio-economic status, and migrating may make 

-
cation and skills, migrant workers have only been able to improve their livelihoods to a limited extent.
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Labour productivity in South-East Asia is also severely affected by heat stress (see table 6.3). Thus, 
rising temperatures caused the loss of 3.1 per cent of working hours in this subregion in 2015 (equiva-
lent to 6.9 million full-time jobs) and are projected to lead to the loss of 3.7 per cent of working hours 
in 2030 (equivalent to 13 million full-time jobs). However, the impact varies considerably within the 
subregion. In 1995, some countries suffered high losses, such as Cambodia (7.5 per cent), Thailand 

much smaller losses, including Timor-Leste (0.1 per cent) and Malaysia (1.1 per cent). In Indonesia, 
the estimated percentage of working hours lost in 1995 was 2.1 per cent; and this is projected to reach 
3 per cent in 2030, which, because of the country’s sizeable population, translates into a productivity 

countries in South-East Asia, except Myanmar. The latter exception can be explained by the fact that 
Myanmar is undergoing rapid structural transformation from agriculture to services: fewer agricultural 
workers are therefore being exposed to the risks associated with rising temperatures.

Box 6.4 Low-income outdoor workers and heat stress risks 
in Da Nang, Viet Nam

The rise in temperatures caused by climate change increases health risks at workplaces, especially 
for low-income, informal and migrant workers who have limited resources to prevent or cope with 

rising temperatures adversely affect the living and working conditions of low-income outdoor workers 
(Dao et al., 2013). Poverty is one of the key drivers of heat stress vulnerability, because workers have 
to prioritize earning income over protecting themselves against health risks at work. Poverty also 
limits workers’ access to social protection and health-care services, which further increases their 
vulnerability (ibid.).

Da Nang has a tropical monsoon climate with two seasons: a wet season from September to March 
and a dry season from April to August, with an average temperature of 33.5°C and high level of 
humidity during the hottest months of the year. The Vietnamese Ministry of Health has issued regu-

heavy work, respectively (MOH, 2002). These thresholds must be lowered when humidity exceeds 

economy, which is where the majority of outdoor and vulnerable workers operate (e.g. street ven-
dors and casual workers). Outdoor workers working for government-owned or big companies have 
been found to be less exposed to heat stress risks than those working for small and medium-sized 
enterprises; they are also less exposed than casual outdoor workers (Dao et al., 2013). The adap-

effective (ibid.).

In an assessment of historical and projected heat stress levels in Da Nang (using temperature, 

period 1970–2011 there were on average 210 days a year on which the heat index was equal to or 

ambient temperature, the study came to the conclusion that, by 2050, the median heat index during 

In addition to heat stress induced by climate change, the urban heat-island effect resulting from 
population growth and urbanization will also increase workers’ occupational risks and vulnerability. 
This effect can cause temperatures in the urban core to be up to 10°C higher than those in the 
surrounding rural areas, which makes low-income outdoor workers in Da Nang even more vulnerable 
to heat-related risks (ibid.).
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countries and territories hardly affected in terms of working hours lost but, given their relatively small 
population size, the absolute loss is low too. In several countries of this subregion, including New 
Zealand, Vanuatu and Fiji, labour productivity losses due to heat stress were virtually zero in 1995 
and are projected to stay close to zero in 2030. Nevertheless, the subregional average reduction in 
working hours due to heat stress is expected to reach 0.7 per cent in 2030, up from 0.3 per cent in 
1995. Most of the impact is concentrated in Papua New Guinea, which lost 1.7 per cent of its total 

Box 6.5 The impact of climate change on the labour market in Thailand

The climate in Thailand is hot and humid, particularly from March to June. A temperature increase of 
0.7°C has already been observed over the last century. In a study looking at the impact of heat stress 
on Thai workers, Tawatsupa et al. (2013) concluded that heat stress was an issue to be considered 
very carefully in some workplaces and was already a real danger in many others. The risk of occu-
pational injury was found to be much greater in physical jobs, but also among workers with existing 

Some 20 per cent of workers have experienced disruption of their work patterns as a result of uncom-
fortable heat levels (ibid.). Heat stress has also been found to have an effect on labour productivity, 
with construction workers becoming between 10 and 60 per cent less productive depending on heat 
exposure levels (Langkulsen, Vichit-Vadakan and Taptagaporn, 2010). Thailand and other countries 

-
ment, are particularly sensitive to heat stress. The growing demands on various industries could cause 
employees to work increasingly long hours in hot, highly intensive conditions. Forty-six per cent of 
the workforce in Thailand is employed in the agricultural sector (Tawatsupa et al., 2013). Standards 
for working conditions have been established by the Ministry of Industry and the Ministry of Labour 
for three different intensities of physical work (light, medium and heavy). Although the standards 

these limits are not yet being enforced in practice (Langkulsen, Vichit-Vadakan and Taptagaporn, 
2010). More recent evidence on enforcement progress was not available at the time of writing.

 

Table 6.3 Working hours lost to heat stress, by sector and country, South-East Asia, 1995 and 2030 (projections)

Country 1995 2030
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Brunei Darussalam 0.27 0.01 0.27 0 0.03 0.45 1

Cambodia 9.05 3.99 9.05 0.67 7.53 394 1.70 7.83 769

Indonesia 1.03 0.03 2.14 1885 0.17 2.97 4018

Lao People's Dem. Rep. 0.21 2.80 52 5.71 2.66 5.71 4.51 158

Malaysia 3.09 0.71 3.09 1.05 83 1.91 0.12 1.51 246

Myanmar 5.21 2.09 5.21 0.30 3.21 720 0.67 2.65 855

Philippines 3.20 3.20 0.06 1.62 426 6.50 2.35 6.50 0.23 2.33 1217

Singapore 0.01 0.50 8 9.30 2.52 9.30 0.07 0.84 33

Thailand 3.76 0.71 5.34 1695 13.03 13.03 1.63 6.39 2637

Timor-Leste 0.16 0.01 0.16 0 0.08 0 0.70 0.09 0.70 0 0.36 2

Viet Nam 5.71 5.71 0.35 4.40 1650 9.71 9.71 1.03 5.14 3062

South-East Asia 5.20 1.68 5.20 0.19 3.10 6913 8.87 3.89 8.87 0.54 3.66 12999

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the sun in the afternoon adds around 2–3°C to the in-shade 
WBGT (see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change 
pathway, which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.
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working hours in 1995 (equivalent to 30,000 full-time jobs) and is expected to lose 3.1 per cent in 

for 2030, the equivalent in terms of the number of full-time jobs lost is in fact the second highest in 
the subregion because of the size of the country’s population.

and adaptive capacity vary widely within the region, countries in South-East Asia and Southern Asia 

more than 5 per cent of GDP was lost as a result of heat stress in Thailand, Cambodia and Bangladesh. 
National-level GDP losses are projected to be substantial in 2030, with reductions in GDP of more 
than 5 per cent expected to occur in Thailand, Cambodia, India and Pakistan.

Interestingly, among the ten countries most affected in the region, Cambodia, Bangladesh and 
Myanmar are projected to lose smaller shares of their GDP to heat stress in 2030 compared with 
1995, even though temperatures are expected to rise in these countries as well. These shares will 

from 3.6 to 3 per cent in Myanmar. This trend can be largely ascribed to the ongoing structural trans-
formation in these countries, with a large number of workers transitioning out of agriculture into the 
service sector. Workers in the service sector are less likely to be exposed to heat stress because of the 
lower physical effort required and also because their work is mostly carried out indoors. Although the 
share of GDP lost to heat stress is projected to remain high in 2030 (ranging from 3 to 6.9 per cent 
in the ten countries most affected), the expected increase between 1995 and 2030 in Asia and the 

expected to be experienced by countries in the two regions.

Table 6.4 Working hours lost to heat stress, by sector and country/territory, Pacific Islands, 1995 and 2030 (projections)

Country 1995 2030
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Australia 0.21 0.07 0.21 0.01 0.04 4 0.35 0.35 0.02 0.07 10

Fiji 0 0 0.04 0 0.62 0.06 0.62 0 0.11 0

French Polynesia (France) 0 0 0.01 0 0.13 0.01 0.13 0 0.02 0

Guam (USA) 0 0.07 0 0 0.11 0 6.36 6.36 0 0.59 1

New Caledonia (France) 0.02 0 0.02 0 0 0 0.06 0 0.06 0 0.01 0

New Zealand 0 0 0 0 0 0 0 0 0 0 0 0

Papua New Guinea 2.26 0.66 2.26 0.05 1.71 30 1.59 3.11 147

Samoa 0.63 0.01 0.63 0 0.33 0 0.20 0 0.29 0

Solomon Islands 0.12 0 0.12 0 0.06 0 0.69 0.03 0.69 0 0.32 1

Tonga 0 0 0.05 0 0.55 0.06 0.55 0 0.22 0

Vanuatu 0 0 0 0 0 0 0.07 0 0.07 0 0.04 0

1.44 0.07 1.44 0.01 0.27 34 3.57 0.24 3.57 0.03 0.68 160

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.
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6.4 Conclusion and key findings

also in terms of the stages of economic development of individual countries. At the subregional level, 
Southern Asia and South-East Asia face the greatest risk of labour productivity losses due to heat 

-
able to productivity losses are those with a high share of agricultural and/or construction employment 
and those that are located within the tropical and subtropical latitudes, such as Cambodia, Thailand, 
Viet Nam, India, Bangladesh and Pakistan. On the other hand, countries with a relatively high share 
of employment in the agricultural sector are less vulnerable if they are located outside the tropical 
and subtropical latitudes, because they experience lower WBGT values (e.g. Mongolia). The least 
vulnerable group is composed of countries that are outside the tropical and subtropical latitudes and 
at the same time have a low rate of agricultural employment (e.g. Japan).

effects) in the ten most affected countries in the region, together with the averaged regional estimates, for 1995 and 
projections for 2030. GDP loss is calculated by multiplying the equivalent number of full-time jobs lost by GDP per 
worker. Technological and capital changes over time are taken into account in the measure of GDP per worker. The data 
on equivalent full-time jobs lost in 1995 and 2030 are based on historical observations and on estimates obtained 
using the RCP2.6 climate change pathway, which envisages a global average temperature rise of 1.5°C by the end of 
the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Figure 6.3  Percentage of GDP lost to heat stress under a 1.5°C global warming scenario, 
ten most affected countries in Asia and the Pacific, 1995 and 2030 (projections)
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7.1 Current and projected heat levels
The Europe and Central Asia1 region has a population of approximately 925 million and a land area 
of 27 million km2

Africa, three of its subregions – Northern, Southern and Western Europe – taken together have the 

in terms of the number of people affected. Nevertheless, thanks to its low exposure and high adaptive 
capacity, the region is relatively less vulnerable to heat stress.

that border the continent give most of Central and Western Europe a temperate climate, with mild 
winters and summers. The winds from the west bring precipitation throughout most of the year. 
Partly on account of the North Atlantic Oscillation, the strength of these winds varies considerably. 
In the Mediterranean area, for instance, the summer months are usually hot and dry, with almost all 
rainfall occurring in the winter. By contrast, from central Poland eastwards, the moderating effect of 
the seas is reduced, which results in drier conditions accompanied by a greater variation of annual 
temperatures. Meanwhile, north-western Europe is characterized by comparatively mild winters, with 
high precipitation along the Scottish and Norwegian coasts and mountains.

The average temperature in Europe has increased continuously since the turn of the twentieth century. 
For instance, the average temperature from 2002 to 2011 was 1.3°C higher than the average for the 

heterogeneous: regionally and seasonally, there are different rates of warming, with high-latitude areas 

warming has been most pronounced across Scandinavia, especially in the winter, while increased 
warming over the Iberian Peninsula has been observed mostly in the summer (EEA, 2012). Also, since 
1950, high-temperature extremes – including hot days, tropical nights, and heatwaves – have become 
more frequent, whereas the opposite is true of low-temperature extremes. Looking forward, climate 

strongest warming projected to occur in Southern Europe in summer and in Northern Europe in winter 

in the incidence of heatwaves, droughts, and heavy precipitation events (Beniston et al., 2007).

Central Asia, on the other hand, is predominantly characterized by arid and semi-arid climatic con-
ditions. It comprises the Turan Lowland and is bounded by the Middle Asian mountain ranges on its 
southern and south-eastern edges. The deserts and semi-deserts of Central Asia have a continental 
climate. Summers in Central Asia are hot, whereas winters are humid and relatively warm in the south 

-
atures in the subregion have been rising steadily since the beginning of the twentieth century. The 
incidence of climate-induced diseases and heat stress has increased accordingly. Projections suggest 
that average temperatures in arid Central Asia will increase by a further 1°C by 2030.

Figure 7.1 shows the average heat stress levels in Europe and Central Asia for 1995 and projections 
for 2030, based on WBGT values. The region as a whole exhibits average heat levels in the hottest 
month that are likely to have only a negligible effect on labour productivity. However, some subregions 
are more exposed than others, notably Central and Western Asia. In addition, exceptionally intense 
heatwaves in the region can cause major problems for the labour force.
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Although rising temperatures are not expected to have a marked effect on labour productivity in the 
region, the greater incidence of extreme weather conditions may have such an effect (see box 7.1). 
As pointed out by UNEP (2003), for instance, the drought and heatwave that struck Europe in the 
summer of 2003 had adverse social, economic and environmental consequences, including the deaths 

ecosystems and melting of glaciers. The heatwave also caused power cuts, transport restrictions and a 

its impact on mortality and occupational fatality rates was comparatively lower. Various preventive 
measures had been introduced, including awareness campaigns and the provision of support for 
vulnerable groups such as isolated elderly people in cities.

7.2 Labour market trends
In 1995, approximately 331 million people were employed in Europe and Central Asia, which rep-
resented around 13 per cent of the global employed population at the time. This share is projected 
to decrease in the coming years, falling to 10 per cent of the global employed population by 2030, 
even though the region will then have around 370 million workers. Both the estimated distribution of 
workers across subregions and sectors for 1995 and the projected distribution for 2030 indicate that 

Eastern Europe (51 per cent of total employment), Western Europe (65 per cent), Northern Europe 
(69 per cent) and Southern Europe (56 per cent). The average employment share of the service sector 

by services (39 per cent). Looking forward, however, employment is projected to shift further towards 
the service sector across all subregions, with the most pronounced change occurring in Western Asia. 
Moreover, the average employment share of the service sector for the entire region is projected to 
climb to 71 per cent by 2030, representing 263 million workers. Meanwhile, the agricultural sector 

workers, accounting for just 7 per cent of total employment in the region. Similarly, the share of 
industry is projected to fall from 30 per cent of total employment in 1995 to 22 per cent in 2030. 
The construction sector, however, is expected to remain stable, still accounting for around 7 per cent 
of total employment in 2030.

The Europe and Central Asia region presents considerable heterogeneity with regard to access to 
decent work. The prevalence of vulnerable employment arrangements, such as those of own-account 
workers and contributing family workers, remains persistently high in Central and Western Asia, 

Note: The maps show averages of daily maximum WBGT during the hottest month for 1995 and 

the midpoint (2025) to give the projected level in 2030 for each country.

Source: ILO estimates based on the HadGEM2 and GFDL-ESM2M climate models (using as input the RCP2.6 climate change pathway, which envisages 
a global average temperature rise of 1.5°C by the end of the century).

Figure 7.1 Incidence of heat stress during the hottest month in Europe and Central Asia, 1995 and 2030 (projections)

1995 2030
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affecting more than 30 per cent of the workforce (around 21.2 million workers). This is closely asso-
ciated with relatively high shares of informal employment: in Tajikistan, for instance, the informality 

decent employment, including adequate social protection. Therefore, not only may lost output translate 
into reduced wages and incomes, but these workers are also less likely to have health-care coverage 

Although the incidence of informal employment is relatively low in Northern, Southern and Western 

36 per cent in the Russian Federation (ibid.).

The Europe and Central Asia region, which is characterized by low rates of agricultural employment, 
relatively low WBGT values and a high adaptive capacity, is the region least affected by heat stress. 
In 1995, the total number of working hours lost to heat stress in the region was comparatively low, 
representing the equivalent of around 31,000 full-time jobs. Our estimates suggest that 66 per 

impact is expected to intensify in the future, but will still remain comparatively low. Thus, projections 
suggest that 0.03 per cent of total working hours will be lost as a result of heat stress in 2030 – the 
equivalent of around 103,000 full-time jobs. Because of the low rate of agricultural employment in 
the region, only a small share of that productivity loss is expected to occur in the agricultural sector, 
while the construction sector will account for a larger share. The next section presents country-level 

most vulnerable to the impact of heat stress on labour productivity.

7.3 Subregional and national estimates
Whether looking back at 1995 or using projections for 2030, our analysis reveals no productivity losses 
due to heat stress in any of the main employment sectors for the countries of Northern Europe. This 
subregion is indeed characterized by very low agricultural employment, but the main reason for the 
inexistent impact of heat stress here is the fact that all of these countries are situated at northern 
latitudes associated with low WBGT values.

As in the case of Northern Europe, labour productivity in Western Europe is negligibly affected by 
rising temperatures. Indeed, the subregion lost under 0.01 per cent of working hours in 1995 (the 
equivalent of 502 full-time jobs), with most countries suffering no losses at all. By 2030, the impact 
of heat stress on labour productivity will have increased, but the loss of working hours is still expected 
to remain under 0.01 per cent.

-
mated productivity loss measured as the percentage of working hours lost was under 0.01 per cent in 

The impact of heat stress on labour productivity is relatively small in Southern Europe, too, though it 
is higher than in the other European subregions (see table 7.2). In 1995, an estimated 0.01 per cent 
of working hours were lost owing to heat stress (the equivalent of 6,300 full-time jobs); it is projected 

considerable heterogeneity within the subregion. The effect is most pronounced in Albania, where 
0.07 per cent of working hours are projected to be lost in 2030 as a result of heat stress.

Source: ILO estimates based on data from the ILOSTAT database.

Figure 7.2  Breakdown of total employment by sector, Europe and Central Asia subregions, 1995 and 2030 (projections)

Agriculture Construction Industry Services

1995 2030 1995 2030 1995 2030 1995 2030 1995 2030
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Table 7.1 Working hours lost to heat stress, by sector and country, Eastern Europe, 1995 and 2030 (projections)

Country 1995 2030
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Belarus 0 0 0 0 0 0.0 0 0 0 0 0 0.0

Bulgaria 0.03 0.01 0.03 0 0.01 0.3 0.09 0.03 0.09 0 0.02 0.4

Czech Republic 0 0 0 0 0 0.0 0.01 0 0.01 0 0 0.1

Hungary 0.02 0.01 0.02 0 0 0.2 0.05 0.01 0.05 0 0.01 0.3

Moldova, Republic of 0.01 0 0.01 0 0.01 0.1 0.05 0.01 0.05 0 0.02 0.2

Poland 0 0 0 0 0 0.0 0.01 0 0.01 0 0 0.2

Romania 0.03 0.01 0.03 0 0.01 1.6 0.07 0.02 0.07 0 0.03 2.1

Russian Federation 0.01 0 0.01 0 0 1.6 0.03 0.01 0.03 0 0.01 4.3

Slovakia 0.01 0 0.01 0 0 0.0 0.01 0 0.01 0 0 0.1

Ukraine 0.01 0 0.01 0 0 0.5 0.02 0 0.02 0 0.01 1.0

Eastern Europe 0.01 0 0.01 0 0 4.3 0.03 0.01 0.03 0 0.01 8.7

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Box 7.1 Ambient temperature, heatwaves and occupational injuries 
in Europe and Central Asia

reduced quality of life, costs associated with maintaining production, long-term lost income, and 

heat-related illnesses and injuries incurred outside the workplace may also have an adverse impact 
on labour productivity, and workers may also have to take care of their ill or injured family members.

The increased frequency and intensity of heatwaves – and, in general, of days with high tempera-
tures – in Europe and Central Asia could have detrimental effects on the health and productivity 
of people living in the region. The 2003 summer heatwave caused between 22,000 and 35,000 

Though affected to a lesser extent than the populations of tropical and subtropical countries, people 
living in the temperate climate zones of Europe may face increasing risks at their workplace and at 
home as a result of more frequent heatwaves and longer spells of hot weather in the summer.

In a study assessing the relationship between ambient temperatures and occupational injuries in 

injuries could be attributed to non-optimal ambient temperatures, among which extreme temperature 
-

GDP in 2015 (ibid.).

A study conducted at a Slovenian motor vehicle manufacturing plant found that more than 90 per cent 
of the workers surveyed considered the temperature during the summer of 2016 to have been prob-

-

above 30°C) is expected to increase by between 2 and 35 days over the same period. Consequently, 
workers at industrial plants face a growing risk of occupational heat stress. The study also found 
that the ventilation system at the car-making plant was not dissipating excess heat effectively, and 
that there was a strong correlation between temperatures inside the plant and outdoor temperatures 
(ibid.). High heat exposure and thermal discomfort during the summer have also been observed among 
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Table 7.3 presents data on the impact of heat stress on labour productivity in Central Asian countries. 
Although the overall effect is relatively low compared with European subregions, the impact of heat 

working hours are projected to be lost in 2030 (the equivalent of 32,300 full-time jobs). This can be 
explained partly by the relatively high share of agricultural employment in this subregion (in 1995 it 

Table 7.2 Working hours lost to heat stress, by sector and country, Southern Europe, 1995 and 2030 (projections)

Country 1995 2030
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Albania 0.05 0.01 0.05 0 0.04 0.4 0.05 0 0.07 0.7

Bosnia and Herzegovina 0.02 0 0.02 0 0.01 0.1 0.01 0 0.01 0.1

Croatia 0.03 0.01 0.03 0 0.01 0.2 0.07 0.02 0.07 0 0.02 0.2

Greece 0.03 0 0.03 0 0.01 0.4 0.02 0 0.01 0.7

Italy 0.05 0.01 0.05 0 0.01 2.0 0.10 0.03 0.10 0 0.01 3.6

Malta 0.02 0 0.02 0 0 0.0 0.06 0 0.06 0 0 0.0

Montenegro 0.02 0 0.02 0 0 0.0 0.01 0 0.01 0.0

North Macedonia 0.01 0 0.01 0 0 0.0 0.03 0.01 0.03 0 0.01 0.1

Portugal 0.01 0 0.01 0 0 0.1 0.03 0 0.03 0 0.01 0.2

Serbia 0.01 0 0.01 0.4 0.09 0.03 0.09 0 0.03 1.0

Slovenia 0.01 0 0.01 0 0 0.0 0.02 0 0.02 0 0 0.0

Spain 0.02 0 0.02 2.7 0.23 0.23 0.01 0.03 7.7

Southern Europe 0.04 0.01 0.04 0 0.01 6.3 0.11 0.04 0.11 0 0.02 14.4

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Table 7.3 Working hours lost to heat stress, by sector and country, Central Asia, 1995 and 2030 (projections)

Country 1995 2030

A
gr

ic
ul

tu
re

 
(in

 s
ha

de
) 

(%
)

In
du

st
ry

  
(%

)

C
on

st
ru

ct
io

n 
(in

 s
ha

de
) 

(%
)

Se
rv

ic
es

 
(%

)

To
ta

l 
(%

)

To
ta

l (
th

ou
sa

nd
 

fu
ll-

tim
e 

jo
bs

)

A
gr

ic
ul

tu
re

 
(in

 s
ha

de
) 

(%
)

In
du

st
ry

  
(%

)

C
on

st
ru

ct
io

n 
(in

 s
ha

de
) 

(%
)

Se
rv

ic
es

 
(%

)

To
ta

l 
(%

)

To
ta

l (
th

ou
sa

nd
 

fu
ll-

tim
e 

jo
bs

)

Kazakhstan 0.01 0 0.01 0 0 0.3 0.05 0.01 0.05 0 0.01 1.1

Kyrgyzstan 0.01 0 0.01 0 0 0.1 0.01 0 0.02 0.4

Tajikistan 0.01 0 0.03 0.6 0.06 0.01 0.12 3.8

Turkmenistan 0.03 0 0.06 0.8 0.17 0.02 0.20 4.9

Uzbekistan 0.02 0 0.04 3.7 0.36 0.12 0.36 0.01 0.15 22.2

Central Asia 0.05 0.01 0.05 0 0.03 5.4 0.24 0.09 0.24 0.01 0.10 32.3

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
 construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.
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cent), and partly by the expansion of the construction sector, whose share of total employment is 
expected to increase from 6 to 11 per cent over the same period. The country most affected is 
Turkmenistan, with 0.2 per cent of working hours projected to be lost owing to heat stress in 2030 

Western Asia includes the countries most affected by heat stress in the Europe and Central Asia 

their absolute loss in terms of full-time jobs is also the highest in the whole region. Thus, in 1995 an 
estimated 0.05 per cent of total working hours were lost to heat stress in the subregion (the equiva-

is expected to lose just 0.05 per cent of working hours owing to heat stress in 2030, its sizeable 
population means that this productivity loss translates into 16,100 full-time jobs.

Table 7.4 Working hours lost to heat stress, by sector and country, Western Asia, 1995 and 2030 (projections)

Country 1995 2030
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Armenia 0.02 0 0.02 0 0.01 0.1 0.03 0 0.03 0.4

Azerbaijan 0.35 0.15 0.35 0.03 0.18 6.2 0.76 0.36 0.76 0.38 17.8

Cyprus 0 0.03 0.1 0.11 0 0.07 0.5

Georgia 0.06 0.02 0.06 0 0.04 0.8 0.19 0.07 0.19 0.01 0.09 1.7

Israel 0 0.09 1.7 1.50 1.50 0.18 9.0

Turkey 0.05 0.01 0.05 0 0.03 5.3 0.17 0.06 0.17 0.01 0.05 16.1

Western Asia 0.08 0.03 0.08 0.01 0.05 14.2 0.31 0.12 0.31 0.02 0.11 45.4

Note: The table shows the percentage of working hours lost to heat stress (and the associated health, well-being and productivity effects) in each 
sector and in the economy as a whole. It also shows the equivalent loss in terms of full-time jobs for the economy as a whole. Work in agriculture and 
construction is assumed to be carried out in the shade. The heat stress index for work in the afternoon sun adds around 2–3°C to the in-shade WBGT 
(see Appendix II for further details). The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

effects) in the ten most affected countries in the region, together with the averaged regional estimates for 1995 and 
projections for 2030. GDP loss is calculated by multiplying the equivalent number of full-time jobs lost by GDP per 
worker. Technological and capital changes over time are taken into account in the measure of GDP per worker. The data 
on equivalent full-time jobs lost are based on historical observations and on estimates obtained using the RCP2.6 climate 
change pathway, which envisages a global average temperature rise of 1.5°C by the end of the century.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Figure 7.3  Percentage of GDP lost to heat stress under a 1.5°C global warming scenario, 
ten most affected countries in Europe and Central Asia, 1995 and 2030 (projections)
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In global perspective, Europe and Central Asia is the region least affected by heat stress in terms 
of working hours lost. As mentioned above, the region is characterized by a low share of agricultural 
employment, relatively low levels of exposure to heat stress as measured by WBGT values, and high 
adaptive capacity. However, the adverse impact of heatwaves on working hours and the corresponding 

Western and Central Asia are those most affected in the region. According to our projections, the share 
of GDP lost to heat stress is set to more than double between 1995 and 2030 in most of the top ten 
countries affected, including Israel, Turkmenistan, Uzbekistan, Tajikistan, Georgia, Cyprus and Turkey.

7.4 Conclusion and key findings
Europe and Central Asia appears to be the region that is least affected by heat exposure, mainly 
because it is characterized by low rates of agricultural employment, relatively low WBGT values and a 
high adaptive capacity. However, at the subregional level there is considerable heterogeneity. Although 
most subregions are located at high northern latitudes, parts of Western and Central Asia are situated 

greater risk of suffering labour productivity losses due to heat stress. Conversely, Northern, Central 
and Eastern Europe are markedly less vulnerable, while Southern Europe is expected to be only 
marginally affected by heat stress. Nonetheless, the increased frequency and intensity of heatwaves 
in Europe can have serious impacts on health and productivity. Especially in countries in Southern 
Europe, elderly people, outdoor workers, and indoor workers performing physical work without air 
conditioning are vulnerable to heat-related illness and injuries.
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Heat stress has implications for the pursuit of decent work and labour productivity in all of the coun-
tries examined in this report. However, the impact of heat stress will not be felt equally across the 
world; rather, it is expected to be the strongest for businesses and workers in South Asia, Western 
Africa, South-East Asia and Central Africa. As already noted, occupational exposure to heat stress is 
highest in the agricultural and construction sectors because of the physical nature of the work and the 
fact that it is carried out mainly outdoors. Workers in these sectors are also less likely to have access 

accidents and injuries resulting from heat stress.

Furthermore, heat stress could entrench existing inequalities in the world of work, notably by worsening 
the working conditions of the many women working in agriculture, and of male workers on construc-
tion sites. It may also act as a push factor for migration by prompting people to leave rural areas 
in search of better prospects in the cities of their country or in other countries. Different countries 

stress. Accordingly, the impact of rising temperatures on businesses and workers will vary greatly 
across the world.

Addressing these challenges and ensuring a path to decent work requires a mixture of proactive 
employment policies and appropriate climate change adaptation measures to enable workers, busi-

governments, employers and workers in promoting adaptation measures in three key areas, namely: 
regulation and behaviour, the development of infrastructure and technology, and capacity building.

The ILO Guidelines for a just transition provide practical orientation for governments and employers’ 

policies and measures aimed at addressing the labour market implications of climate change in 
accordance with national circumstances and priorities. They recommend a mix of macroeconomic, 
industrial, sectoral and labour policies. In particular, governments, employers and workers are advised 
to conduct assessments of increased or new OSH risks that arise from climate change, including 
increasingly hot weather, and to identify adequate preventive and protective measures (ILO, 2015).

The ILO Guidelines for a just transition emphasize that social protection and skills development are 
both key policy areas when it comes to increasing the adaptive capabilities of individuals and com-
munities seeking to cope with the hazards caused by rising temperatures. As the results presented 
in earlier chapters of this report make clear, productivity losses due to heat stress are – and will 
be – most acute in subregions characterized by fragile labour market conditions. Social protection 
policies are an essential element of strategies to protect workers against the detrimental effects of 

element of such adaptation strategies because it helps displaced workers to move on to sectors where 
there is employment growth, thus protecting them against income losses and other adverse effects 
of heat stress (ibid.).
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Source: Adapted from Vivid Economics, 2017.

Figure 8.1 The role of governments, employers and workers in reducing vulnerability to heat stress and promoting adaptation
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Some of the countries most affected by heat stress (notably in Africa and Asia) have limited adaptive 
capacity and resources to protect their workers from the detrimental effects of rising temperatures. 

-
able workers could then move out of agriculture into more productive sectors. However, demographic 
and economic projections indicate that this is unlikely to happen.1 Unplanned migration may be one 
of the consequences if no action is taken. Governments, employers and workers have a number of 
important tools at their disposal that they can use to promote adaptation to the changes expected to 
occur in the world of work, and to mitigate their potential negative effects.

The ILO Guidelines for a just transition stress the important role of international labour standards 
and social dialogue in addressing the challenges associated with increasing temperatures; they also 
recognize that the establishment of effective OSH systems requires joint commitment and cooper-
ation between governments, employers and workers. Possible adaptation measures can be drawn up 
using the ILO’s principle of tripartism to outline the respective roles and responsibilities of govern-
ments, employers’ and workers’ organizations; these measures can then be incorporated into national 

The following sections focus on the role of international labour standards, governments, employers, 
workers and social dialogue in the development and implementation of some of the policy options 

8.1 The role of international labour standards
Rising temperatures will require governments, businesses and workers to prepare for, adapt to, and 
manage the risks of extreme heat events. Their ability to do so depends on regulatory frameworks, 
including labour standards, rules and regulations, and agreements. At the international level, it is 
worth emphasizing the important role of international labour standards in promoting adaptation to 
rising temperatures. These standards provide tools for managing the risks associated with heat stress 
and for ensuring decent working conditions for the workers and businesses affected.

As indicated in manuals produced by OSH agencies around the world,2 heat stress is an OSH hazard and 
should be treated as such by workers, employers and governments, in accordance with the Occupational 

Together, these two international labour standards provide guidance for States on how to develop and 
implement a national OSH policy that addresses, among other risks, heat stress, in accordance with 
their individual needs and in consultation with the employers’ and workers’ organizations concerned.

-
place, such as high temperatures. It does, however, make the adoption of a national OSH policy an 
obligation in order to “prevent accidents and injury to health arising out of, linked with or occurring in 

should include measures dealing with “temperature, humidity and movement of air in the workplace”.

Other international labour standards also offer tools for the management of heat stress risks and can 
facilitate adaptation efforts by governments, employers’ and workers’ organizations. These include 
the 
Recommendation, 1953 (No. 97), and the Workers’ Housing Recommendation, 1961 (No. 115). 
For example, Recommendation No. 97 states that “national laws or regulations should provide for 
methods of preventing, reducing or eliminating risks to health in places of employment”, including 
“special risks of injury to health”. Though not explicitly mentioned in the Recommendation, heat is 
one of these special risks. Recommendation No. 97 also stipulates that employers should take “all 
appropriate measures” to provide “adequate protection of the health of the workers concerned”, in 
particular by avoiding “sudden variations in temperature” and ”excessive heat”.

The 
ILO instruments setting out protective and preventive measures expressly tailored to situations of heat 

should be required to work regularly in an extreme temperature”. To this end, “the competent authority 
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should determine either maximum or minimum standards of temperature, or both, having regard to the 
climate and to the nature of the establishment, institution or administrative service and of the work”.

-

These devices should protect them against “any large-scale intake of … heat, including the heat of 

work at an outdoor sales counter in high temperatures likely to be harmful unless suitable means of 

out in a very low or a very high temperature, workers should be given a shortened working day or breaks 
included in the working hours, or other relevant measures taken” (Para. 25).

The range of international labour standards applicable and relevant to adaptation measures for coping 
-

social security, including the Social Security (Minimum Standards) Convention, 1952 (No. 102), and 
the Social Protection Floors Recommendation, 2012 (No. 202), provide detailed guidance on how to 
develop social protection systems for all.

In addition, the Committee of Experts on the Application of Conventions and Recommendations 
(CEACR), which supervises compliance with international labour standards, has been monitoring 
issues related to heat stress in the workplace when examining member States’ application of, inter 
alia, the Hours of Work (Industry) Convention, 1919 (No. 1),3 the Labour Inspection Convention, 

5 and the Safety 
6

sunlight and dehydration.7 In particular, the CEACR requested the Government of the United Arab 
Emirates to provide further information on the implementation of its national legislation requiring 
employers, under certain circumstances, to adopt such heat-reducing measures as the provision of 

-
place, adequate industrial air conditioning, and means of ensuring the necessary shade for protection 
against direct sunlight.

In order to complement existing international labour standards, the ILO has developed a number of 
thematic codes of practice  that address heat stress in general, such as Ambient factors in the work-
place (2001), or in particular settings, such as Safety and health in the use of machinery (2013).9 
The code of practice Ambient factors in the workplace provides detailed technical advice on hazards 
and risks associated with heat exposure, and on how such risks can be effectively managed so as to 
prevent occupational accidents and diseases. For example, with regard to prevention and control in 

them to drink at least hourly, by providing a close source or arranging for drinks to be brought to the 
workers” (ILO, 2001).

Safety and health in the use of machinery
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8.2 The role of governments
As heatwaves and high temperatures become more common, labour productivity is reduced and 
decent working conditions are endangered. This requires the adjustment of regulatory frameworks. 
Governments are instrumental in creating a regulatory environment that facilitates behavioural change 
among employers and individual workers, and that guides the development of measures to tackle heat 

-
tions to protect workers from heat exposure and ensuing heat stress (see, for example, ILO, 2017f, 
for a discussion of such regulations in sub-Saharan African countries). Some of these regulations 
prescribe maximum temperatures to which workers may be exposed (e.g. Cyprus);10 others specify 
detailed measures for preventing excessive heat levels and stipulate that protective equipment should 
be used (e.g. Gabon).11 In the absence of clearly prescribed standards, the national legislation of some 
countries requires employers, as a minimum, to provide a safe place of work and to identify and control 
risks and hazards – an approach that has been adopted in New Zealand and by the Government of 
Ontario in Canada, for example.12

The risk of occupational heat stress becomes particularly severe during heatwaves. Thus, improving 
warning systems for such events is a key element of protective strategies to deal with temperature 

rely on meteorological stations. Africa, however, has only a fraction of the number of stations that is 
recommended for information gathering as part of a successful warning system. As is often the case 

it is important to foster international cooperation among countries, including information sharing and 
joint action under the aegis of the ILO.

Social protection systems must also be grounded in a regulatory and institutional framework that 
ensures coverage for all, particularly for the most disadvantaged. Such systems provide a range of 

of workers, including the most vulnerable and the hardest hit by heat stress, namely the self-employed 
-

ance and social assistance (e.g. weather index-based insurance and cash transfers), can compensate 
for the loss of income experienced by households as a consequence of heatwaves and ensure effective 
access to health care. In Algeria, for example, the coverage of the National Unemployment Insurance 
Fund for the Construction, Public Works and Hydraulics Sectors was extended in 2016 to weather- 
related work stoppages, including heat-related work stoppages (Mendaci, 2016).

In some countries, workers affected by an environmental hazard at work as a result of a heatwave 

sector as a result of cold weather. In developing countries, public works or public employment pro-
grammes that promote decent labour practices can enable low-skilled workers to earn an income and 
reduce their risk of heat stress by working only at adequate temperatures.

standards for buildings (e.g. so that internal temperatures are reduced); and to strengthen local 
public employment policies so as to discourage rural–urban migration or, alternatively, to facilitate 
migration, since future extreme heat events are likely to prompt many vulnerable workers to migrate 

-
manent migration can be the only adaptation response. Heat stress is one of the main climatic drivers 
of migration (see box 6.3 in Chapter 6).

Structural economic shifts may also have major regulatory implications. Since the sector most 
adversely affected by heat stress is agriculture, any structural change that encourages transition from 
agriculture to industry and the service sector can facilitate adaptation to heat stress. Structural trans-
formation is driven by public investment in infrastructure, the promotion of an enabling environment 
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Box 8.1 Heat stress as a driver of migration: Implications for policy action

of climate change and the increase in frequency and intensity of natural disasters, is an important 
aspect of global efforts to protect migrants (ILO, 2017c). Temperature levels have a causal effect on 
out-migration decisions. For example, the relationship between the number of asylum applications 
to European Union (EU) Member States and average temperatures in the country of origin has been 
found to follow a U-shaped curve: when temperatures in the source country deviate from an optimum 

empirical results, these authors simulate the effect of future climate change on asylum applications: 
the number of applications for asylum in the EU is predicted to increase with rising global average 
temperature in a convex fashion. The effect is not trivial: under a scenario in which global temperature 
increases by 2°C by the end of the century, asylum applications are expected to double (ibid.).

Weather shocks also affect internal population movements. A study of province-to-province migration 
in Indonesia revealed a similar U-shaped relationship between temperature in the province of origin 
and the migration rate, with migration lowest at an average temperature of 25°C (Bohra-Mishra, 

observed in South Africa (Mastrorillo et al., 2016). In addition, climate shocks have an impact 
on migration to urban areas, as a study of sub-Saharan Africa has shown (Barrios, Bertinelli and 
Strobl, 2006).

This effect of temperature on migration, however, does not seem to be universally consistent. Drawing 
-

alies had no effect on out-migration in Nigeria and Senegal. In fact, the link between temperature 
and migration has more to do with agricultural productivity. A study of international migration in 
general has found that the effect of temperature on out-migration is linked to the country of origin’s 
dependence on agriculture (Cai et al., 2016). Only out-migration from countries in the upper quartile 
of the agricultural-dependence distribution appears to be affected by temperature changes.

Another important cause of the heterogeneity observed in the response to increasing temperatures is 
the initial income level. The emigration rate generally rises with economic development until countries 

credit constraint faced at low-income levels, i.e. the poor cannot afford to migrate. In line with this 

shocks reduce migration from poor countries, resulting in a poverty trap. It is in middle-income coun-
tries that households are better placed to adjust to global warming through migration.

The measure of labour productivity loss induced by heat stress that we use in this report is negatively 
correlated with net migration at the subregional level. In 2015, subregions with low productivity 
losses due to heat stress generally experienced net in-migration (positive net migration) from the 

was net out-migration towards the rest of the world. Thus, Southern Asia, the subregion with the 
highest productivity losses due to heat stress in 2015, was the subregion with the second-highest 
out-migration rate in 2017.

 

Figure 8.2 Correlation between net migration and labour productivity loss

Note: Positive net migration values correspond to in-migration towards a given subregion from the rest of the world.

Source: ILO estimates based on World Bank data and the HadGEM2 and GFDL-ESM2M climate models.
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for “green” businesses, and sustainable participation in international trade (Ocampo, Rada and Taylor, 
2009). It is also driven by the development of necessary skills and business acumen, and by the accu-

of all these factors can help developing countries to catch up, thereby increasing the chances of their 
being able to mitigate the impact of heat stress.

Successful examples of countries that have launched a structural transformation of their economies 
include China, Costa Rica and the Republic of Korea. Both China and the Republic of Korea facilitated 

import substitution, and also in education at all levels. During its ongoing structural transformation 
China has decided to pay greater attention to social and environmental outcomes, in particular to such 
issues as growing inequality and social polarization. By promoting skills development and investment, 
the structural transformation of economies makes it easier to “redirect” potential losses in working 
hours caused by heat stress to employment in more productive sectors.

the enforcement of standards and their implementation both depend on existing infrastructure and 
institutional capacity. The development of comprehensive infrastructure – such as that required for 
early warning systems, the provision of access to safe water supplies, and climate-smart urban plan-
ning – requires direct participation by the government. This is also true of measures aimed at reducing 
the heat output of indoor devices and at reducing the energy and capital costs of air conditioning. 
Since standards play an important role in protecting workers against heat stress, appropriate resources 
have to be made available for labour inspections to supervise enforcement and compliance.

Lastly, the government can also play the role of a facilitator by ensuring that employers and workers 
alike act in the interest of the general good – an aspect that is emphasized in the ILO Guidelines for 
a just transition. Through consistent policy-making, governments can create an environment that is 
conducive to bringing key stakeholders together in efforts to adapt workplaces to rising temperatures. 
In this respect, governments can help employers’ and workers’ organizations to comply with OSH regu-
lations by launching educational and awareness-raising campaigns. Adaptation efforts can be further 

8.3 The role of employers
Employers play a crucial role in the implementation of effective adaptation measures to reduce the 
impact of heat stress. Although it is the government that sets standards, employers are responsible 
for providing a safe and healthy workplace and ensuring that working conditions conform to those 
standards.13 Health and safety regulations oblige employers to assess risks in the workplace, and to 
protect workers from recognized serious hazards, including heat-related hazards. Such assessments 
should be part of an OSH management system implemented by the employer with the participation 
of the workers. Risk assessments are necessary because heat-related hazards can vary widely across 
and within regions and activities. These risks depend, inter alia, on the level of heat, the physicality 

hazard, employers need to take action to eliminate the hazard and minimize the risk by implementing 
a series of control measures.

Many options are available to employers for protecting workers against heat stress, particularly in the 

measures depends very much on the local context, and whereas some measures can protect both 
outdoor and indoor workers, others will protect only one of the two groups. For example, infrastructural 
measures in buildings, such as air conditioning, misting and ventilation systems and cool roofs, pro-
tect only indoor workers. Outdoor workers sitting inside vehicles or large machinery can be protected 
from heat by air-conditioned cabins, but most outdoor workers have limited protection against hot 
air or the sun. Furthermore, although very effective in reducing high temperatures, air conditioning is 

source of GHG emissions, which contribute to climate change and the increase of global temperatures. 
Air conditioning systems powered by solar energy generated from panels on factory roofs already exist 
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and need to be tailored to local conditions; such systems support climate change adaptation without 

rotation, changes to the dress code or changing the location of a business can effectively protect both 
indoor and outdoor workers against heat stress (Vivid Economics, 2017).

As for infrastructure, employers can reduce the impact of heat-related hazards on workers most 
effectively through building design (e.g. nature-inspired, biomimetic building solutions). This includes 
the introduction of adaptation measures such as air conditioning that can be used to deal with brief 
temperature peaks, and also various means of reducing high base temperature, including: (a) increased 
thermal mass, which improves the ability of buildings to absorb and store heat energy, so that internal 
building temperatures increase more slowly over time; (b) increased ventilation; (c) increasing the 

-
ation; (d) “green roofs”, which are covered with vegetation and help reduce average temperatures; and 

Building design focuses on indoor workers, but other types of infrastructure-related measures can pro-
tect outdoor workers as well. For example, setting up shade canopies over work areas exposed to direct 
sunshine or moving certain jobs, where possible, to naturally shaded areas can be effective adaptation 
measures. Increasing mechanization (especially in agriculture) can also reduce the physical demands 
and pace of jobs. However, mechanization can be expensive; apart from resources that may not be 

ensuring that they have regular access to drinking water, shade and rest breaks, and providing all of 
them with personal protective equipment and appropriate clothing, are essential components of any 

such measures obligatory).

output from internal devices, adjusting working hours so that workers can cope better with high tem-
peratures, moving the place of business to a cooler area, and adapting workwear to heat levels. Many 
of the physically demanding jobs threatened by heat stress require protective clothing to be worn, 
which in fact adds to the risk of heat exhaustion by inhibiting heat loss (Bernard, 1999). Therefore, 
improving safety clothing by using more breathable fabrics or allowing workers to take breaks during 
which they can remove heavy protective items could improve working conditions in those jobs. Several 
of the measures discussed in this section are also relevant to self-employed workers.

Training can help workers to understand better how heat stress affects their health and safety, and how 
it can be prevented. Employers can also set up monitoring programmes based on having more than one 
worker present at particularly hot locations, so that workers can look out for any signs and symptoms of 

8.4 The role of workers
Workers also have an important role to play in the implementation of adaptation measures and, more 

available to workers depend very much on the regulations, infrastructure and training programmes put 
in place by employers and governments. Still, there are a number of things they can do to reduce the 

Workers can take individual action to reduce their body temperature. This may be done by drinking 
water frequently, shifting one’s working hours, taking breaks in cool and shaded areas, taking more 
breaks during particularly hot periods, wearing clothing that provides protection from the sun while 

the symptoms of heat exhaustion or heatstroke.

Individual heat-reducing measures can be complemented by the use of a “buddy system”. The latter is 
a type of monitoring system at the workplace that involves workers observing one another for the symp-

hydration and heart rate. Moreover, workers should, whenever possible, inform their employers about 
any concerns they may have regarding the work environment. However, the feasibility of such measures 
often depends on the infrastructure available, the awareness of the workers, and the regulations in 
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Box 8.2 Adapting to heat stress in the agricultural sector

of whom are self-employed and subsistence farmers. Together, they represent 26.5 per cent of the world’s 
-

(ibid.). Agricultural workers are the group of workers most vulnerable to heat stress, as can be seen from 

hours lost to heat stress in 1995 and that it is still expected to account for 60 per cent of the loss in 2030. 

help reduce heat-related risks, such as avoiding exposure to the sun or reducing workloads and taking longer 
rest breaks during hot weather, since the work they have to perform largely depends on seasonal growing 
cycles and market forces (Jackson and Rosenberg, 2010). Tackling heat stress could help to promote decent 
work in the agricultural sector.

Workers, employers and governments play important roles in the adoption of protective measures against 
heat stress in agriculture. Agricultural workers can adapt to heat-related risks by drinking water more fre-

body; they can also contribute to the adaptation process by sharing relevant information with their peers. 
However, workers’ adaptive capacity and motivation depend very much on the availability of infrastructure 
and regulations, both of which need to be provided by employers and governments. For example, a study of 
farm workers in the State of Washington, United States, found that piece-rate (as opposed to hourly rate) 
payment was associated with a greater risk of health-related illness, probably because economic incentives 
prompt workers to work longer hours and take fewer breaks (Spector, Krenz and Blank, 2015). A payment 
method taking into account break times, or a transition to hourly pay in addition to mandatory scheduled 
breaks, would improve conditions for such workers.

There are a number of international standards and national regulations on OSH in the agricultural sector 
that are relevant to addressing the problem of heat stress. Thus, the Safety and Health in Agriculture 

 set out the fundamental 
 requires States to 

develop a “coherent national policy on safety and health in agriculture”. Such a policy should have the aim 
of “preventing accidents and injury to health arising out of, linked with, or occurring in the course of work, 
by eliminating, minimizing or controlling hazards in the agricultural working environment”. Heat is of course 
one of the main hazards in question.

ensure the safety and health of workers in every aspect related to the work”. Furthermore, employers should 
carry out “risk assessments in relation to the safety and health of workers and, on the basis of these results, 

safe”. Employers are also obliged to “ensure that adequate and appropriate training and comprehensible 
instructions on safety and health and any necessary guidance or supervision are provided to workers in 
agriculture, including information on the hazards and risks associated with their work and the action to be 
taken for their protection, taking into account their level of education and differences in language” (Art. 7).

“(a) to be informed and consulted on safety and health matters … (b) to participate in the application and 
review of safety and health measures … and (c) to remove themselves from danger resulting from their work 

be placed at any disadvantage as a result of these actions.

At the national level, Costa Rica has implemented “Regulations for the prevention of heat stress and the 
protection of workers exposed thereto”, adopted by the Occupational Health Council in 2015 under Decree 

 require employers to provide shade, water, rest breaks and protective 
clothing for outdoor agricultural workers. In the United States, California has taken the pioneering step 
of adopting a “Heat Illness Prevention Standard” for outdoor employment in its General Industry Safety 
Orders, which also covers the agricultural sector. Employers are required to provide water, access to shade, 
emergency response plans, procedures for dealing with high heat levels, and employee and supervisor 
training (Cal/OSHA, 2006). The State of Washington also explicitly mentions outdoor heat exposure in its 
Safety Standards for Agriculture, which include provisions on the responsibilities of employers and workers, 
access to drinking water, how to respond to the signs and symptoms of heat-related illness, and information 
and training (Washington State Legislature, 2012).

The abovementioned aspects are all covered in the ILO Code of practice on safety and health in agriculture. 
This Code of practice, which is meant to complement the above international labour standards, contains 
detailed practical guidance on managing and preventing heat stress, and includes advice for employers on 
a range of matters such as providing shaded rest areas, drinking water, protective clothing, and mechanical 
aids to reduce workloads and physical stress during spells of high temperature, in addition to ensuring 
adequate supervision so that workers can be withdrawn from hot conditions if heat stress symptoms occur. 
Moreover, employers are recommended to “prohibit alcohol consumption during work and breaks, since 
alcohol consumption inhibits cognitive judgement and muscle coordination, dehydrating the body and 
making it more susceptible to heat stress” (ILO, 2010). 
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8.5 The role of social dialogue
Together with the government, both workers’ and employers’ organizations must be involved in the 
design and implementation of climate change mitigation and adaptation policies, as emphasized in the 
ILO Guidelines for a just transition. Workers and employers are best placed to implement adaptation 
policies and take appropriate action at the workplace, such as ensuring compliance with health and 

humidity, and continue to do their jobs (TUC, 2009).

As higher temperatures begin to have an increasing impact on working conditions, it is important 
carefully to reconsider indoor and outdoor working methods, working hours, dress codes, uniforms 
and equipment, shifts and breaks, and other issues. Social dialogue can play a crucial role in reaching 
consensus on adequate solutions.

Through social dialogue and collective bargaining agreements, employers’ and workers’ organizations 
can develop and implement detailed policies for dealing with heat stress at the workplace that are 
tailored to the needs and realities of individual businesses. For example, in Canada, employers and 
workers frequently make use of threshold values of the “Humidex” index  to trigger implementation 
of hot weather plans at workplaces. Thus, in one Canadian collective agreement, the company and 
the union agree that on any shift, when the Humidex reading equals or exceeds 39°C, workers may 
choose either to be paid an additional 25 per cent of their regular hourly rate for the shift or to be 
excused from the shift.15

Social dialogue is also crucial to the development of national OSH policies, which should be drawn up 
in consultation with the most representative organizations of employers and workers. The implementing 
infrastructure for national OSH policies should be established, maintained, progressively developed 
and periodically reviewed in consultation with those organizations (ILO, 2017f).

In addition, social dialogue can help to make climate change governance more labour-friendly by 

goal of reducing GHG emissions is compatible with efforts to reduce the negative impact of heat 
stress on the labour force.

Box 8.2 (cont.)

Despite the existence of national regulations and international standards on safety and health in 
agricultural work, there are concerns regarding their implementation and enforcement in low- and 
lower-middle-income countries, where a large share of the population is employed in agriculture (Staal 

the informal sector, which makes the application of national OSH regulations even more challenging. 
Similarly, OSH regulations often do not apply to workers’ family members, including women and 
children, who may be helping out on the farm. A study of OSH legislation in ten selected low- and 
middle-income countries in Asia and Africa found that most of the countries lacked OSH regulations 
for the agricultural sector; where such regulations did exist, they did not address heat-related risks. 
The study also revealed how the “inferior” position of farm workers vis-à-vis the farm owner and the 

limitations exacerbate the vulnerability of agricultural workers and farmers to heat-related risks, and 
make the improvement of OSH regulations for the agricultural sector an even more pressing task. 
The recently launched “HEAT-SHIELD” research programme (funded by the EU) is identifying and 
testing heat protection measures in agriculture, as well as in transport, construction, manufacturing 
and tourism.
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9.1  Mitigation pathways 
and occupational heat stress

Climate change mitigation is key to preventing occupational heat stress and protecting the future 
labour force from heat-related risks. So far, this report has mainly discussed adaptation measures, 
because these are the most suitable to help protect workers in the period up to 2030 (projected 
temperature increases up to 2030 being a result of the GHGs already emitted). Efforts undertaken 
to mitigate future climate change will affect the trend in temperature increases beyond 2030. Taking 
such action now is a matter of urgency. A worker who is aged 20 today will keep working for another 

change trends and increasing temperatures are already a concern for most families.

Mitigation is any “human intervention to reduce the sources or enhance the sinks of greenhouse gases” 

afforestation, and investment in carbon capture and storage technologies. By reducing the emission 
and accumulation of GHGs, mitigation measures can slow down anthropogenic climate change and, 
consequently, reduce the risk of occupational heat stress in the future. Mitigation also lessens the 
need for adaptation measures. The changes required to achieve mitigation will involve the reduction 
of certain jobs, but other job opportunities will emerge at the same time. These changes should be 
informed by the ILO Guidelines for a just transition.

The level of mitigation efforts undertaken will affect temperature increases (ibid.). In order to ensure 

minimal or no mitigation action, the adverse impacts of heat stress on labour productivity will worsen 
with time. As can be seen from table 2.1 in Chapter 2, the average increases in temperature under 

average temperature rise by the end of the century under the RCP6.0 scenario (with 2.7°C global 
warming) is more than double that under the RCP2.6 scenario (1.5°C global warming). This implies 
that the future impacts of climate change, including effects on working conditions and productivity, 
will very much depend on the level of mitigation efforts undertaken here and now.

Previous chapters of the report discussed the impact of heat stress on labour productivity until 2030 
on the basis of the RCP2.6 pathway, since temperature increases under the RCP2.6 and RCP6.0 

productivity beyond 2030 depend very much on the climate change scenario chosen for the analysis. 
In our projections for the percentage of working hours lost at the country level, however, we have 

structure of economies beyond 2030 would be too uncertain.

PPart III. CCoompleemmeenntaaryy 
mmitiggatiiioonn efffooortts too rredduucee 
hheat--rellaateed haazzarrdss
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9.2  Long-term projections 
of the impact of heat stress

As explained in Chapter 2, the percentage of working hours lost to heat stress in a small geographical 
area, or “grid cell” in our methodology, is a function of temperature, work intensity, the type of work 
carried out and employment in each grid cell. By using climate-modelling projections we can extend 
our analysis to 2099, which makes it possible to estimate productivity losses at the level of individual 
workers over a longer period and to compare the impact of heat stress on labour productivity under 
different mitigation scenarios. In this section we present estimates for the two climate change path-
ways, RCP2.6 and RCP6.0, which respectively predict temperature increases of 1.5°C and 2.7°C 
above pre-industrial levels by the end of the century. The RCP2.6 scenario entails vigorous climate 
action being taken today to decarbonize the economy and enhance carbon sinks, thereby limiting 
global warming to 1.5°C and effectively mitigating future climate change. The RCP6.0 scenario also 
involves mitigation, but of a weaker sort, so that global warming is limited only to 2.7°C. As noted by 

to bring about substantial negative effects on the environment, economies and societies. A business-

incidence of heat stress.

Figure 9.1 illustrates the different trends in the impact of heat stress on labour productivity in the 

differences in the vertical-axis scales for the various panels make clear, countries in Africa and in Asia 

in other regions under the less ambitious mitigation scenario (RCP6.0).

Figure 9.1 compares the percentages of working hours lost to heat stress in 1995 and projections for 

the RCP2.6 pathway. This is in line with the changes in average global temperature envisaged under 
the two pathways: namely, a 1.5°C increase under RCP2.6 and a 2.7°C increase under RCP6.0. The 

that are possible. Which one comes to pass ultimately depends on the level of GHG emissions in the 
years from 2025 onwards.

-
dicted under the two climate change pathways increases as we approach the end of the century. This 

construction or agricultural worker would, on average, lose 11 per cent of her/his working hours as a 

lose 12 per cent of her/his working hours under RCP2.6 and up to some 21 per cent under RCP6.0.

Workers employed in sectors that involve less physical effort, such as industry and services, would 

3.3 per cent for a service worker. This implies that the delay or lack of mitigation action at the global 
level would lead to substantial heat stress impacts in Ghana and other countries in sub-Saharan 
Africa. Hence, the additional impact expected in the absence of proper mitigation efforts could be 

would also be affected.

loss due to heat stress in all work categories increases substantially under RCP6.0 compared with 
RCP2.6 in these countries. In Cambodia, where workers in the agricultural and construction sectors 
are already vulnerable to heat stress, the impact on labour productivity would increase from 13.9 per 

the global average temperature rise below 2.7°C would exacerbate the impact of heat stress further. 
In Spain, even though the impact is lower compared with the other four countries, the less ambitious 
mitigation pathway would also result in more working hours being lost for workers in all categories.
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The above observations highlight the fact that the lack or delay of mitigation action would aggravate 
the impacts of heat stress in most countries, even in countries that are projected to experience 
only minimal impacts up to 2030. It is worth noting that these projections do not take into account 
extreme heatwaves, which are expected to lead to further productivity losses. Unless ambitious 
mitigation efforts are undertaken rapidly, the impact of extreme heatwaves would intensify inequality 
and increase adaptation needs in areas with a low level of development (Russo et al., 2019). Estimates 
suggest that heatwave exposure in 2075 at global warming of 1.5oC for people living in less developed 
countries would be greater than exposure in the same year at the 2oC warming level for people living 
in highly developed countries (ibid.).

Note: Each graph shows the working hours lost to heat stress by a healthy worker assumed to be working in the shade 

agriculture) – under the two climate change pathways RCP2.6 (global warming of 1.5°C) and RCP6.0 (global warming  
of 2.7°C).

Source: ILO estimates based on the HadGEM2 and GFDL-ESM2M climate models.

Figure 9.1  Percentages of working hours lost to heat stress under the RCP2.6 and RCP6.0 climate 
change scenarios, Ghana, Cambodia, Panama, Qatar and Spain, 1995–2085 (projections)
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9.3  Employment opportunities resulting 
from mitigation efforts

In addition to improving work capacity and working conditions through the reduction of climate 
change impacts, mitigation also creates jobs. Advancing towards a green economy can create a net 

variety of sectors, including energy, transport, agriculture and construction.

Taking measures in the energy sector to limit global warming by the end of the century to 2°C above 

jobs (ibid.). These estimates assume a combination of changes, including a shift towards renewable 

Because such changes create new jobs, reallocate jobs, and also destroy existing jobs in certain sec-
tors, policy interventions by governments are required to ensure that the transition is just (ibid.). To 
leverage the employment opportunities of climate action, complementary policies should be adopted 
in such areas as industrial development, skills development, social dialogue and social protection. 
Such policies would create employment opportunities and corresponding value chains in sectors such 
as sustainable energy, while also protecting those workers who are expected to lose out as a result of 
the “green transition” (ibid.).

Employment policies can actively support labour supply and labour demand in sectors of the economy 
that contribute to climate change mitigation. On the supply side, skills development policies and 
vocational education and training systems geared towards green industries would facilitate mitigation 
activities. On the demand side, policies to encourage the development of green businesses would 
promote expansion of the mitigation industry and stimulate labour demand (ibid.). Social protection 
policies facilitate labour market adjustments, while public employment programmes can create jobs 

climate change mitigation, such as afforestation and reforestation, carbon sequestration and soil 
management (ibid.).

In view of the job creation potential of mitigation measures, delaying or taking no action to reduce 
GHG emissions and their accumulation would result in additional opportunity costs for economies 
and societies. Delaying the implementation of further mitigation efforts to cover the years beyond 

levels; it would also narrow the range of options available for limiting global warming to 1.5°C above 
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This report has examined the extent to which heat stress affects labour productivity, measured in 

total working hours were lost in 1995 owing to heat stress, representing around 35 million full-time 
jobs worldwide. As a result of the temperature increases caused by climate change, it is projected 
that the percentage of total working hours lost will rise to 2.2 per cent by 2030 – a productivity loss 

and are expected to suffer losses close to or above 3 per cent in 2030: Southern Asia, Western Africa, 
South-East Asia and Central Africa. By contrast, North America and all the subregions of Europe are 

most affected by heat stress and those affected to a lesser extent is even greater if one considers 
in-sun temperatures. Action taken today to limit global warming by the end of the century to 1.5°C 
(the RCP2.6 climate change pathway), or at least to 2.7°C (the RCP6.0 pathway), will determine the 
extent of future labour productivity losses. The sectoral composition of employment – in particular, 

extent of productivity losses due to heat stress.

Areas with high vulnerability to heat stress tend also to be characterized by a lack of decent work. Thus, 
working poverty rates in Central Africa, Western Africa, Southern Asia and South-East Asia – the four 

15 and 5 per cent in 2015. Heat stress is more common in agriculture and construction because of 
the physical nature of the work and also because it is usually carried out outdoors. These two sectors 
also tend to have higher levels of informality, which means that agricultural and construction workers 
are less likely to have access to health care and other forms of social protection against workplace 
accidents and injuries, including those produced by heat stress. Moreover, heat stress can act as a 
push factor for migration, prompting people to leave rural areas in quest of better prospects in their 
countries’ cities or abroad. The impact of heat stress could also exacerbate existing gender inequalities 
in the world of work, notably by worsening the working conditions of the many women employed in 
subsistence agriculture, and of men on construction sites. In sub-Saharan Africa, agriculture employs 
12.2 million women, who make up 50.2 per cent of total employment in that sector, while men make 

Since projected temperature increases up to 2030 depend largely on the accumulation of past GHG 

this report point to the urgent need to understand better how such adaptation might be achieved. 
In particular, focusing on vulnerable groups of workers and on the countries most affected by heat 

by employers’ and workers’ organizations.

The following policy areas and institutional arrangements are particularly important when seeking to 
tackle the challenges faced by the world of work as a result of heat stress:

 Countries should consider ratifying and implementing relevant international labour standards in 
order to ensure decent working conditions for workers and businesses affected by heat stress;

 Governments should issue regulations laying down maximum temperatures to which workers may 

 Infrastructure-related measures, such as building standards, should be adopted to enhance the 
protection of indoor workers;

 The fact that heat stress is a driver of migration needs to be recognized in regulatory frameworks 
established to ensure safe migration;

 Social protection systems, including the provision of social insurance and social assistance, can 
help workers and their families (particularly in developing countries) to adapt to the consequences 
of heat stress;

 Whether at the level of individual companies, economic sectors or the country as a whole, social 
dialogue, as a key part of the institutional framework for policy-making and policy implementation, 
can ensure that the impact of heat stress on working conditions is addressed effectively.
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This appendix explains the methodology used to estimate the percentage of potential working hours 
lost owing to the impact of heat stress on work intensity, in the absence of any other adaptation 
measure. Table 2.2 in Chapter 2 presented a summary of the seven steps performed to derive such 
estimates; these steps are described in detail below.

Step 1. Selection of climate data

In order to analyse global temperature change, climate models typically divide the world into small 
geographical areas. A standard approach is to designate land areas using grid cells with a spatial 

climate variables, such as temperature and humidity, are estimated using climate models. This yields 

current and future climate change.

Thirty-year averages of climate variables are used because the climate science community regards 
30 years as the minimum time interval over which a long-term climate trend, as opposed to weather 

term future, up to 2099. The average state of the climate was calculated for 1995, 2025, 2055 and 

-
jected temperatures and humidity for each grid cell between 2071 and 2099. Historical climate data 

For projections of climate variables, the IPCC has drawn on 25 different models for its most recent 
 

high- and low-end climate projections.1 The average of the two models was used to avoid having to 
calculate the impact of heat stress under all the various climate change scenarios that have been 
proposed. This average is very close to the average of the 25 IPCC models (“ensemble mean”) that 
is used in estimates of global temperature change.

With regard to the impact of climate change policy, we made use of two scenarios for future GHG 

temperature increase of 1.5°C by the end of the century and is used in this report as the scenario 
representative of strong climate action following the conclusion of the Paris Agreement in 2015. 
The RCP6.0 scenario also envisages the implementation of proposed climate change policies, but 
it predicts a mean global temperature increase of 2.7°C by the end of the century. The projected 
temperature changes are very similar under both RCPs for the short period up to 2030 (an increase 
of approximately 1.3°C in each case); it is thereafter that stark differences appear.

DDetaiileddd mmeethhooddooloogyy
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Step 2.  Derivation of monthly heat stress index (WBGT) 
for each small geographical area

In determining the heat-related health risks for workers we took note of the ILO’s Occupational Safety 

In order to calculate the health risks of heat stress we used one of the most common heat stress 
indices in occupational health, namely the wet bulb globe temperature (WBGT), which is measured in 

on the basis of temperature (°C), humidity (dew point in °C), air movement (wind speed) and radiated 

and mean) for the projected data.

Step 3. Estimation of hourly WBGT distributions

We used data on temperature and humidity from the climate models to calculate monthly mean tem-
perature and WBGT, and also the monthly average of the daily maximum temperature and WBGT. These 
values were used to estimate the typical hourly distribution of heat levels in each grid cell from 6 a.m. to 

12 hours of daylight are assumed to lie halfway between the mean WBGT and the maximum WBGT.

We assumed air movement over the skin of 1 metre per second (the speed at which arms or legs move 
when working), and also that work is carried out in the shade or indoors without air conditioning. The 
reason why we assumed agricultural and construction work to be carried out in the shade is that, in 
our view, work in the sun becomes increasingly impossible and that, as a minimum, workers in these 
sectors will adapt by avoiding full sun exposure as much as possible. In addition, a comparison of the 
number of sunny or cloudy days during the hottest months in tropical countries reveals that around 

2°C to the in-shade WBGT. For a comparison between in-sun and in-shade estimations, see Appendix II.

Step 4.  Estimation of employment data for each small geographical area 
by applying national estimates of employment-to-population 
ratios for employment sectors to population data for that area

We used population data from Columbia University’s Gridded Population of the World data set,2 
which is based on United Nations population estimates and on assessments of age distribution from 

grouped into grid cells sized 0.5° x 0.5° (approximately 50 km x 50 km at the equator) to match the 
climate data grid. (The population of grid cells straddling two or more countries was calculated on 
the basis of the land area occupied by each country within the cell.) Thus, for each country and year 
in our analysis we used internationally accepted estimates of population sizes.

The data on employment-to-population ratios for agriculture, construction, industry and services at 
the national and subregional levels came from the ILOSTAT database.

The national estimates of employment-to-population ratios (ages 15 and older) were then applied to 
the population data (ages 15 and older) for each grid cell pertaining to the country being analysed.

Step 5.  Derivation of relationship between heat exposure 
and physiological response

In addition to the WBGT, which is a purely exogenous variable of temperature, humidity and wind 
speed given by the natural environment, heat stress for workers can also be determined in terms of 
the level of physical work intensity. In order to derive approximate exposure–response relationships 
between heat stress and labour, we combined epidemiological data (Wyndham, 1969; Sahu, Sett 
and Kjellstrom, 2013) with recommendations from the International Organization for Standardization 
(ISO) related to the ergonomics of the thermal environment and occupational health.

-
sity levels (metabolic rate) that should be avoided at different WBGT levels so that core body tem-
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(Kjellstrom et al., 2009). The Universal Thermal Climate Index3 does not have the same type of “safety 
limits”. It 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, Holmer and Lemke, 2009).

Thus, in order to calculate more accurately the health risks and productivity losses as heat levels 
increase, we reviewed the few epidemiological data sets that are available for moderate work activities 
(with a metabolic rate of 300 W) (Wyndham, 1969; Sahu, Sett and Kjellstrom, 2013). Complementing 

-
mate exposure–response relationships for work intensities at 200 W (clerical or light physical work), 

construction). Productivity losses were calculated as the equivalent working hours lost owing to slower 
work or a complete stoppage of work when heat levels are too high for working. The most detailed 
epidemiological data came from Sahu, Sett and Kjellstrom (2013), who identify an extremely strong 
correlation (r

The risk functions derived for the abovementioned three levels of physical activity (low, medium and 
high) allowed us to convert an environmental heat level (expressed as WBGT) directly into a percentage 
of equivalent working hours lost owing to a reduction in work intensity aimed at avoiding clinical health 

Since sensitivity to heat can be assumed to be linked to typical human biological variability, the gen-
eral form (shape) of each risk function was chosen to be the cumulative distribution function of a 
general normal distribution, that is:

Productivity loss, 

where μ and  are respectively the mean and standard deviation of the associated normal distribution, 
x is the sensitivity-to-heat variable, and the productivity loss is expressed in the range from 0 to 1.

Abbreviations: SSK = Sahu, Sett and Kjellstrom (2013); Wy = Wyndham (1969); W = watts.

Note: Productivity loss is measured as reduced work capacity arising from slower work, or a complete suspension of work, 
as a result of heat stress.

Figure AI.1  Estimated exposure–response relationships for reduced hourly work capacity 
in jobs with a physical intensity of 200 W, 300 W and 400 W
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two epidemiological studies (Wyndham, 1969; Sahu, Sett and Kjellstrom, 2013) combined, together 

WBGT level, workers slow down and reduce their hourly output rapidly, with the productivity loss 

the worker produces only half as much in an hour as he or she would have produced in the absence 

starts to become impossible if no adaptation measure (e.g. air conditioning) is applied, and the heat 
level may eventually even result in heatstroke or death of the worker. If such extreme heat is due to 
the work being carried out in the sun, moving into the shade is a simple way of reducing heat stress.

Step 6.  Calculation of working hours lost per worker for each level 
of physical intensity in each small geographical area

Using the hourly distribution of WBGT during each day of the year and the exposure–response rela-
tionships for each level of physical intensity derived in step 5, we calculated the number of potential 
working hours lost for each small geographical area during daylight. The number of working hours lost 
per worker is thus based on the number of potential working hours lost during daylight work (all work 

daylight working hours, and we estimate each country’s loss of working hours due to heat stress as 
the percentage of potential hours of work lost relative to potential hours of work during daylight.

A particular feature of the human body, which needs to be taken into account, is that it takes at least 
6 minutes before the core body temperature reaches an intolerable 39°C. Thus, no matter what the 
conditions, some work is always possible. Accordingly, we assumed that above 39°C only 90 per 
cent of work time is lost, since for 10 per cent of the time (i.e. 6 minutes out of 60) work can still 
be performed. Also, when working continuously, it is necessary to take “mini-breaks” to stretch, go 
to the toilet, or simply relax. In our analysis we therefore assumed that 10 per cent of work time is 
used for breaks.

Step 7.  Calculation of total working hours lost 
by country and subregion

We combined the results obtained in step 6 with data on the employment-to-population ratios 

(300 W) and services (200 W). We then calculated how many potential working hours would be lost 

hours in a particular country or subregion was calculated by adding up all the grid cells in that country 
or subregion.

Given the large populations of several subregions and because the calculated percentages of hot days 
at a very hot level are based on mathematical functions, relatively large values of working hours lost 
can result from these calculations. To avoid overestimating the hours lost to heat stress, we trimmed 
the mathematical functions at 1 per cent, thereby obtaining conservative estimates, which are more 
appropriate for temperate regions in particular.

Because of uncertainties in all the projections for future climate trends, population trends and adap-
tation possibilities, in addition to uncertainties in the distribution of individual heat sensitivity, it was 

estimates of heat level change in different climate models (lowest to highest temperature estimates) 
as an indicator of uncertainty.
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air conditioning) is important when estimating the health risk of heat effects. Throughout this report, 
we have used the in-shade, or indoor, wet bulb globe temperature (WBGT). We assumed that the 
intensity of agricultural and construction work is high and that such work has to be carried out in the 
shade (i.e. workers adapt to extreme heat levels by avoiding full sun exposure as much as possible). 
Although such an assumption is logical, in practice individuals often cannot avoid doing some work in 
full sunshine: this means that the in-shade assumption does not capture the full effect of heat stress. 
In order to obtain more accurate occupational heat exposure levels, it is important also to estimate 
productivity losses on the basis of the assumption that agricultural and construction workers do work 
outdoors in full sunshine. The two approaches yield upper- and lower-bound estimates of productivity 
loss; the actual value should lie somewhere in between.

For “working in the sun” scenarios, we assume that 2°C has to be added to the in-shade WBGT. This 
value is derived from comparing indoor and outdoor (in the sun) WBGT values in a hot region of the 

Worldwide, an additional 1.6 per cent of global working hours would be lost in 2030 for work carried 
out in the sun compared with work done in the shade. This translates into the equivalent of an add-
itional 56 million full-time jobs lost from working in the sun rather than in the shade. However, the 

greater extent than others. For subregions located in tropical or subtropical latitudes with high shares 
of agricultural and construction employment, the productivity loss resulting from work carried out in 

by an additional 3.6 per cent in both Central Africa and Western Africa when work is carried out in 
the sun rather than in the shade. Similarly, in Southern Asia and South-East Asia productivity losses 
are markedly higher under the in-sun scenario: an additional 3 per cent and 2.9 per cent, respect-
ively. These are densely populated subregions that also have high rates of informality and vulnerable 
employment, which means that workers there are particularly at risk from rising temperatures and 
lost output. Conversely, subregions located outside the tropics and subtropics with low agricultural 
employment, including North America and the European subregions, remain mostly unaffected by 
heat stress, regardless of whether the work is carried out in the shade or in the sun.

CCompparrriisoon offf in--shhadee 
and in-sssunn eestttiimmaatees

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models. 
The data are based on historical observations and on estimates obtained using the RCP2.6 climate change pathway, 
which envisages a global average temperature rise of 1.5°C by the end of the century.

Figure AII.1 Percentages of global working hours lost to heat stress, 1995 and 2030 (projections)
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Figure AII.3 below shows the countries most affected in the four most exposed subregions. The esti-
mated productivity loss is higher for the in-sun scenario than for the in-shade scenario across all these 
countries. In Cambodia, the labour productivity loss for work carried out in the sun is projected to 
decrease from 15 per cent in 1995 to 12 per cent in 2030. Under the in-shade scenario, the product-

Cambodia is expected to experience higher WBGT values in 2030, a critical determinant of work 
capacity loss is the composition of employment. In that respect, agricultural employment in Cambodia 

operating at high intensity outdoors, but also in more workers employed in the industrial and service 
sectors, where work is typically done indoors. By contrast, in Chad the composition of employment 
is projected to remain relatively stable between 1995 and 2030, with around 76–77 per cent of all 
employment concentrated in the agricultural sector. At the same time, productivity losses are projected 
to increase by 3–5 percentage points. This suggests that more and more agricultural workers are 
expected to become unable to work owing to heat stress and an unstable work environment.

Source: ILO estimates based on data from the ILOSTAT database  
and the HadGEM2 and GFDL-ESM2M climate models.

Source: ILO estimates based on data from the ILOSTAT database and the HadGEM2 and GFDL-ESM2M climate models.

Figure AII.2  Percentages of working hours lost to heat stress calculated using in-sun 
and in-shade estimates of heat stress, all subregions, 2030 (projections)

Figure AII.3  Percentages of working hours lost to heat stress, Cambodia, Ghana, 
Chad and India, 1995 and 2030 (projections)

Northern Europe

Western Europe

Eastern Europe

Southern Europe

Southern Africa

Western Asia

North America

Central Asia

Eastern Asia

South America

Central America

Arab States

Caribbean

Eastern Africa

Northern Africa

Central Africa

South-East Asia

Southern Asia

Western Africa

9.01.5 3.0 4.5 7.56.0

Sun

Shade

0

15.1

7.5

12.3

7.8

9.9

4.4

9.7

5.5

8.3

3.9

12.7

7.1 8.0

4.3

9.2

5.8

0
1995 2030 1995 2030 1995

Cambodia Ghana Chad India
2030 1995 2030

4

8

12

16

Sun Shade



Appendix II. Comparison of in-shade and in-sun estimates 95

The estimates of labour productivity loss vary depending on the assumptions made regarding the 

that agricultural and construction workers operate in the sun are higher than those assuming that 
work is carried out in the shade. Although the intensity of heat is a crucial factor when calculating 
labour productivity losses, another important aspect is the employment composition of the economy. 
Thus, hot countries with high rates of agricultural and construction employment are at greater risk of 
losing work capacity compared with countries in which the industry and service sectors predominate. 
In the case of countries undergoing structural transformation away from agriculture (e.g. Cambodia 
and India), estimates of labour productivity loss under the in-sun scenario become more similar to 
the ones obtained under the in-shade scenario by 2030.
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The phenomenon of heat stress refers to heat received in excess of that 
which the body can tolerate without physiological impairment. It is one of  
 the major consequences of global warming. By 2030, the equivalent        
 of more than 2 per cent of total working hours worldwide is projected    
 to be lost every year, either because it is too hot to work or because 

report shows the impact of heat stress on productivity 
and decent work for virtually all countries in the 

world. It also presents innovative solutions 
based on social dialogue to promote 

occupational safety and health for the 
most vulnerable groups of workers.


