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Abstract
Heat stress at the workplace constitutes a major problem for European workers with negative
impact on the work performance causing productivity loss and equivalent reduction in
European GDP. Since meteorological conditions vary across Europe, people working in
different regions of the continent and in different occupational sectors have also different
sensitivities and behavioral adaptations. State-of-the-art climate projections agree on a future
increase of annual average temperatures over Europe, exacerbating the existing socioeconomic imbalances. In this report we assessed the potential impact of climate change on
productivity loss and the associated economic costs considering the geographic variability and
the occupational diversity of Europe as well as future climate scenarios. Based on the
assumption that European economy will remain relatively stable until 2050, the resulting
maps estimate the impact of climate change on labor productivity and economic output across
Europe. Heat stress in occupational settings will reduce the GVA of five strategic European
industries (i.e. manufacturing, construction, transportation, tourism and agriculture) with a
direct impact on the overall European growth, as the annual total economic loss will reach 11
billion Euros. The construction sector is expected to be influenced the most, facing an annual
loss of about 4.7 billion Euros followed by transportation (2.8 billion Euros) and agriculture
(2.4 billion Euros). Analyses based on the developed models showed that the countries of
South Europe, especially the Mediterranean regions will experience the greater production
loss with significant impact on their economy. More specifically, several regions of Cyprus,
Greece, Italy, Portugal, France and Spain will undergo an annual loss of GVA between 51
million and 1 billion Euros. From a proportional viewpoint, Cyprus will experience the greatest
percentage loss over all HEAT-SHIELD industry sectors of > 4% of the regional GVA. In addition,
regions in Greece (Thessalia, Attiki and Ipeiros), Spain (Extremadura and Andalusia) and Italy
(Calabria and Sicily) are projected to have losses of > 2% of their regional GVA. As these
percentages may not seem significant to some, it may be worth adding the absolute annual
loss which in Andalusia, for instance, will surpass 1 billion euro and in central and south Italy
will reach 1.3 billion. A multi-sectoral approach that includes the setup of appropriate
adaptation strategies should be implemented to address this serious environmental and
socioeconomic challenge. It is hoped that the developed maps will become the basis for
guiding adaptation measures at the European workplaces and will underpin future policies
under the climate adaptation strategy.
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1. Introduction
Global climate change constitutes a worldwide problem, which also affects climatic conditions
in Europe. It is well recognized and established in the scientific community (Collins, 2013) that
the global climate is already changing towards higher temperatures. The World
Meteorological Organization (WMO) has announced the possibility that the planet has already
warmed by 1οC since the pre-industrial era. The biggest part of this warming has occurred in
recent decades in an accelerating manner whereby nine out of ten hottest years since records
began have occurred since the year 2000 (WMO, 2015).
Increasing temperatures become a growing challenge and problems are already experienced
by millions of Europeans during the summertime and are aggravated during heat waves.
Occupational settings worsen the conditions for selected groups of workers as physical work
adds to human body heat stress (Kjellstrom et al., 2009). Hot working environments are
considered as an occupational health problem affecting body’s major organ like heart, kidneys
and brain (Bouchama & Knochel, 2002). However, even before the manifestation of the
clinical symptoms, heat exhaustion has a negative impact on workers’ ability to carry out
physical and mental work (Parsons, 2014), especially continuous work on an hourly basis.
National and international guidelines (ISO., 2017) for worker heat protection recommend rest
periods and reduction of the workload as a way to protect workers, but the outcome is
reduced labour productivity. Consequently, a serious conflict between health protection and
economic performance has emerged at individual and enterprise level. Apart from the
reduced labour productivity of enterprises, in jobs with piece-work systems the employees
lose hourly income if extra rest is taken. Taking into consideration that many workers are
exposed to high temperatures, not only in outdoor but also in indoor jobs, especially in low
and middle-income countries, where air conditioning in the workplace is less common, it is
undoubtedly concluded that heat stress in occupation settings constitutes a major threat to
public health and world economy.
Meteorological conditions and their projected changes vary across Europe and the detection
of regional climate trends has received a growing interest in recent years. According to several
high and low emission scenarios, the annual average temperatures over Europe are projected
to increase by more than the global average temperature. The largest temperature increases
are projected over eastern and northern Europe in winter and over southern Europe in

4

summer (EEA, 2012). Therefore, climate change may increase existing vulnerabilities and
deepen socio-economic imbalances in Europe.
Given that the risk distribution of hazardous thermal exposure in Europe has not been
analyzed to date, vulnerability mapping of the current and the future climate conditions and
the impact on productivity can allow a visual presentation, a direct comparison, and a better
understanding of the differences in vulnerability of the working populations across Europe.
People working in different regions of Europe and in different occupational sectors
(agriculture, tourism, manufacturing, construction, transportation) have also different
sensitivities and behavioral adaptations. Assessing the impact of geographic variability and
occupational diversity on heat wave vulnerability forms the basis for planning appropriate
targeted adaptation strategies. Using specific vulnerability maps, decision-makers can identify
those regions and occupational settings where solutions are needed. To provide information
on the magnitude of these impacts, the HEAT-SHIELD project aims to create and map in an
integrated way the vulnerability of European regions for productivity losses by heat.

2. Aim
This task involved applying physiological evidence about the effects of heat, climate modeling,
and European distribution of the working population in each one of the five key industries
(agriculture, tourism, manufacturing, construction and transportation) addressed in the HEATSHIELD project, to estimate the impact of climate change on labor productivity and economic
output across Europe. The main purpose of the resulting maps is to raise awareness among
policy makers and the industry of the possible implications of climate change. The societal and
economic impact of climate change through loss of labour productivity is usually underestimated. The produced maps will allow local policy makers, community organizations, and
the business sector to identify their own location and explore the local data. The maps can be
the basis for a further investigation of the local labour conditions under a changing climate
and could guide adaptation measures at the workplace. For the European Commission, such
maps might underpin additional policies under the climate adaptation strategy.

3. General approach
The risk of loss of labour productivity can be expressed as the product of: (i) a specific hazard
(e.g. a heatwave of a certain duration), (ii) the exposure of the employees to heat (e.g. the
number of employees not working in an air-conditioned environment), (iii) the vulnerability
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or sensitivity of the employees (e.g. the degree to which their productivity is influenced), and
(iv) an economic variable expressing production value (e.g. Gross Value Added).
The above means that for producing a map localized data are needed:
--Variable on the hazard: heat at the workplace (indoor and outdoor).
--Variables on the exposure: the share of employees working indoor/outdoor and the share
of the workforce working in climate-controlled indoor workplaces (by economic sector).
-- Variables on the sensitivity of the employees: vulnerability or sensitivity functions express
the loss of capacity to perform labour under increasing heat stress. A division between heavy,
moderate and light labour can be elaborated (on average) for different types of work in
different economic sectors. However, it is important to note that in some production
processes the speed and amount of production is not governed by human beings, but by
machines. Regardless of the temperatures, conveyor belt systems result in a constant output.
Although their workers are exposed to heat, sectors with predominantly conveyor belt based
production have been excluded from our calculations.
-- Variables on the economic impact: working in hot conditions leads to lower output. This can
be expressed in working hours lost, yet more appropriate units in economic terms are the
production value or the value added (in Euros).
The calculation of the loss of value added per region then proceeds roughly according to the
following steps:
a) The degree that temperatures during working hours are above a limit value, multiplied by
b) The % loss in labour productivity according to the sensitivity function(s)
c) Corrected for the exposure percentage of the workers
d) Times the sector value added.

4. Methodology
The calculations were executed for each of the economic sectors identified as priority in the
HEAT-SHIELD project (agriculture, manufacturing, construction, transportation, and tourism).
Where necessary for taking account of different degrees of exposure or workload (and where
more detailed data were available) the main sectors were split in subsectors. The calculations
6

were conducted for a future high and a low climate scenario, compared with the current
climate to estimate the loss of labour productivity due to climate change.
Needless to say, important assumptions underlay this work and most important is the
assumption that the structure and size of the economy will remain constant between now and
2050. Furthermore, assumptions were introduced regarding the (distribution of the) nature
of the work in each of the sectors. Uncertainties in climate scenario play also a role. With the
overall aim of the vulnerability maps in raising awareness, without claiming to deliver the
precise figures for a certain region, these assumptions and uncertainties are acceptable. From
a more scientific point of view the vulnerability map calculation can be considered as a
sensitivity study, in which we can play with the variables.

4.1 Heat stress variables used
Ambient temperature does not sufficiently indicate heat exposure of workers. Humidity, wind
speed and solar radiation are also important parameters (Parsons, 2014). The heat stress
metric that is well validated in occupational health and productivity is the wet-bulb globe
temperature (WBGT) (see HEAT-SHIELD Deliverable 1.1 in the website of project:
https://www.heat-shield.eu/technical-reports). It is the central heat-stress index employed
within HEAT-SHIELD. The advantage of WBGT above other indices is that it can be calculated
from standard weather and even climate model data. To take account of the difference in
indoor and outdoor working conditions WBGT was calculated in two different conditions. This
method below was analyzed and recommended by Kjellstrom (Kjellstrom et al., 2013).
-WBGT for shadow or indoor conditions (WBGTi) consisting of temperature and relative
humidity or dew point temperature only, calculated according to Bernard and Pourmoghani
(Bernard & Pourmoghani, 1999).
-WBGT for outdoor and sunny conditions, including also wind speed and solar radiation
(WGBTo), calculated according to Liljegren and colleagues1 (Liljegren et al., 2008).
The outdoor WBGT values have been used to calculate the loss of labour productivity for those
workers working (mostly) outdoors, such as in agriculture. Indoor WBGT values are considered
representative for many factories, offices, and other work scenarios where air conditioning is
not available.

1Indoors:

WBGTi = 0.67 * Tpwb + 0.33 * Ta, in which Tpwb is the Psychrometric wet bulb temperature, Ta is air
temperature (Bernard and Pourmoghani 1999). Outdoors: WBGTo = 0.7 * Tnwb + 0.2 * Tg + 0.1 * Ta, in which
Tnwb is the natural wet bulb temperature and Tg is globe temperature (Liljegren et al. 2008).
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Regional climate models allow for the calculation of WBGTmax and WBGTmean (daily
maximum and mean values, respectively) for each day of the year also for future climate
scenarios. These results are available at individual stations across Europe but also on a 0.5ο
(ca 50 x 50 km) grid (see HEAT-SHIELD Deliverable 1.2 in the website of project:
https://www.heat-shield.eu/technical-reports).

4.2 Time horizon of the calculation of labour productivity loss in the future
There is a tradeoff between the timing of the future scenario and the policy relevance. The
more in the future (say to the end of this century) the stronger the effect of climate change
with lesser impact of climate variability, but the lower the urgency for immediate action. A
choice of a nearby period shows problematic due to strong influences of random internal
climate variability, but could provide a clear signal for policy makers on the immediate
urgency. We have chosen the compromise of using a not too distant future, such as 2050
(climatic period 2035-2064). This is compared with the current climatic period (1981-2010).

4.3 Climate scenarios used
Climate change projections are generated using global climate models (GCMs), which are
appropriate tools able to solve the numeric equations governing the global atmospheric
system. In order to produce climate projections for the future, GCMs are forced by different
time-dependent greenhouse gas and aerosol concentrations pathways. These scenarios have
been developed by the Intergovernmental Panel on Climate Change (IPCC) according to
assumptions concerning future socio-economic (energy intensity and efficiency, economic
growth) and demographic (world population growth) developments. The most recent GCM
simulations have been developed in the context of Coupled Model Intercomparison Project
Phase 5 (CMIP5) (Taylor et al., 2011), employing state-of the-art GCMs that represent more
processes than previously and in greater detail. Within CMIP5, the underlying emission
scenarios are termed Representative Concentration Pathways (RCPs).
Several of the RCPs are explicit mitigation scenarios that assume policy actions will be taken
to achieve certain emission targets (Taylor et al., 2011). Despite their continuous
development, GCMs still present systematic biases and their spatial resolution is too coarse
to describe mesoscale processes(Feser, 2011; Giorgi, 2011).
Dynamical downscaling through Regional Climate Models (RCMs) is often used to solve the
governing equations of the atmosphere in a limited spatial domain, subject to initial and
boundary conditions taken from GCMs, to generate projections at higher spatial resolution.
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In addition, and as a complement to dynamical downscaling, there are statistical downscaling
methods attempting to bridge the gap between coarse climate model-derived and local
projections. In the context of HEAT-SHIELD, the bias correction of EURO-CORDEX RCMs driven
by CMIP5 GCMs is performed in order to provide climate change projections for heat stress
indices at local scale that can be useful for decision maker and stakeholders.
The choice for a specific emission scenario relates to the choice of the time horizon. Whereas
for the end of the century it would make sense to calculate with, for instance, a RCP4.5 and
RCP8.5 scenario, in 2050 the difference between the various RCP scenario’s is small (see Figure
1). Hence, we have opted for a high and a low variant within the RCP8.5 scenario collection to
arrive at a spread of outcomes. The two models selected are MPICSC-REMO2 driven by
MPIESM (RCP8.5 Low) and KNMI-RACMO driven by HADGEM (RCP8.5 High). These two were
picked out of 39 available models (forced by RCP8.5) because they sample the lower and
upper 25% of the distribution of climate change signal of summer mean temperature
averaged across Europe in the period 2070-2099.

Figure 1: Global annual mean surface air temperature anomalies (relative to 1986–2005) from
CMIP5 model runs for different RCPs. Source: (Collins, 2013).

4.4 Increasing the temporal resolution
As mentioned, regional climate scenarios have been coupled with current weather
information to provide meteorological parameters on a daily basis. However, temperatures,
and WBGT values, vary over the day. To provide an accurate estimate of the loss of labour
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productivity, ideally hourly values would be needed. Unfortunately, the diurnal cycle of WBGT
in European climate zones, which could be used to approximate hourly values for each day of
the year, is not available. Instead we have followed the 4hr approach proposed by Kjellstrom
et al (Kjellstrom et al., 2017).
The daylight hours were divided into three 4-hour time periods:
i.

The hottest part of the day between 12:00 – 16:00, where WBGT= WBGTmax

ii.

The surrounding 2-hour periods, 10:00 – 12:00 and 16:00 – 18:00, where
WBGT=WBGThalf=(WBGTmax + WBGTmean)/2

iii.

The next surrounding 2-hour periods, 08:00-10:00 and 18:00 – 20:00, where
WBGT=WBGT mean for the 24 hour period.

Finally, only the window from 9:00 to 17:00 was used to account for heat stress in the 8
working hours.

4.5 Reducing the amount of data to be handled
The procedures described above result in a substantial amount of data for each scenario. We
have WBGT values for four periods each day of the year for a 30-year climatological period for
each grid cell. To reach the next step in the calculation, we counted the hours above a certain
WBGT threshold. Impacts in terms of health and productivity loss start at approximately 26οC
WBGT for heavy physical labour, as indicated by ISO standards (ISO., 1989).Steps used were
thus 26-27οC, 27-28οC and so forth etc. The result is thus the number of hours per year
(averaged over the 30-year climatological period) during which the WBGT is in a certain
temperature class. Initially, we considered using only data for the summer (June, July, August)
period. However, given the possible temperature increase in the future, the full year was used
as input for these estimates.

4.6 From Grid based to Administrative Units
Producing a vulnerability map means combining two different types of data: climatological
data usually generated on the basis of a grid of rectangular cells, and statistical data reported
by administrative unit. In Europe, the standard classification in administrative units is the
NUTS (French: Nomenclature des Unités TerritorialesStatistiques) classification maintained by
Eurostat.
Regional European economic statistics from Eurostat are usually available at the level of NUTS
regions or at the level of large metropolitan regions. NUTS is based primarily on the
institutional divisions currently applied in the EU Member States. The advantage of presenting
10

the results of a calculation of loss of labour productivity by administrative units is that it
increases the policy impact of the results. Regions are immediately recognizable by
stakeholders: “in our region the loss of labour productivity will be…”. Using a grid creates less
identification of this kind.
The modelled WBGT maps have a resolution of 0.5 x 0.5 degrees (approximately 50km) and a
spatial extend that covers Europe. We recalculated the average WBGT distribution per NUTS2
region, because labour productivity data are available at this level. The NUTS2 regions and
the model grid are shown in Figure 2. To make a NUTS2 region average temperature
distribution, we converted the irregularly shaped NUTS2 regions to a regular 0.125x0.125
degree grid. For each NUTS2 grid cell within a region, we sampled the WBGT distribution from
the model grid. The area average NUTS2 region WBGT distribution is then calculated as the
average of the sampled distributions.

Figure 2: The WBGT model grid (red), illustrating the spatial extend and resolution of the
model. The NUTS2 regions are displayed in blue.

4.7 Exposure
To account for the different exposure to environmental heat, three categories of workers
were identified: (i) working outdoors; (ii) working indoors in a non-air-conditioned
environment; (iii) working indoors in an air-conditioned environment. The percentage of
workers working in indoor and outdoor settings of the five industries addressed in HEAT-

11

SHIELD was estimated based on previous studies (Abdelhamid & Everett, 2002; Calvert et al.,
2013; Vankhanen & Nelepa, 1978; Wills et al., 2016) and is presented in Table 1.
Table 1. Percentage of employees working indoors and outdoors in the five HEAT-SHIELD industries.
HEAT-SHIELD industry
AGRICULTURE

NACE description
A
C10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20

MANUFACTURING

C21
C22
C23
C24
C25
C26

CONSTRUCTION

TRANSPORTATION

TOURISM

C27
C28
C29
C30
C31
C32
C33
F41
F42
F43
H49
H50
H51
H52
H53
I55
I56

Agriculture, forestry and fishing
Manufacture of food products
Manufacture of beverages
Manufacture of tobacco products
Manufacture of textiles
Manufacture of wearing apparel
Manufacture of leather and related products
Manufacture of wood and of products of wood and cork,
except furniture; manufacture of articles of straw and
plaiting materials
Manufacture of paper and paper products
Printing and reproduction of recorded media
Manufacture of coke and refined petroleum products
Manufacture of chemicals and chemical products
Manufacture of basic pharmaceutical products and
pharmaceutical preparations
Manufacture of rubber and plastic products
Manufacture of other non-metallic mineral products
Manufacture of basic metals
Manufacture of fabricated metal products, except
machinery and equipment
Manufacture of computer, electronic and optical
products
Manufacture of electrical equipment
Manufacture of machinery and equipment n.e.c.
Manufacture of motor vehicles, trailers & semi-trailers
Manufacture of other transport equipment
Manufacture of furniture
Other manufacturing
Repair and installation of machinery & equipment
Construction of buildings
Civil engineering
Specialised construction activities
Land transport and transport via pipelines
Water transport
Air transport
Warehousing and support activities for transportation
Postal and courier activities
Accommodation
Food and beverage service activities

% indoor

% outdoor

9.9
80.3
67.1
67.1
94.2
94.2
94.2

90.1
19.7
32.9
32.9
5.8
5.8
5.8

68.5

31.5

88.3
88.3
43.8
84.4

11.7
11.7
56.2
15.6

84.4

15.6

82.8
61.6
69.2

17.2
38.4
30.8

82.1

17.9

96.1

3.9

96.1
92.8
86.1
86.1
84.5
91.4
43.6
21.2
79.4
10.9
23.6
33.6
81.6
48.4
48.4
88.3
88.3

3.9
7.2
13.9
13.9
15.5
8.6
56.4
78.8
20.6
89.1
76.4
66.4
18.4
51.6
51.6
11.7
11.7

4.8 Sensitivity (or impact function)
The core temperature of every human should be kept close to 37οC in order to avoid serious
health problems (Parsons, 2014). When the external temperature is higher than 37οC, the
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human body needs to maintain its temperature within certain boundaries through loss of heat
via sweat evaporation. However, high external air humidity and the clothes worn in some jobs
limit sweat evaporation and the body temperature increases. In many situations, the only way
to avoid a “heat stroke” is to reduce the metabolic rate, to make breaks and drink water. Heat
stress thus reduces the capacity to perform professional work in occupational settings. Heavy
labour in hot humid conditions is particularly impaired, as sweat evaporation is insufficient to
prevent the body temperature from rising above normal levels (Parsons, 2014; Yeo T.P., 2004
). The natural adaptation is to “self-pace” which reduces work intensity.
There is a set of health-based and safety-based occupational exposure limits (OELs) for heat
stress in the workplace which are used for the purpose of compliance. The WBGT index was
adopted by NIOSH (NIOSH, 1986), ISO 7243 (ISO., 1989) and ACGIH (ACGIH., 1991) and is still
proposed until today (ISO., 2017). ISO 7243 (ISO., 2017), based on the WBGT index, provides
an easily used method for a fast and accurate diagnosis in a hot environment. The specification
of the measuring instruments is provided in the standard, as are WBGT limit values for
acclimatized or non-acclimatized persons (Table 2).

Table 2 .ISO 7243 (1989)(ISO., 2017): Reference values for the WBGT index for external heat stress.
Metabolic rate Total Metabolic rate
Metabolism (per unit of skin (for an average 1.8
class1
area)
m2)
Reference value of WBGT (0C)
0 (rest)
1
2

Watt/m2
M ≤ 65
65< M ≤ 130
130 < M ≤ 200

Watt
M ≤ 117
117< M ≤ 234
234< M ≤ 360

3

200 < M ≤ 260

360< M ≤ 468

4

M > 260

M >468

Acclimatized person
33
30
28
No sensible air Sensible air
movement movement
25
26
23
25

Unacclimatized person
32
29
26
No sensible air Sensible air
movement
movement
22
23
18
20

1.Metabolism class: 1 = low, e.g. light manual labour performed while sitting or standing; 2 = intermediate, e.g. continuous work using hand and
arm, work using arm and leg or arm and body, walking at a speed of 3.5 to 5.5 kph; 3 = high, e.g. intensive work using arm and body, carrying
heavy materials, digging, planing, chopping, mowing by hand, pushing or pulling a heavily-laden cart or wheelbarrow, walking at a speed of 5.5 to
7 kph; 4 = very high, e.g. very intensive activity carried out at high speed, e.g. working with an axe, climbing stairs or a ladder, running

4.9 Estimated work capacity
The ISO international standard (ISO., 2017) recommends regular rest periods when WBGT is
above 26οC if heavy physical work is performed in order to avoid clinical health effects and no
work when WBGT reaches 34ο C. A reduction of work capacity to 25% during 1 hour is
13

equivalent to a WBGT of 31ο C for heavy work and WBGT of 32.5ο C for light work. Work
capacity graphs, linking reduction of work capacity with WBGT levels have been established,
although based on limited evidence (Figure 3).

Fig.3 Association between work capacity and WBGT for 4 work intensities (First presented by Kjellstrom
et al (Kjellstrom et al., 2009). Based on the ISO 7243 standard and recommendations by NIOSH, USA.

Work intensities data per sector have been estimated from the available data in the literature
(Vaz et al., 2005) as well as from field studies conducted in the HEAT-SHIELD project (Ioannou
et al., 2017). Table3 presents the respective work intensities of the employees working in the
five HEAT-SHIELD industries.

14

Table 3. Work intensity of the employees working in the five strategic industries addressed in Heat-Shield
HEAT-SHIELD industry
AGRICULTURE

NACE description
A
C10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20

MANUFACTURING

C21
C22
C23
C24
C25
C26

CONSTRUCTION

TRANSPORTATION

TOURISM

C27
C28
C29
C30
C31
C32
C33
F41
F42
F43
H49
H50
H51
H52
H53
I55
I56

Agriculture, forestry and fishing
Manufacture of food products
Manufacture of beverages
Manufacture of tobacco products
Manufacture of textiles
Manufacture of wearing apparel
Manufacture of leather and related products
Manufacture of wood and of products of wood and cork,
except furniture; manufacture of articles of straw and
plaiting materials
Manufacture of paper and paper products
Printing and reproduction of recorded media
Manufacture of coke and refined petroleum products
Manufacture of chemicals and chemical products
Manufacture of basic pharmaceutical products and
pharmaceutical preparations
Manufacture of rubber and plastic products
Manufacture of other non-metallic mineral products
Manufacture of basic metals
Manufacture of fabricated metal products, except
machinery and equipment
Manufacture of computer, electronic and optical
products
Manufacture of electrical equipment
Manufacture of machinery and equipment n.e.c.
Manufacture of motor vehicles, trailers & semi-trailers
Manufacture of other transport equipment
Manufacture of furniture
Other manufacturing
Repair and installation of machinery & equipment
Construction of buildings
Civil engineering
Specialised construction activities
Land transport and transport via pipelines
Water transport
Air transport
Warehousing and support activities for transportation
Postal and courier activities
Accommodation
Food and beverage service activities

Work intensity (Watt)
330
280
280
280
202
202
202
215
220
160
195
280
280
280
180
308
213
228
228
228
227
227
215
217
228
300
300
300
270
270
270
270
270
218
132

There are also indirect effects from rising temperatures for those exposed to atmospheric
heat, for instance the higher risk of accidents (Morabito et al., 2006), more exposure to
chemicals that evaporate more rapidly in hot conditions, and for some categories of workers
15

more exposure to vector-borne diseases (such as dengue fever) and non-vector borne
infectious diseases (e.g. diarrheal diseases) (Bennet and McMichael, 2010). These have not
been taken into account since the available data are extremely scarce.

4.10

Production Value

Heat stress leads to lower labour productivity, which results in less physical production (that
is e.g. less chairs, less clients served, less tons transported). In statistics the wide variety of
products in an economy is brought under one unit by expressing them in their monetary value.
The result is the “production value”, which is reported by economic sector. Another very
appropriate variable to express the results in is “value added”. The value added (also in Euros)
is the difference between the production value and the value of all intermediate consumption
(that is the products, energy etc. that the producer has bought to be able to produce its final
product). The sum of all value added in an economy is the national income (or Gross Domestic
Product). Reporting the reduction of labour productivity through heatwaves in relation to GDP
is attractive from a communication point of view and preferred above the “production value”.
Value added per sector has been based on two Eurostat Sources. The main table is “Gross
value added at basic prices by NUTS 2 regions”. As there are a few gaps in the data for some
sectors in Germany and Poland, these have been filled using the Structural Business Statistics
and interpolations based on the shares of the various sectors in the regional economy. Always
data from the latest available year have been used.
Average working hours per country were extracted from the Organization for Economic Cooperation and Development (OECD) and were also used for the calculations (Table 3). Since
some countries (Bulgaria, Cyprus, Croatia, Malta, Romania) were not included in OECD
database, these gaps have been filled using European Foundation for the Improvement of
Living and Working Conditions (EUROFOUND) data (Table 4).
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Table 4. Average annual hours actually worked per worker in EU
Country

Austria
Belgium
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Luxembourg
Netherlands
Norway
Poland
Portugal
Slovak Republic
Slovenia
Spain
Sweden
Switzerland
United Kingdom
Lithuania
Bulgaria
Cyprus
Croatia
Malta
Romania

4.11

Time (Hours)
2015

2016

1608
1551
1756
1412
1852
1641
1482
1368
2033
1746
1820
1723
1909
1515
1422
1424
1963
1869
1754
1688
1701
1611
1590
1674
1860

1601
1770
1410
1855
1653
1472
1363
2035
1761
1879
1730
1910
1512
1430
1424
1928
1840
1740
1682
1695
1621
1676
1885
1700
1830
1800
1950
1840

Calculations

The various databases (climate data, value added data, the other statistics as described above)
were combined with the sensitivity functions, for each of the 5 European strategic economic
sectors (agriculture, manufacturing, transportation, tourism, construction) in a relational
database. Once the appropriate calculations were conducted, all data were imported into a
graphics presentation software.
The calculation follows these steps:
Step 1 creates the “climate change signal”: the difference in hours in each WBGT class
between the 2050 and 1990 periods, separately for “indoor”WBGT and “outdoor”WBGT.
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Step 2 is a major calculation step in which the reduction of labour capacity per sector is
calculated, but still independent of the values in step 1. By temperature class it combines
information on cooled/non-cooled, conveyor belt work, work intensity and the sensitivity
function.
In step 3 the combination is made with the results of step 1: this step calculates the remaining
output (the working hours that are left after taking the effect of climate change into account).
This step makes still the distinction between work indoors and work outdoors.
Step 4 is a technical intermediate step to join the outcomes from indoor and outdoor.
Step 5 sums the result over all temperature classes into remaining working hours.
Step 6sums indoor and outdoor, using the information on the share of work performed in
each situation.
Step 7 introduces the total hours worked in a year and calculates the fraction (now in a
percentage) of losses in a year, expressed as the remaining work capacity.
Step 8 multiplies the loss fraction (1- the result of step 7) with the Gross Value Added per
sector.
Finally, the results are aggregated by sector and NUTS2 area.

5. Results
The selection of the two models was performed according to the climate change signal
(future-present) of summer mean temperature, not WBGT, for the period 2070-2099
compared to 1981-2010 and for the spatial average across the whole Europe. For the period
of our analysis (2035-2064 vs 1981-2010), the difference in WBGTi is 1.58°C for the low
scenario estimate and 2.12°C for the ‘high scenario. Thus, the two chosen models are not so
distinct at the end.
For the purpose of this report, we present financial data which were generated with the
results derived from the low variant within the RCP8.5 scenario. The Table 5 presents the
future (2050) annual loss of European GVA (expressed in million Euros) for all the occupational
sectors addressed in HEAT-SHIELD. A total calculation, adding up the GVAs estimated for each
one of the five different sectors, revealed that the total annual loss in European economy due
to heat stress in the workplace comes to 11 billion Euros. On an annual basis, the construction
18

industry is going to lose 4.8 billion Euros, followed by transportation and agriculture
industries, which will lose 2.8 and 2.4 billion Euros, respectively. The annual economic losses
for the manufacturing and tourism industries will be 935 million Euros and 157 million Euros,
respectively.

Table 5. Annual loss of future (2050) GVA loss of EU for all the

occupational sectors addressed in HEAT-SHIELD.
HEAT-SHIELD sectors
Construction
Transportation
Agriculture
Manufacturing
Tourism
All sectors

EU GVA loss 2050 (M Euros)
4,776
2,811
2,393
935
157
11,074

The two maps appearing below present the impact of productivity loss due to heat stress on
the future economy of 2050 of all the NUTS2 regions of European countries. The future (2050)
annual loss of GVA summed up for all the occupational sectors addressed in the HEAT-SHIELD
project is presented for all the European NUTS2 regions in Figure 3. The percentage of future
(2050) GVA loss compared with the current situation summed up for all the occupational
sectors addressed in the HEAT-SHIELD project is presented for all the European NUTS2 regions
is presented in Figure 4.
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Fig.3 Map of future (2050) annual “productions loss” in million Euros in all occupational settings addressed in the
HEAT-SHIELD project.
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Fig.4. Map of future (2050) percentage of GVA loss in all occupational settings addressed in the HEATSHIELD project.
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6. Conclusions
Occupational heat exposures in the European continent constitute a major health and
financial challenge being associated with the local climate. Analysis of future (2050) work
capacity and labour productivity loss based on detailed estimates of work force distribution
reveal the impact on the economy of five European strategic industries.
It should be mentioned that all the calculations steps have been executed based on the
assumption that European economy will remain relatively stable until 2050. Results showed
that heat stress in occupational settings will reduce the GVA of five strategic European
industries (i.e. manufacturing, construction, transportation, tourism and agriculture) with a
direct impact on the overall European growth. The total annual economic loss is going to reach
11 billion Euros. Looking at each occupational sector separately, the construction sector is
expected to be influenced the most, facing an annual loss of about 4.7 billion Euros followed
by transportation (2.8 billion Euros) and agriculture (2.4 billion Euros), while the tourism
sector is projected to experience a relatively limited impact (0.15 billion Euros).
The vulnerability maps showed that there are large differences between the North and the
South countries of Europe. Southern Europe will be severely affected with a significant impact
on its economy. More specifically, several regions of Cyprus, Greece, Italy, Portugal, France
and Spain will undergo an annual loss of GVA between 51 million and 1 billion Euros.
Moreover, based on the outcomes of this analysis, it was found that Cyprus will experience
the greatest percentage loss over all HEAT-SHIELD sectors of >4% of the regional GVA. In
addition, regions in Greece (Thessalia, Attiki and Ipeiros), Spain (Extremadura and Andalusia)
and Italy (Calabria and Sicily) are projected to have losses of >2% of the regional GVA. As these
percentages may not seem significant to some, it may be worth adding the absolute loss which
in Andalusia, for instance, will surpass 1 billion euro per year and central and south Italy will
reach 1.3 billion per year if no adaptation measures are taken.
In conclusion, one result of climate change is a reduced work capacity in heat-exposed jobs
and greater difficulty in achieving economic and social development in the countries mostly
affected. The increasing heat exposure due to local climate changes is likely to have a
significant impact on the productivity of many workers, unless effective preventive measures
reducing the occupational heat stress are implemented. It is hoped that the developed maps
will become the basis for guiding adaptation measures at the European workplaces and will
underpin future policies under the climate adaptation strategy.
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7. Outlook
At the time of compiling the maps the HEAT-SHIELD project still had more than three years
project-time left. It is expected that further work in the analyses of the HEAT-SHIELD sectors
will result in more insight in the working conditions and work intensity in those sectors. Since
our insight in the shape of vulnerability functions will grow, with this improved information a
better approximation of the vulnerability maps will be possible in the coming months.
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