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Abstract: Due to climate change crisis, the risk of occupational heat stress for agricultural workers
has recently increased. The temporal and spatial biometeorological conditions in different climatic
regions of Slovenia during summer were analyzed using the Universal Thermal Climate Index (UTCI),
and additionally the water loss index (SW) and the accepted level of physical activity (MHR). Term
values of air temperature, relative air humidity, wind speed at 10 m and cloud cover at 14:00 CEST
were used as input for the BioKlima 2.6 software package and were retrieved from the Slovenian
Environment Agency for the summer months in the period 2000-2021. The rise in the average UTCI
values was shown to be positive and statistically significant for summer (0.7 °C/decade) as well as
for all three months, the highest being for June (0.9 °C/decade). The percentage of summer days
during 2000-2021 that were under strong or very strong heat stress varied widely by location, ranging
from one-third to more than one-half. Average monthly UTCI values at 14:00 CEST were the highest
in July, reaching 30 °C in a submediterranean climate, Crnomelj is the only station with this average
higher than 32 °C. Daily highest UTCI value was 47 °C (Crnomelj). It was shown that conditions in
the middle of a hot summer day are not suitable for moderate or severe agricultural workloads.

Keywords: UTCI; heat stress; water loss index; physical activity; agricultural workers; Slovenia

1. Introduction

Due to rising global air temperatures and consequent more frequent and intense heat
waves, the risk of heat stress has been constantly increasing in recent decades. Heat stress
negatively affects human health and activity, reduces work efficiency, and increases the risk
of accidents at work [1,2]. More sensitive groups to extreme heat are older people, children,
outdoor and manual workers, chronic patients, and the poor [3]. Agricultural workers are
particularly vulnerable to heat stress due to the nature of their work, which takes place
mostly outdoors under the influence of sometimes extreme weather conditions [4]. A
survey about occupational heat stress, including more than 300 agricultural workers in
Slovenia, showed that more than 80% of them have already experienced negative effects
like excessive sweating, thirst, tiredness, headaches, fatigue and even nausea or vomiting,
and more time is required to complete daily duties during heat waves [5]. Given that
air temperatures in Slovenia have risen in recent decades, the number of heat waves is
increasing, and climate change projections show that this trend will continue [6], it is
important to determine biometeorological conditions, especially in summertime with the
highest temperatures and intensive work in agriculture. To analyze the influence of weather
conditions on human health and well-being, a complex index is needed, which combines
several relevant meteorological parameters such as air temperature and humidity, solar
radiation, and wind speed, with a human heat balance model.

More than 100 simple bioclimatic indices have been developed so far to facilitate this,
however, most of these indices have proved to be of limited applicability [7,8]. Among the
most frequently used indices for measuring heat stress are the physiologically equivalent
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temperature (PET), predicted mean vote (PMV), physiological subjective temperature (PST),
perceived temperature (PT), standard effective temperature (SET), temperature-humidity
index (THI), Universal Thermal Climate Index (UTCI), wet-bulb globe temperature (WBGT),
water loss index (SW), and accepted level of physical activity (MHR) [9,10]. The study that
evaluated a comprehensive register of 162 thermal indices sorted them into devised groups
according to different classification classes with the aim to organize and evaluate the full
range of all human thermal climate indices [11].

At the initiative of the International Society of Biometeorology and with the partici-
pation of many experts in the COST (Cooperation in Science and Technical Development)
Action 730, UTCI was developed in 2009 [7], derived from the Fiala multi-node model of
human heat balance [12]. UTCI is a human biometeorological parameter for assessment of
the linkages between human well-being and outdoor thermal environment [13]. UTCI is
defined as the air temperature of the reference condition causing the same model response
as actual conditions [7,13] and describes the heat exchanges between the human body
and its thermal environment [14]. Because UTCI can be used in different climate zones
and across all seasons and fully reflects human heat exchange processes with the real
environment, it has been widely used in last 15 years in the fields of human biometeorology,
urban bioclimate, tourism, sport, health, epidemiology, and climate impact research [15].
Among the key applications of UTCI are also daily forecasts in public weather services,
advice about outdoor activities, and warnings of the heat and cold stress [16].

Climate change has increased the risk to workers” health and safety, especially those
working outdoors for example in agriculture where they are at increased risk of heat
stress, occupational injuries, and lower productivity at work [17]. Agricultural sector
worldwide represents about 26% of the world’s total labor force [18]. Agricultural workers
are the group of workers most vulnerable to heat stress, consequently the agricultural
sector accounted for 83% of global working hours lost due to heat stress in 1995 and is
furthermore expected to account for 60% of the loss in 2030. ILO Convention No. 184 [19]
states, that employers have a duty to ensure the safety and health of agricultural workers
in every aspect related to the work, and that they should carry out risk assessments.
Researchers in the U.S. [20] found out that the average U.S. crop worker is exposed to
21 unsafe working days each summer growing season (out of 153 total) because of heat
stress, and the estimation is that the average number of days spent working in unsafe
conditions will double by mid-century, and, without mitigation, triple by the end of it.
UTCl is an appropriate tool for assessing occupational heat stress risk among agriculture
workers [21], and so are MHR (W/m?2) and SW (g/h). Heat stress diminishes the capacity of
outdoor workers for manual labor and recent analysis showed that physical work capacity
is projected to be highly affected by the ongoing anthropogenic global warming [22]. A
decrease of the accepted level of physical activity has already been observed in some
places [23].

The Greek literature review [24] suggests that agriculture includes the most energy-
demanding work among the five selected industries (agriculture, construction, manufactur-
ing, tourism, and transportation industries), with an average energy cost of 6.0 kcal/min
for male and 2.9 kcal/min for female workers. The tasks with the highest energy cost
estimates within agriculture were digging, weeding, mowing, threshing, and picking. High
temperatures and hard physical work accelerate the loss of water from the human body.
Dehydration of outdoor workers is a significant problem during the summer months [1,5]
and affects labor productivity [25]. To reduce the negative consequences on workers” health
and work efficiency, it is important to know how water losses from the body correlate with
UTCl increases.

Although some articles have been published for Slovenia regarding bioclimatic con-
ditions in recent years [6,25-29] and others that dealt with Slovenian average bioclimatic
conditions in a broader context [21,30,31], detailed bioclimatic situations have not yet
been studied by UTCI, nor have the most recent changes in the twenty-first century been
assessed. There is a need to analyze such indices regarding agriculture workers in the
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case of summer season, as it is often difficult to reduce heat-related risks, such as avoiding
exposure to the sun or reducing tasks during hot weather, since the obligations they have
to fulfill largely depend on seasonal growing cycles and market demands [25].

The objective of this study was the spatial and temporal analysis of biometeorological
conditions in different climatic regions of Slovenia during the summer season, using
UTCI. For the calculated UTCI values, we made a comparison with two other bioclimatic
indices, MHR and SW. Frequency of various heat stress categories at 14:00 CEST (Central
European Summer Time) have been evaluated and discussed in relation to MHR and SW
in agricultural work to assess the number of unsafe working days due to heat.

2. Materials and Methods

To analyze biometeorological conditions in different climatic regions, we have chosen
nine meteorological stations of the Slovenian national weather network, which represent the
variability of the climate in Slovenia. The combination of many factors, such as geographical
location, relief, the orientation of mountain ridges, and the proximity of the sea, results
in very diverse climatological conditions. According to the most recent objective climate
classification [32], there are six climate regions in Slovenia: the submediterranean climate
region, wet climate of hilly region, moderate climate of hilly region, subcontinental climate
region, subalpine climate region, and the Alpine climate region. The spatial distribution
of the average annual temperature follows the relief of Slovenia, and it is warmest on the
coast, where the average annual temperature exceeds 12 °C. It is also warmer (10-12 °C)
in the rest of the Primorska region and in the lowlands of eastern Slovenia, while in the
lower parts of central Slovenia the average annual temperature is between 8 and 10 °C.
The highest daily temperatures are usually recorded around 14:00 CEST, the warmest
month is July, in the mountains August. In the period 1961-2011 mean air temperature
increased by 1.7 °C. The greatest warming is observed in summer and spring [33]. Projected
air temperature increase for the first half of the 21st century in Slovenia is of 1 to 4 °C,
compared to the average 1961-1990, summer is projected to warm up the most [34]. In the
case of an optimistic greenhouse gas emissions scenario (RCP2.6) the number of hot days
in Slovenia will increase by about 6 days by the end of the century, and in the case of a
pessimistic scenario (RCP8.5) for about 27 days [34].

Stations used from the submediterranean climate region are Bilje (45°54' N, 13°38' E,
55 m a.s.l.) and PortoroZ (45°29' N, 13°37’ E, 2 m). From the subcontinental climate
region are Crnomelj (45°34' N, 15°9’ E, 157 m), Ljubljana (46°4’ N, 14°31’, 299 m), Maribor
(46°32' N, 15°39’ E, 275 m), and Novo mesto (45°48’ N, 15°11’ E, 220 m). From the moderate
climate of hilly region are Postojna (45°46’ N, 14°12’ E, 533 m), and Slovenj Gradec (46°29’ N,
15°7" E, 455 m) and from subalpine climate region is Ratece (46°30’ N, 13°43’ E, 864 m)
(Figure 1).

Term values of four meteorological variables at 14:00 CEST were used to calculate
UTCIL: air temperature (T, °C), relative air humidity (f, %), wind speed 10 m above surface
(v, ms~1), and cloud cover (N, %). We used data for global irradiance instead of some
missing data for cloud cover for Ratece from 1 July 2017 onwards and for Slovenj Gradec
for 36 missing data out of a total of 2015. The meteorological data set was retrieved from the
archive of the Slovenian Environment Agency for the summer months (June, July, August)
in the period 2000-2021 [35]. Table 1 summarizes the climate conditions in the studied
areas during this period.
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Figure 1. Distribution of selected meteorological stations on the base of climate regions of Slovenia.

Table 1. Summer (June, July, August) mean values =+ standard deviations of air temperature (T),
relative humidity (f), wind speed (v), and cloudiness (N) at 14:00 CEST for studied locations in the
period 2000-2021.

T (°C) f (%) v (ms—1) N (%)
Bilje 28.1 (+4.3) 433 (+14.6) 2.9 (£1.4) 38.8 (+28.3)
Crnomelj 27.0 (+4.8) 49.1 (+16.0) 0.8 (£1.0) 422 (+32.7)
Ljubljana 26.1 (+4.8) 48.7 (+15.7) 22 (£1.1) 49.0 (+26.2)
Maribor 25.6 (+4.9) 495 (+15.2) 24 (+1.1) 52.0 (+27.5)
Novo mesto 26.3 (+4.4) 50.5 (+17.7) 2.1 (£1.0) 44.1 (£30.5)
Portoroz 27.8 (+3.5) 50.0 (+12.3) 40 (£1.4) 33.5 (+25.4)
Postojna 245 (+4.6) 51.2 (+16.4) 3.0 (+1.6) 46.1 (+28.5)
Ratece 22.6 (+4.8) 50.2 (+18.2) 1.7 (£0.9) 493 (+30.9)
Slovenj Gradec 242 (+4.7) 50.9 (+17.1) 22 (£14) 50.3 (+28.1)

Indices UTCI, SW and MHR were calculated with the BioKlima 2.6 software pack-
age [36,37]. BioKlima software allows the calculation of about 60 various bioclimatological
indices for a general or detailed analysis of bioclimatic conditions or human heat balance.
Table 2 presents the labeled heat stress categories [12,38]. UTCI has 10 categories in terms of
thermal stress, 4 for heat stress (UTCI values higher than 26), 1 for no thermal stress (UTCI
values between 9.1 and 26), and 5 for cold stress (UTCI values 9 or lower). The thermal
comfort zone is indicated by values between 18 and 26 [12,39].

Table 2. Universal Thermal Climate Index (UTCI) threshold values regarding heat thermal stress [39].

UTCI (°C) >46.0 38.1-46.0 32.1-38.0 26.1-32.0 9.1-26.0 *
stress category extreme very strong strong moderate no
heat stress heat stress heat stress heat stress thermal
stress
class 4 3 2 1 0

*18-26: thermal comfort zone.
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Average monthly, seasonal, and annual values of UTCI for Europe for the period
1979-2020 are available on the European Climate Adaptation Platform [13] based on the
ERAS5 prepared at the Climate Data Store of the Copernicus Climate Change Service (C3S)
/EMS/ECMWE. The Climate-ADAPT platform supports countries in adapting to climate
change, sharing data on current and future vulnerability of regions and includes a database
that contains quality checked information that can be easily searched. One of the purposes
of this UTCI indicator is to identify adaptation needs at the regional level. For Slovenia, the
UTCI index is calculated for two basic macro-regions: eastern Slovenia (SI03) and western
Slovenia (S104). According to the Classification of territorial Units for Statistics NUTS
(Nomenclature of Territorial Units for Statistics) [40], a geocode standard, was developed
by the European Union for different regional analyses. Data for the period 1980-2020
were used.

Index SW is calculated based on the potential values of evaporative heat loss (Epot):
SW = 2.6xEpot. Epot is derived from a man-environment heat exchange model MENEX [41].
In line with ISO standard 8996, the threshold values of SW depend on human activity and
acclimatization level as showed in Table 3.

Table 3. Water loss index (SW) threshold values regarding heat thermal stress (ISO standard 8996).

Activity Level
<70 W/m? >70 W/m?
acclimatized person

warning SW value 520 g/h 780 g/h

hazardous value 780 g/h 1040 g/h
non-acclimatized person
warning SW value 260 g/h 520 g/h
hazardous value 390 g/h 650 g/h

Index MHR indicates the upper limit of activity under given meteorological condi-
tions that will not provoke a warning heart rate value 90 beats per minute. MHR was
calculated [38] as follows: MHR = [90 — 22.4 — 0.25(5xT + 2.66xvp)]/0.18 where T is air
temperature (°C) and vp is water vapor pressure (hPa).

According to international standards [42,43] and the mentioned literature review [26],
different kinds of activities lead to particular metabolic rates (Wm’z). For example, the
value for a sitting person is 60 Wm 2 and for a standing posture 70 Wm~2. In agriculture,
the metabolic rate is about 300 Wm~?2 for a moderate physical activity (like picking fruits or
vegetables, raking, machining), about 415 Wm~? for a heavy physical activity (like intense
arm and trunk work, carrying loads, shoveling, landscaping), and about 520 Wm 2 for a
very heavy physical activity (intense shoveling or digging, using an axe, climbing a ladder,
any activity done at near maximum pace).

3. Results
3.1. Average Summer UTCI for 1980-2020 for Slovenia at NUTS 2 Level

Average UTCI is shown for the period 1980-2020 for summertime (Table 4). Eastern
Slovenia has average summer UTCI (20.1 °C) slightly higher than the western part (19.8 °C).
Both regions have the highest UTCI in July due to the highest summer temperatures
occurring also in July. The highest monthly UTCI for July is 24.2 °C for the eastern part
and 23.7 °C for the western part of Slovenia. The UTCI trends for both regions are positive
(Figure 2) and statistically significant for summer (0.7 °C/decade) as well as for all three
individual months, the largest being for June (0.9 °C/decade).
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Table 4. Universal Thermal Climate Index (UTCI) average, maximum and minimum values, and trend
for June, July, August, and the whole summer for the period 19802020 for East and West Slovenia.

UTCI (°C) for the Period 1980-2020

June July August Summer

East avg 16.6 (£1.7) 21.1 (£1.5) 20.7 (+1.6) 20.1 (+1.2)
Slovenia max 23.4 24.2 24.1 23.2

min 15.8 18.0 17.7 18.0

trend 0.87°C/decade 0.60 °C/decade 0.60 °C/decade 0.69 °C/decade
West avg 18.3 (£1.6) 20.8 (+1.5) 20.4 (+1.5) 19.8 (£1.2)
Slovenia max 22.9 23.7 23.6 229

min 15.6 17.7 17.5 17.7

trend 0.87°C/decade 0.57 °C/decade 0.56 °C/decade 0.67 °C/decade

24

23

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Time (year

~

—e— UTCI-East —o— UTCI-West Linear trend (East) Linear trend (West)

Figure 2. Average summer Universal Thermal Climate Index (UTCI) (June to August) in the period
1980-2020 for eastern and western Slovenia.

UTCI in June rarely exceeds the values of July or August. In Figure 3, for the eastern
part, we can see that June UTCI values were higher than July values only in two years, 2000
and 2003, and August values were lower than June values in the years 2005 to 2007. These
are, of course, average monthly values, that do not reflect individual daily high values.
Based on the averages, this can lead us to the wrong conclusion that heat stress in Slovenia
in summer is not a problem, as all values fall into the category without stress. We have
therefore additionally presented the actual situation based on daily values at 14:00 CEST,
when maximum air temperatures are reached.
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Figure 3. Average Universal Thermal Climate Index (UTCI) for June, July, and August in the period
1980-2020 for eastern Slovenia.

3.2. Average Monthly and Summer Values of Temperature and UTCI at 14:00

Average temperatures at 14:00 CEST (T; Table 5) at most stations are highest in July,
and the differences between the months of July and August are very small, on average
around 0.2 °C. In June, the average T value is around 2 °C lower than in the other two
summer months. The highest measured T in all summer months are in Bilje and Portoroz
(submediterranean climate), followed by Crnomelj (subcontinental climate), significantly
lower temperatures are in Postojna and Slovenj Gradec (moderate climate of hilly region)
and Ratece (Subalpine climate). In the period 2000-2021, the absolute highest T was in
Crnomelj on 8 August 2013 (40.3 °C), only slightly lower than 40 °C in Ljubljana, Maribor,
and Novo mesto on the same date. The highest T in Portoroz was lower, only 36.5 °C, as
the influence of the proximity to the sea is noticeable here, which means that coastal climate
is less extreme.

Table 5. Mean and max air temperature (T; °C) and Universal Thermal Climate Index (UTCI; °C) at
14:00 CEST, monthly and seasonal values for the period 2000-2021.

Mean T (°C) at Mean UTCI (°C)

14:00 CEST at 14:00 CEST MaxT Max UTCI
June July August June July August Summer Summer
Bilje 26.6 28.7 28.8 27.6 30.4 30.6 38.8 44.4
Crnomelj 25.7 27.7 27.4 30.0 322 317 40.3 47.0
Ljubljana 249 26.8 26.4 26.3 29.1 28.7 39.6 44.3
Maribor 244 26.2 26.0 25.2 27.7 27.7 39.7 42.8
N. mesto 24.7 26.6 26.4 26.6 29.1 28.8 39.6 44.0
Portoroz 26.4 28.5 28.3 26.9 29.8 29.6 36.5 40.8
Postojna 232 252 25.2 23.3 26.0 26.0 36.2 40.7
S. Gradec 23.1 249 24.6 24.0 26.4 26.4 37.0 41.5
Ratece 21.6 233 22.8 23.3 25.5 24.8 35.1 39.3

Average monthly UTCI values at 14:00 CEST follow the temperature pattern and are
also highest in July at most stations. Postojna and Rate¢e have an average July UTCI of
26.0 °C and 25.5 °C, respectively, which means no thermal stress, or even a comfort zone,
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but values are at the upper limit. In the range between 28 °C and 30 °C are July UTCI values
in Maribor (27.7 °C), Ljubljana, Novo mesto (29.1 °C), Portoroz (29.8 °C), and Bilje (30.4°C),
which already means the moderate heat stress category. Crnomelj is the only station that
has an average UTCI at 14:00 CEST higher than 32 °C (32.2 °C) in July, which means the
strong heat stress (SHS) category. In August, UTCI values at most stations are also in the
moderate heat stress range, in Slovenj Gradec the value is 26.4 °C, and in Crnomelj 31.7 °C.
Postojna and Ratece have on average no thermal stress in August. In June, which is the
coolest of the summer months, four of the considered stations are in the no stress UTCI
class (Maribor, Postojna, Slovenj Gradec, Ratece), while the other stations already record
moderate heat stress. Five considered stations (Bilje, Crnomelj, Ljubljana, Novo mesto and
PortoroZz) have UTCI values in the moderate heat stress range at 14:00 CEST in all three
summer months. Postojna and Ratece are in the no stress class in all three months, but
Postojna is at the upper limit value (26.0 °C) in July and August.

Of course, individual daily UTCI values at 14:00 CEST can deviate significantly from
the average monthly values. Thus, the highest UTCI value for Crnomelj is 47 °C, which
means extreme heat stress. Such a high value appeared in our research only this once—on
4 August 2017, when the air temperature at 14:00 CEST was 39.8 °C in clear weather. The
absolute highest UTCI values for an individual location do not necessarily coincide with
the absolute highest temperatures. With the otherwise highest measured temperature of
40.3 °C (8 August 2013), UTCI in Crnomelj was the second highest, 44.6 °C, influenced by
lower relative humidity and partly cloudy weather. The absolute highest UTCI values for
other stations range from 39.3 °C (Ratece) to 44.4 °C (Bilje).

3.3. Temporal Distribution of Heat Stress Classes

Figure 4 shows the monthly percentage of days in each stress class for each location.
Cold stress (UTCI < 9.1 °C) can also occur in summer, although the probability is very low,
in most places less than 1%. The exceptions are Postojna, where even in the summer there
are 3.1% of days with cold stress, and Slovenj Gradec with 1.4%. Most days with cold stress
during summer occur in the month of June.

The most favorable thermal conditions for people are in the UTCI range from 18 °C
to 26 °C, i.e., the thermal comfort zone (Table 6). The most days in this class, roughly
estimated at around a third of summer days, are in Ratece (36.5%), Slovenj Gradec (34.6%)
and Postojna (31.8%). Between 20 and 30% of summer days in the thermal comfort zone
are in Bilje, Portoroz, Novo mesto, Ljubljana, and Maribor. In Crnomelj, however, there
are only 17% of summer days in the thermal comfort zone. Figure 4 and Table 6 show that
the variability between locations is very high, and the average percentage of such summer
days is around 35%. In Crnomelj, there are only 18.9% of summer days without heat stress,
while in Ratece there is more than half of such days (51.7%). Bilje (25.3%) and Portoroz
(26.4%), both in the submediterranean climate region, have a similar percentage of summer
days without heat stress.

Table 6. The percentage of summer days in the period 2000-2021 within strong or very strong heat
stress, thermal comfort zone or no thermal stress for each location.

% of Summer Days with Bilje Crnomelj Ljubljana Maribor  N. mesto Portoroz  Postojna  Ratece S. Gradec
no stress 25.3 18.9 33.2 37.6 329 26.4 45.8 51.7 45.6
thermal comfort zone 20.9 17.1 25.5 27.3 25.1 22.8 31.8 36.5 34.6
strong or very strong stress ~ 39.2 51.4 29.8 23.5 33.0 27.7 16.7 9.0 15.1
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Figure 4. The percentage of days in each UTCI thermal stress class by summer month and station for
the period 2000-2021.

The percentage of days with moderate stress (UTCI between 26.1 °C and 32 °C) is on
average the same as for those without stress (36.5%). The distribution is similar among the
stations, except for Portoroz, where we can expect more, around 46% of summer days with
moderate heat stress, because due to the influence of the sea there are much fewer days
with very strong heat stress (VSHS). Otherwise, moderate stress dominates the sum of SHS
and VSHS in summer, the exceptions being Bilje and Crnomelj, where SHS dominates over
moderate stress (Figure 4; Tables 6 and 7).

Since extreme heat stress occurs only once in Crnomelj (UTCI =47 °C), we have not
shown or commented on this class separately. The largest number of days with SHS or
VSHS is in Crnomelj, where in summer, on average, more than half of all days are in
this range (51.4%). In addition to pronounced temperature extremes, Crnomelj also has
much lower wind speeds (0.8 m/s on average) than other locations, e.g., Bilje with 40% of
days with SHS or VSHS and the average wind speed 2.9 m/s, or Ljubljana with 30% of
days with SHS and VSHS and average wind of 2.2 m/s. There are relatively few summer
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days with SHS in Postojna (16.7%), Slovenj Gradec (15.1%), and Ratece (9.0%), where the
average temperatures are lower than at the other analyzed locations. Besides, Postojna is
characterized by higher wind speeds during typical local wind bora.

Table 7. Monthly and seasonal values of average, minimum and maximum number of days with
strong heat stress (UTCI values above 32 °C) in the period 2000-2021 in Crnomel.

Number of Days June July August Summer

Minimum 5 10 2 29
Maximum 21 22 26 63
Average 12 18 17 47

3.4. Comparing UTCI to MHR and SW

Figure 5 shows the relationship between the three bioclimatic indices for Crnomelj,
calculated for each of 2023 summer days (ordered by increasing UTCI) in the period
2000-2021. When the UTCI values exceed the threshold for SHS, the number of days with
SW above the warning limit, i.e., 520 g/h [40], increases, but the variability is very high. At
the same time as UTCI and SW increase, MHR decreases, and all indices indicate worsening
conditions for agricultural workers.

UTCI, MHR and SW for summer months 2000-2021 for Crnomel;j
50

45

treshold for strong heat stress (UTCI=32.1°C)

600

UICI (°C)

|

Jil -rP“‘l

e SW e MHR warning limit for SW =~ === UTCI  «ccce treshold for strong heat stress

Figure 5. Values of Universal Thermal Climate Index (UTCI), accepted level of physical activity
(MHR) and water loss index (SW) for each summer day in the period 2000-2021 in Crnomelj, ordered
by increasing UTCI, and denoted UTCI threshold for strong heat stress and warning limit for SW.

Average summer daily SW values (Figure 6) range from 238 g/h in Rate¢e with
the lowest temperatures to almost 400 g/h in Bilje and Portoroz, nowhere exceeding the
warning limit of 520 g/h (risk of dehydration). However, daily values can be very high,
even over 1000 g/h (Crnomelj, Ljubljana, Novo mesto, Maribor), typically occurring in days
with very low relative air humidity (<20%) and extremely high temperatures (>37 °C). The
highest shares of days with an increased risk of dehydration occur in Bilje and Portoroz, 16
and 13% of all summer days, respectively, which is certainly related to higher temperatures
and wind speeds at these two stations (Table 1). Other stations record between 3 and 6% of
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summer days with a risk of dehydration, the exception being Ratece, where this kind of
risk is extremely rare due to relatively low temperatures and wind speeds. The presented
risk threshold refers to already acclimatized workers, but for those not yet acclimatized, the
warning limit according to the ISO standard for SW is significantly lower, i.e., 260 g/h. For
non-acclimatized workers the limit is exceeded in over 80% of summer days in Bilje and
Portoroz, and in between 50 and 60% days at the other stations, except in Ratece (36%).

+ SW-avg m SW-max A SW-min =<=warning limit (520 g/h)

1471
[ ]
1318
[ ]
1090 1092
]
826 840 "
. - 712
]
388 392
T 289 314 308 310 204 T 275
. N . . . 238
.
Bilje CrnomeljLjubljana Maribor N.mesto Postojna Portoroz S.Gradec Ratece

Figure 6. Minimum (min), mean (avg), and maximum (max) summer values of the water loss index
(SW) at the studied locations, the line indicates the warning limit for the risk of dehydration.

Calculated average MHR for summer days at 14:00 CEST are the lowest in Portoroz
(115 Wm™2), Bilje (122 Wm~2), and Crnomelj (125 Wm—2), slightly higher in Ljubljana,
Novo Mesto (135 Wm™2), and Maribor (139 Wm™2), around 150 Wm ™2 in Postojna and
Slovenj Gradec, and the highest value, 170 Wm ™2, applies to Ratece.

4. Discussion

Analysis of weather conditions on the days with the highest UTCI values shows
that wind speed and air humidity have a very large influence on UTCI in addition to air
temperature. Thus, for example, in Portoroz, the absolute highest UTCI was 40.8 °C on
23 June 2018, at T = 33.8 °C, v =1 m/s and f = 48%, and at a much higher temperature
(36.5 °C) on 4 August 2017 UTCI was lower (40.2 °C) with lower humidity (33%) and
higher wind speed (4 m/s). During the considered years of 2000-2021, the most cases of
VSHS occurred in the years 2013, 2015, and 2017, when there were intense heat waves and
extremely high temperatures in Slovenia [6]. Weather conditions are of course influenced
by the micrometeorological conditions of individual locations, in larger cities such as
Ljubljana as well as by the impact of the urban heat island [29]. Additionally, there is a
high probability that maximum daily temperatures were in fact higher than the ones at
14:00 CEST, which we used in our calculations. For example, in Ljubljana on 8 August
2013, the air temperature at 14:00 CEST was 39.6 °C, but the maximum for that day was
slightly higher, 40.2 °C [35]. This means that the maximum UTCI for that day in Ljubljana
was probably even higher than our calculated 44.3 °C. At climatological stations there are
typical measurements at 14:00 CEST, therefore data for the whole day are not available
everywhere to enable capturing all extremes. For comparison, in some other studies, data
at 14:00 CEST were also used to calculate UTCI [44].
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In recent years, there has been an increased number of the UTCI values around 44 °C
and 45 °C, which means that we are approaching the upper class, i.e., extreme heat stress
conditions. The bioclimatic indices considered in the Polish study [23] showed significant
changes during the studied period (1826-2006), mainly in the winter season. The accepted
level of physical activity decreased from about 380 Wm ™2 in the first years of the studied
period to 350 Wm ™2 in the last. Besides, previous study [26] showed as well that Slovenia’s
bioclimatic conditions have changed during the period 1951-2000. Significant changes were
noted for the Physiological Equivalent Temperature (PET), which increased significantly by
almost 3 °C during the last 25 years in Ljubljana.

Similar to Slovenia, SW values above 800 g/h were also confirmed in the colder parts of
Europe during the summer months [45]. This can be a problem, since in agriculture most of
the seasonal workers are employed only in the summer, often for a short period during peak
periods, such as agricultural harvest, but according to OSHA guidelines, an effective heat
acclimatization program should last 714 days for an unacclimatized worker. Additionally,
acclimatized workers who are not exposed to heat stress for a week or more may need
some time to reacclimatize, typically two or three days [43]. Slovenian MHR values also
indicate that on average conditions in the middle of a summer day are not suitable for
moderate or heavy level of workload in agriculture. Not only the average values, even
the highest calculated MHR values are not high enough to perform moderate or heavy
tasks like digging, weeding, mowing, or picking. Based on the calculated MHR values at
14:00 CEST, we should not generalize that these are days above safe heat levels, since for
such a claim we would have to analyze the course of bioclimatic indices throughout the
whole day, but it is undoubtedly clear that for at least part of the day conditions of thermal
comfort for outdoor work are risky.

The agricultural and construction sectors are two strategic occupational fields that no-
ticed in recent years an increasing number of migrant workers, and therefore require a better
management regarding heat-related risks. A recent study in Italy [44] revealed that migrant
workers required greater effort than native Italian workers, but reported less impact from
heat on productivity and thermal discomfort. Numerous studies in the last two decades
have addressed the health risks and reduced work productivity by agricultural workers
in hot locations [2,4,5,46] where one of the greatest risks during heat stress is dehydration.
Although action plans are available to mitigate heat stress, there are actually a lot of health
problems in the agricultural sector during hot days [22]. A survey of agricultural workers
in Slovenia and Greece showed that more than two-thirds of them highlighted thirst and
excessive sweating as the main experienced symptoms of heat stress [2]. Exceeded warning
limits of water loss due to sweating in the case of agricultural workers were reported also
for Poland and Bulgaria [45] as well as for many other countries [4,22]. Adequate hydration
is necessary for proper thermoregulation to avoid heat-related illness [25,47] and more
efforts will be required also to ensure that workers are adequately hydrated at the start of
the work-shift [47,48]. The impact of heat stress on labor productivity is for now relatively
small in southern Europe, though it is higher than in the other European subregions, but it
is projected that 0.02% of working hours will be lost owing to heat stress in 2030, which
means the equivalent of 14,400 full-time jobs [25]. The recent comprehensive review [22]
showed that occupational heat stress already diminishes the capacity of outdoor workers
for manual labor at current temperatures and that physical work capacity is projected
to be highly affected by the ongoing anthropogenic global warming. According to the
researchers, about 30% of global heavy labor losses could be recovered by shifting work
hours and having them rescheduled during cooler hours of the day [49]. Systematically
reviewed available literature about climate change-related hazards such as extreme weather
events, extreme heat, and psychological stress, showed that these hazards tremendously
affect outdoor agricultural workers” health, which leads to low income in the agricultural
sector [50].

A scoping review, summarizing the existing knowledge regarding the health impacts
associated with climate change and heat stress across all world regions (Africa, America,
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Asia, Australia and Europe) [4], indicates that migrant agricultural workers and child farm-
workers are at particularly high risk of heat stress. In addition, this review also found that a
lack of research in this area remains among agricultural workers in Sub-Saharan Africa and
North Africa, the Middle East, and Southeast Asia. U.S.A. crop workers are twenty times
more likely to die from illnesses related to heat stress than other civilian workers overall,
because of the nature of the work and high physical demands in agricultural tasks [20].
Moreover, climate change is likely to make the situation even worse; at the current rate,
it will double crop worker heat risk by the middle of this century and triple it by the end
of it in the U.S.A. Deadly heat stress conditions might become commonplace also across
South Asia even at 1.5 °C warming [51]. Due to such unfavorable forecasts for many
regions, it is very important to take appropriate measures among agricultural workers. For
summer tree fruit harvesters in Washington, it has been found that their productivity was
greatly affected by adequate pre-work-shift hydration and proper optimization of sleep
and work-shift timing [48].

Our results about MHR, SW and UTCI values for the hottest hours of summer days
suggest that immediate urgent measures are needed to reduce the health risk of extreme
heat amongst agricultural workers, since climate change will further increase their vul-
nerability. The increasing thermal burden on the shoulders of agriculture-related physical
workers may cause several problems in Slovenia such as lower productivity, difficulties
with finding workers willing to work, and higher expenses with mitigation measures. The
main challenge will be to keep workers healthy and satisfied and at the same time ensure
all tasks are done, which calls at least for the rescheduling of working hours where possible,
providing shadow and cold water in the fields and allowing regular breaks.

5. Conclusions

The results of the analyzed three bioclimatic indices (UTCI, MHR and SW) confirm
that for the considered stations in the period 2000-2021, a large share of the summer days
is characterized by moderate, strong, or very strong heat stress. Outdoor workers in the
submediterranean and subcontinental climate region in Slovenia face more intense and
longer stressful bioclimatic conditions, as opposed to workers in Moderate climate of hilly
region and Alpine climate region. With UTCI values exceeding the threshold for strong
stress, the number of days with SW above the warning limit for the dehydration risk
increases, and at the same time MHR values decrease. As these values indicate the limit
value of activity which does not yet provoke the risk of health in given meteorological
conditions, it can be seen that, on average, the conditions in the middle of the summer days
are not suitable for a moderate or heavy level of workload in agriculture, showing also how
diverse the nature-agriculture interactions are. As many studies show that the risk of heat
stress due to ongoing climate crisis will increase and thus affect the farmers’ heat-related
illnesses and physical work capacity, it is very important to pay more attention to this issue.
Due to the nature of agricultural work, it is not possible to change the daily routine to a
certain extent, so it is very important to improve risk assessment, adopt protective measures,
and enact appropriate legislation. Despite the increasing risk posed by extremely high
temperatures, only a few countries in the EU have set a maximum workplace temperature
in their national legislation. It varies from Member State to Member State between 28 and
36 degrees Celsius. In Slovenia, however, there are no specific regulations for outdoor
work; the legislation only states that the employer must protect employees from hazardous
weather conditions. Due to increasing problems with outdoor workers’” exposure to heat,
Slovenian members of parliament asked the European Parliament Commission (Question
E-002729/2022) if it would prepare a legislative proposal that would uniformly regulate
the maximum allowable temperatures in the workplace, both indoors and outdoors. The
answer was that a revision of the Workplaces Directive 89/654/EEC is being prepared for
2023. The new directive will hopefully harmonize other related activities, such as transport
to work or the supply and transport of agricultural products to end users. Ensuring decent
working conditions in agriculture is also linked to many other areas, such as public health,
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food pricing, and the labor market, as workers prefer not to be employed in agriculture
given the extreme conditions of working outdoors. Thus, risk assessment of agricultural
work in rising temperatures is an area ripe for joint work by the economic, agricultural,
and public health sectors.
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