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ABSTRACT

Introduction: Climate change is a major global challenge, strongly influencing the Wet Bulb Globe
Temperature (WBGT) index and heat stress among steel industry workers. This study evaluates the impact
of geographical location and climate change on occupational heat stress exposure in Iran’s steel sector.

Material and Methods: This qualitative-analytical study used data from the SABA system and the
Iranian Occupational Heat Stress Atlas. Information on steel industries, their distribution, and production
capacities across eight climate zones was extracted. WBGT measurements were collected in collaboration
with industrial units in different zones. Data analysis was performed using ArcGIS and SPSS. The effects of
climate change on heat stress were assessed for three future horizons: 2040, 2060, and 2080.

Results: The findings revealed that climate zones G1 (eastern, southeastern, and desert regions) and
G4 (Persian Gulf coastal provinces including Hormozgan, Bushehr, Fars, and Khuzestan), which host the
highest steel production capacities, are exposed to the highest levels of heat stress (WBGT index) and
water resource scarcity. WBGT values in zones G4 and G6 (Gilan province) exceeded permissible limits,
whereas zones G2 (including North Khorasan, Razavi Khorasan, Tehran, Alborz, Qazvin, Hamedan, Markazi,
and Chaharmahal-Bakhtiari), G5 (Kurdistan, Kermanshah, Lorestan), and G7 (llam, Kohgiluyeh and Boyer-
Ahmad) showed the lowest WBGT levels. Considering projected temperature increases in the three
future horizons and the acceptable correlation coefficient (0.40) between annual daytime temperature
and WBGT index per climate zone, predicted temperature changes may lead to increased WBGT levels,
particularly in zones G3, G6, and G8.

Conclusion: Given climate projections and the spatial distribution of steel industries, it is essential to
develop climate-responsive policies, implement sustainable water resource management, and reconsider
the siting of steel production units. These measures can enhance the resilience of Iran’s steel industry
against future climate change and mitigate occupational health and environmental risks.
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1. INTRODUCTION

Climate change, caused by human actions,
is intensifying heat stress in workplaces. This
is especially noticeable in Iran, where rising
temperatures and altered rainfall patterns are
worsening health hazards like heat-related
illnesses, air pollution, and waterborne diseases.
Heat stress is a major concern in countries with
hot, dry climates, particularly affecting workers in
industries like construction and manufacturing.
It poses significant risks to health, safety, and
productivity, leading to financial losses. Although
people in these regions might be more accustomed
to heat, the combined effects of air temperature and
sunlight make heat stress a serious problem.

Steel and iron are crucial resources for
human activities and technological progress.
The environment, underground water supplies,
soil quality, and air quality are all influenced by
the operations of steel manufacturers, including
burning, waste disposal, and waste management.
Iran is a major steel producer, ranking 20th
worldwide. The steel industry is known for its high
levels of heat stress due to the thermal processes
involved in production. Given the prevalence of
steel industries in Iran, a significant portion of the
workforce is employed in this sector. Due to the
inherent heat-generating nature of steel production
and Iran’s diverse climate, this study investigates
how the geographical location of steel industries
affects occupational heat stress on workers. It also
predicts future climate conditions and suggests
potential solutions to reduce heat stress among
workers in these industries.

2. MATERIAL AND METHODS

This qualitative-analytical study, conducted in
2024, aimed to assess the impact of climate change
on heat stress among workers in Iran’s steel and
iron industries. The research followed a multi-step
approach:

Climate Zoning: Iran was classified into eight
distinct climate zones based on temperature
and precipitation, using the model proposed by
Asadollah et al.

Industrial Mapping: Geographic location,
production capacity, and distribution of steel and
iron units were extracted from national databases
(SABA system and Occupational Heat Stress Atlas).
These were spatially mapped using ArcGIS 10.5.

Heat Stress Assessment: Annual WBGT index
data were collected from industrial units across
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different climate zones. These values were matched
with geographic data to identify correlations
between climate type and heat stress levels. Zones
were categorized into three exposure levels: below
permissible (A), within permissible (B), and above
permissible (C).

Climate Change Projections: Future climate
scenarios for 2040, 2060, and 2080 were modeled
using projections from Asadollah et al.,, focusing
on temperature and precipitation changes and their
potential impact on WBGT levels in each zone.

Data Analysis: Tools used included Google
Earth (for geolocation), ArcGIS 10.5 (for spatial
mapping), and SPSS 21 (for statistical analysis).
Statistical tests included Kruskal-Wallis, Mann-
Whitney, Spearman correlation, and Kolmogorov-
Smirnov, with a significance level of 0.05.

3. RESULTS AND DISCUSSION
Climate classification of Iran

Based on the climate classification model by
Asadollah et al.,, Iran exhibits significant climatic
diversity, ranging from cold and high-precipitation
zones to hot and arid regions (figurel). The largest
climate zone, G1 (hot with very low precipitation),
covers 53.1% of the country and includes provinces
such as South Khorasan, southern Razavi
Khorasan, Yazd, Kerman, Isfahan, Semnan, Qom,
and Sistan-Baluchestan, with an average annual
maximum temperature of 24.2°C. The hottest zone,
G4 (very hot with moderate rainfall), spans 16.7%
of Iran’s area along the Persian Gulf and includes
Hormozgan, Fars, Bushehr, and Khuzestan, with an
average annual maximum temperature of 26.27°C.
The coldest zones—G3 (very cold with low rainfall)
and G6 (very cold with high rainfall)—cover
10.8% of the country, located in the northwest
and north, including provinces such as West and
East Azerbaijan, Ardabil, Zanjan, Golestan, and
Mazandaran. The highest precipitation levels were
observed in zones G6 and G8 (cold with high
rainfall), particularly in Northern provinces like
Gilan, Mazandaran, and Golestan (Tablel).

Investigating the dispersion and production
capacity of industries in different climates

Steel and iron production processes were
categorized by heat source location (indoor vs.
outdoor), influencing worker exposure to thermal
hazards. Indoor operations include casting,
steelmaking, and rolling; outdoor processes involve
pelletizing and sponge iron production. The highest
number of units (105) were in primary rolling,
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Fig. 2: The trend of development across various sectors of the iron and steel industry in Iran

likely due to lower setup costs. Data also indicate
accelerated growth in sponge iron and steelmaking
sectors across Iran (Figure2). Steel industries
are predominantly concentrated in central Iran
(climate zones G1 and G2), with fewer units in
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northern humid zones (G6-G8). Production
capacity is highest in G1, G4, and G2, accounting
for 59%, 19%, and 11% respectively—while G6 and
G7 show minimal output. Ongoing expansion is
focused in hot, arid zones, raising concerns about
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Fig. 3: Distribution and production capacity of industries across various climatic regions.

heat stress, water scarcity, and energy demand
(Figure3).

Investigating the effect of geographical location
on the level of exposure to thermal stress in the
steel industry:

This study assessed worker exposure to heat
stressin steeland iron industries across Iran’s climate
zones using the WBGT index. Statistical analysis
revealed that WBGT data did not follow a normal
distribution (K-S test), and Kruskal-Wallis results
(P = 0.0001) confirmed significant differences in
WBGT levels among zones. Pairwise comparisons
showed that some zones differed significantly while
others did not, leading to a classification of regions
into three exposure categories (Figure4):

« Zone A (G2, G3, G5, G6, and G7): Located in
northeastern, northwestern, and western Iran, this
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zone exhibited the lowest heat stress levels, with a
mean WBGT of 25.15 + 5.5°C.

« Zone B (G1): Covering eastern, southeastern,
and desert regions, this zone showed moderate
exposure, with a mean WBGT of 28.86 + 4.96°C.

« Zone C (G4): Including the Persian Gulf coast
and western Caspian areas, this zone had the highest
exposure, with a mean WBGT of 31.8 + 4.2°C.

Mann-Whitney tests confirmed statistically
significant differences in WBGT means across all
three zones. These findings underscore the critical
role of geographic location

in determining occupational heat stress
levels and highlight the need for climate-specific
mitigation strategies (Table 2).

Spearman correlation analysis revealed a
statistically ~ significant  positive  relationship
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Table 1: Characteristics of each climate

Climate Province Weather Percentage of Annual average Anfmal average
area temperature (°C) rainfall (mm)
Semnan, Qom, Isfahan, Yazd, Kerman, Sistan (likely Warm with very lo
1] 1 T
G1 referring to Sistan and Baluchestan), southern Razavi ::, f::;l yiow 53.1 24.2 142.04
11!
Khorasan, and South Khorasan
north Razavi Khorasan, North Khorasan, Tehran,
G2 Alborz, Qazvin, Hamedan, Markazi, and ‘Warm with low rainfall 11.6 23.39 230.22
Chaharmahal and Bakhtiari
West Azerbaijan, East Azerbaijan, Ardabil, and
G3 est Azerbaijan, Tast Azerbajjan, Arcabll an Very cold with low rainfall 7.8 19.29 236.39
Zanjan
G4 Fars, Hormozgan, Bushehr, and Khuzestan Hot with moderate rainfall 16.7 26.27 317.96
M ith

G5 Kurdistan, Kermanshah, and Lorestan kit ‘{m il 4.8 22.54 346.12

rainfall
1d with high

G6 Mazandaran and Golestan Very cold v.\nt very hig 3 19.91 1185.56

rainfall
Moderate with high

G7 Ilam and Kohgiluyeh and Boyer-Ahmad odera F WA e 2.1 22.88 809.94
rainfall

G8 Golestan Cold with high rainfall 0.9 20.92 1264.27

Table 2: Results of the Mann-Whitney test

@ > 0> 0w

0.009 Mann-Whitney
0.0001 Mann-Whitney
0.009 Mann-Whitney
0.006 Mann-Whitney
0.0001 Mann-Whitney
0.006 Mann-Whitney

Table 3: Results of Spearman’s correlation test between ambient temperature and WBGT index

temperature

between ambient temperature and WBGT levels
across climate zones (Table3). This indicates that
climatic temperature variations substantially affect
industrial heat stress exposure. Given WBGT’s
composite nature—incorporating dry temperature,
humidity, radiant heat, and air flow—the observed
dependency underscores the critical role of regional
climate in determining thermal burden on workers

Workers in coastal steel industries—especially
near the Persian Gulf—experience the highest
WBGT levels due to the combination of high
temperature and humidity. Desert regions (e.g.,
Semnan, Isfahan, South Khorasan, Yazd, Qom,
Sistan-Baluchestan, Kerman) also show elevated
thermal exposure. In contrast, the lowest WBGT
values were recorded in cooler, temperate provinces
such as Razavi Khorasan, North Khorasan, Alborz,
Golestan, Chaharmahal-Bakhtiari, and Lorestan.
This spatial distribution confirms the decisive role
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Correlation Coefficient 0.407

P-valve 0.0001

of geography and climate in determining heat stress
burden. The findings highlight the need for region-
specific thermal risk management, climate-adapted
control strategies, and enhanced occupational
safety measures in industrial environments.

Prediction of climate change and its impact on
the steel industry:

Current data show that most steel units in
Iran are concentrated in warm zones (23-27°C).
Climate projections for 2040, 2060, and 2080
indicate temperature increases of 3-5°C in
Gl and G2, regions hosting over 80% of steel
production. Southern coastal areas (G4) will see
minimal change (0.66-2°C), while northern and
northwestern provinces (G6, G8) may experience
rises of 7-8°C. These shifts suggest that already hot
industrial zones will face intensified heat stress,
reinforcing the need for climate-adaptive planning
in steel sector development (Figure 5, Table4).
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Fig. 5: Distribution of steel industries on the map of average annual maximum daily temperatures at present and predicted changes for
the years 2040, 2060, and 2080.
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Table 4: Predicted changes in temperature and rainfall across various climatic regions

Climate

Gl
G2
G3
G4
G5
G6
G7
G8

Predicted temperature changes (°C)

3-4
4-5
7-8
0.6-2
4.5
5-6.5
3-4
6-7

Predicted changes in rainfall (%)

50-144%
10-30%
20-50%
0-30%
0-20%
0-30%
(-20) -10%
(-20) (-75) %

N
&

a) current annual average precipitation

rainfall{mm)

[ ]1s0
[ ]151-300
[ ]301-500
[ 501-1000
[ 1001-1500

b) 2040

d) 2080

Fig. 6: Distribution of steel industries on the map of average annual rainfall at present and predicted changes for the years 2040, 2060,
and 2080

Access to water is a critical requirement for
the steel industry, yet most facilities are located
in arid regions with annual precipitation below
300 mm. Climate projections for 2040, 2060, and
2080 suggest increased rainfall in central zones
(G1), with up to 145% rise, potentially easing
water scarcity in provinces like Isfahan, Yazd, and
Tehran. In contrast, humid zones G6 and G8 are
expected to experience significant declines—up to
74%—while G5 shows no notable change. These
shifts may alter future water stress patterns across
industrial regions (Figure 6, Table4).

870

Climate  projections indicate  rising
temperatures across all provinces in coming
decades. Zone C (including Hormozgan, Bushehr,
Khuzestan, Fars, and Gilan) currently shows
the highest WBGT exposure, and is expected to
exceed permissible limits due to a 40% correlation
between WBGT and ambient temperature. Zone A
will also experience increased heat stress, though
likely remaining near acceptable thresholds. In
Zone B, which currently has the lowest WBGT
levels, regions such as East and West Azerbaijan,
Ardabil, Zanjan, Mazandaran, and Golestan may
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face notable increases. Conversely, zones G2, G5,
and G7 are projected to maintain the lowest future
WBGT exposure

4. CONCLUSIONS

Steel production is a strategic industry in
Iran, yet workers face significant occupational
hazards, notably heat stress. Exposure to elevated
temperatures can lead to acute and chronic health
effects, including heatstroke and reproductive
impacts. This study classified Iran into three WBGT-
based exposure zones: Zone A (within permissible
limits), Zone B (below limits), and Zone C (above
limits). Most steel units are concentrated in Zones
A and C, placing workers in these regions at higher
thermal risk—consistent with previous national
studies.

Steel industries are predominantly located in
hot climates (G1, G2, and G4), where WBGT values
during peak seasons may reach up to 40°C. Climate
change is expected to raise ambient temperatures
across all regions, with a 40% correlation to WBGT
levels. International research confirms that rising
WBGT reduces labor productivity and increases
health risks, especially in tropical and subtropical
zones.

Regional analysis shows that:

« G1 (hot, arid) holds 59% of steel capacity and
faces critical heat stress and water scarcity, despite

Journal of Health and Safety at Work 2025; 15(4)

projected rainfall increases. Engineering controls
and potential relocation are recommended.

e G2 (warm, semi-arid) has moderate
exposure and access to surface water, making it
viable for future expansion with proper resource
management.

o G3 (cold, low rainfall) will experience
significant warming and moderate rainfall increase,
but distance from raw materials may hinder
development.

o G4 (very hot, humid) has the highest WBGT
levels and minimal temperature rise, but high
humidity intensifies perceived heat, necessitating
advanced cooling systems.

o G5 (temperate, moderate rainfall) offers
favorable conditions for expansion, though
warming trends must be considered.

o G6 and G8 (cold, high rainfall) face rising
temperatures and declining precipitation, with
ecological sensitivity limiting industrial suitability.

o G7 (temperate, high rainfall), though
currently underutilized, may become attractive for
future development due to moderate climate and
water availability.

Opverall, climate-adaptive strategies—including
thermal risk mitigation, sustainable water use, and
geographic reallocation—are essential to safeguard
worker health and ensure long-term resilience of
Iran’s steel industry.
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