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Abstract

Keywords

Background and aims: Climate change and rising temperatures pose significant
challenges to public health and the environment. Weather conditions critically Heat stress
influence human health and physiological performance. The Physiologically
Equivalent Temperature (PET) index serves as a reliable measure for assessing
heat and cold stress. In Iran, with its diverse climate, physiological stress shows Equivalent Temperature
distinct patterns. This study evaluates heat stress levels over 30 years (1990- Climate change

2020) in Iran using the PET index.

PET index (Physiologically

Climatic zoning
Methods: Meteorological data, including mean dry temperature, radiant

temperature, relative humidity, wind speed, and cloud cover, were collected
from 49 stations across Iran via the Iranian Meteorological Organization. The
PET index was calculated for all seasons using RayMan software, and spatial
distribution maps were created using the kriging method in ArcGIS 10.3.

Climate vulnerability

Results: The highest average PET value was recorded in summer at the Bandar
Abbas station (44.57 °C, "extreme heat stress"). The lowest was during winter at
the Saez station (-7.95 °C, "extreme cold stress"). Analysis showed the highest
frequency of physiological stress in arid (42.85/) and semi-arid (38.77/)
climates, with lower frequencies in Mediterranean (4.087.), semi-humid (2.047),
humid (4.127), and very humid (6.127) climates. Received: 2024/08/11

Conclusion: The study indicates that arid and semi-arid regions face higher Accepted : 2025/05/12
risks of heat stress in summer and cold stress in winter. These areas are
particularly vulnerable to climate change. In contrast, northern humid regions
experience lower heat stress risks. The findings can inform operational plans
to reduce community vulnerability and enhance adaptation to climate change.
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EXTENDED ABSTRACT

INTRODUCTION

Climate, as a geographical phenomenon, has an
undeniable and intricate relationship with human
life, working conditions, and the environment.
The study of climatic impacts on human behavior,
health, and comfort falls under the domain of human
biometeorology, which emphasizes the interplay
between meteorological variables and physiological
responses. Thermal comfort, defined as conditions
where 807. of individuals feel neither heat nor cold
stress, is influenced by factors such as temperature,
humidity, airflow, and radiant heat. These elements
collectively shape human physiological and
psychological well-being, particularly in regions with
extreme climatic variability, like Iran [1, 2].

Iran’s geographical position (23°-40°N) places
it under the influence of subtropical high-pressure
systems, such as the Arabian High, which dominates
its climate during summer, leading to hot, arid
conditions. Global warming and climate change
exacerbate these challenges, disproportionately
affecting low- and middle-income countries. Heat-
related illnesses, termed “silent killers,” have surged
globally, with mortality rates in 2020 reaching 15
times those of 2001 [3-6]. Projections indicate a 1.8-
4 °C rise in global temperatures by 2100, intensifying
occupational and public health risks, particularly in
developing nations like Iran [7-9]. Concurrently, cold
stress during harsh winters disrupts infrastructure,
agriculture, and health, elevating risks of hypertension,
respiratory issues, and psychological distress [10-14].

Human thermal comfort models integrate
meteorological parameters (temperature, humidity,
wind speed) and physiological factors (metabolic rate,
clothing insulation). Among these, the Physiological
Equivalent Temperature (PET) index is widely adopted
for its comprehensiveness, translating complex
climatic data into physiologically relevant metrics.
PET evaluates thermal stress by simulating human
energy balance under varying conditions, making it
invaluable for regional climate assessments [15-21].

Iran’s diverse climates, exacerbated by rising
temperatures and climatic extremes, necessitate detailed
thermal stress mapping. This study addresses this gap
by analyzing 30-year meteorological data across 49
stations, employing PET to assess seasonal thermal stress
risks. The findings aim to guide public health strategies,
occupational safety protocols, and tourism planning,
while updating exposure limits for heat and cold stress.

METHODOLOGY
Study Area

Iran (1,648,195km? 25°-40°N, 44°-64°E)
exhibits diverse climates due to its topography and
latitude. The De Martonne aridity index classifies

regions into six climatic zones: arid (Al < 10), semi-
arid (10 < AI < 20), Mediterranean (20 < Al < 24),
semi-humid (24 < Al < 28), humid (28 < Al < 35), and
very humid (AI > 35) [15].

Data Collection

Meteorological data (1988-2017) from 49 synoptic
stations were obtained, including dry temperature, radiant
temperature, relative humidity, wind speed, and cloud
cover. Stations with < 5/. missing data were prioritized.

PET Calculation

The PET index, derived from the Munich Energy-
Balance Model for Individuals (MEMI), quantifies
thermal stress by solving the human energy balance
equation: $$M + W + R+ C + ED + Ere + ESW + S =
0$$ where M = metabolic rate, W = physical work, R
= net radiation, C = convective heat flow, ED = latent
heat from skin, Ere = respiratory heat loss, and ESW =
sweating. PET thresholds categorize stress levels from
“extreme cold stress” (< 4 °C) to “extreme heat stress”
(> 41 °C) [21, 27].

The RayMan 2.1 software computed daily PET
values, while ArcGIS 10.3 generated spatial maps.
Statistical analyses (SPSS v26, Excel 2019) evaluated
seasonal and climatic variations.

RESULTS
Climatic Distribution

Of 49 stations, 43/ were arid, 39/ semi-arid, 67.
humid, 6/ very humid, 4/ Mediterranean, and 2.
semi-humid (Fig 1).

Seasonal PET Variations

o Spring: Highest PET (36.88°C, Chabahar)
indicated “severe heat stress”; lowest (2.48°C, Saqqez)
signaled “extreme cold stress.”

e Summer: Maximum PET (44.57°C, Bandar
Abbas) fell under “extreme heat stress”; 707. of stations
experienced heat stress.

o Autumn: Chabahar (36.3°C) and Saqqez (5.73°C)
marked extremes of heat and cold stress, respectively.

. Winter: Chabahar (26.4°C) had “moderate
heat stress,” while Saqgez (-7.95°C) faced “extreme
cold stress”; 807. of stations reported severe cold stress.

Climatic Risk Patterns

 Arid/Semi-Arid Regions: Dominated thermal
stress patterns, with 42.85/. and 38.777. of total risks,
respectively.

o Summer: Arid zones exhibited “moderate”
(33.337) and “extreme heat stress” (28.577); semi-arid
regions faced “no cold stress” (31.577).

« Winter: 59.187. of stations in arid zones endured
“extreme cold stress.”
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DISCUSSION
Regional Thermal Stress Dynamics

Iran’s climatic diversity and global warming amplify
thermal stress risks. Summer heat stress, prevalent in
southern and central arid zones, aligns with studies
linking rising temperatures to occupational hazards
and mortality [31, 36]. For instance, Bandar Abbas’s
extreme PET value (44.57 °C) reflects its proximity
to the Persian Gulf, where high humidity exacerbates
perceived heat. This aligns with global trends,
where coastal regions face amplified heat stress due
to combined temperature and moisture extremes
[37]. Conversely, Saqqez’s severe winter cold stress
(=7.95°C) underscores the vulnerability of high-
altitude regions to climatic extremes, where radiative
cooling and continental air masses dominate [38].

Comparative Analysis with Global Studies

The PET-based findings mirror global patterns.
For example, Mediterranean regions report similar
summer heat stress trends, with PET values exceeding
40 °C in southern Spain and Greece [39]. However,
Iran’s arid zones exhibit more pronounced extremes
due to limited vegetation and urbanization-driven
heat island effects. Comparatively, cold stress in Iran’s
northwestern highlands resembles conditions in the
Tibetan Plateau, where prolonged winters and altitude-
induced temperature drops elevate health risks [40].
These parallels highlight the universality of PET’s
applicability while emphasizing regional nuances.

Implications for Occupational Health
Occupational exposure in Iran’s arid/semi-arid

y

g. 1. Spatial Distribution of Iran Based on the Average PET(OC) Index Across Four Seasons

zones—particularly in the agriculture, construction,
and oil industries—faces heightened risks. Summer
heat stress reduces productivity and increases
heatstroke incidents, as observed in Chabahar, where
PET values exceeded 36 °C for 60/ of summer days.
This aligns with Maeda et al. [35], who identified a 30.
decline in labor efficiency at PET > 35 °C. Conversely,
winter cold stress in Saqqez correlates with studies
linking prolonged cold exposure to cardiovascular
strain and frostbite, particularly among outdoor
workers [41].

Public Health and Policy Considerations

The study’s spatial PET maps provide actionable
insights for policymakers. For instance, heatwave
early-warning systems could prioritize southern
regions like Bandar Abbas, while cold stress
mitigation programs should target the northwestern
highlands. Urban planning initiatives, such as green
infrastructure in cities like Tehran and Isfahan, could
mitigate urban heat islands, reducing PET by 2-4 °C
[42]. Additionally, revising occupational safety
standards to include PET thresholds could safeguard
workers in high-risk industries.

Limitations and Future Directions

While PET offers robust thermal stress assessment,
it has limitations. The model assumes static
metabolic rates and clothing insulation, potentially
underestimating adaptive behaviors (e.g., hydration,
shade use). Future studies could integrate real-time
physiological data from wearable sensors to refine
PET accuracy. Furthermore, climate projections under

Iran Occupational Health. 2025 (01 Jul);22: 9.
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IPCC scenarios (e.g., RCP 8.5) should be modeled to
anticipate future risks.

CONCLUSION

This study highlights Iran’s escalating thermal
stress risks, driven by climate change and geographic
diversity. Key findings include:

1. Seasonal Extremes: Summer heat stress (707.
of stations) and winter cold stress (807. of stations)
dominate.

2. Regional Vulnerabilities: Arid/semi-arid
zones face compounded risks due to climatic and
occupational exposure.

3. Public Health Implications: Rising PET values
necessitate early warning systems, revised occupational
guidelines, and infrastructural adaptations.

Future strategies should integrate PET-based
zoning into urban planning, healthcare protocols,
and tourism policies. Further research should explore
socioeconomic disparities in thermal vulnerability and
validate PET thresholds against physiological data.
Addressing these challenges is critical for mitigating
climate-induced health risks in Iran and similar regions.
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