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Climate change is intensifying heat exposure, with mounting evidence of adverse health impacts. Heat exposure is as-
sociated with both acute illnesses and chronic outcomes. Occupational settings represent a major context of concern, 
affecting both outdoor and indoor workers, and contributing not only to health effects but also to increased accident 
risk and reduced productivity.
In Italy, the principal legal framework for occupational health and safety is Legislative Decree No. 81/2008, which in-
cludes microclimate among physical agents but does not provide a dedicated section on thermal risk, clear definitions 
of microclimate-related risk, exposure limit values, or standardised sampling/measurement methods. As a result, risk 
management relies on general preventive obligations (e.g., employer risk assessment, exposure reduction, protection 
of vulnerable workers, training, and health surveillance) and on technical guidance and international standards. 
Against this background, the overview critically examines two cornerstone approaches within ISO standardisation: 
the Wet Bulb Globe Temperature (WBGT; ISO 7243) and the Predicted Heat Strain (PHS; ISO 7933). WBGT, devel-
oped in the 1950s from military heat-illness prevention efforts, is widely used as a practical screening index. ISO 7243 
specifies measurement principles and representative sampling periods and incorporates adjustments for clothing via 
Clothing Adjustment Values (CAV) and for metabolic rate (ISO 8996), while considering acclimatisation. However, 
WBGT does not predict individual physiological responses, its reference limits primarily address body temperature 
rise, and it has recognised constraints in environments with high humidity/low air movement and for vulnerable work-
ers; instrumentation choices can also introduce error.
PHS emerged from revisions to the earlier Required Sweat Rate approach and is presented in ISO 7933 as an iterative 
heat-balance model estimating physiological strain in “average” healthy workers. It requires environmental inputs, 
metabolic rate, and clothing characteristics, and outputs a maximum allowable exposure time based on limits for de-
hydration and core (rectal) temperature, incorporating acclimatisation effects on sweating capacity. Strengths include 
its analytical, physiologically grounded structure; limitations include reduced applicability with protective clothing 
(≈1 clo), unsteady conditions, variable workloads, and changing clothing, as well as operational complexity and reli-
ance on specialised software. Several studies have proposed adaptations of PHS for specific populations and sectors.
Overall, WBGT and PHS remain important but non-exhaustive components of heat-risk management. Future tools 
should be physiologically robust, operationally usable, valid across climates, adaptable to clothing and worker vul-
nerability, and linked to actionable, hierarchical control measures, while clarifying implications for health, work 
organisation, productivity, and economic outcomes.
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Il cambiamento climatico sta intensificando l’esposizione al caldo e i lavoratori rappresentano uno dei gruppi più 
esposti, con aumento di patologie acute, effetti cronici cardiovascolari, respiratori e renali, maggiore rischio di infortuni 
e riduzione della produttività. In Italia, il D.Lgs. 81/2008 include il microclima tra gli agenti fisici, ma non definisce in 
modo specifico il rischio termico né fornisce valori limite di esposizione e metodiche standardizzate di misura, ren-
dendo necessario il ricorso a fonti tecniche e agli standard internazionali. Questa panoramica analizza criticamente 
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i due approcci più consolidati in ambito ISO: il Wet Bulb Globe Temperature (WBGT; ISO 7243) e il Predicted Heat 
Strain (PHS; ISO 7933). Il WBGT è uno strumento di screening semplice, basato su misure ambientali e sull’integra-
zione di abbigliamento e metabolismo, ma non predice la risposta fisiologica individuale e mostra limiti in specifiche 
condizioni climatiche e nei soggetti vulnerabili. Il PHS è un modello analitico avanzato basato sul bilancio termico, 
che stima il tempo massimo ammissibile di esposizione, ma risulta più complesso e meno applicabile in condizioni 
transitorie, con carichi variabili e con indumenti protettivi. Nel complesso, WBGT e PHS sono strumenti complemen-
tari ma non esaustivi.

Introduction
Human activities have been causing global warming, prin-
cipally through the increase of greenhouse gas emissions. 
In 2024, the global mean annual near-surface tempera-
ture exceeded for the first time more than 1.5 °C above 
the 1850–1900 pre-industrial average. [Romanello et al., 
2025].

The increasing centrality of the health impacts of clima-
te change is documented by a continuously expanding 
scientific output, with 56996 articles published between 
1990 and 2024 on this topic. [Romanello et al., 2025]. 
Epidemiological studies have shown that heat exposure 
can lead to acute health effects, including heat exhaustion 
and heat stroke, as well as to chronic adverse outcomes, 
with increased risks of morbidity and mortality from car-
diovascular events, respiratory conditions and kidney di-
sease. [Gauer and Meyers, 2019]. Adults over 65 years, 
infants younger than 1 years [Romanello et al., 2025], pre-
gnant women and their fetuses [Marudo et al., 2025], as 
well as people with pre-existing chronic diseases [Ali et 
al., 2025], are among the groups most vulnerable to the 
health effects of heat stress.

Heat exposure has long been a major concern for several 
worker populations, including both outdoor workers, such 
as those employed in construction and agriculture, and 
indoor workers such as those employed in manufacturing 
industry. An increased number of accidents and reduced 
productivity are further effects caused by exposure to heat 
in the workplace. [Shulte et al., 2023].

The main legislative reference in the field of occupational 
health and safety in Italy is the Legislative Decree No. 81 
of 9 April 2008. Within this framework, microclimate is 
identified among the physical risk agents (Title VIII), howe-
ver, the decree does not include a specific section devoted 
to the thermal risk and does not clearly define the micro-
climate risk. It is therefore necessary to refer to the general 
prevention measures mandatory for all the physical risk 
agents as the provisions governing risk assessment by the 
employer (Art. 181), the elimination or reduction to the 
lowest possible level of risks arising from exposure (Art. 
182), the protection of particularly vulnerable workers (Art. 
183), the provision of information and training to workers 

(Art. 184), the implementation of all medical examinations 
required by occupational health surveillance for exposed 
workers (Art. 185), and the consequent establishment of 
an individual health and risk record by the occupational 
physician (Art. 186). [D.lgs.,81/2008]. Decree 81/08, mo-
reover, does not provide exposure limit values or standar-
dised sampling/measurement methodologies. 

Microclimate risk has been defined as the set of environ-
mental parameters that locally characterise the environ-
ment in which an individual lives and works and which, 
together with individual parameters such as the metabolic 
activity related to the work task and the thermal resistance 
of clothing determined by the characteristics of the gar-
ments worn, govern heat exchange between the subject 
and the surrounding environment. [INAIL, 2026].

Among the numerous heat stress indices proposed over 
the past decades, the Wet Bulb Globe Temperature 
(WBGT) remains one of the most widely used occupatio-
nal heat stress indices worldwide, whereas the Predicted 
Heat Strain (PHS) is currently considered the most develo-
ped analytical method for predicting heat-related physio-
logical strain in workers. In the framework of international 
standardisation (ISO), WBGT is primarily intended for heat 
stress screening (ISO 7243), while PHS is recommended 
for the assessment of both heat stress and strain, together 
forming the basis for comprehensive heat stress manage-
ment (ISO 7933). [Gao et al., 2018].

In Italy, the use of the WBGT and PHS indices for the as-
sessment of occupational heat stress risk is supported by 
multiple technical and institutional sources, among which 
the most recent and authoritative are the INAIL “Conosce-
re il rischio” fact sheet [Bevilacqua and Piccioni, 2024] 
and the “Guidance document for the protection of wor-
kers from heat and solar radiation” issued in 2025 by the 
Conference of the Regions and Autonomous Provinces. 
[Conferenza delle Regioni e delle Province Autonome, 
2025].

This overview critically examines the WBGT and PHS 
indices as approaches to occupational heat stress risk 
assessment, outlining their historical development and 
practical use, and highlighting their main advantages and 
key limitations.

https://www.aidii.it/


© The Italian Association of Industrial Hygienists - AIDII [2026]                                  Ital.J.Occup.Environ.Hyg., 2026, 17(1) – e2026003 | 21   

www.ijoehy.it – Italian Journal of Occupational and Environmental Hygiene� PAPERS  

WBGT Index: Historical Development and 
Methodological Approach
WBGT was conceived and developed in the early 1950s 
as part of a sustained and programmatic effort to prevent 
and control heat-related illness in the U.S. Army and Ma-
rine Corps training camps. The index was developed to 
avoid the elaborate procedure with acknowledged limi-
tations of determining the Effective Temperature Revised 
(ETR). This procedure was based on a nomogram that 
provided an empirical description of how humidity and 
air movement influence thermal sensation and physiolo-
gical strain over a broad range (0–66 °C) of air temperatu-
res, and it also incorporated the radiant heat component. 
[Budd, 2008; Parsons, 2006] The first use of WBGT index 
experience, together with the underlying methodologi-
cal framework, was formally documented in the study 
by Yaglou and Minard published in 1957. [Yaglou and 
Minard, 1957].

Today, WBGT index is described in ISO 7243, first publi-
shed in 1982 [Parsons, 2006] and currently available in 
its 2017 revision. ISO 7243 presented WBGT as a sim-
ple screening method for the assessment of heat stress to 
which a person may be exposed over a working day (up 
to 8 h). The WBGT index combines two derived para-
meters: the natural wet-bulb temperature (tnw) and the 
globe temperature (tg). When the sensors are influenced 
by direct solar radiation, the contribution (weighting) of 
globe temperature is reduced by including the air tempe-
rature (ta) in the calculation. The measurements of the-
se parameters are applied using the following equations 
[ISO 7243:2017]:

	■ without solar load:	 WBGT= 0.7 tnw + 0.3 tg
	■ with solar load:	 WBGT= 0.7 tnw + 0.2 tg + 0.1 ta 

According to ISO 7243, WBGT measurements are typi-
cally carried out over a time window of approximately 
one hour, selected to be representative of the worker’s 
exposure. The standard recommends that assessments be 
performed during the period of the year when heat stress 
is most likely to occur, namely the hot summer season. 
For the same reason, within the work shift the represen-
tative measurement period should preferably correspond 
to the hottest part of the day, or more generally to the 
time interval during which exposure is most likely to in-
duce heat stress. [ISO 7243:2017].

In the assessment of heat stress using the WBGT index, 
the effect of clothing is explicitly considered. Specifically, 
the evaluation is based on the effective WBGT (WBGTeff), 
which is obtained by adding the measured WBGT value 
to a Clothing Adjustment Value (CAV). The CAV accounts 

for the thermal and evaporative properties of the clothing 
ensemble worn by the worker and is provided within the 
standard (Annex F). When a CAV is not directly available 
for a specific clothing ensemble, it may be estimated by 
referring to clothing with similar properties; in this con-
text, the relevant clothing characteristics are described in 
ISO 9920. [ISO 7243:2017] This adjustment allows the 
WBGT index to better reflect the actual heat strain expe-
rienced by the individual under real working conditions, 
particularly when clothing differs from the reference light 
workwear assumed in the original WBGT formulation. 
However, ACGIH specifies that CAV values must not be 
used for completely encapsulating suits, often referred to 
by OSHA as Level A ensembles. [ACGIH, 2024].

The heat produced in the human body is a determining 
factor in overall heat stress. Consequently, when interpre-
ting the results obtained from WBGT-based assessments, 
it is essential to evaluate the worker’s metabolic rate. ISO 
7243 explicitly refers to a classification defined in ISO 
8996, ranging from rest to low, moderate, high, and very 
high metabolic rates. ISO 8996 provides standardised 
methods for estimating metabolic rates and describes 
the level of physical effort associated with different work 
activities.

The interpretation of the WBGTeff results, applicable to 
workers in good health and fit for the tasks performed, 
should take into account the individual’s acclimatisation 
status and metabolic rate; it is typically carried out by 
comparing the WBGTeff with the tabulated reference li-
mit values provided by the ISO 7243 standard. Acclima-
tisation is defined as a condition in which the worker 
“has been exposed to the hot working conditions for at 
least one full working week immediately prior to the as-
sessment period”. [ISO 7243:2017] The American Con-
ference of Governmental Industrial Hygienists (ACGIH) 
likewise provides screening criteria for the interpretation 
of WBGTeff results, which also consider the work–rest 
pattern. [ACGIH, 2024] Alternatively, when a more accu-
rate estimate of metabolic load is available, the equations 
specified in the ISO standard may be applied:

	■ WBGTeff reference value (WBGTref) for acclimatised 
people

WBGTref =56.7-11.5 log10 (M)

	■ WBGTeff reference value (WBGTref) for unacclimatised 
people 

WBGTref =59.9-14.1 log10 (M) [ISO 7243:2017]

Where M is the metabolic rate in watts [W].
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PHS method: Historical Development and 
Methodological Approach
The standard ISO 7933:2023, entitled “Ergonomics of 
the thermal environment - Analytical determination and 
interpretation of heat stress using calculation of the pre-
dicted heat strain”, was first published in 1989. [ISO 
7933:2023] In its original version, the standard was focu-
sed on the Required Sweat Rate (Swreq) approach, which 
attracted substantial criticism in the scientific literature, 
primarily due to the methodological limitations and the 
perception that the procedure was insufficiently practical 
for routine field application. In response to these shor-
tcomings, a joint research programme involving eight 
major European research groups in the field of thermal 
ergonomics was launched with support from the Euro-
pean Union, with the aim of revising and improving an 
analytical framework that would be both physiological-
ly sound and operationally usable for the assessment of 
occupational heat stress. This work ultimately led to the 
development of the PHS index. [Malchaire et al., 2001]

Within ISO 7933, the PHS is presented as an iterative 
computational model for the analytical determination 
and interpretation of heat stress experienced by an “ave-
rage” person exposed to hot environments. In fact, the 
method is not intended to predict the physiological re-
sponse of a specific individual; instead, it provides a 
standardised reference based on predefined assumptions 
and is therefore applicable to workers in good health and 
fit for the task performed. [ISO 7933:2023].

The PHS model is based on the body’s thermal energy ba-
lance and requires input parameters describing the ther-
mal environment, namely air temperature (ta), mean ra-
diant temperature (tr), water vapour partial pressure (pa), 
and air velocity (va). In addition, it requires the metabo-
lic rate, measured or estimated in accordance with ISO 
8996, and the static thermal characteristics of clothing, 
measured or estimated according to ISO 9920. The PHS 
provides the maximum allowable exposure time, defined 
as the duration within which physiological strain, expres-
sed in terms of cumulative water loss and predicted rectal 
temperature, remains acceptable for 95% of the exposed 
population. Specifically, the maximum dehydration and 
water loss compatible with the maintenance of normal 
physiological function for working population (Dmax) is 
set at 3% of body mass for individuals without access to 
fluids and 5% for those with access to fluids, while the 
maximum rectal temperature (tre,max) is set at 38 °C. 
Acclimatsation status is a major determinant of thermore-
gulatory capacity and is incorporated in the model throu-
gh two parameters that differ between acclimatised and 

non-acclimatised individuals: the maximum sweat rate 
(Sw max), set at 400 W·m-² for non-acclimatised subjects 
and 500 W·m-² for acclimatised subjects, and the maxi-
mum fraction of skin wittedness (wmax), set at 0.85 for 
non-acclimatised individuals and 1.0 for acclimatised in-
dividuals. Once the limit values are reached, evaporative 
heat loss cannot increase further; consequently, when the 
evaporative heat loss required to maintain thermal balan-
ce exceeds the achievable evaporative capacity, excess 
heat tends to accumulate in the body, driving progressi-
ve increases in internal temperature and water loss until 
the model’s limiting criteria are met and the maximum 
allowable exposure time is reached. [ISO 7933:2023].

Strengths and limitations of the WBGT index 
The WBGT is a relatively simple index to measure and 
easy to apply. This simplicity has substantially contributed 
to its widespread adoption considering that even today, 
approximately 70 years after its introduction, it remains 
among the most frequently used tools for occupational 
heat stress assessment and scientific research. Moreo-
ver, even in the presence of heat exposure characterised 
by spatial and/or temporal variability, WBGT allows the 
thermal environment to be assessed using representative 
measurement periods, typically around 1 h, for which 
appropriate adjustments can be made to account for ob-
served variations. WBGT, however, should be employed 
as a screening index. Moreover, it does not predict the 
human thermophysiological response and its reference 
limits were designed to reduce the risk of heat-related 
illness only in terms of increases in body temperature. 
Finally, this index is intended for healthy workers who 
are fit for the tasks performed during a full working day 
(up to 8 h), so that more vulnerable worker groups, such 
as workers with underlying health conditions and pre-
gnant women, are not adequately accounted within this 
framework. [ISO 7243:2017].

Several studies have further highlighted that the applica-
tion of WBGT is constrained in environments characteri-
sed by high humidity and low air movement. Budd noted 
that the fixed weighting (0.7) assigned to the tnw, a para-
meter strongly influenced by humidity, may be excessive 
at low ambient temperatures and inadequate at higher 
temperatures. [Budd, 2008]. The same study also repor-
ted that WBGT values may change only minimally even 
with substantial variations in air velocity, that is associa-
ted with different thermal perception and potential phy-
siological effects. Finally, Budd highlighted that the use 
of non-standard instrumentation or surrogate equations 
aimed at estimating tg from other thermal indices should 
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be avoided, because it may introduce additional sources 
of error in WBGT computation. [Budd, 2008]

Strengths and limitations of the PHS method 
The PHS method can be regarded as one of the most 
advanced analytical approaches currently available for 
anticipating potential health risks associated with wor-
king in hot environments. [Parsons, 2013] It is com-
monly identified as a second-level index, intended for 
more detailed and in-depth assessments following preli-
minary screening. [ISO 7243:2017]. The ISO 7933 itself, 
however, explicitly acknowledges several methodologi-
cal and applicability limitations of the PHS framework. 
In particular, the model is not applicable when special 
protective clothing is worn, with an applicability limit 
set at approximately 1 clo for clothing thermal insula-
tion. In fact, under such conditions, heat and moisture 
transfer processes may deviate substantially from the as-
sumptions embedded in the model. In addition, PHS has 
not been validated for scenarios characterised by unste-
ady environmental thermal conditions, variable meta-
bolic rates, and/or changing clothing ensembles, and it 
should therefore be applied cautiously whenever these 
inputs vary markedly over time. Finally, the standard is 
intended to predict the physiological response of “ave-
rage” individuals in good health and fit for the work per-
formed, thereby excluding from the scope of assessment 
more vulnerable worker groups who may nonetheless be 
exposed in real occupational settings. [ISO 7933:2023].

From an operational standpoint, PHS can be difficult to 
implement, as its proper use requires specialised per-
sonnel and typically relies on dedicated software tools 
to perform the iterative calculations underlying the mo-
del.

In recognition of these constraints, several studies have 
proposed modified versions of the PHS model to impro-
ve its performance in specific populations and occupa-
tional scenarios. Du et al. developed a variant calibra-
ted on Chinese workers exposed to hot environments, 
reporting that the original model, largely derived from 
European laboratory and field data, could mispredict 
core temperature and sweat loss in that population. [Du 
et al., 2019]. Lazaro and Momayez in 2020, and Wang 
et al. more recently further adapted PHS for hot un-
derground mining, including hot–humid settings with 
high air velocities [Lazaro and Momayez, 2020; Wang 
et al., 2025], whereas Zhang et al. modified the model 
to account for wet and dynamic thermal insulation in 
high-protection ensembles such as firefighters’ clothing. 
[Zhang et al., 2022].

Conclusions
The assessment of occupational heat stress still relies lar-
gely on tools that are, on the one hand, highly generali-
sed and, on the other, operationally demanding. The two 
most established approaches, WBGT and PHS, provide a 
useful reference framework for estimating heat environ-
mental exposure and assessing the physiological risk, yet 
they were developed based on simplifying assumptions 
that only partially reflect the complexity of the real-wor-
ld occupational settings. In this sense, the constraints in 
accurately estimating metabolic workload and clothing 
insulation could easily lead to a not adequate estima-
tion of the two indeces. Moreover, their applicability may 
be reduced in workplaces characterised by time-varying 
exposures, especially when heat loads fluctuate over 
short durations, and they remain limited when protective 
clothing is worn, for which standard formulations and 
adjustments may be insufficient or not applicable. Con-
sequently, these approaches may fail to represent the 
full heterogeneity of a progressively changing work. Fi-
nally, their reliance on assumptions that primarily reflect 
healthy workers who are fit for the task performed fails 
to protect the specific vulnerabilities of certain worker 
groups. In the context of ongoing global warming and the 
projected increases in the frequency, intensity, and dura-
tion of heatwaves, these limitations are likely to become 
even more consequential. 

According to Gao et al., in the context of climate change, 
the scientific community has progressively outlined the 
key features that future heat stress assessment tools should 
possess. [Gao et al., 2018] In fact, such tools should re-
main valid in high-risk climatic zones, be interpretable 
and translatable into operational decision-making, and 
be acceptable and accessible for field application. Mo-
reover, it crucial to explicitly link the assessment outco-
mes to flexible and hierarchical control measures that 
account for worker vulnerabilities, grounding indices in 
a robust physiological and physical thermal framework 
applicable to both hot–dry and hot–humid conditions, 
and allowing for a wide range of clothing adjustments, 
including the use of protective ensembles. In addition, it 
is important to emphasised that an applicable heat stress 
index should be feasible and accurate across a relevant 
spectrum of environmental and metabolic conditions, 
reflect the worker’s actual exposure, and define exposure 
limits consistent with other physiological and/or psycho-
logical responses apart from the heat strain, as the chro-
nic health effects, while also making clear the practical 
implications for work activities, including effects on pro-
ductivity and economic outcomes. [Gao et al., 2018].
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Against this background, WBGT and PHS should be 
regarded as important but non-exhaustive components 
of a broader heat-risk management strategy, rather than 
stand-alone solutions. Future efforts should focus on 
refining these indices through improved calibration for 
diverse populations and occupational settings, and on in-
tegrating them with physiological monitoring, task- and 
sector-specific information, and occupational health sur-

veillance. In parallel, it is reasonable to envisage that the 
scientific community may progressively work towards 
the development of new heat-stress indices that better 
address the key limitations of current approaches, while 
retaining the ability to provide both a general characte-
risation of the thermal environment and, where needed, 
a more individualised appraisal of heat strain and risk.
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