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Commentary

Significance:

We value comments on our research paper in a Commentary in this issue (Simpson, S Afr J Sci. 
2024;120(1/2), Art. #16445). Acknowledging the Universal Thermal Comfort Index (UTCI)’s limitations in 
capturing individual physiological responses remains important; however, we argue for its appropriateness 
based on recent thermophysiology and heat exchange advancements during its development and broader 
alignment with standardised indexing efforts. Our original research paper set out with these considerations 
in mind, and our conclusions remain valid. We further argue for refinement of the UTCI for specific activities 
instead of using the PET. Finally, future efforts should focus on monitoring data in real-world scenarios to 
validate and improve thermal indices.

We thank Simpson1 for his insightful commentary on our research paper2, which critically examines the 
appropriateness of a standard heat stress index for a specific event. In our research, we chose the Universal 
Thermal Comfort Index (UTCI) to evaluate heat stress during a major ultra-marathon event. We acknowledge that 
while UTCI provides a broad overview of heat responses in the average person, and may not capture the specific 
physiological reactions and microclimatic conditions experienced by each athlete, this limitation is inherent to all 
heat-related stress indices.3 We argue that the UTCI is the appropriate index to use, as it is based on the most 
recent scientific progress in both thermophysiology and heat exchange theory.4,5 The validation of the physiological 
equivalent temperature (PET) vs UTCI (or other indices) was beyond the scope of our paper, because it has been 
done numerous times.6,7 Our conclusions, as we set out in our objectives and data analysis, remain valid and are 
supported by Simpson’s own calculation of the UTCI, despite his criticism of the index – which will hold true in 
many other comparisons as well.3,8

However, to verify our decision to use the UTCI, we will briefly examine the history of this index within the greater 
bioclimatic community. The UTCI was developed to consolidate the wide range of thermal comfort indices – by 
2015, more than 162 indices were documented in the scientific literature.9 Subsequently, our selection aligns 
with the mission of the International Society of Biometeorology Commission 6 and the European COST Action 
730, which aimed to standardise such indices.3,10,11 Our decision to use the UTCI for assessing marathon running 
was also informed by other peer-reviewed studies.12-14 The choice of an indicator that has been used in previous 
peer-reviewed studies also allows for comparisons between studies. The UTCI has also been applied to a range 
of sporting events15, and physical activities16. Despite the limitations of the UTCI, the vision of the larger research 
community and published peer-reviewed articles directed our use of the index. According to us, there is no other 
peer-reviewed index that was specifically developed for a ultra-marathon (during which runners cover 89 km, over 
complex topography, with water points every 3 km, over various landscapes) which accounts for individual heat 
adaptations, training history, injury history, sweat rate, evaporative cooling, and race day hydration strategies.

Simpson rightly points out that the fixed metabolic rate (MET) that is prescribed by the UTCI might have 
underestimated the METs of the runners. However, the metabolic rate parameters are derived from Fiala’s 
multi-node human physiology and thermal comfort model, which is widely accepted as the most advanced 
thermophysiological model to date.17-19 The UTCI-Fiala contains substantially more physiological parameters than 
the simple PET-Munich Energy-balance Model for Individuals (MEMI). A comparison between the MEMI model (and 
other basic metabolism models) and the UTCI-Fiala model5 indicated that the UTCI-Fiala model was more accurate 
in representing the physiological responses in a variety of environmental conditions. A possible reason for this 
finding is the fact that the UTCI-Fiala model was built on studies which included athletes.5,19 Just because the PET 
allows the user to change the MET, does not mean that the underlying model is fundamentally correct.

A similar argument can be used for the clothing model query. The UTCI clothing model dynamically20 adjusts for 
increases and decreases in temperature, whereas the simple PET model assumes uniform clothing21. Due to the 
Comrades Marathon’s early morning start, and especially when the event starts in Pietermaritzburg, runners typically 
dress in warm attire and remove clothing as the event continues throughout the day. However, we agree that the 
clothing can be tailored for specific activities, which could in some cases alter the conclusions drawn. Nevertheless, 
the PET will lead to less accurate findings than a model in which the UTCI is modified. Therefore, we suggest that 
future research must rather focus on refining the UTCI to also consider individual changes in MET and clothing.

Despite the above arguments, we reiterate that the goal of our original research paper was not to evaluate all 
162 indices, but to specifically apply the UTCI (as used in other peer-reviewed studies) to examine the possible 
prevalence of heat stress among runners and predict the possible influence of a change in climatological conditions 
on the incidence of exertional heat illness among athletes due to a change in the event date.

According to Grundstein and Vanos22, who were referenced in our paper, researchers who investigate thermal 
indices can be classified into two primary groups: the bioclimate and the physiology communities. Our approach 
aligns with the bioclimate perspective, focusing on mostly generalised and predicted physiological variables 
combined with advanced meteorological data. The comments of Simpson1 suggest a more balanced perspective by 
contending for a more tailored approach. However, we suggest that this modification should be based on the UTCI.
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Alternatively, and drawing from the climate modelling community, we 
recommend the ensemble approach for future research. This would 
require that future efforts are based on a variety of heat stress indices 
that are tailored for specific scenarios. Such an approach can assist 
researchers to find possible variations in outcomes and indices. Similar 
to the Coupled Model Intercomparison Project Phase 6 (CMIP6) and 
Coordinated Regional Climate Downscaling Experiment (CORDEX) 
initiatives23,24, the ensemble approach can help future researchers to 
strengthen the accuracy of conclusions when using heat stress indices.

We value Simpson’s Commentary as it compels researchers to expand on 
existing research approaches, pointing towards more nuanced and detailed 
investigations into heat stress during physical activities. We also recognise 
that the choice of the applied heat stress index can significantly impact 
study outcomes, as was also the case with our study. Therefore, despite 
the value of the UTCI in providing researchers with a broader understanding 
of the thermal environment, the ideal would be to supplement the UTCI with 
local, micro-meteorological, and physiological data that are specific to the 
conditions and participants involved in a specific event. However, since 
the publication of the paper, we have engaged in more than six thermic-
related investigations in collaboration with medical and sports scientists, 
especially focusing on high-level track and field, and road running events. 
These efforts aim to enhance our understanding of the correlation between 
environmental conditions and athletes’ physiological responses to these 
conditions. We hope that these investigations will further contribute to the 
refinement of heat stress indices for use in real-life scenarios. Ultimately, 
the aim is to improve our understanding of the role that environmental 
factors play in sports performance and injury risk.

Competing interests
We have no competing interests to declare.

references
1. Simpson C. Comment on Havenga et al. (2022): Standard heat stress indices 

may not be appropriate for assessing marathons. S Afr J Sci. 2024;120(1/2), 
Art. #16445. https://doi.org/10.17159/sajs.2024/16445

2. Havenga H, Coetzee B, Burger RP, Piketh SJ. Increased risk of heat stress 
conditions during the 2022 Comrades Marathon. S Afr J Sci. 2022;118(7/8), 
Art. #13118. https://doi.org/10.17159/sajs.2022/13118

3. Jendritzky G, de Dear R, Havenith G. UTCI – why another thermal index? Int J 
Biometeorol. 2012;56:421–428. https://doi.org/10.1007/s00484-011-0513-7

4. Broede P, Blazejczyk K, Fiala D, Havenith G, Holmer I, Jendritzky G, et al. The 
Universal Thermal Climate Index UTCI compared to ergonomics standards for 
assessing the thermal environment. Ind Health. 2013;51(1):16–24. https://do 
i.org/10.2486/indhealth.2012-0098

5. Havenith G, Fiala D. Thermal indices and thermophysiological modeling for 
heat stress. Compr Physiol. 2011;6(1):255–302. https://doi.org/10.1002/c 
phy.c140051

6. Fröhlich D, Matzarakis A. A quantitative sensitivity analysis on the behaviour 
of common thermal indices under hot and windy conditions in Doha, Qatar. 
Theor Appl Climatol. 2016;124:179–187. https://doi.org/10.1007/s00704-0 
15-1410-5

7. Pantavou K, Lykoudis S, Nikolopoulou M, Tsiros IX. Thermal sensation and 
climate: A comparison of UTCI and PET thresholds in different climates. Int J 
Biometeorol. 2018;62:1695–1708. https://doi.org/10.1007/s00484-018-156 
9-4

8. Binarti F, Koerniawan MD, Triyadi S, Utami SS, Matzarakis A. A review of 
outdoor thermal comfort indices and neutral ranges for hot-humid regions. 
Urban Clim. 2020;31, Art. #100531. https://doi.org/10.1016/j.uclim.2019. 
100531

9. De Freitas CR, Grigorieva EA. A comprehensive catalogue and classification 
of human thermal climate indices. Int J Biometeorol. 2015;59:109–120. http 
s://doi.org/10.1007/s00484-014-0819-3

10. Jendritzky G, Höppe P. The UTCI and the ISB. Int J Biometeorol. 2017; 
61(Suppl 1):23–27. https://doi.org/10.1007/s00484-017-1390-5

11. Jendritzky G, Havenith G, Weihs P, Batchvarova E, DeDear R. The universal 
thermal climate index UTCI goal and state of COST action 730. Environmental 
ergonomics XII. Ljubljana: Biomed; 2007. p. 509–512.

12. Gasparetto T, Nesseler C. Diverse effects of thermal conditions on 
performance of marathon runners. Front Psychol. 2020;11, Art. #1438.  
https://doi.org/10.3389/fpsyg.2020.01438

13. Honjo T, Seo Y, Yamasaki Y, Tsunematsu N, Yokoyama H, Yamato H, et al. 
Thermal comfort along the marathon course of the 2020 Tokyo Olympics. 
Int J Biometeorol. 2018;62:1407–1419. https://doi.org/10.1007/s00484-01 
8-1539-x

14. Hollander K, Klöwer M, Richardson A, Navarro L, Racinais S, Scheer V, et al. 
Apparent temperature and heat‐related illnesses during international athletic 
championships: A prospective cohort study. Scand J Med Sci Sports. 
2021;31(11):2092–2102. https://doi.org/10.1111/sms.14029

15. Konefał M, Chmura P, Zacharko M, Baranowski J, Andrzejewski M, Błażejczyk 
K, et al. The influence of thermal stress on the physical and technical activities 
of soccer players: Lessons from the 2018 FIFA World Cup in Russia. Int J 
Biometeorol. 2021;65:1291–1298. https://doi.org/10.1007/s00484-020-01 
964-3

16. Young E, Kastner P, Dogan T, Chokhachian A, Mokhtar S, Reinhart C. Modeling 
outdoor thermal comfort along cycling routes at varying levels of physical 
accuracy to predict bike ridership in Cambridge, MA. Build Environ. 2022;208, 
Art. #108577. https://doi.org/10.1016/j.buildenv.2021.108577

17. Blazejczyk K, Epstein Y, Jendritzky G, Staiger H, Tinz B. Comparison of UTCI 
to selected thermal indices. Int J Biometeorol. 2012;56:515–535. https://doi 
.org/10.1007/s00484-011-0453-2

18. Fiala D, Havenith G, Bröde P, Kampmann B, Jendritzky G. UTCI-Fiala multi-node 
model of human heat transfer and temperature regulation. Int J Biometeorol. 
2012;56:429–441. https://doi.org/10.1007/s00484-011-0424-7

19. Psikuta A, Fiala D, Laschewski G, Jendritzky G, Richards M, Błażejczyk K, 
et al. Validation of the Fiala multi-node thermophysiological model for UTCI 
application. Int J Biometeorol. 2012;56:443–460. https://doi.org/10.1007/s 
00484-011-0450-5

20. Havenith G, Fiala D, Błazejczyk K, Richards M, Bröde P, Holmér I, et al. The 
UTCI-clothing model. Int J Biometeorol. 2012;56:461–470. https://doi.org/1 
0.1007/s00484-011-0451-4

21. Matzarakis A, Mayer H, Iziomon MG. Applications of a universal thermal 
index: Physiological equivalent temperature. Int J Biometeorol. 1999;43: 
76–84. https://doi.org/10.1007/s004840050119

22. Grundstein A, Vanos J. There is no ‘Swiss Army Knife’ of thermal indices: 
The importance of considering ‘why? ‘and ‘for whom?’ when modelling heat 
stress in sport. Br J Sports Med. 2021;55(15):822–824. https://doi.org/10. 
1136/bjsports-2020-102920

23. Deser C, Phillips A, Bourdette V, Teng H. Uncertainty in climate change 
projections: The role of internal variability. Clim Dyn. 2012;38:527–546. http 
s://doi.org/10.1007/s00382-010-0977-x

24. Tél T, Bódai T, Drótos G, Haszpra T, Herein M, Kaszás B, et al. The theory 
of parallel climate realizations: A new framework of ensemble methods in a 
changing climate: An overview. J Stat Phys. 2020;179:1496–1530. https://d 
oi.org/10.1007/s10955-019-02445-7

https://www.sajs.co.za
https://dx.doi.org/10.17159/sajs.2024/17474
https://doi.org/10.17159/sajs.2024/16445
https://doi.org/10.17159/sajs.2022/13118
https://doi.org/10.1007/s00484-011-0513-7
https://doi.org/10.2486/indhealth.2012-0098
https://doi.org/10.2486/indhealth.2012-0098
https://doi.org/10.1002/cphy.c140051
https://doi.org/10.1002/cphy.c140051
https://doi.org/10.1007/s00704-015-1410-5
https://doi.org/10.1007/s00704-015-1410-5
https://doi.org/10.1007/s00484-018-1569-4
https://doi.org/10.1007/s00484-018-1569-4
https://doi.org/10.1016/j.uclim.2019.100531
https://doi.org/10.1016/j.uclim.2019.100531
https://doi.org/10.1007/s00484-014-0819-3
https://doi.org/10.1007/s00484-014-0819-3
https://doi.org/10.1007/s00484-017-1390-5
https://doi.org/10.3389/fpsyg.2020.01438
https://doi.org/10.1007/s00484-018-1539-x
https://doi.org/10.1007/s00484-018-1539-x
https://doi.org/10.1111/sms.14029
https://doi.org/10.1007/s00484-020-01964-3
https://doi.org/10.1007/s00484-020-01964-3
https://doi.org/10.1016/j.buildenv.2021.108577
https://doi.org/10.1007/s00484-011-0453-2
https://doi.org/10.1007/s00484-011-0453-2
https://doi.org/10.1007/s00484-011-0424-7
https://doi.org/10.1007/s00484-011-0450-5
https://doi.org/10.1007/s00484-011-0450-5
https://doi.org/10.1007/s00484-011-0451-4
https://doi.org/10.1007/s00484-011-0451-4
https://doi.org/10.1007/s004840050119
https://doi.org/10.1136/bjsports-2020-102920
https://doi.org/10.1136/bjsports-2020-102920
https://doi.org/10.1007/s00382-010-0977-x
https://doi.org/10.1007/s00382-010-0977-x
https://doi.org/10.1007/s10955-019-02445-7
https://doi.org/10.1007/s10955-019-02445-7

	Response to Simpson (2024): Standard heat stress indices may not be appropriate for assessing marathons
	Competing interests
	References


