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			The Comrades Marathon is South Africa’s – and the world’s – most recognised and largest ultra-marathon event, with over 15 000 participants from across the globe competing in the 89-km road running event each year. Historically, the event has been held before the start of austral winter (20 May – 17 June). However, in 2022, organisers of the race moved the event to 28 August, when austral spring commences. We explore the climate, in particular the Universal Thermal Comfort Index (UTCI), of past Comrades events (1980-2019) and compare these data to UTCI data of the new proposed date (28 August) for the same period. The climatology for May, June, July and August was determined to identify periods with the lowest risk for ‘strong’ to ‘very strong’ heat stress. Results show that participants’ risk of exposure to ‘strong’ heat stress and ‘very strong’ heat stress periods will be more likely if the event is held in August as compared to the original event dates. Therefore, it is concluded that mid-June to mid-July has the lowest risk of heat stress exposure along the route. Runners and organisers should be aware of the higher risk of exertional heat illness during the 2022 Comrades Marathon to ensure safe participation.

			Significance:

			•The new proposed date for the Comrades Marathon will increase the risk of exposure to ‘strong’ and ‘very strong’ heat stress conditions, as defined by the Universal Thermal Comfort Index (UTCI).

			•The UTCI indicates that mid-June to mid-July has the lowest risk of heat stress exposure at the three reference points along the route.

			•Organisers should warn runners of the higher risk of exertional heat illness due to the possible exposure to high UTCI values or more unfavourable climatological conditions. Furthermore, runners should be informed of a variety of preventative strategies to ensure safe participation.
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			Introduction

			The Comrades Marathon is a 89-km road-running event between Durban and Pietermaritzburg in the Kwazulu-Natal Province of South Africa, and is perhaps the most recognised ultra-running event in the world.1 The event was first hosted in 1921, and despite disruptions during World War 2 (1941–1945) and more recently during the COVID-19 pandemic (2020–2021), has been hosted on 94 occasions, making it the world’s oldest ultra-marathon.1,2 Since 1980, the race dates were set either for the last week of May or for the first two weeks of June, with the earliest race date set as 20 May in 1995 and the latest date as 17 June in 1996, 2002 and 2007. Therefore, the race dates usually fall within early austral winter. However, in 2021, the event organisers announced that the Comrades Marathon of 2022 will be held on 28 August, two days before the start of austral spring. Organisers cited the extended daylight as a motivating factor for hosting the event in August, stating that the temperatures are still safe enough to host the event during this time.3 Despite this notion, there is no indication that event organisers examined climatological data to verify their decision. Heat stress in athletes can have potentially catastrophic health and performance consequences, which justify the importance of doing an in-depth study of possible changes in climatological conditions that runners will face due to the new start date.	

			Exertional heat illness, which encompasses exercise associated with collapse due to heatstroke, is the most common medical attention-requiring condition that athletes experience during participation in marathons.4 High temperature and humidity seem to be significant factors for developing exertional heat illness in athletes.5,6 However, athletes are also at risk of attaining lower performance levels. Exercise capacity (time to exhaustion) decreases together with an increase in perceived exertion as environmental temperature and relative humidity increase.7 Contrary to previous research, more recent research concluded that the performances of top-level marathon runners show higher decreases in performances due to higher temperatures than do slower runners.6 This trend in results was attributed to the assumption that top-level runners work at a higher intensity than their slower counterparts and will probably surpass their physiological limits to cope with the adverse effects of heat stress.6 The possible mechanisms that underlie the risk of developing heat illness and attaining lower performance levels when exercising in hot and humid conditions are: the extra cardiovascular strain that is caused by a redistribution of blood to cutaneous vascular beds together with the maintenance of perfusion due to exercising muscle oxygen delivery; an exacerbated reduction in cerebral blood flow via central inhibition; the downregulation of skeletal muscle recruitment via lower central neural drive; and a progressive shift in energy substrate mobilisation to the utilisation of more glycogen and less fat.8
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			The risk for exertional heat illness is high when the wet bulb globe temperature exceeds 28 °C during especially higher-intensity exercises (≥75% of V̇O2max) and/or when strenuous exercise is performed for longer than 1 hour.7 Although various studies made use of the wet bulb globe temperature as a measure for assessing heat stress in athletes9, the Universal Thermal Comfort Index (UTCI) is regarded to be a better measure to model sports heat stress10. Therefore, the UTCI was previously used to examine the effect of different thermal conditions on runners during 12 New York City Marathons and the risk of heat stress during the 2021 Olympics marathon by evaluating the sensation index.6,9,11 The expected daily incidence rate of heat-related illness among athletes who participated in international outdoor World and European athletics championships between 2009 and 2019 increased by 0.14 per 1000 registered athletes for each degree of increase in UTCI, doubling from 25 to 35 UTCI.12 The last-mentioned researchers reported no severe heat illness below a UTCI value of 28. They also found that athletes who participated in endurance disciplines experienced a higher incidence of heat illness than those who participated in explosive disciplines.11

			These findings provide a guideline according to which climatological conditions can be interpreted to ascertain the possible risk athletes face of experiencing exertional heat illness or a decrease in running performance. Therefore, the purpose of this research was to examine the climate of the past 40 Comrades Marathon events (1980–2019). Particular focus was placed on the UTCI as an indicator of heat stress 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 if the event is held in August.
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			Data and methods

			The Comrades Marathon takes place in KwaZulu-Natal, South Africa, between Pietermaritzburg and Durban. The event alternates annually between the ‘up run’ (Durban to Pietermaritzburg) and ‘down run’ (Pietermaritzburg to Durban). The starting point of the event within the respective cities has varied over the past 100 years, creating some differences in the final distance. However, the distance has consistently remained between 87 km and 91 km (see Figure 1 for the region of interest and route map, as well as the mean temperature climatology for August in the region). We examined the climate of Comrades Marathon events between 1980 and 2019 (as seen in Table 1). All events before 1980 were omitted from the analysis to match the temporal range of the ERA5 (the fifth-generation reanalysis global atmosphere data set from the European Centre for Medium-Range Weather Forecasts (ECMWF)).13 The last Comrades was completed in 2019 before COVID-19 restrictions led to the event’s cancellation in 2020 and 2021.

			[image: ]

			Figure 1:	Mean temperature climatology (derived from ERA-5 2-m temperature) for August in the region of interest is represented here as an indication of the temperature gradient between the coastal and inland areas along the route. Indicated on the map are Pietermaritzburg, the halfway mark and Durban in KwaZulu-Natal, South Africa and the route on which the Comrades Marathon takes place.
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			ERA5 reanalysis data from the ECMWF was used to perform the climate analysis. A nearest-neighbour extraction was used to gather the historical climate at three points, namely: Pietermaritzburg (-29.6019, 30.3794), Durban (-29.8277, 31.0305) and the halfway mark (-29.7494, 30.7022). The new generation ERA5 reanalysis data has a resolution of 0.25° x 0.25° and a single grid cell is effectively ~30 km. Along the 90-km route, these points served as good reference points to ascertain the weather conditions experienced. The UTCI was derived from the ERA5 data set, calculated as a function of 2-m air temperature, 2-m dew point temperature (or relative humidity), wind speed at 10 m above ground level and mean radiant temperature. The UTCI was originally developed to indicate the possible physiological responses that humans will experience because of a combination of climatological factors14-17: air temperature (°C), wind speed (m/s), mean radiant temperature (°C) and humidity ratio (0–100). The UTCI values, together with the predicted associated physiological responses that athletes may experience, are detailed in Table 2.

			Table 1:	Comrades dates used in the analysis. May events are unshaded and June events are shaded in grey.
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			Table 2:	ERA5-UTCI (Universal Thermal Comfort Index) values and predicted associated physiological stress response14-17
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			The UTCI values together with the predicted associated physiological responses were used to examine the possible risk for exertional heat illness, and particular focus was placed on ‘strong’ heat stress and ‘very strong’ heat stress periods along the three reference points. A time-series analysis revealed the risk for the occurrence of heat stress for different daily times and event dates. Subsequently, the analysis revealed the relative frequency (%) of ‘strong’ and ‘very strong’ heat stress values per month as indicated by the UTCI values >32.
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			Results and discussion

			The purpose of this study was to conduct an UTCI climatological analysis over the 1980–2021 period for the months of May, June, July and August, to examine the suitability of the new race date for the 2022 Comrades Marathon. Historically, the event was hosted in late May until 1996 when the event was moved to mid-June (Table 1). Due to the route’s length, the UTCI was determined at three reference points (i.e. Durban, ‘the halfway mark’ and Pietermaritzburg) for separate analysis. Runners are prevented from competing further if they reach the halfway mark later than 11:45:00 (SAST). The grid cell at the halfway mark can also be used as a proximity location for the ~30-km radius along the route from this point, where the majority of runners who compete over 9 hours would be exposed to maximum midday heat stress conditions. 

			The climatology of the start and finish locations varied noticeably due to the coastal climatology of Durban and the inland climatology of Pietermaritzburg (Figure 1). We explicitly focused on ‘strong’ (32–38 UTCI) and ‘very strong’ (38–46 UTCI) heat stress periods during the study period. Extreme values only occurred 11% of the time over the duration of the whole climatology period. However, exposure to these periods can have an impact on athletes’ performance. When examining the occurrence of ‘strong’ and ‘very strong’ heat stress days, Figure 2 indicates that the highest percentage of days with UTCI of 32–38, relative to May, June, July and August, is observed at the halfway mark during May (25.95%), followed by August (23.7%). The next highest percentage for high UTCI values was observed for Durban during May (21.5%) and August (15.63%). The percentage of UTCI that reached values higher than 38 UTCI during June and July was low for all reference points, with percentages that varied between 0% and 3.49%. In addition, Pietermaritzburg was the reference point for which the lowest percentages of ‘strong’ heat stress periods were identified during all months. Values for this reference point were 0.20%, 0%, 0% and 1.14% for May, June, July and August, respectively. The only reference points and periods for which ‘very strong’ heat stress periods (i.e. UTCI of 38–46) were observed, are Durban during May (0.23%) and August (0.39%) as well as at the halfway mark during August (0.20%). 

			The UTCI climatological data suggest that June and July are the months during which the periods of ‘strong’ and ‘very strong’ heat stress are fewer compared to both May and August. In addition, Pietermaritzburg served as the reference point with much lower percentages of ‘strong’ and ‘very strong’ heat stress periods compared to Durban and the halfway mark. From late July to August there is a noticeable increase in the frequency of heat stress days. The last 10 days of August also seem to produce higher occurrences of ‘very strong’ heat stress periods at Durban and the halfway mark (Figure 3) compared to the other days. Although May and August seemingly have similar ‘strong’ and ‘very strong’ heat stress days (Figure 2), historically, races have always been held during late May, when temperatures are cooling down (Figure 3). In contrast, the new proposed date is at the end of August when there is a significant increase in the occurrence of heat stress periods. A comparison by means of a t-test between the heat exposure risk of the last 10 days of May and the last 10 days of August indicated a statistically significant difference (p<0.01) between the two periods, with late August having a higher occurrence of ‘strong’ and ‘very strong’ heat stress periods compared to late May. A further comparison between the long-term climatology data of two 20-year periods, shows a 17% and 0.5% increase in ‘strong’ and ‘very strong’ heat stress days, respectively, from the 1980–2000 period to the 2001–2021 period. The largest increase in ‘strong’ heat stress days was observed at the halfway mark (11% increase), followed by Durban (5%) and Pietermaritzburg (1%). 
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			Figure 2:	Distribution of ‘strong’ and ‘very strong’ heat stress hours between May and August (1980–2021) and location along the route. As a total of all WHO heat stress categories, ‘strong’ heat stress and ‘very strong’ heat stress days occur for only 11% of the total period.
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			Figure 3:	Cumulative hours of historical heat stress occurrences, per day, from the beginning of May to end of August (1980–2021).
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			Figure 4 indicates the historical year-on-year increase in ‘strong’ and ‘very strong’ heat stress conditions during the period of interest, likely as a result of anthropogenic climate change, in line with projections for the region.18,19 Between 2010 and 2019, 4 years had periods of heat stress on 28 August, compared to 2 years for the same period during the events before 2010. Although ‘strong’ and ‘very strong’ heat stress periods occur less frequently than ‘moderate heat stress’ periods (Figure 5), the impact of these ‘extreme periods’ to the health and performance of runners increases substantially during exposure to values above 28. According to Hollander et al.12, the risk of heat-related illness doubles for endurance athletes when the UTCI increases from <25 to >35. Even a short exposure to these conditions should be avoided to minimise the risk of heat-related illness. These heat stress periods are especially prevalent at the reference points of Durban and the halfway mark, and between 12:00 and 14:00, as 69% of ‘strong’ heat stress periods and 80% of ‘very strong’ heat stress periods were observed during this period. Historically, the maximum heat stress period is observed at 13:00, and for the proposed date at 14:00. 

			In 2003, the race cut-off was extended by an hour from 11 to 12 hours. An analysis of Comrades results from 2003 to 2019 indicates that 78% of runners are on the route longer than 9 hours. Under severe conditions, runners who compete for more than 9 hours can be exposed to >5 hours of heat stress conditions. Researchers and medical-related professionals caught a glimpse of the possible consequences of ‘stronger’ heat stress periods during the 2013 Comrades Marathon event when only 55% of starters finished the race. Organisers described the weather conditions of this event as ‘very hot with a hot gusting wind the entire day’2. Recent studies on participants of the 2019 World Athletics Championship held in Doha, Qatar and the 2018 London Marathon indicated that endurance athletes experienced a 20% increase in the risk of heat-related illness when exposed to high UTCI values.11,20 Participants in these studies also experienced up to a 5% decrease in running performance for every 5 points increase in UTCI values above 22. 
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			Figure 4:	The distribution of heat stress hours, accumulated along all three reference points, for past events and the proposed event date.
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			Figure 5:	The mean Universal Thermal Comfort Index values for past events and for the proposed date, along the Comrades route.
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			Conclusion

			We explored the risk of heat exposure for participants of the 2022 Comrades Marathon by analysing the UTCI climatological data of the actual event days and the proposed new race date of 28 August. In conclusion, the findings show that runners will face an increased risk of heat exposure if the event is held in August compared to June or July. The UTCI climatological data, together with the predicted associated physiological responses that athletes may experience, show that a higher frequency of heat stress periods is likely to occur in the first half of May and the second half of August. Mid-June to mid-July is the period during which the risk of exposure to heat stress during participation is the lowest. Runners should be aware of the higher risk of exertional heat illness due to the possible exposure to higher UTCI values or more unfavourable climatological conditions. Furthermore, runners should be made aware of a variety of preventative strategies which may include altered pacing, rehydration, and cooling strategies to ensure safe participation.20 Adherence to safety recommendations will ensure that more participants successfully finish the race, that the incidence rate of heat-related illness is reduced and that better Comrades Marathon running times are achieved. 

			Microclimatic conditions along the route and increased radiant heat from paved roads were not considered in the analysis of the UTCI climatological data and require further investigation. Therefore, the UTCI values could probably be underestimated as the microclimatic conditions may vary along the route. Furthermore, individual tolerance to heat stress varies, which may influence the individual responses and the possible risk for heat-related illness.8,20 However, we made use of a bioclimatic and not a physiological approach21 to investigate the possible risk for heat-related illness. These risks will likely increase as temperature increases under future climate change scenarios.18,19
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