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Abstract
This study explores thermal stress conditions (i.e. heat, humidity, sunlight exposure) sports tourists can expect when attend-
ing the 2026 FIFA World Cup. Sports tourism’s growth is driven by international mega-events like FIFA World Cups and 
Olympic Games. With planning ongoing for the 2026 FIFA World Cup football (soccer) tournament, what remains unstudied 
are the heat conditions spectators can expect at the 16 host stadiums in the United States, Mexico, and Canada. The inquiry 
is important considering (1) the tournament is taking place in warm-weather months of June and July, (2) thermal stress 
contributes to heat-related illnesses like heat stroke, and (3) many destination-bound tourists will be at elevated risk to heat. 
Accordingly, we report historical and forecasted thermal stress levels documenting expected conditions at each host sta-
dium. Notably, forecasts indicate worsening thermal stress compared to long-term means, providing support for the study’s 
methodology. Practical implications and limitations are provided.
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Introduction

The purpose of this study is to investigate the thermal 
stress conditions (i.e. heat, humidity, sun exposure) sports 
tourists can expect to encounter at the 2026 FIFA World 
Cup football (soccer) organized by the International Fed-
eration of Football Association (i.e. FIFA). Sports tour-
ism is among the fastest growing subsectors of tourism 
internationally. For example, “major sporting events, such 
as the Olympic Games, football and rugby championships 
have become powerful tourism attractions themselves” 
(UNWTO 2023a: par. I). Sports tourism involves overnight 
travel away from one’s residence for the primary purpose of 
attending a sporting activity (Weed 2009). Sports tourism 
provides economic incentives to host-locations including 
hospitality (i.e., bars, hotels, restaurants), shopping, and 
other tourist attractions (Mulyanto 2023). One of the big-
gest sports tourism events in recent history was the 2022 
FIFA World Cup in Qatar. According to the UNWTO 
(2023b), after hosting the tournament, international 

arrivals increased by 95% into 2023. With an additional 16 
nations participating in the 2026 FIFA World Cup hosted 
by the United States, Mexico, and Canada (FIFA 2023), the 
global and local economic impacts are expected to be even 
greater than the 2022 tournament.

Sports tourism involves a variety of stakeholder groups 
including spectators, hosts/destination managers, and par-
ticipants (Weed 2009). Here, our focal group is spectators 
attending football matches at the 16 stadiums for the 2026 
FIFA World Cup. There are multiple motivations that spec-
tators have for traveling to and attending a sporting event 
(Weed and Bull 2012). Among the most salient motivators 
are affinity for a sport, team, or athlete (King and Karabas 
2024; Kurtzman and Zauhar 2005). Another factor influenc-
ing tourists—irrespective type of tourism—is climate change 
and its consequences (e.g. extreme heat) (Scott et al. 2019). 
Weather entails the short-term meteorological conditions 
experienced over the span of minutes to months (i.e. what 
tourists will experience onsite at an event). A recent review 
article reveals that warming temperatures from climate 
change are an area of concern in the sports tourism litera-
ture (Orr et al. 2022). Researchers have primarily focused 
on the athlete (e.g. health, performance), with far less atten-
tion given to spectator physical interaction with the natural 
environment (Dingle 2009; Orr et al. 2022).
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Yet, when sports tourism occurs during warm-weather 
months, sports tourists spectating events are at heightened 
risks to thermal facets of the atmosphere, otherwise known 
as thermal stress (Nowak et al. 2022; Orr et al. 2022). 
Consequences of thermal stress include heat exhaustion, 
heat stroke, hyperthermia, and exertional heat illness (Orr 
et al. 2022). Thermal stress risks are further intensified by 
warming temperatures with a changing climate (Nowak 
et al. 2022; Orr et al. 2022). The observed effects of cli-
mate change (e.g. intensifying thermal stress) underscore 
a growing need for “responsible management practices for 
mega events” (Otto and Heath 2009: 169). With prepa-
rations in progress for the 2026 FIFA World Cup, what 
remains unstudied are the thermal stress conditions to 
be expected at each of the tournament’s 16 host stadium 
locations. Understanding of thermal stress can assist with 
preparation for destination-based tourists who (1) make 
travel decisions far in advance (Gary 2024), (2) are moti-
vated by non-weather factors (e.g. Kurtzman and Zauhar 
2005; Weed and Bull 2012), and (3) may be unacclimated 
to local thermal stress conditions (e.g. Matzarakis et al. 
2018).

The remainder of this section describes literature related 
to tourism, thermal stress, and our focal sports tourist (i.e. 
spectators) followed by our operationalization of thermal 
stress with research questions. Next are material and meth-
ods, results and analysis, and discussion sections.

Tourism, thermal stress, and sports tourists

This study is grounded in and builds upon thermal stress 
studies conducted by the tourism discipline, which have 
primarily focused on acceptable conditions for tourism 
performance (e.g., visits). For instance, Perkins and Deb-
bage (2016) conducted a survey and inferred that tour-
ists had a “potentially high aversion” to visitation at the 
Phoenix (United States) zoo during extreme thermal 
stress conditions. In an urban environment, Karimi and 
Mohammad (2022) found that urban centres with high 
thermal stress were viewed unfavarouble by the majority 
of tourists (> 60%) who were surveyed while visiting the 
centres. In fact, there have been a number of studies that 
have explored micro-climates of destinations measured as 
thermal stress such as Hungary, Luxemburg, Poland, and 
Spain (Karimi and Mohammad 2022; Matzarakis et al. 
2013; Rozbicka and Rozbicki 2021; Vitt et  al. 2015), 
using retrospective and/or future-oriented forecasts based 
on climate models for the distant future (e.g., 2071–2100). 
Like the broader tourism climatology literature (e.g. Rutty 
et al. 2020), thermal stress studies have primary focused 
on acceptable conditions for tourism, not conditions that 
could pose imminent health and safety risks from heat 
exposure. We expand upon the tourism literature’s study 

of thermal stress by focusing on (1) health and safety risks 
from thermal stress, and (2) shorter-term forecasts that 
more accurately describe conditions to be expected at a 
destination. We extend this study within the context of 
sports tourism.

Sports tourists spectating events are often at greater 
risks to thermal stress than athletes. For instance, heat was 
observed 15 °C higher outside the stadium during the IAAF 
World Championships than inside the stadium where com-
petition occurred (Bermon and Adami 2019). Increased risks 
for spectators are largely attributable to (1) short acclimation 
periods and (2) lack of understanding about how to counter-
act heat (e.g., hydration schedules, proper attire) (Matzarakis 
et al. 2018). Risk seriousness for the 2026 FIFA World Cup 
is underpinned by the increased occurrence of heat-related 
tourist deaths in the United States attributable to extreme 
conditions (e.g. Zerkel 2023). In fact, “excessive heat is the 
leading weather related killer in the United States” among all 
facets of weather, including floods, hurricanes, and tornados 
(National Weather Service 2023: par I).

There are two recent mega-events where researchers 
explored historical thermal stress conditions for hosting 
geographies: the 2020 Olympic Games in Tokyo (Kakamu 
et al. 2017; Matzarakis et al. 2018) and the 2022 FIFA 
World Cup in Qatar (Matzarakis and Fröhlich 2015). 
Kakamu et al. (2017) compared 2016 thermal stress for 
Tokyo to the three prior Olympic Games locations in 2016, 
2012, and 2008—Beejing, London, Rio De Janeiro, respec-
tively—finding that heat conditions were comparatively 
inferior for sports tourists in Japan, including visitors. Mat-
zarakis et al. (2018) also conducted retrospective analysis 
for Tokyo finding thermal stress conditions were heighted 
during the months in which games were eventually held, 
July and August. Matzarakis and Fröhlich (2015) analysed 
historical meteorological data for the 2022 FIFA World 
Cup in Qatar, observing extreme thermal stress risks from 
May to September. Findings were consistent with FIFA’s 
own feasibility studies that indicated the tournament was 
not viable during the proposed months of June and July due 
to extreme heat (Brennan 2022). Against precedent, FIFA 
moved the tournament to the winter months of November 
and December to reduce thermal stress risks. Methodologi-
cally, we build on prior visitor-oriented study’s as the first 
known to forecast thermal stress conditions spectators can 
expect at a mega-event (i.e. 2026 FIFA World Cup).

Ultimately, the technical requirements on the applica-
tions to host the 2026 FIFA World Cup bid did not require 
detailed weather information of applicant stadiums, inside 
or out (FIFA 2017). However, FIFA does conduct its own 
diligence which resulted in moving the start-date of the 
2022 FIFA World Cup to November (Brennan 2022). For 
the upcoming North American iteration of the tournament, 
FIFA is considering “heat and humidity” for each of the 
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host cities when determining match times when the sched-
ule is drawn in 2025 (Bonagura and Carlisle 2024; Gary 
2024). With dates and locations set, the most viable option 
will be holding matches during the daytime hours for sta-
diums in locals with lower “heat and humidity” conditions 
and/or at climate controlled (designated CC in Table 1) 
stadiums.

Shifting games later in the day promotes the health and 
safety of athletes and spectators once a match has begun, 
though later start times due to thermal stress have the poten-
tial to extend heat exposure to fans outside of stadiums. Fur-
thermore, heat exposure could also be heightened at the five 
climate-controlled stadiums when hosting daytime matches, 
where tourists travel to and/or congregate outside of stadi-
ums. Climate-controlled settings and stadium characteris-
tics (e.g. covered seating) will reduce heat exposure once 
spectators are inside some stadiums. Yet, for spectators with 
seats directly exposed to sunlight, who walk long distances 
to stadiums, who participate in recreation outside stadiums 
(e.g. FIFA Fan Fest ™), or remain outside the stadium for 
other reasons (e.g. security lines), heat illness risks from 
thermal stress are heightened (e.g. Global Heat Health Net-
work 2024).

Operationalizing thermal stress

The study’s measure of thermal stress is the Wet Bulb 
Globe Temperature (WBGT) (National Weather Service 
2023) equation (°C). Meteorological variables captured by 
the equation include cloud cover/solar radiation, humidity, 

temperature, sun angle, and wind speed (National Weather 
Service 2023). The WBGT found its origins in the 1950s 
in the United States military to control heat illness during 
training, and was updated in the 1960s using epidemio-
logical analysis to identify dangerous WBGT levels (Budd 
2008). Observational studies have since documented that 
elite athletes are not as impacted by thermal stress measured 
as WBGT compared to non-professional recreationalist (e.g. 
Montain et al. 2007). The WBGT has been used to assess 
weather risks for tourism in Australia (Skinner et al. 2001) 
and was recently applied to predict tourists’ arrivals to the 
island state of Hawaii in the United States (Craig and Oxa-
rart 2024). The WBGT remains the most widely adapted 
measure of thermal stress risk (e.g. Budd 2008). For exam-
ple, it is monitored in the United States for the purposes of 
worker and recreationalists (professional or amateur) safety 
to estimate when heat illness is likely (National Weather 
Service 2023).

The study’s operationalization is grounded in extreme 
value theory, which posits by nature extremes are anomalous 
(i.e. infrequent) and require advanced methods for detec-
tion and analysis (Embrechts et al. 2013). A key facet of 
the theory that makes it applicable to our study is that it 
considers probabilities of outcomes (e.g. health or safety) 
which are often challenging to calculate dependent on data 
resolution (Galambos 1994). The theory has been applied 
to weather extremes, including weather extremes of conse-
quence to outdoor tourism activities (e.g. Marty and Blan-
chet 2012). Comparably, we adapt the theory’s peak over 
threshold method—or counts over a threshold (Embrechts 

Table 1  Football match locations and corresponding date ranges

ŧ n = 104 games; Group stage: June 11–27; Round of 32: June 28-July 3; Round of 16: July 4–7; Quarter-Finals: July 9–11; Semi-Finals: July 
14–15; Bronze: July 18; Final: July 19; cc = climate-controlled

# Location Group Stage Round of 32 Round of 16 Quarter-Finals Semi-Finals Bronze Final

1 Atlantacc 5 1 1 1
2 Boston 5 1 1
3 Dallascc 5 2 1 1
4 Houstoncc 5 1 1
5 Kansas City 4 1 1
6 Los  Angelescc 5 2 1
7 Miami 4 1 1 1
8 New York 5 1 1 1
9 Philadelphia 5 1
10 San Francisco 5 1
11 Seattle 4 1 1
12 Guadalajara 4
13 Guadalupe 3 1
14 Mexico City 3 1 1
15 Toronto 5 1
16 Vancouvercc 5 1 1
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et al. 2013)—to capture thermal stress risks (or thresholds) 
that can be expected at the 2026 FIFA World Cup for spec-
tating sports tourists. The thresholds have previously been 
epidemiologically prescribed for intermittent recreationalists 
(Roberts et al. 2021), which includes sports tourists engaged 
in recreation while attending events. Compared to retrospec-
tive and forecasts models based on climate change scenarios 
in the distant future, our application of extreme value theory 
with short-term forecasts will allow us to more accurately 
determine risks probabilities sports tourists can expect in 
lieu of only reporting retrospective findings (e.g. Matzarakis 
et al. 2018).

The use of the WBGT is advantageous to our study for 
two reasons. First, WBGT levels are epidemiologically-
derived (i.e. empirically grounded) for different types of 
work and recreation when activities need to be altered or dis-
continued to maintain safe conditions (e.g. National Weather 
Service 2023). And second, WBGT forecasts are widely 
available in the United States with site-specific forecasts 
available up to seven-days in advance (National Weather 
Service 2023). We acknowledge the WBGT has its limita-
tions such as (1) clothing can counteract health and safety 
risks, (2) WBGT measurements are taken in direct sunlight, 
and (3) other indices have proven slightly more predictive 
of heat illness (Budd 2008; National Weather Service 2023; 
Thorsson et al.2021). Though, we defer to WBGT because of 
its prescriptive nature (e.g. levels at which recreation should 
be discontinued) and widespread accessibility of forecasts to 
the general public (National Weather Service 2023).

This study contributes to the sports tourism literature as 
the first known to forecast thermal stress (WBGT) conditions 
that sports tourists can expect when attending an event. With 
heat conditions worsening as a process of climate change—
and with heat records routinely being broken in recent 
years (e.g. National Oceanic and Atmospheric Administra-
tion [NOAA] 2024a)—it is no longer sufficient to report 
historically conditions. Specifically, we will build forward 
facing WBGT forecasts based on daily historical thermal 
stress conditions (1984–2023) at each of the 16 host stadium 
locations for the 2026 FIFA World Cup. Study findings will 
answer our guiding research question:

Research Question: What thermal stress conditions 
can sports tourists expect when attending the 2026 
FIFA World Cup (June and July 2026)

Materials and methods

The WBGT equation consists of three variably weighted 
terms including wet bulb (70%) temperature, (20%) black 
globe temperature, and (10%) dry temperature (National 
Weather Service 2023). Unlike other variably weighted 

tourism index equations (e.g., Holiday Climate Index-Beach 
and -Urban, Rutty et al. 2020), WBGT assesses weather 
risks, not weather favourability. The first and last terms are 
retrievable using NASA’s (2024) data access viewer data-
base. Black globe temperature is not commonly reported by 
meteorological stations, though the three variables needed to 
estimate the variable are dry temperature, relative humidity, 
and short-wave all sky solar radiation. See Table 2 for black 
globe and WBGT equations (Hajizadeh et al. 2017).

Daily data needed to calculate the equations was retrieved 
1984 to 2023 (n = 40 years, n = 14,610 days per location) 
corresponding with 16 stadium coordinates (Fig. 1). WBGT 
risk levels are provided in Table 3 for non-acclimated and 
acclimated intermittent recreationalist from Roberts et al. 
(2021) as adapted by the National Weather Service (2023). 
To test our Research Question, we created future-oriented 
WBGT model forecasts for each of the 16 stadium locations 
using the expert modeler forecasting add-on to IBM SPSS v. 
29 statistical software. Expert modeler selects a best-fit fore-
cast model (i.e. simple, exponential smoothing, or ARIMA 
model) based on retrospective analysis of a timeseries. Mod-
els were forecasted through July 2026 to provide expected 
WBGT conditions at each host location while the tourna-
ment is ongoing. Model dependent variables include mean 
monthly WBGT (°C) and Level 0-Level 4 mean monthly risk 
days (count) from Table 3. The number of Level 5 observa-
tions (Dallas n = 7, Houston, n = 1) were not adequate to be 
detected by models.

Results and analysis

We first calculated historical thermal stress levels for 
WBGT from 1984–2023 (n = 14,610 daily observations) 
for each of the 16 host stadium locations in Fig. 1. Table 4 
provides historical means for WBGT (°C) and each of the 
risk levels (Level 0-Level 4). Next, we ran 83 retrospec-
tive timeseries models using stadium coordinates for the 
dependent variables monthly mean WBGT (°C) and mean 
monthly risk level days (count). Model statistics are pro-
vided in the APPENDIX Table 6. Using expert modeler in 

Table 2  Equations, variables, and units

Equation 1.  TB = 0.01498SR + 1.184TD – 0.0789RH – 2.739
Equation 2. WBGT = (0.7*TW) + (0.2*TB) + (0.1*TD)
WBGT = wet bulb globe temperature (°C)
TW = wet bulb temperature (°C)
TB = black globe temperature (°C)
TD = dry temperature (°C)
SR = solar radiation (watt/meter2)
RH = relative humidity (%)
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IBM SPSS v. 29, best-fit models emerged for each location. 
In order of frequency, there were four types of timeseries 
models: (1) simple seasonal, (2) Winters’ additive, (3) sea-
sonal ARIMA, and (4) Winters’ multiplicative. The emer-
gence of multiple models-types demonstrates the utility of 
not preselecting any one model when analysing weather 
timeseries at multiple locations.

Simple seasonal models are appropriate for data with 
no trend but a constant seasonal effect over time (IBM 
2022). Winters’ additive models are appropriate for 
data with a linear trend and a constant seasonal effect 
over time, but do not depend on past levels (IBM 2022). 

Unlike the others, ARIMA are not a type of exponen-
tially smoothed model. ARIMA models have three terms, 
autoregressive (AR; level), differencing (I; season), and 
moving average (MA; trend) and include non-seasonal 
and seasonal components for each denoted as (p,d,q) 
(P,D,Q) (IBM 2022). For example, the Level 4 model for 
Miami indicates: a single order (i.e. one month) of autore-
gression to the non-seasonal component (p), a single order 
(i.e. 12-months) of the seasonal difference component (D) 
is required to stationize the data, and a single order (i.e. 
12 months) to the moving average seasonal component 
(Q). For example, (p) July’s Level 4 risk days are influ-
enced by June’s, (D) a 12-month differencing is required 
to remove seasonality from data, and (Q) 2023’s risk days 
are influenced by 2022’s. Winters’ multiplicative models 
are appropriate for data with a linear trend, a constant 
seasonal effect over time, and that depends on past levels 
(IBM 2022).

The stationary  R2 (St. R2) statistic provides a compara-
tive measure of fit for models, in that it compares model 
fit to a generic baseline model’s fit (IBM 2022). Each 
model that emerged outperformed the baseline model, 
with St. R2 values ranging from 0.13 to 0.81. In fact, 89% 
of the observed models had a St. R2 > 0.50 value. R2 val-
ues generally demonstrate good fit across models, with 

Fig. 1  World Cup 2026 stadium 
locations interactive map. 
*Note. Black = United States; 
Grey = Mexico; White = Can-
ada; [Insert KML link upon 
acceptance] 

Table 3  Risk levels and WBGT ranges for intermittent recreation 
dependent on acclimation

Risk WBGT (°C) Non-acclimated Acclimated

Level 0  < 18.4 Minimal risk Minimal risk
Level 1 18.4–22.3 Increased risk Minimal risk
Level 2 22.3–25.7 Moderate risk Increased risk
Level 3 25.7–27.9 Moderate to high risk Increased to moder-

ate risk
Level 4 27.9–30 Very high risk Moderate to high risk
Level 5  > 30.0 Extremely high risk Extremely high risk
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the exceptions for locations that had limited number of 
observations for more extreme thermal stress risk levels 
(e.g. Level 3 and Level 4). For instance, the Guadalupe 
model for Level 3 risks had an R2 value of 0.03 derived 
from very few mean monthly observations (n = 3 in June 
and n = 1 in July) (Table 4). Given widespread acceptable 

model fit, we forecasted dependent variable values from 
January 2024 to July 2026 to capture expected values for 
June and July 2026.

The resultant forecasted values document what monthly 
WBGT (°C) and risk level days (count) can be expected at 
the 16 participating host stadiums (see Table 5). There are 

Table 4  Stadium locations and mean monthly WBGT observations (June and July, 1984–2023)

ŧ Due to rounding, there are some observations less than the number of days in a month

June Mean Observations (1984–2023) July Mean Observations (1984–2023)

# Location Mean Level 0 Level 1 Level 2 Level 3 Level 4 Mean Level 0 Level 1 Level 2 Level 3 Level 4

1 Atlantacc 22.60 2 10 17 2 0 24.47 0 4 20 8 0
2 Boston 17.27 18 10 2 0 0 20.80 6 16 9 1 0
3 Dallascc 25.17 0 2 14 11 2 26.84 0 0 5 18 7
4 Houstoncc 26.22 0 0 9 18 3 26.93 0 0 3 24 5
5 Kansas City 21.73 5 11 12 2 0 23.89 1 7 14 7 1
6 Los  Angelescc 16.84 23 7 0 0 0 19.37 10 18 2 0 0
7 Miami 26.64 0 0 4 25 1 27.40 0 0 0 23 8
8 New York 18.35 14 12 4 0 0 21.33 4 14 11 1 0
9 Philadelphia 19.78 10 13 7 0 0 22.73 2 11 15 3 0
10 San Francisco 14.66 28 2 0 0 0 16.35 26 5 0 0 0
11 Seattle 13.82 28 2 0 0 0 16.55 24 6 1 0 0
12 Guadalajara 20.08 2 28 1 0 0 19.23 4 27 0 0 0
13 Guadalupe 23.87 0 4 24 3 0 23.57 0 4 26 1 0
14 Mexico City 13.44 30 0 0 0 0 12.97 31 0 0 0 0
15 Toronto 15.12 24 5 0 0 0 18.71 14 13 4 0 0
16 Vancouvercc 11.52 29 1 0 0 0 14.59 28 3 0 0 0

Table 5  Stadium locations and mean monthly WBGT forecasts (June and July, 2026)

ŧ Due to forecasts ranges, there are some observations less or greater than the number of days in a month

June Forecasts (2026) July Forecasts (2026)

# Location Mean Level 0 Level 1 Level 2 Level 3 Level 4 Mean Level 0 Level 1 Level 2 Level 3 Level 4

1 Atlantacc 23.06 1 10 16 2 0 25.01 -1 3 19 8 0
2 Boston 18.42 17 10 2 0 0 22.05 3 16 13 1 0
3 Dallascc 26.20 -1 2 14 12 3 27.96 -1 0 5 17 10
4 Houstoncc 27.21 -1 0 8 17 7 27.98 -1 -1 2 19 12
5 Kansas City 22.71 4 12 12 2 0 24.97 0 8 14 8 0
6 Los  Angelescc 17.35 21 8 1 0 0 19.98 8 20 3 0 0
7 Miami 27.62 -1 -2 2 24 5 28.42 -1 -2 0 12 20
8 New York 19.44 13 12 4 0 0 22.49 2 14 16 1 0
9 Philadelphia 20.83 9 12 8 0 0 23.84 1 11 15 5 0
10 San Francisco 15.01 17 3 0 0 0 16.76 25 5 0 0 0
11 Seattle 14.50 27 2 0 0 0 17.31 23 7 1 0 0
12 Guadalajara 21.11 0 27 3 0 0 20.27 0 31 0 0 0
13 Guadalupe 24.86 -1 1 24 3 0 24.56 1 1 27 2 0
14 Mexico City 14.47 30 0 0 0 0 13.99 31 0 0 0 0
15 Toronto 17.21 22 7 0 0 0 20.89 3 20 7 0 0
16 Vancouvercc 12.43 29 1 0 0 0 15.59 27 4 0 0 0
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two irregularities from Tables 4 and 5 that warrant expla-
nation. First, values in Table 4 are rounded to whole days, 
which led to some locations reporting a lower number of 
observations than days in the month (n = 30 for June, n = 31 
for July). A comparable phenomenon occurred in Table 5, 
where there were months with more and less days than days 
in the month due to forecasting ranges. And second, Table 5 
has negative forecasted values, which is not possible but 
does provide an indication of the high unlikelihood of 
occurrence. There are several key takeaways that emerged 
from forecasts, including comparisons of forecasts (Table 5) 
to observations (Table 4):

1. For mean WBGT (°C), all values were higher for fore-
casts than observations (between 0.35° to 2.18 °C).

2. Two of the four hottest host locations (i.e. Houston and 
Dallas) have climate-controlled stadiums, and the other 
two have extended shade over stands (i.e. Miami and 
Guadalupe).

3. Six host locations have mean forecasts (°C) of Level 0 
for June 2026 and four locations for July 2026.

4. Seven host locations are forecasted to have more thermal 
stress risk days (varying levels) in June 2026 compared 
to observations, and 11 are forecasted to have more ther-
mal stress risk days (varying levels) in July 2026 com-
pared to observations. For June, most stadiums (57%) 
are climate-controlled, though in July—when the finals 
schedule begins—a majority of stadiums are not (82%).

5. The three most profound differences between forecasts 
and observations in thermal stress risk days (varying 
levels) are in Miami, Houston, and New York. The big-
gest difference is in Miami, where 12 more Level 4 risk 
days (60%) are forecasted (n = 20) than the observational 
mean (n = 8). Restated, the likelihood of attending a 
football match on a Level 4 risk day is 60% more likely 
than history would suggest.

Discussion

Study findings indicate that thermal stress is (1) inten-
sifying irrespective 2026 FIFA World Cup host stadium 
location and (2) forecasted to be more intense than the 
long-term average (1984–2023). Risks vary from venue-
to-venue, with some stadiums providing an environ-
ment where thermal stress concerns are at a minimum. 
For example, San Francisco, Seattle, Mexico City, and 
Vancouver (Table 5) all have mean WBGT (°C) forecasts 
and observations within Level 0 (nominal, < 18.4 °C) for 

both June and July. However, none of these locations are 
slated for hosting a match after the Round of 16. For many 
other locations—including all host stadium locations for 
the finals schedule—thermal stress is creating elevated 
risks (varying levels) for sports tourists travelling to attend 
events. Most notably is Miami where 60% more Level 4 
risk days are forecasted than were observed (1984–2023). 
Miami is noteworthy because it will host a quarter-finals 
match as well as the bronze medal match in July. Another 
example is the finals host stadium location (i.e. New York) 
where Level 2 thermal stress risks are over 30% more 
likely than the historical mean.

Our study represents a methodological advancement 
over prior studies that have relied solely on retrospec-
tive analyses (e.g. Kakamu et al. 2017; Matzarakis and 
Fröhlich 2015; Matzarakis et  al. 2018). For the 2022 
World Cup in Qatar, prescriptions offered by Matzarakis 
and Fröhlich (2015) to move the tournament to Novem-
ber or later to avoid extremely dangerous thermal stress 
risks were adopted, though the influence of the study is 
unknown since FIFA conducted its own feasibility stud-
ies (Brennan 2022). Kakamu et al. (2017) and Matzara-
kis et al. (2018) both offered prescriptions to move event 
times for the 2020 Olympic Games in Tokyo that were 
not adopted, however. In these instances, forecasts would 
have provided tourists with more realistic expectations 
of onsite thermal stress conditions that could inform 
pre-travel planning. Grounded in extreme value theory 
(Embrechts et al. 2013), our shorter-term forecast meth-
odology offers an advancement to prior operationaliza-
tions because risks probabilities (Table 5) (Galambos 
1994) provide a more accurate depiction than retrospec-
tive or future-oriented forecasts with long temporal win-
dows (e.g. 2071–2100). With the trajectory of climate 
change contributing to exponential heating conditions 
(e.g. NOAA 2024a), it is crucial that researchers provide 
the most accurate expectations possible for thermal stress 
once tourists are onsite at an event. Below, we will pro-
vide practical implications followed by limitations and 
future research directions.

Practical implications

Study findings point to both supply- and demand-side 
implications. On the supply-side, the results pinpoint the 
host stadium locations where spectators can expect to 
experience the least risky heat conditions. These include 
venues where the host countries will be playing their 
first-round matches: Los Angeles (June 2026 WBGT 
forecast = 17.35  °C), Mexico City (June 2026 WBGT 
forecast = 14.47  °C), and Toronto (June 2026 WBGT 
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forecast = 17.21  °C). Other locations with forecasted 
Level 0 risks are Seattle, San Francisco, and Vancouver. 
For tourists whose primary motivation is affinity of sport 
and not any particular team or player participating in the 
2026 FIFA World Cup, these locations are where they can 
expect the safest heat conditions while attending a match.

There are far more matches where spectators are likely 
to experience some level of thermal stress risks, how-
ever. For instance, 67% of matches will be played in host 
locations with average WBGT forecasts over 18.4  °C, 
the threshold where Level 1 thermal stress risks begin 
(Table 3). Also, the entirety of the finals schedule will be 
played at host locations with elevated thermal stress risks 
(Table 1), including two matches in Miami where Level 4 
risks are likely (Table 5). In higher risks scenarios, sports 
tourists should make plans prior to attending events to mit-
igate risks through measures such as procuring and pack-
ing protective clothing (Matzarakis et al. 2018). Tourists 
can also plan risk mitigative actions once onsite including 
tracking WBGT (National Weather Service 2023; NOAA 
2024b) and setting hydration schedules (Matzarakis et al. 
2018). If possible, spectators could purchase match tickets 
that (1) are not directly exposure to the sun and/or (2) have 
access to air-conditioned indoor spaces such as restaurants 
or bars.

There are also demand-side implications. First, for 
lower risk host cities (e.g. Los Angeles, Mexico City, 
Toronto), comparatively favourable weather conditions 
can be communicated to attract prospective sports tour-
ists. Second, destination managers can use proven commu-
nication strategies to (1) attract tourists and (2) promote 
heat risk mitigation once tourists are onsite. Research has 
shown that general or generic messages are advantageous 
to concrete messages with longer booking windows (Kim 
et al. 2016). Considering the schedule will be drawn over 
a year in advance of matches (Gary 2024), destination 
managers of host locations with favourable thermal stress 
should begin by crafting and communicating abstract mes-
sages about weather to attract tourists. For instance, mes-
sage content such as “Los Angeles has the best weather for 
football” would be superior to a more specific message. 
Destination managers can then employ a more concrete 
communication strategy closer to the event. This is par-
ticularly applicable for destination managers of host loca-
tions with higher thermal stress risk levels. An example 
concrete message could be “thermal stress risks are very 
high for next week’s football match in Miami (over 28 °C) 
so pack your sunscreen, a hat, and a refillable water bot-
tle.” And third, destination managers can track WBGT 
(e.g. National Weather Service) and promote heat illness 
mitigation once tourists arrive at a match. Two mitigative 

measures are hydration and cooling stations outside and 
inside stadiums, particularly those not climate controlled. 
To monetize risk mitigation, host stadiums could sell 
heat protective clothing and products like reusable water 
bottles.

Limitations

The primary limitation is that since the event is yet to 
occur, it is not possible to correlate thermal stress risks 
with (1) tourists’ destination decisions or (2) documented 
health illnesses or deaths that occur. Given the extraordi-
narily high demand for tickets, the months-long window 
to pre-purchase tickets, and historically high attendance 
at events, gameday weather will have nominal impact on 
attendance (i.e. recreationalist and tourist flows). Once 
matches occur, researchers should assess the number of 
heat related illnesses and deaths. A second limitation 
is that forecasts and historical observations for thermal 
stress are reported monthly. Yet, on the day of matches, 
weather is indeterminate. An interesting line of future 
inquiry would be to explore ways to engage tourists with 
forecasts prior to arriving at a destination (e.g. two-week 
WBGT forecasts provided by the National Weather Ser-
vice (2023)).

Third, the WBGT has several documented deficiencies 
(e.g. Budd 2008; Thorsson et al. 2021). The deficiencies 
are related in part to overestimation and lower correlations 
between WBGT and performance/health consequences. 
However, given the WBGT is the most widely reported 
and forecasted measure of thermal stress in the United 
States (National Weather Service 2023)—where the bulk 
of 2026 FIFA World Cup matches will occur—we believe 
it is judicious to err on the side of overestimating risks. 
Also, NOAA (2024b) recently launched an experimental 
interactive online tool called the “NWS Heat Risk” that 
provides seven-day forecasts for thermal stress risks based 
on the WBGT and its risks colour schemes. Fourth, there 
were some observations of poor model fit. Even in these 
instances, however, model fit compared to generic baseline 
models were acceptable (e.g. R2 = 0.02 and St. R2 = 0.51 in 
Guadalupe for Level 4). Future researchers should explore 
other methods that can improve model fit where limited 
number of observations exist. And lastly, the study con-
sidered thermal stress risk for intermittent recreation for 
tourists who are either non-acclimated or acclimated to 
local conditions. For spectators who do not have to engage 
in some type of recreation (e.g. walking to the stadium) 
and/or are sedentary once in a stadium, the risks of heat 
illness are lower than the WBGT would suggest (Japanese 
Society of Biometeorology 2023).
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Appendix Please see Table 6.

Table 6  Retrospective model statistics (1984–2023)

Ljung-Box Q(18)

# Location DV Model type St. R2 R2 RMSE MAPE Statistic df p Outliers

1 Atlantacc WBGT Simple Seasonal 0.72 0.95 1.70 214.65 15.78 16 0.468 0
Level 0 Winters' Additive 0.74 0.96 2.56 21.52 23.03 15 0.084 0
Level 1 Simple Seasonal 0.74 0.71 3.13 59.17 16.84 16 0.396 0
Level 2 Simple Seasonal 0.76 0.86 3.31 44.21 20.99 16 0.179 0
Level 3 Simple Seasonal 0.65 0.46 2.64 89.96 46.84 16 0.000 0
Level 4 Simple Seasonal 0.78 0.05 0.25 87.73 8.54 16 0.931 0

2 Boston WBGT Simple Seasonal 0.71 0.97 1.56 66.39 17.40 16 0.360 0
Level 0 Winters' Additive 0.65 0.94 2.33 20.99 32.03 15 0.006 0
Level 1 Simple Seasonal 0.68 0.88 2.27 35.72 24.94 16 0.071 0
Level 2 Simple Seasonal 0.69 0.67 2.13 64.97 8.24 16 0.941 0
Level 3 Winters’ Additive 0.77 0.20 0.45 65.18 13.51 15 0.563 0

3 Dallascc WBGT Simple Seasonal 0.71 0.96 1.53 24.49 18.01 16 0.323 0
Level 0 Winters’ Additive 0.76 0.97 2.37 20.01 15.57 15 0.411 0
Level 1 Simple Seasonal 0.71 0.67 2.68 58.21 17.79 16 0.336 0
Level 2 Winters’ Additive 0.71 0.71 3.30 63.79 21.05 15 0.135 0
Level 3 Simple Seasonal 0.73 0.76 3.40 78.80 8.28 16 0.940 0
Level 4 ARIMA(0,0,1)(0,1,1) 0.47 0.52 3.24 93.97 6.67 16 0.979 0

4 Houstoncc WBGT Simple Seasonal 0.71 0.95 1.44 7.42 15.28 16 0.504 0
Level 0 Simple Seasonal 0.72 0.92 3.10 28.20 17.62 16 0.347 0
Level 1 Simple Seasonal 0.71 0.61 3.13 67.61 20.59 16 0.195 0
Level 2 Simple Seasonal 0.72 0.73 3.36 64.91 21.66 16 0.154 0
Level 3 Simple Seasonal 0.66 0.84 3.86 50.95 23.28 16 0.106 0
Level 4 ARIMA(0,0,1)(1,1,1) 0.42 0.51 2.95 85.73 24.75 15 0.053 0

5 Kansas City WBGT Simple Seasonal 0.72 0.96 1.92 64.88 21.98 16 0.144 0
Level 0 Simple Seasonal 0.74 0.95 2.69 22.48 19.72 16 0.233 0
Level 1 Simple Seasonal 0.76 0.71 2.72 56.67 27.82 16 0.033 0
Level 2 Simple Seasonal 0.71 0.81 2.65 55.44 16.65 16 0.409 0
Level 3 Simple Seasonal 0.66 0.63 1.84 74.10 24.74 16 0.075 0
Level 4 ARIMA(0,0,1)(1,0,1) 0.27 0.27 0.86 79.33 15.03 15 0.449 0

6 Los  Angelescc WBGT Simple Seasonal 0.67 0.93 1.16 7.91 30.10 16 0.018 0
Level 0 Simple Seasonal 0.67 0.83 3.75 22.96 39.74 16 0.000 0
Level 1 Simple Seasonal 0.69 0.81 3.46 56.80 29.99 16 0.018 0
Level 2 Simple Seasonal 0.73 0.33 1.75 74.27 13.93 16 0.604 0
Level 3 Simple Seasonal 0.75 0.03 0.16 95.13 28.76 16 0.026 0

7 Miami WBGT Simple Seasonal 0.67 0.91 0.90 2.86 41.27 16 0.000 0
Level 0 Winters’ Additive 0.72 0.56 2.47 78.91 26.30 15 0.035 0
Level 1 Simple Seasonal 0.73 0.75 3.48 57.10 32.72 16 0.008 0
Level 2 Simple Seasonal 0.69 0.68 4.98 62.75 16.85 16 0.396 0
Level 3 ARIMA (0,0,1)(0,1,1) 0.39 0.84 4.56 45.93 8.75 16 0.923 0
Level 4 ARIMA (1,0,0)(0,1,1) 0.50 0.72 3.12 104.87 27.38 16 0.037 0

8 New York WBGT Simple Seasonal 0.72 0.97 1.71 68.15 14.46 16 0.565 0
Level 0 Winters’ Additive 0.71 0.94 2.41 19.70 15.87 15 0.391 0
Level 1 Winters’ Additive 0.72 0.86 2.43 42.38 9.15 15 0.870 0
Level 2 Simple Seasonal 0.65 0.73 2.26 64.11 9.22 16 0.904 0
Level 3 Simple Seasonal 0.72 0.27 0.53 52.85 7.61 16 0.960 0
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Table 6  (continued)

Ljung-Box Q(18)

# Location DV Model type St. R2 R2 RMSE MAPE Statistic df p Outliers

9 Philadelphia WBGT Simple Seasonal 0.72 0.97 1.70 151.63 11.79 16 0.758 0
Level 0 Winters’ Additive 0.74 0.96 2.30 15.57 29.87 15 0.012 0
Level 1 Simple Seasonal 0.73 0.79 2.69 50.10 11.64 16 0.768 0

Level 2 Simple Seasonal 0.75 0.85 2.14 49.19 17.85 16 0.333 0
Level 3 (0,0,1)(0,1,1) 0.50 0.50 1.09 65.57 11.88 16 0.752 0
Level 4 (0,0,0)(1,0,0) 0.13 0.13 0.19 85.54 0.73 17 1 0

10 San Francisco WBGT Simple Seasonal 0.67 0.92 1.09 9.06 26.70 16 0.045 0
Level 0 Simple Seasonal 0.68 0.47 1.99 4.81 22.45 16 0.129 0
Level 1 Simple Seasonal 0.69 0.48 1.89 76.67 22.74 16 0.121 0
Level 2 Simple Seasonal 0.75 0.05 0.32 90.04 21.55 16 0.158 0
Level 3 Simple Seasonal 0.76 0.02 0.09 97.65 0.34 16 1 0

11 Seattle WBGT Simple Seasonal 0.70 0.94 1.24 37.39 20.60 16 0.194 0
Level 0 Simple Seasonal 0.73 0.64 1.88 3.92 22.41 16 0.131 0
Level 1 Simple Seasonal 0.75 0.66 1.79 67.96 21.63 16 0.156 0
Level 2 Simple Seasonal 0.81 0.13 0.40 74.00 30.44 16 0.016 0
Level 3 Simple Seasonal 0.76 0.02 0.05 97.67 0.36 16 1 0

12 Guadalajara WBGT Simple Seasonal 0.67 0.92 0.82 4.25 36.92 16 0.002 0
Level 0 Simple Seasonal 0.59 0.92 3.38 36.25 25.04 16 0.069 0
Level 1 Simple Seasonal 0.58 0.92 3.38 32.48 27.11 16 0.040 0
Level 2 ARIMA(0,0,11)(1,1,1) 0.50 0.29 0.50 73.95 4.71 15 0.994 0

13 Guadalupe WBGT Simple Seasonal 0.68 0.95 1.14 5.90 18.41 16 0.300 0
Level 0 Simple Seasonal 0.67 0.95 2.93 27.55 39.44 16 0.000 0
Level 1 Simple Seasonal 0.67 0.67 3.88 69.16 27.42 16 0.037 0
Level 2 Winters’ Additive 0.69 0.92 3.22 39.74 22.11 15 0.105 0
Level 3 ARIMA(0,0,2)(1,0,1) 0.25 0.25 1.65 72.12 7.30 14 0.922 0
Level 4 Simple Seasonal 0.51 0.02 0.05 97.67 0.00 16 1 0

14 Mexico City WBGT Simple Seasonal 0.68 0.89 0.79 6.47 44.00 16 0.000 0
Level 0 Winters’ Multiplicative 0.81 0.98 0.13 0.13 42.66 15 0.000 0

15 Toronto WBGT Simple Seasonal 0.63 0.97 1.60 53.76 62.75 16 0.000 0
Level 0 ARIMA(1,0,0)(0,1,1) 0.40 0.84 3.15 19.33 19.93 16 0.223 0
Level 1 ARIMA(1,0,0)(0,1,1) 0.37 0.78 2.91 58.92 19.00 16 0.269 0
Level 2 ARIMA(1,0,0)(0,1,1) 0.40 0.45 1.99 70.05 14.49 16 0.562 0
Level 3 Simple Seasonal 0.70 0.05 0.22 89.51 12.76 16 0.690 0

16 Toronto WBGT Simple Seasonal 0.68 0.95 1.52 842.07 33.31 16 0.007 0
Level 0 Simple Seasonal 0.72 0.46 1.39 2.29 17.44 16 0.357 0
Level 1 Simple Seasonal 0.71 0.45 1.32 57.60 14.37 16 0.571 0
Level 2 Simple Seasonal 0.79 0.05 0.23 94.04 26.73 16 0.045 0
Level 3 Simple Seasonal 0.76 0.02 0.05 97.67 0.36 16 1 0
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Data availability Data is available for download from publicly acces-
sible sources cited in the article.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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