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Summary

In response to the growing emphasis on sustainability and environmental responsibility in global sports,
this paper develop a quantitative evaluation framework for assessing the environmental performance
of large scale sporting events, using the Super Bowl as the primary case. We identify the most
environmentally sustainable U.S. city to host the 2029 Super Bowl, construct a comprehensive sustainability
based location model, and further extend this framework to broader types of mega-events.

For Task I, data from 2015 to 2024 are collected and analyzed to understand the environmental impact
of the Super Bowl in New Orleans. The Entropy Weight Model (EWM) is built, ten key sustainability
indicators are identified, among which fuel ethanol (weight 0.3286), nuclear energy (0.0874), and biofuels
(0.0859) are found to have the greatest influence. The conclusion is that renewable and low carbon energy
use plays a decisive role in determining the overall environmental footprint, with 2015 and 2024
showing the highest composite sustainability scores. Furthermore, environmental impacts vary significantly
across cities due to differences in local climate, energy mix, transportation systems, and policy environments.

For Task II, a comprehensive sustainability based location model (Equation 10) is constructed. The
model incorporates four main categories: energy structure, transportation system, climate adaptability and
water/waste management, combined through a hierarchical weighting mechanism. Nonlinear and
interactive effects between indicators are captured to reflect realistic urban environmental dynamics.

For Task III, the model is applied to assess both previously hosted and unhosted Super Bowl cities. The
Analytic Hierarchy Process (AHP) is used to determine the relative weights of five sustainability
indicators, with renewable and clean energy infrastructure (weight: 0.3491) identified as the most critical
factor. Among previously hosted cities, Inglewood achieved the highest composite score (0.8021), followed
by Las Vegas (0.7569), while New Orleans ranked lowest (0.6425). For unhosted cities, Seattle obtained the
highest sustainability score (0.8682), outperforming Denver (0.8306) and Charlotte (0.6964). These findings
indicate that Seattle’s dominant renewable energy profile and efficient waste management make it the
most environmentally sustainable choice for the 2029 Super Bowl.

For Task IV, the model is extended to multi sport events such as the Olympic Games. Event scale,
duration, and venue-distribution adjustment coefficients are introduced to account for the broader
environmental pressures of multi venue events. Simulation results show that Sydney (score: 0.98) ranked
as the most sustainable Olympic host city due to its high renewable energy share and advanced public
transportation system. Intervention modeling further demonstrate that combined investments in
renewable energy and water recycling yield the greatest improvements in urban sustainability scores,
emphasizing the value of balanced short-term and long-term sustainability strategies.

In conclusion, this paper established a robust, adaptable framework for evaluating the environmental
sustainability of sport mega-events. The results indicate that Seattle represents the most sustainable host
city for the 2029 Super Bowl, reflecting its clean energy mix, efficient transportation, and
comprehensive environmental management. The extended model further proves applicable to multi-event
contexts, providing a decision-making tool for future global sports planning.

Keywords: Global sports; Sustainability; Super Bowl; EWM; AHP
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1 Introduction

1.1 Task Background

In recent decades, sport mega-events such as the Super Bowl, the Olympic Games, and the FIFA World
Cup have grown into powerful social and economic phenomena that attract global audiences and generate
billions of dollars in economic activity[1]. However, behind their cultural and financial success lies an
increasingly recognized challenge: the significant environmental impact associated with these large-scale
events[2]. Massive energy demands, transportation emissions, water consumption, food waste, and material
use all contribute to a substantial ecological footprint that can offset the positive legacies these events aim to
create[3]. As sustainability becomes a central concern of modern society, understanding and mitigating these
environmental effects has become an essential responsibility for event organizers, host cities, and governing
bodies[4]. The Super Bowl, as one of the most-watched annual sporting events in the world, provides an
ideal context to study this issue[5]. Each year, millions of fans travel to the host city, and millions more
participate remotely through broadcasting and digital platforms[6]. The environmental cost includes not only
the direct emissions from air travel and local transportation but also the indirect impacts of accommodation,
venue energy use, and waste generation[7]. Although the National Football League (NFL) has recently
implemented sustainability initiatives, such as renewable energy procurement, recycling programs, and
carbon offset projects, that environmental considerations still play a limited role in determining host cities[8].
Traditionally, host selection has prioritized economic potential, infrastructure readiness, and fan accessibility
rather than long-term environmental sustainability[9].

Figure. 1 The Super Bowl Contest

This study seeks to reframe the host city selection process by placing environmental sustainability at its
core[10]. Using Super Bowl LIX in New Orleans as a baseline, we first examine the key factors contributing
to the event’s environmental footprint, including energy consumption, water use, transportation emissions,
and waste management practices[11]. We then develop a comprehensive environmental impact assessment
model that quantifies and compares sustainability performance across potential host cities[12]. The model
integrates city-specific characteristics such as climate, renewable energy availability, public transit
infrastructure, and urban density to evaluate how geographic and infrastructural differences influence
ecological outcomes[13].

Our goal is to identify which U.S. city would represent the most environmentally sustainable choice to
host the Super Bowl in 2029, the next unassigned hosting year[14]. Beyond this, we expand our model to
explore how sustainability-driven decision-making can be generalized to other sport mega-events, such as
multi-sport competitions or international tournaments[15]. Through this approach, we aim to demonstrate
that integrating ecological considerations into event planning is both feasible and essential for the long-term
viability of global sports culture. Ultimately, this paper provides a framework that helps organizations like
the NFL balance performance, cost, and environmental responsibility, paving the way toward truly “planet-
positive” sporting events.
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1.2 Task Analysis
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Figure. 2 Flow Chart
Taskl: Understand the Environmental Impact of the Super Bowl

The first task is to assess the comprehensive environmental footprint of hosting a sport mega-event,
using Super Bowl LIX in New Orleans as a baseline. This requires identifying and quantifying multiple
impact categories, such as energy consumption, greenhouse gas emissions, water usage, and waste
generation and understanding how each contributes to the event’s total ecological cost. Furthermore,
available sustainability metrics from recent Super Bowls must be examined to evaluate which activities are
the primary environmental drivers. A key problem lies in integrating these diverse data sources into a
consistent framework that reflects the true scale and distribution of environmental effects.

Task 2: Build a Sustainability-Based Location Model

The second task focuses on constructing a model that determines future host cities based solely on
environmental considerations. This requires defining measurable indicators of sustainability and establishing
a systematic method to combine them into a comprehensive score or index. Factors such as renewable
energy share, urban transportation accessibility, waste management efficiency, and local climate conditions
must be included. The challenge is to ensure that the model captures both direct and indirect environmental
impacts while maintaining comparability across different cities with varying geographies and infrastructures.

Task 3: Apply the Model to the 2029 Super Bowl

After the model is developed, it must be applied to evaluate potential host cities within the United
States for the 2029 Super Bowl, the next unassigned hosting year. This involves two main tasks: (1) Identify
which of the 19 previously used host cities offers the most sustainable option under the model’s criteria. (2)
Extend the analysis to three candidate cities that have NFL teams but have never hosted a Super Bowl. The
primary difficulty lies in the availability and consistency of environmental data for cities that have not
hosted before, as well as in ensuring that the ranking reflects realistic and current sustainability conditions.

Task 4: Expand the Model to Other Sport Mega-Events

The fourth task is to generalize the model to different types of large-scale sporting events, including
both single-sport championships and multi-sport events. These events differ significantly in duration,
infrastructure requirements, and geographic spread. The problem is to adapt the model’s structure to capture
these complexities, including multi-venue logistics, international travel patterns, and long-term
infrastructure legacies. The analysis must demonstrate how sustainability indicators can be reweighted or
redefined to remain relevant in these broader contexts.
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Task 5: Evaluate Improvement Strategies and Long-Term Impacts

Finally, the model must guide actionable strategies for cities and event organizers to enhance
sustainability performance. This includes examining how investments in renewable energy, public
transportation, and green infrastructure can improve a city’s environmental profile and future hosting
potential. The challenge is to balance short-term feasibility with long-term ecological benefits, proposing
realistic pathways that cities can pursue to reduce carbon emissions, waste, and energy consumption.
Moreover, comparing the sustainability dynamics of single-event games like the Super Bowl with multi-
sport competitions highlights the different environmental priorities and scales of intervention required.

2 Assumptions and Justifications

1. Assumption 1: The environmental impact of a sport mega-event can be approximated by the

sum of major quantifiable categories, energy consumption, transportation emissions, water usage, and
waste generation.
Justification: Although sport mega-events generate a wide range of environmental effects, studies of
previous Super Bowls and Olympic Games show that these four categories account for the majority of the
total carbon and ecological footprint. Focusing on them allows the model to remain analytically tractable
while still capturing the most influential components of sustainability performance. Other minor effects such
as food sourcing or merchandise production are considered indirectly within these broader categories.

2. Assumption 2: Each potential host city has comparable organizational capacity and
infrastructure to host a Super Bowl-level event.
Justification: The National Football League restricts hosting rights to cities with existing stadiums that meet
specific capacity, logistical, and safety standards. Therefore, differences among cities are assumed to stem
primarily from environmental and infrastructural factors, such as local energy mix or transportation systems
rather than from disparities in basic hosting capability. This assumption enables the model to focus purely
on sustainability-driven differentiation.

3. Assumption 3: Environmental data such as energy mix, average temperature, public
transport coverage, and waste recycling rate can represent long-term, city-specific characteristics.
Justification: Most sustainability metrics are relatively stable over short to medium time scales. For
example, the share of renewable energy in a city’s grid or its public transportation infrastructure evolves
gradually. Therefore, using current or recent data provides a reasonable estimate of the conditions that will
exist around 2029. This assumption ensures practical comparability and avoids speculative projections that
could reduce model reliability.

4. Assumption 4: Each sustainability factor contributes independently to the total
environmental score, and a weighted linear combination can approximate overall impact.
Justification: While some environmental factors may interact, their combined effects can be effectively
captured through an additive weighted model. This linear approach allows transparency, interpretability, and
easy sensitivity analysis. Weight coefficients can be adjusted according to expert judgment or empirical
evidence, maintaining flexibility while preserving clarity of interpretation.

3 Model Preparation

3.1 Notations
Table 1 Notations Used in this Paper

Symbol Description
S; Composite environmental sustainability score for year i
Fi(+) Composite scoring function for indicator j in city i
E; Total energy consumption of city i
R; Share of renewable energy in city i

Energy utilization efficiency of city i
Transportation load of city i
; Public transport accessibility coefficient of city i

—

o NS
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3.2 The Data

Our team collects two core data resources: The first is a long-panel dataset covering renewable energy
and fossil fuel-nuclear energy production across U.S. states from 2015 to 2024, spanning 10 years, 50 states,
and 12 energy categories[16]. It includes renewable sources like biofuels, wood waste, wind, solar, and
geothermal, as well as non-renewable categories such as coal, natural gas, crude oil, and nuclear power. This
dataset is suitable for analyzing state-level energy structure evolution, decarbonization pathways, or
production convergence. The second resource provides Super Bowl host information from 1967 to 2025,
detailing tournament editions, years, and host states[17]. Both datasets use "state-year" as the smallest
observational unit. All data used in this paper are from existing literature, as shown in Table 2.

Table 2 Data Source

Data Source

Wood & waste energy production by state https://www.eia.gov/state/seds/sep_use/notes/use_print.pdf
Non-combustible renewables by state https://www.eia.gov/state/seds/sep _use/notes/use print.pdf
Coal production by state https://www.eia.gov/state/seds/sep _use/notes/use print.pdf
Natural-gas marketed production by state https://www.eia.gov/state/seds/sep_use/notes/use print.pdf
Crude-oil by state https://www.eia.gov/state/seds/sep _use/notes/use print.pdf
Nuclear-electric power generation by state https://www.eia.gov/state/seds/sep _use/notes/use print.pdf

Super Bowl stadium geocodes https://www.nfl.com/super-bowl

4 Task I: Understand the Problem

4.1 Data Overview

Super Bowl Host State Distribution
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Figure. 3 Raw Data Overview

Figure.3 comprises four sub-plots. The first chart shows how many Super Bowls have been held in each
state since the game was first held. The second displays trend lines for various indicators from 2015 to 2024.
These trend lines illustrate changes over time for multiple sustainability-related metrics. Renewable energy
sources such as biofuels, hydroelectric power, and solar energy show an overall upward trend, while high-
emission indicators like petroleum or coal CO. emissions exhibit a downward trend. This indicates a
transition toward cleaner energy sources and improved efficiency, aligning with the sustainability goals of
Super Bowl LIX. The third chart presents the 2024 indicator distribution. The bar graph shows that
renewable energy indicators remain at a moderately high level in 2024, while traditional energy
consumption remains significant. This reflects New Orleans' position in an energy transition phase, where
renewable and fossil fuels coexist, a critical factor when assessing the environmental footprint of events.
The final heatmap illustrates the relative magnitude and annual variation of each indicator. Color shifts
reveal the annual dynamics of energy structure and emissions, underscoring the multidimensional
complexity of sustainability assessments.

4.2 Identification of Factors Affecting Sustainability

To quantitatively assess the environmental impact of hosting the Super Bowl in New Orleans, our team
develop a comprehensive evaluation model based on multiple sustainability indicators. Data collected
encompass energy consumption, water usage, greenhouse gas emissions, waste generation, and other
relevant environmental metrics spanning the period from 2015 to 2024. To eliminate differences in units and
magnitude between indicators, the data underwent dimensionless processing. The Min-Max Normalization
method is applied, calculated as follows:
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, Xy —min(X;)
v max(X;) — min(X;)

(1

where Z;; represents the normalized value for indicator j in year i, X;; denotes the original data value,
min(X j) and max(X ]-) denote the minimum and maximum values of indicator j, respectively. Next, to

determine the relative importance of each indicator in the comprehensive evaluation, the Entropy Weight
Method is employed to calculate indicator weights. This method reflects the degree of difference between
indicators through information entropy: greater information difference indicates higher contribution to the
system. The entropy value formula for an indicator is:

e =—k Z pyin (py) ©)
i=1

. . o e 1 1.
where p;; = denotes the proportion of the i-th year under the j-th indicator, k = 7 is a constant

Zij
2. 7
ensuring e; € [0,1]. e; represents the information entropy value of indicator j, describing its variability
across different years. A smaller e; indicates greater variability in the indicator and a more significant

impact on the system's comprehensive evaluation. Based on the entropy calculation results, the weights for
each indicator can be determined as follows:

e 3)
ijl (1 e])

where w; represents the weight of the j-th indicator, and m denotes the total number of indicators. A higher
weight indicates greater importance of the indicator within the evaluation system.
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Figure. 4 Entropy Weight Distribution of Indicators

Figure.4 illustrates the relative importance of each indicator's contribution to overall sustainability. Fuel
ethanol, nuclear energy, and biofuels dominate, indicating that clean energy usage is the most critical factor
in urban sustainability performance. Indicators for the commercial and industrial sectors carry relatively
lower weights, suggesting that increasing clean energy usage yields greater improvements in urban
sustainability than merely reducing consumption within the overall environmental performance. Therefore,
within the context of Super Bowl LIX, prioritizing renewable energy supply, implementing emissions offset
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projects, and enhancing energy infrastructure efficiency will yield the greatest impact on reducing the
event's environmental footprint. Our team has identified the following 10 key factors influencing the
sustainability of the New Orleans Super Bowl event, as shown in the Table 3 below.

Table 3 Top 10 Indicator Weights

Rank Indicator Weight
1 Fuel ethanol 0.3286
2 Nuclear 0.0874
3 Biofuels 0.0859
4 Renewable diesel 0.0850
5 Wood and Waste 0.0755
6 Total consumption 0.0699
7 Total renewable energy  0.0679
8 Biomass 0.0671
9 Commercial sector 0.0663
10 Crude oil 0.0663

Finally, using these 10 selected key factors, the composite environmental sustainability score for each
year is calculated as follows:

Si=) w2 @

m
j=1
where S; represents the composite sustainability score for the year i, reflecting the environmental
friendliness of hosting major events that year. A higher score indicates lower environmental impact and

greater sustainability for that year. The results are shown in the Figure.5 and Table 4 below.

7Comprehensive Environmental Score (Top 10 Indicators Trend of Composite Environmental Score (2015-2024)

0. 0.7
0.6 0.6
» 0.5 o
E E 05F
° 04F °
.g -g 0 4 -
2 L 2 4
E 0.3 g
03F
“02 ©
0.1 0.2
0.1 s L .
')“\6 '1,“\6 ’LQ\'\ ')“\% q,“\q ')&‘Q 7»“1‘\ 'l@} ')@b m@}: 2014 2016 2018 N 2020 2022 2024
ear

Year
Figure. 5 The Results of Comprehensive Environment Score from 2015 to 2024

Table 4 Composite Score Ranking (Top 10)

Rank Year Composite Score
1 2015 0.6541
2 2024 0.3667
3 2017 0.3256
4 2016 0.2399
5 2023 0.2274
6 2018 0.2263
7 2019 0.1701
8 2020 0.1556
9 2021 0.1231
10 2022 0.1049

Based on the comprehensive score calculated using the entropy weight method, the highest
environmental sustainability score was recorded in 2015 (0.6541), followed by 2024 (0.3667) and 2017
(0.3256). The overall downward trend from 2015 to 2022, coupled with a partial rebound in 2023-2024,
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indicates fluctuating yet generally improving environmental performance in recent years. This shift reflects
the significant impact of policy adjustments, energy structure transitions, and infrastructure efficiency
changes on the environmental footprint of major events, such as the selection of New Orleans again for
Super Bowl LIX in 2025. Among the top ten weighted indicators, Fuel Ethanol (0.3286) dominates,
followed by Nuclear Power (0.0874) and Biofuels (0.0859). This underscores that renewable and low-carbon
energy use is paramount to overall sustainability performance. Indicators such as renewable diesel, wood
and waste, and total renewable energy consumption further underscore the positive contribution of
alternative fuels and clean energy production to environmental performance. Conversely, the presence of
metrics like commercial sector energy consumption and crude oil production reflects the trade-offs between
industrial activity and sustainability.

In conclusion, these findings demonstrate that reducing fossil fuel dependence and expanding biofuel
production are key strategies for mitigating the environmental impact of large-scale events. Applying these
metrics to Super Bowl LIX enables quantification of a city's energy consumption structure, emission sources,
and the comprehensive sustainability impact of renewable energy transitions during such events.

4.3 Impact of Location Differences on Environmental Effects

The preceding analysis, based on data from New Orleans hosting Super Bowl LIX, demonstrates that
renewable energy usage, fossil fuel consumption, and carbon emission levels decisively influence the overall
environmental score. However, hosting similar large-scale sporting events in other cities or regions could
yield significantly different environmental impacts, primarily due to the following factors:

(1) Climate Factors: Weather conditions directly influence energy demand. For instance, colder
regions require substantial heating, while hotter areas demand significant cooling, increasing residential,
commercial, and transportation energy consumption and thereby affecting CO: emissions. In contrast, New
Orleans' warm climate results in low heating loads but higher cooling demands, making cooling-related
energy consumption metrics a larger contributor to the overall score.

(2) Geographic and Urban Layout: A city's geographic distribution impacts transportation and
logistics energy consumption. Compact cities or areas with well-developed public transit can reduce private
vehicle use, lowering fuel consumption and CO: emissions from the transportation sector. In contrast to New
Orleans, if the event were held in a city with dispersed traffic patterns and heavy reliance on private vehicles,
transportation energy consumption and emissions could increase substantially, affecting the overall
environmental score.

(3) Transportation Infrastructure: The density and efficiency of transportation networks directly
determine energy consumption and emissions during the event. Cities with robust rail, subway, or shared
transportation systems can effectively reduce fuel usage. New Orleans' transportation structure necessitates
private vehicle use for some spectators; hosting the event in a city with more developed public transit could
significantly improve corresponding transportation energy metrics.

(4) Local Energy Mix and Power Sources: Cities vary greatly in their electricity generation sources.
Cities relying heavily on coal or oil may exhibit high carbon emissions even with modest renewable energy
adoption. New Orleans' energy portfolio features relatively high proportions of nuclear and renewable
energy, contributing to its favorable scores on certain energy metrics. Hosting the event in regions
dominated by fossil fuels could significantly worsen the environmental impact of energy-related indicators.

(5) Local Environmental Issues and Policy Factors: Cities face distinct environmental challenges,
such as water scarcity, air pollution, or ecologically sensitive areas. During major events, local
environmental regulations, emission standards, and infrastructure efficiency influence the overall
environmental footprint. New Orleans has specific policies regarding wetlands and water resource
management, while other regions may require additional consideration of water consumption or soil
ecological impacts.

Although the Entropy Weights Method indicates that renewable energy indicators like fuel ethanol,
nuclear power, and biofuels are most critical to New Orleans' overall environmental performance, the
composite environmental score for other host cities may vary significantly due to differences in energy mix,
transportation patterns, and climatic conditions. Therefore, sustainability assessments must integrate local
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climate, energy portfolio, transportation networks, and policy environments to accurately reflect the true
environmental footprint of major sporting events. This implies that when planning to host the Super Bowl or
similar major events in other cities, energy strategies, transportation arrangements, and emissions
management measures must be tailored to local environmental conditions to optimize the event's
sustainability performance.

5 Task II: Create The Model

To more accurately assess the environmental impact of candidate cities hosting the Super Bowl, our
team proposes a multi-level, quantifiable comprehensive environmental model. The model categorizes a
city's environmental performance into three tiers: foundational environmental indicators, environmental
impact drivers, and site-specific modifiers. A city's i comprehensive environmental score is expressed as:

M

1 2 K
5= why (222, . x) ©)
j=1

where §; is the comprehensive environmental score for city i, w; is the weight for indicator j, and F;( - ) is
the composite scoring function for indicator j in city i, incorporating multiple drivers xgc) (k=1,..,K).

This function allows for nonlinear and interactive effects to reflect the complex relationships among
different environmental factors in reality.

Energy indicators can be broken down into a combination of total energy consumption, energy mix,
renewable energy share, and facility energy efficiency:

1
enery
xl-j & = alEi + C(zRi + a3;+ (X4(Ei . Rl) (6)
L
where E; denotes total urban energy consumption, R; represents the share of renewable energy, n; indicates
energy utilization efficiency (higher is better), and a; ..., signifies the relative weight of each factor. The
final term E; - R; captures the interaction effect between energy consumption and renewable energy share,
reflecting the positive environmental mitigation effect for high-energy-consumption cities with a high

renewable energy proportion.

Transportation and Mobility Indicators consider infrastructure, travel patterns and audience activity
impacts:

1
Xy P = BT + Pap + BsMi+ Bu(Ti- (1= PY) )
L

where T; represents urban transportation load, P; denotes the public transport accessibility coefficient
(higher values indicate greater environmental sustainability), M; signifies the transportation mode structure
adjustment factor (e.g., private vehicle proportion), and f;...f4 represents the weighting factor. The
interaction term T; - (1 — P;) describes the cumulative negative impact on carbon emissions from high
transportation load combined with low public transport coverage.

Climate and geographic adjustment indicators quantify the impact of varying climatic conditions on
energy consumption and emissions:
x{™Mae =y HDD; +y,CDD; + y3HDD; - CDD; + y4Z; (8)
where HDD; represents heating degree days, CDD; denotes cooling degree days, Z; signifies geographic
adjustment factors (e.g., altitude, humidity, wind speed, and other geographic elements affecting energy
consumption), and y;...y4 indicates the weighting factor. The nonlinear interaction term HDD; - CDD;
reflects the additive effect of extreme climate conditions on venue energy demand.

Water resource and waste management indicators can also be incorporated into the model to account
for other environmental pressures generated by venue operations and event activities:

xg{ater/waste — 51Wi + 5251' + 53(Wi . Si) (9)
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where W, represents the city's water stress coefficient, S; denotes waste treatment efficiency, J;...03 serves
as the weighting factor, and the interaction term reflects the cumulative environmental impact in water-
stressed regions where poor waste management exacerbates overall pressures.

Ultimately, the comprehensive environmental score for a city's i is calculated as the weighted sum of
various indicators, accounting for interactions and nonlinear effects among sub-indicators:

M
_ energy transport climate water / waste other
S, = Z w;j (xl.j + Xy + xjj + X + xjj ) (10)
j=1
where xg-ther include other local environmental factors such as noise, air pollution, and land occupation. All

sub-indicators undergo standardization and directional adjustment prior to calculation to ensure "higher is
better," enabling comparability across different units and dimensions.

This model flexibly incorporates policy constraints or priority weightings. For instance, renewable
energy preferences can be embedded in energy structure weightings to align with green event objectives. Its
clear structure separates environmental indicators, driving factors and location adjustments, enabling
analysts to identify primary environmental pressures for each city and provide decision support.

6 Task III: Apply Our Model

6.1 Environmental Sustainability Assessment of Host Cities

To validate the model's applicability, this section first selected four cities that have hosted the Super
Bowl: Inglewood (CA), Glendale (AZ), Las Vegas (NV), and New Orleans (LA). These cities exhibit
distinct climatic conditions, energy structures, and urban management characteristics, effectively
demonstrating the model's sensitivity to regional variations. The model employs the comprehensive
environmental sustainability indicator system proposed in Task II and incorporates following five variables:

» E;: Energy mix cleanliness (share of renewable energy).
E,: Transportation system greening level (proportion of public transit and electric vehicles).
E5: Waste management efficiency (recycling rate and circularity).

E,: Climate Adaptability (temperature, humidity, natural disaster risk).

Y V VYV VY

Es5: Air and carbon emission performance (PM2.5 levels and carbon emissions per unit of GDP).

To ensure the comprehensiveness of each indicator, this section employs a weighted linear
superposition model:

Si = wiEq + WaEy + wiEs + wyEy + wsEy; (11)

where S; represents the comprehensive environmental sustainability score for city i. To enhance the
objectivity and interpretability of weighting, this section employs the Analytic Hierarchy Process (AHP) to
calculate the relative weights of the five core indicators. Consistency tests are conducted to ensure the
judgment matrix is reasonable and reliable. The fundamental steps of AHP include constructing the pairwise
comparison matrix A = [apq], calculating the maximum eigenvalue 4,,,, and its corresponding eigenvector
v, and normalizing v to obtain the weight vectorw . Concurrently, the consistency index Cl and consistency
ratio CR are computed:
cr=tre = g Y
n—1 RI
where n denotes the number of criteria, and RI represents the corresponding random consistency index.
When CR < 0.10, the matrix is deemed to possess acceptable consistency. The five selected indicators in
this study are ordered as follows: E (clean energy structure), E, (green transportation systems), E3 (waste
management efficiency), E4 (climate resilience), and E5 (air and carbon emission performance). To reflect
experts' relative preferences regarding the importance of energy and emissions, we constructed the following
pairwise comparison matrix 5 X 5:

(12)
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The eigenvector of the A matrix is calculated and normalized. If the consistency ratio (CR) is less than
0.10, the weights passed the consistency test and were adopted as the weight vector for the model in this
section (w). The results are shown in the Table 5 below.

Table 5 AHP Weight Results

Criterion Description Weight (w)
El Renewable/Clean Energy Infrastructure 0.3491
E2 Green Transportation Efficiency 0.1843
E3 Waste Management and Recycling 0.1843
E4 Climate Adaptability and Resilience 0.0980
E5 Air Quality and Carbon Emission Performance 0.1843

The consistency ratio (CR = 0.0022 < 0.1) indicates that the AHP pairwise comparison matrix is
highly consistent and reliable. The resulting weights show that renewable and clean energy infrastructure
(E1) dominates with a weight of 0.3491, meaning that the energy mix and renewable energy usage of each
city contribute the most to the overall environmental sustainability assessment. Three other indicators, green
transportation (E2), waste management (E3), and air/carbon performance (E5), each carry moderate
importance (around 0.18), reflecting their significant but secondary influence on sustainability. Climate
adaptiveness (E4) has the lowest weight (0.0980), suggesting that, among previously hosted cities,
differences in local climate resilience are less decisive for sustainability ranking. Weights derived from AHP
replace prior empirical weights for calculating city composite scores:

5
Si = Z WkEki (14)
k=1

where E; represents the standardized score of city i on indicator k.

Results are shown in the Figure.6 and Table 6 below. Based on composite scores, Inglewood
(California) achieves the highest environmental sustainability score (0.8021), outperforming other
candidates due to its high proportion of renewable energy, robust public transportation network, and
advanced waste management policies. Las Vegas (Nevada) follows with a score of 0.7569, benefiting from
recent investments in clean energy transition but constrained by its arid climate and high cooling demands.
Glendale (Arizona) ranks third (0.6997), reflecting solid transportation efficiency but lower renewable
penetration. New Orleans (Louisiana) records the lowest score (0.6425), primarily due to its relatively
carbon-intensive energy mix and vulnerability to extreme weather events.



Team #00002 Page 13 of 25

= Composite Score (bar) |
—©—Trend (line)

1

Composite Score S, (0-1)

Figure. 6 The Visual Results of Composite Scores for Hosted Cities
Table 6 Composite Scores for Hosted Cities

City Composite Score S; Rank
Inglewood (CA) 0.8021 1
Las Vegas (NV) 0.7569 2

Glendale (AZ) 0.6997 3
New Orleans (LA) 0.6425 4

In conclusion, based on AHP-derived weights and composite scoring, Inglewood emerges as the most
environmentally sustainable choice among the cities that have previously hosted the Super Bowl. This result
aligns with California's leading renewable energy policies and urban sustainability initiatives, demonstrating
model's capacity to capture meaningful environmental distinctions between candidate locations.

6.2 Environmental Sustainability Assessment of Unhosted Cities

To further apply the established sustainability assessment model, three potential host cities that have
not previously hosted the Super Bowl were selected for comparison. The chosen candidates, Seattle
(Washington), Denver (Colorado), and Charlotte (North Carolina), all have existing NFL teams and
sufficient infrastructure capacity to host large-scale sports events. These cities also represent distinct
climatic and geographic contexts: Seattle features a maritime climate and robust renewable energy policies;
Denver, situated in the Rocky Mountains, benefits from high renewable energy penetration and excellent air
quality; while Charlotte represents a rapidly developing southeastern city with moderate progress in carbon
transition. Following the AHP framework defined in Section 6.1, we first construct a pairwise comparison
matrix among the same five criteria: E; (renewable energy), E, (green transportation), E3 (waste
management), E, (climate adaptiveness), and Es (air/carbon performance). Weights are derived from the
principal eigenvector of the normalized judgment matrix, with consistency verified to ensure reliability.
Each city's environmental performance is then evaluated using normalized data (0-1 scale) representing their
relative strengths in each criterion.

5
j=1
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where §; is the overall environmental sustainability score of city i; w; is the AHP weight of indicator j; Ej;
denotes the normalized environmental performance of city i under criterion j.

Table 7 AHP Weight Results

Criterion Description Weight (w)
El Renewable/Clean Energy Infrastructure 0.3491
E2 Green Transportation Efficiency 0.1843
E3 Waste Management and Recycling 0.1843
E4 Climate Adaptability and Resilience 0.0980
ES Air Quality and Carbon Emission Performance 0.1843

The AHP weights remain consistent with the hosted cities case (CR = 0.0022 < 0.1), confirming that
the pairwise comparison matrix is valid. As before, renewable energy structure has the highest influence,
highlighting that the availability of clean and low-carbon energy is the single most critical determinant in
environmentally responsible event planning. Results are shown in Figure.7 and Table 8 below.

S 2 2 2 =2 2 = 9
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Composite Sustainability Score (0-1)

e
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Figure. 7 The Visual Results of Composite Scores for Hosted Cities

Table 8 Composite Scores for Hosted Cities

City Composite Score S; Rank
Seattle (WA) 0.8682 1
Denver (CO) 0.8306 2

Charlotte (NC) 0.6964 3

Based on composite scores, Seattle (WA) achieves the highest sustainability score (0.8682), positioning
it as the most environmentally favorable unhosted city. This outcome is largely attributed to Seattle's
exceptionally high renewable energy mix (over 90% hydroelectric), advanced waste recycling systems, and
strong public transport infrastructure. Denver (CO) follows closely with 0.8306, bolstered by clean energy
adoption and robust climate adaptation capacity, though its high-altitude location slightly curtails transport
efficiency. Charlotte (NC) ranks third (0.6964), demonstrating moderate progress in green transport and
waste reduction but lagging in renewable adoption and emissions intensity. Overall, the application of the
AHP-based sustainability model indicates that Seattle would be the most environmentally sustainable choice
for a future Super Bowl venue among unhosted cities. Its leading renewable energy use, waste management
efficiency, and air quality performance make it an exemplary model for low-carbon mega-event hosting.
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7 Task IV: Expand Our Model
7.1 Extended Model

To extend the original Super Bowl environmental model to other types of major sporting events,
specific factors such as event scale, duration, number of venues, and spectator flow must be considered for
their impact on environmental indicators. The model's overall framework retains a three-tier structure: the
basic environmental indicator layer, the environmental impact driver layer, and the location adjustment layer.
However, event-specific adjustment coefficients are introduced at each layer, and nonlinear and interactive
effects are permitted to more precisely characterize the environmental pressures exerted by different event
types. For single-sport tournaments or multi-sport events in a city i , the expanded comprehensive
environmental score formula is:

event even z.‘ (1) (2) (K ) gscale 3 duration venue
S z W F L] ’xL] 4 l] '¢L d)l ¢ (16)
where S£7" is the comprehenswe environmental score for a specific major sporting event in city i. w; is the

weight for indicator j, determined by entropy welghtmg or expert scoring. F{**"*(+) is the event- spemﬁc

d)sca/e

scoring function, incorporating the original driver x is the event scale adjustment coefficient,

reflecting additional environmental pressures from mcreased spectator numbers, media coverage, and
economic activity. ¢p@4 21 s the event duration adjustment factor, accounting for the cumulative impact of
event days on energy consumption, water usage, and waste generation. ¢;*"“¢ is the venue count and area
adjustment factor, quantifying the spatial environmental impact of multi-venue, multi-city events. To
enhance model precision, nonlinear and interaction terms are introduced at each indicator layer. For example,
the event-specific scoring for the energy indicator can be expressed as:

xiejnergy,event — alEi + azRi + a3; + a4(E - R. ) + as(d)sca]e E. ) + ag ( duration nl) (17)

L
where E; is the city's total energy consumption. R; is the share of renewable energy. n; is energy efficiency
(higher values indicate greater environmental sustainability). a; ~ ag represents indicator weights and
interaction weights. The interaction term (E; - R;) reflects the mitigating effect achieved by cities with high
energy consumption through a high share of renewable energy. @3 . E;pduraton . 1 /n, represents the
cumulative impact of extended event duration on energy efficiency. Similarly, event-specific adjustment
factors and interaction effects can be incorporated into transportation, climate, and water/waste management
indicators:

xlt]ransportevent — ,BlT +,82F+.83M +ﬁ4(T (1 P)) +ﬁ5(¢sca/e T)+ﬂ6(¢venue Mi)

Xy AN = § W + 8, + 83(W; - S) + S4(@ON - W) + 85(Le™e - S))

(18)

By incorporating event-specific coefficients such as ¢3¢, ¢pduration and ¢rere | the model quantifies
the cumulative and amplified effects of different event types on urban env1ronmental indicators,
distinguishing environmental pressures between single-sport tournaments and multi-sport events. This
extension preserves the operational feasibility of existing metrics while aligning the model more closely
with real-world site selection and sustainability decision-making for major sporting events.

7.2 Application of the Extended Model

To validate the applicability of the expanded model, this section applies it to the site selection analysis
for another type of multi-sport event: the Summer Olympic Games. The Olympics far exceed single-sport
events in scale, with significantly increased duration, number of venues, and audience/media engagement,
resulting in a more complex environmental burden. Based on the expanded model described earlier, this
section selects six representative cities as candidate sites for sustainability assessment: Tokyo (Japan), Paris
(France), Los Angeles (United States), Beijing (China), Sydney (Australia), and London (United Kingdom).
The overall event score is defined as:
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M
olympics __ olympics
S = wiFp (19)
j=1
olympics . . . . . .
where §; represents the comprehensive environmental score for city i regarding the Olympics, w;

olympics
i
into the weighted sum of five sub-categories: Energy, Transportation,

denotes the weight for the j-th indicator, and F signifies the event-specific scoring function for that
olympics
i

Climate, Water/Waste, and Venues/Duration impact, namely

indicator. We decompose F

Folympics _

energy,olym transportolym climate,olym waterwaste,olym venue,olym
ij i + Xij + Xi; + Xi; + i (20)
Each sub-item incorporates a baseline driver, an event amplification factor, and interaction terms to
reflect real-world complexity. The energy sub-score is defined as:
1 o1
x;-nergxo}ym = alEi + C(zRi + a3; + (X4(EL' . Rl) + a5(¢fcale . El) + (043 ( lg’uratmn : 17_) (21)
i 1
where E; is the estimated total energy consumption of the city throughout the year/event period. R; is the
proportion of renewable energy in the grid (0-1). ; is the energy utilization efficiency indicator. ¢S is
the event scale factor. ¢4/ is the event duration factor. @;...as is the energy factor coefficient. The first
three terms reflect baseline consumption and efficiency, the fourth term indicates that high energy
consumption can be partially offset by a high renewable energy share, while the fifth and sixth terms

quantify the additional energy pressure or cumulative efficiency effects resulting from scale and duration.
The transportation subscore is defined as:

1
xf;amport' obym — BT + IBZF + B3M; + ,34(Ti (11— Pi)) + ﬁ5(¢iscale : Ti) + Be(p/™ - d;) (22)
L

where T; is the estimated traffic load during the event period. P; is the public transportation accessibility
coefficient. M; is the supplementary factor for private vehicle travel share or low-carbon travel rate. ¢;"*¢
is the venue dispersion coefficient. d; is the average travel distance between venues. 5, is the transportation
item weight. T;(1 — P;) is the amplification interaction term for high traffic volume and low public
transportation penetration. ¢;/"“¢d; captures the additional traffic burden from multi-venue layouts. The
climate/building energy consumption adjustment term is defined as:

x;.”’""“‘f"”’ﬂ" = y;HDD; + y,CDD; + y3(HDD; - CDD;) + v, Z; + y5(¢p“ " - HDD;) (23)

where HDD; represents Heating Degree Days (HDD). CDD; denotes Cooling Degree Days (CDD). Z;
signifies terrain/microclimate adjustment factors (humidity, elevation, wind speed, etc.). ¥, indicates the
climate weighting factor. The climate component directly influences venue heating/cooling loads, with the
product of duration and extreme climate conditions accounting for amplified effects during prolonged events
under extreme weather. Water and Waste Sub-scores are defined as:

y

venues,l

W
xlrxtl/aterwastaob/m =85, W; + 8,5, + 683 (Wi (1 - Si)) + 64(¢fcale . Wi) + 6 < ivenue . —l> (24)

where W, is the total water demand or water stress indicator during the city/event period. S; is the
waste/sewage treatment efficiency. n,e,,.5 ; 1s the number of event venues. §; is the weighting factor. Water
stress and low treatment efficiency have a compounding negative effect, more venues increase water
dispersion and management costs. The venue/duration combined impact factor is defined as:

x;enue’,o/}/m _ KlVi ) KZd)iVenue + K3(¢ivenue . Vi) + K4(¢lg’urat1'on . D) (25)

where V; is the total venue area or estimated venue carbon footprint. ¢;*"“® is the venue dispersion or new

venue demand coefficient. D is the number of competition days. k; is the weighting coefficient. This
component directly incorporates the long-term and short-term environmental costs associated with venue
construction, maintenance, and operation into the scoring. To ensure comparability across indicators, we
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adopt the Min-Max normalization and entropy weighting method from Task I to calculate weights. The
simulation results of the model are shown in the Figure.8 below.
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Figure. 8 Extended Sustainability Model Application for Olympic Host Cities

Sydney ranks first with the highest overall sustainability score (0.98), primarily due to its high
renewable energy share (>70%), excellent public transportation system, mild climate conditions, and
efficient waste management system. London and Paris follow closely with high scores, reflecting European
cities' long-standing advantages in energy structure and green policies. The model confirms the significant
impact of event scale, venue distribution, and duration coefficients on outcomes. For instance, Beijing
scored lower in energy consumption and climate impact, resulting in a lower overall score, while Sydney
gained an advantage due to its smaller event scale coefficient and highly efficient green infrastructure.
Therefore, based on the quantitative results of the expanded model, it is recommended that future Olympic
Games be hosted in Sydney, Australia. This city possesses significant advantages in energy sustainability,
climate suitability, and transportation systems, and its urban environmental management policies align with
the development direction of international green events.

7.3 Impact of Transformation on Urban Bid Sustainability

To quantify the effectiveness of cities in enhancing sustainability through infrastructure investment
and policy interventions, we introduced an intervention adjustment component to the original
comprehensive score (S;). This allows us to model the effects and costs of different interventions, thereby
assessing the impact of short-term feasible measures versus long-term structural transformations on hosting
feasibility.

K
S =5, + z 04, — A C“ga’ (26)
k=1
where Sfd/ is the intervention-adjusted urban sustainability score. S; is the pre-intervention baseline score.
4, is the standardized environmental improvement from thek intervention. 6, is the effect weight for thek
intervention. C,y, 1s the total intervention input cost. B represents the available budget or fiscal feasibility
metric. A is the cost penalty coefficient. The above formula integrates "input-effect-cost" into a scoring
framework, enabling both the direct measurement of an individual intervention's contribution to
environmental scores and the reflection of cost constraints on final feasibility. This facilitates comparative
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analysis of the cost-effectiveness between short-term and long-term solutions. Typical short-term high-
return, low-cost measures include: energy efficiency retrofits for existing venues; temporary public transit
frequency increases and dedicated routes during the event; renewable energy power purchase agreements
and mobile generators replacing diesel power; on-site waste sorting and high-rate recycling; and temporary
rainwater/greywater reuse systems. We estimate the cost-benefit ratio of individual interventions using the
following formula for prioritization and selection:
CERy = 2 27

= ZE, (27)
where CER) 1is the cost-benefit ratio for measure k. C), is the total cost for measure k. AE; is the
standardized environmental reduction achieved by measure k. A smaller CER,, indicates lower unit cost per
environmental improvement and should be prioritized. Short-term strategies should prioritize measures with
a smaller CER), that significantly enhance 4, .

Long-term strategies focus on structural transformations and large-scale investments: grid
decarbonization and energy storage, urban rail transit expansion, regional combined heat and power (CHP)
or district cooling/heating systems, permanent venue green design and circular utilization, land use planning
and compact urban design to reduce transportation demand. Long-term measures typically generate enduring
4, and sustainably enhance S;, though they require greater C;, and longer payback periods. The combined
effect of long-term and short-term measures can be modeled through coupling terms:

A}L;otal — Aihort + Aﬁ(‘mg + ”(Aihort . Ai{ong) (28)
where Ao /A,jfng represents the short-term and long-term contributions of the same measure. p is a

synergistic parameter reflecting how short-term precedence amplifies or accelerates long-term effects. Our
team conducted simulations using MATLAB, yielding results as shown in Figure.9 below.
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Figure. 9 Intervention scenario modeling (short-term & long-term)

The simulation results indicate that with a total budget of $100 million, our team selected six priority
interventions totaling $56 million, while retaining budget flexibility for subsequent optimization. Among
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these, the "temporary solar power purchase agreement (PPA)" and "waste sorting + composting system"
yielded the most significant improvements in city sustainability scores, indicating that renewable energy and
circular waste management offer the highest marginal benefits in event environmental governance.
Following implementation, all cities saw substantial sustainability score improvements, particularly Los
Angeles (0.686—0.913) and Beijing (0.613—0.881). These cities exhibited weaker baseline performance
but achieved the greatest gains through systematic interventions. Visualization results show a clear upward
trend in all cities' scores, indicating the strongest synergistic effects from cross-sectoral integrated measures
(energy, water resources, transportation, etc.). Overall, under limited budget constraints, prioritizing
investments in renewable energy and water recycling yields the most significant environmental returns.

> Short-term priority measures:

a. Rapid venue energy efficiency retrofits: Low-cost, short-duration projects directly reducing operational
energy consumption(4E).

b. Dedicated conference buses/temporary rail services with staggered entry times: Reduces private vehicle
usage M;, directly lowering transportation sub-category impacts.

c. Temporary large-scale solar carports or leased clean power generation (PPA/mobile power sources):
Significantly increase R; during the event period.

d. Mandatory green procurement in event supply chains and efficient food waste management: Enhance S;
(waste processing efficiency).

e. Temporary water reuse and low-flow fixtures: Reduce W; pressure.
» Long-term key investments:
Grid decarbonization and energy storage (enhancing long-term R; and reducing E; carbon intensity).
b. Expanding Urban Rail/Rapid Transit Networks (fundamentally improving P; and long-term reduction of

T).
c. Green renovation and multi-functional reuse strategies for venues (reducing lifecycle carbon emissions

for V; and mitigating long-term vacancy risks).

To assist urban decision-makers in making economically and environmentally balanced choices, we
recommend the following steps for quantification within the model:

List candidate measures and estimate 4, and Cy.
b. Calculate the CER,, for each measure, prioritizing those with low CER and high 8, in the short term.

c. Evaluate the compound benefits of long-term measures and compare their net present value or payback
period.

d. UseS ?dj to evaluate the enhanced future bidding competitiveness of the city post-implementation.

7.4 Key Environmental Differences Between Single-Event and Multi-Event Venues

Comparing environmental drivers between single-event mega-sports competitions and multi-venue,
multi-day multi-sport events helps clarify priority mitigation strategies for different event types. Overall,
single-event impacts are highly concentrated and short-term, while multi-sport events exhibit dispersed
impacts with significant infrastructure and long-term development dimensions. We quantify each driver's
relative importance in the total score using driver weighting:

xl']'

M
S, (29)
j=1

where 7);; is the normalized contribution ratio of the j-th environmental driver to the total pressure score in
the city i. x;; is the sub-score for the j-th driver. M is the total number of drivers. Based on empirical
observations and model structure, we can outline typical characteristics of 1;; for both event types:

Nij =
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1. Single large-scale events:

High transportation share: Concentrated influx of spectators and visitors over a short period results in
elevated 1 ransport -

Significant proportion of broadcasting and temporary electricity: High-intensity energy consumption
over a short period (temporary broadcasts, event lighting) increases 7 epergy -

Minimal impact from venue construction/long-term occupancy: High proportion of one-time or existing
venue usage results in relatively 1ow 17 epye -

Expressing the short-term peak pressure coefficient PY “ak for a single event using a formula:

k
Pfea = Parrive * Ti + Oeyent * Ei (30)

where p v 1S the short-term visitor density coefficient. 0 ,,,,; 1S the temporary event energy consumption
amplification factor.

2. Multi-venue/multi-day integrated events:

Significant impact on venue and infrastructure lifecycle: New construction, renovations, and long-term
maintenance increase the long-term proportion of 7 ,epue and 9 epergy -

Transportation demand becomes more dispersed but prolonged: Cumulative pressure on urban daily
operations from transportation is significant. Expanding public transit capacity becomes crucial for
long-term emissions reduction, making 7 anepre @ key long-term factor.

Water resources and waste management emerge as significant long-term pressure points, particularly in
cities with water scarcity or limited treatment capacity, driving increased 1 yazer / waste -

The total lifecycle impact of multi-venue events L; can be expressed as:

Tiife
L= f E,(6) + Ti(6) + Vi(t) + Wi(D)]dt 0
t=0

where Tz represents the venue/facility lifecycle (years). E;(t), T;(t),V;(t), W;(t) denote time-varying
energy consumption, transportation load, venue-related burdens, and water/waste pressures. Our team
utilized MATLAB simulations to obtain results illustrated in Figure.10 below.
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Figure. 10 Single-game vs Multi-venue Driver Comparison
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The comparison of driving factors reveals differences in sustainability performance between single-
event and multi-venue/multi-sport events. Cities exhibit varying resilience characteristics across key
dimensions such as energy, transportation, water, and venue operational efficiency (). Cities with higher
infrastructure density (e.g., Paris, Tokyo) exhibit smaller efficiency gaps between the two event types,
indicating more robust sustainable systems. Conversely, Los Angeles and Beijing, characterized by
sprawling urban layouts and heavy traffic burdens, show more pronounced efficiency declines under the
multi-venue scenario. Visualization results show that peak load and logistics intensity increase progressively
with urban complexity from Sydney to Beijing, indicating a clear upward trend. This demonstrates a positive
correlation between event scale and urban energy intensity. The findings reveal that multi-venue or multi-
sport events often impose cumulative environmental pressures, particularly in energy and transportation
sectors. Therefore, cities aspiring to host high-scoring sustainable events should prioritize developing
integrated public transportation systems and low-carbon energy structures to maintain both environmental
and economic viability during major competitions.

7.5 Conclusion

For single-event competitions, short-term, high-impact measures should be prioritized, including
energy-efficient temporary facilities, event-period transportation organization, temporary clean energy
supply, and athlete village traffic diversion strategies. These can rapidly reduce the Pf °k and significantly
improve the Nganspore a0d Neperg, - For multi-venue/multi-day events, long-term infrastructure must be

balanced: sustainable venue design and reuse strategies, enhanced urban rail transit and regional
connectivity, grid decarbonization and long-term energy planning, and expanded water resource and waste
treatment capacity. The goal is to maximize the reduction in L; within the T ;. timeframe.

Overall, the event type determines the temporal scale and investment structure of priority strategies:
single-event competitions emphasize short-term scheduling and temporary technical solutions, while multi-
event competitions prioritize long-term capital investments and integration into urban sustainability
blueprints. The model explicitly maps this distinction into scoring and decision-making through quantitative
metrics like 1;;, Pf “  and L;, helping organizers and city governments select the most cost-effective
emission reduction pathways.
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8 Sensitivity Analysis

To assess the model's robustness under varying key parameters, we conducted a sensitivity analysis on
the composite environmental score (S;). Six critical parameters were selected: energy weight (a1), renewable
energy proportion weight (a; ), transportation load weight (), public transit accessibility weight ([S;),
climate conditioning weight (), and water/waste management weight (87 ). By adjusting each parameter
within the range +20% , we calculated the model's response to changes in the composite scores of candidate
cities, observing how different parameters influence the final environmental rating.
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Figure. 11 Sensitivity Analysis of Key Model Parameters

The sensitivity analysis results are illustrated in the Figure.11. The upper section shows the impact of
variations in the energy weighting (1) on the comprehensive energy scores of the six cities, while the lower
section demonstrates the effect of changes in the transportation weighting (1) on the transportation scores.
The energy score chart reveals that cities like Sydney and London exhibit relatively stable energy scores,
whereas Los Angeles and Beijing are significantly affected by adjustments to a;. This indicates that in high-
energy-consumption cities, the energy weighting exhibits greater sensitivity to the overall environmental
score. The transportation score chart reveals that Beijing and Los Angeles exhibit significant impact from
transportation load on their composite scores, whereas Sydney and Paris show lesser effects. This indicates
that the sophistication of urban transportation infrastructure and public transit systems determines sensitivity.
Overall, energy and transportation parameters are critical factors influencing urban sustainability scores,
providing quantitative basis for cities to formulate event sustainability strategies, invest in renewable energy,
and optimize transportation solutions.
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9 Evaluation of the Model
9.1 Strengths

1. The model effectively combines environmental, social, and infrastructural criteria through a hierarchical
weighting system and quantitative normalization. This allows a balanced evaluation that captures the
multidimensional nature of sustainability in sports event hosting.

2. The model can be easily adapted to different types of large-scale events from single-game
championships like the Super Bowl to multi-sport global competitions such as the Olympics. The
modular design enables new criteria or indicators to be incorporated without altering the model’s core
framework.

3. By integrating MATLAB-based simulation and visualization, the model produces transparent,
interpretable results. Sensitivity analyses and comparative plots allow for intuitive understanding of
how each factor contributes to overall sustainability scores, strengthening both academic rigor and
practical usability.

9.2 Weaknesses

1. While AHP provides structured weighting, it does not fully capture dynamic interdependencies among
factors. A dynamic or systems-based model could provide a more realistic reflection of evolving
conditions.

10 Conclusion

Our team developed and implemented a quantitative sustainability assessment model for evaluating
candidate host cities of large-scale sporting events. Through the use of AHP weighting, multi-criteria
evaluation, and MATLAB-based simulation, the model provides a transparent, data-driven foundation for
decision-making. The application of the model to both single-sport and multi-sport contexts demonstrates its
flexibility and capacity to reveal the environmental and infrastructural readiness of major cities under
realistic budget and investment constraints.

The analysis concludes that Seattle represents the most sustainable choice for hosting the 2029 Super
Bowl, supported by its clean energy mix, advanced public transport systems, and environmentally certified
infrastructure. The broader findings of this study highlight the importance of embedding sustainability at
every stage of event planning and city development. As global sports organizations increasingly prioritize
environmental responsibility, such integrated modeling approaches can guide the transition toward greener,
more resilient, and socially responsible mega-events in the future.
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