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Using Mobility Data to Evaluate Changes in Outdoor Recreational Activity Across Major COVID-19 Variants

Abstract
This study examines visitor behavior at nature parks in Miami and Atlanta, focusing on the impact of the COVID-19 pandemic on visitation patterns over several months. The research considers various pandemic-related variants and explores how the pandemic has affected park utilization in different neighborhoods, particularly concerning income disparities. Utilizing monthly park visitation data from 2020 to 2022, compared with the pre-pandemic years 2018-2019, alongside household median income data from Social Explorer, the study reveals significant differences in park visitation across COVID-19 variants and between the two cities. Preliminary findings highlight varying effects of different virus strains on park visitation patterns, with substantial variations within each city. Despite the pandemic, average park visitation remains relatively stable, offering valuable insights for policymakers and park managers grappling with the evolving dynamics of park visits amid a global health crisis.
Keywords: human mobility 1; covid-19 2; park visitation 3



1. Introduction
The COVID-19 pandemic, characterized by the novel coronavirus, necessitated implementing public health measures such as social distancing, mask mandates, and widespread shutdowns. These interventions significantly altered established patterns of mobility, traditionally centered around work commutes and entertainment activities. Factors such as advancements in vaccine technology, evolving understanding of the virus, and the emergence of different strains 50 influenced public perceptions of risk, prompting changes in social interactions and behaviors. 

A critical aspect of these behavioral changes was the heightened awareness of the risk associated with indoor environments. Empirical evidence, including research by Freeman & and Eykelbosh [1], identified indoor social gatherings and recreational activities as primary contexts for virus transmission. This led to the closure of indoor facilities like community centers, gyms, bars, and restaurants, which were recognized for their elevated risk due to factors such as proximity, limited ventilation, and prolonged contact. Consequently, these closures, coupled with the risk associated with indoor spaces, redirected recreational activities [2]. People increasingly sought alternatives, leading to a noticeable shift in outdoor recreational patterns, with a rise in visits to parks and other open-air spaces. This shift reflects an adaptation to the pandemic-imposed limitations and a search for safer leisure options [2].
Further, the COVID-19 pandemic has transformed living and working conditions in the United States since its emergence in early 2020. Scholars like Rivera [3] have highlighted the pandemic's role in accelerating the shift to remote work and telemedicine while causing a decline in commuting and business travel. Additionally, the hospitality and retail industries faced significant disruptions due to lockdowns and social distancing measures [3]. 
This widespread disruption of social life, along with limited recreational options, has had profound effects on the population, including financial instability and deteriorating mental health [4]. The reduction in social interactions contributed to increased levels of stress, anxiety, and depression, prompting individuals to seek alternative forms of recreation for their mental and physical well-being. A notable shift observed during this period was the increased visitation to outdoor recreational spaces like national parks, a trend documented by IUCN [5]. This change can be attributed to the public's adaptation to the pandemic's constraints, as well as the search for safer leisure options in the face of indoor venue closures and public health warnings against indoor gatherings.  
Urban parks have gained attention as potential environmental elements that can promote physical activity, combat obesity, enhance mental health, and reduce chronic illnesses [6]. Historically, public parks have served as essential cost-free recreational spaces, particularly for low-income and immigrant communities [7,8]. During the COVID-19 pandemic, parks emerged as valuable resources to assist people. As various restrictions and lockdowns were implemented to curb the spread of the virus, the importance of outdoor activities for physical and mental well-being became increasingly evident. Parks, traditionally known for promoting physical activity, combating obesity, enhancing mental health, and reducing chronic illnesses, took on a new significance as individuals sought alternatives to indoor spaces with higher risks of virus transmission. Despite initial concerns and closures, parks eventually became popular destinations, reflecting a shift in public perception and a collective desire to embrace outdoor environments for recreation and relaxation during a challenging time [9]. 
However, despite their health benefits, many states initially closed parks due to concerns that they could facilitate community transmission of COVID-19, primarily due to the potential for large unsupervised gatherings. These concerns were exacerbated by the lack of knowledge about the disease's transmission and the absence of vaccines during the early stages of the pandemic. As information about COVID-19 transmission and vaccination availability improved, parks and outdoor spaces became popular destinations for recreation, reflecting evolving risk perceptions and a desire to return to pre-pandemic life. 
The objective of this study is to examine the evolution and variation in perceptions of COVID-19 risk at finer geographic scales, influenced by differences in socioeconomic distributions within cities.
Marginalized populations, notably People of Color (POCs) and low-income households, have faced heightened challenges during the pandemic. They are often overrepresented among essential workers [10] and have borne a disproportionate burden of COVID-19 [11]. This has influenced their engagement in non-work-related activities, including outdoor recreation. Another factor to consider is the unequal access to parks and safe outdoor areas. [12] highlight that low-income households typically have less access to such spaces, whereas higher-income communities, often able to work remotely, are situated closer to these recreational areas. This disparity has significant implications for the physical and mental well-being of these communities. Additionally, the criminalization of people of color in outdoor settings, as exemplified by the case of [12], [13], poses disproportionate risks for these individuals in outdoor spaces.
A review paper published in 2022 [14] examined studies and found that although a majority of them concluded that physical activity decreased during COVID-19, there were some studies that found increases in physical activity. Specifically, the review paper cites one study [15] that showed that cycling recreational activity increased by 291% in Oslo, Norway. Importantly, these studies mostly examine physical activity during the entire duration of the pandemic. Our study differs in that our analysis was conducted during the time period associated with each major strain of COVID-19.
Despite existing research on various aspects of mobility patterns during the COVID-19 pandemic, there remains a significant research void. Few studies have undertaken a comprehensive examination of the evolution of risky behaviors over time, the varied effects of policies extending beyond stay-at-home orders, and the dynamics of park visitation in areas characterized by income disparities. This study aims to address these gaps by integrating diverse data sources and conducting a thorough analysis of the interplay between human mobility, pandemic policies, and park visitation trends
Given these considerations, the objective of this study is to examine disparities in engagement levels in outdoor and indoor activities across different geographic areas, particularly in segregated urban settings in the US. The research aims to investigate whether participation in outdoor activities has changed over time, considering the evolving perceptions of COVID-19.
To accomplish these objectives, the study conducted a comparative analysis of the usage of parks and outdoor activity spaces during the COVID-19 pandemic and its associated variants, relative to pre-pandemic years. In this context, Atlanta and Miami present unique, contrasting urban environments for this analysis. Atlanta, with its more spread-out urban layout and diverse socioeconomic segregation, offers a different perspective compared to Miami’s denser urban structure and distinct demographic profile.
This analysis utilized human mobility data from SafeGraph [16]. Such analysis is expected to provide insights into how the pandemic has impacted outdoor activity patterns, which can inform public health planning and policy development for promoting safe recreational spaces during crises.
2. Materials and Methods
The research utilized data from various outlets, such as SafeGraph [16], the United States Census, and Esri Business Analyst (ESRI, 2011. ArcGIS Pro: version 3.1z. In Figure 2, the data analysis plan is presented, centering on park visits in Georgia and Florida and comparing baseline (2018) with the COVID-19 periods (2019–2022). 
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Figure 1: Overview of the general workflow.
The process involves data extraction, reconciliation, identification of nearby census tracts, demographic analysis, independent state-level analysis, timestamp categorization by Covid variant, computation of visit differences, and concluding with data visualization and statistical analysis to address the overarching research objectives. Figure 2 shows the timeline outlining the peaks and post-peak periods of COVID-19 variants from June 2020 to February 2022.
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Figure 2: Timeline chart of the pre and post-peak periods of COVID-10 variants.
The base strain peaked in June 2020, followed by the Alpha variant in October 2020, and the Delta variant in June 2021. The Omicron variant emerged and peaked in December 2021. Each peak is followed by a post-peak period, indicating fluctuations in the virus’s impact, possibly influenced by variant characteristics and public health interventions. Data for this study follow the timelines indicated in Figure 3. For example, data for the base strain included mobility information starting in June 2020 and ending in September 2020. Temporal consistency was maintained by matching baseline data for 2018-2019 to these dates. For example, the baseline data corresponding to the base strain included information from June 2018 to September 2018. A similar strategy was followed for all other strains. 


2.1 Data Collection and Pre-Processing
The Safegraph Places dataset offers an extensive compilation of mobility and foot traffic data, encompassing over 5 million Points of Interest (POIs) across the United States. Each dataset entry provides comprehensive information about a POI, including details such as its name, address, census block group, category, brand affiliation, and more. This dataset particularly enriches our understanding of various places of interest, including parks and venues for outdoor activities. 
The Safegraph location data is categorized into three primary groups. The Core POI Dataset furnishes essential particulars for approximately 6.1 million POIs, covering location names, unique place keys, associated brands, cities, regions, postal codes, street addresses, and geographic coordinates. Additionally, it includes information on opening and closing times, among other relevant attributes. The Geometry Dataset incorporates spatial hierarchy metadata and POI footprints for global locations, using polygons to delineate the physical area and size of POIs. This proves instrumental in comprehending location boundaries and the interconnections between different POIs. Lastly, the Patterns Dataset provides indispensable insights into visitor demographics for U.S. POIs, presenting aggregated visitation counts from various mobile devices and detailed information on visitor frequency, stay duration, origins, and subsequent destinations.
In the context of this research, mobility data were collected for two distinct periods. Baseline data from 2018 captures movement patterns pre-COVID-19, establishing a foundational understanding of mobility before the pandemic’s influence. The second period spans from the end of 2019 to mid-2022, encompassing the COVID-19 pandemic. This dataset enables the analysis of evolving movement patterns throughout the pandemic, accommodating considerations for different COVID-19 variants and their impact on mobility.
Political affiliation data was obtained through ArcGIS Business Analyst, an extension that provides a wealth of annually updated business data by Esri. This extension seamlessly integrates geographical and demographic data, offering a comprehensive understanding of market trends, consumer behavior, and other spatial patterns impacting business operations. 
To visualize the political affiliation and voting patterns, a web map was created using the Behavior dataset within ArcGIS Business Analyst. Extracting the necessary data from the map
layer posed challenges, so an alternative approach was implemented, which involved linking the political affiliation data from the behavior dataset with demographic data obtained from Social Explorer. This combined dataset was then exported as a CSV file for further analysis.
2.2 Data Processing and Extraction 
The Safegraph data outlined earlier served as the primary source for extracting information related to nature parks and outdoor activity venues in both Miami and Atlanta. These extensive datasets required careful and detailed handling owing to their substantial dimensions and intricate design. The initial phase of the analysis involved importing the data, typically presented in a CSV file format and distributed in four parts for each month. Each segment was notably substantial, containing around one million records. To efficiently manage and analyze these large datasets, Alteryx, a tool specifically designed for such purposes, was employed for several initial preprocessing steps. 
Subsequently, a thorough data cleansing process was executed to ensure the quality and reliability of the information. Addressing common data quality issues, such as inconsistencies and missing values, was pivotal. This cleansing process significantly improved the dataset’s usability for analysis, a critical consideration given the extensive number of records involved.

The challenge of integrating different data files arose due to potential changes in the database schema, considering the large volume of data and the two distinct periods covered in the study. The data integration tasks required a combination of various subsets by aligning records with matching fields, ultimately creating a more comprehensive and unified database. Accomplishing this involved the utilization of various common database functions, including joins and unions, to effectively merge these extensive datasets.  
In the data processing phase, specific measures were taken to enhance the quality and relevance of the datasets. Outliers were identified and manually removed, ensuring that the datasets remained free from anomalous or extreme values that could potentially skew the analysis. Additionally, a comprehensive comparison was conducted between the datasets for the years 2018 and 2019-22.
This comparative analysis aimed to include only those sites that were common across both periods, providing a consistent basis for understanding changes and trends over time. To facilitate further analysis and exploration, all the processed and refined datasets were uploaded to a spatially enabled database in PostgreSQL.
2.3 Data Visualization 
Processed data from Alteryx was parsed and uploaded into a PostgreSQL database equipped with spatial capabilities. Subsequently, custom SQL queries were written to extract specific data points from the dataset, which was then imported into a Jupyter Notebook for more visualization using the Matplotlib Python library.  
2.4 Statistical Analysis- Two-way mixed-measures ANOVA 
In this study, I employed a Two-Way Mixed-Measures Analysis of Variance (ANOVA) to explore the interplay between two key independent variables: the Between-Subjects Factor and the Within-Subjects Factor. In the context of this study, the Between-Subjects Factor represents variations in the severity of COVID-19 strains, while the Within-Subjects Factor encapsulates changes in visit frequency. The chosen outcome measure, visits to parks and outdoor activity spaces, serves as the lens through which we assess the combined influence of these factors.
The aim of utilizing this statistical technique is to comprehensively understand how these independent variables, individually and in tandem, impact the frequency of visits to recreational spaces. By addressing assumptions, conducting calculations involving sums of squares and mean squares, and interpreting F-ratios, valuable insights can be derived into the significance of these effects. The output of this analysis produces various other tables, including Descriptive Statistics (used to describe the dataset), Tests of Within-Subjects Effects Table (indicates F-ratios and p-values for main effects and interactions examining differences in means across different factor levels), Mauchl's Test of Sphericity (assesses the assumption of sphericity), Tests of Between Subjects Effects Table (outlines main effects and interactions for between-subjects factors), and Estimated Marginal Means Table (presents adjusted means, considering interactions). Other outputs include the Sphericity Assumed/Adjusted Table and Homogeneity of Variances Table, which are used to assess assumptions for this test. Lastly, the Post Hoc Tests table is used to identify specific differences between conditions. Collectively, these tables guided in drawing conclusions about the influence of independent variables on the dependent variable.
2.5 Demographic Analysis of Engagement in Outdoor Activity in Atlanta and Miami 
To assess the spatial and demographic variations in park visitation in Atlanta and Miami, first block groups containing parks with decreases in overall visitation were marked ‘0’ while those block groups witnessing increases were marked ‘1’. Spatial information contained within the database was mapped using QGIS, enabling the visualization of park visitation patterns during COVID-19. Information on race/ethnicity was extracted from the U. S. Census Bureau and attached to only those block groups containing parks. Summary measures showcasing visitation trends across racial demographics were then plotted.

2.6 Data, or a descriptive heading about data 
The project utilized several rich datasets to analyze mobility patterns and political affiliation in the United States, with a primary focus on the SafeGraph Places dataset. This dataset includes over 5 million Points of Interest (POIs) nationwide, offering detailed attributes such as names, addresses, brands, and census block groups. It is divided into three key components: the Core POI Dataset, which captures fundamental information for about 6.1 million POIs; the Geometry Dataset, which provides spatial footprints and hierarchies for understanding POI boundaries and relationships; and the Patterns Dataset, which delivers anonymized, aggregated foot traffic data, including visit duration, frequency, and visitor origins. For this study, SafeGraph mobility data was gathered across two key periods—pre-COVID (2018) and during COVID (late 2019 to mid-2022)—to assess shifts in movement behavior over time. To integrate political context, political affiliation data was sourced from the Behavior dataset in ArcGIS Business Analyst, a tool offering annually updated demographic and market insights. Although extracting this data via the web map presented technical challenges, the final approach involved linking it with demographic data from Social Explorer, resulting in a comprehensive CSV file for downstream analysis and visualization.

3. Results
The results and discussions are organized into four distinct sections, each tailored to address one of the stated research objectives. The first section is to evaluate if demographic distribution and/or political outlooks influence visits to parks and areas of outdoor activity in two major metropolitan areas in the United States. The second section will assess if overall patterns of visits to parks and places of outdoor activity were different during the various strains of COVID-19, followed by city-wide comparisons. The third section examines how demographic factors and political perspectives in these urban areas have impacted park visitation, providing insight into the socio-political dimensions of public health behaviors. The final section focuses on the spatial analysis of outdoor activities during COVID-19, pinpointing areas that experienced notable shifts in visits compared to the baseline activity in 2018. This section aims to reveal the spatial dynamics of changes in outdoor activities and place them within the larger context of urban and public health developments during the pandemic.
3.1 Outdoor Activity Before and During COVID-19: A Case Study of Two Cities  
Comparing the average temperatures of two distinct cities, Atlanta and Miami, unveils fascinating juxtaposition of climatic conditions. While both cities are situated in the southeastern United States, their geographical locations contribute to significant variations in temperature patterns. 
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Figure 3: Average temperature in Atlanta, GA 
Source – National Centers for Environmental Information, NOAA
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Figure 4: Average temperature in Miami, FL 
Source – National Centers for Environmental Information, NOAA



Figures 3 and 4 show the average temperature in both locations. Atlanta and Miami, despite being in different geographic regions, share some similarities in average temperature due to their subtropical climates. Both cities experience warm and humid conditions, with hot summers and mild winters. Average high temperatures in summer range from the upper 80s to the low 90s Fahrenheit, while winter temperatures typically stay mild, rarely dropping below freezing. These similarities result from their southern locations and proximity to warm ocean currents, contributing to a relatively consistent and warm climate throughout the year. These climatic similarities can significantly influence residents’ outdoor activity preferences and habits throughout the year. 
COVID-19 Response Dynamics: Contrasting Approaches in Miami and Atlanta
In the context of the COVID-19 pandemic, the cities of Miami in Florida and Atlanta in Georgia implemented various regulatory responses that reflected not only the broader policies of their respective states but also their unique demographic and political characteristics. These two major cities navigated the challenges of the pandemic with distinct approaches. 
Miami, situated within the state of Florida, experienced a series of different stages during which various measures and strategies were implemented in response to the evolving situation of the COVID-19 pandemic. During the initial stages of the pandemic, Miami, like much of Florida, faced controversies over COVID-19 restrictions. Florida, led by Governor Ron DeSantis, generally adopted a more permissive approach to these restrictions, including the absence of a statewide mandatory mask-wearing requirement and limitations on local authorities' ability to enforce stringent measures. However, local governing bodies, such as Miami-Dade County, had some discretion to implement their own set of regulations. 
Similarly, Atlanta, located in Georgia, adapted to a range of COVID-19 guidelines. Georgia, like Florida, did not consistently enforce statewide mask mandates. Nevertheless, local authorities, including the city of Atlanta, had the autonomy to institute their measures. For instance, the Atlanta City Council passed a resolution requiring mask-wearing in public indoor spaces, which was later lifted in 2022. The City of Atlanta also implemented various other COVID-19 regulations, such as capacity limitations in restaurants and bars, social distancing requirements, and closures of certain non-essential businesses.
The utilization of masks and adherence to COVID-19 regulations in both cities exhibited variations influenced by individual attitudes, the severity of COVID-19 cases, and local policies. Compliance with safety guidelines depended on factors like individual beliefs, conflicts between state and local guidance, and the pandemic's status. Political preferences often influence beliefs about the efficacy of public health guidelines. This, in turn, influenced residents’ engagement in risky or risk-averse behaviors, such as choosing between going to a bar or a park.
Beyond COVID-19 regulations, the demographic and political characteristics of Miami and Atlanta significantly shape the unique and defining features or characteristics that make Miami and Atlanta distinct from one another. Miami is known for its diverse population, with a significant Hispanic and Latino presence from various backgrounds, including Cuban, Puerto Rican, and Central American roots. This diversity leads to a broad spectrum of age groups and demographic profiles, with Miami maintaining a relatively youthful population compared to many other major U.S. urban centers. Immigration patterns and the city’s appeal to young professionals and tourists contribute to this demographic makeup. In contrast, Atlanta is a diverse metropolis with a blend of racial and ethnic backgrounds that differ from those in Miami.
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Figure 5: Boxplots of race distribution in Miami and Atlanta.

Miami is characterized by a predominantly Hispanic and Latino population, whereas Atlanta’s demographic makeup is primarily composed of Black and White residents. In Miami, the presence of Black and White residents within each census block group is relatively minimal. Conversely, in Atlanta, the Hispanic population holds less prominence. This disparity in demographic composition underscores the distinct racial and ethnic landscapes that define each city. This observation suggests the existence of pockets with distinct sociocultural perspectives that could influence adherence to COVID-19 recommendations. 
Research suggests that vaccine adherence and uptake among Black Americans tend to be lower than in other racial/ethnic groups. Such observations are rooted in historical contexts, such as the Tuskegee Syphilis Study, which has eroded trust in medical research and government among Black Americans, contributing to vaccine hesitancy and skepticism within the community. Perceptions of inadequate representation by healthcare experts involved in vaccine development, regulation, and distribution may further discourage groups like the Black and Hispanic populations from receiving the vaccine. 
These disparities in vaccine uptake are crucial, as they have implications for public health. Addressing vaccine hesitancy and increasing vaccination rates can be considered risk mitigation strategies in managing the spread of COVID-19. Like other forms of risk mitigation, such as mask-wearing, engagement in outdoor recreational activities can also play a role in mitigating the risks associated with vaccine hesitancy. Access to outdoor spaces can exhibit significant disparities based on race and income, particularly in urban settings. Many individuals from minority communities have faced limited access to parks and green spaces, which may have adversely affected their ability and willingness to engage in outdoor activities during the pandemic. Despite Miami and Atlanta being large metropolitan areas, differences in the distribution of race and ethnic groups may lead to localized patterns of varying levels of engagement in outdoor activities, which in turn can impact public health outcomes. 
Demographic Dynamics: Age Composition
Atlanta boasts a more balanced age distribution in contrast to Miami, featuring a mix of both younger and older residents. The city is also renowned for its thriving job market, which attracts professionals from various age brackets.
Figure 6 displays the age distribution in Atlanta and Miami, revealing a similarity between the two cities. Notably, Figure 6 exhibits several outliers in the 18-24 age group in both cities, suggesting pockets of concentrated populations in age groups that are more likely to be healthy and continue to engage in social activities.
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Figure 6: Boxplots of age distribution in Miami and Atlanta.

Perceptions of COVID-19 varied among age groups, with older adults often more concerned due to higher risk, while younger generations showed mixed attitudes, sometimes downplaying the severity. Despite having some differences in concentrations of populations in the younger age groups, the overall distribution of age groups between the two cities follows similar patterns.
Demographic Dynamics: Political Composition 
The political landscapes of these cities exhibit notable distinctions. Miami’s diversity encompasses a substantial Hispanic and Latino populace, particularly of Cuban, Venezuelan, and Colombian heritage. This diversity fosters a wide array of political perspectives, encompassing conservative viewpoints among Cuban Americans who have fled communist regimes and liberal viewpoints from other Latino and non-Latino communities. Historically, the Cuban American community in Miami has leaned toward conservatism, emphasizing anti-communism and staunch support for the Republican Party. (Krogstad J.M., 2020). On the other hand, Atlanta showcases a diverse populace, including a significant African American contingent alongside various other ethnicities and cultures. The city’s demographics have traditionally leaned Democratic, though this can exhibit variance at the block group level. Atlanta’s political landscape often reflects an urban-suburban dichotomy, with the city proper leaning progressively Democratic while certain suburban areas tend to adopt a more conservative, Republican stance. (New York Times –- Emily Badger., 2020)
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Figure 7: Boxplots of political affiliations distribution in Miami and Atlanta.

Figure 7 illustrates the political outlook in both cities, revealing comparable trends in voting for the Democratic, Republican, and Independent parties. Both Miami and Atlanta exhibit outliers in their box plots for Democratic, Republican, and Independent voting trends, with Miami showing slightly more outliers for Democratic and Republican preferences and a similar count for Independents. These outliers may indicate block groups with particularly strong political leanings, diverging significantly from the general voting trends in their respective cities. In Miami, the additional outliers for the Democratic and Republican votes could signify areas with more concentrated party loyalties, reflecting unique socio-political dynamics. These concentrated preferences highlight the nuanced political landscape in each city, where certain communities demonstrate a more distinct political identity compared to the broader, more mixed patterns observed elsewhere. 
Perceptions of COVID-19 varied among political groups. Some saw it as a public health crisis, while others downplayed its severity or resisted public health measures, reflecting ideological and partisan divides. During the COVID-19 pandemic, Democrats generally favored stricter public health measures, like mask mandates and vaccination campaigns, emphasizing science and experts. Republicans, on the other hand, often advocated for less government intervention, prioritizing individual freedoms and the economy, leading to a divided approach to the pandemic response in the United States (Rao et al., 2021).
In summary, Miami and Atlanta, while both facing the challenges of the COVID-19 pandemic, navigated these challenges in ways that reflected their respective state policies and the unique characteristics of their populations. These cities’ demographic diversity and political landscapes played a significant role in shaping their responses to the pandemic and their overall engagement in outdoor activities.
3.2 Outdoor Activity Before and During COVID-19: A Comparison of Atlanta and Miami 
Figure 8 is a bar graph consisting of two panels, one for Atlanta and the other for Miami. Each panel displays visits to parks and places of outdoor activities, depicted through a set of colored bars. Blue bars represent the baseline period, indicating the number of visits before the onset of the COVID-19 pandemic. In contrast, orange bars represent visits during the COVID-19 period. The base strain peaked in June 2020, followed by the Alpha variant in October 2020, and the Delta variant in June 2021. The Omicron variant emerged and peaked in December 2021. Note that the periods were matched exactly for the baseline and COVID-19 periods
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Figure 8: Trends in visits to parks and places of outdoor activity in Atlanta and Miami 530 

This graphical representation allows for a direct comparison between pre-pandemic and pandemic-era visitation patterns in both Atlanta and Miami, visually illustrating any changes or 533 trends in outdoor activity behavior attributable to the pandemic’s impact. 

Base Strain: During the early stages of the COVID-19 outbreak (i.e., during the base strain), it was expected that park visits in both Atlanta and Miami would decrease compared to the baseline period (i.e., 2018) due to the limited understanding of the disease, the implementation of social distancing measures, and the general public’s fear of exposure. However, contrary to these expectations, our findings indicate that park visits were higher during this period. Also note that other studies examining relationships between physical activity and COVID-19 have mainly focused on the entire duration of the pandemic and do not separate the analysis by COVID-19 strains. 5We conjecture that this pattern of increase during the base strain might reflect a combination of uncertainty in information surrounding the impact of Covid-19, as well as the public’s desire for outdoor activities and open spaces as alternatives to indoor gatherings, which were perceived as higher risk for virus transmission [14].

Alpha Variant Impact: During the phase of the Alpha variant of COVID-19, a notable, similar pattern in park visitation patterns was observed between the two locations. Both Atlanta and Miami experienced a substantial decrease in park visits compared to the baseline period. This decrease might reflect a more conservative approach to social interaction given better awareness of the disease, its transmission modalities, public health guidance, and the severity of its outcomes [14]. 

Delta Variant Period: During the Delta variant phase, known for being highly contagious and severe, park visitation trends in both Atlanta and Miami displayed a similarity. Contrary to what might be expected given the variant's severity, both cities witnessed a decline in park visits during this period. This trend could potentially be influenced by several factors: the increasing availability of vaccinations might have led to a sense of security, contributing to a resumption of indoor activities; a better understanding of the disease dynamics could have prompted more nuanced approaches to outdoor activities; and the relaxation of social distancing measures might have allowed for more diverse recreational options beyond parks [14]. Consequently, these factors might have collectively led to a reduced reliance on parks as primary recreational spaces during the Delta phase. 

Omicron Variant: During the Omicron variant phase, both Atlanta and Miami saw a resurgence in park visits, exceeding baseline levels. This trend contrasts with the Delta phase and could be attributed to various factors. Alongside pandemic fatigue and increased confidence in outdoor safety due to vaccinations [14]. The weather also played a role. The Omicron timeline from November 2021 to February 2022 brought milder winter conditions, likely encouraging outdoor activities. The onset of spring in early 2022 might have further influenced this upward trend in park engagement. However, a detailed analysis is needed to fully understand these dynamics

In summary, this analysis highlights the fluctuating patterns of park visitation in Atlanta and Miami in response to various phases of the COVID-19 pandemic. Demographics, disease understanding, and public health measures have played significant roles in shaping these trends.

While some outcomes of this research align with findings from other studies, some differences were observed. Results from other studies demonstrate increases [17, 2] or decreases [18] in park visitations. In comparison to these other studies, this research stratifies the analysis of mobility data across the four major strains of COVID-19. This study found a general increase in park visitation during the early stages of the pandemic (base strain). A drop in visitation patterns was noted during the alpha and delta strains, followed by a rise during the omicron strain. Note that a significant peak observed in Atlanta during the base strain is related to visits made to a popular outdoor recreational area known as the Beltline. 

3.3 Compare overall trends in visits to parks and areas of outdoor activity in Atlanta and 584 Miami during the various strains of COVID-19 
A two-way mixed measures ANOVA was conducted to explore the interaction between different COVID-19 strains (alpha, base, delta, omicron) and the two cities included in our analysis, comparing visits to parks and areas of outdoor activities during baseline (pre-pandemic) and COVID-19 periods. This statistical analysis aimed to identify significant variations in park visits across strains and cities over time.

Between-Subjects Effects Analysis (Table 1) 593 
The effect of the city alone on park visitation numbers was not significant (p = .826), indicating no substantial difference between Atlanta and Miami in terms of overall park visits. However, the strain of COVID-19 showed a significant effect (p < .001), suggesting that the type of COVID-19 strain had a notable impact on the number of park visits. The interaction effect between city and strain was not significant (p = .827), indicating that the impact of COVID-19 train on park visitation was similar across both cities. 
















Table 1: Tests of Between-Subjects Effects. 
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Within-Subjects Effects and Contrasts (Table 2) 

The analysis of changes in park visits from the baseline to the COVID period revealed no overall significant change (p = .320, suggesting that the transition from pre-pandemic to during the pandemic did not result in a statistically significant change in the number of park visits. However, when exploring the interaction effects, significant results emerged. The interaction of visits and city showed a significant effect (p < .001), indicating that the change in the number of park visits from baseline to the COVID-19 period varied significantly between Atlanta and Miami. Similarly, the interaction of visits and strain (F (3, 1609) = 2.885, p = .035, Partial Eta Squared = .005) and the three-way interaction between visits, city, and strain (p = .035) were also significant. These results suggest that the number of park visits during different COVID-19 strains varied in a manner that was dependent on the city. The significant three-way interaction further implies that the influence of COVID-19 strains on park visitation patterns was differentially manifested in Atlanta and Miami. 


Table 2: Tests of within-subjects contrasts.
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Pairwise Comparisons and Detailed Variations (Table 3)  

The pairwise comparison analysis revealed significant variations in park visitation patterns within cities when comparing different COVID-19 strains. The key results are summarized in the table below: 

This comprehensive analysis, which includes all significant pairwise comparisons, underscores the complexity of how different COVID-19 strains influenced park visitation patterns. These variations were significant within each city, indicating that the response to different strains of the virus varied between Atlanta and Miami. Additionally, the lack of overall change in visits from the baseline to the COVID period suggests that, on average, park visitation remained relatively stable despite the pandemic, although nuanced differences emerged when considering specific virus strains and cities. 

The analysis comprehensively compared various COVID-19 strains across both cities, revealing distinct variations. Notably, the comparison between the alpha and base strains showed a mean difference of 2853.495, which did not reach statistical significance (p = .076). In contrast, a significant difference was observed between the alpha and omicron strains, with a substantial mean difference of 4658.881 (p < .001). Additionally, the comparison of the base and delta strains approached significance, indicating a mean difference of -2983.989 (p = .054). Moreover, a significant difference was found between the delta and omicron strains, highlighting a notable mean difference of 4789.376 (p < .001). 


Table 3: showing the pairwise comparison and detailed variations. 
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City-Specific Comparisons (Table 4) 

The analysis conducted city-specific comparisons between different COVID-19 strains in Atlanta and Miami, revealing notable variations in park visitation patterns. In Atlanta, the Alpha vs. Base strain showed a non-significant mean difference of 2512.469 in visits (p = .771), while the Base vs. Delta strain exhibited a significant negative change, with a mean difference of -3526.187 (p = 656 .198). Conversely, a significant increase in visits was observed in Atlanta when comparing the Delta and Omicron strains, with a mean difference of 5761.596 (p = .003). In Miami, significant increases in visits were noted during the Alpha vs. Base strain comparison (mean difference of 3194.521, p = .040) and the Delta vs. Omicron strain comparison (mean difference of 3817.156, p = .093). 

Table 4: City-specific comparisons.
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Visits Comparison (Baseline vs. COVID Periods) (Table 5) 
The overall change in visits from the baseline to the COVID period was not significant (mean difference = -422.752, p = .320). 

 
Table 5: Visits comparison (Baseline vs COVID-19 Periods).
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This analysis highlights the complexity of how different COVID-19 strains influenced park 674 visitation patterns. These variations were significant within each city, indicating that the response to different strains of the virus varied between Atlanta and Miami. Additionally, the lack of overall change in visits from the baseline to the COVID period suggests that, on average, park visitation remained relatively stable despite the pandemic, although nuanced differences emerged when considering specific virus strains and cities.  

3.4 Demographic Analysis of Engagement in Outdoor Activity in Atlanta and Miami 

The examination of both cities reveals that the sole distinguishing characteristic between them was race/ethnicity. Contrary to our initial hypothesis outlined in the Research Objectives, which anticipated variations in political outlooks and age between the two cities, the comparison conducted in section 4.1 above did not validate this expectation. 

In exploring the nuanced aspects of park visits, we delved into the demographic details of populations at the census block group level, focusing exclusively on those encompassing parks in Atlanta and Miami. It's important to note that Figure 8 graphs illustrate visitation to all parks and outdoor activity locations from every origin within Atlanta and Miami's census block groups. Figures 9 and 10, however, specifically showcase the demographic characteristics of populations in census blocks containing parks. The underlying assumption here was that individuals residing in a census block with a park are more inclined to utilize these facilities. 

In the block groups containing parks in Atlanta (Figure 10), the analysis reveals a total of 136,498 individuals across the White, Black, and Hispanic populations. During the COVID-19 period, most racial groups experienced a decline in park visitation. Specifically, 84.67% of the White population saw decreased visits to parks, while 15.33% saw an increase. The Black population had 83.72% experiencing a decrease in visits, but a notable 16.28% showed an increase, suggesting a significant shift towards more outdoor activity within this demographic. The Hispanic population demonstrated the most considerable decrease in park visits, with 91.06% of their block groups showing reduced visitation and only 8.94% an increase. 

In comparison, in Miami's block groups that contain parks, the Hispanic population represents the largest proportion of the total population, with changes in park visits during the pandemic: 75.5% saw a decrease, while 24.5% experienced an increase. The White population had a smaller proportion of the total, experiencing a decrease at 73.82%, and an increase was observed at 26.18%. The Black population showed an 80.19% decrease in visits, and an increase was noted at 19.81%. Identify the spatial patterns of areas experiencing an increase or decrease in visits to parks and areas of outdoor activity compared to baseline activity measured in 2018.
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Figure 9: Percentage change in outdoor activities amongst different races in Atlanta.
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Figure 10: Percentage change in outdoor activities amongst different races in Miami.

These percentages reflect the broad patterns of outdoor activity during the pandemic. The high percentage of decreased visits in Hispanic block groups indicates this demographic may have been more affected by or responsive to the restrictions and risks associated with COVID-19. Meanwhile, the Black population's relatively higher percentage of increased visits suggests a different pattern of response, possibly indicating varying levels of access to outdoor spaces or differences in communal responses to the pandemic. The White population's data, while still showing a dominant decrease, suggests a more balanced change in outdoor activity levels among block groups. 

To illustrate the changes in park visits within Atlanta, a qualitative analysis is presented through a color-coded map. Regions depicted in red reflect an increase in park visits, indicating a rise in outdoor recreational engagement. In contrast, those marked in yellow show a decrease in visits, which may suggest changes in recreational habits or other influencing factors that deter park usage. 

This visual representation is a crucial analytical tool for deciphering the complex spatial distribution of park visitation trends. It provides meaningful insights for future urban and recreational planning, pointing to areas that may require attention to enhance public engagement with park spaces.
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Figure 11: Areas with increases and decreases in visits to parks in Atlanta.


The spatial distribution of changes in park visitation in Atlanta during the COVID-19 pandemic, as presented in Figure 11, offers a nuanced understanding of human mobility and recreational behavior. The data indicate a decline in park visitation in several key areas, notably those traditionally characterized by higher outdoor activity levels. This trend is particularly evident in central and peripheral zones of Atlanta, encompassing diverse neighborhoods such as Downtown Atlanta, Stratford, Roseland, and Freedom Park. The reduced engagement in these areas may be attributed to a combination of factors, including work-from-home policies, heightened awareness of social distancing guidelines, changes in local demographics, or alterations in the availability of park facilities.  

Conversely, there has been an observable increase in outdoor activity in other regions, including Chattahoochee, Carey Park, and Center Hill. This pattern may suggest a shift in recreational preferences or the availability of outdoor spaces during the pandemic. The increased usage of parks in areas like Chastain Memorial Park, Amsterdam Ave, and sections of Brookhaven and Druid Hill could be indicative of residents seeking outdoor activities as a respite from the constraints of lockdown measures. Additionally, the observed patterns may reflect broader socio-economic and demographic dynamics in Atlanta, where different neighborhoods experienced the pandemic's impact distinctly. 

Figure 12, detailing park visitation trends in Miami during the COVID-19 pandemic, presents a complex pattern of changes in outdoor recreational behavior. Unlike the more geographically delineated trends observed in Atlanta, Miami's distribution of increased and decreased park visits appears more dispersed and less predictable across the urban landscape. This variability might reflect a distinct set of socio-spatial dynamics influencing residents' mobility and recreational choices in Miami.
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Figure 12: Areas with increases and decreases in visits to parks in Miami.



Significant increases in outdoor visits were noted in a diverse array of locations, from Pennsuco and Pinecrest to more urbanized areas like Brickell Plaza Mini Park and Highland Lakes. This widespread increase could indicate a broad-based inclination towards outdoor activities as a coping mechanism during the pandemic, possibly driven by the need for physical activity, mental well-being, or a safe social environment under the constraints of social distancing. The specific mention of areas such as Zoo Miami and Crandon Park suggests that larger, more open spaces may have been particularly appealing to the public during this time. 

In contrast, areas like Downtown Miami, Haulover Park, and Flagami experienced a decline in park visits. The reasons for this decrease could be multifaceted, encompassing factors such as local demographic shifts, changes in work patterns (e.g., increased remote working, reducing the need for recreational escapes), or even alterations in the perceived safety of public spaces. The decline in areas such as Allapattah and Sweetwater might also reflect socio-economic constraints that limited the ability of residents to engage in recreational activities outside their immediate living environments. 
The spatially heterogeneous response across the two cities underscores the complex interplay of urban form, socio-economic factors, and public health measures in shaping human behavior during crises. This varied pattern highlights the need for context-specific strategies in urban and public health planning, ensuring that responses are tailored to the unique characteristics of different neighborhoods and communities within a city. Understanding these local nuances is vital for enhancing the resilience of urban areas and their inhabitants to future public health challenges.


[bookmark: page3]4. Discussion
The findings of this study reveal that park visitation across the pandemic was shaped less by static demographic or political factors and more by the timing and characteristics of COVID-19 variants. When results are aggregated, park use appears relatively stable; however, once disaggregated by variant period, clear temporal fluctuations emerge. Visitation increased during the early baseline months, declined sharply during the Alpha and Delta waves, and then partially rebounded during Omicron. These results align with previous studies documenting short-term surges in outdoor activity at the onset of the pandemic, when individuals sought low-risk recreational outlets, followed by reductions in use as restrictions tightened or perceived risks grew. By examining variant-specific phases rather than treating the pandemic as a monolithic period, this study provides a temporal granularity that helps reconcile seemingly contradictory findings in the literature, some of which reported sustained increases in outdoor activity while others found notable declines.
The working hypotheses anticipated that city-level and political differences would drive divergent responses in park use. While the analysis confirmed significant effects of variant strain and significant interactions between strain, city, and visitation, there was no clear main effect of city alone and limited evidence of political orientation shaping visitation trends. This suggests that while local context does modulate the relationship between variant and visitation, political affiliation at the neighborhood scale was not the dominant explanatory factor. This partially challenges earlier expectations that partisan divisions observed in pandemic-related behaviors such as vaccination or mask usage would extend directly to outdoor recreation. Instead, the data suggest that variant severity, perceived risk, seasonal factors, and structural constraints such as proximity and accessibility were stronger determinants of park use. Localized patterns, such as the pronounced early spike associated with Atlanta’s Beltline, further highlight the role of specific urban features in shaping behavior, sometimes overriding broader demographic or political trends.
The demographic analyses reveal inequities that resonate with the broader environmental justice literature. Lower-income neighborhoods consistently exhibited reduced visitation or more constrained increases, while some minority neighborhoods, particularly Black communities in Atlanta, displayed distinctive usage patterns that diverged from city-wide averages. These results underscore that not all populations benefitted equally from parks during the pandemic, echoing prior research that has emphasized unequal access to green space and the disproportionate public-health consequences of such disparities. In this sense, the study highlights the dual role of parks as both resilient public resources and as mirrors of underlying social inequalities.
Taken together, these results position parks as essential, adaptive infrastructure that communities rely on during periods of crisis. The consistent return to parks across waves, even amid fluctuations, illustrates their role as vital spaces for physical activity, stress relief, and safe social interaction. From a policy perspective, this underscores the importance of ensuring equitable, proximate access to green space, particularly in lower-income and minority neighborhoods that may be disproportionately excluded from these benefits. Investments in small neighborhood parks, safe circulation networks, and programming tailored to underserved areas would likely yield significant public-health dividends, not only during crises but in routine times as well.
Several limitations temper these interpretations. The reliance on SafeGraph mobility data, while powerful for detecting broad spatial and temporal patterns, is biased toward smartphone users and underrepresents certain populations, including older and lower-income groups. Device-based visitation also cannot capture qualitative dimensions of park use such as duration, activity type, or user motivations. Furthermore, errors in point-of-interest mapping and the focus on parks common to both baseline and pandemic periods may restrict generalizability. For these reasons, the results should be interpreted as robust indicators of device-based visitation rather than exhaustive measures of total park use across all demographic segments.
Future research should address these limitations by triangulating device-based mobility data with observational counts, surveys, and qualitative interviews to better understand who is using parks, for what purposes, and under what constraints. Incorporating mediators such as vaccination rates, weather patterns, or local policy stringency into models could also help explain why particular variants had different effects on visitation. Expanding this variant-level analytic framework to other cities and countries would allow for comparative insights into how urban form, cultural norms, and institutional responses shape outdoor recreation during public-health shocks. Finally, equity-focused intervention studies that evaluate whether targeted investments in underserved neighborhoods increase park use during normal and crisis periods could directly inform public-health and planning practice.
5. Conclusions

In conclusion, this thesis examined the impact of COVID-19 variants on outdoor recreational activities by analyzing mobility data from two distinct metropolitan areas in the United States, characterized by varied demographic profiles. The investigation sought to identify correlations between demographic attributes, specifically race and age and patterns of engagement in outdoor activities during the pandemic. Contrary to initial expectations, political orientations were found not to have a significant impact.

The research revealed complex dynamics between demographic factors and outdoor recreational behavior during different phases of the pandemic. It was observed that demographic groups defied expectations in their park visitation patterns, suggesting that factors other than the virus itself significantly contribute to individuals' decisions to participate in outdoor activities. These variances in park visitation highlight the complexity of access to and utilization of outdoor recreational areas, which are influenced by more than just proximity to parks. 

The behavior highlights nuanced disparities in outdoor space access and utilization, showcasing social, economic, and cultural influences on recreational behavior. Despite pandemic challenges, some communities displayed increased outdoor activity, suggesting resilience and a reclaiming of public spaces for well-being. 

The insights gained from this study are invaluable for developing informed strategies and urban planning policies to improve access to outdoor recreational areas. By recognizing which demographic groups are underrepresented in outdoor recreation, particularly during public health crises, policymakers can implement targeted interventions to promote equitable access. This research contributes to the broader discourse on societal responses to health crises and emphasizes the need for comprehensive analyses to guide evidence-based decision-making in urban planning, public health, and community development. Ultimately, the study advocates for creating equitable and adaptable outdoor recreational environments that support the well-being of all community members.

Data Availability Statement: The mobility data used in this study were obtained from SafeGraph’s Patterns and Core Places datasets, which provide anonymized, aggregated foot traffic information based on mobile device 840 location data and are described in SafeGraph's technical documentation (SafeGraph, 2020). Demographic and socioeconomic data, including household median income and race/ethnicity distributions, were sourced from the U.S. Census Bureau’s American Community Survey (ACS) 5-Year Estimates (2018–2022), available at (U.S. Census Bureau, 2022). Political affiliation data were obtained through Esri’s Business Analyst platform using the Tapestry Segmentation and Political Behavior datasets, accessible to licensed users via (Esri, 2023). Additional census tract-level data used for spatial analysis were retrieved from Social Explorer, which provides access to historical and recent census datasets (Social Explorer, 2023).
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