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Abstract. This paper examines youth hockey participation across U.S. states from 2009 to 2023 using USA 
Hockey data combined with state-level economic and climate measures. Fixed effects results show that colder 
climates strongly predict higher participation, while income plays an important enabling role. An interaction 
between income and winter temperature indicates that participation becomes more sensitive to income in warmer 
states, where access to indoor ice is required. Random forest models confirm the dominant role of climate while 
highlighting the importance of income and rink infrastructure in explaining cross-state variation. Overall, the 
results show how economic resources can support participation beyond traditional hockey markets. 
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1. Introduction 
 
Participation in youth sports varies widely across geographic regions, reflecting differences in culture, climate, 
economic resources, and access to facilities. Ice hockey provides one of the most striking examples of these patterns 
in the United States. Historically, participation was mostly constrained to cold weather areas of the country. Today, 
participation is still heavily concentrated in northern states such as Minnesota, Michigan, and Massachusetts, while 
remaining relatively limited across much of the southern United States. Understanding the factors that drive these 
patterns is important for explaining both the historical development of the sport and its potential for future growth in 
traditional and non-traditional markets. 
 
The nature of the sport of ice hockey requires both expensive equipment and the availability of ice. Therefore, it is 
majorly constrained among major youth sports by both environmental and infrastructure requirements. Climate 
conditions provide a natural starting point for understanding participation patterns. Historically, colder winter 
temperatures allowed natural outdoor ice to form, facilitating the early growth of the sport in northern regions. In 
warmer climates, however, participation depends almost entirely on artificial indoor ice facilities. Roller hockey and 
street hockey are close alternatives, but the growth of the game requires available ice. Because constructing and 
maintaining ice rinks is costly, participation in warmer regions may require greater economic resources and 
infrastructure investment. As a result, geographic variation in hockey participation reflects not only differences in 
climate but also the interaction between climate and economic conditions. 
 
This study examines the determinants of  hockey participation, focused mainly on youth, across U.S. states using 
panel data from 2009 through 2023. Participation data from USA Hockey, available on their website, are combined 
with state-level demographic, economic, and climate variables to analyze how participation varies across both time 
and geographic regions. The analysis focuses on the roles of winter temperature, income, and urbanization in 
shaping participation patterns. 
 
The empirical results reveal three main findings. First, climate conditions are strongly associated with participation 
levels, with colder states exhibiting substantially higher participation rates. This, on the surface, is certainly 
expected. Second, income plays an important role in facilitating participation, reflecting the relatively high-cost 
structure of youth hockey, which would, again, be an anticipated result. However, third, and most importantly, the 
effect of income varies systematically with climate conditions. In warmer states where natural ice is unavailable, 
participation becomes more sensitive to income, suggesting that financial resources play a larger role in overcoming 
infrastructure constraints. 
 
To examine this relationship more directly, the analysis estimates models that allow the marginal effect of income 
on participation to vary with winter temperature. The results show that the effect of income increases as winter 
temperatures rise. In colder regions, participation is less dependent on income because the sport is supported by 



established infrastructure and cultural traditions. In warmer regions, participation depends more heavily on 
economic resources that enable access to ice facilities. 
 
Beyond the econometric analysis, this study employs a machine learning approach to evaluate the relative 
importance of explanatory variables in predicting participation patterns. Random forest models confirm the central 
role of climate conditions while also highlighting the importance of income and infrastructure in explaining cross-
state variation. 
 
Together, these findings help explain both the historical concentration of hockey participation in northern regions 
and the mechanisms through which the sport can expand into nontraditional markets. While climate remains a 
fundamental constraint, economic resources and infrastructure investment appear capable of supporting participation 
growth in warmer regions. While this study uses data from the United States, specifically, the findings are likely 
applicable to any country that has either a wide range of climate conditions across the country, or is predominantly a 
warm-weather environment. 
 
The remainder of the paper proceeds as follows. Section 2 reviews related literature. Section 3 describes the data, 
Section 4 outlines the empirical model, Section 5 presents the results, Section 6 provides machine learning 
validation, Section 7 discusses the findings, and Section 8 concludes. 
 
2. Related Literature 
 
A large body of research in sports economics examines the determinants of sport and physical activity participation, 
with consistent emphasis on economic resources, access to facilities, and social context. Humphreys and Ruseski [1] 
and Downward and Riordan [2] show that participation in organized sports is influenced by financial costs, time 
allocation, and social interactions, with higher-income households generally more likely to participate in structured 
activities. In addition, broader economic conditions and public investment in recreation infrastructure can influence 
participation behavior [3]. 
 
A second strand of literature emphasizes the importance of facility access. Participation in many sports depends on 
the availability of appropriate infrastructure, which can act as a binding constraint. Prior work finds that proximity to 
facilities and the supply of recreational infrastructure are strongly associated with participation rates [4,5]. This 
constraint is especially relevant for ice hockey, where participation requires consistent access to specialized ice 
facilities for both practice and competition. 
 
A growing literature also highlights socioeconomic inequality in youth sport participation. Financial barriers, 
including equipment costs, league fees, and travel requirements, can limit access and create disparities across 
income groups. Tandon et al. [6] document significant socioeconomic inequities in youth sport participation, 
particularly in structured and resource-intensive activities. These constraints are especially important in hockey, 
which is widely recognized as one of the more expensive youth sports. 
 
Related work further shows that participation disparities extend across demographic dimensions, including 
socioeconomic status and geographic location. Eime et al. [7] find that sport participation is strongly associated with 
these factors, which influence access to organized programs and facilities. These considerations are particularly 
relevant for understanding differences in hockey participation across regions and populations. 
 
Despite these advances, relatively little research has examined how environmental constraints interact with 
economic resources in shaping participation decisions. Climate conditions may influence both the historical 
development of sports and the feasibility of maintaining necessary infrastructure. For ice hockey, colder climates 
historically supported natural outdoor ice and early infrastructure development, while warmer regions require costly 
indoor facilities. 
 
Finally, emerging hockey-specific research suggests that youth participation responds to broader structural and 
cultural factors. Kellenberg and Taylor [8] find that professional-level characteristics of the sport can influence 
youth hockey participation decisions. However, the interaction between climate constraints and economic resources 
remains largely unexplored. 



 
While prior research has examined economic and infrastructure determinants of sport participation, limited attention 
has been given to how environmental constraints interact with economic resources in shaping participation in 
facility-dependent sports such as hockey. This study addresses this gap using state-level panel data. 
 
3. Data  
 
This study examines youth hockey participation across U.S. states using a panel dataset covering the period from 
2009 through 2023. Participation data are obtained from annual registration reports published by USA Hockey, 
which provide counts of registered players by state and age category. These counts are converted into participation 
rates by dividing by state population estimates from the U.S. Census Bureau. 
 
The primary dependent variable is the per capita hockey participation rate for each state-year observation. Because 
participation patterns differ by gender, the analysis examines boys’ and girls’ participation separately in several 
specifications. 
 
Several explanatory variables are included to capture economic, demographic, and environmental factors that may 
influence participation. Economic conditions are measured using real per capita income at the state level. Hockey is 
a relatively expensive youth sport due to equipment costs, travel requirements, and facility access, suggesting that 
participation may be highly dependent on income. Demographic characteristics are captured using the share of the 
population residing in urban areas, which may affect access to organized sports programs and recreational facilities. 
Climate conditions are measured using average winter temperature, reflecting the importance of ice availability for 
hockey participation. 
 
In addition, infrastructure availability is measured using the number of ice rinks in each state. Access to ice facilities 
represents a key constraint on participation because practices and games require regular access to rink time. While 
this variable is not included in the fixed effects regression models due to limited within-state variation over time, it 
is incorporated later in this paper in the machine learning analysis to assess its importance in explaining cross-state 
differences in participation. 
 
Table 1 presents summary statistics for the variables used in the analysis, highlighting substantial variation across 
states in both participation rates and the explanatory variables. 
 
Table 1. Summary Statistics 

Sample N ln(participation) ln(income) Urban %% Winter temp (°F) 
Boys HS 696 -5.202 (1.370) 11.220 (0.176) 72.36 (14.68) 32.03 (11.96) 
Girls HS 682 -7.372 (1.714) 11.221 (0.173) 72.40 (14.61) 31.51 (11.42) 
Male All 700 -6.077 (1.323) 11.220 (0.176) 72.44 (14.67) 32.23 (12.22) 
Female All 693 -8.245 (1.620) 11.219 (0.176) 72.30 (14.68) 31.87 (11.76) 
 
To illustrate the relationship between climate and participation, Figure 1 plots state-level participation rates against 
average winter temperature. The figure reveals a strong negative relationship, with colder states exhibiting 
substantially higher participation levels. Median income is also shown through the color scale. 
 



 
Figure 1 

Infrastructure availability also varies widely across states. Figure 2 plots ice rinks per capita against participation 
rates, revealing a strong positive relationship between infrastructure availability and youth hockey participation. 
States with greater access to ice facilities exhibit substantially higher participation rates, highlighting the importance 
of facility access as a structural constraint. While this relationship is descriptive and reflects cross-state variation, it 
provides clear visual evidence that infrastructure plays a key role in supporting participation, particularly outside 
traditional hockey markets. 
 

 
Figure 2 

 
 
Together, these descriptive patterns highlight the importance of climate, economic resources, and infrastructure in 
shaping youth hockey participation across the United States. 
 
4. Empirical Model 
 



To examine the determinants of youth hockey participation, the analysis employs a state-level panel regression 
framework. The baseline specification relates participation rates to economic conditions, demographic 
characteristics, and climate conditions while controlling for unobserved state and year effects. 
 
The baseline empirical model is specified as: 
 

ln(𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝑠𝑠𝑠𝑠 ) = 𝛽𝛽0 + 𝛽𝛽1ln (𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝑠𝑠𝑠𝑠) + 𝛽𝛽2𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑛𝑛𝑠𝑠𝑠𝑠 + 𝛽𝛽3𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑠𝑠𝑠𝑠 + 𝛼𝛼𝑠𝑠 + 𝛾𝛾𝑡𝑡 + 𝜖𝜖𝑠𝑠𝑠𝑠 
 
where 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝑠𝑠𝑠𝑠 represents the hockey participation rate in state 𝑠𝑠 and year 𝑡𝑡. The variable 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝑠𝑠𝑠𝑠 
represents real per capita income, 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑛𝑛𝑠𝑠𝑠𝑠measures the share of the population living in urban areas, and 
𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑠𝑠𝑠𝑠 captures average winter temperature. We do have an estimation of ice hockey rinks, by state (𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠), but 
they are not included in the econometric specification, as the focus is on variables that exhibit meaningful within-
state variation over time and can cleanly be identified in a fixed effect framework. The rinks variable will appear in 
the machine learning model later in the paper. 
 
The model includes state fixed effects (𝛼𝛼𝑠𝑠) to account for time-invariant characteristics such as regional hockey 
culture, historical participation patterns, and long-standing infrastructure differences across states. Year fixed 
effects (𝛾𝛾𝑡𝑡) capture national trends affecting youth hockey participation, including broader changes in youth sports 
participation and economic conditions. 
 
To examine whether economic resources play a larger role in warmer climates, the analysis introduces an interaction 
between income and winter temperature. This specification allows the effect of income on participation to vary with 
climate conditions. The interaction model can be written as: 
 
ln(𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑛𝑛𝑠𝑠𝑠𝑠) = 𝛽𝛽0 + 𝛽𝛽1ln (𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝑠𝑠𝑠𝑠) + 𝛽𝛽2𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑠𝑠 + 𝛽𝛽3[ln (𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝑠𝑠𝑠𝑠) × 𝑇𝑇𝑇𝑇𝑇𝑇𝑝𝑝𝑠𝑠𝑠𝑠] + 𝛼𝛼𝑠𝑠 + 𝛾𝛾𝑡𝑡 + 𝜖𝜖𝑠𝑠𝑠𝑠 
 
In this specification, the marginal effect of income on participation depends on winter temperature. If participation 
in warmer states depends more heavily on access to indoor ice facilities, the effect of income should increase as 
winter temperatures rise. All continuous variables are expressed in natural logarithms where appropriate. 
 
All models are estimated separately for male and female participation in order to examine potential differences in 
how economic and environmental factors influence participation patterns by gender. Goals of expanding female 
participation may need different policy intervention than male participation and we aim to explore this idea through 
the models and their results. 
 
5. Results 

Table 2 presents the baseline fixed effects regression results for youth hockey participation. Across specifications, 
income is positively associated with participation, consistent with what would be expected of a relatively high-cost 
structure of youth hockey. States with higher income levels tend to exhibit higher participation rates, reflecting the 
importance of financial resources for equipment, travel, and facility access. 

Urbanization does not appear to be a significant predictor of participation across specifications. In contrast, winter 
temperature is consistently negative and highly statistically significant, indicating that colder states exhibit higher 
participation rates. This result aligns with both the historical development of hockey in northern regions and the 
greater availability of natural ice in colder climates. 

Table 2. Reduced Fixed Effects Models (Year FE) 

  Boys HS Girls HS Male All Female All 
ln(income) 1.671+ 3.079*** 1.230 2.679*** 
 (0.868) (0.773) (0.757) (0.716) 
Urban (%) 0.014 0.003 0.012 0.002 
 (0.010) (0.011) (0.009) (0.011) 



  Boys HS Girls HS Male All Female All 
Winter temperature (°F) -0.090*** -0.107*** -0.090*** -0.102*** 
 (0.013) (0.012) (0.012) (0.010) 
Num.Obs. 696 682 700 693 
R2 0.748 0.751 0.770 0.781 
+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001 

Notes: State-clustered standard errors in parentheses. Year fixed effects included. 
 

To further examine how economic resources interact with climate conditions, Table 3 extends the baseline 
specification by introducing an interaction between income and winter temperature. For this model, we focus solely 
on boys and girls of high school age. 

Table 4. Climate Interaction Models (HS Only) 

  HS Boys HS Girls 
ln(income) -0.389 -1.347** 
 (1.046) (0.484) 
ln(income) × Winter temperature 0.028 0.057*** 
 (0.035) (0.015) 
Num.Obs. 696 682 
R2 0.985 0.974 
+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001 

Notes: State-clustered standard errors in parentheses. State and year fixed effects included. *** p < 0.01, ** p < 
0.05, * p < 0.10. 

The interaction models reveal important differences between boys’ and girls’ participation. For boys, neither the 
income coefficient nor the interaction term is statistically significant, suggesting that participation at the high school 
level is less sensitive to income variation once climate and fixed effects are accounted for. This pattern is consistent 
with the idea that boys’ participation may be more strongly driven by established infrastructure and historical 
participation patterns. 

In contrast, the results for girls indicate a statistically significant interaction between income and winter temperature. 
The negative coefficient on income, combined with a positive and significant interaction term, implies that the effect 
of income becomes more positive as winter temperatures increase. In colder states, income plays a limited role in 
explaining girls’ participation, but in warmer states, higher income levels are increasingly important for sustaining 
participation. This finding suggests that economic resources are particularly critical for supporting girls’ hockey in 
non-traditional markets, where participation depends more heavily on access to indoor facilities and organized 
programs. 

Figure 3 illustrates national participation trends over time. A substantial gap remains between boys’ and girls’ 
participation, although girls’ participation has generally increased over the sample period, with a temporary decline 
during the COVID-19 period. 



 

Figure 3 

The geographic distribution of hockey participation is shown in Figure 4. Participation is heavily concentrated in 
northern states, particularly in the Upper Midwest and Northeast, while rates remain comparatively low across much 
of the southern United States. 

 

Figure 4 



While these descriptive patterns highlight strong geographic clustering, they do not fully capture how economic 
resources interact with climate conditions. To examine this relationship more directly, Figure 5 presents the 
estimated marginal effect of income on participation across the range of observed winter temperatures. 

 

Figure 5 

Figure 5 illustrates a clear and consistent pattern. In colder states, where hockey infrastructure and participation are 
already well established, the marginal effect of income is relatively small. In these regions, access to the sport is less 
dependent on financial resources. 
 
As winter temperatures increase, however, the marginal effect of income becomes larger. In warmer states, 
participation relies more heavily on indoor facilities and organized programs, both of which require substantial 
financial investment. As a result, higher-income areas are more likely to sustain hockey participation in these 
regions. This pattern is observed for both boys and girls, although it is more precisely estimated and statistically 
stronger for girls. Overall, the results indicate that economic resources can partially offset the constraints imposed 
by climate, facilitating the expansion of hockey participation beyond traditional cold-weather markets. 
 
6. Predictive Validation Using Machine Learning 
 
In addition to the econometric analysis, a machine learning approach is used to evaluate the relative importance of 
the key variables discussed in predicting hockey participation. Unlike the fixed effects models, the machine learning 
framework allows for the inclusion of variables that vary primarily across states, such as rink infrastructure. While 
the regression models provide interpretable estimates of the relationships between participation, climate, and 
income, machine learning methods can help assess how strongly variables contribute to predicting participation 
when nonlinear relationships and interactions are allowed. Random forests are well suited for this application 
because they can capture nonlinear relationships and complex interactions without requiring specific functional form 
assumptions. 
 
Figure 6 presents the variable importance measures from the random forest model. %IncMSE measures the impact 
of each variable on predictive accuracy, while IncNodePurity captures its contribution to reducing prediction 
variance across the trees. Climate conditions, as measured by winter temperature, emerge as the most important 
predictor of hockey participation across states in both the %IncMSE and IncNodePurity metrics. This indicates that 
variation in climate plays a dominant role not only in explaining participation patterns but also in driving predictive 
accuracy in the model. 
 



Income is the second most important predictor in IncNodePurity, reinforcing the results from the econometric 
analysis that highlight the role of financial resources in supporting participation, particularly in higher-cost 
environments. Notably, rink infrastructure also ranks among the top predictors, indicating that access to facilities is a 
key structural determinant of participation across states. 
 
The importance of rink infrastructure in the machine learning model contrasts with its absence in the fixed effects 
regression results, where limited within-state variation makes it difficult to identify econometrically. However, its 
strong predictive contribution in the random forest model suggests that infrastructure plays a critical role in 
explaining cross-state differences in participation levels. 
 
Overall, these findings complement the regression results by demonstrating that while climate conditions establish 
the baseline feasibility of hockey participation, economic resources and infrastructure are central to sustaining and 
expanding participation, particularly in non-traditional markets. 
 
 

 
Figure 6 

 
Figure 7 plots actual versus predicted participation from the random forest model using log participation rates. 
Observations are closely aligned with the 45-degree line, indicating strong overall predictive performance. Two 
distinct bands emerge, reflecting systematic differences in participation across genders. The upper band corresponds 
to girls’ participation, while the lower band reflects boys’ participation. Relative to the 45-degree line, the model 
tends to overpredict girls’ participation and underpredict boys’ participation. This pattern indicates that while the 
model captures the primary determinants of participation, it compresses differences across genders, suggesting that 
additional gender-specific factors influencing participation are not fully captured by climate, income, and 
infrastructure variables alone. This compression toward the mean is consistent with earlier regression results 
showing differential sensitivity to economic and environmental conditions across genders. 
 



 
Figure 7 

 
Taken together, these results reinforce the conclusions from the econometric analysis, while allowing for some 
insight into the role of rinks and sport infrastructure. Climate conditions appear to be the dominant factor shaping 
hockey participation across the United States, while economic resources and infrastructure availability also play 
important roles in determining where participation can expand. 
 
7. Discussion 
 
The results of this study highlight the joint roles of climate constraints and economic resources in shaping hockey 
participation across the United States. Climate remains a fundamental determinant of where participation develops. 
Colder regions historically benefited from natural outdoor ice and early investments in hockey infrastructure, 
contributing to the persistent concentration of participation in northern states such as Minnesota, Michigan, and 
Massachusetts. 
 
At the same time, the findings show that economic resources play a critical enabling role outside traditional cold-
weather markets. In warmer regions, participation depends heavily on access to indoor ice facilities, which require 
substantial capital investment and ongoing operating costs. The positive interaction between income and winter 
temperature indicates that participation becomes more sensitive to income as climates become warmer, consistent 
with greater reliance on costly infrastructure. 
 
Notably, this relationship differs across boys’ and girls’ participation. The interaction effect is stronger and more 
precisely estimated for girls, suggesting that female participation is more sensitive to economic conditions, 
particularly in warmer climates. This implies that financial and infrastructure constraints may be more binding for 
girls’ hockey, where participation levels are lower and programs may be less established. In contrast, boys’ 
participation appears less responsive to income variation, likely reflecting more established participation pathways 
and infrastructure. 
 
These results help explain recent patterns of hockey expansion into nontraditional markets. Growth in youth 
participation in states such as Florida, Texas, and California has occurred alongside investments in rink 
infrastructure and organized development programs. However, the findings suggest that expansion in these regions 
is likely to remain more resource-intensive than in colder states where infrastructure and hockey culture are already 
established. 
 
The results also have implications for youth hockey development strategies. Efforts to expand participation in 
warmer regions may depend on targeted investments in rink capacity, improved access to ice time, and programs 
designed to reduce financial barriers for families. Policies that lower participation costs, such as equipment subsidies 



or community-based development programs, may be particularly effective in regions where climate conditions raise 
the cost of participation. These policies may be much more important in encouraging girls’ participation in the sport, 
as girls’ participation continuously lags behind boys’ participation in ice hockey in the United States. 
 
More broadly, the findings suggest that participation in facility-dependent sports is shaped by the interaction of 
environmental constraints and economic resources. While climate determines baseline feasibility, infrastructure and 
income determine the extent to which participation can be sustained and expanded. 
 
8. Conclusion 
 
This study examines the determinants of youth hockey participation across U.S. states using panel data from 2009 
through 2023. By combining participation data from USA Hockey with state-level economic, demographic, and 
climate variables, the analysis provides evidence on how environmental and economic factors jointly shape 
participation patterns. 
 
The results show that climate conditions are a primary determinant of participation, with colder states exhibiting 
substantially higher hockey participation rates. At the same time, economic resources play an important enabling 
role, particularly in warmer regions where participation depends on access to indoor ice facilities. The interaction 
between income and winter temperature indicates that participation becomes more sensitive to income as climates 
become warmer. This is particularly important for girls’ participation, so to increase female participation in the 
sport, policy investments in warmer climates to mitigate economic costs may be necessary. 
 
Machine learning results reinforce these findings by confirming the dominant predictive role of climate while 
highlighting the importance of income and infrastructure in explaining cross-state variation in participation. 
Overall, the findings help explain both the historical concentration of hockey participation in northern regions and 
the mechanisms through which the sport can expand into non-traditional markets. More broadly, the results illustrate 
how economic resources can partially overcome environmental constraints, providing a framework for 
understanding participation patterns in other infrastructure-dependent activities. 
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