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How has the Introduction of the Euro Impacted the Trade 
Performance of the Eurozone? Evidence from Disaggregated 
Exports and Imports Data 
J. Jobu Babin and Shankar Ghimire, Western Illinois University 
Menaka Samarasinghe, Northern Illinois University 
 

Abstract 
 
This paper compiles 37 years of panel data for 21 countries and exploits a natural experiment to compare the Eurozone’s trade 
performance with similar non-Eurozone countries. The results demonstrate that trade in the Eurozone increased more than that 
of non-Eurozone countries after the 1999 introduction of the euro and are robust to alternative estimations and disaggregated 
trade performance measures. 
 
JEL Classification: F15, F45, C54 
Keywords:  Eurozone, Trade, Natural Experiment, Difference-in-Difference 
 

Introduction 
 

Twenty years since the Eurozone’s formation, there remain doubts about whether the euro’s adoption meaningfully 
benefitted Eurozone countries.  The European Union (EU) commenced on November 1, 1993, aiming to integrate the member 
countries’ political and economic interests and promote the free movement of goods, people, and capital. Nearly five years 
later, eleven EU member countries embraced the euro as their common currency instead of their sovereign currencies to form 
the Eurozone. A critical objective of the establishment of the Eurozone was, among others, trade promotion in the Eurozone. 
The primary channel through which this was to occur was to reduce exchange rate risk and transaction costs (Rose, 2002).  

Today, the Eurozone is the most significant monetary union globally, given the magnitude of economic activity it 
represents. While studies show a positive impact of the euro adoption on various economic factors for member nations (e.g., 
Bun and Klaassen, 2002; Micco, Stein and Ordoñez, 2003; Barr, Breedon, Miles, Begg, and Haskel, 2003), there is no 
consensus on the magnitude of this effect, particularly with concerning trade. In the literature, the euro’s adoption is associated 
with a positive trade increase anywhere between 5% (Flam and Nordström 2003) and 38% (Micco, Stein, and Ordoñez, 2003). 
Data from the World Bank show that trade as a percentage of GDP for the Eurozone from 1980 to 2016 has increased over 
time, but more so since the euro began in 1999. Media stories referencing the Eurozone crisis suggest adverse effects of using 
a single currency, such as economic instability and a loss of national pride or sovereignty. Such factors threaten the survival of 
the entire monetary union. While an analysis of each of these issues would be interesting, the result is overly cumbersome. 
Hence, this paper focuses on the Eurozone’s trade performance, measured as a percentage of GDP.   

This manuscript’s critical task is to determine the impact of the euro’s adoption on the Eurozone’s trade performance, 
relative to non-adoption. Methodologically, one can treat the 1999 adoption of the shared currency regime as a natural 
experiment. The empirical strategy employs a difference-in-differences (DiD) framework to control for unobservable country-
specific variation, comparing the Eurozone economies’ trade performance with selected non-Eurozone controls for the years 
1980 – 2016. With the Eurozone as a treatment group, the primary result is to identify a causal effect from adopting the euro 
exclusive to the Eurozone countries – illustrating the benefits associated with the imposition of a common currency. 

This paper’s primary contribution is to show that total trade, as a percentage of GDP, is significantly higher in Eurozone 
countries after adopting the euro, relative to non-Eurozone comparison groups. Specifically, trade within the Eurozone 
increases by up to 26.93 percentage points, relative to non-Eurozone nations. These results are robust to alternative estimation 
techniques as well as control groups. The analysis details similar gains in a disaggregated analysis of exports and imports. Such 
evidence, robust to multiple econometric specifications, is consistent with theoretical models that predict an increase in trade 
due to lower transaction costs and foreign exchange risks. These findings have important policy implications for other countries 
that have formed a monetary union or those lobbying to form one, as well as for European nations aiming to join the Eurozone 
going forward, such as Turkey. 

Literature Review 
 

Mundell (1961) set the theoretical base for the EMU. His model uses a cost-benefit analysis of a monetary union and 
postulates numerous benefits, such as reducing transaction costs, increasing the currency’s liquidity, and expanding transactions 
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in the area.  Since the 1960s, the theory of optimum currency areas has served as an analytical scheme for various disputes on 
the validity of the European currency’s establishment. As a result, these benefits increase the performance of financial markets. 
Mundell addresses the idea of common currency areas with fixed exchange rates where a single currency implies a single 
central bank. The theory suggests a difference between adjustments within a currency area with a single currency and a currency 
area with more than one currency, even though exchange rates remain fixed in both regions. Thus, a common currency 
facilitates the streamlined trade of goods and services and galvanizes financial exchange. Alesina and Barro (2002) support the 
argument that a currency union increases the volume of international transactions as the number of member countries increases. 

In a commonly cited study, Rose (2000) identifies a monetary union's positive impact on international trade, showing that 
the utilization of a common currency drives the effects. Rose relates these findings to Feldstein (1997), who argues that 
substituting a single currency for several national currencies reduces the transaction costs of trade and reduces the exchange 
rate volatility within that group of countries. Mitigating this volatility is one of the formal initiatives behind the EMU project 
(European Commission,1990). Feldstein estimates the effects of exchange rate volatility and common currencies on trade, 
pointing out five consequences in cases in which a common currency meaningfully increases trade. First, trade disputes may 
increase due to the rise in trade volume. Second, complaints about social safety nets will grow if the competition among 
countries causes layoffs and pressures in the labor market. Third, it will synchronize the business cycles between nations, and 
more political integrations will occur. Fourth, countries that are not in the Union have many criteria and have decisions to make 
before joining a common currency area. Fifth, an increase in trade will lead to extra gains for consumers inside the currency 
unions. In the narrative provided by Rose and Feldstein, an implicit benefit to low exchange rate risk is higher trade volume. 
However, these advantages can affect the sustainability of a monetary union. The authors also suggest that nations have 
numerous fundamental motives for trade, such as a mutually observed currency, shared cultural values, a uniform judicial 
procedure, a shared history, and universal social norms, “common currency” is considered part of the “common bundle.” 

Based on the theoretical arguments presented, several empirical studies examine the issues in a similar mindset but without 
consensus.  Bun and Klaassen (2002) show that the euro has a positive and significant impact on trade. The study used a 
dynamic panel model for annual bilateral exports. Thereby, the paper finds that the first-year impact on trade from the euro to 
be 4% and 40% in the long run. Using a similar approach, Bun and Klaassen (2007) use standard panel gravity models (panel 
dynamic OLS estimation) with nonstationary and co-integration features in the data to find whether the euro’s adoption has 
increased trade. The authors show an upward trend of trade overtime for the euro countries of only 3%, concluding that it is on 
the significant/insignificant bound. Therefore, the euro effect on trade may not be as sizeable, as mentioned in previous 
literature. Another line of literature focuses on trade-theory models and less on exchange rates. Flam and Nordström (2007) 
suggest that the euro has increased trade within the Eurozone by 26% and trade between the Eurozone and outsiders by 12% 
on average for 2002-2005 compared to 1995-1998. Micco, Stein, and Ordoñez (2003) provide a projection of the currency 
union effect on trade in the European Union countries’ case. That paper concludes that the EMU’s bilateral trade effect between 
member countries ranges from 4% to 10% and between 8% and 16%, compared to non-EMU countries. The results suggest the 
monetary union increases trade not just with EMU countries but also with the rest of the world. Miron, Miclaus, and Vamvu 
(2018) use the difference-in-differences methodology to observe the evolution of the euro-Rose effect over time and the 
enlargement of the EU and the Eurozone. With the inclusion of recent EU and Eurozone accession waves (after 2004), the 
euro-trade effect reduces drastically. Consequently, when Romania and Bulgaria are also introduced into the EU sample (post-
2007), the euro’s estimated Rose effect recorded the lowest values. This result supports the notion that the euro trade effect has 
been "consumed" by the first countries to adopt, and the latest states that will join the Eurozone can benefit only from the “last 
remnants" (p. 359) of this effect. If true, then the marginal effect is gradually diminishing with the enlargement of the EU and 
the EMU, where the most junior members of EMU see the least benefit. Additionally, the authors suggest that the currency 
union trade effect has yet to reach these states’ full potential. Gil-Pareja, Llorca-Vivero, and Martínez-Serrano (2018) provide 
evidence of a positive impact of EMU on both exports and imports for Spain, Portugal, Austria, and Cyprus. However, these 
effects disappear when including dummy variables specific to the European Union in their regression. They also show that 
EMU membership had an adverse effect on both import flows for the Netherlands and Malta and on exports from Greece. 

In sum, existing empirical studies provide mixed evidence about the euro’s effect on trade; some present significant 
improvements while others do not. Therefore, this paper aims to construct a more comprehensive account of the span of 1980 
to 2016 for Eurozone and non-Eurozone countries and to analyze the effect of the euro on the trade in the Eurozone, allowing 
for a convincing counterfactual. 

 
Empirical Approach and Model 

 
This study’s empirical approach treats the 1999 adoption of the euro as an “uptake of a treatment” – essentially, a natural 

experiment.  A sample of economically comparable countries was divided into groups, where the Eurozone and non-Eurozone 
countries are considered as treatment and controls, respectively. Following the difference in differences method (DiD) research 
design presented in Ioannatos (2018), this paper establishes a counterfactual of what would have happened to the Eurozone’s 
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trade performance had they not adopted the euro.1 The experimental design treats the non-Eurozone economies as a control 
group, establishing three subsets of controls:  (i) EU countries that do not participate in the Eurozone (The United Kingdom, 
Sweden, and Denmark); (ii) European countries that are not members of the EU (Switzerland and Norway); and (iii) Non-
European countries (United States, Canada, Australia, and Japan). In this manner, Eurozone trade performance is compared 
with that of each of the nine economies in the control groups. Consequently, the analysis shows whether the euro’s introduction 
has changed the trade performance in the Eurozone. Data are categorized into two periods to measure the trade differences 
between the Eurozone and the non-Eurozone countries. The data periods are before and after the formation of the Eurozone. 
As a result, the following four subsets are in the dataset: 

(i)          The control group subset pre-Eurozone, i.e., from 1980 to 1998. 
(ii)         The control group subset post-Eurozone, i.e., from 1999 to 2016. 
(iii)        The Eurozone subset pre-Eurozone, i.e., from 1980 to 1998 
(iv)        The Eurozone subset post-Eurozone, i.e., from 1999 to 2016. 

The model identifies with the assumption that the nation-specific effects are uncorrelated with the other economic variables 
that may impact trade over the panel. This assumption helps deal with time-invariant factors not observable in the dataset. In 
the DiD analysis, the parallel trends assumption ensures the method provides unbiased and efficient estimators. Thus, the key 
assumption to the design is that trade in the Eurozone and control groups do not fluctuate for reasons other than the euro’s 
adoption. The control group and the Eurozone treatment are homogeneous. Therefore, each group should exhibit the same trend 
in trade performance in the absence of treatment (as if the Eurozone had not adopted the euro). The DiD method is applied in 
a regression framework using three main independent variables: Period, Group, and Group_Period, as shown in the empirical 
models shown below. The regression models use panel data and control for unobserved, nation-specific characteristics.  The 
main specification is technically a mixed model since the dummies for group and period are time-invariant. While the Hausman 
test results verify that a random effects specification is the preferred model, the results hold across specifications using fixed 
effects. 
 

𝑇𝑟𝑎𝑑𝑒 =   𝛽 +  𝛽  𝑃𝑒𝑟𝑖𝑜𝑑 +  𝛽  𝐺𝑟𝑜𝑢𝑝 +   𝛽  𝐺𝑟𝑜𝑢𝑝𝑃𝑒𝑟𝑖𝑜𝑑 +   𝛿 𝑍 +   𝜀                     (1) 
 

In Model 1, the dependent variable is trade, which allows us to explore the overall trade performance over time. In general, 
an increase in trade signals a better economic performance of a country. However, this measure is a sum of exports and 
imports.  It remains unclear if an improvement in trade (as a percent of GDP) results from an increase in the value of exports, 
imports, or both. Therefore, the two additional models shown below can validate the results from Model 1: 

 
𝐼𝑚𝑝𝑜𝑟𝑡𝑠 =   𝛽 +  𝛽  𝑃𝑒𝑟𝑖𝑜𝑑 +  𝛽  𝐺𝑟𝑜𝑢𝑝 +   𝛽  𝐺𝑟𝑜𝑢𝑝𝑃𝑒𝑟𝑖𝑜𝑑 +   𝛿 𝑍 +   𝜀                     (2) 

 
𝐸𝑥𝑝𝑜𝑟𝑡𝑠 =   𝛽 +  𝛽  𝑃𝑒𝑟𝑖𝑜𝑑 +  𝛽  𝐺𝑟𝑜𝑢𝑝 +   𝛽  𝐺𝑟𝑜𝑢𝑝𝑃𝑒𝑟𝑖𝑜𝑑 +   𝛿 𝑍 +   𝜀                      (3) 

 
For this analysis, 𝛽 , 𝛽 , and 𝛽 , are the DiD coefficients of interest. The model compares the eurozone trade 

performance with the control group trade performance, including exports and imports performance. The DiD coefficient 
estimates the difference between the trade in the Eurozone and trade in the control group [(Trade in the Eurozone after the 
formation – Trade in the Eurozone before the formation) – (Trade in the control group after the formation – Trade in the control 
group before the formation)]. That is, [(𝛽 +𝛽 +𝛽 +𝛽 ) - (𝛽 +𝛽 )] – [(𝛽 +𝛽 ) - 𝛽 ] = 𝛽 . Therefore, the coefficient  𝛽   
estimates of the average difference in trade performance between the Eurozone and the control group in the period after the 
introduction of the euro.  

The primary inquiry in this paper is whether trade in “treated” nations increases.  Thus, statistical significance on the DiD 
coefficient tests the hypothesis that the Eurozone’s trade performance exceeded the trade performance of each control group 
economy post-introduction, benefitting Eurozone nations. DiD estimates the average treatment effect, and given the literature, 
it is expected to be positive and statistically significant.  

The three equations are estimated controlling for other variables represented in 𝑍  that impact the trade performance. 
Capital growth, labor growth, technology growth, and GDP per capita growth are included in the model as “usual suspects,” 
following the literature (e.g., Krasner, 1976; Goldberg and Klein, 1999; Bun and Klaassen, 2007). These variables’ lagged 
values underscore the time required to see these macro variables’ impact on trade performance. In this manner, adding relevant 
economic control variables improves the basic DiD model analyzing the outcome variable alone. This paper’s key inquiry 
examines overall trade performance at the country level and globally. Many existing papers employ gravity models (controlling 
for distance and economic size), to analyze individual countries’ (or groups’) bilateral trade performance with other countries 
(e.g., Glick and Rose, 2002; Micco et al., 2003, etc.). The use of distance is not necessary in this case, since bilateral trade 
relations are excluded.  
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Summary Statistics 
 
This study uses data for the 1980-2016 period. The first nineteen years of the period in the dataset, i.e., 1980 to 1998, is 

the time before the establishment of the Eurozone. The next 18 years, 1999 to 2016, is the time after the establishment of the 
Eurozone. Twelve out of nineteen countries in the Eurozone qualify as the treatment group. The initial eleven nations (Austria, 
Belgium, Germany, Spain, Finland, France, Ireland, Italy, Luxembourg, Netherlands, and Portugal) who established the 
Eurozone in 1999 and Greece (joining in 2002) are in the treatment group subset. The following analysis compares results from 
nine different regressions using Eurozone data (average figures for the twelve countries) and from each country in the control 
group. Therefore, there are 37 observations for the Eurozone “treatment” and for each control group nation. Accordingly, there 
is a maximum of 74 observations for each comparison between the Eurozone and each of the nine control group countries 
except for Switzerland, which has only 61 observations because of missing values. 

Table 1 provides a detailed summary of statistics. All aggregates are in real terms based on constant 2010 U.S. dollars. 
The data for trade represent the sum of exports and imports of goods and services measured as a percentage of GDP. In contrast, 
imports is the value of all goods and other market services received from the rest of the world measured as a percentage of 
GDP, and exports represents the value of all goods and other market services provided to the rest of the world measured as a 
percentage of GDP. GDP per capita growth is the annual percentage growth rate of GDP per capita based on constant local 
currency. FDI is defined as net inflows from foreign investors, divided by GDP. Tariff rate represents a simple mean applied 
tariff as an unweighted average of effectively applied rates for all products subject to tariffs calculated for all traded goods. The 
variable Capital growth represents the average annual growth of gross fixed capital formation based on constant local currency. 
These variables come from the World Development Indicators of World Bank databank. Technology growth is taken from total 
factor productivity data collected from European Commission, Economic and Financial Affairs, AMECO. Labor growth 
represents total employment growth as reported by the OECD. 
 
Table 1: Summary Statistics 

Variable n Mean Std. Dev Min Max 
Trade 777 77.43 53.91 16.01 410.17 
Imports 777 37.53 24.27 6.94 187.47 
Exports 777 39.91 29.82 6.98 222.70 
Capital growth 777 2.38 6.93 -23.46 60.84 
Labor growth 732 0.84 1.79 -8.86 8.42 
Technology growth 764 0.82 1.90 -7.31 22.07 
GDP per capita growth 776 1.66 2.47 -9.00 24.38 
FDI 729 4.03 12.94 -58.32 252.31 
Tariff 586 3.58 1.50 2.09 20.10 

Notes: Aggregates are based on constant 2010 U.S. dollars and collected from World Development Indicators of World Bank databank. 
Technology growth (Total factor productivity) data are collected from European Commission, Economic and Financial Affairs, AMECO 
(Last Update 8 November 2018). Labor growth (Total employment growth) data are taken from OECD. Stat, Economic Outlook No 100 - 
November 2016, Economic (annual) projections. 

 
Empirical Results 

 
Overall Trade Performance 

 
The dataset contains calculated average values from the Eurozone countries and 37 observations for each country in the 

control group combined separately. Thus, nine separate data subsets are available for analysis, with 74 observations each. 
Random effect models for the panel data are used to analyze these economies’ trade performance for terms before and after 
introducing the euro in 1999. This study provides nine control comparisons on the country-level, as well as analyzing control 
groups on average (in the Supplemental Appendix). 

Figure 1 depicts the difference in average trade performance between the Eurozone and the three sets of controls. Panel 
(a) shows the difference in the average trade volume as a percent of GDP for the Eurozone with that of the non-euro EU 
countries, Panel (b) details the Eurozone relative to non-EU countries, and Panel (c) compares the Eurozone to non-European 
countries respectively. All three panels show how the Eurozone appears to outperform the average trade performance of the 
countries in the three control groups. While the Eurozone performance is higher than the control groups, the difference widens 
after the formation of Eurozone.  
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Figure 1: Average Trade as Percentage of real GDP, Eurozone and Control Nations, 1980-2016. Measured in 2010 US 
dollars (Source: World Bank) 

 
 

Table A1 in the appendix details the results from the first regression model that estimate the changes in trade given whether 
a nation adopted the euro for three control group-sets. In each model, 𝛽  is the DiD coefficient that captures the impact from 
the euro after 1999. The null hypothesis is 𝛽  = 0 -- that there is no difference in Eurozone’s trade performance when compared 
to non-Eurozone trade after the formation of the Eurozone. The alternative hypothesis is  𝛽  > 0, after the introduction of the 
euro -- that is, the trade performance of the Eurozone exceeds the trade performance of a specific control group nation.  

 Control group I: The first panel in Table A1 represents the European Union control group (nations not in the Eurozone). 
There are three countries in this group: Denmark, Sweden, and the UK. The DiD coefficients for the UK and Sweden are 
positive and statistically significant. After establishing the Eurozone, the trade in the Eurozone is 18.22 percentage points 
higher than the UK and 8.686 percentage points higher than that of Sweden. The estimate for Denmark is not significant. 

 Control group II: The second group represents countries from Europe that are neither in the Eurozone nor in the European 
Union. The DiD coefficients are positive in both cases but only statistically significant for Norway, indicating that the 
Eurozone’s trade performance is stronger than that of Norway by 23.37 percentage points. 

 Control group III: The last panel of Table A1 represents countries economically comparable to the Eurozone countries 
located outside Europe. The Eurozone’s trade is significantly higher than the USA, Canadian, and Australian trade by 
19.05, 26.93, and 21.38 percentage points, respectively. These results suggest that after establishing the Eurozone in 1999, 
the Eurozone outperforms the non-European nations with similar characteristics. 

Overall, the coefficient β2s, reflecting the average difference in the trade performance for the Eurozone countries and the control 
group, suggests that the Eurozone countries were, on average, performing better than their counterparts also before the 1999. 
Therefore, the “incident” of euro adoption does not seem to be a breakthrough for the Eurozone countries to outperform their 
counterparts. Still, the gap between the treatment group and the control has widened since then. 
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Disaggregated Results for Exports and Imports 
 

While an increase in a country’s overall trade signals robust economic performance, it may have a different economic 
meaning for the country if it results from exports-led strategies or the imports-led strategies (Lawrence & Weinstein, 1999). 
Typically, political-economy discussions suggest that exports help create more employment within a country and hence more 
beneficial for its citizens in the short run. This result is consistent with that in Rueda-Cantuche et al. (2013), showing that an 
increasing number of European jobs depended on extra-EU exports. On the other hand, imports could stimulate domestic 
competition and innovation and benefit the country in the long run (Dorn et al., 2016). Regardless, a government cannot 
promote export alone while restricting imports for two reasons: first, there may be political retaliation. Second, the resources 
may be re-directed to unproductive sectors, thus hurting the overall economy. For that reason, this paper presents disaggregated 
results by exports and imports and repeat the above analysis for Models 2 and 3, presented in Tables A2 and A3, respectively. 

All the coefficients on 𝛽  (group_period) have positive signs, indicating that the Eurozone had higher exports and imports 
as a percentage of their respective gross domestic products. These estimates are consistently significant across regressions for 
the UK, Sweden, Norway, the USA, Canada, and Australia. The results show mixed results when compared to Denmark, 
Switzerland, and Japan. That is, Eurozone’s export/import performance is not statistically different from that of Denmark and 
Switzerland, however, the differences in exports are statistically significant compared to Japan’s but not the imports. 
Nonetheless, the paper’s overall results indicate that Eurozone performed well above the control groups both in terms of exports 
and imports. These results validate the findings from Model 1. 

While the above findings are to the core of this analysis, it is worth investigating the impact of other control variables 
included in the model to get a better picture of the Eurozone’s international trade performance. The constant term β0s 
represents the average trade performance of the control group nations before the euro was introduced and serves as a baseline. 
The coefficient β1s estimates the average change in trade performance for the control group after introducing the euro and is 
crucial to the identification strategy. Trade growth is heterogeneous across the control nations. It is positive and statistically 
significant compared to Sweden, Denmark, Switzerland, and Japan yet not significant for the UK, Norway, nor the other non-
European countries in the control group. 

The coefficient β2s represents the average difference in the trade performance for the Eurozone countries and the control 
group before the introduction of the euro. The coefficients are positive and significant across all regressions except when 
compared to Switzerland. Countries in the Eurozone, on average, were already performing better than their counterparts even 
before the 1999 Euro introduction and the adoption of the currency enhanced their trade performance. The coefficients on the 
control variables, capital growth, labor growth, and technological growth have positive signs as expected are typically 
significant, suggesting they are each a fundamental determinant of a nation’s level of trade. Curiously, all the coefficients of 
GDP per capita growth are negative and statistically significant. One explanation could be that with higher GDP per capita 
growth rates, robust economic performance elevates a country’s trade balance. Intuitively, coefficients for the existence of 
tariffs are typically negative across the three models. 
 

Robustness Checks 
 

In addition to the baseline results presented in this paper, the analysis involved several robustness checks and alternative 
methods. Placebo tests exploit the euro’s three introduction phases to ensure the results’ validity. Although the formal date of 
adoption was 1999, the EMU was gradually established in three stages. Stage 1, from 1 July 1990 to 31 December 1993, 
introduced the free movement of capital between members. Stage 2, from 1 January 1994 to 31 December 1998, converged 
members’ economic policies. Since 1 January 1999, the established currency has been the euro, constituting Stage 3. The 
placebo analysis considers different pre- and post-treatment dates, given the three stages. The first comparison of trade measures 
is between countries for the periods 1980-1989 and 1990-1993. The second does the same for the 1990-1993 data vs. 1994-
1998. All the DiD coefficients except for the imports for the non-Eurozone EU countries are insignificant, demonstrating how 
the results obtained for the 1980-1998 vs. 1999-2016 results are explained by the full adoption of the euro in 1999. The authors 
also opted to employ a synthetic control approach, and the results are similar. These results are presented in the supplemental 
appendix documents. 

As an alternative formation of the comparison groups, those countries in the control group are combined into sub-groups 
such that the control groups consist of more than one country. In particular, UK, Sweden, and Denmark are put together in one 
group (EU, non-Eurozone); Switzerland and Norway in the other group (non-EU, non-Eurozone); and US, Canada, Australia, 
and Japan as the third group (non-European). Doing so produces mixed results. The results show that Eurozone outperformed 
the EU/non-Eurozone countries in all three measures of trade performance. However, Eurozone outperformed non-EU/non-
Eurozone countries only in terms of imports. When compared to the non-European countries, Eurozone did not experience a 
significant gain in either measure of trade measures. A possible explanation for such result is due to potential country-specific 
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heterogeneity within each sub-group. Overall, the introduction of euro in 1999 helped its member countries outperform their 
counterparts in terms of exports, imports, and overall trade. It has important policy implications as discussed in the next section. 

 
Conclusion 

 
The goal of the paper is to study the overall effect from the 1999 adoption of the euro on trade performance (including 

export and import performance) of the Eurozone member countries. Supported by 37 years of panel data for twenty-one 
countries from 1980 to 2016, the empirical strategy exploits a natural experiment using the difference-in-differences method 
to compare the trade performance of the Eurozone with that of non-Eurozone countries who have similar economic 
characteristics. The results demonstrate how after the establishment of the Eurozone, the trade performance in Eurozone nations 
increases more that of non-euro using EU members. These results are consistent when compared to the disaggregated measures 
of exports and imports performance separately. In particular, the results indicate that overall trade performance of Eurozone 
was higher, compared to similar countries, in the range of 8.686 to 26.93 percentage points. This range was 4.324 to 14.01 
percentage points for exports and was 4.362 to 14.64 percentage points for imports. These results suggest that Eurozone 
countries exhibited stronger trade numbers than European countries who are not in the EU and not using the euro. For example, 
Switzerland and Norway may have suffered muted trade figures as a result of opting out of the Eurozone, and other nations 
such as Romania might have the incentive to join the euro in the future. Additionally, this paper identifies benefits associated 
with a common currency when comparing trade performance in the Eurozone than in non-European countries.  These 
observations add some perspective to the discussion about the European Union member countries who do not use the euro 
to decide whether to embrace the euro as their national currency. 

 One limitation of the analysis presented is that uptake of the euro was not uniform. That is, not all the member countries 
in the Eurozone joined with the EMU in 1999. Initially, the euro was launched as a solely electronic currency, and only after 
January 1st, 2002 did the euro become a cash currency. A challenge with using the DiD method is the possibility that the 
interventions themselves are endogenous, resulting from other factors in the EU economies (e.g., Bertrand, Duflo, and 
Mullainathan, 2004). Individual member nations might have had idiosyncratic policies or different institutional changes in 
response to this lag. Future studies should further modify this empirical design by categorizing the Eurozone countries 
according to the years they joined with the Eurozone after the introduction of the euro in 1999.  

Similarly, future work might augment these models by considering the cash period for the post-2002 period. An analysis 
of sectoral trade performance focusing on the changes in trade patterns for agriculture, manufacturing, industry, and other 
sectors would be equally interesting. This sector-based approach would allow analysis of how Eurozone economies 
restructured, augmented by exploring the bilateral trade pattern between the Eurozone economies and non-Eurozone economies 
with a gravity model. The authors also concede concerns with the geographical factors non-captured in the dataset, such as 
nearer countries who use the euro, as is the case with Denmark and its proximity to Germany.  
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Appendix 

 
Table A1: Difference-in-Difference estimates for trade performance: eurozone vs. individual countries as controls. 

Control group 
       EU but Non-Eurozone Non-EU &  

Non-Eurozone 
Non-European 

UK Sweden Denmark Switzerland Norway USA Canada Australia Japan 
period 2.001 13.19*** 17.26*** 12.36** -1.604 -0.499 -4.814 2.516 10.60*** 
 (3.274) (4.748) (4.133) (5.797) (3.805) (3.813) (6.180) (5.798) (2.762) 
group 31.63*** 14.48*** 9.796*** -8.110 7.516** 54.62*** 4.278 39.43*** 58.43*** 
 (3.152) (3.644) (3.624) (6.240) (3.769) (3.192) (6.444) (5.398) (2.974) 
group_period 18.22*** 8.686* 5.012 5.014 23.37*** 19.05*** 26.93*** 21.38*** 6.329 
 (4.263) (4.554) (4.788) (6.231) (4.760) (4.186) (6.102) (5.933) (5.128) 
Lagged_GDP -1.472** -0.682 -1.668* -3.263*** -0.317 -0.938 0.561 -0.252 -0.671 
 (0.658) (0.609) (0.902) (1.107) (0.719) (0.801) (0.811) (0.844) (0.732) 
Lagged_FDI 0.815*** 0.585** 0.234 0.620** 1.162*** 0.979*** 1.297*** 0.983*** 1.062*** 
 (0.282) (0.237) (0.260) (0.313) (0.313) (0.307) (0.347) (0.312) (0.327) 
Capital 0.483 0.671 0.865* 0.721 0.0980 0.581 0.144 0.194 0.593 
 (0.366) (0.558) (0.442) (0.709) (0.297) (0.401) (0.400) (0.291) (0.488) 
Labor 1.839 0.241 0.917 6.012** 0.900 0.599 -0.0662 -0.349 1.729 
 (1.544) (1.796) (1.231) (2.649) (1.328) (1.254) (2.155) (1.757) (1.717) 
Technology -1.389 -0.718 -2.007 -3.141** 0.784 -1.020 2.198* 0.833 -1.180 
 (1.104) (1.013) (1.253) (1.581) (0.825) (1.380) (1.199) (1.117) (1.053) 
Tariff -1.878 -3.248** -3.510** -2.793** -0.768 -2.864* -1.499 -0.467 -3.688** 
 (1.298) (1.508) (1.730) (1.219) (0.918) (1.562) (1.262) (0.611) (1.605) 
Constant 55.18*** 76.01*** 85.22*** 101.4*** 70.51*** 34.93*** 73.01*** 38.02*** 32.97*** 
 (5.652) (7.259) (7.100) (9.241) (5.627) (7.663) (10.23) (7.171) (6.640) 
Observations 58 58 58 52 53 56 53 52 58 
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Table A2: Difference-in-Difference estimates for export performance: Eurozone vs. individual countries as controls. 
Control 
Group 

EU but Non-Eurozone Non-EU & Non-Eurozone Non-European 
UK Sweden Denmark Switzerland Norway USA Canada Australia Japan 

period 0.286 7.701*** 9.065*** 7.784** 3.074 -1.649 -1.350 1.147 4.691*** 
 (1.842) (2.709) (2.236) (3.267) (2.271) (2.137) (3.697) (3.262) (1.510) 
group 17.23*** 6.442*** 3.275* -5.275 2.610 28.83*** 3.015 20.89*** 29.29*** 
 (1.773) (2.079) (1.960) (3.517) (2.249) (1.789) (3.855) (3.037) (1.626) 
group_period 10.90*** 4.324* 3.224 1.374 8.729*** 11.85*** 14.01*** 11.95*** 4.866* 
 (2.398) (2.598) (2.590) (3.512) (2.840) (2.346) (3.650) (3.338) (2.803) 
Lagged_GDP -0.857** -0.294 -0.887* -1.959*** -0.273 -0.599 0.359 -0.210 -0.440 
 (0.370) (0.348) (0.488) (0.624) (0.429) (0.449) (0.485) (0.475) (0.400) 
Lagged_FDI 0.438*** 0.350*** 0.154 0.344* 0.689*** 0.528*** 0.740*** 0.524*** 0.576*** 
 (0.158) (0.135) (0.141) (0.177) (0.187) (0.172) (0.208) (0.176) (0.179) 
Capital 0.221 0.384 0.422* 0.416 0.127 0.333 0.142 0.113 0.273 
 (0.206) (0.319) (0.239) (0.399) (0.177) (0.225) (0.240) (0.164) (0.267) 
Labor 1.017 -0.122 0.385 3.446** 0.527 0.278 -0.320 -0.348 0.965 
 (0.869) (1.025) (0.666) (1.493) (0.792) (0.703) (1.289) (0.989) (0.939) 
Technology -0.585 -0.229 -0.796 -1.746* 0.455 -0.561 1.295* 0.579 -0.540 
 (0.621) (0.578) (0.678) (0.891) (0.492) (0.774) (0.717) (0.628) (0.576) 
Tariff -0.902 -1.685* -1.759* -1.529** -0.195 -1.434 -0.406 -0.246 -1.688* 
 (0.730) (0.861) (0.936) (0.687) (0.548) (0.875) (0.755) (0.344) (0.878) 
Constant 27.01*** 39.57*** 45.02*** 53.80*** 36.16*** 17.03*** 34.43*** 18.79*** 16.78*** 
 (3.180) (4.141) (3.841) (5.209) (3.358) (4.295) (6.117) (4.034) (3.630) 
Observations 58 58 58 52 53 56 53 52 58 

 
Table A3: Difference-in-Difference estimates for import performance: Eurozone vs. individual countries as controls. 

 
EU but Non-Eurozone Non-EU & Non-Eurozone Non-European 

UK Sweden Denmark Switzerland Norway USA Canada Australia Japan 
period 1.715 5.491*** 8.195*** 4.581* -4.678** 1.149 -3.464 1.370 5.907*** 
 (1.460) (2.092) (1.941) (2.580) (1.842) (1.721) (2.576) (2.591) (1.297) 
group 14.40*** 8.035*** 6.520*** -2.836 4.906*** 25.79*** 1.263 18.54*** 29.14*** 
 (1.406) (1.606) (1.702) (2.777) (1.825) (1.440) (2.686) (2.413) (1.396) 
group_period 7.323*** 4.362** 1.788 3.640 14.64*** 7.201*** 12.91*** 9.429*** 1.463 
 (1.901) (2.007) (2.248) (2.772) (2.304) (1.889) (2.543) (2.652) (2.408) 
Lagged_GDP -0.615** -0.388 -0.781* -1.304*** -0.0438 -0.340 0.202 -0.0422 -0.231 
 (0.293) (0.269) (0.424) (0.492) (0.348) (0.361) (0.338) (0.377) (0.344) 
Lagged_FDI 0.377*** 0.236** 0.0805 0.276** 0.473*** 0.451*** 0.557*** 0.460*** 0.486*** 
 (0.126) (0.105) (0.122) (0.139) (0.151) (0.138) (0.145) (0.139) (0.154) 
Capital 0.262 0.287 0.443** 0.305 -0.0292 0.248 0.00203 0.0812 0.320 
 (0.163) (0.246) (0.207) (0.315) (0.144) (0.181) (0.167) (0.130) (0.229) 
Labor 0.822 0.363 0.532 2.566** 0.372 0.321 0.253 -0.0006 0.765 
 (0.689) (0.791) (0.578) (1.179) (0.643) (0.566) (0.898) (0.785) (0.806) 
Technology -0.804 -0.489 -1.211** -1.396** 0.329 -0.459 0.904* 0.254 -0.640 
 (0.493) (0.446) (0.588) (0.703) (0.399) (0.623) (0.500) (0.499) (0.494) 
Tariff -0.976* -1.562** -1.752** -1.264** -0.573 -1.430** -1.093** -0.221 -2.000*** 
 (0.579) (0.665) (0.812) (0.543) (0.444) (0.705) (0.526) (0.273) (0.754) 
Constant 28.17*** 36.44*** 40.20*** 47.64*** 34.35*** 17.90*** 38.58*** 19.22*** 16.19*** 
 (2.521) (3.199) (3.334) (4.112) (2.724) (3.459) (4.262) (3.205) (3.118) 
Observations 58 58 58 52 53 56 53 52 58 

Notes for Tables A1 to A3: Standard errors in parentheses. The notations *, **, *** indicate statistical significance level at * p < 0.10, ** p < 
0.05, *** p < 0.01, respectively. Results from a random effects GLM regression with standard errors clustered at the national level. Treatment 
group is Eurozone nations. 

Notes 
 
1. For robustness and ease of interpretation, the authors also opted to employ a synthetic control approach. The results are similar. An 
overview of these results is available at https://tinyurl.com/ybnht529 
 
2.This factor is true for all the coefficients that represent 𝛽  (𝑠 = 1,2,3) in the three regression models. For brevity and to avoid redundancy, 
the draft omits s from parts of the discussion to refer to the comparable coefficients across the three models.  
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Priced to the Nines: Just-Below Pricing in Residential Real 
Estate 
Jason Beck, Abby Naspinski, and Michael Toma, Georgia Southern University 
 

Abstract 
 

Just-below pricing involves the use of the digit “9” in the pricing of items for sale rather than using a round number, e.g. instead 
of $10, the just-below price is $9.99. The practice is common in retail trade and is receiving growing attention in the hedonic 
pricing literature for real estate transactions. For the Louisville, Kentucky real estate market from 2000 to 2007, just-below 
pricing is found to result in 1% to 2% price premium, a smaller deviation in sale price to list price ratio, and slightly longer 
time on market for some segments in the market for single family homes. 
 
JEL Codes: R32, D91 
Keywords: just-below pricing, hedonic real estate model 

 
Introduction 

 
The prevalence of “just-below” pricing, that is, prices that are set below some even amount such as $9.99 rather than $10, 

is well documented across a wide range of products and is undoubtedly a deliberate pricing strategy. This study explores the 
pervasiveness and the effectiveness of just-below pricing in the context of residential real estate transactions, a topic in which 
research currently remains active. 

The marketing literature has long since recognized the use of just-below pricing and several studies have shown it can 
increase demand. These studies have generally focused on inexpensive consumer goods (cans of tuna, hairdryers, etc.) unlikely 
to represent a large share of an individual’s budget. The effectiveness of just-below pricing in these settings is perhaps not 
totally unexpected since many of the proposed explanations of the phenomenon generally rely on consumers imprecisely 
processing or remembering the price; something more likely to happen with relatively small transactions where the potential 
cost of less scrutiny is relatively low. 

Fewer papers have examined the effectiveness of just-below pricing in the context of larger purchases such as single family 
homes, yielding inconsistent findings. This study uses Multiple Listing Service (MLS) data from Louisville, KY, from 2000-
2007 to explore  the issue and finds evidence that just-below prices tend to be associated with a higher eventual sales price with 
a slight increase in time on market. 

Background and Literature Review 
 

Just-below pricing is considered in the  marketing literature, wherein studies by Anderson and Simester (2003), Schindler 
and Kirby (1997), Stivings and Winer (1997), Kruel (1982), Twedt (1965) and others document the overrepresentation of the 
numerical digit “9” in the price of a wide range of retail products. Many researchers posit there is a psychological effect of just-
below pricing, working through several hypothesized processes. 

One argument suggests just-below pricing signals a discount price. Studies by Stiving (2000), Quigly and Notarantonio 
(1992), Schindler and Kibarian (2001), Gendenk and Sattler (1999), Schindler (2006) find evidence that consumers associate 
a price ending in “99” with strong competition by retailers on price. 

The alternative general view is that consumers imperfectly process price information. Sellers exploit consumer 
misperception of a just-below price as a larger deviation from a round price than the just-below price mathematically represents. 
For example, the price difference between an item selling for $199.99 and $200 is only $0.01, but might be perceived as larger. 
It is further suggested that consumers might use mental shorthand when assessing and remembering price information and thus 
just-below prices cause buyers to perceive the price as lower. Since truncation requires less mental effort than rounding, at the 
cost of a very small price reduction from the seller, a consumer might mentally truncate a price rather than round up. Brenner 
and Brenner (1982) provide evidence that individuals process information left to right with decreasing emphasis on digits as 
one moves to the right. Gabor and Grangers (1964), Lamber (1975), Schindler and Kibarian (1993) provide support for the idea 
that the right-most digit of the price is less carefully processed. Sokolova, Seenivasan and Thomas (2020) contribute to this 
literature by investigating the conditions under which consumers are more likely to respond to the 9-digit effect. They find 
side-by-side comparison of focal and reference price (original and sale price) generates a stronger consumer effect, 
hypothesizing that comparison of 9-ending pricing is more difficult when based on memory. 
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Many studies find evidence of just-below pricing having a beneficial effect on demand for retail goods. Examples include 
Schindler and Kibarian (1996), Anderson and Simester (2003), Stiving and Winer (1997), Kaylanam and Shively (1998), 
Gendall, Holdershaw, and Garland (1997). Recent examples in retail Ecommerce include Hackl, Kummer and Winter-Ebmer 
(2014) and Lopez-Pastor, Garcia-Madariaga, Sanchez, and Figueiredo (2020). The last work cited provides an excellent and 
extensive overview of the variety of findings and methodologies investigating the 9-ending effect on consumer retail behavior 
in 36 publications ranging from 1936 (Ginzburg) to 2016 (Wieseke, Kohlberg, and Schoms).  

Kleinsasser and Wagner (2011) extend the investigation of just-below pricing into tourism goods and services, noting that 
most previous investigations of the pricing strategy focus on low-priced retail goods. Among higher-price tourism services, 
they find evidence from survey data of hotel guests that prices ending in 9 induce consumer demand in higher-priced tourism 
products. Zou and Petrick (2020) suggest their study of just-below pricing in tourism services is the first empirical investigation 
of market-based data for the effect, finding induced demand for lower-priced hotel room rental rates and when tourists made 
substantial prepayments for other travel components. Interestingly, Jeong and Crompton (2018) find a demand inducing effect 
from hotel room pricing in samples of tourism spending data from visitors originating from Korea and China where 9-ending 
pricing is not common, but not in lower priced food items or entertainment ticket prices. 

Considering the prevalence of just-below pricing in retail, it might be reasonable to examine the use and effectiveness of 
this type of pricing in the context of larger purchases, such as real estate. Although Lin and Wang (2015) argue the effect of 
such pricing strategies dissipates as the “9” is pushed further left in larger value transactions because consumers have a greater 
incentive to process price information more carefully in larger dollar transactions, just-below pricing effects are documented 
in the residential real estate market in a literature that began to emerge in the mid-2000s. These studies examine the effects of 
just-below pricing on the sales outcomes of residential homes, but a consistent conclusion regarding the effect has been elusive.  

Allen and Dare (2004) use MLS data from 2000 and 2001 in Broward County, Florida and find that just-below pricing is 
associated with a higher final sales price. The effect was strongest for homes listed up to $300,000, and in these cases, associated 
with a 4% premium. A follow-up study by Allen and Dare (2006) with the same data set emphasizes the signaling effect charm 
pricing sends that sellers are more “firm” in their  asking price and less willing to negotiate the selling price. 

Palmon, Smith, and Sopranzetti (2004), uses MLS data from a Houston, TX suburb from 1992 to 1995 and find that just-
below prices are not associated with a statistically significant higher final transaction price. The authors also find that houses 
with a just-below price take, on average, almost 8 days longer to sell. A longer time on market with no price increase translates 
into a less desirable sales outcome. 

Salter, Johnson, and Spurlin (2007) find that while off-dollar pricing does not alter transaction price, it does leads to shorter 
time on market in data from the Montgomery, Alabama residential real estate market. 

Beracha and Seiler (2014) use 18 years of MLS data from the Hampton Roads area of Virginia and find that just-below 
pricing results in a 1.28% - 1.96% higher final transaction price compared with homes that initially list on a round price. This 
premium appears to be fairly robust across different market conditions and segments of the market. While rounded pricing 
yields shorter time on market and smaller discount from list price than just-below pricing, these are offset by the higher initial 
listing price associated with just-below pricing (Beracha and Seiler, 2015). 

Chava and Yao (2017) find shorter time on market and higher sale prices in the 14 largest and most diverse metro areas in 
the United States for houses using just-below pricing. They find the effect is amplified in markets when buyers have more 
negotiating power, as is the case when average days on market is high, and where there are less sophisticated purchasers. The 
market outcome effects are stronger when buyers have lower income, lower credit scores, pay a higher mortgage interest rate, 
and are slow to refinance their mortgages. 

Wiltermuth and Gubler (2020) extend the analysis to consider the effect of just-below price outcomes in previous 
transactions when the same house is subsequently sold again. In 13,000 repeat residential real estate transactions from Utah, 
they find just-below previous sale prices generate subsequently lower transaction prices by 1.3% (about $2,000). 

Finally, Levy, Snir, Gotler, and Chen (2020) identify asymmetric price rigidities depending on whether the upward or 
downward change in listing price is from a just-below or rounded price. Because the just-below price signals a discount price, 
it is more likely that a price change will occur to a just-below price if there is an upward price change as compared to price 
decreases. The upward rigidity in 9-ending prices (resetting to a higher 9-ending price) occurs after price increases because 
there is more flexibility from 9-ending prices to a non 9-ending price when price is reduced. 

 

Data 
 

The data were obtained from the MLS of Louisville, KY. Information was available for all homes sold through the MLS 
from January 1st, 2001 through December 31st, 2007. Since newly built homes are often marketed differently, this study focuses 
on existing homes and thus, homes reported as zero or one year old were removed from the sample. The sample was further 
restricted to homes selling for at least $50,000 but no more than $3,000,000. Observations with missing or obviously erroneous 
values were dropped. The primary data set begins with 56,716 sold houses, including some that sold more than once.  
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Table 1: Summary Statistics n=56,716       
Variable Description Mean Std. Dev. Min Max 
price sales price ($) 170522.6 129881.2 50000 2880500 
lnprice ln of sales price 11.88 0.533 10.81 14.87 
dom Days on market 71.83 67.49 0 1010 
onebedroom 1 if house has 1 bedroom 0.004 0.062 0 1 
twobedrooms 1 if house has 2 bedrooms 0.100 0.300 0 1 
threebedrooms 1 if house has 3 bedrooms 0.570 0.495 0 1 
fourbedrooms 1 if house has 4 bedrooms 0.262 0.440 0 1 
fivebedrooms 1 if house has 5 bedrooms 0.053 0.224 0 1 
sixplusbedrooms 1 if house has 6+bedrooms 0.010 0.099 0 1 
onefullbath 1 if house has 1 full bath 0.378 0.485 0 1 
twofullbath 1 if house has 2 full baths 0.479 0.500 0 1 
threefullbath 1 if house has 3 full baths 0.114 0.318 0 1 
fourplusfullbath 1 if house has 4+ full baths 0.028 0.164 0 1 
zerohalfbath 1 if house has 0 half baths 0.644 0.479 0 1 
onehalfbath 1 if house has 1 half bath 0.335 0.472 0 1 
twohalfbath 1 if house has 2 half baths 0.020 0.141 0 1 
threehalfbath 1 if house has 3 half baths 0.001 0.031 0 1 
fourplushalfbath 1 if house has 4+ half baths 0.001 0.017 0 1 
two_fiveyears 2-5 years old at initial listing 0.119 0.324 0 1 
six_tenyears 6-10 years old at initial listing 0.118 0.323 0 1 
eleven_twentyfiveyears 11-25 years old at initial listing 0.167 0.373 0 1 
twentysix-fiftyyears 26-50 years old at initial listing 0.362 0.480 0 1 

fiftyone_hundredyears 51-100 years old at initial listing 0.211 0.408 0 1 
hundredplusyears 101+ years old at initial listing 0.024 0.152 0 1 
centralair 1 if has central air conditioning 0.919 0.273 0 1 
basement 1 if has basement 0.618 0.486 0 1 
vacant 1 if revealed vacant 0.080 0.272 0 1 
sqft1 1 if in 1st SQFT quintile(<=1149) 0.2 0.4 0 1 
sqft2 1 if in 2nd SQFT quintile(>1150 &<=1500) 0.2 0.4 0 1 
sqft3 1 if in 3rd SQFT quintile(>1500 &<= 1900) 0.2 0.4 0 1 
sqft4 1 if in 4th SQFT quintile(>1900 &<=2597) 0.2 0.4 0 1 
sqft5 1 if in 5th SQFT quintile(>2597) 0.2 0.4 0 1 
acreage1 1 if acreage <0.25 acres 0.135 0.341 0 1 
acreage2 1 if acreage >=0.25, <0.5 0.143 0.350 0 1 
acreage3 1 if acreage >=0.5, <1 0.052 0.222 0 1 
acreage4 1 if acreage >=1, <5 0.076 0.265 0 1 
acreage5 1 if acreage >=5, <20 0.028 0.165 0 1 
acreage6 1 if acreage>20 0.004 0.060 0 1 
acreage_unknown 1 if no acreage was reported 0.563 0.496 0 1 
relist 1 if listing was "refreshed" 0.092 0.289 0 1 
dual 1 if listing agent=selling agent 0.233 0.423 0 1 
pool 1 if house has pool 0.046 0.208 0 1 
fireplace 1 if house has fireplace 0.301 0.459 0 1 
agentowned 1 if revealed to be owned by list agent 0.010 0.099 0 1 
99xx list price ending in 9,900 through 9,999  0.304 0.460 0 1 
9000 list price ending in 9,000 0.058 0.234 0 1 
49xx list price ending in 4,900 through 4,999 0.073 0.260 0 1 
5000 list price ending in 5,000 0.089 0.285 0 1 
0000 list price ending in 0,000 0.042 0.202 0 1 
Note: Observations by year: 2001 (12%), 2002 (12%), 2003 (14%), 2004 (15%), 2005 (14%), 2006 (16%), and 2007 (16%). 



Academy of Economics and Finance Journal . Volume 11  . 2020 
 

14 
 

The data allow for numerous hedonic controls (see Table 1).  To allow for non-linear effects, all of the standard hedonic 
controls are binary indicator variables. Onebedoom, twobedrooms, threebedrooms, fourbedrooms, fivebedrooms, and 
sixplusbedroomsare dummy variables indicating the number of bedrooms associated with the house. The variables, onefullbath, 
twofullbaths, threefullbaths, zerohalfbaths, onehalfbath, twohalfbaths, threehalfbaths, and fourplushalfbaths indicate the 
number of full or half bathrooms associated with the house. 

Two-fiveyears, six-tenyears, eleven-twentyfiveyears, twentysix-fiftyyears, fiftyone-hundredyears, and hundredplusyearsare 
indicator variables equaling one if the house falls into that particular age category. House size is controlled for by the variables 
Sqft1- Sqft5. These are variables that divide the range of square footage in the data into quintiles (see Table 1 for the specific 
ranges). Acreage is controlled for by dividing the range into six categories plus one additional category for observations without 
a reported acreage (see Table 1 for the specific ranges). Centralair equals one if the house has central air conditioning, and 
pool and fireplace indicate the presence of those characteristics. The variables 2001-2007 are time dummy variables equaling 
one if the observation comes from the associated time period. 314 Subdivision fixed effects were used for locational controls.  

The average house was between 1499 and 1900 square feet, had three bedrooms, two full baths, a basement, central air-
conditioning, and was 26-50 years old. It sold for $170,522 and was on the market for 72 days. 

 
Analysis 

 
Figures 1a and 1b illustrate the propensity of sellers to use just-below pricing. If all integer prices were equally likely, the 

probability of observing any particular four-digit ending would be 1/1000. In the sample, the most common four-digit ending 
for an asking price was 9,900 (i.e., $89,900, $149,900, etc.).   

 
Figure 1a: Histogram of Listing Price Around $100,000          Figure 1b: Histogram of Listing Price Around $200,000 

 
 
Table 2 presents unconditional means of sales outcomes evaluated at $10,000 intervals of list price from $80,000 to 

$300,000. The table compares the unconditional means of reduction from initial listing price and days on market (DOM) for 
homes right at and just below $10k focal points. Statistical differences are tested for at each focal point.  Column (2) illustrates 
the tendency for sellers to price directly below $10,000 increments. For example, there were 884 homes listed at an amount 
within $100 below $100,000, but only 90 listed right at $100,000. 720 of the 884 were priced specifically at $99,900. Out of 
the 56,716 sold homes in the data, only one was initially listed at a price less than $100 above a focal point. On $10,000 
increments, the average ratio of just-below prices to even prices was 8.63 to 1. For $5,000 increments (excluding those that are 
also $10,000 increments, the average ratio of just-below to even prices was 1.54 to 1. 

Column (3) presents the average amount the sellers at and just-below a certain price point reduced the initial asking price 
to complete the transaction. In other words, it is list price less sales price. In most transactions, the list price serves as  a starting 
point for negotiation and 73.1% of homes in this sample sold for an amount below the initial asking price, while 12.7% of 
homes in the sample sold for exactly the asking price, and 14.2% sold for an amount greater than what was initially listed. As 
such, one would expect values in this column to be positive. Larger values imply a larger reduction in price and thus a lower 
final transaction price. 

If just-below prices have a beneficial impact on final sales price, one might expect to see the list price less sold price to be 
smaller for the just-below prices compared to their associated even prices. Columns (3) and (6) demonstrate this is sometimes 
the case. In fifteen of the twenty-three instances, the just-below price was associated with a smaller price reduction. Using 
ANOVA to test differences in means at each focal point, column (5) demonstrates the means were statistically different (at the 
10% level or better) in seven of the instances. In six of those statistically significant cases, the just-below price implied a smaller 
reduction and thus a higher sales price. Qualitatively similar results were found when the $5,000 focal point was also examined.  
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In unconditional means, there is modest evidence of a beneficial effect of just-below pricing on final transaction price, 
though this is only half of the story. Columns (7) through (10) illustrate a similar analysis focusing on the time on market. If 
the just-below price is to have a beneficial effect along this dimension, one would expect shorter marketing durations associated 
with the just-below priced homes. The just-below priced homes sold faster in ten of the twenty-three possibilities (only one of 
the ten represented a statistically significant difference at the 5% level). Of the thirteen times the even priced homes sold faster, 
this difference was significant at the 10% level (or better) twice. It appears the data do not suggest a clear just-below pricing 
effect on marketing time working in either direction. 

Allen and Dare (2004) and Beracha and Seiler (2014) conclude just-below pricing leads to higher sales prices. Palmon, 
Smith, and Sopranzetti (2004) conclude even pricing generates higher sales price and shorter time on market. Thus far, the 
analysis here has not strongly supported either side but is more consistent with Allen and Dare and Beracha and Seiler. A 
hedonic model was constructed to more closely mirror the approach taken in these previous papers. Detailed results can be 
found in Appendix 1, but the variables of interest (the coefficients associated with the just-below prices) are summarized in 
Table 3. These results are from hedonic regressions including variables indicating particular price endings. 99xx equals “1” if 
the price ends in a value between 9,900 and 9,999.  9000 equals “1” if the last four digits in the price were 9,000. 49xx equals 
“1” if the price ends in a value between 4,900 and 4,999.  5000 equals “1” if the price ends in 5,000. 0000 equals “1” if the 
price ends in 0,000. Complete regression results for the pricing around $100,001-$200,000 can be found in the appendix, Table 
A1. Results from the other pricing groups are available upon request. Following Allen and Dare (2004), the sample was divided 
into price segments ($50,000-$100,000, $100,001-$200,000, $201,000-$300,000, $300,001-$400,000). Following Levitt and 
Syverson (2008), Beck and Lin (2020), and others, separate models are estimated for sales price and time on market.  

The use of a 9,9xx ending or a 9,000 ending is associated with a higher final sales price in all four pricing categories. The 
estimates generally indicate a 1-2% premium with either a 9,9xx or a 9,000 ending, the exception being the relatively large 
premium (7.8%) associated with the 9,9xx ending in houses listing under $100,000. Perhaps since nearly all the homes in this 
pricing category have a five-digit price, heavier emphasis is placed on the third digit from the right. Beyond this pricing group, 
home prices are six digits which perhaps directs attention away from the third digit towards the fourth.  

This price premium does not necessarily come without a cost, however; statistically noticeable increases in time on market 
were sometimes identified, particularly in homes under $200,000. This trade-off is likely beneficial for most sellers; the average 
sales price for a home in the second price group was $140,649. The 1.6% premium associated the 9,9xx price implies an extra 
$2,250 in exchange for around two additional days on the market. None of the just-below prices had a statistically noticeable 
effect on marketing time for homes above $200,000.   

While there appears to be some noticeable effect on outcomes around the $10,000 focal points, generally there was little 
noticeable effect associate with pricing a home just below a $5,000 increment. In the homes listing between $201,000 and 
$300,000, 49xx was associated with a 1.3% price penalty, and in the $300,001 to $400,000 range, it was associated with a 
slightly shorter (3.7 days) time on market. These exceptions notwithstanding, from these results it is difficult to argue that using 
a 4,900 ending has a strong overall effect. Pricing directly on a $5,000 increment appears to have no noticeable effect in either 
direction on either sales outcome over any price range. 

In contrast to Palmon, Smith, and Sopranzetti (2004), the results here provide little incentive for a seller to price right on 
a $10,000 increment. Doing so is associated with a consistent 1.6-1.7% price penalty on homes under $300,000 with no effect 
on marketing time throughout the entire range. 
 

Conclusion 
 

Just-below pricing can be found over a very wide range of items from the routine (grocery and retail goods) to the 
infrequent (houses). Existing research on just-below pricing in real estate is conflicting, as studies by Allen and Dare (2004), 
Beracha and Seiler (2014, 2015), Chava and Yao (2017), and Repetto and Solis (2020) find evidence that just-below pricing is 
associated with a higher transaction price, while Palmon, Smith, and Sopranzetti (2004) find that even pricing has a positive 
effect on price and just-below pricings results in a longer time on market. Further Salter, Johnson, and Spurlin (2007) find 
charm-pricing results in shorter time on market, but no effect on price. This study weighs in by examining the prevalence and 
effectiveness of just-below pricing in the residential real estate transactions in Louisville, KY from 2001 through 2007. 

The results reinforce the assertion that home sellers and their real estate agents frequently use just-below pricing and this 
practice tends to be associated with a higher final transaction price. In comparing unconditional means between homes priced 
right on and just below various focal points, there is some evidence those priced directly below the focal point had a smaller 
deviation in list versus selling price. Regression results supported this and found homes priced directly below a $10,000 price 
point (i.e., priced at $89,900, $149,999, etc.) were most often associated with a premium of between 1% and 2.1%. These 
results were closely in line with previous work by Beracha and Seiler (2014), and somewhat similar to the results of Allen and 
Dare (2004). With regard to time on market, some results, particularly those involving homes priced below $200,000, indicated 
a slightly longer time on market when using a just-below price, similar to Palmon, Smith, and Sopranzetti (2004), but this effect 
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was less consistent. Left to a future study is the finding of Wiltermuth and Gubler (2020) regarding the effect of charm-pricing 
on the sale price of the same home in its next transaction and the potential upward rigidity (Levy et al., 2020) in just-below 
pricing following a price increase. 

 
Table 2: Unconditional Means 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

List Price n= 
Avg. 

Discount Std Dev 
ANOVA 

P-val 

Smaller 
discount 
w/JB? DOM 

Std 
Dev 

ANOVA 
P-val 

Faster sale 
w/JB? 

79,900-79,999 689 2097.8 4703.1 0.63 No 74.2 62.5 0.77 Yes 
80,000 99 1853.4 4980.0    76.2 75.5    

89,900-89,999 944 1728.5 4722.8 0.22 Yes 75.4 60.8 0.42 No 
90,000 111 2338.7 6855.8    70.4 67.4    

99,900-99,999 884 2293.9 5340.4 0.44 No 69.5 60.2 0.89 No 
100,000 90 1847.1 5999.1    68.5 59.8    

109,900-109,999 735 2259.3 5038.9 0.03 Yes** 69.6 59.8 0.66 No 
110,000 303 3144.0 7307.5    67.8 59.2    

119,900-119,999 895 2501.7 5667.5 0.77 No 68.9 61.9 0.81 Yes 
120,000 153 2354.6 6945.6    70.2 64.9    

129,900-129,999 1046 3191.9 6163.5 0.40 No 71.1 63.4 0.02 No** 
130,000 148 2720.6 7308.3    57.8 56.7    

139,900-139,999 953 3278.0 5890.6 0.03 Yes** 66.9 56.4 0.04 Yes** 
140,000 100 4702.0 10369.4    79.8 82.2    

149,900-149,999 811 3479.5 3479.1 0.03 Yes** 69.3 61.6 0.06 Yes* 
150,000 117 4986.7 8048.6    70.9 59.1    

159,900-159,999 801 4453.7 6832.4 0.44 No 71.7 61.4 0.87 No 
160,000 64 3762.2 7732.2    70.4 67.2    

169,900-169,999 690 4669.0 8154.9 0.16 Yes 70.5 64.3 0.93 Yes 
170,000 45 6389.0 7849.5    71.4 81.5    

179,900-179,999 574 5337.3 6941.7 0.01 No** 67.6 59.6 0.08 No* 
180,000 50 2594.9 11050.9    52.2 46.7    

189,900-189,999 522 6204.4 8136.4 0.94 Yes 74.5 70.3 0.73 No 
190,000 39 6269.1 9737.1    70.5 58.3    

199,900-199,999 458 5630.4 8234.0 0.02 Yes** 70.7 58.7 0.30 Yes 
200,000 59 8437.1 11466.4    79.7 77.7    

209,900-209,999 270 6862.3 8252.0 0.20 Yes 76.5 74.3 0.56 No 
210,000 112 8103.4 9825.4    71.7 75.2    

219,900-219,999 342 7066.1 8971.4 0.15 Yes 77.4 77.7 0.68 No 
220,000 59 8950.0 10648.5    72.9 82.6    

229,900-229,999 327 7209.5 7911.0 0.30 Yes 71.9 60.1 0.38 No 
230,000 47 8480.8 7446.4    63.8 57.1    

239,900-239,999 341 7725.7 9326.6 0.76 Yes 70.6 63.9 0.23 Yes 
240,000 39 8211.8 9803.4    83.5 63.0    

249,900-249,999 348 7973.6 8492.7 0.08 yes* 72.0 70.1 0.33 Yes 
250,000 67 10235.1 14620.4    81.4 80.8    

259,900-259,999 265 8163.4 7369.3 0.72 Yes 75.3 77.9 0.66 No 
260,000 24 8716.7 6310.1    67.9 72.4    

269,900-269,999 216 10283.0 12416.2 0.54 No 73.7 61.1 0.60 No 
270,000 19 8505.2 6663.3    65.8 70.0    

279,900-279,999 182 8987.7 7845.4 0.97 Yes 64.3 54.1 0.19 Yes 
280,000 22 9021.7 9547.1    81.0 72.7    

289,900-289,999 163 9507.7 10725.7 0.13 No 64.4 64.4 0.75 No 
290,000 18 5079.9 18790.7    59.4 50.5    

299,900-299,999 244 9039.1 10182.3 0.01 Yes*** 73.4 65.4 0.42 Yes 
300,000 30 14340.0 1115.2   83.6 64.7   

*,**,*** represent the result is significant at the 10%, 5%, and 1% level respectively.  
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Table 3: Results for Price Ending by Listing Price Range  

Listing Price Range 
Price 

Ending 
Coef in the 

LnSalesPrice Reg P-val 
Coef in the 
DOM Reg P-val 

$50,000-$100,000 9,9xx 0.078 0.000 3.456 0.016 
  9,000 0.015 0.042 -1.537 0.647 
  4,9xx 0.007 0.132 -3.769 0.072 
  5,000 -0.003 0.589 -1.614 0.482 
  0,000 -0.017 0.016 -0.543 0.865 
$100,001-$200,000 9,9xx 0.016 0.000 1.988 0.019 
  9,000 0.010 0.002 3.187 0.076 
  4,9xx 0.000 0.991 -0.183 0.870 
  5,000 -0.004 0.115 1.020 0.466 
  0,000 -0.016 0.000 -1.004 0.601 
$200,001-$300,000 9,9xx 0.010 0.000 0.376 0.839 
  9,000 0.014 0.001 3.966 0.153 
  4,9xx -0.013 0.000 -1.975 0.441 
  5,000 -0.002 0.609 2.910 0.274 
  0,000 -0.017 0.001 0.934 0.789 
$300,001-$400,000 9,9xx 0.021 0.000 1.188 0.757 
  9,000 0.017 0.002 0.378 0.936 
  4,9xx 0.003 0.687 -3.087 0.567 
  5,000 0.007 0.216 0.627 0.892 
  0,000 -0.003 0.659 -9.392 0.114 
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Appendix 
 

Table A1: Least Squares Results with Heteroskedastic Insensitive Errors on Houses Between $100,001 and $200,000   
  F-stat= 102.36 (P>F= 0.00)  F-stat=  42.97 (P>F=0.00)   
  R-squared= 0.783 n=28,150  R-squared= 0.149 n=28,150 
  Ln(price) equation  DOM equation 

Variable 
Coeffi 
cient 

Std. 
Error t-stat 

P-
value 

 Coeffi 
cient 

Std. 
Error t-stat 

P-
value 

constant 11.401 0.107 106.61 0.000  46.137 58.451 0.79 0.430 
twobedrooms 0.009 0.014 0.65 0.515  5.615 7.928 0.71 0.479 
threebedrooms 0.039 0.014 2.79 0.005  7.048 7.882 0.89 0.371 
fourbedrooms 0.050 0.014 3.54 0.000  8.109 7.930 1.02 0.307 
fivebedrooms 0.046 0.015 3.15 0.002  12.979 8.286 1.57 0.117 
sixplusbedrooms 0.041 0.019 2.15 0.032  11.312 10.710 1.06 0.291 
twofullbaths 0.059 0.002 30.82 0.000  2.703 1.061 2.55 0.011 
threefullbaths 0.104 0.004 27.82 0.000  -0.592 2.097 -0.28 0.778 
fourplusfullbaths 0.098 0.018 5.44 0.000  -8.920 10.034 -0.89 0.374 
onehalfbath 0.037 0.002 22.28 0.000  2.906 0.926 3.14 0.002 
twohalfbaths 0.054 0.007 8.18 0.000  8.136 3.642 2.23 0.026 
threehalfbaths -0.042 0.039 -1.09 0.276  -23.619 21.532 -1.10 0.273 
onecargarage 0.026 0.002 13.22 0.000  0.697 1.106 0.63 0.529 
twocargarage 0.066 0.002 38.98 0.000  -0.589 0.950 -0.62 0.535 
threepluscargarage 0.090 0.005 19.61 0.000  -0.908 2.553 -0.36 0.722 
centralair 0.045 0.003 14.91 0.000  0.643 1.708 0.38 0.707 
basement 0.045 0.002 27.34 0.000  -5.945 0.917 -6.49 0.000 
multiphoto -0.015 0.018 -0.84 0.403  7.662 10.068 0.76 0.447 
vacant -0.050 0.003 -20.01 0.000  -6.183 1.396 -4.43 0.000 
six-ten_yearsold -0.013 0.003 -4.36 0.000  -6.836 1.685 -4.06 0.000 
eleven-twenty_yearsold -0.031 0.003 -9.12 0.000  -5.073 1.914 -2.65 0.008 
twentysix-fifty_yearsold -0.054 0.004 -14.94 0.000  -4.727 2.013 -2.35 0.019 
fiftyone_hundred_yearsold -0.033 0.004 -7.82 0.000  -5.189 2.368 -2.19 0.028 
hundredplus_yearsold -0.041 0.007 -6.11 0.000  -5.297 3.787 -1.40 0.162 
relist -0.004 0.002 -1.78 0.074  -15.540 1.289 -12.1 0.000 
dual -0.006 0.002 -4.09 0.000  4.443 0.847 5.25 0.000 
same_office -0.003 0.003 -1.01 0.310  0.507 1.059 0.53 0.599 
sqft>=1150, <1499 0.037 0.003 14.45 0.000  1.214 1.414 0.86 0.390 
sqft>=1499, <1899 0.091 0.003 34.15 0.000  5.190 1.493 3.48 0.001 
sqft>=1899, <2579 0.128 0.003 43.26 0.000  8.131 1.650 4.93 0.000 
sqft>=2579 0.172 0.004 44.42 0.000  8.608 2.169 3.97 0.000 
unknown_acreage -0.004 0.002 -1.95 0.051  3.014 1.064 2.83 0.005 
acreage>=0.25, <0.5 -0.002 0.002 -0.79 0.427  4.157 1.348 3.08 0.002 
acreage>=0.5, <1.0 0.026 0.004 6.96 0.000  8.651 2.118 4.09 0.000 
acreage>=1.0, <5.0 0.084 0.004 20.08 0.000  9.039 2.336 3.87 0.000 
acreage>=5.0, <20.0 0.149 0.006 25.22 0.000  6.863 3.315 2.07 0.038 
acreage>20.0 0.168 0.016 10.78 0.000  -4.602 8.666 -0.53 0.595 
pool 0.034 0.004 9.71 0.000  -1.220 1.955 -0.62 0.533 
fireplace 0.026 0.001 18.45 0.000  0.808 0.798 1.01 0.311 
agentowned 0.019 0.007 2.85 0.004  4.100 3.641 1.13 0.260 
99xx 0.016 0.002 10.80 0.000  1.988 0.849 2.34 0.019 
9000 0.010 0.003 3.12 0.002  3.187 1.796 1.77 0.076 
4900 0.000 0.002 -0.01 0.991  -0.183 1.123 -0.16 0.870 
5000 -0.004 0.003 -1.57 0.115  1.020 1.400 0.73 0.466 
0 -0.016 0.003 -4.71 0.000  -1.004 1.919 -0.52 0.601 
Note: Subdivision and yearly fixed effects are included in the regression but not reported. Omitted reference groups in binaries 
are as follows: onebedroom, onefullbath, zerohalfbaths, no_garageis, sqft<1150, and acreage<0.25. 
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Framing for Dollars: The Effect of Advanced Defensive 
Metrics on Catchers’ Salaries 
Thomas A. Carnes and E. Frank Stephenson, Berry College 
Clay G. Collins, West Virginia University 
 

Abstract 
 
Installation of the PITCHf/x pitch tracking system in major league ballparks led to the creation of new metrics of catchers’ 
defensive performance.  Using data on free agent signings from 2008 to 2014, this paper shows that catcher salaries adjusted 
to reflect the new defensive metrics once teams realized the value of the new catcher defense measures. 
 
JEL Codes: J30, Z22 
Keywords: Defensive metrics, catchers, player salaries 
 

Introduction 
 

Beginning in the mid-1990s, the Pittsburgh Pirates compiled twenty consecutive losing seasons, an unprecedented streak 
of futility among North American professional sports teams. Desperate to turn around the franchise’s fortunes but constrained 
by one of Major League Baseball’s smallest payrolls, the Pirates launched a Moneyball-like quest to identify skills that were 
undervalued in baseball’s labor market (Sawchik, 2015). Utilizing data on pitch location and called strikes that became available 
after the PITCHf/x system of cameras was installed in ballparks, the Pirates realized that catchers could have a large influence 
on umpires’ strike calls and therefore on the outcome of games via “pitch-framing,” the ability to receive borderline pitches in 
a way that makes them more likely to be called strikes by umpires. Acting on this insight, the Pirates signed free agent catcher 
Russell Martin, one of the top pitch-framing catchers, during the 2012-2013 offseason. The Pirates, aided in large part by 
Martin’s pitch-framing skills, compiled a winning 2013 season and, in doing so, drew baseball’s attention to the previously 
unquantifiable skill of pitch-framing (Sawchik, 2015). 

The idea that catchers might be able to influence umpires’ ball and strike calls is not new. Over 130 years ago, National 
League president Nick Young told umpires in 1887 not to be fooled by catchers receiving a pitch off the plate but moving their 
glove over the plate while catching it in order to make a ball appear to be a strike (Bauer, 2018). Brooklyn Dodgers’ executive 
Al Campanis in 1954 wrote, “The good receiver often makes many doubtful strikes pitches by catching the ball properly… (I)t 
is done by bringing all close pitchers toward the belt buckle if they are just inside or outside of home plate… Deception in this 
case is quite ethical and part of the game” (Neyer, 2018, pp. 208-209). And the Milwaukee Brewers’ Major League Baseball 
Manual, published in 1982, has a chapter, complete with photographs, on “Framing the Plate.” The goal, according to the 
manual, is “to have every strike called a strike. We especially want the marginal strike, the ‘stri-ball,’ called a strike” 
(Milwaukee Brewers Baseball Club, 1982, p. 51). The notion of framing is nearly as old as the game itself, but the innovation 
in recent years is the ability to measure catchers’ framing ability using modern technology. 

Since teams other than the Pirates had not yet realized that PITCHf/x data could be used to quantify pitch framing, the 
Pirates’ signing of Martin to a lucrative two-year $17 million contract even though he was coming off a mediocre offensive 
season was considered an overpay by baseball analysts (Sawchik, 2015, p. 72). The Pirates’ success with Martin led teams to 
realize that paying a premium for catchers with strong pitch framing skills.  This paper examines the change in catchers’ 
compensation before and after the Martin signing. 

Previous research such as Hakes and Sauer (2006) and Krautmann, Allmen, and Berri (2009) find that, conditional on 
offensive performance, catchers receive a pay premium relative to other positions and attribute this finding to the defensive 
importance of catchers.  However, there are no papers analyzing how the variation in defensive performance among catchers 
affects salaries among catchers. With the notable exception of Bradbury’s (2007) examination of determinants of pitchers’ 
salaries, this paper differs from previous work on baseball’s labor market because it focuses solely on compensation for players 
at a single position rather than across positions. The expectation is that baseball’s labor market adjusted after seeing the value 
that Martin provided for the Pirates. That baseball’s labor market can quickly adjust the market valuation of previously 
underpriced skills was shown by Hakes and Sauer’s (2006, 2007) analyses of the pricing of the ability to get on base. The focus 
herein is on the relationship between catchers’ pay and advanced defensive metrics measuring catchers’ ability to garner extra 
strike calls via pitch-framing or to block errant pitches that might otherwise have been classified as wild pitches or passed balls. 

Following papers such as Krautmann (1999), Holmes (2011), Alm, Kaempfer, and Sennoga (2012), and Zimmerfaust 
(2018), this paper assumes that free agent salaries reflect players’ marginal revenue products. However, as noted by Bradbury 



Academy of Economics and Finance Journal . Volume 11  . 2020 
 

22 
 

(2009), free agent salaries can diverge from players’ marginal revenue products for reasons including thin markets, players’ 
locational preferences, and the availability of cheap substitutes in the form of players who are not yet eligible for free agency.  

 
Empirical Framework 

 
To test for the effect of defensive metrics on catchers’ salaries, this paper uses data on catchers who signed free agent 

contracts during the 2008-2009 to 2014-2015 offseasons. The analysis begins with 2008-2009 because advanced defensive 
metrics are not available before the 2008 installation of PITCHf/x in all major league ballparks. The sample consists of 99 
catchers listed on ESPN’s free agent tracker as signing free agent contracts between 2008-2009 and 2014-2015. (Hereafter, the 
paper follows the ESPN Free Agent Tracker’s convention of referring to offseasons using their first year ; e.g., 2008 for the 
2008-2009 offseason.) 

The following regression model is used for the analysis: 
 

Salary = β0 + β1ExtraStrikeRate + β2PBWPRate + β3ExtraStrikeRate*DV20132014 + β4PBWPRate*DV20132014 + 
β5OBP + β6SLG + β7OBP*DV20132014 + β8SLG*DV20132014 + β9GamesPlayed + β10DV20132014 +  

(1) 

 
The dependent variable is Salary, the amount (in millions and adjusted for inflation) the catcher earned in the season after 

signing his free agent contract. For players signing multi-year contracts, Salary is defined as the total contract amount divided 
by the duration of the contract (i.e., the contract’s average annual value). Summary statistics for Salary and the explanatory 
variables are given in Table 1. 

As explained earlier, the variables of interest are the defensive metrics which measure catchers’ ability to “frame” pitches 
and to reduce passed balls and wild pitches. ExtraStrikeRate is defined as the number of “extra strikes” a player is estimated to 
earn by framing per 100 pitches received. There is a narrow band, determined by PITCHf/x, on either side of home plate in 
which pitches are equally likely to be called strikes or balls by umpires. “Extra strikes” are determined by how many strike 
calls a catcher obtains on pitches in this narrow band on either side of the plate. A positive number such as Russell Martin’s 
1.7 extra strikes per 100 borderline pitches means that a catcher gets more strike calls than average catchers while a negative 
number means that a catcher gets fewer strikes than average called on borderline pitches. 

In addition to pitch-framing, data from PITCHf/x can also be used to quantify catchers’ ability to prevent wild pitches and 
passed balls. Hence, PBWPRate is defined as the number of passed balls and wild pitches prevented per 100 pitches received.  
The model also includes an interaction term for each of the defensive metrics and a dummy variable for the 2013 and 2014 
offseasons. Hence the specification allows for different relationships between salary and the defensive metrics before and after 
the Pirates’ signing of Russell Martin drew attention to catchers’ defensive value. If the Martin signing did lead to increased 
valuation of catchers’ defense, then β3 and β4 would have positive signs. If pitch framing skill could be accurately judged before 
the advent of PITCHf/x then β1 would be positive and β3 would not be different from zero. 

In addition to the defensive metrics, the model also includes players’ on-base percentage (OBP), slugging percentage (SLG) 
to control for differences in catchers’ offensive performance. Both OBP and SLG are also interacted with the 2013-2014 dummy 
variable to allow for the possibility that the remuneration for catchers’ offensive skills changed in the 2013 and 2014 offseasons. 
The number of games played (GamesPlayed) in the season prior to catchers’ signing their free agent contract signings is also 
included; this variable is expected to be positively related to Salary. Lastly, a dummy variable for the 2013 and 2014 offseasons 
is included to control for any overall change in catcher’s salaries over time. 

 

Table 1: Summary Statistics 

Variable Mean Std. Dev. Min Max 

Salary (Average Annual Value in Millions) 3.31 3.34 0.52 18.29 

Games Played 68.35 35.56 7 138 

On-base Percentage 0.301 0.041 0.143 0.403 

Slugging Percentage 0.365 0.076 0.100 0.545 

Dummy for 2013 & 2014 0.263 0.442 0 1 

Extra Strike Rate 0.324 1.127 -2.042 3.183 

Passed Ball & Wild Pitch Save Rate 0.124 0.818 -2.609 3.874 
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Results 
 

Only 69 of the 99 free agent catchers in the dataset signed major league contracts, with the other 30 signing minor league 
contracts. Major league contracts come with guaranteed pay while minor league contracts do not come with guaranteed pay. 
More importantly for this paper’s purposes, minor league contracts do not specify the contract amount (salary). Thus, the model 
is estimated two ways. First, the model is estimated for the 69 catchers who signed major league contracts via ordinary least 
squares (OLS) with standard errors clustered by year. Second, the model uses all 99 catchers and employs the Heckman two-
step estimator to control for sample selection that may exist among catchers signing major or minor league contracts. The 
distribution of catchers between major and minor league contracts is not likely to be random; the catchers signing major league 
deals with guaranteed salaries are likely to be better than the catchers signing minor league deals. The Heckman two-step 
procedure accounts for the likely selection bias between major league and minor league contracts. In addition to the explanatory 
variables included in the model, catchers’ age and its square are used in the first stage Heckman regression because, ceteris 
paribus, older catchers near the end of their careers are more likely to sign minor league contracts than are younger catchers. 

Results for the two regression models are reported in Table 2. The first column contains the OLS results and the second 
column contains Heckman two-step results. The estimated coefficients in both specifications are similar for most of the 
explanatory variables as one might expect since the inverse Mills ratio in the Heckman two-step specification is not statistically 
significant (p=0.101).  

 
Table 2: Estimation Results 
Variable OLS Heckman Two Step 
Extra Strike Rate*2013-2014 1.908* 1.998** 

 (0.593) (0.707) 
Passed Ball & Wild Pitch Save Rate*2013-2014 14.585 13.530** 

 (6.753) (4.050) 
Extra Strike Rate 0.194 0.264 

 (0.298) (0.297) 
Passed Ball & Wild Pitch Save Rate 0.018 0.296 

 (0.139) (0.410) 
On-base Percentage*2013-2014 41.397* 42.034* 
 (15.010) (21.186) 
Slugging Percentage*2013-2014 -2.969 -7.134 

 (6.941) (12.574) 
On-base Percentage 2.603 3.239 

 (8.661) (10.188) 
Slugging Percentage 9.223 14.573* 
 (4.152) (6.083) 
Games Played 0.053* 0.069** 
 (0.015) (0.013) 
Dummy for 2013-2014 Seasons -10.671 -9.125 
 (6.515) (5.571) 
Inverse Mills Ratio  2.338 

  (1.376) 
Constant -5.924** -10.166** 
  (0.986) (3.945) 
Notes: The dependent variable is Salary (in millions of inflation adjusted dollars).  Parentheses contain standard errors.  
Statistical significance denoted by ** p<0.01 and * p<0.05. 

 
For the variables of interest—the defensive metrics interacted with the dummy variable for 2013 and 2014 free agent 

signings—the estimated coefficients are positive and statistically significant. An increase in the extra strike rate by one strike 
per 100 pitches (almost one standard deviation) is associated with a salary increase of almost $2 million in both the OLS and 
Heckman results. By contrast, the relationship between the extra strike rate and salary is both small and statistically insignificant 
for signings prior to the 2013 offseason. This result implies that framing ability was not “priced into” catchers’ salaries prior 
to Martin’s signing with the Pirates. 
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 For further perspective on this result, starting catchers with normal usage over a season have about 7,000 chances to frame 
a pitch. Therefore, a rate of 1 additional strike per 100 pitches would correspond to 70 additional strikes over the course of a 
season. Baseball Prospectus, the source of the catcher framing data, calculates that a run is saved for every seven strikes gleaned 
from pitch-framing. A sabermetric rule of thumb is that 10 runs prevented by better defense (or added by better offense) is 
worth about one additional win for a player’s team. Hence, an increase of one strike per 100 pitches received is roughly 
equivalent to an additional win for a catcher’s team. Swartz (2017) estimates that the price of a win in baseball’s free agent 
market was about $7.5 million in 2013 so our estimate of approximately $2 million for an additional win is relatively cheap.  

The results for the ability to prevent passed balls and wild pitches show a similar pattern—the estimated relationship for 
the early years of the data is small and not statistically significant but it is large and significant for signings in the 2013 and 
2014 offseasons. This result also supports the notion that beginning in the 2013 offseason catchers’ salaries adjusted to newly 
available information on defensive ability. 

As for the other variables, games played is positively related to catchers’ free agent salaries suggesting that increased 
durability garners higher pay whereas injuries reduce players’ subsequent free agent salaries. The dummy for the 2013 and 
2014 offseasons indicates that overall catcher salaries did not increase in the 2013 and 2014 offseasons. 

 
Conclusion 

 
The advent of new data collection tools for determining pitch locations as they pass over or near home plate led to the 

creation of new metrics for evaluating catchers’ defensive abilities. This paper shows that the baseball labor market adjusted 
to the newly available information on player performance once teams discovered the applicability of these new metrics. In 
particular, free agent catcher salaries in 2013 and 2014 show a strong positive correlation with catchers’ ability to frame pitches 
and block errant pitches. 

The advent of new defensive metrics and their being priced into catchers’ salaries further increases the efficiency of the 
baseball labor market. Since larger market teams have the ability to outbid smaller market teams, the increased efficiency of 
baseball’s labor market should, over time, strengthen the relationship between payroll size and teams’ winning percentage.  
Hence, the new metrics may have consequences for competitive balance over time. 
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Abstract 
 

This paper considers sustainable interventions for residential and multifamily property owners and managers to reduce 
operating expenses. These include environmentally beneficial solar photovoltaic (PV) installations alongside other 
technological innovations that reduce maintenance and utility expenses, thereby enhancing free cash flows. Retrofit and 
replacement of existing equipment, insulation improvements, water recapture and conservation systems, solar thermal 
installations, alongside investment incentives for solar photovoltaics, allow positive net present value (NPV) opportunities and 
guard against future utility increases whilst contributing towards sustainability. A stakeholder financial decision-making 
framework, validated using US case study data, facilitates discussion of the implications for non-participants and utility 
companies. 

 
JEL Codes: D12, E22, M14 
Keywords: Household Economics, Solar Investment, Social Responsibility 

 
Introduction 

 
Residential and multifamily assets are typically a substantial investment for property owners and investors whether private 

or commercial. In economic terms a residential property is traditionally viewed as an investment by the householder in the 
provision of shelter, unless the home is intentionally leased out. In most cases however, the residential home is considered 
more of a cost center, or liability, rather than an asset or income generator. The multifamily commercial asset nonetheless 
typically provides for a revenue stream directly to investors. Like any commercial investment, recent opportunities to develop 
technologically-driven passive revenue streams from homeownership have become widely available, making this research area 
especially worthy of investigation since housing typically represents the single biggest asset available to most owners. This 
research elucidates the potential for substantial savings in both residential and multifamily assets, with the added benefit of 
ameliorating sustainability and responsible business practices.  

Costs associated with residential or multifamily operations, in addition to annual overhead or operating budgets, include 
energy, water, sewage and other related expenditures such as property taxes, as well as any maintenance incurred in preserving 
the utility of the asset. In addition to the cost of labor, expenses within residential assets can be segregated into three distinct 
categories. The first category would be taxes, such as property taxes and other taxes associated with the specific asset. The 
second area comprises the ongoing net operating expenses themselves, such as electricity, water, sewer or other utility type 
expenses. The third cost center could be associated with the ongoing maintenance and upkeep to preserve the integrity of the 
asset, providing comfort in addition to the more basic utility of shelter. The focus of this paper is on the second of these three 
categories, analyzing revenue generating or cost reducing strategies that may directly offset rising utility costs and thereby 
minimize the net impact of these on underlying cash flows. When considering different sources of potential income associated 
with a home, some of these can offset different cost centers. In the case of utility bills there are various forms of income derived 
from alternative energy sources, that have an initial up-front cost but when viewed as investments, have a much more consistent 
payback over the long run.  

Utility bills represent a critical component of residential and multifamily assets but can appear largely outside the realm of 
what the owner/operator directly controls. However, the likely future trajectory of utility pricing is already anticipated to be 
quite high, especially in the more recent lower inflationary environment, where cost-plus regulated utility charging remains the 
default consumer-pricing model. In a lower interest rate environment, such regulated expenses are likely to become a 
proportionately more significant element of total asset operating costs. Indeed, the Environmental Protection Agency (EPA, 
2009) for instance forewarns that investment in U.S. drinking water infrastructure improvements for 2017-2027 will cost a 
third of a trillion dollars, all of which will be paid for via higher utility billings. Furthermore, in respect of electricity prices, 
the U.S. Energy Information Administration (EIA) Annual Energy Outlook 2019 corroborates projected electricity price 
increases throughout the next three decades. Given rising costs of utilities  already experienced over the last decade, coupled 
with projections founded upon regulatory-imposed increases due to infrastructure spending and energy efficiency measures, 
prudent residential and multifamily owners must carefully consider ancillary operating investments as substitutes for direct 
utility provision. This should promote reduced ongoing net utility bills and allow the householder to mount a defense against 
foreseeable future cost increases in either energy or water consumption, thereby enhancing their own prospective free cash 
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flows. This paper will therefore discuss the potential savings to both water and solar projects of small and large residential 
projects alongside other potential interventions accordingly.  

 
Literature Review 

 
Householders may reduce or even eliminate their electricity bill altogether when they live in a fully solar-powered home 

according to Farhar and Coburn (2008), deriving a triple-net positive net present value (hereinafter referred to as NPV, where 
this is defined as the value of all future cash flows (positive and negative) over the entire life of an investment, discounted to 
the present). This triple-net positive NPV is derived from ongoing reduced outflows in the form of lower utility bills post 
installation, increased eventual sales price for homes incorporating solar panels, alongside net metering reimbursement 
payments enjoyed by householders in the interim. According to Sivaram (2018) the whole life cost of solar energy generation 
can be as low as $1 per kilowatt, and installed equipment falls typically in the range of $2 to $3 per kilowatt. A typical 10kW 
solar array installation may therefore cost somewhere between $20,000 and $30,000, before federal tax credits. Solar panels 
save money short term, and more importantly protect the homeowner from increasing utility rates for the 20+ years that they 
are typically guaranteed by the manufacturer to generate electricity. When making NPV calculations however, operators 
typically look at what current utility rates are in determining anticipated future financial outcomes, crucially ignoring probable 
real increases in utility billings, which suggests such conservative repayment estimates may underrepresent true returns 
attainable by investors. Modern solar panels have life spans well beyond the standard 25-year manufacturer warranty typically 
available at installation, although efficiency of the conversion capabilities of the panels, alongside associated invertors or 
optimizers are likely to degrade over time. Moreover, the advent of newer technologies may be anticipated to increase the 
energy conversion efficiency of replacement units sufficiently to make it likely that the primary consumable elements would 
be worth upgrading (in terms of their incremental cash flow generation due to greater efficiency) prior to the expiration of their 
useful service lives. Whilst insulation against potential, or even anticipated increases in electricity rates is a powerful motivation 
for installing a solar system, recent advances in manufacturing technology have actually made solar competitive in levelized 
production costs against a range of alternative energy sources. 
 
Figure 1: Levelized Energy Production Costs in MWh (2019 prices)  

 
 
Figure 1 shows that the overall cost of solar and wind is now competitive with the costs typified by traditional non-

renewable energy sources. Arguments suggesting the solar industry remains a ‘dirty’ energy intensive industry, refer back to 
early solar production issues identified in the Solar Scorecard created by the Silicon Valley Toxics Coalition (see Nunez, 2014) 
where several competitors were using inefficient methods to produce solar cells that appeared energy cost negative due to the 
embodied energy of material and production. However, Dale and Benson (2013) have shown that since 2012 aggregate solar 
production has eliminated any net cost debt and is now considered net positive in terms of generation versus cost, as reflected 
in subsequent Solar Scorecards issued.  
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The UNCTAD 2020 world investment report details that two-thirds of infrastructure projects within the developed and 
developing worlds now involve renewable energy, since costs of solar energy production have dropped by over 80% to become 
competitive with alternative forms. Indeed, Guerrero et al. (2020) demonstrate how residential solar power has become a peer 
to peer power network, with some large system solar producers feeding power to nearest neighbors beyond what is consumed 
by an individual solar household. While energy prices have generally risen, retail residential electricity rates (price per kilowatt-
hour, or ¢/kWh) shown in Figure 2 have risen across the US about 15% over the last 10 years according to Energysage (2020).  
 
Figure 2: Average Monthly Retail Prices of US Electricity

 
 
Whenever making home improvements, such as for example the decision to install solar panels on one’s roof, it is also 

important to evaluate how they will impact the asset’s final sales price (see Dastrup et al. 2012). In multiple studies by the 
Lawrence Berkeley National Laboratory (LBNL), a research laboratory funded by the U.S. Department of Energy, time series 
sales data have shown that solar can improve the value of a home significantly. According to Adomatis and Hoen’s (2016) 
analysis of sales of solar photovoltaic homes within six different states over 11 years, on average, homebuyers were 
“consistently willing to pay premiums for PV installation homes” of approximately $4 per watt of installed capacity. This 
means that according to Hoen et al. (2011) for a representative 10Kw solar system (whose production is considered sufficient 
to cover the average energy consumption of a typical household), a $40,000 home appreciation would ensue.  

Tax breaks and other incentives drastically reduce true post-installation costs, given the benefit of an immediate 26% 
Federal solar tax credit (in 2020) that reduces taxes paid by the homeowner in the concurrent filing year (and can also be carried 
forward), reducing total net solar installation costs further. Indeed, the average cost to install domestic solar systems in the U.S. 
is now $2.96 per watt ($29,600 for a 10-kilowatt system) according to Tarbi (2020), due to size-ranged economies of scale 
becoming even more pronounced, as originally anticipated by Black (2009). This means that inclusive of the tax break, the 
benefits could suggest up to 100% return in after tax dollars for new solar installations, and in respect of prospective future 
home sales, the seller is likely to recoup such costs and appreciably more as previously concluded by Hoen et al. (2013). This 
ignores any direct ongoing cash flow benefits of lower operating costs in the form of reduced utility bills on the home, whilst 
the property remains in occupation.  

Although this paper primarily focuses on household sustainability, there is a larger context alluded to by Kumar (2020) 
regarding sustainability, the impact on the environment and environmentally beneficial advantages of solar playing a major 
role in the future U.S. electricity system. According to Lemaire (2004) sustainable energy provision should meet current needs 
without compromising future generations’ ability to do so or causing long-term damage to the environment. Sustainable energy 
supply thus implies optimized use of energy, minimized pollution and a permanent reduction in fossil fuel energy consumption 
due to negative environmental externalities. Using the National Renewable Energy Laboratory’s Regional Energy Deployment 
System, Wiser et al. (2016) provide a detailed analysis for the enduring environmental benefits of solar deployment, meeting 
requirements to be considered as both sustainable and environmentally beneficial. Their report notes that quite apart from the 
direct clean energy benefits, solar has additional potential future environmental merits built on water-use reduction. This 
includes annual withdrawal and consumption savings of 294 billion gallons (0.8% of power sector total) and 7.6 billion gallons 
(0.5% or power sector total) respectively versus conventional energy production, with much of those savings located in drought-
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impacted California. This complements Hoen et al. (2015) study that examined the environmental benefits of achieving high 
solar PV penetration rates in the US and quantified the true costs and benefits over and above those of conventional energy 
generating technologies.  

 
PV Case Studies 

 
Increased property value is of course merely one component of a solar installation’s financial return, as householders should 

also consider any investment based on reducing their ongoing monthly electricity bills, as well as the householder’s impact on 
the environment via producing emissions-free electricity for their home. Admittedly in the light of recent tax changes under 
the Tax Cuts and Jobs Act 2017 (see Marsan, 2018), including raising the standard deduction and reducing the deductibility of 
other items such as mortgage interest and property taxes, the incentive pendulum appears to have swung more favorably towards 
solar incentives for new systems, given a receding availability of alternative tax benefits to home ownership. In fact, the 
incentives are now so significant, that many solar financing options are available at low-interest, and may often require no 
money down, because the gain is sufficiently large, over a long enough time horizon, to be shared with an investor. The 
downside to the solar installation process however is that it is more complicated than other typical home improvement projects, 
involving skilled tradesmen such as a master electrician, alongside permitting and utility interoperating agreements and 
inspections. Unlike a disruptive home remodeling project, solar can often be installed within a couple of days, even for the 
larger systems. From a financial standpoint, home equity lines of credit (or HELOCs), can be used to ‘go solar’, although the 
interest deductibility previously available under this option has recently become more limited. Notwithstanding recent tax 
reforms, the principal tax break remains in respect of interest paid on HELOCs according to the IRS (2018), provided it is 
within limits and being used directly for improvements to the home. It should be noted that these provisions can still be used 
as relatively inexpensive forms of borrowing to make such updates to a property, although the total interest deduction claimed 
may now be no more than $750,000 of total debt (for married couples filing jointly), or $375,000 for single filers, and total 
loans may not exceed the value of the home.  

An efficiently located 10-kilowatt solar photovoltaic, or PV, system can generate the equivalent of a typical household’s 
annual electricity use. This representative size of solar system is standardized within the literature (see Hoen et al., 2011) and 
could require approximately 30 solar panels of circa 350w each, covering approximately 1,000 square feet of roof deck. This 
requisite roof area is calculated using a standard panel sizing of approximately 66” by 40”, whilst retaining a 2’ minimum 
maintenance and servicing set back from the roof edge, on all sides. It should also be pointed out that these calculations are 
based on current panel efficiencies, and as these increase the net roof space requirements are likely to moderate accordingly. 
Whilst smaller systems remain feasible given roof deck sizes in appropriate orientations may be limited, these operate below 
minimum efficient scale. Larger systems, which could present further economies of scale risk breaching generation limitations 
imposed by local utility companies on Tier 1 installations. The Tier 1 calculation limit imposes higher insurance charges for 
generation capacity installed beyond a net 10kW of generation capacity.  

Such regulations at the State level are unique to Florida, but apparently for safety reasons mandate a maximum generation 
capacity in the local supply loop to avoid potential injury to line engineers working in the field. These generally require 
additional homeowner coverage of typically $1m plus liability insurance, to exceed the proscribed generation limits. One 
potential solution to circumvent this added insurance burden is available for multiple home owners via an umbrella insurance 
policy to meet such higher insurance requirements, which may prove more cost effective that attempting to raise the coverage 
on a single dwelling. Note that in considering the largest system possible within the confines of the Tier 1 threshold, there is 
an 85% efficiency factor allowance for average losses on DC-AC conversion. In practical terms this means that the largest Tier 
1 compliant installation would be no greater than 11.76kW (or 10kW/0.85). Actual installations will necessarily be rounded 
down to the nearest whole panel size, limiting generation capacity based on available roof space and the specific rating of the 
panels used. Compliant systems will thus effectively range from between 10kW and slightly under 11.76kW of installed 
capacity. To verify installed performance, two similar circa 10kW installations within Central Florida were validated to 
determine the likely return and payback horizon to owners based upon case study data.  

 
  Table 1: Energy Production (in MWh) at Thistle Ln, Maitland, FL 11.5Kw system; Net Investment $21,0001. 

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total 
2017 1.17 1.28 1.64 1.62 1.66 1.05 1.27 1.35 1.09 1.31 1.09 1.13 15.66 
2016 n/a n/a n/a n/a n/a n/a n/a n/a n/a 1.34 1.23 1.12 3.69 
Mean 1.17 1.28 1.64 1.62 1.66 1.05 1.27 1.35 1.09 1.33 1.16 1.13 15.21 

$ Return2 $161 $180 $243 $240 $247 $140 $178 $192 $147 $188 $159 $153 $2,2293 
1Net of Tax Rebate. 2N.B. <1000Kwh @$0.13/Kwh, >1000Kwh@$0.18/Kwh. 3Annual return on investment = 10.61% 
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Figure 3: Energy Production in MWh at Thistle Ln, Maitland, FL 11.5Kw system 

 
 
Table 2:  Energy Production (in MWh) at Carolina Wren Dr, Ocoee, FL 9.9Kw system; Net Investment $15,7501 

Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total 
2016 0.77 1.08 1.16 1.27 1.38 1.12 1.24 n/a n/a n/a n/a n/a 8.02 
2015 0.93 0.90 1.14 1.13 1.23 1.20 1.35 1.08 0.94 1.01 0.84 0.69 12.44 
2014 0.92 0.96 1.28 1.31 1.17 1.20 1.47 1.30 0.95 1.20 0.89 0.80 13.44 
2013 1.15 1.08 1.50 1.30 1.49 1.24 1.26 1.30 1.19 1.23 0.86 0.97 14.57 
2012 0.94 1.04 1.41 1.53 1.47 1.24 1.43 1.25 1.21 1.20 0.86 0.82 14.40 
Mean 0.94 1.01 1.30 1.31 1.35 1.20 1.35 1.23 1.07 1.16 0.86 0.82 13.72 
$ return2 $123 $133 $183 $185 $192 $166 $192 $172 $144 $159 $113 $108 $1,8723 

1 Net of Tax Rebate. 2 <1000Kwh @$0.13/Kwh, >1000Kwh@$0.18/Kwh. 3Annual return on investment = 11.88% 
 

Figure 4: Energy Production in MWh, 2012-2016, Carolina Wren Dr, Ocoee, FL. 

 
 

In the previous tables and figures the data has been presented in actual net production terms, and is assumed to be sufficient 
to cover average annual energy consumption of a typical household, based upon average monthly consumption, as opposed to 
peak energy demands. This is due to the differential observed between retail prices paid by electricity consumers, versus energy 
credits applied retrospectively by utility companies for net power generation, as a result of the proportion excluded for 
transmission and distribution fees. Moreover, most utility providers minimize any reimbursement based on aggregate net annual 
production, rather than reconciling on a more frequent basis, dissuading households from installing larger systems designed 
with their peak energy demands in mind. Furthermore, maintenance costs other than annual cleaning, are typically warranty 
repairs given solar panels and micro inverters are usually guaranteed for 20 or more years by the manufacturer from the date 
of system commissioning. 

 Based on the above illustrations, which exemplify the seasonality associated with solar power generation, a representative 
10Kw array should generate somewhere between $150 and $250 a month in actual electricity production value to the 
householder, depending on ambient temperature, the array’s orientation, sun versus shading and effective exposure. If net 
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metering can be arranged this can therefore yield between $1,800 and $3,000 of effective annual income. On the initial net 
investment this is between a 6% and 9% return, half of which is from the electricity generated versus utility costs, and the other 
half from the various cost recovery, fuel surcharges, and transmission costs otherwise imposed by utility operators. In 2020, 
the US government offered a one-time rebate of 26% of the installation costs of an array, lowering overall out-of-pocket 
expense by 26% on a tax rebate via an individual’s prospective tax return. Whilst this tax rebate will fall to 22% in the 2021 
tax year, this still effectively raises the annual rate of return on investment to over 10% meaning payback would thus occur in 
less than 10 years. It is worth noting that in terms of insolation levels, Florida is favorably positioned behind New Mexico and 
Arizona according to the National Renewable Energy Laboratory, suggesting that infield performance and associated rates of 
return generated at our case studies could be viewed as approaching an upper bound. 

When contrasting the payback of the solar array to a typical investment, the former guarantees a higher rate of return for a 
consistently longer period – in essence the solar income behaves as if the investor had purchased an inflation protected bond, 
deflecting the likely trajectory of any future utility cost rises. Moreover, the static payback window is constantly compressing, 
partly due to falling solar panel prices (recent import tariffs notwithstanding) and other direct input costs, but also due to rising 
utility costs themselves. This dynamically makes solar an even better incremental return, versus the static calculations 
undertaken at the time of installation. Furthermore, should the future of the automobile prove to be electric vehicles, then a 
simple output adaptation of a domestic solar array could become a prospective form of subsidized transportation to the 
householder as well. Finally, ancillary maintenance benefits accrue as solar panels effectively shield the roof from an element 
of environmental degradation and are therefore likely to extend the useful life of a roof, with commensurate reductions in re-
roofing costs over time.  

It is important to consider the power utility portion of a homeowners’ cost frontier, representing a combination of outgoings 
from operation of the household and associated utility demands required, versus revenue from net metering or other forms of 
power generation that offset these costs and in more extreme cases, provide positive net income generation.  

 
Let U = Ui - Uc (1) 

where Uc represents utility cost and Ui represents utility income. 
Ui would represent any income that could be created by homeowner-generated energy. 
Uc represents any costs imposed on homeowners for energy production.  

 
The homeowner would be best served if they could maximize U, which involves either maximizing Ui or minimizing Uc, 

or some combination. However, power utilities have created many barriers that prevent homeowners from generating high 
levels of direct income. Penn (2019) illustrates that in many cases nationwide utility companies such as Duke Energy and others 
have managed to convince the local legislatures to lower the revenue due to the homeowner. Once it exceeds their direct 
consumption, only once every 12 months does the utility company have to pay the customer in arrears, based on a set rate per 
kWh of excess net energy actually produced. However, this reimbursement rate is set at a much lower rate than the customer 
would be effectively spending to consume the same amount of electricity under a direct purchase agreement without net 
metering. This places a ceiling on the homeowner’s upside potential, and thus it makes sense for them to use the excess energy 
credits directly via consumption, instead of cashing them in at the end of the year. If the homeowner installed the maximum 
array size, effectively eliminating their electric bill altogether, any incremental electricity generated beyond what is actually 
utilized would only be compensated at less than half the equivalent income offset against the costs of electricity consumption. 
The downside being that it makes the cost of installing additional solar panels beyond the average base load requirements, a 
drag on marginal income generation which implies a marginally slower payback. The effect being to limit consumer system 
sizes, as the greatest benefit accrues to systems appropriately sized for current consumption requirements only. Ironically, 
power generation that is not consumed by the installing homeowner in peak periods still invariably flows to homes of proximate 
neighbors, who cannot discern any difference between excess power generated from the roof of their adjoining neighbor, versus 
fully priced power generated remotely via a substation that is otherwise powering their local neighborhood.  

Given the localized demand and likely net consumption patterns observed across local substation networks, the argument 
that solar or alternative energy generation creates powerline issues is likely more of a red herring argument rather than a real 
problem for utility companies. Utilities often complain about load issues during peak periods, such as high loads in winter with 
electric heating, and high loads in summer times with electric cooling. Most homeowners would notice on their electricity bills 
that after the first MW of electricity is consumed, the cost of power goes up markedly, the antithesis of the net metering tariffs 
affecting rebates for surplus production. In fact, in economic terms utility companies have an objective to minimize U by 
minimizing Ui, or maximizing Uc. The major objections raised by utility companies are an attempt to minimize Ui since that 
empowers homeowners to essentially become their own micro power stations, and if enough homeowners follow suit, it could 
compete with the monopolistic power of the legacy utility companies themselves. In effect this might indicate potential for 
racketeering charges given likely free rider benefits. This is certainly a grey area since the electricity actually consumed by 
adjoining neighbors is probably effectively being bought in at half the cost by the utility company from an adjacent micro 
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generator, yet immediately resupplied to the adjacent consumer on a fully allocated cost basis, thereby reducing the aggregate 
marginal demand for centralized power station provisioning and capex demands. Simultaneously this offers a tantalizing 
prospect of windfall profit, on top of the inherent cash flow advantages of the annual rebate mechanism. Thus, the homeowner’s 
financial objective will clearly be to maximize U, whilst the utilities’ objective function will be to use legislation to stifle an 
ability to do so and thus minimize U. Hence as highlighted by Penn (2019) low penetration rates in solar uptake are observed 
in the southern states with high insolence like Florida, where consumers would have the greatest economic benefit from solar 
installations. Inevitably such opposing incentive structures suggest deep regulatory and political ramifications which are well 
beyond the scope of this paper. 

An ancillary opportunity from solar investment may be found in carbon credits in some states, providing the advantage for 
homeowners to monetize their production of electricity. However, in 2010 the uncertainty of the future of tradeable carbon 
credits caused the carbon market associated with the Chicago Climate Exchange (CCX), a voluntary pilot agency, to crash 
(Bell, 2010). Furthermore, carbon credits are traded in some states, but not in others. This creates odd distortions in the market 
and makes carbon credit trading more of a state specific phenomenon than the optimal nationalized framework originally 
envisaged. In short there is too much variability in the carbon credit market presently for it to become a reliable source of 
income for homeowners who wish to increase their returns from such an alternative investment. 

 
Water Conservation Studies 

 
A cost to the owner-occupier however is water and sewage bills.  

 
Let W = Wi - Wc (2) 

where Wi represents water and sewage income, and Wc represents water and sewage costs. 
Wi would represent any income that could be created by homeowner-generated water. 
Wc represents any costs imposed on homeowners for water consumption and sewage production. 

 
According to the Water Research Foundation (see Mayer, 2016) each person uses about 80-100 gallons of water per day, 

with the average American family using more than 300 gallons of water, with roughly 70% of this use occurring indoors. 
Nationally, outdoor water use accounts for the remaining 30% of household use but can be much higher in drier parts of the 
country with typically more water-intensive landscapes. Unlike the case of electricity which comes from power utility 
monopolies, water consumption W is often dealt with by local municipalities. While a sizeable portion of the community’s 
revenue may derive from water and sewage bills charged monthly to homeowners, the cost is substantial to the community as 
a whole. According to Kane (2016) it is not clear whether these municipalities generate a significant enough profit when costs, 
operational performance, long-term debt, and rates are fully examined. Thus, any cost savings that the consumer can arrive at 
may implicitly provide a commensurate reduction in costs that the community bears on its water supply function. It is therefore 
legitimate to enquire how a homeowner might go about generating an income or pursuing a cost reduction strategy in the area 
of water and sewage. Water conservation and significant reductions in water and sewer expenses can be attained through 
equipment replacement and retrofit (Borg et al., 2013). This is demonstrated through the case studies analyzing five different 
multifamily investments, where the reduction of water and sewer expenses were highly significant in all cases. The results of 
the equipment replacement and retrofit are found in table 3 below:  
 

Table 3: Water/Sewer       
 Fort Pierce  Orlando  Jacksonville  Atlanta 1 Atlanta 2 
Standard deviation 1920.15 659.46 2,847.79 11,144.39 8105.99 
x bar  -10704.09**  31199.88**  -3544.75**  -12,472.33**  -12,980.83**  
n  12 12 12 12  12 
t =  -19.31 -16.81 -4.31 -3.88 -5.55 
Number of units  320 88 250 360 356 
Average savings per unit  $403.47  $446.27  $170.15  $615.12        $170.15 
Annual Savings  $129,110.91 $39,271.48   $42,537.01   $221,442.00  $419,461.61  
Installation Expense   $65,603  $17,921  $55,862  $71,280  $70,227 

** Significant at the 5% level 
 
The five assets were as follows: a 320-unit multifamily apartment community in Fort Pierce, FL, an 88-unit multifamily 

apartment community in the city of Orlando FL, a 250-unit apartment community in Jacksonville FL, a 360-unit apartment 
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community in Atlanta, Georgia, and a 356-unit apartment community in Atlanta, Georgia. Water and sewer expenses were 
evaluated for one year before and one year after the installation of replacement equipment at each location. In all five cases this 
replaced devices and equipment such as toilets, showers, and sink aerators with new equipment to reduce consumption and 
thereby lowered water and sewer expenses. The quality of the water pressure usage from the newly installed equipment and 
devices were minimally recognized by consumers. The equipment replacement included installing 1.6-gallon flush toilets to 
replace the 2.5-gallon flush toilets in Jacksonville. In Orlando FL, Fort Pierce FL and both assets in Atlanta GA, 2-gallon toilets 
were replaced with .80-gallon flush toilets.  

In regards to external consumption amelioration, in many cases small investments in guttering on the dwelling can divert 
rainwater, which is otherwise destructive to the frame and foundation of the house, to locations which are not harmful to the 
house in order to water plants and lawns adjacent to the property. Cistern and water collection vessels can be efficiently 
integrated into the downspout system, using gravity and retention facilities to water outside space. These systems typically cost 
$2,000 to $4,000 to install but will subsequently reduce water consumption for greywater needs such as lawn or plant watering. 
This is more beneficial environmentally than using treated drinking water for irrigation purposes. Indeed, in areas of acute 
irrigation need such as Florida this could be potentially supplemented with well water, although many municipalities will not 
allow the digging of new wells and will force the connection to municipal water lines. Even under such restrictions, the use of 
an electric pump and additional connected storage vessels, either above or below ground, remains viable to all homeowners. 
Older homes, with pre-existing wells can often be reincorporated into landscape management by recommissioning the well-
head for grey water demands, alongside replacement of obsolete pumping equipment, even if additional permitting becomes 
necessary. Importantly, any of these suggestions concomitantly reduce sewage costs, as water previously drawn from municipal 
connections via the domestic meter becomes unnecessary, which typically costs the householder around 3 times more than the 
direct cost of supplying the water, by the time the sewage diversion rate (often a multiple of the direct water supply cost) is 
factored in. According to Griffin (2016), in many cities water consumption is usually how water sewage is directly calculated, 
even if in reality, a portion is lost through evaporation, ground penetration, and natural drainage. Thus, a reduction in water 
consumption should directly lead to a reduction in overall sewage charges as well, thereby magnifying any prospective savings.  

Typically in Florida, the majority of water consumed in a household with external irrigation could well end up being 
consumed by the irrigation system itself rather than the occupants. If the plants and lawns were fed with diverted water, instead 
of treated water, such an approach could potentially cut water bills dramatically. Depending on water consumption rates 
associated with irrigation within each region, Haley et al. (2007) show a typical end user based on a 64% irrigation use in 
Central Florida would face savings of 150 gallons per day in irrigation cost. At current utility rates of $7 per thousand gallons 
for water and sewage including utility taxes, this could save a typical homeowner $35 or more a month or over $420 a year. 
The implied payback is under 10 years of operation, with a return exceeding 10% even on the most expensive water retention 
systems costing up to $4,000 for an average home, which could outpace many other forms of investment in today’s low interest 
rate environment. Considering water bills are a constant monthly outlay, and likely to rise in the future given the dire EPA 
(2013) forecasts, these savings represent an immediate and ongoing monthly reduction in costs and thereby generate potential 
future increases in disposable income.  

 
Ancillary Strategies 

 
There are other investment opportunities with which to save money in respect of other bills, which accrue to the household 

(see Dastrup et al. 2012). Each of these can be categorized as active or passive savings, such as improved insulation that has a 
hard dollar return associated with it, given these are regular outflows of cash to the household (for heating and cooling), just as 
a business would have regular outflows related to overheads. However, unlike a business, where outflows related to overhead 
can bankrupt a company due to competitive concerns, homeowners have no such competitive issues. In addition, these cost 
decreases are stable over the long run and when paired with regular utility increases, can yield higher returns as increases are 
passed on to consumers. Consumers who have done all these kinds of improvements will not feel the cost increase nearly as 
much as their neighbors who have not. However, the cost increases will lead to higher holistic returns on investment versus 
static calculations implied by each individual intervention. A further form of investment could be offsets associated with income 
taxes or real estate taxes chargeable to the household, as more people are working from home offices and considered 
independent contractors rather than as employees. In the light of Covid-19, the home office has replaced the office cubicle, 
increasingly providing potential tax-break benefits. As a result, some of these taxes may also be hypothecated as deductible 
legitimate business expenses.  

 
Let T = Tc – Dp - Dd (3) 

Where T represents the portion of costs associated with taxes. Tc represents the total cost of real estate taxes without any 
tax breaks. Dp equals depreciation expense on the business element, which is a source of cash for the homeowner in the short 
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run. However, in the long run, at the time of sale, the cost basis will be reduced by the depreciation amount the homeowner has 
already taken. Dd represents any other deductions that the homeowner is entitled to beyond the aforementioned. Thus, the offset 
on income to business expenses is one that might yield tax mitigation effects in the longer term as well. In such cases traditional 
maintenance costs to the householder may also qualify as an operational expense associated with homeworking, such as is 
becoming more prevalent with the drive to a more distributed workforce.  

 
Householder Cost Reduction Model   

 
The traditional accounting identity is:                             A = L + E (4) 

where A = assets, L = liabilities, E = equity. 
 
Furthermore,                                                                    P = R - C (5) 

  
where P equals profit, R = revenue and C equals costs. 

 
For the household, the cost C associated with homeownership are taxes, operating expenses, maintenance, mortgage, and 

insurance. 
 

∆Asset = ∆working capital (6) 
C can be rewritten for the homeowner as: 

 
C- tc + uc + wc + mc + moc + ic (7) 

where tc = tax costs, uc = utility costs, wc = water and sewage costs, mc = maintenance costs, moc = mortgage costs and ic = 
insurance costs. 

Thus, minimizing any one of these costs would lead to a change in working capital for a home. These reductions in costs, 
through home improvements previously discussed, can result in an ongoing change that will ultimately yield high returns 
based upon the initial investment required. That can be seen through the maximization of R or revenue. 

 
Max R = Dp + Ddp + ui + wi (8) 

 
So P = Max (R) - Min (C)  (9) 

 
Costs = Operating Offsets + Offset Tax (10) 

 
Thus, the household would create a more sustainable and more profitable operating profile. Costs would be minimized over 

the longer term, and the household would go from being a cost center operationally to potentially a profit center. Even if the 
household does not become net cash flow positive, every dollar reduction in costs would increase funds available in household 
operations and thereby release homeowner funds for other purposes. Unlike many one-off rebates, these changes would be 
impactful over the long run, and thereby help the homeowner build equity in their property or increase net wealth in the event 
there is little or no debt remaining on the home. Homeowners could conceivably get to the point where the cost of household 
utilities could become net zero, which would help mitigate the risk of losing a property from an operating perspective through 
unforeseeable adverse economic impacts such as job loss or unemployment. This could finally make a home truly the “castle” 
that provides refuge from any economic storm.  

 
Conclusions 

 
This paper considered sustainable interventions for residential and multifamily property owners to reduce operating 

expenses. Multifamily assets reviewed included five large scale residential cases, demonstrating the realization of significant 
reductions in operating expenses and thereby providing increased income to operators in around a year or less. Sustainability 
in single family homes was evaluated for multiple benefits too. Based on two 10Kw single family home solar installations in 
Central Florida it was shown that an efficiently located 10-kilowatt solar photovoltaic system can generate a sub 10-year 
payback whilst producing the equivalent of a typical household’s annual electricity. Furthermore, photovoltaic pricing 
continues to benefit from reductions in “soft” costs, such as those related to sales, permitting and inspection, as well as 
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connectivity to the electricity grid. It also illustrated reductions in technology cost, a proliferation of financing options, and an 
increasing raft of solar installers and financial intermediaries who have contributed to drive down prices for such an illustrative 
household system in the United States.  

The paper also addressed alternative interventions available to householders that could further reduce the cost function of 
operating a home. Many of these are also NPV positive already, even based on static calculations, and are thus likely to prove 
even more so given the predicted trajectory of local utility rates nationwide. Indeed, third-party ownership options, including 
solar leases or power purchase agreements were considered, that require electricity consumers to pay virtually nothing up front 
for rooftop systems to obtain electricity for an extended period, often at attractive fixed rates. From an affordability perspective, 
these third-party solutions require no capital investment by households, and any requisite maintenance or warranty 
responsibilities are typically retained by the project developers. Rooftop solar is thus increasingly a cost-effective and accessible 
investment across the economic spectrum of homeowners, even where upfront capital costs may have previously precluded 
lower income households from participating.  

With respect to limitations, it must be acknowledged that the implications of this study differ based on whether a property 
is located in a rural or urban setting. In rural communities, the connection to the electrical grid and reliance on utilities can 
sometimes be avoided altogether and it is commensurately much easier to live off-grid. In respect to urban settings, 
incorporation within city limits typically imposes a requirement for properties to be connected to municipal utilities, furthering 
the case for investment in technical interventions that mitigate, even if they cannot eliminate, any mandatory reliance. A broader 
question still remains to be addressed within further work as to quantify inherent first-mover advantages to earlier adopter 
householders, and how utility companies and regulators will likely respond as an increasing number of households participate 
in these renewable energy subventions.  
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Rip it like Rapinoe: A Study on How Gender Equality Can 
Change the Face of World Soccer 
Jacob Kahane, Syracuse University 

 

Abstract 
 
This paper considers the effects of gender equality on the performance of women’s national soccer teams using four measures 
of gender equality: The Gender Gap Index, relative labor force participation rates, relative life expectancy, and relative 
secondary enrollment rates. Analysis of the data was done using a model with the FIFA points as the dependent variable and 
the measures of gender equality as the main independent variable. Using this model three different types of regressions were 
run, fixed-effects panel regression, pooled panel regression, and multiple cross-sectional regressions. The results of the cross-
sectional regressions and the pooled panel regressions both had statistically significant results, which supported the notion that 
increased gender equality leads to improved performance for women’s national soccer teams.   
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Introduction 
 

The issue of gender equality is one that affects all societies around the world. Organizations like the United Nations have 
set up initiatives to work towards gender equality (Detoro, 2018). The world of sports is not immune to the struggles of gender 
equality. In fact, the sport’s industry is where some of the fiercest battles are taking place, especially when it comes to women’s 
soccer. Women began hosting unofficial world tournaments as far back as 1970, but the official women’s World Cup was not 
started until 1991, more than 60 years after the men’s World Cup began. Since then, women’s international soccer has slowly, 
but steadily continued to grow in popularity and in countries such as the United States, the women’s popularity rivals that of 
the men. However, despite the great leaps that women’s soccer has made in the years since its inception, the women are still 
not treated the same as their male counterparts. One major example of this is Ada Hegerberg. Hegerberg is the reigning Ballon 
d’Or trophy winner for the best female soccer player in the world in the preceding calendar year and former member of the 
women’s national team in her home country of Norway. However, for the past two years Hegerberg has refused to play for her 
country due to their unequal treatment of the women’s team compared to the men’s. The women are forced to train on poor 
quality fields with worse equipment (Ford, 2019). That is why even as the world’s biggest stage came again Ada Hegerberg, 
the best female player in the world, refused to play for her country and sat out the 2019 World Cup in France.  

Gender inequality has caused problems all the way at the top of the proverbial food chain of women’s soccer. The United 
States women’s nation soccer team has won four World Cups, including the most recent one in 2019. However, despite their 
enormous success, that far surpasses that of the men’s team, the women are still not compensated equally. Their fight for equal 
pay began with a lawsuit back in 2016 and it still rages on as all twenty-eight members of the women’s team filed another 
lawsuit against US soccer for gender discrimination in 2019 (Longman, 2019). The women’s team cited the fact that they 
perform the exact same duties as the men and have the same responsibilities and yet they are compensated far less despite their 
superior job performance and revenue generation.  

Given that the issue of gender equality is so prevalent in our society and others around the world, this paper aims to examine 
the affects that the level of gender equality in a country has on the performance of their women’s national soccer team at the 
international level as measured by their yearly rankings and points awarded by soccer’s governing body, Fédération 
Internationale de Football Association (FIFA). Based on several years of data, the results of multiple regression analyses show 
a positive, significant relationship between the success experienced by a country’s women’s national team and the level of 
gender equality in that country.  

The remainder of this paper will be structured as follows. The next section presents a review of the previous literature, 
which is followed by a section explaining the model that will be employed. The subsequent section discusses the methods used 
and analyzes the results. The final section is the conclusion, which includes ideas for future research. 

 
Literature Review 

 
 A vast number of scholarly articles have been written on the topic of gender equality and international sports, but the 

first and most renowned was written by Klein (2004). Klein’s paper considers at the effect of gender equality as measured by 
a country’s labor force participation ratio on the success of women on the country’s national team at the 2000 Olympic games 
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and the 1999 Women’s World Cup. Success was measure in the number and type of medals won by women in the Olympics 
as well as the likelihood of qualification for and the number of points earned during the Women’s World Cup. After including 
several control variables to isolate the effect of gender equality, Klein was able to determine that in the Olympics, countries 
that ranked in the 75th percentile of the labor force participation ratio earned approximately 2.33 more medals than countries 
that ranked lower in the labor force participation ratio.  

The goal of a paper by Hoffmann et al (2006) was to discover the determinates of success, measured by FIFA points 
earned, as they differed between men’s and women’s soccer. This paper proposed several new variables such as GDP per capita 
and whether or not a country is of Latin origin, as well as two unique variables to define gender equality: the ratio of men’s to 
women’s earnings and the Gender-related Development Index computed by the United Nations Development Program. Latin 
origin is defined as any country that can trace its roots back to Spain, Portugal, or Italy. The authors found a negative 
relationship for this variable and they suggest that this result is due to the fact that in Latin culture there are strong gender roles 
which place emphasis on masculinity at the expense of women whose needs are frequently placed behind those of their male 
counter parts, a pattern that follows in the treatment of their soccer teams. GDP, (Gross Domestic Product), per capita was 
found to have a positive relationship with success because countries with greater wealth could devote more resources to their 
national soccer teams generating more success. The results also showed that unlike men’s soccer, women’s soccer is treated as 
more of a luxury good than a normal good meaning that as the wealth of a country increases so does the success of its women’s 
team. 

In contrast to the previous papers, Leeds and Leeds (2009) does not focus on gender equality specifically. Instead, the goal 
of this paper is to simply analyze what factors determine success, as determined by both FIFA points and FIFA ranking, for a 
soccer team at the international level. Leeds and Leeds evaluate a number of interesting factors that could possibly influence 
the success of a team like whether a country is currently or formerly communist, whether they have hosted a world cup, and 
the population level of a country. Current communist countries were found to have a negative relationship with success whereas 
former communists had a positive relationship. The authors suggest that this pattern of results may be due to the fact that 
communist regimes typically subsidize sports but stifle individuality preventing any one athlete from reaching their highest 
potential. However, former communist regimes still have the infrastructure in place without any suppression of individuality. 
Hosting a men’s or women’s world cup was intended to measure a countries affinity towards soccer, which has a positive 
relationship with success because the greater the affinity the more resources are likely to be devoted. The population level of a 
country was found to have a positive relationship because it provided the country with a larger pool of talent to pick from.  

Matheson and Congdon-Hohman (2011) employ a larger sample size in their analysis by assigning any women’s national 
team that did not meet the minimum requirements to be included in the FIFA rankings a point value just below what was 
awarded to any team in the rankings. This is significant because the fact that a country does not have a women’s team is just 
as telling in regard to gender equality as if they had a successful women’s team. Matheson and Congdon-Hohman (2011) 
included two unique control variables, the percentage of the population that identifies as Muslim and the number of points the 
men’s team earned. They also use a new proxy for gender equality, the ratio of male to female secondary education enrollment 
rates, which the authors believe is not as easily skewed by overall economic success in a country. The percentage of the 
population that is Muslim was found to have a negative relationship with success due to the fact that the Muslim religion is 
very restrictive as to what women are allowed to do, making it difficult to achieve success in soccer or have a team at all. Men’s 
points were found to have a positive relationship based on the idea that not only does success breed more success, but since 
men’s soccer was around first it can also serve as a measure of the country’s affinity towards soccer.  

Potts and Edwards (2013) use the World Economic Forum’s Gender Gap Index to measure gender equality, which 
measures it in terms of the gap between men and women. The index also breaks down gender equality into four main 
components: economic, educational, health, and political equality to isolate the effects of gender equality from the effects of 
overall development and economic prosperity. The composite index it was not statistically significant, but after evaluated 
individually, the components were determined to be significant. The most interesting discovery was that the relationship 
between success and gender equality is parabolic, with the peak occurring at approximately 71% equality. After that, Olympics 
success goes down presumably because the additional equality has created more opportunities for women to do things other 
than sports. 

Bredtmann, Crede, and Otten (2016) consider at gender equality by directly comparing the performances of the men’s and 
women’s national teams to control for any country or year specific biases. The paper compares each team’s point total assigned 
by FIFA, after normalizing them to account for differences in their calculation, to determine success. To measure gender 
equality this paper employed both the labor force participation rates as well as life expectancy rates of men and women of each 
country. After the analysis of the data was conducted, it was found that there was a strong, positive correlation between the 
gender equality levels of a country and that country’s success in women’s soccer. 

This paper aims to build upon the work previously done in this field. Prior to this paper, most of the research done on this 
topic focuses specifically on one year or major international tournament or a small subset of years and tournaments, which 
included both women’s World Cup and Olympic competitions. Contrastingly, this paper will consider a large number of years 
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and focus solely on the women’s World Cup in order to narrow the analysis to just soccer without taking into account the 
plethora of sports contested at the Olympics. This paper will also rely heavily upon previous work when it comes to building 
the model by employing variables that have been found to be significant in determining success. This paper will consider at 
multiple measures of gender equality that have been used by several papers written previously. Another aspect unique to this 
paper is the method of analysis, both cross sectional and panel data analysis.  

 
Model 

 
In order to estimate the effects of gender equality on the performance of women’s soccer teams at the international level 

the following model will be employed:  
 

Success = β0 + β1GenderEquality + β2Host_W + β3Host_M + β4Communist_C + β5Communist_F + β6LatinOrigin + 
β7Men_Points + β8GDPpc + β9Pop + β10PctMuslim + εi  

 
The dependent variable in this equation is Success, which represents the success achieved by a country’s women’s soccer 

team. In this model success is defined by the number of points earned by a team according to FIFA. FIFA awards points to a 
team based on the matches that they have played during that calendar year taking into account the result of the match, where 
the match was played, the importance of the match, and the difference in the rankings of the two teams playing. Considering 
all of these factors allows FIFA to generate an accurate points value for each team, which is then used to determine the rank of 
that team.  

The most important independent variable in the equation is the GenderEquality variable, describing the level of gender 
equality in each country. Intuitively and based on previous research, it is expected that the relationship between gender equality 
and success will be positive. In this model gender equality will be defined by several different measures to attempt to isolate 
the effect of gender equality from the effect of overall economic prosperity in a country. The first measure used to define gender 
equality is the Gender Gap Index developed by the World Economic Forum and first introduced to this field by Potts and 
Edwards (2013). The Gender Gap Index is a composite index measuring many different factors that affect gender equality by 
considering four main components: economic, educational, health, and political equality. In addition to this composite measure 
several other measures will act as proxies for gender equality. The first is the ratio of women’s to men’s labor force participation 
rates, first used by Klein (2004). It is considered a valid measure of gender equality because it acts as a benchmark for women’s 
status and level of economic opportunities in society relative to their male counterparts.  

The next specific measure of gender equality is the ratio of female to male secondary enrollment rates, as used by Matheson 
and Congdon-Hohman (2011). This ratio is intended to capture the opportunities made available for women in a country, which 
should be highly important in determining the equality levels of a country.  

The fourth and final measure of gender equality employed in this model is the ratio of female to male life expectancy, this 
measure was first proposed by Bredtmann et al. (2016). This measure is intended to define not only the level of disease and the 
quality of the healthcare system in a country but also the relative accessibility of the system between the genders. All four of 
these measures will be employed by this model so that the results can be compared with the hope that they will yield similar 
results, which will strengthen the claim that improved gender equality will lead to increased success.  

The rest of the variables present in the model are control variables to capture the variation in the dependent variable not 
caused by the gender equality variable. These control variables have been discussed extensively in the literature review and a 
table displaying the expected relationship can be found below.  
 
Table 1: Expected Signs 

Variable Expected Sign Variable Expected Sign 
Gender Equality + Latin Origin - 
Host Women + Men’s Points + 
Host Men + GDP per Capita + 
Communist Current - Population + 
Communist Former + Percent Muslim - 

 
Methods & Results 

 
In order to conduct the analysis of the variables outlined in the model above, data was collected from the years of 2003 to 

2017 from 196 countries that at some point in time between those years had a men’s or women’s national soccer team ranked 
by FIFA. The dependent variable, Women’s FIFA Points, has a mean value of 1408.06 and a standard deviation of 329.29. The 
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lowest value allotted was 358 points, which was given to the small country of Mauritius in the year 2017. The greatest value 
was 2225, given to the United States in 2013. Other important values include those employed to measure gender equality levels. 
Gender Gap Index scores have a mean of 68.29 with a standard deviation of 5.98. The highest score awarded, 88.1, belonged 
to Iceland in the year 2015. Iceland possesses the seven highest scores according to the Gender Gap Index. In contrast, the 
lowest score awarded was 45.1 presented to Yemen, which holds the twelve lowest scores. Relative Labor Force Participation 
Rates has a mean value of 0.73 and a standard deviation of 0.2. Relative Life Expectancy Rates has a mean value of 1.07 with 
a standard deviation of 0.03. Relative Enrollment Rates has the least number of observations at just 1,431 and it has a mean 
value of 1.01 and a standard deviation of 0.13. A full set of summary statistics is provided in Table 2.  
 
Table 2: Summary Statistics 

Variable Label Obs Mean Std. Dev. Min Max 
Women's FIFA Points women_points 1,889 1408.06 329.29 358 2225 
Gender Gap Index Score ggi_score0100 1,622 68.29 5.98 45.1 88.1 
Relative Labor Force Participation Rate rel_lfpr 2,735 0.73 0.20 0.09 1.06 
Relative Live Expectancy rel_life_exp 2,851 1.07 0.03 1.00 1.23 
Relative Enrollment Rates rel_school 1,431 1.01 0.13 0.33 1.65 
Hosted Women's World Cup host_women 1,889 0.04 0.20 0 1 
Hosted Men's World Cup host_men 1,889 0.03 0.18 0 1 
Currently Communist communist_c 1,889 0.03 0.18 0 1 
Former Communist communist_r 1,889 0.21 0.41 0 1 
Latin Origin latinorigin 1,889 0.18 0.39 0 1 
Men's FIFA Points men_points 2,860 421.49 306.43 0 1763.7 
GDP Per Capita ($1000's) gdppc000 2,692 18.07 20.32 0.56 135.32 
Population (millions) popm 2,798 36.92 137.58 0.03 1400 
Percent Population Muslim pctmuslim 2,847 24.83 36.73 0.05 99.7 

 
To begin the analysis of the data a simple scatter plot was constructed pitting Gender Gap Index scores against Women’s 

FIFA Points. As shown in Figure 1, along the horizontal axis is the Gender Gap Score for each country averaged across all 
years.  Similarly, along the vertical axis is the Women’s FIFA Points for each national team averaged across all years. The 
theory behind this scatter plot being that if a positive relationship is shown, then it will suggest that there could be something 
important going on, which would require further analysis. Fortunately, after plotting the points and generating a regression line 
there was a strong, positive relationship between the variables. The regression line had a slope of positive 26.85 and was highly 
significant even at the 1% level. These results suggest the existence of a positive relationship between the variables of gender 
equality and success. However, a more complex regression model that controls for various other factors affecting the 
performance of women’s soccer teams is needed before we can conclude that there is a causal relationship between gender 
equity and performance. 

Three different types of complex regressions were attempted due to the structure of the dataset. The first was a fixed-
effects panel regression for all 15 years for which data were collected and using every variable except for the dummy variables 
of host_women, host_men, communist_current, communist_former, and latinorigin because they would simply be washed out 
in the fixed-effects analysis. However, during attempts to run the fixed-effects regression on the data there was not enough 
within-country variation to produce any meaningful results. All the variables came back as insignificant. This lack of variation 
stems from several factors. FIFA only began ranking women’s national soccer teams in 2003, this limits the number of years 
that can used to analyze the effects of gender equality on the team’s success. The panel dataset is further limited by the main 
independent variable: The Gender Gap Index, which only goes as far back as 2006. One final limiting factor is the prevalence 
of women’s soccer across the globe. The number of women’s teams ranked by FIFA peaked in 2007 at 149 teams. 
Contrastingly, the number of men’s teams ranked on a yearly basis is well over 200. The combined effect of all these factors 
does not leave enough data points to yield enough variation to produce meaningful results in a fixed-effects regression. 

The second type of regression employed was a cross sectional regression. Cross sectional regressions do not rely on within-
country variation and so the results produced using this technique were much more significant compared to the fixed-effects 
panel regression. In order to capture the full effect of gender equality on the success of women’s national teams, individual 
regressions were run for each year in the data totaling 15 years. For all 15 years, regressions were run for each of the four 
gender equality measures of Gender Gap Index Score, Relative Labor Force Participation Rate, Relative Life Expectancy Rates, 
and Relative Enrollment Rates, except for the regressions containing a country’s Gender Gap Index Score due to availability.  
Then, for each of the regressions run there was another regression run using the natural log of several variables including 
Women’s FIFA Points, Men’s FIFA Points, GDP Per Capita, Population, Gender Gap Index Score, Relative Labor Force 
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Participation Rate, Relative Life Expectancy Rates, and Relative Enrollment Rates. This led to a total of 114 regressions being 
run, the results of which produced a great number of significant results. For the sake of brevity, only the regression results for 
the years 2008 and 2014 are presented in Tables 3 and 4. The 2006 formula used by FIFA to calculate the points for men’s 
teams changed resulting in teams’ point totals to increase significantly. Due to this, the coefficients obtained before 2006 cannot 
be directly compared to those obtained after 2006. 

 
Figure 1: Women’s FIFA Points and Gender Gap Index 

 
 

There was a total of 9 control variables included in the regression analysis. Of those 9 control variables, 4 are statistically 
significant in the majority of the regressions run in levels and they all had the expected sign in front of the coefficient. Those 
variables characterized whether a country has hosted a women’s World Cup, how many points a country’s men’s team earned, 
the GDP per capita of a country and the population level. Of the remaining 5, 2 more came back as significant in just under a 
majority of the level regressions. Those variables were whether a country is of Latin origin and the percentage of the population 
that identifies as Muslim, which both had the expected negative coefficient. The three insignificant variables were status as 
currently or formerly communist and whether a country has hosted a men’s World Cup. 

The results of the logarithmic regressions remained the same for the most part with only a few exceptions. The variable 
determining whether a country is currently communist became significant and it possessed the opposite sign of what was 
expected. The other change came in the variable measuring the percentage of the population that identifies as Muslim, which 
became insignificant. This change to insignificance as well as the relatively small coefficients presents in the level regressions 
could both be side effects of the variable itself. In countries that have the highest portion of the population that is Muslim, there 
might not be a women’s team at all, which could lead to a selection bias that eliminates the countries that would be most highly 
affected by this measure therefore weakening the results of the regressions.   

The variables measuring gender equality were the key focal point in the regressions run. Unfortunately, their estimated 
coefficients were also the most difficult to interpret. With all three proxies of gender equality including labor force participation 
rates, relative life expectancy, and relative enrollment rates only presenting significant results in less than a third of the 114 
regressions run in both levels and logs. One possible reason for why the results of these proxies for gender equality are so weak 
is that they are just that: proxies. They are not intended to measure gender equality; they are simply intended to measure things 
that are closely related to gender equality based on theories such as the idea the relative number of women in the work force 
represents the relative number of opportunities women enjoy in society. These proxies could also suffer from the effects of 
multicollinearity. The proxies may capture not only the level of gender equality in a country but also many other factors such 
as the wealth of a country, the strength of its political system, the size of its population, and other socioeconomic factors, which 
are already included in the regression.  

The one gender equality measure that was positive in the majority of regressions was the Gender Gap Index. Of the 12 level 
regressions ran using this variable, 8 of them came back with significant coefficients. Those coefficients ranged from a maximum 
of 18.69 (2006) to a minimum of 11.36 (2010). When analyzing the natural log regressions, 10 of the 12 regressions produced 
significant elasticities. The elasticities peaked at 0.767% (2013) and fell to 0.411% (2016). The results of these regressions 
produced more significant results than any other gender equality variable and supported the positive relationship that was initially 
theorized. It showed that as a country’s gender equality increased the success experienced by the women’s national soccer team 
also increased. The reason that this measure appears to be so much more successful than the other three measures is that this 
measure, unlike the others, is actually intended to measure the gender equality of a country as measured by the gap between men 
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and women in a wide range of factors. For measurement of the Gender Gap, see WEF Gender Gap Report 2018. 
http://www3.weforum.org/docs/WEF_GGGR_2018.pdf 
 

Table 3: Results for 2008 and 2014 
Variable level 2008 level 2014 level 2008 level 2014 
Gender Gap Index Score 14.60*** 14.65***   
 (5.113) (4.801)   
Relative Labor Force Part. Rates    60.50 202.6 

   (149.6) (173.4) 
Hosted Women's World Cup  189.1* 157.6 215.4** 196.4 

 (101.9) (116.7) (105.2) (122.0) 
Hosted Men's World Cup  100.4 -68.37 122.2 -75.44 

 (102.7) (103.2) (105.0) (107.7) 
Currently Communist  183.6 174.4 141.1 103.0 

 (163.5) (141.9) (134.8) (152.1) 
Former Communist -63.87 -36.22 -72.32 -68.75 

 (49.94) (54.25) (49.15) (54.03) 
Latin Origin -60.47 -129.9** -81.56 -106.5* 

 (57.36) (62.12) (54.62) (64.03) 
Men's FIFA Points 0.473*** 0.612*** 0.450*** 0.582*** 

 (0.0652) (0.0690) (0.0629) (0.0685) 
GDP Per Capita ($1,000's) 4.315*** 1.825 5.260*** 2.430** 

 (1.532) (1.204) (1.284) (1.161) 
Population (millions) 0.307** 0.350*** 0.265* 0.328** 

 (0.135) (0.131) (0.134) (0.142) 
Percent Population Muslim 0.0255 -0.689 -1.227 -1.383 

 (0.805) (0.795) (0.767) (0.855) 
Constant 107.5 29.89 1,086*** 932.1*** 
  (352.9) (339.9) (122.6) (144.0) 
Observations 91 112 109 125 
R-squared 0.678 0.643 0.631 0.582 

 

Variable level 2008 level 2014 level 2008 level 2014 
Relative Life Expectancy  1,389** 783.8   
 (695.1) (840.9)   
Relative Enrollment Levels   -10.97 -478.4** 

   (345.6) (230.2) 
Hosted Women's World Cup  249.0** 221.7* -0.425 120.7 

 (106.3) (125.5) (151.0) (144.4) 
Hosted Men's World Cup  49.49 -102.6  -109.2 

 (111.9) (115.8)  (149.3) 
Currently Communist  126.5 156.9 -51.02 58.78 

 (133.5) (153.0) (189.3) (219.6) 
Former Communist -125.3** -62.57 -200.8*** -47.29 

 (56.10) (59.31) (65.89) (59.52) 
Latin Origin -107.3* -123.0* -253.4*** -176.4** 

 (55.43) (64.36) (65.49) (69.04) 
Men's FIFA Points 0.493*** 0.615*** 0.503*** 0.548*** 

 (0.0637) (0.0708) (0.0685) (0.0797) 
GDP Per Capita ($1,000's) 4.221*** 2.753** 1.830 2.755** 

 (1.272) (1.203) (1.668) (1.362) 
Population (millions) 0.278** 0.305** 1.379** 1.690*** 

 (0.132) (0.142) (0.557) (0.494) 
Percent Population Muslim -1.083 -1.580** -4.194*** -3.253*** 

 (0.714) (0.709) (1.364) (0.785) 
Constant -359.5 215.0 1,300*** 1,601*** 
  (746.8) (910.6) (381.3) (258.0) 
Observations 110 127 54 90 
R-squared 0.622 0.568 0.760 0.648 
Standard errors in parentheses.  *** p<0.01, ** p<0.05, * p<0.1 
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Table 4: Log Results, Results for 2008 and 2014 
Variable log 2008 log 2014 log 2008 log 2014 
(Ln)Gender Gap Index Score 0.632** 0.679***   
 (0.267) (0.215)   
(Ln)Relative Labor Force Part. Rates    0.0601 0.0719 

   (0.0621) (0.0709) 
Hosted Women's World Cup  0.0218 -0.0121 0.0584 0.0548 

 (0.0408) (0.0447) (0.0391) (0.0534) 
Hosted Men's World Cup  0.00430 -0.117 0.0440 -0.0978 

 (0.0643) (0.0797) (0.0738) (0.0946) 
Currently Communist  0.128* 0.159** 0.0760 0.0553 

 (0.0748) (0.0621) (0.0568) (0.0679) 
Former Communist -0.0331 -0.0174 -0.0621* -0.0383 

 (0.0317) (0.0302) (0.0333) (0.0311) 
Latin Origin -0.0250 -0.0683* -0.0576* -0.0517 

 (0.0352) (0.0363) (0.0308) (0.0374) 
(Ln)Men's FIFA Points 0.0908*** 0.152*** 0.0543** 0.0951*** 

 (0.0193) (0.0187) (0.0237) (0.0322) 
(Ln)GDP Per Capita ($1,000's) 0.105*** 0.0817*** 0.0935*** 0.0845*** 

 (0.0244) (0.0201) (0.0160) (0.0186) 
(Ln)Population (millions) 0.0584*** 0.0667*** 0.0463*** 0.0590*** 

 (0.00805) (0.00851) (0.0101) (0.0104) 
Percent Population Muslim -0.000231 -0.000743 -0.00103* -0.00155** 

 (0.000455) (0.000587) (0.000547) (0.000734) 
Constant 3.631*** 3.063*** 6.646*** 6.360*** 
  (1.102) (0.899) (0.147) (0.198) 
Observations 91 111 109 124 
R-squared 0.752 0.754 0.637 0.620 

 
Variables log 2008 log 2014 log 2008 log 2014 
(Ln)Relative Life Expectancy  0.0708 -0.361   
 (0.486) (0.618)   
(Ln)Relative Enrollment Levels   0.104 -0.249 

   (0.205) (0.196) 
Hosted Women's World Cup  0.0628 0.0456 -0.00455 0.0225 

 (0.0410) (0.0569) (0.0405) (0.0523) 
Hosted Men's World Cup  0.0357 -0.0881  -0.0799 

 (0.0755) (0.0954)  (0.110) 
Currently Communist  0.0783 0.0634 0.229*** 0.0761 

 (0.0590) (0.0770) (0.0729) (0.0739) 
Former Communist -0.0527 -0.00928 -0.125*** -0.0569 

 (0.0384) (0.0398) (0.0333) (0.0372) 
Latin Origin -0.0643** -0.0530 -0.148*** -0.119*** 

 (0.0318) (0.0379) (0.0324) (0.0391) 
(Ln)Men's FIFA Points 0.0589** 0.0964*** 0.135*** 0.110*** 

 (0.0247) (0.0346) (0.0225) (0.0412) 
(Ln)GDP Per Capita ($1,000's) 0.0875*** 0.0843*** 0.0663*** 0.0737*** 

 (0.0177) (0.0183) (0.0180) (0.0205) 
(Ln)Population (millions) 0.0504*** 0.0657*** 0.0442*** 0.0634*** 

 (0.0107) (0.0108) (0.0146) (0.0133) 
Percent Population Muslim -0.0014*** -0.0021*** -0.0021*** -0.0027*** 

 (0.000426) (0.000539) (0.000727) (0.000768) 
Constant 6.600*** 6.338*** 6.260*** 6.319*** 
  (0.151) (0.217) (0.138) (0.257) 
Observations 110 126 54 89 
R-squared 0.625 0.621 0.808 0.692 
Robust standard errors in parentheses,  *** p<0.01, ** p<0.05, * p<0.1  
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The final type of regression was a pooled panel regression. A pooled panel regression stacks all of the observations across 
the years and year dummies are included to control for year specific fixed-effects. This is helpful because this is no longer 
relying on within country variation, which the dataset initially lacked and it creates a significantly larger dataset to work with.  
There was a total of 8 regressions run in this manner with the 4 different measures of gender equality used in both levels and 
logs. The results of which produced much more significant effects in terms of gender equality.  In the level regressions, of the 
4 measures, 3 came back as highly significant but the coefficients ranged greatly. The largest coefficient was 1,030 found with 
the variable of relative life expectancy. The variable Gender Gap Index possessed a coefficient of 12.05. However, the one 
coefficient that stuck out the most was the one in front of the variable relative life expectancy with value of negative 283.5. 
The results of the regression for secondary enrollment rates seem to be completely contradictory to the theory that increased 
gender equality results in greater success. Instead of the theorized positive relationship, there is a significant negative 
relationship. This phenomenon will be discussed later in this section. The only one that did not come back as significant was 
the relative labor force participation ratio.  

The remaining results of this type of regression yielded highly similar results to those produced from the cross-sectional 
regressions. For the 9 control variables that were included in the regression 8 of the variables came back as significant. Of the 
8 variables that came back as significant, 6 of those variables displayed the expected relationship. The amount of FIFA points 
the men’s team earned, the country’s GDP per capita, the country’s population level, and whether the country has hosted a 
women’s World Cup all came back with a positive relationship. While the variables characterizing whether the country is of 
Latin origin and the percentage of the population that identifies as Muslim both display a negative relationship.  

The significant variables that did not display the expected sign were whether a country is currently or formerly communist. 
As initially theorized a country currently being communist countries would have a negative effect on the performance of their 
women’s national soccer teams while a country that was formerly communist would have a positive effect. However, the results 
of the regression actually support the reverse. One possible explanation for the backwards nature of these findings is that 
communist countries tend to place a significant amount of emphasis on international competitions and sporting events such as 
the world cup in order to show the rest of the world that a communist regime can be successful on the world stage. This stems 
from the negative stigma typically surrounding communist countries placed on them by non-communist countries. Based on 
this way of thinking, once a country renounces communism they no longer feel the need to prove themselves and so less 
resources are put into programs that compete internationally, such as their women’s soccer programs. 

The only variable that did not come back as significant was whether the country has hosted a men’s World Cup. However, 
whether the country has hosted a women’s World Cup came back as highly significant in all four level regressions with values 
ranging from a positive 199.1 to 251.4. The contrasting outcome compared to hosting a women’s world cup could be explained 
by the popularity of both tournaments. The men’s world cup includes more than double the amount of teams and attracts 
significantly more fans both in person, in the stadiums, and at home in terms of viewership. Due to this, hosting the men’s 
tournament is seen as much more prestigious and economically beneficial to a country then hosting a women’s world cup. 
Based on that outlook, the countries that choose to host the women’s world cup are more likely to be doing so due to the affinity 
towards soccer in their country compared to the countries who chose to host the men’s world cup who might be doing so for 
ulterior motives. 

The log regression results mimicked those of the level regressions with two exceptions. The coefficient in front of relative 
labor force participation rates is now significant and the sign of the coefficient in front of relative life expectancy flipped signs 
to negative. Following the phenomenon found earlier, both of these proxies for gender equality now appear to go against the 
theory of increased gender equality leading to increased success for women’s national soccer teams. However, there is a 
possible explanation for these negative results that was first proposed by Potts and Edwards (2013). Potts and Edward theorized, 
based on their results, that the relationship between gender equality and success in the Olympics is parabolic, it reaches a peak 
and then becomes negative. They discovered this peak to occur at approximately 71% equality. The idea behind this theory is 
that once the equality levels reach a certain level more opportunities open up to women that are superior to sports and offer 
better opportunities. The reason this theory may be important in this situation is that in the case of the two variables presenting 
negative outcomes, relative life expectancy and relative enrollment rates, the women are already ahead of the men. The mean 
values for those two variables are 1.07 and 1.01 respectively. Therefore, at this point, if these values increased it would no 
longer be generating more equality it would be generating inequality in favor of women. Based on that and the previous research 
done by Potts and Edwards, this would lead to women’s sports suffering as women look towards other opportunities. 

In order to round out the analysis of the data, one last basic regression was run order to address the question: does increased 
gender equality close or widen the gap in FIFA points between a country’s men’s and women’s team? In order to conduct the 
analysis a simple graph was constructed, which can be seen in Figure 2.  Along the horizontal axis is the variable GGI score, a 
measure that analyzes the gender gap in a country with higher values equating to higher levels of gender equality. On the 
vertical axis is a new variable, which is the gap between a country’s men’s FIFA points and women’s FIFA points, where 
diff_points equals men’s FIFA points less women’s FIFA points. A cross sectional regression was run using data from the year 
2014. This year was selected because it is one of the more recent years, it has a large number of observations, and it was not a 
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world cup year, which could skew the results. Based on the regression results the relationship between the two variables shows 
a coefficient of -11.81, which was found to be highly significant at 5% level. These results support the idea that as the gender 
gap in a country closes, the gap between the FIFA points earned by the men’s and women’s team also closes as well. 

 
Figure 2: Gender Gap in FIFA Points and Index 

 
 

Table 5A: Pooled Panel Results 
 Dependent Variable: Levels of Women's Points 
VARIABLES Points Points Points Points 
Gender Gap Index Score 12.05***    
 (1.567)    
Relative Labor Force Part. Rate  52.48   
  (43.28)   
Relative Life Expectancy   1,030***  
   (192.4)  
Relative Enrollment Levels    -283.5*** 

    (86.38) 
Hosted Women's World Cup 212.4*** 231.7*** 251.4*** 199.1*** 

 (28.50) (27.74) (28.10) (57.45) 
Hosted Men's World Cup 21.89 35.58 -6.939 -36.64 

 (38.81) (40.01) (38.95) (87.93) 
Currently Communist 193.7*** 166.2*** 169.6*** 109.9*** 

 (47.07) (36.73) (29.99) (27.06) 
Former Communist -25.32* -35.49** -60.67*** -43.31** 

 (14.56) (13.84) (14.91) (19.62) 
Latin Origin -59.60*** -68.04*** -79.88*** -99.95*** 

 (18.52) (16.30) (16.10) (20.68) 
Men's FIFA Points 0.547*** 0.523*** 0.556*** 0.551*** 

 (0.0219) (0.0215) (0.0211) (0.0265) 
GDP Per Capita ($1,000s) 3.837*** 4.566*** 4.326*** 4.095*** 

 (0.686) (0.621) (0.562) (0.687) 
Population (millions) 0.299*** 0.264*** 0.278*** 0.885** 

 (0.0271) (0.0274) (0.0240) (0.357) 
Percent Population Muslim -0.261 -1.392*** -1.136*** -2.176*** 

 (0.239) (0.248) (0.195) (0.389) 
Constant 260.6** 1,038*** -51.77 1,372*** 
  (105.2) (38.88) (206.2) (104.2) 
Observations 1,227 1,448 1,471 829 
R-squared 0.649 0.607 0.599 0.646 
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Table 5B: Pooled Panel Log Results 
 Dependent Variable: Logs of Women's Points 
Variables Ln(Points) Ln(Points) Ln(Points) Ln(Points) 
          
(Ln)Gender Gap Index Score 0.562***    
 (0.0721)    
(ln)Relative Labor Force Participation Rate  0.0630***   
  (0.0188)   
(ln)Relative Life Expectancy   -0.314*  
   (0.173)  
(Ln)Relative Enrollment Levels    -0.149** 

    (0.0617) 
Hosted Women's World Cup 0.0283** 0.0724*** 0.0677*** 0.0336** 

 (0.0122) (0.0126) (0.0136) (0.0142) 
Hosted Men's World Cup -0.0418* -0.00373 0.00269 -0.0300 

 (0.0229) (0.0249) (0.0259) (0.0590) 
Currently Communist 0.146*** 0.0949*** 0.0987*** 0.154*** 

 (0.0224) (0.0181) (0.0203) (0.0246) 
Former Communist -0.00996 -0.0346*** -0.00817 -0.0445*** 

 (0.00885) (0.00905) (0.0116) (0.0119) 
Latin Origin -0.0222** -0.0327*** -0.0353*** -0.0768*** 

 (0.0102) (0.00979) (0.0101) (0.0124) 
(Ln)Men's FIFA Points 0.121*** 0.0793*** 0.0802*** 0.106*** 

 (0.00617) (0.00733) (0.00759) (0.00875) 
(Ln)GDP Per Capita ($1,000s) 0.104*** 0.0957*** 0.0935*** 0.0940*** 

 (0.00591) (0.00505) (0.00520) (0.00745) 
(Ln)Population (millions) 0.0594*** 0.0469*** 0.0526*** 0.0543*** 

 (0.00281) (0.00294) (0.00305) (0.00411) 
Percent Population Muslim -0.0003* -0.0011*** -0.0015*** -0.0019*** 

 (0.000162) (0.000177) (0.000142) (0.000253) 
Constant 5.618*** 5.804*** 5.808*** 5.642*** 
  (0.0689) (0.0569) (0.0566) (0.0752) 
Observations 1,224 1,441 1,463 825 
R-squared 0.717 0.606 0.601 0.696 
regressions.   
Robust standard errors in parentheses.  Robust Year dummies are included (but not reported) in all 
regressions. *** p<0.01, ** p<0.05, * p<0.1 

 

Conclusion 
 

The US women’s national team agreed to put their gender discrimination lawsuit on hold in summer of 2019 so that they 
could compete unencumbered during the FIFA Women’s World Cup. The US women’s national team won again, earning them 
an unprecedented fourth and back-to-back women’s World Cup. The goal of this research paper was to explore the factors that 
contribute to a women’s national soccer team’s success on the world stage with a particular emphasis on the effects of gender 
equality. The results of the research conducted for this paper showed that gender equality, along with a myriad of other factors, 
were highly significant in determining success of the countries’ women’s team.  

Outside of the measures of gender equality, other significant factors included whether they had hosted a women’s world 
cup, whether the country is currently under a communist form of government, the amount of FIFA points that the country’s 
male team earned, the country’s GDP per capita, and the population level of the country. All these factors were shown to have 
increased the success of the Women’s national teams in terms of FIFA points. Additionally, the factors of whether a country 
was formerly communist, came from Latin origins, and the percentage of the population that identifies as Muslim were all 
shown to be significant in reducing the success of Women’s national teams. 

The results of this research are not only linked to performance but also to the larger issue of the gender wage gap. This 
issue is still highly prevalent despite the numerous lawsuits levied against the US Soccer Federation by the US women’s 
national team. Under the current conditions, the highest-earning women on the roster can earn only 89% of what their male 
counter parts do and only if they win all 20 games played that season. The real disparity, however, comes from the bonuses 
awarded to each team. An example of this is from 2014/15 where the men earned $5.375 million for advancing to the round of 
16 in the world cup while the women earned $1.725 million for winning the tournament. This is all despite the fact that between 
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2016 and 2018 the women’s national team actually generated more revenue than the men’s team during that same stretch: $50.8 
million for the women’s team compared to the men’s $49.9 million. (Carp, 2019). This gender related wage gap presents several 
topics that could be analyzed in future research. One such topic could be using a similar approach to that taken in this paper in 
order to evaluate the effects of the wage gap between men and women in a country to see how it affects the success of that 
country on the international level. Another potential research topic stems from the fact that other countries with top tier 
women’s teams such as Norway and the Netherlands are now starting to grant their women’s team equal pay with their men’s 
team. Given that all of the research supports the idea that increased gender equality leads to increased success, it could be 
interesting to consider how those new policies affect the success attained by the Norwegian and Dutch women’s teams in the 
coming years. 
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Greening Market Outcomes: An Empirical Analysis of 
Corrective Environmental Taxes in OECD Countries 
Jennifer Kuklenski, Northland College 
 

Abstract 
 
Public policies and regulations that require environmental and social responsibility from business have become increasingly 
complex and stringent over the last several decades. To determine the overall social value of corrective environmental taxes as 
a policy instrument, this paper employs linear OLS regression analysis to estimate the relationship between environmentally 
related tax revenue and 1) total greenhouse gas (GHG) emissions and 2) corporate profit. The sample includes twenty-eight 
OECD countries with available data between the years 1994 and 2016 and the analysis controls for other factors known to 
influence GHG emissions, such as population and output growth. The results indicate that environmentally related taxes are 
highly correlated with reduced GHG emissions. The results also suggest a positive relationship between environmentally related 
taxes and corporate profit, in terms of net operating surplus. Offering more generalizable results internationally, this paper 
contributes to the current discourse about how to best induce more sustainable business behavior and the efficacy of taxation 
as a policy instrument for the environment. 
 
JEL Codes: O13, Q58 
Keywords: Environmental Economics, Environmental Policy, Environmental Tax, Environmental Regulation   

 
Introduction 

 
Since at least the early 1970s, the role of economic instruments has been growing: the number of applications for pollution 

control and natural resource management has increased considerably; the variety of policy instruments in use has also grown; 
and other types of economic instruments such as deposit refund systems and liability payments have also appeared (OECD, 
2017). To be sure and as argued by Rivera (2010), business compliance with protective public policies and their regulations is 
certainly the prevalent firms’ response for many long-established environmental regulations. However, the question still arises 
regarding whether these policy tools work and if they do, at what cost? The business problem is therefore the need to reduce 
the environmental impact, without too much harm to revenue. 

The purpose of this study is therefore to examine the correlation between environmental tax policy instruments and 
greenhouse gas emissions, as well as business profit (measured by net operating surplus as a percent of net value added 
generated by the financial and non-financial sectors). Four total regression analyses are performed on a sample of twenty-eight 
countries between the years 1994 and 2016. The regression coefficients are statistically significant at the 0.01 percent level for 
both GHG emissions and net operating surplus, indicating that a 1 percent increase in environmentally-related tax revenue is 
associated with a decrease of approximately 13 to 30 million metric tons in total GHG emissions and an increase of 
approximately 1 percent net operating surplus. The results of this study ultimately suggest that environmentally related taxes 
are associated with GHG emissions reductions and increases in business profit.  

 
Environmentally Related Taxation in Review 

 
The use of environmentally related taxes, especially the taxation of carbon dioxide and other greenhouse gas (GHG) 

emissions, is an increasingly popular policy consideration among OECD countries. Various forms of environmental taxes have 
been adopted by many countries. In 1969, France first imposed a forest tax, which serves as a sort of resource tax on extraction 
of raw materials (Fan, Li, and Yin, 2019). The U.S. adopted the sulfur dioxide tax the next year, for which other countries 
followed and expanded to other air and water emissions, including carbon monoxide and other oxides of nitrogen (Fan, Li, and 
Yin, 2019). The first carbon tax was introduced in Finland in 1990, followed by both Norway and Sweden in 1991, and 
Denmark in 1994 (OECD, 2017). Canada has become the most recent OECD country to introduce a nation-wide carbon tax, 
which started at $20 per ton in 2019 and will rise $10 per year until capping at $50 per ton in 2022 (McCarthy, 2019). Although 
carbon taxes garner much media and policy attention, explicit carbon taxes still play only a minor role in greening industry 
behavior compared to other environmental taxes, such as excise taxes on energy, motor vehicles, and transport (OECD, 2017).  

Taxes are important economic instruments, providing market signals that can influence the behavior of producers and 
consumers. According to Milne (2011, p. 421), the distinguishing feature of this market-based approach for environmental 
protection is that their implementation depends on “harnessing private-sector financial calculations in the market on a day-to-
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day basis.” Unlike command and control regulation, taxes do not require market participants to take specific action. Rather, 
market-based instruments allow each player to make their own decisions (Milne, 2011). Environmental taxes can incorporate 
environmental costs and benefits into the budgets of businesses by increasing (or decreasing) the price of a product or service. 
As such, they help internalize the use of natural resources or the emission of pollutants into firms’ or households’ decisions by 
encouraging industry to shift to less GHG intensive production, either through efficiency improvements or switching to low-
emissions substitutes (OECD, 2017). Market-based taxation is indeed designed to achieve an environmental benefit, although 
environmental taxes may also be used as a part of broader fiscal policy packages to raise government revenue. For instance, 
several European countries have implemented “environmental tax reform” (also known as ecological or green tax reform), 
whereby environmental tax revenue has substituted for other tax burdens, such as labor taxes (Milne, 2011, p. 423). 
Additionally, environmental tax revenue may be used to mitigate the effects of environmental or climatic changes and damages. 
They can therefore be an effective and cost-efficient way to achieve environmental policy goals. 

The theoretical logic that taxation can be used to correct or internalize externalities was first established by Pigou (1920), 
who argued that marginal social interest diverges from marginal private interests, and since industrialists seek their own 
marginal private interest, they have no incentive to internalize marginal social costs. The divergence between private and social 
interests has two major effects. First, market participants that create social harm do not pay for it, as already noted. Second, the 
producer tends not to consider the full social cost involved in production of the product, which leads to overproduction of goods 
with social costs and underproduction of goods with social benefits (Mankiw, 2018). To address overproduction of goods with 
social costs, Pigou (1920) recommended taxation of offending market participants, which would effectively move the economy 
back to an equilibrium. The “Pigou tax” has generally been accepted by economists as an efficient means to incentivize more 
ecologically-conscious behavior; however, it is also understood that other social considerations such as equity, rights, and 
enforcement costs may render other policy instruments, such as subsidies or tradeable permits, more attractive (Lorek, 2013). 
According to Pigou (1920), abatement should be pursued to the point where marginal cost of taxation is equal to the marginal 
benefit of pollution reduction. Thus, if marginal cost exceeds marginal benefit, other policy instruments should be considered.  

Critics of Pigouvian taxes point to measurement as well as political problems. Lorek (2013) notes that a major weakness is 
the assumption that government can determine marginal costs of negative externalities and in turn convert that amount into 
monetary value. Since many “costs” are individually-specific and often psychological in nature, it is indeed extraordinarily 
difficult to measure social costs. Additionally, lobbying of governments by polluters tends to reduce the level of tax levied, 
which may reduce mitigating effects of the tax (Lorek, 2013). Alternatively, if special interest groups over-estimate the negative 
utility of the externality, taxes may be too high, resulting in a sub-optimal production level (Lorek, 2013). Moreover, Milne 
(2011) argues that few environmental taxes have successfully succeeded in precisely internalizing environmental benefits or 
costs of market activities and products.  

Supporters of environmentally related taxes point to academic studies that demonstrate the effectiveness of environmental 
taxes regarding GHG reductions without significant harm to the economy. Bovenberg and de Mooij (1997) found that shifting 
taxes from output to pollution taxes may accelerate economic growth via two channels. The first is an environmental production 
externality that determines the positive effect of lower aggregate pollution on capital productivity. The second is a shift in tax 
burdens away from the net return on investment towards profits. Bovenberg and de Mooij (1997) further show that the optimal 
tax on pollution may exceed the Pigouvian level if production externalities are important and tax-shifting towards profits is 
large. Karydas and Zhang (2017) contend that higher energy taxes lead to higher economic growth if labor inputs are mobile 
and substitution elasticity in manufacturing between energy and scarce factor inputs are less than unitary. From a resource 
perspective, environmental taxes may also help avoid resource waste. For instance, Söderholm (2011) found that countries with 
higher environmental taxes have higher resource recovery rates, while Piciu and Tric (2012) found that environmental taxes 
encourage natural resource recycling.  

At the same time, several researchers have found that environmental taxes result in less pollution, less consumption of 
environmentally harmful products, and less carbon emissions (Elgie and McClay, 2013; Murray and Rives, 2015; Niu, Yao, 
Shao, Li, and Wang, 2018; Fan, Li, and Yin, 2019). However, most environmental taxation studies focus on one or a few 
countries, which means they fail to reflect the impact of environmental taxation from a dynamic and international level. 
Moreover, most large sample studies that examine the economic impact of environmental taxes do so from an economic growth 
perspective, focusing on the impact on GDP or other dependent variables that measure national or regional economic 
development. To fill the literary gap, this study explores the relationship between environmentally related tax revenue and 
greenhouse gases, as well as net operating surplus (corporate profit) in twenty-five OECD countries over twenty-two years.   
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Empirical Methodology 
 

Statistical Approach 
 

Linear OLS regression analysis is first employed to estimate the relationship between environmentally related tax revenue 
and total greenhouse gas emissions. Three regression analyses are ultimately used as a robustness check due to data limitations 
for certain countries, discussed in further detail below. A simple linear OLS regression analysis is then employed to estimate 
the relationship between net operating surplus as a percent of the net value added generated by the financial and non-financial 
sectors.  

Since the intent of this research is not to determine what influences corporate profit, but rather to determine whether 
environmentally related taxes might influence corporate profit, this research does not attempt to analyze other relevant factors 
potentially related to net operating surplus. It is acknowledged that several other variables likely influence corporate profit 
more than environmentally related taxes and accordingly, the second model is not expected to explain much of the variation in 
net operating surplus.  

Drawing upon the literature discussed above, as well as policy considerations from both public and private actors, the 
following null and alternative hypotheses are presented:  

 
H0: Environmentally related taxes are not associated with GHG emissions.  
H1: Environmentally related taxes are inversely associated with GHG emissions.  
 

    

H0: Environmentally related taxes are not associated with corporate profit. 
 H1: Environmentally related taxes are inversely associated with corporate profit.  

    

 
To estimate the relationship between the dependent and independent variables, the following models are presented:  

 
GHG = β0 + β1 TAXES + β2 OUTPUT + β3 POP + ε (1) 

  
PROFIT = β0 + β1 TAXES + ε (2) 

  
 
The dependent variable in Model 1 is total GHG emissions (including land use, land use change, and forestry), measured 

in thousands of tons of carbon dioxide equivalent. The independent variables for Model 1 include environmentally related 
taxes, output, and population. Taxes are measured as a percentage of total tax revenue. Output is measured by GDP in millions 
of US dollars. Population is measured as the annual population growth rate (percentage change from previous year). The 
dependent variable in Model 2 is corporate profit, calculated by averaging the annual net operating surplus (as a percentage of 
net value added) of the financial and nonfinancial sectors for each country.  

 
Data and Sampling 

 
Data for GHG emissions, taxes, output, and profit is derived from OECD for years 1994-2016. Data for population is 

derived from OECD for years 1994-2013 and the World Bank for years 2013-2016 (data from OECD was unavailable beyond 
2013). Regression 1 includes all countries with available data between the years 1994 and 2016. This results in a sample of 
twenty-five countries. Within this sample, Belgium, Canada, and France have missing environmental tax revenue data for the 
years 1994, 2015, and 2016. Including these three countries serves as an important robustness check, however.  

Regression 2 therefore includes Belgium, Canada, and France, but the years under study are narrowed between 1995 and 
2014. Net operating surplus data from the OECD is only available between the years 1995 and 2016. Additionally, several 
countries have incomplete or missing data for the net operating surplus variable.  

Regression 3 therefore includes only those countries with complete data between the reporting years. Table 1 displays the 
descriptive statistics for the independent and dependent variables for all countries under study. The average values for all years 
and the percent change between the first and last observation year are reported. Table 1 reflects the first through last reported 
years for each country.  

Twenty-five countries in the sample have complete data for the GHG emissions, environmental tax revenue, output, and 
population variables for the years 1994-2016. Data for Belgium, Canada and France is complete for the years 1995-2014. Data 
for the net operating surplus variable is complete for eighteen countries for the years 1995-2016. Countries without complete 
data for the net operating surplus variable are removed from the sample for Model 2 and are noted with dashed lines.    
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Table 1: Average Values and Percentage Change between 1994-2016 for Regression Variables 

Variables 
 
Country 

GHG 
(million metric 

tons) 

TAXES 
(% of total tax 

revenue) 

OUTPUT 
(GDP in million 

US$) 

POP 
(% annual 
growth) 

PROFIT 
(% net value 

added) 
Austria 74151.30 

(+8776.40) 
6.93 

(+0.44) 
305234.74 

(+263237.79) 
0.50 

(+1.41) 
25.28 

(-11.51) 
Australia 553257.58 

(+35381.82) 
7.91 

(-2.62) 
749145.83 

(+835486.59) 
1.35 

(0.12) 
-- 

Belarus 58201.96 
(+5815.90) 

5.33 
(-0.76) 

362001.29 
(+316505.12) 

0.48 
(-0.18) 

--  

Belgium 138973.51 
(-38813.61) 

3.91 
(-1.22) 

352925.53 
(+271574.89) 

0.52 
(+0.23) 

-- 
 

Canada 669049.23 
(+89437.87) 

3.91 
(-1.22) 

1125616.56 
(+933494.50) 

1.02 
(+0.06) 

-- 

Denmark 70706.01 
(-26149.49) 

9.89 
(-0.63) 

198266.07 
(+171783.07) 

0.43 
(+0.26) 

31.35 
(-3.53) 

Estonia 16960.16 
(-1643.15) 

6.87 
(+5.72) 

23566.14 
(+31626.97) 

-0.47 
(+1.80) 

42.03 
(+28.38) 

Finland 49866.64 
(-18221.93) 

6.99 
(+0.36) 

174594.10 
(+140411.64) 

0.36 
(-0.11) 

35.41 
(-6.00) 

France 500203.72 
(-96243.79) 

5.30 
(-0.97) 

1926690.71 
(+1426809.01) 

0.53 
(+0.11) 

-- 

Germany 979802.01 
(-192840.21) 

6.29 
(-1.34) 

2840616.64 
(+2184888.74) 

0.05 
(+0.51) 

29.30 
(+3.29) 

Hungary 66426.36 
(-13010.89) 

7.45 
(+0.08) 

176674.99 
(+168737.38) 

-0.24 
(-0.16) 

31.66 
(+2.28) 

Ireland 68717.64 
(+945.19) 

8.45 
(-2.64) 

172142.03 
(+267014.33) 

1.25 
(+0.70) 

52.35 
(+10.69) 

Iceland 13669.95 
(+1317.20) 

7.74 
(-5.43) 

11050.26 
(+11287.12) 

1.05 
(+0.55) 

-- 

Italy 496219.35 
(-114939.45) 

7.67 
(-1.01) 

1819368.61 
(+1100365.72) 

0.29 
(-0.38) 

35.81 
(+1.86) 

Japan 1276871.74 
(-25858.08) 

5.99 
(-1.95) 

3997174.60 
(+2422360.57) 

0.07 
(-0.33) 

-- 

Luxembourg 10531.03 
(+36.55) 

6.88 
(-3.48) 

35608.75 
(+44963.12) 

1.63 
(+0.74) 

37.65 
(-2.32) 

Netherlands 218539.47 
(-36476.49) 

9.50 
(+0.41) 

635649.01 
(+512421.46) 

0.46 
(+0.04) 

40.07 
(+2.72) 

New Zealand 49351.90 
(+18162.90) 

4.34 
(-0.70) 

112966.14 
(+121915.06) 

1.19 
(+0.76) 

-- 

Norway 30419.77 
(-7624.86) 

6.64 
(-2.52) 

227569.19 
(+198300.25) 

0.86 
(+0.37) 

49.76 
(+7.44) 

Poland 373832.38 
(-51984.32) 

6.30 
(+1.60) 

623568.58 
(+757284.60) 

0.02 
(-0.10) 

37.93 
(+17.28) 

Portugal 66399.02 
(-3731.41) 

8.78 
(-3.77) 

238876.59 
(+176290.34) 

0.15 
(-0.66) 

37.78 
(+1.99) 

Slovenia 13900.08 
(-237.90) 

8.07 
(+10.09) 

48118.04 
(+41551.46) 

0.17 
(+0.14) 

23.40 
(-4.27) 

Spain 332756.00 
(+8295.57) 

6.00 
(-1.17) 

1183113.96 
(+1092594.23) 

0.73 
(-0.40) 

-- 

Sweden 26506.80 
(-33757.63)  

5.73 
(-0.82) 

333313.04 
(+285680.22) 

0.56 
(+0.73) 

33.94 
(-11.59) 

Switzerland 49980.35 
(-2286.44) 

6.49 
(-0.53) 

349647.19 
(+327166.91) 

0.85 
(+0.42) 

28.33 
(-1.52) 

Turkey 279834.77 
(+225864.89) 

12.60 
(+6.27) 

1030186.10 
(+1536537.49) 

1.38 
(+0.04) 

-- 

United Kingdom 650381.66 
(-272324.93) 

7.73 
(-1.08) 

1980298.98 
(+1633509.01) 

0.50 
(+0.43) 

31.90 
(-3.91) 

United States 6256080.42 
(-187315.25) 

3.14 
(-1.29) 

13038912.45 
(+11067440.0) 

0.94 
(-0.47) 

23.55 
(+10.62) 
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Empirical Results 
 

Taxes and Greenhouse Gas Emissions 
 

Table 2 displays the results when Greenhouse Gas Emissions is the dependent variable for the twenty-five, twenty-eight, 
and eighteen-country samples for Model 1. All three independent variables are statistically significant at the 0.01 percent level 
and display the expected signs. The results indicate that a 1 percent increase in environmentally related tax revenue, as a 
percentage of total tax revenue, is associated with an increase of approximately 13 to 30 million tons of GHG emissions. To 
put this in perspective, Eurostat (2019) estimates that the European Union’s total carbon footprint was equal to 7.2 tons of 
carbon dioxide per person in 2017. The magnitude of the GHG emissions decrease is therefore rather large. If using the lowest 
estimate from Table 2, a decrease of 13 million metric tons GHG emission as a result of a 1 percent increase in environmentally 
related taxation would equal the approximate carbon emissions of over 1.8 million people – nearly one quarter of the world’s 
total population – per year. Moreover, many people in the world have a smaller carbon footprint than the European average 
(some also have a greater carbon footprint). As expected, output causes GHG emissions to increase, although the magnitude is 
trivial. A one-unit increase in output, measured in millions of U.S. dollars, is associated with approximately 430 to 450 tons of 
GHG emissions. Population growth is associated with considerably more GHG emissions. A 1 percent increase in population 
is associated with an increase in GHG emissions of between approximately 55 and 80 million metric tons.  

 
Table 2: Regression Analysis of Greenhouse Gas Emissions 

 
Independent Variable 

(1) 
Years 1994-2016 

(2) 
Years 1995-2014 

(3) 
Years 1995-2016 

Environmental Tax Revenue -16437.11*** 
(5403.484) 

-13272.42*** 
(4051.267) 

-29675.71*** 
(10018.00) 

Output (GDP) 0.429*** 
(0.020) 

0.449*** 
(0.021) 

0.429*** 
(0.023) 

Population 80267.22*** 
(19403.33) 

88307.16*** 
(18807.01) 

55074.68*** 
(23278.54) 

Observations 575 560 396 
Prob > F 0.000 0.000 0.000 
R2 0.897 0.910 0.911 
Mean VIF 5.36 6.06 6.18 

Notes: Model 1 excludes Belgium, Canada, and France due to incomplete data. Model 3 excludes Australia, Belarus, Belgium, Canada, 
France, Iceland, Japan, New Zealand, Spain, and Turkey for incomplete or missing data. Robust standard errors (controlled for 
heteroskedasticity) are in parentheses. For robustness, the regressions were also performed without using heteroskedastic-robust standard 
errors. The coefficients remain the same. Although the p-values are slightly higher, they are all still statistically significant at the 0.01 or 0.05 
level. Estimates are reported in thousands and rounded to the nearest thousandth when applicable. * p < 0.10; ** p < 0.05; *** p < 0.01 
 

The R-squared is high for all three regressions, suggesting that the model explains approximately 90 – 91% of the variation 
in greenhouse gas emissions. The F-statistic p-values suggests the model is good for all three samples. The data is also checked 
for multicollinearity. The mean VIF values range between 5.36 and 6.18, suggesting there may be some multicollinearity 
between the variables. However, the tolerance level is not less than 0.01 for any of the variables under study and when used in 
regression analysis individually, the p-values are still low enough to reject the null hypothesis that the slope of the independent 
variables are not different than zero. There is most likely some degree of multicollinearity between the output and greenhouse 
gas emissions variables.  

The empirical approach may also suffer from endogeneity issues. The Hausman specification test was used to help 
determine whether the unique errors (εi) are correlated with the regressors for all three models. The null hypothesis states they 
are not. The p-values from the Hausman tests are not low enough to reject the null hypothesis (p = 0.23, p = 0.32, p = 0.62), 
suggesting the unique errors are not correlated with the regressors. The endogeneity issue for the GHG variable may be 
somewhat mitigated by an appeal to the Paris Climate Agreement, in which participants pledge to reduce greenhouse gases 
exogenously rather than because of high emissions that would induce a regulatory response.  

As an additional robustness check, the model was reduced, and regressions were again performed with the output and 
population control variables removed. The coefficient for environmentally related tax revenue remains similar in magnitude as 
displayed in Table 2 and the p-value is again statistically significant at the 0.01 level for all three samples.  
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Taxes and Profit 
 

Table 3 displays the results when Greenhouse Gas Emissions is the dependent variable for the eighteen-country sample. As 
observed in Table 3, the environmentally related tax variable is statistically significant at the 0.01 percent level. Interestingly, 
the sign is positive, inferring that environmentally related tax revenue is positively correlated with corporate profit. A 1 percent 
increase in the share of total tax revenue that is environmentally related is associated with approximately 1.1 percent increase 
in the net operating surplus. To put this into perspective, the net operating surplus for domestic firms in the U.S. was 
approximately $200 billion in 2018 (FRED, 2019). An increase in environmental tax revenue of 1.1 percent therefore equates 
to an increase of approximately $2.2 billion in corporate profits. This increase in profits may be counterintuitive, but it may 
also partially reflect increases in innovation as firms try to offset the costs associated with environmental taxes (Lindsey, 2019).  
 
Table 3: Regression Analysis of Net Operating Surplus for years 1995-2016 

 
Independent Variable 

(1) 
1 Variable Model 

(2) 
3 Variable Model 

(3) 
6 Variable Model 

Environmental Tax Revenue 1.101*** 
(0.248) 

0.469* 
(0.281) 

0.784** 
(0.350) 

Observations 396 396 266 
Prob > F 0.000 0.000 0.000 
R2 0.049 0.138 0.249 
Mean VIF 1.05 1.29 1.39 

Notes: Robust standard errors (controlled for heteroskedasticity) are in parentheses. For robustness, the regression was also performed without 
using heteroskedastic-robust standard errors. The coefficient and p-value remain the same. Estimates are rounded to the nearest thousandth 
when applicable. * p < 0.10; ** p < 0.05; *** p < 0.01 
 

As expected, the R-squared for this model is very low, which indicates about 0.05 of the variation in profit is explained by 
the model. The F-statistic p-value suggests the model is good and the mean VIF value of 1.05 suggests multicollinearity is not 
a problem. As a robustness check, the regression is performed again with output and population included as control variables. 
A third model is therefore presented:  

 
PROFIT = β0 + β1 TAXES + β2 OUTPUT + β3 POPULATION + ε (3) 

 
Although these control variables do not adequately explain corporate profit, they do likely have some relationship with 

profit. The regression results support this assertion; both output and population are statistically significant at the 0.01 percent 
level. The magnitude of the population coefficient is quite large. A 1 percent increase in population is correlated with a 3 
percent increase in net operating surplus. The magnitude of the output coefficient is trivial (-8.22e07), although it is interesting 
that it is negative. The R-squared increases slightly for the third model to 0.138 and the coefficient for environmentally related 
tax revenue remains positive but decreases to 0.469. It is statically significant only at the 0.10 level.  

As a final robustness check, the regression is performed with the output and population included as control variables, along 
with three additional control variables: multifactor productivity annual growth rate, short-term interest rates per annum, and 
producer price index (PPI) annual growth rate (data derived from OECD statistics). A fourth model is presented:  

 
PROFIT = β0 + β1 TAXES + β2 OUTPUT + β3 POPULATION + β4 PRODUCTIVITY + β5 INTEREST RATES +    

β6 PPI + ε 
(4) 

 
Complete data are not available for additional control variables in all eighteen countries; the sample for the third model is 

therefore reduced to nine countries. The R-squared increases to 0.25 for this final regression, although this is still arguably low. 
It is difficult to explain firm profit at only the macroeconomic level, since microeconomic factors also strongly influence firm 
profit. However, the intent of this paper is not to explain firm profit, but to determine the relationship between environmentally 
related taxes and firm profit. Only the environmentally related tax revenue, output, and population variables are statistically 
significant at the 0.05 level or below in the regression for the fourth model. Both the output and population coefficients are 
again statistically significant at the 0.01 level and are nearly identical in magnitude as in the third model regression. The 
coefficient for environmentally related taxes is significant at the 0.05 level and indicates that a 1 percent increase in the share 
of total tax revenue that is environmentally related is associated with nearly a 1 percent increase in net operating surplus. Mean 
VIF is 1.39, indicating that multicollinearity is not an issue and the F-statistic p-value suggests the model is good. To again 
address the potential endogeneity issue within the models, the Hausman specification test was conducted for the 1, 3, and 6 
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variable models. For all three models, the p-value is low enough to reject the null hypothesis (p = 0.0000, p = 0.0000, p = 
0.0001), indicating that the unique errors are correlated with the regressors and that endogeneity may be a problem.  

The endogeneity problem for PROFIT may again be somewhat mitigated by an appeal to the Paris Climate Agreement 
rather than as a governmental response to “target” high-profit countries with environmental taxation. The political economy of 
the Paris Agreement is beyond the scope of this paper; however, the Agreement gives countries freedom to establish their own 
GHG emissions targets, indicating a positive approach rather than a normative approach that would require countries with more 
profitable companies, or even higher polluting companies, pay more. Additionally, as discussed above, environmental taxation 
may incentivize the adoption of technologies or practices that enhance production efficiencies and help avoid resource waste 
(Söderholm, 2011; Piciu and Tric, 2012). This would support the notion that higher profits may be an ex-post outcome rather 
than an ex-ante cause. Since the interest of this paper is to explore the impact of environmentally related tax revenue on firm 
profit, only those values are reported in Table 3. Complete results for the third and fourth models are reported in Table 4 in 
Appendix A. Ultimately, the results suggest that when additional variables are added to the model, the impact of 
environmentally related taxes on firm profit may be reduced. However, even when reduced, the results suggest the impact 
remains positive and significant.  

 
Conclusion 

 
This study examines the efficacy of taxation as a policy instrument for the environment. Through linear OLS regression 

analysis, it is determined that there is indeed a statistically significant relationship between environmental taxes levied to 
incentivize more sustainable business behavior and reduction of GHG emissions. Additionally, the results from this study 
support earlier research that suggests environmental taxation can be used as a policy tool without significant harm to the private 
sector (Fan, Li, and Yin, 2019). Indeed, the regression results reported in this study indicate that a 1 percent increase in 
environmentally related tax revenue is associated with an approximate decrease of 13 to 30 million metric tons of total GHG 
emissions and an increase of approximately 1 percent in net operating surplus. Moreover, the magnitude of the relationship 
between environmental taxation and GHG emissions is considerably large when examined in context of the average GHG 
emissions associated with one individual’s annual activity in developed countries.  

The inference from this study is therefore that environmental taxes appear to serve their purpose in reducing GHG 
emissions, although there may be other policy instruments, such as subsidies or tradeable permits, that would also induce 
“green” market behavior (Lorek, 2013). The primary benefit of environmental taxation as a policy tool, compared to other 
options, is the “double-dividend” effect, through which environmental taxes can simultaneously reduce harmful environmental 
behavior and generate government revenues that may help offset other, more distortionary taxes that slow economic growth, 
such as income or other payroll taxes (Pearce, 1991, p. 940). Additionally, this source of revenue can be used to address the 
negative externalities associated with ecologically-destructive industry behavior. The overall social value of corrective 
environmental taxes as a policy instrument may therefore be higher than can be captured through measurements of GHG 
emissions, economic growth, or corporate profit. Future research should examine the potential offsets of environmentally 
related tax revenue and more economically distorting taxes, as well as the extent to which environmentally related tax revenue 
is used to address environmental challenges. Future research might also investigate whether the results pertaining to profits 
differ across nonfinancial sectors, which may be more likely to emit GHG, and financial sectors.   
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Appendix A 
 

Table 4: Regression Analysis of Models with Additional Control Variables for years 1995-2016  
Independent Variable Model 3 Model 4 
Environmental Tax Revenue 0.469* 

(0.281) 
0.784** 
(0.350) 

Output -8.22e-07*** 
(1.53e-07) 

-7.54e-07*** 
(1.88e-07) 

Population 3.116*** 
(0.759) 

3.634*** 
(0.805) 

Multiple Factor Productivity -- 0.508* 
(0.210) 

Short-term Interest Rate -- 0.425* 
(0.250) 

Producer Price Index -- 0.055* 
(0.146) 

Observations 396 266 
Prob > F 0.000 0.000 
R2 0.138 0.249 
Mean VIF 1.29 1.39 

Notes: Robust standard errors (controlled for heteroskedasticity) are in parentheses. For robustness, the regression was also performed without 
using heteroskedastic-robust standard errors. The coefficient and p-value remain the same. Estimates are rounded to the nearest thousandth 
when applicable. * p < 0.10; ** p < 0.05; *** p < 0.01 
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Economic Recovery through Municipal Bond Refinancing  
Richard Lewin and Marc Sardy, Rollins College  
 

Abstract 
 

This paper considers a life-cycle loan model with an extension applicable to municipality debt issuance and refinancing, 
allowing for adjustments and rescheduling of principal and interest in line with the economic cycle. This mechanism provides 
a means of shifting the mass of municipal expenditures on bond redemptions and interest payments further into the future, to 
free capital for infrastructure and other transfer payments, until state revenues rise sufficiently through subsequent economic 
growth. This paper provides lenders and borrowers an analytical framework that incorporates a stepped bond replacement 
process with acceleration and amortization clauses to creatively address dynamic repayment transformation issues.  

 
Introduction 

 
In a liquidity trap such as experienced in Japan and arguably in other parts of the developed world (see Akram, 2016), 

municipalities are discovering that they must reconsider their methods of operation and funding. This paper proposes a process 
by which state and local governments might conservatively but creatively make income changes, to build a stronger economic 
base with less financial distress during an economic down-cycle, coupled with amelioration of expenditures during economic 
up-cycles increasing the prospect of a sustained economic recovery. The genesis of this paper developed from a counterintuitive 
question being posited: Could it be that the problem with current government borrowing is not that this is too great, but that 
rather this is too limited to sustain an economic recovery in a low interest rate environment? Given long-term real interest rates 
in most developed countries are approaching zero, according to Craig (2015), this could be an appropriate time for governments 
and municipalities around the world to borrow collectively for investment in infrastructure or other economic growth enabling 
priorities.  

Municipal bonds, known as ‘munis’ in the US, are typically not taxable at the federal level, and commensurately favored 
by investors in higher income tax brackets due to these tax advantages. Ironically the municipal bond market, which is the 
logical place to manifest any prospective fundraising, appears to be making things increasingly difficult for such an opportunity 
to be accommodated. Kalotay (2018) points out that the elimination of the tax exemption for new advance refunding bonds, 
following signing of the Tax Cuts and Jobs Act 2017, has negatively impacted the municipal bond market. Extension of the 
duration of existing debt through refunding, and greater flexibility in the municipal debt market borrowing could prove a 
pragmatic and timely solution to this conundrum. This paper therefore proposes a life-cycle loan model with extensions 
applicable to state and local municipality debt refinancing on an ongoing basis, allowing for adjustments and rescheduling of 
principal and interest payments in line with the economic cycle. Such a mechanism provides a method of shifting the mass of 
municipal expenditures on bond redemptions further out into the future, thereby freeing up capital for infrastructure and other 
transfer payments, until state revenues rise sufficiently through subsequent economic expansion. 

Even postulating a non-Keynesian perspective, it can still be concluded that government borrowings are probably too low, 
since government borrowing is an accounting identity, the counterpart of net lending (that is, savings minus investment) by the 
private sector. One hypothesis being that current economic challenges have been essentially manifested as a prolonged ‘balance 
sheet recession’ with the private sector borrowing too much in the run up to the Great Recession, and subsequently cutting 
spending over the following decade in an effort to reduce debt and repair the balance sheet. Lo and Rogoff (2015) contend that 
growth rates can only return to trend once the debt overhang created by the credit super cycle of the Great Recession is 
reabsorbed. Thus government borrowing might prove to be correspondingly low, despite nominal headline-grabbing levels of 
government debt portrayed in the media, since low interest rates equally affirm private sector balance sheets are actually being 
repaired too slowly, see Frick (2019).  As considered by Fried and Wang (2018) this has promoted a short term bias for share 
repurchases over investment opportunities in the private sector, given expectations of low long-term rates of return evidenced 
by meagre yields on longer duration fixed income instruments such as US Treasuries. 

Anecdotally at least, this appears to be supported in the labor market by the prevalence of very extended lead times for 
reemployment whenever recessions tentatively recede. Recent extremely high US unemployment rates due to the Covid-19 
pandemic remain stubbornly high despite extraordinary interventions by government. These have exceeded even the two-year 
hiatus of the Great Recession, adding credence to this hypothesis, as further alluded to by Kochhar (2020). Worse still, should 
an assumption regarding a lack of government borrowing prove indicative of moribund balance sheet repair in the private 
sector, a very long tail of anemic reemployment rates could ensue, especially accentuated in the lowest wage sectors of the 
economy. Clearly, under Covid conditions, states are more cash strapped and prospects for higher municipal revenues are not 
rapidly returning to their pre-Covid levels. Under our plan, municipalities would be able to modify their debt profile to adjust 
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for these income cycles, without risking default and municipal collapse. Investors also benefit from a restructured debt, as 
opposed to protracted default litigation and potential collapse of a municipality. Stable municipal finances would lead to more 
secure cities that can still provide vital services, and securing their own financial stability would lead to a faster economic 
recovery. 

 
Literature Review  

 
Consumption and spending habits of populations tend to follow a life cycle approach. Studies by Dominitz and Manski 

(1997) and Guiso, Jappelli and Terlizzese (1992) for example point to income as a causative variable in economic life cycles. 
Crook (2001), Donkers and Van Soest (1999), Lea, Webley and Walker (1995) and Livingstone and Lunt (1992) add that, 
while income is a driving variable in a life cycle approach, cultural and psychological issues also play an important role. Franco 
Modigliani (1986) notes that spending and consumption patterns drive business cycles, tax revenues and the size of the taxable 
base. Such economic cycles may be particularly acute when considering municipalities from a Keynesian (or Kaleckian) point 
of view. Since the start of 2009 according to the Federal Reserve Bank of St Louis (2020), households' net lending – roughly 
the difference between their savings (and/or debt repayments) and spending on buying houses - has totaled $376.6bn, making 
this hypothesis plausible for the household sector, since in the five years between 2004 and 2008, net borrowing totaled 
$351.6bn. Households, then, have reversed, over the ensuing 12 years, perhaps at most one quarter of the growth in net debt 
incurred during the preceding boom period. Unfortunately, even this pedestrian turnaround appears to be due to savings and 
reduced house-buying, rather than to actual debt reduction. Federal Reserve of St Louis (2020) Federal Reserve Economics 
Data (FRED) mortgage statistics corroborate that outstanding mortgage debt has actually risen by $171.58bn (14.07%) over 
the last decade as of Q3 2019.  However FRED data on debt to income ratios have also commensurately fallen from 12.24% 
to 9.71% of disposable income over the same period, thanks to a rise in modest nominal incomes and large drop in interest 
rates, rather than due to a fall in overall household indebtedness levels, which remain close to all-time highs.  

This protracted progress in household balance sheet repair may well be due to ‘zombie households’ according to the 
Financial Mail (2013) “one which is kept in being only by the current economic life support machine of ultra-low interest rates 
and ‘forbearance’ by mortgage lenders and other credit institutions”. It appears these households can barely cope with their 
current interest payments let alone generate the cash flow necessary to pay down debt. Before the Covid-19 outbreak households 
were already having difficulty keeping current on their mortgage payments and as of May 2020 8.36% had signed up for 
mortgage relief programs according to DeSanctis (2020). While these represent only a minority, there is a far larger number in 
the ‘squeezed middle’ who have suffered a fall in real wages since the recession, in addition to a collapse in household asset 
values, and have actually reduced their savings in order to maintain their living standards. Any nascent upswing could simply 
result in stretched households merely attempting to repay debt, rather than actually increasing their spending, with the result 
that any incipient recovery will soon stall. This clearly poses the potential danger of a Japanese-style lost decade ahead.  

In this sense, if municipal borrowing increased deliberatively higher, it would be a sign of greater net saving by the private 
sector and thus of faster balance sheet repair, laying the foundations for a proper, sustainable, economic recovery. The advance 
refunding of debt is a widespread practice in municipal finance, where municipalities typically retire callable bonds early and 
refund them with bonds with a lower coupon rate. The intent of advance refunding is to enable municipalities to lock in interest 
savings prior to the call date if interest rates have declined. Moldogaziev and Luby (2012) provide a comprehensive discussion 
of bond refinancing and the factors associated with the refunding decision by municipalities. Kalotay and Raineri (2016) 
demonstrate that the price paid by investors in the municipal bond market is unaffected by a bond's eligibility for advance 
refunding, which is typically permitted only once in a funding's lifecycle. Investors actually prefer these types of bonds as 
evidenced by the dominance of 5% non-callable 10 year bonds, which are tailor-made for advance refunding, thereby gifting a 
potential free-lunch option to municipal issuers. Municipalities require a ladder of bonds in different periods as interest rates 
drop such that cash strapped municipalities may raise more capital through bond issuances. Financially constrained 
municipalities may face pressure to advance refund since this allows them to reduce short-term cash outflows accordingly, see 
Ang et al. (2017).  Cost to retire debt are thus higher, probably adding to the net indebtedness, and making this even harder 
without higher income revenue, to support existing services as appears in Giordano et al. (2012). Thus, whenever tax revenue 
is reduced, services potentially including essential ones must still be cut or eliminated. Our model thus valorizes the recent 
changes in the municipal bond market, by incorporating an alternative stepped bond replacement process with acceleration and 
amortization clauses to systematically address future potential funding opportunities. 

Much of the literature regarding internal bond refinancing does not specifically address municipal bonds. The existing 
publications generally address option provisions or staggered ladders of bonds, as a way of replicating durations and modifying 
the debt profiles of various borrowers. Others such as Moldogaziev and Luby (2012) talk of limited refinancing windows, yet 
much of what we propose would add another tool to the municipalities’ arsenal to relieve financial pressure throughout any 
period of reduced revenue. Other research such as Kalotay and Raineri (2016) implies that there would be limited if any 
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pullback among investors for the internal mechanism proposed within our class of bond structure. Indeed other types of bonds, 
with internal mechanisms already embedded in their indentures, do not appear to suffer from investor retreat. 

If the private sector were trying harder to repair its own balance sheets, private spending would be weaker and substantiate 
an increased argument for stronger counter-cyclical fiscal policy. The problem with this portrayal is that this rests on the 
hypothesis that households need to reduce debt. The dilemma in knowing what the ‘appropriate’ debt-income level will be for 
households, is that this is dependent upon their expectations for future income (see Gropp, Scholz, and White, 1997). The 
higher households’ expectations are any given future income level, the more sustainable should appear the level of debt, as 
prospective debt-income ratios will be commensurately lowered. Herein lies the case for more accommodative fiscal policy on 
the part of the government, given considerable US tax cuts in 2018. This appears the diametric opposite of the wrangling and 
protracted negotiations over the ‘fiscal cliff’ in the US, whereupon the Federal Government is periodically held to ransom by 
an arbitrary upper limit imposed by Congress on the Federal Debt ceiling.  

One must of course further recognize the paradox of thrift. This is a reminder that it is impossible for everyone to improve 
their balance sheets simultaneously. If indeed any balance sheet must deteriorate, far better that this be the governments’ via 
municipal borrowing, rather than that of households, because municipalities can borrow far more cheaply even in a constrained 
credit environment and may target such borrowings into the areas of greatest local need. Although this might appear a contrarian 
heterodox response, but that could miss the point. Since spring 2012 according to the IMF (see Blanchard, 2014), the developed 
world governments have been painfully consistent in their view that borrowing will exceed forecasts, especially in the EU and 
the US. Furthermore, ten year bond yields have deteriorated precipitously over the last decade since the Great Recession across 
the major countries, suggesting that markets remain far more concerned about the weakness of prospective global economic 
growth than high government borrowing levels. Moreover, a sovereign nation can never experience a solvency crisis, providing 
the only borrowing remains within its own currency, since there is always scope to print this with impunity.  In the case of the 
US, the Federal Reserve has created assets to provide liquidity in times of essential need (see Singh, 2020). However, as 
economists cannot agree if the level of debt per se is even relevant, given it seems more important to consider the budget impact 
of funding ongoing interest payments which have materially fallen as interest rates have collapsed across the maturity spectrum, 
enhancing borrowing capacities. All of which underlines a case for the significant and deliberative expansion of municipal 
borrowing along the lines of a more flexible municipal debt instrument.  

If this is indeed a balance sheet recession, households may respond to tax rises by reduced saving - as they have been doing 
in real terms - which provides evidence that the economy might be heading towards just such a recession. An alternative of 
lower mortgage tax deduction for example could pull the rug out from under homeowners. Real wealth reduction will occur 
among homeowners if this tax credit is removed and concomitantly there will be a knock-on effect on house prices. Against 
this backdrop, tightening fiscal policy would be potentially erroneous because the squeeze on households' incomes created by 
any such action would slow down the process of balance sheet repair and thus prolong the stagnation in job creation (see 
DeVaney and Yilmazer, 2005). To operate within a liquidity-trapped world, the pattern of operation in all nations caught therein 
would obviously need to change. As 20-year notes for $1bn are paid off for example, others should automatically be replaced 
synchronously at the back end.  

There is no financial instrument equivalent to directly recycle debt within an open market channel at present. This needs to 
change, but there is no need to go to investment firms to facilitate this. Issuance could be done using a direct reissue to existing 
bond holders willing to lengthen the duration of their lending commitments and interest payments could be extended rather 
than actually amortized. In effect this would create an interest-only payment period, followed by payments used to pay down 
balances possibly further down the road in terms of principal repayment, as the economy and revenue base of the municipalities 
recover. Balloon payments over time could further allow them to under pay now and use reset guidelines to even shift the 
payments, or a fraction of repayments, forward as interest-only. Repayments or balloon payments can be made further out, in 
line with a pickup in economic growth and activity that would allow municipalities to make higher payments. An inducement 
would be to provide a tax-free premium on such bonds (perhaps using a mechanism in line with the indexation provisions of 
principal in Treasury Inflation Protected Securities (TIPS) to allow for this deferral with enhancement of principal at 
redemption. Changes in maturity extension could be phased forward or backward as appropriate. 

Population trends can be used to forecast dynamic changes in the tax base and to illustrate the important future features of 
the demographic composition of a nation. This provides the background within which to evaluate future consumption needs, 
characterized by anticipated population projections over the next quarter of a century or so. This information can be used to 
calibrate the impact of changing pensioner profiles, for example, and to highlight any potential asset/liability mismatch relating 
to their future pension incomes. The short- to long-term needs of any municipality are financed through tax revenues. When 
tax revenue falls it becomes more difficult to meet such payments (e.g. of August 3, 2013, the United States Postal Service 
eliminated Saturday first class mail delivery and risked being privatized by upsetting enough consumers. If FedEx can do it, 
why not the USPS? The answer apparently lies in the unreliability of service).  

As Michael Lewis (2012) has illustrated municipalities losing adequate resources chose to reduce police and fire services 
and even close municipal offices. However, if the revenue base dries up, due to economic collapse, a municipality should be 
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allowed to shift the maturity schedule and payments on its debt to roll up interest and principal and push back towards a higher 
balanced budget in the short run, in order for a city to maintain essential public services even in a down market. Changes in tax 
income are not arbitrary and cannot be used to push off indebtedness forever. Repayment plans should be tied to economic 
recovery. For example, a municipality should be able to choose the following scenario: a down payment of 10% of the 
outstanding balance could be used to securitize the future repayment of the debt. Another 10% would be paid in the future, at 
a date to be determined. If the interest rate were to rise, more interest would be payable unless the municipality was able to 
redeem a portion of the debt. Were interest rates to rise by 10%, the municipality might choose to pay down more of the debt. 
If the new interest rate were to become too large, it might be simpler or more effective to redeem the existing bonds by issuing 
a new set of bonds. A mechanism would be designed in advance and incorporated into the scheduled repayment plan to 
compensate for the rise in interest.  

 
Algorithm for Variable Bond Maturity and Associated Interest Rate Payments 

 
This paper now proceeds to derive an algorithm to calculate the interest rate for an income sensitive municipal loan that is 

matched to cyclical earnings. A loan of amount P is thought of as having a fixed duration (n months) but as being composed of 
k blocks, where different rates of interest and amortization can be altered within these blocks to meet the debtor’s horizon. An 
analysis of Income Sensitive Loan (ISL) rates can be conducted from either borrower-driven or a lender-driven perspective. 
Differences appear at the stage in the calculations when an entity chooses the parameters whose values determine the yields or 
payments. Consistently therefore this paper will adopt the following notation: 

 
n = life of the loan in months; k = number of blocks; b1, b2,…, bk = lengths of blocks in months, where: 





k

i

i nb
1  

 
(1) 

P1, P2… Pk = amount of principal outstanding at the ends of the respective blocks; without loss of generality, assume: 
 

P0 = 1. (2) 
  

Clearly, 0....10  kPPP  (3) 
 

A1, A2,..., Ak = monthly payments within the respective blocks, that is, borrower pays amount Ai during each month of the 
ith  block. Ai must be interpreted as a fraction of the principal. This assumes that within each block the amortization is steady: 
in the ith block, the principal drops from Pi-1 to Pi, the “average” principal is: 

   

 ii PP  12/1  (4) 
 

and each month the amortization is, 
(5) 

Also in the ith block, A1b1 - (Pi-1-Pi) amount paid in excess of amortization (the money rental cost). 
 

Then, by the usual argument, the yield in the ith block (Yi) can be written as: 
 

1 12

1

( )
1

1
( )

2

bi
rii i i i

i

i i

A b P P
Y e

P P





 
  


 

(6) 

        
where ri = (yearly) rate of interest in the ith block, compounded continuously.  

 
Conventionally, an assumption is made that in each block the total payment at least covers amortization, that is: 

 

1( )i i i iAb P P  or equivalently 0iY  (7) 
             

Considering next the entire length of the loan, two prospective outcomes exist; 
(I)   Pk = 0: the principal is fully paid at the end of n months 
(II)  Pk ≥ 0: a “balloon” of Pk must be paid at the end of n months.   
 
In either case the “average” principal during the n months is: 
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and the total amount paid in excess of amortization is: 
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Thus the overall yield is: 
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(10) 

where RT = (yearly) rate of interest through the n months of the loan, compounded continuously. Strictly speaking if r’i is the 
announced annual rate for the ith block and R’T is the announced annual rate for the n months this leads to: 

 
(11) 

and                
      

(12) 

 
Evidently, when Pk = 0, (10) this reduces to  

 
(13) 

 
Another special case of general interest that can be handled by this approach is that in which Pk = 0 and the amortization is 

consistent throughout, i.e., the principal diminishes by 1/n each month. Further notation is therefore useful here:  
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βi can be interpreted as the number of months remaining after the ith block. Then, 
 
 

 
 
 
 
 
 
 

Equation 7 becomes: 
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Formulas (6) and (13) become: 
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(17) 

Because 
 

(18) 

 
Figure 1: Geometry of Amortization 

 
 

area of ith trapezoid = 
(19) 

    
 Reducing the foregoing equations in combination, as desired.    

 
 (20) 

 
Discussion 

 
A geometric argument represented in Figure 1 allows us to see intuitively that the area of ∆ = n/2 = sum of the areas of 

these trapezoids. This illustrates the aforementioned trapezoids consisting of individual blocks within the loan. Within each 
block are the block number and the calculated values in the corresponding algorithm: Yi, ri and βi/n. The ‘y’ axis is the principal; 
the ‘x’ axis is the time at point I.   
 

Comments and Application 
 
The values of many parameters, indeed many sets of parameters, are involved in equations (6) and (10). Constraints (3) and 

(7) must be met if computed solutions are to be at all useful. In practice, the borrower, after assessing his income and 
expenditure prospects, specifies k;{b1,...,bk}; and {A1,...,Ak} in requesting a loan. In effect, the borrower is proposing a 
repayment schedule. The lender specifies {P1,...,Pk} and then computes {r1,...,rk} and RT in order to decide whether the yield 
on this schedule is competitive with that obtainable from other investment opportunities. It is difficult to interpret values of r, 
since typically ri increases as Pi decreases; the overall RT is consequently of major importance. Moreover, given values of ri the 
values Pi can be obtained recursively from equation (6): 
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(21) 

 
The lender can also carry out a trial of ‘what if’ scenario computations to see whether this is to his advantage to accept a 

lower yield and avoid a ‘balloon’, or to seek a higher overall yield but have less of the principal at his disposal before the end 
of any given n months. From (12), the lender can compute RT when all other parameters are known and can compare his value 
with a reference value R0 for any competing investment.  This should allow significant lender sophistication and a real time 
calibration which may prompt further segmentation within the lending market to include alternative sources of capital thereby 
deepening the pool of municipal lending. 

This economic life-cycle loan model also corresponds to human life-cycle profiles. They could differ somewhat from one 
another to address the specific circumstances of each municipality. However, there are some common features. Rather than 
following the S curve of a pattern of boom and bust, requiring long periods of adjustment, a modulated curve with a smoother 
adjustment period is proposed. This builds upon the formula first derived in Shapiro-Grosof, Sardy and Sardy (2006), which 
uses a trapezoidal approach to the loan-cycle with a simple mathematical phase shift adjustment. A swing in the accumulation 
phase corresponds to a cyclical curve with a positive hump, to shift out in times of a municipality facing a negative revenue 
position. Forced savings would not be sufficient; so as the city revenues rise, so do repayments. This ensures revenue-led 
investment to accept later payments; but of course, it can always pay back earlier. Should a 30% increase occur, new obligation 
bonds are issued as a means of forced austerity - a Keynesian trigger or spanning mechanism.   

So how does this work? Principal and interest are to be shifted forward in time, using duration extended variable payments. 
This is not the equivalent of fixed income but like other securities incomes, inverse notes payments for example, modeled on 
a mortgage PAC payment. To provide a stable floating PAC going down alongside Libor, could include caps and collars on 
how much rates may rise or fall over time. This would really be shifting interest payments as well as principal, if necessary, 
out into the future, using a combination of deferral and augmented interest rates to allow flexibility and a duration extension 
premium. Municipal bonds are a tax-free security at the state and federal level, so higher rates can be indexed to inflation to 
push out or back off the resulting repayment schedule. Rates can then be reset up or down based on the prevailing rates in the 
market. They may stay flat, or carry a cap and collar arrangement, or never go down, other than to establish a refinancing floor 
to the loan.  

 
Limitations 

 
Limitations in this paper stem from exploring a type of bond that does not have an available track record. The idea is a 

novel one, but can be simulated through mathematical calculations to provide the overall return to investors with periodic 
modifications, such that the investor will realize the same stream of income over the life of the bond. This paper provides a 
theoretical underpinning for developing such a modifiable bond, and for performing the calculations necessary for working out 
bond repayment schedules at various periods during the bond’s life. Municipalities could employ the model to derive the entire 
income profile available to investors over the life of the bond, and would be able to demonstrate equivalency to the net present 
value of an unmodified bond, validating investor requirements to remain whole upon any subsequent implementation. However, 
a full-scale simulation of a municipality making such adjustments across an entire portfolio of debt remains beyond the scope 
of this paper. 

 
Conclusion 

 
This paper has outlined an analytical loan package that offers flexibility to municipalities and lenders to deal with business 

cycles. This is conceptually consistent with a balanced budget model that should free up tight resources during periods of 
declining tax revenue, whilst enforcing fiscal responsibility during periods of increasing tax revenue and economic boom. As 
a recession ends, the taxable income base should expand as the economy accelerates by a given percentage, thus municipalities 
adopting a borrower deferment model would be required to pay down an elevated percentage of their outstanding loans through 
additional quantities of repayment in line with rising receipts as established within their respective bond covenants. For example 
during a recessionary period were a local government is able to postpone payment for say 2-3 years, thereafter they would in 
effect pay down a larger proportion of outstanding debt in advance of the next business cycle. This enforces austerity during 
profitable boom periods, which frees up capital, thereby enhancing fiscal stability and investment during recessionary or 
‘depressionary’ scenarios. Most importantly this reduces high insolvency costs and liquidity risks as associated with Chapter 9 
conservatorship.  
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During periods of expansion municipalities have a tendency to be profligate with their spending, yet. the mechanism would 
ensure the imposition of fiscal responsibility. As revenue growth accelerates, debt repayments should increase by more than 
the equivalent percentage of interest ordinarily owed, by including an accumulation of any forgone payments under-met during 
the period of ‘recessionary’ deferment. This creates a virtuous cycle of paying down more principal when municipalities can 
afford to do so, and less when they cannot.  Using this approach should thereby reduce the hefty welfare losses associated with 
municipal bankruptcy proceedings, liquidation and restructuring negotiations. Additionally, the proposed mechanism facilitates 
the ability to borrow vicariously under the extension of existing facilities, without the need for direct Federal intervention. This 
should prove Pareto optimal for lenders and borrowers, who can agree on a predetermined and stress-tested basis, as to the 
extension of maturity profiles of existing municipal debt where economic conditions warrant it. 
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Seasonality in the Consumer Discretionary Sector after the 
Global Financial Crisis 
Elijah Manning and Axel Grossmann, Georgia Southern University 

 
Abstract 

 
The study investigates seasonality in the consumer discretionary sector of the S&P 500 categorizing companies’ profiles into 
13 summer driven stocks, 23 holiday driven stocks, and 26 non-seasonal stocks. In line with the admonition to “sell in May 
and go away”, the study finds low returns during the summer season. 54% of summer driven stocks exhibit highest returns 
during the holiday season (September to December), while 70% of holiday driven stocks show highest return during the post-
holiday season (January to April). An investment strategy based on this seasonality provides statistically significant higher 
average returns compared to the sector.  
 
JEL Codes: G10, G14 
Keywords: Market Efficiency, Seasonality, Consumer Discretionary Sector, Stock Returns 
 

Introduction 
 

According to the Efficient Market Hypothesis, stock prices should be unpredictable and follow a random walk; hence, it 
should be impossible to make abnormal returns based on past price patterns (Fama, 1965; and Samuelson, 1965). However, 
researchers have questioned the Efficient Market Hypothesis by pointing towards several market anomalies. One of these 
anomalies is the seasonality in stock market returns. If Efficient Market Hypothesis holds, however, rational investors should 
account for seasonality, and its effects are nullified. Well known seasonalities discussed in the literature are, for example, the 
January Effect and the Halloween Effect.  

According to the January Effect returns are higher in the first month of the year when compared to the remaining eleven 
months (e.g., Rozeff and Kinney 1976; Korajczyk, 1982; Plastun and Plastun, 2018). One of the explanations for the January 
Effect is the tax-loss selling hypothesis (Wachtel, 1942; Branch, 1977; and Starks et al., 2006). This hypothesis states that 
investors sell their securities that had negative returns just before the year’s end in order to lower their tax burden. While this 
will lower prices at the end of the year, it will lead to higher returns in January as prices rebound (Starks et al., 2006). Some 
studies, however, question the existence of a January Effect (e.g. Classens et al., 1995).   

The Halloween Effect refers to the common quote about stock markets: “sell in May and go away “ and adds “but remember 
to come back in September” (Bouman and Jacobson, 2002; and  Jacobsen and Visaltanachoti, 2009). According to this effect 
stock returns are lower during the summer months (May–October) than during winter months (November–April).  Bauman and 
Jacobson (2002) find evidence for the Halloween Effect for 36 out of 37 countries, particularly for European countries going 
back all the way to 1694 in some cases. Jacobsen and Visaltanachoti (2009) provide evidence for the Halloween Effect for 
most U.S. stock market sectors and industries. The exception are the consumer consumption sectors, which demonstrate strong 
performance during the summer months, while production sectors outperformed the market during the winter months. Lucy 
and Zhao (2008) do no find much evidence for a Halloween Effect and suggest that it may be driven by the January Effect. 

The purpose of this paper is to investigate the existence of seasonality within the 62 stocks of the S&P 500’s consumer 
discretionary sector proceeding from the global financial crisis from 2009 to 2018, specifically within companies that are 
involved in the retail, travel, or home improvement space. This paper differs from the previous literature in two main ways.  

First, the focus is narrowed to only the S&P 500’s consumer discretionary sector, which includes a vast variety of 
companies that range from automotive manufacturers to apparel and consumer durables. The sector is often used as a measure 
of the strength of the U.S. economy. 

Second, seasons in this paper are not defined by months or quarters, but by three seasons within each year. The first season 
is defined by the period from January to April (season 1) and called the post-holiday period. The second season is defined by 
the period from May to August (season 2) and called the summer and travel period. Finally, the third season is defined by the 
period from September to December (season 3) and called the holiday period. The justification for those seasons is based on 
the different groups of firms within the consumer discretionary sector, as well as the assumption that their performance is 
driven by different periods. For example, retail stocks are assumed to be driven by increased sales during the holidays (holiday 
driven stocks), while travel-related companies and home improvement stores may generate increased sales during the summer 
(summer driven stocks). Yet, other stocks within the sector may not be driven by any specific season. Assuming variable costs 
do not offset these increased sales, specific companies in the consumer discretionary sector may show higher returns during 
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those times, specifically within retail-based as well as the travel and home improvement-based sub-sectors. 23 stocks are 
defined as holiday driven stocks and 13 are defined as summer driven stocks (see Table 1). It is hypothesized that firms within 
the travel and home improvement sectors show a higher performance during the summer period, while firms within the retail 
sector are expected to demonstrate higher performance during the holiday period. 

The findings provide evidence for seasonality within the consumer discretionary sector. However, in contrast to the main 
hypothesis, retail stocks (holiday driven stocks) perform best in the first season (post-holiday), while travel and home 
improvement stores-based stocks (summer driven stocks) perform best during the third season (holiday season).  While these 
findings seem puzzling at first, they might be explained by the impact of earnings announcements rather than the actual season 
during which the higher profits are generated. For example, higher earnings in the retail sector (holiday driven stocks) generated 
during the holiday season are not reported until the following year—the first season. Whereas travel and home improvement-
based stocks (summer driven stocks) may have higher earnings during the summer, these earnings will be reported during 
season 3. This may lead to travel and home improvement-based stocks performing best during the third season. Finally, a 
strategy investing funds over the sample period in the 23 holiday driven stocks during the first and second season and in the 13 
summer driven stocks during the third season outperforms the S&P 500, as well as the consumer discretionary sector with 
respect to average annual returns and Sharpe ratios. 
 

Data and Methodology 
 
The seasonality within the S&P 500’s consumer discretionary sector is investigated for the period after the financial crisis 

starting in January 2009 until December 2018. The data are taken from the Yahoo Finance web-page and downloaded at a daily 
frequency.  

In December 2018, 62 companies were defined by Bloomberg as members of the S&P 500’s consumer discretionary sector. 
Table 1 shows a list of all the stocks included in the sample. Every company within the 62-company sample did not have returns 
dating back to 1/1/2009 in Yahoo Finance; thus, the sample starts with 57 firms which had data ranging back to 1/1/2009. Five 
companies are added to the sample for the season for which complete data become available. These five companies are Aptiv 
PLC, Capri Holdings LTD, General Motors Co, Hilton Worldwide Holdings INC, and Norwegian Cruise Line Holdings. By 
the end of the sample, all 62 companies were included in the consumer discretionary sector sample. Every company within this 
sample falls into one of the following GICS industry codes: 2510, 2520, 2530, and 2550. The codes and industry group names 
and subgroup names are not presented to preserve space but are available upon request.  

To investigate the seasonality in the consumer discretionary sector, the calendar is broken into three seasons per year rather 
than four quarters. This is mainly done based on the assumption that a certain group within the consumer discretionary sector 
might be driven by the summer, while others might be driven by the holidays. Thus, choosing three seasons instead of quarters 
better illustrates the seasonal changes because using a four-quarter system would split the summer season in two. Season 1 
extends from January 1st to April 30th and is defined as the post-holiday season; season 2 extends from May 1st to August 31st 
and is defined as the summer and travel season; season 3 extends from September 1st to December 31st and is defined as the 
holiday season.  

Each stock in the sample is defined as either summer driven, holiday driven, or not seasonal driven (see Table 1, Panels A 
to C). Unfortunately, the GICS industry codes, group name and industry name specifications provided by Bloomberg are not 
very helpful in categorizing a stock as either summer driven (season 2) or the holiday driven (season 3) as the industry 
specification is too broad for this purpose; for example, GICS specifies the hotels, restaurant & leisure industry. While hotels 
and leisure companies are expected to be more summer driven, the same may not necessarily be expected for restaurants such 
as McDonalds or Starbucks. 

Thus, an ad-hoc approach is taken to classify a stock as summer driven, holiday driven, or not seasonally driven. The 
profile of each company in our sample is screened to determine its primary stream of revenues and, hence, its main business 
activity are potentially more summer, or holiday driven. For example, stocks are assumed to be summer driven if their sales 
are mainly revolving around the subindustries of travel and home-improvement. Companies with hotels, casinos, cruises, and 
travel bookings, such as Hilton Worldwide or Marriott International, Las Vegas Sands, Carnival, and Norwegian Cruise, as 
well as Expedia Group, are expected to have the higher sales during the summer travel seasons. Additionally, home-
improvement companies, such as Lowe’s and Home Depot, are also expected to have summer driven sales. Further, stocks are 
assumed to be holiday driven if they belong to subindustries revolving mainly around retail and consumer durables & apparel, 
which are expected to be highly impacted by holiday revenues, such as Amazon, Best Buy, Tiffany & Co, etc. Following this 
classification and assumption, 23 stocks are specified as holiday driven stocks and 13 as summer driven stocks.  

Based on daily adjusted closing stock price from Yahoo Finance, the average returns, standard deviations, and altered 
Sharpe ratios are calculated for each of the 62 stocks for each of the three seasons as well as annually. The altered Sharpe ratios 
presented in this study are calculated by simply dividing the average seasonal or annual return by the sample standard deviation 
of the respective period; thus, the returns are not adjusted by the risk free rate. This altered Sharpe ratio allows one to look at 
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seasonality after adjusting for risk as it measures the return per unit of risk.  Table 1, Panels A to C show the average returns 
and Sharpe ratios for each of the 62 stocks for each of the seasons.  

To further investigate the performance with respect to seasonality, several equal-weighted portfolios are created. The first 
portfolio contains all 62 stocks in the consumer discretionary sector. The second portfolio contains just the 36 stocks that are 
expected to be impacted by either the summer season or the holiday season. The third portfolio contains the 23 holiday driven 
stocks (holiday driven portfolio), and, finally, the fourth portfolio contains the 13 summer driven stocks (summer driven 
portfolio).  

Finally, a seasonality investment strategy is suggested and the performance of the strategy compared to the performance 
of the overall market via the S&P 500 ETF (SPY). Further, the performance of the strategy is compared to the sector by via the 
constructed equal-weighted 62 stock sector portfolio as well as the S&P 500 Consumer Discretionary Select Sector SPDR Fund 
(XLY). Going forward we use the abbreviation “sector ETF (XLY)” for the S&P 500 Consumer Discretionary Select Sector 
SPDR Fund. 

 
Table 1: Individual Stocks Average Returns and Altered Sharpe Ratios per Season 
        Average Returns (in %)     Altered Sharpe Ratios 

 Company  
Season 
High 

Return 
  A  S01 S02 S03   

Season 
High 

Sharpe 
A  S01 S02 S03 

Panel A: 23 Stocks presumed to be impacted by holiday season: holiday driven stocks (season 3) 
1 AMZN   Amazon  1 47.23 16.10 10.38 14.80  2 0.90 0.72 0.99 0.49 
2  BBY   Best Buy  1 26.46 15.46 2.84 0.74  1 0.31 0.37 0.13 0.03 
3  CPRI   Capri Holdings 

Limited  
1 3.16 5.13 2.91 -2.97  1 0.07 0.29 0.14 -0.10 

4  GPS   Gap   1 14.55 11.25 0.59 2.80  1 0.40 0.58 0.03 0.13 
5 GRMN   Garmin Ltd  1 18.08 9.43 2.24 6.82  3 0.88 0.65 0.12 0.66 
6  HBI   Hanesbrands Inc  1 25.45 16.18 6.43 -2.43  1 0.51 1.03 0.38 -0.14 
7  HAS   Hasbro Inc  1 16.57 15.05 0.90 0.07  1 0.64 0.97 0.11 0.01 
8  KSS   Kohl's Corp  3 10.57 3.78 1.58 6.38  3 0.51 0.30 0.10 0.38 
9  LB   L Brands Inc  3 24.87 3.47 -0.62 20.31  3 0.55 0.13 -0.03 0.84 

10  M   Macy  1 18.50 13.03 -1.06 6.04  1 0.58 0.75 -0.07 0.28 
11  NWL   Newell Rubbermaid 

Inc  
3 12.39 4.78 1.67 5.55  1 0.41 0.53 0.09 0.27 

12  NKE   Nike  3 24.76 6.79 3.57 13.20  3 1.29 0.65 0.37 0.96 
13  JWN   Nordstrom  1 23.09 10.76 2.84 6.30  1 0.44 0.62 0.17 0.27 
14  PVH   Phillips-Van 

Heusen Corp  
1 23.46 16.47 5.07 0.50  1 0.55 0.76 0.29 0.02 

15  RL   Ralph Lauren  3 13.24 2.79 3.54 6.95  3 0.44 0.15 0.24 0.36 
16  ROST   Ross Stores  1 29.06 12.67 6.07 10.22  1 1.84 0.90 0.53 0.53 
17  TPR   Tapestry Inc  1 10.93 10.37 -7.33 8.32  1 0.35 0.82 -0.63 0.36 
18  TGT   Target  1 10.69 5.70 2.54 3.68  1 0.64 0.38 0.23 0.24 
19  TIF   Tiffany & Co  3 19.11 6.17 4.00 7.70  1 0.54 0.44 0.29 0.32 
20  TJX   TJX Companies  1 27.06 13.31 7.64 4.86  1 1.15 0.95 0.54 0.39 
21  ULTA   Ulta Beauty  3 46.04 15.99 7.72 16.60  1 1.08 0.78 0.56 0.74 
22  UAA   Under Armor  1 27.43 12.87 10.08 0.48  1 0.60 0.73 0.53 0.02 
23  VFC   V.F. Corp  1 29.73 10.58 7.22 8.97   1 0.94 1.05 0.63 0.45 

Panel B: 13 Stocks presumed to be impacted by summer season: summer driven stocks (season 2) 
1  BKNG   Booking Holdings  1 44.66 22.29 8.60 7.18  1 0.77 1.22 0.38 0.36 
2  CCL   Carnival Corp  3 11.89 1.68 0.98 9.48  3 0.51 0.12 0.08 0.54 
3  EXPE   Expedia Group  2 36.50 10.61 15.77 3.66  2 0.54 0.46 0.68 0.16 
4  HLT   Hilton Worldwide 

Holdings Inc.  
1 11.29 4.76 3.77 4.11  1 0.38 0.94 0.32 0.27 

5  HD   Home Depot  3 25.89 9.95 2.48 12.46  1 1.50 0.98 0.23 0.96 
6  LVS   Las Vegas Sands 

Corp  
1 40.21 14.79 5.57 10.88  1 0.55 0.70 0.19 0.44 

7  LOW   Lowe's Companies  3 18.54 5.72 -0.01 14.27  3 0.97 0.48 0.00 0.91 
8  MAR   Marriot Int Cl A  1 25.04 12.97 -2.12 11.61  1 0.76 0.85 -0.19 0.77 
9  MGM   MGM Resorts 

International  
3 12.12 6.51 -5.00 12.34  3 0.28 0.21 -0.26 0.52 

10  NCLH   Norwegian Cruise 
Line Holdings Ltd.   

3 0.68 3.60 0.86 5.85  3 0.02 0.20 0.05 0.24 
11  RCL   Royal Caribbean  3 30.76 3.81 3.81 21.81  3 0.69 0.18 0.16 0.72 
12  TSCO   Tractor Supply 

Company  
3 30.10 10.89 4.92 12.04  3 0.89 0.56 0.40 0.70 

13  Wynn   Wynn Resorts LTD  1 23.30 18.39 -2.18 3.55   1 0.43 0.73 -0.11 0.14 
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Table 1: continued 
Panel C: 26 Stocks presumed not to be impacted by summer or holiday: no seasonal driven stocks 
1  AAP   Advanced Auto 

Parts  
1 21.54 8.91 3.19 8.12  1 0.65 0.58 0.14 0.53 

2 APTV  Aptiv PLC  1 18.13 8.99 5.39 3.74  1 0.51 0.67 0.48 0.21 
3  AZO   Autozone  3 21.18 7.53 0.80 12.39  3 0.97 0.62 0.06 1.07 
4  BWA   Borgwarner Inc  1 19.43 10.48 -2.15 8.07  1 0.43 0.73 -0.16 0.34 
5  KMX   Carmax Inc  3 30.63 6.93 6.04 13.07  3 0.51 0.37 0.33 0.53 
6  CMG   Chipotle Mexican 

Grill  
1 30.79 19.39 4.25 2.92  1 0.56 0.87 0.20 0.14 

7  DHI   D R Horton  1 22.82 18.28 -1.89 7.76  1 0.64 0.67 -0.10 0.37 
8  DRI   Darden 

Restaurants  
1 18.87 10.77 0.78 7.84  1 1.46 0.88 0.07 0.57 

9  DLTR   Dollar Tree   3 23.15 6.92 4.63 10.10  3 0.85 0.58 0.39 0.61 
10  EBAY   Ebay  2 19.17 7.50 8.18 2.19  1 0.70 0.54 0.52 0.21 
11  F   Ford  1 34.51 17.59 -3.73 9.89  3 0.34 0.39 -0.22 0.44 
12  GM   General Motors 

Company  
3 12.87 -1.08 -3.48 10.19  3 0.54 -0.11 -0.30 0.64 

13  GPC   Genuine Parts 
Company  

3 14.19 2.80 2.00 8.97  3 0.79 0.24 0.28 0.87 
14  HRB   H&R Block  3 9.31 0.31 3.73 6.36  3 0.30 0.01 0.25 0.56 
15  HOG   Harley Davidson  1 12.33 9.05 -3.88 7.40  1 0.43 0.50 -0.27 0.42 
16  LEG   Leggett & Platt  3 14.63 6.70 1.59 6.92  1 0.76 0.54 0.10 0.51 
17  LEN   Lennar Corp  1 21.98 10.77 1.27 10.71  1 0.57 0.48 0.05 0.48 
18  LKQ   LKQ Corporation  2 18.83 5.23 6.94 4.57  2 0.60 0.32 0.73 0.27 
19  MCD   Mcdonalds  3 15.56 4.67 1.83 8.34  3 0.88 0.47 0.20 1.14 
20  MHK   Mohawk 

Industries  
1 16.06 7.75 0.48 6.26  1 0.48 0.47 0.03 0.30 

21  NVR   NVR, Inc.  3 23.41 7.13 3.26 9.44  3 0.60 0.71 0.18 0.91 
22  ORLY   O'Reilly Auto 

Parts  
1 28.85 12.95 3.16 11.46  3 1.32 0.94 0.20 1.01 

23  PHM   Pultegroup  1 20.84 11.35 -2.01 7.84  1 0.31 0.54 -0.08 0.35 
24  SBUX   Starbucks  3 35.58 12.74 4.02 14.30  3 0.89 0.78 0.29 1.22 
25  WHR   Whirlpool Corp  1 22.76 9.09 -0.27 8.39  1 0.42 0.55 -0.01 0.41 
26  YUM   Yum! Brands  1 18.66 11.49 1.69 4.91   1 1.42 1.41 0.19 0.70 

“A” describes the annual returns or modified Sharpe ratios and “S01”, “S02”, and “S03” describe the returns and Sharpe ratios for the 
respective seasons. 
 

Results 
 

Individual stock performance 
 

Table 1, Panels A to C show the average annual returns and seasonal returns as well as the respective Sharpe ratios for all 
the 62 stocks in the sample. Panel A reports the results for the 23 holiday driven stocks, Panel B, the results for the 13 summer 
driven stocks, and Panel C the results for the non-seasonal stocks. 

Looking at some of the stocks’ returns and Sharpe ratios provides evidence for a seasonality effect. For example, within 
the holiday driven stocks (Panel A), Best Buy demonstrates the highest return (15.46%) and Sharpe ratio (.37) during season 
1, while the performance is significantly lower in the other two seasons. Hanesbrands Inc. is a comparable example: its average 
return during the holiday season (season 3) is -2.43%, whereas its post-holiday seasonal (season 1) return is 16.18%. 

Similar performance patterns are detected for 16 out of the 23 holiday driven stocks. Interestingly, none of the stocks 
exhibit superior performance during season 2 (summer season), while seven stocks indicate a higher performance during season 
3 (holiday season). This finding is contrary to the main hypothesis, according to which holiday driven stocks are expected to 
demonstrate the highest returns during the holiday season. 

Panel B reports the performance of the individual summer driven stocks. Again, the returns and Sharpe ratios hint towards 
a seasonality effect. For example, Carnival Corp. shows the highest return (9.48%) and Sharpe ratio (.54) during season 3 
(holiday season), while the performance is significantly lower in the other two seasons. Additionally, Lowe’s exhibits a 
comparable return structure: its average return during the summer season is -.01%, whereas its return during the holiday season 
(season 3) is 14.27%. A similar performance pattern is detected for seven out of the 13 summer driven stocks. Interestingly, 
only one stock exhibits superior performance during the summer season, while five stocks indicate a higher performance during 
season 1 (post-holiday season). Again, this finding is contrary to the expectation that summer driven stocks would demonstrate 
the highest performance during the summer season.  

To further analyze the result, average annual and seasonal returns and Sharpe ratios are calculated for an equal-weighted 
portfolio of the entire sector of 62 stocks, an equal-weighted portfolio of summer and holiday driven stocks, an equal-weighted 
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portfolio of only summer driven stocks, and, finally an equal-weighted portfolio of only holiday driven stocks (Table 2). The 
results are compared to the S&P 500 ETF (SPY) and the sector ETF (XLY). 

 
General Seasonality 

 
Table 2, Panel A, shows the average annual and seasonal average returns of the S&P 500 ETF (SPY). Panel B provides the 

average annual returns of the sector ETF (XLY) and Panel C the equal-weighted portfolio of the overall 62 stocks in the 
consumer discretionary sector of the S&P 500. The results demonstrate that the stocks of the consumer discretionary sector 
outperform the S&P 500 annually over the sample period. For example, the sector ETF (XLY) outperforms the S&P 500 ETF 
(SPY) annually by 7.14% and the constructed equal-weighted 62 stock sector portfolio outperforms the S&P 500 ETF (SPY) 
annually by 11.73%. Similarly, the sector outperforms the S&P 500 during each season on average. For example, the S&P 500  
ETF (SPY) demonstrates 4.78% during season 1 (post-holiday season), while the sector exhibits a return of 8.07% with respect 
to the ETF (XLY) and 10.09% with respect to the equal-weighted 62 stock sector portfolio.  
 
Table 2: Portfolio Average Returns and Altered Sharpe Ratios per Season 

 Annual Season 1 Season 2 Season 3 
Panel A: S&P 500 ETF (SPY) 
Average Returns 11.20% 4.78% 1.63% 4.77% 
Altered Sharpe Ratios 0.94 0.87 0.17 0.54 
Panel B: Consumer Discretionary Sector ETF (XLY) 
Average Returns 18.34% 8.07% 2.20% 7.53% 
Altered Sharpe Ratio 1.33 1.13 0.27 0.71 
Panel C: Consumer Discretionary Portfolio (62 Stocks) 
Average Returns 22.93% 10.09% 2.62% 8.22% 
Altered Sharpe Ratios 1.05 1.06 0.31 0.65 
Number of stocks with highest average return  35 3 24 
Percent of stocks with highest average return  56% 5% 39% 
Panel D: Summer and Holiday driven Portfolio (36 Stocks) 
Average Returns 23.98% 10.62% 3.28% 8.11% 
Altered Sharpe Ratios 1.00 1.10 0.34 0.55 
Number of stocks with highest average return 36 21 1 14 
Percent of stocks with highest average return 100% 58% 3% 39% 
Panel E: Summer Driven Portfolio (13 Stocks) 
Average Returns 26.96% 10.69% 2.85% 11.04% 
Altered Sharpe Ratios 0.94 0.84 0.25 0.69 
Number of stocks with highest average return  5 1 7 
Percent of stocks with highest average return  38% 8% 54% 
Panel F: Holiday Driven Portfolio (23 Stocks) 
Average Returns 22.41% 10.59% 3.49% 6.62% 
Altered Sharpe Ratios 0.98 1.13 0.37 0.44 
Number of stocks with highest average return  16 0 7 
Percent of stocks with highest average return  70% 0% 30% 

 
Both the S&P 500 as well as the sector exhibit the highest returns and Sharpe ratios during seasons 1 and 3; while they 

demonstrate relatively low returns during the summer. Within the consumer discretionary stocks of the S&P 500, 35 stocks 
show their highest returns during season 1 (56%), and 24 stocks having their highest returns occur during season 3 (39%). This 
leaves only three stocks, or 5% of the sector that have their highest returns occur during season 2. The Sharpe ratios, which 
measure the return per every unit of risk, also confirm this finding. In general, the results support the presence of seasonality 
in line with the “Halloween Effect” stated in the literature, which suggests to “sell in May and go away”.  

Since the consumer discretionary sector’s annual and seasonal returns drastically outperform the S&P 500’s, a consumer 
discretionary sector portfolio and sector ETF are used as additional benchmark to compare and contrast the findings for the 
summer and holiday driven portfolios. 
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The Summer and Holiday Driven Portfolio 
 

Table 2, Panel D, shows the average returns and Sharpe ratios of the combined summer and holiday driven stock portfolio. 
The summer and holiday portfolio consist of the 36 stocks that belong to either travel, home improvement, or certain retail-
driven companies. This portfolio closely mimics the sector, as 21 stocks (58%) demonstrate their highest returns during season 
1, while only 1 stock (3%) and 14 stocks (39%) show their highest returns during seasons 2 and 3, respectively.  

The summer and holiday portfolio show higher average annual returns compared to the overall 62 stock sector portfolio 
(23.98% versus 22.93%), while its Sharpe ratios are lower (1.00 versus 1.05). The summer and holiday portfolio also 
outperform the sector ETF (XLY), both with respect to the average annual returns (23.98% versus 18.34%) as well as the 
Sharpe ratio (1.00 versus .94). When it comes to the individual seasons, the summer and holiday driven portfolio outperforms 
the sector during the post-holiday season (season 1) as well as the summer season (season 2). For example, in season 1, it shows 
a .53% higher average return and .04 higher Sharpe ratio compared to the overall 62 stock sector portfolio. The results suggest 
that one can obtain higher performance by investing in summer and holiday driven stocks at specific seasons rather than 
investing in the entire sector. This issue is further investigated by separating the portfolio into a summer driven stock portfolio 
and a holiday driven stock portfolio.  

 
The Summer Driven Portfolio 

 
Table 2, Panel E, shows the seasonal and annual returns as well as the Sharpe ratios of the 13 summer driven stocks. Seven 

stocks (54%) exhibit higher returns during season 3, with the remaining stocks showing their highest returns during seasons 1 
and 2. The results show the summer driven portfolio exhibits the highest returns during season 3 (holiday season). The average 
return of the summer driven stocks during season 3 equals 11.04%, while a 10.69% return is found for season 1 and a 2.85% 
return during season 2. This shows companies that are summer driven exhibit their highest returns during the following season 
(season 3), where they outperform the overall 62 stock portfolio by 282 basis points. Additionally, the altered Sharpe ratio is 
.69 during season 3 for summer driven stocks, which is slightly higher compared to .65 for the overall 62 stock sector portfolio. 

The results are very similar when comparing the returns of the summer driven stock portfolio to the performance of the 
sector ETF (XLY). While the summer driven stock portfolio shows higher returns during each season, the largest return 
difference is found for season 3, where the summer driven stock portfolio outperforms the sector ETF by 351 basis points. 

 
Figure 1: Average returns of summer driven stocks in season three from 2009 to 2018 

 
 

Thus, the finding provides evidence for a seasonality effect. However, contrary to the main hypothesis, the highest returns 
for summer driven stocks are produced during season 3 (holiday season) and not season 2 (summer season). This finding might 
be brought about by the earnings announcement effect, where companies announce their superior performance from the summer 
season in the following season (season 3). 

Finally, Figure 1 shows the return patterns for each of the 10 years. The graph demonstrates the seasonality effect of summer 
driven stocks is somewhat stable. Over the 10-year period, summer driven stocks outperform the sector ETF (XLY) six of the 
10 years. The results are similar if one compares the summer driven stock portfolio with the overall 62 stock sector portfolio 
(figure is not provided).  
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The Holiday Driven Portfolio 
 

Table 2, Panel F, reports the seasonal and annual returns as well as the Sharpe ratios of the 23 holiday driven stocks. 16 of 
these stocks (70%) have the highest seasonal returns during the post-holiday season (season 1), while only 30% exhibit their 
highest returns during the holiday season (season 3). None of the stocks show their highest returns during the summer.  

The results show the holiday driven portfolio exhibits the highest returns during season 1 (post-holiday season). The average 
return of holiday driven stocks during season 1 equaled 10.59%, while it shows a 6.62% return during season 3 and only a 
3.49% return during season 2. Thus, the holiday driven portfolio outperforms the overall 62 stock sector portfolio by 50 basis 
points. The Sharpe ratio is 1.13 during season 1, compared to 1.06 for the overall 62 sector portfolio and .84 for the summer 
driven portfolio. 

The results are again very similar when comparing the returns of the holiday driven stock portfolio to the performance of 
the sector ETF (XLY). The highest return difference is found for season 1, where the holiday driven stock portfolio outperforms 
the sector ETF by 252 basis points, although the Sharpe ratios are similar. 

 This demonstrates holiday driven firms exhibit the highest returns during the following season (season 1). The findings 
provide further evidence for a seasonality effect within the consumer discretionary sector, but this time for holiday driven 
stocks. Again, contrary to the main hypothesis, the highest returns for holiday driven stocks are produced during season 1 (post-
holiday season) and not season 3 (holiday season). As mentioned previously, it is argued that this finding might be brought 
about by the earnings announcement effect, where companies announce their superior performance from the holiday season 
during the following period (season 1). 

Finally, Figure 2 shows the return patterns for each of the 10 years in the sample. The graph demonstrates the seasonality 
effect of summer driven stocks is somewhat stable. Over the 10-year period, holiday driven stocks outperform the sector ETF 
eight of the 10 years. The performance of the holiday driven stock portfolio is also compared to the performance of the overall 
62 stock sector portfolio. While the overall findings are again similar, they are not as strong as those compared to the sector 
ETF (XLY). The figures comparing the summer and holiday driven stock portfolio to the overall 62 stock sector portfolio are 
not provided but available upon request.  

 
Figure 2: Average returns of holiday driven stocks in season one from 2009 to 2018 

 
 

The Seasonality Investment Strategy 
 

In this section, an investment strategy is suggested based on the seasonality effect found in the summer and holiday driven 
stocks. The strategy invests in the holiday driven portfolio in seasons 1 and 2 and invests in the summer driven portfolio for 
season 3; hence, the performance is based on seasonal rebalancing. Thus, instead of “going away” during the summer, the 
strategy suggests investing also in the holiday driven portfolio during the summer. The findings are then compared to the S&P 
500 ETF (SPY) as well as the sector ETF (XLY) as a benchmark, as they represent securities easily available to investors. Tests 
of statistical significance are based on a two-sample test with the alternative hypothesis that the returns of the seasonality 
investment strategy are greater than the benchmark. The findings with respect to the statistical significance, however, must be 
taken with caution as the sample only contains 10 years of data. 
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Table 3: Seasonality Strategy 

  Annual SPY XLY Season 1 SPY XLY Season 2 SPY XLY Season 3 SPY XLY 

 S&P 500 (SPY) 

Average Returns 11.20%   4.78%   1.63%   4.77%   

Altered Sharpe Ratio 0.94   0.87   0.17   0.54   

 Consumer Discretionary Sector ETF (XLY) 

Average Returns 18.34%   8.07%   2.20%   7.53%   

Altered Sharpe Ratios 0.94   1.13   0.27   0.71   

 Seasonality  Portfolio  

Average Returns 27.15% .01*** .04** 10.59% .03** .11 3.49% .01*** .11 11.04% .02** .08* 

Altered Sharpe Ratios 1.09     1.13     0.37     0.69     

The annual returns of the seasonality portfolio are based on seasonal rebalancing and the returns within each year are obtained by 
compounding the returns of each of the three seasons. Tests of statistical significance are based on a two-sample test with the alternative 
hypothesis that the returns of the seasonality strategy are greater than the benchmark. * significant at the 1% level , ** significant at the 5% 
level, *** significant at the 10% level. The finding is similar when using the overall 62 stock sector portfolio. 

 
Figure 3: Average annual returns from 2009 to 2018 

 
 

Table 3 compares the returns of seasonality strategy portfolio with one that invests in the S&P 500 ETF (SPY) or the sector 
ETF (XLY). A portfolio based on this seasonality investment strategy results in a 27.15% average annual return, while the S&P 
500 ETF (SPY) and the consumer discretionary sector ETF provide 11.20% and 18.34%, respectively. The superior 
performance of the seasonality investment strategy compared to the S&P 500 ETF (SPY) is statistically significant at a 1% 
level, while it is statistically significant at a 5% level with respect to the sector ETF (XLY).  The seasonality investment strategy 
outperforms the sector ETF by 881 basis points. Furthermore, the seasonality investment strategy results in a higher Sharpe 
ratio compared to the overall sector. Similar results are found with respect to the different seasons. The seasonality strategy 
statistically significantly outperforms the S&P 500 ETF (SPY). Moreover, the seasonality strategy outperforms the sector EFT 
(XLY) at 10% level during season 3. For season 1, however, the seasonality strategy does not statistically significantly 
outperform the sector, as the p-value of .11 is just above the 10% level.  

Figure 3 shows the consistency of this seasonality investment strategy over time. It demonstrates that the strategy 
outperforms the sector ETF (XLY) 70% of the time. Comparing the seasonality strategy with the equal weighted 62 stock 
sector portfolio provides similar results. The figure is not provided to preserve space, but available upon request.   

 
Conclusion 

 
The analysis uses daily stock prices of 62 stocks within the S&P 500 consumer discretionary sector from January 2009 

through December 2018 and examines whether those stocks exhibit seasonality. Retail stocks tend to generate increased sales 
during the holidays, while travel-related companies, as well as home improvement stores, generate increased sales during the 
summer. If variable costs do not offset these increased sales, it is hypothesized that companies in the consumer discretionary 
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sector show higher returns during those times, specifically within certain retail-based and travel/home improvement-based sub-
sectors.  

Based on this premise, the calendar year is broken down into three seasons rather than four quarters. Season 1 extends from 
January 1st to April 30th and is specified as the post-holiday season; season 2 extends from May 1st to August 31st and is 
specified as the summer season; season 3 extends from September 1st to December 31st and is specified as the holiday season. 
Based on this classification and assumption, 23 stocks are defined as holiday driven stocks, 13 stocks are defined as summer 
driven stocks, and 26 are defined as non-seasonal stocks. 

Contrary to the hypothesis, holiday driven stocks mainly perform well within the first season (post-holiday season), and 
summer driven stocks perform mainly well within the third season (holiday season). For example, of the 13 summer driven 
stocks 54% perform best in the third season (holiday season), while of the 23 holiday driven stocks, 70% perform best in the 
first season (post-holiday season). These findings may potentially be explained with an earnings announcement effect on stock 
returns. For example, higher earnings in the retail sector generated during the holiday season are not reported until the following 
year—season 1. On average, this may lead to strong return seasonality in the post-holiday season. Whereas travel and home 
improvement-based stocks have higher earnings during the summer, these earnings are mainly reported during season 3. This 
may lead to travel and home improvement-based stocks performing best during season 3. The detailed relationship between 
the earnings announcements and the seasonal effect is left for future research. 

Finally, it is demonstrated that an equal-weighted portfolio investing in seasons 1 and 2 in holiday driven stocks and in 
season 3 in summer driven stocks provides an average annual return of 27.15% over the 10-year period. The return significant 
higher when compared to the S&P 500 ETF (SPY), a constructed overall 62 stock sector portfolio, as well as a sector ETF 
(XLY), while also providing a higher Sharpe ratio. The superior performance of summer driven stocks in season 3 and holiday 
driven stocks in season 1 is mainly stable throughout the period under investigation. 

The sample period of this study represents the bull-market from 2009 to 2018; hence, the results might be biased by the 
overall strong performance of the stock market during this period. Hence, future research should investigate the robustness of 
the findings during longer periods as well as periods of down markets.  
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Abstract 
 

The causal relationship between the economic development and venture capital investment is examined through the transition 
channel of innovation proxied by R&D expenditure and granted patents using panel data from 1997 to 2015. The results indicate 
bi-directional causality between Patent and GDP; VC and GDP; Patent and VC; and uni-directional causality from VC to R&D 
expenditure. These causalities can be explained as R&D investment by venture capital backed firms generates new ideas and 
processes which ultimately translated into granted patents. After commercializing these granted patents through different 
products and/or services, economic development proxied by Gross Domestic Product (GDP) flourishes. 
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Introduction 
 

Economic development depends on the proper allocation of financial resources in an economy. Various sources of capital 
enable the economic growth of businesses at different stages in their lifecycle. New businesses in the startup and growth stages 
of their lifecycle are important drivers of economic growth. Some of the most innovative and successful new businesses rely 
on venture capital to fuel growth and continue innovating. Venture capital accelerates the growth and increases the probability 
of success for these firms, leading to more innovation and growth in the economy, which in turn attracts more venture capital 
to the economy. 

Venture capital has become a very important source of capital for firms with proven business models, intellectual capital 
and high growth potential. These firms utilize venture capital investments (VCI) to accelerate growth and leverage their 
innovation. In addition to capital, venture capital firms provide guidance, experience, networks and many other supports to 
grow the enterprise. The capital provided by venture capital firms to these businesses are risky illiquid investments, and these 
businesses often do not have access to other sources of capital. VCI is the fuel that helps grow this important segment of the 
economy. Venture capital plays an important role in facilitating economic development through innovation to develop new 
products and technologies. Venture capital is attracted to innovative firms and VCI accelerates the economic growth of those 
innovative firms. We explore the relationships between innovation, venture capital, and economic growth. 

The United States is the largest player in the global venture capital market. According to the National Venture Capital 2019 
Yearbook in 2018, there were 257 U.S. venture firms with over $403 billion in assets under management, $54 billion in new 
commitments by investors, almost 8,500 venture backed firms raised $130 billion, and venture backed exits exceeded $122 
billion. In 2018 the United States garnished more than two thirds of global venture capital raised and over half of the global 
venture capital deal flow (National Venture Capital Association, 2019). The distribution of venture capital firms and 
investments are not equal. California represents the largest concentration of venture capital firms and venture backed companies 
followed by New York and Massachusetts. Venture capital investment is important in the United States. We explore whether 
venture capital investment is making efficient allocation of resources by analyzing the impact of venture capital investment on 
the economic development of America. In this paper, we will check that relation both over time and across geographic 
boundary. 

The direction of relationship between growth and finance is a topic of ongoing debate among the scholars and recently 
venture capital finance has started contributing new light to this debate by facilitating entrepreneurs with highly risky capital. 
Whether the emergence of venture capital is driven by the economic growth or the economic growth is increasing due to the 
increase of venture capital for the entrepreneurs is becoming a subject of great interest among many scholars. Research on the 
economic impact of venture capital has provided theoretical motivation and empirical insights into the topic. There is little 
research regarding the causality of the relationship between venture capital and economic growth. In this study we examine the 
causal relationship between economic growth and venture capital investments. 

The broad objective of this proposed research is to investigate the causal relationship venture capital, innovation and 
economic growth in America. To achieve the main purposes, this research also has some specific objectives as follows: 

i. To investigate the presence of a causal relationships between venture capital, innovation and economic growth of the 
United States. 

ii. To determine the direction of a causal relationship between the emergence of VC and economic growth. 
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Literature Review 
 
Venture capital investments have been a catalyst for economic development in the United States and abroad. Previous 

studies done on the role of VCI on economic development examined its impact primarily through GDP growth, employment 
growth, income growth, new startups and industrial innovation development. Research using a panel of US metropolitan areas 
from 1993 to 2002 found that an increase in the local supply of venture capital (VC) positively affects the number of firm starts, 
employment, aggregate income, and that venture capital stimulates the creation of more firms than it directly funds (Samila & 
Sorenson, 2009). Public venture capital money was found to increase the likelihood of survival for manufacturing firms within 
the state of Kansas (Barkley, DiFurio, & Leatherman, 2004). A significant positive relationship between venture capital and 
GDP per capita, general government expenditures, and labor participation rate with a uni-directional causality from both GDP 
per capita and labor participation rate to VC was found during the period from 1980 to 2010 in Egypt (Elsiefy, 2013). Venture 
backed firms have been shown to have higher sales growth and employment compared to non-venture backed firms (Jain & 
Kinni, 1995). Recent research confirmed that VCI impacts GDP in the USA and Russia, but this impact becomes significant at 
4 to 6 year lagged periods (Kolmakov, Polyakova, & Shalaev, 2015). They also found that conventional investment has little 
to do with the innovation development dynamic in comparisons to VCI. A study on the role of VC in the in the Republic of 
Srpska confirmed that newly established venture backed companies have greater chances of success than non-venture backed 
companies (Đalić, Terzić, & Novarlić, 2017). In 16 OECD countries from 1990 to 2001 venture capital was shown to be a 
significant factor contributing to aggregate economic performance by improving the output elasticity of R&D (Romain & 
Pottelsberghe, 2004). A survey based analysis on the effectiveness of VC on 200 small and medium sized enterprises (SME) 
in Kenya found that the lack of capital as a major contributor to SME failure even though these firms had access to venture 
capital (F., R., & K., 2012). In Singapore about 0.18% of gross domestic product was contributed from the VCI in local start-
ups (Koh & Koh, 2002). 

Within the United States venture capital is not distributed equally. Research has identified three major domestic centers of 
venture capital with high concentrations of financial institutions and technology-intensive enterprises which are California (San 
Francisco-Silicon Valley); New York; and New England (Massachusetts-Connecticut), and three minor centers of venture 
capital which are Illinois (Chicago); Texas; and Minnesota (Florida & Kenney, 1986). Moreover, they confirmed that the 
existence of well-developed venture capital networks in technology-based regions significantly accelerates the pace of 
technological innovation and economic development in those regions. Research on the impact of VCI on innovation in twenty 
manufacturing industries in the United States from 1965 to 1992 indicated that increases in venture capital activity in an industry 
resulted in significantly higher patenting rates for that industry (Kortum & Lerner, 2000). A cross-country study on 21 European 
countries and 10 manufacturing industries for the period of 1991 to 2005 concluded that VC has a significant impact in high 
VC countries where 10.2% of industrial innovations were the direct result of VCI (Popov & Rooseboom, 2012). 

Venture capital firms view their strategic role as one of the most important value added services they provide to their 
portfolio firms (Sapienza, Manigart, & Vermir, 1996). Factors that stimulate innovation and growth in venture capital include 
an extended national market, a sufficient supply of venture capital interested in taking risks, supply entrepreneurs starting 
companies suitable for venture capital investments, and favorable governmental policies (Ooghe, Bekaert, & Van Den Bossche, 
1989). Venture capital provides innovative firms capital crucial for their creation and growth (Botazzi, Da Rin, Van Ours, & 
Berglof, 2002). A productive and active venture capital industry boosts innovation-based growth (Kueschnigg, 2004). Venture 
capital contributes to the economy as a whole by fostering high growth companies that create jobs and generates wealth (Samila 
& Sorenson, 2009). Venture capital stimulates growth by alleviating financial constraints and funding good ideas (Keuschnigg, 
2004). One-third of VCs’ impact on economic growth is due to operational knowledge channel (Ates, 2014). Research on the 
relationship between private equity, innovations, and economic growth in 13 European countries from 1991 to 2012 identified 
a strong positive relationship between private equity and economic growth in those countries and a bi-directional short-term 
causality between private equity and granted patents (Gudiškis & Urbšienė, 2015).  

Venture capital firms select high quality firms for investment. Venture capital backed firms have more patents at the time 
of receiving venture funding than those firms not receiving venture funding but are no more innovative after the venture capital 
investment (Engel & Keilbach, 2007). Approximately two-thirds of the variation of venture backed companies going public is 
due to selection versus post investment activity (Sorenson, 2007). Venture capital investments can encourage spin-offs by 
demonstrating how to grow a company (Sorenson & Audia, 2000). Theoretically the expansion of financial intermediation 
improves the allocation of capital and can stimulate growth (Greenwood & Jovanovic, 1990). Despite numerous studies done 
in the field of venture capital on innovation and economic growth, there are still unanswered questions about the causality. This 
study will fill the gap in the venture capital literature by examining the causal relationship between economic development, 
innovation and emergence of VC nexus. 
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Data 
 

A panel data set of all fifty United States and the District of Columbia is constructed from 1997 to 2015 resulting in a 
sample of 969 state-years. The data comes from a variety of publicly available data sources. To complete the study, four 
variables are defined – Gross Domestic Product (GDP), Business performed R&D, Number of Patents Granted and Venture 
Capital Investments (VCI). Here, we use GDP as a proxy of economic growth. Business performed R&D and the number of 
patents granted are used as proxies for the degree of innovation. Venture capital investments are used as a measure of venture 
capital activity. A detailed description of each data item and its source follows. 

Data was collected on GDP from Bureau of Economic Analysis website www.bea.gov for each state and the District of 
Columbia from 1997 to 2015. GDP is measured in millions of current dollars not adjusted for inflation. GDP data is not 
available for years prior to 1997. GDP provides a monetary measure of all the goods and services produced in each state 
annually. GDP is used as a measure of economic performance. 

Business performed R&D ($ million) by state was retrieved from the National Science Foundation website 
https://nsf.gov/statistics/state-indicators/downloads. Business performed R&D measures the amount of R&D activity by 
businesses in a state. The business sector is the largest contributor of R&D expenditures in the U.S. The vast majority of 
business R&D is self-funded. A high value for this indicator indicates that the businesses within a state are making a large 
investment in their R&D activities. Values for this indicator vary significantly across the sample and business-performed R&D 
is often concentrated in a handful of states. 

The number of Patents Granted for each state was downloaded from the U.S. Patent and Trademark Office website 
https://www.uspto.gov/web/offices/ac/ido/oeip/taf/cst_allh.htm. This data provides the number of U.S. patents for each state 
by calendar year. The origin of a patent is determined by the residence of the first-named inventor. This extended annual data 
report displays annual counts for each year of the period. Patent data for each state is not available after 2015 and is only 
updated every five years by the U.S. Patent and Trademark office. 

Venture Capital Investments (VCI) was collected from Figure 3.16 of the National Venture Capital Yearbook 2016 which 
provides venture capital investments ($ million) by state for all 50 states and the District of Columbia from 1995 through 2015. 
Since GDP data was not available prior to 1997 we collected data on VCI state-wise including the District of Columbia for 19 
years from 1997 to 2015.  

It merits mention that all the data was collected from secondary sources. To examine the impact of venture capital on 
economic growth and innovation, the econometric techniques of Gudiškis & Urbšienė (2015) are followed. 
 

Model 
 

The following Panel Vector Autoregressive (VAR) analysis model is used to see the relationship between venture capital 
and economic growth. The effect of R & D expenditure, number of patents granted and the total venture investment on the total 
GDP will be examined by following model:  
 

𝐺𝐷𝑃 = 𝑓(𝑅𝐷, 𝑃𝑎𝑡𝑒𝑛𝑡, 𝑉𝐶) (1) 
 
The logarithm of the data is used to create the following model: 
 

log _𝐺𝐷𝑃 =  𝛼 + 𝛽 ∗ log _𝑅𝐷 + 𝛽 ∗ log _𝑃𝑎𝑡𝑒𝑛𝑡 + 𝛽 ∗ log _𝑉𝐶 + 𝜀   (2) 
 
As misspecification of the model can lead to invalid conclusions. Linearity tests of the data are used in a scatter matrix to 

check whether the above linear panel model is a good fit. Stationarity of the data set is evaluated using panel unit root test. 
After confirming the stationarity of the data set, a panel cointegration test was used to determine the long-term relationship 

between GDP and the dependent variables (RD, PATENT and VC). The long run and short-run coefficients are then tested by 
using panel ARDL (Autoregressive Distributed Lag) test and Panel OLS with state dummy variable to determine the state 
specific effect.  The identification of the short run causality between the dependent and independent variables is evaluated with 
a Panel VAR test with the null hypothesis that the independent variable does not Granger cause the dependent variable. Through 
this process, the nexus between GDP and other independent variables is evaluated for uni-directional or bi-directional causal 
relationships between the variables. Moreover, the interaction effects among independent variables are examined by pairwise 
Granger causality. Later the responsiveness of dependent variable to the shock of independent variable is identified by 
evaluating Impulse Response functions. Finally, the variance of forecasted error that can be explained by each type of shock is 
measured using Variance Decomposition. 
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Table 1: Descriptions of Variables with Expected Sign  
Variables 
Log_GDP 

𝛼 
𝛽  

𝛽  
𝛽  

Log_RD 
Log_Patent 
Log_VC 

𝜀 

Description Expected Sign 

logarithm of millions of current dollar GDP 
Intercept Term 
Coefficient of log of Business performed R&D Expenditure ($ mn) 
Coefficient of log of number of patents granted 
Coefficient of log of Venture Capital Investment ($ mn) 
logarithm of Business performed R & D Expenditure ($ mn) 
logarithm of number of patents granted 
logarithm of Venture Capital Investment ($ mn) 
Error Term 

n.a. 
+ 
+ 
+ 
+ 
n.a 
n.a 
n.a 
n.a. 

 
Results 

 
A scatter matrix which show sixteen scatterplots along with the fitted regression lines is provided to assess the linearity of 

the data. The scatter plots show the relationship between the four variables used in the analysis (GDP, R&D, Patents, and 
Venture Capital Investments). The lack of any curvature pattern in any of the scatter plots provides support for the linearity of 
our dataset. 

 

Figure 1: Linearity of panel data set 

 
 
Panel unit root tests at level with no intercept and trend are deployed to assess non-stationarity, with intercept but no trend, 

and with both intercept and trend by applying Levin, Lin & Chu t-stat and the Fisher Chi-Square test. Moreover, Akaike 
information criterion (AIC) p-value was used to determine the appropriate lag length and to test the hypothesis of panel unit 
root. Results indicate that at level the stationarity status is different dependent on the test and choice of intercept and trend. 
GDP becomes stationary at level under Levin, Lin & Chu t-stat and the Fisher Chi-Square test only in the with intercept but no 
trend case. On the other hand, RD and VC remain stationary at level under both methods only in the model with no intercept 
and no trend case. But patent is stationary only under the Levin, Lin & Chu t-stat with intercept but no trend case and the with 
intercept and with trend case. So, at level, wherever the calculated p-value is less than 5%, the null hypothesis is rejected: GDP, 
RD, Patent and VC follow the unit root process i.e., the data set is non-stationary. None of the variables show stationarity under 
all methods and in all cases. 

First differences are used to eliminate the non-stationarity problem. Results indicate that at the first difference all the 
variables have p-value less than 5% in all the cases under every method. This indicates that GDP, RD, Patent and VC do not 
follow unit root process and all the variables become stationary at the first difference. 
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With stationarity now established, short run associations and direction of causality between the variables respectively are 
assessed using panel ARDL and VAR model. The optimal lag structure is determined first. Table 2 indicates different lag length 
under the different criteria. Four out of five criteria (LR, FPE, AIC and HQ) indicate the optimal lag length of 7.  
 
Table 2: Optimal lag length structure 

Lag LogL LR FPE AIC SC HQ 
0 1558.083442 NA 2.65E-08 -6.094445 -6.061234 -6.081424 
1 1759.385599 398.6572 1.28E-08 -6.82112 -6.655065 -6.756015 
2 1818.247336 115.646 1.08E-08 -6.989205 -6.690306* -6.872017 
3 1853.739044 69.17404 1.00E-08 -7.065643 -6.633899 -6.896371 
4 1891.08632 72.20473 9.23E-09 -7.149358 -6.58477 -6.928002 
5 1922.430969 60.10797 8.69E-09 -7.209533 -6.512101 -6.936094 
6 1978.335314 106.3279 7.43E-09 -7.366021 -6.535744 -7.040498 
7 2009.247375 58.30863* 7.01e-09* -7.424500* -6.461379 -7.046893* 
8 2022.075589 23.99631 7.10E-09 -7.412061 -6.316096 -6.982371 

* indicates lag order selected by the criterion, LR: sequential modified LR test statistic (each test at 5% level), FPE: Final prediction error,  
AIC: Akaike information criterion, SC: Schwarz information criterion, HQ: Hannan-Quinn information criterion 
 

With the determined optimal lag length of 7, the panel VAR (7) becomes as follows: 
 

𝐷_ 𝑙𝑜𝑔_𝐺𝐷𝑃 =  𝛼 +  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝐺𝐷𝑃   +  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝑅𝐷 +  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝑃𝑎𝑡𝑒𝑛𝑡

+  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝑉𝐶 +  𝜀    

 

(3) 

 

𝐷_ 𝑙𝑜𝑔_𝑅𝐷 =  𝛼 +  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝐺𝐷𝑃   +  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝑅𝐷 +  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝑃𝑎𝑡𝑒𝑛𝑡

+  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝑉𝐶 +  𝜀    

 

(4) 

 

𝐷_𝑙𝑜𝑔_𝑃𝑎𝑡𝑒𝑛𝑡 =  𝛼 +  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝐺𝐷𝑃   +  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝑅𝐷 +  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝑃𝑎𝑡𝑒𝑛𝑡

+  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝑉𝐶 +  𝜀    

(5) 

 
 

𝐷_ 𝑙𝑜𝑔_𝑉𝐶 =  𝛼 +  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝐺𝐷𝑃   +  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝑅𝐷 +  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝑃𝑎𝑡𝑒𝑛𝑡

+  𝛽 ∗ 𝐷_𝑙𝑜𝑔_𝑉𝐶 +  𝜀    

 

(6) 

Here, α is the intercept; β is the coefficient expected to be different from zero; D= First Difference; State, s= 1, 2, …., 50; 
Lag, n= 7; and ε = Error Term assumed to be uncorrelated. 

To check stability of the above model, inverse roots of AR characteristic polynomial test was performed. Results indicate 
that all the roots lie inside the unit circle indicating that AR roots are strictly less than unity therefore the VAR is stable. 
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Next examined were the correlation among the independent variables to determine if multicollinearity is problem. Table 3 
provides the correlation matrix for the variables in our model. The results indicate that no correlation coefficient is significantly 
large enough to cause a problem to make any unreliable inference from the data.  
 

Table 3: Correlation Matrix 
Variable D_LOG_GDP D_LOG_PATENT D_LOG_RD D_LOG_VC 
D_LOG_GDP 1.00000 -0.06495 0.05096 0.13359 
D_LOG_PATENT -0.06495 1.00000 0.08013 0.01979 
D_LOG_RD 0.05096 0.08013 1.00000 -0.02728 
D_LOG_VC 0.13359 0.01979 -0.02728 1.00000 

 
Before moving forward to conduct short run analysis, the long-term relationship between the independent variable and the 

dependent variables is tested using Kao’s panel cointegration test with the null hypothesis of no cointegration. The results of 
the cointegration test are provided in Table 4 which indicate a failure to reject the null hypothesis at 10% significance level. 
Accordingly, the null hypothesis is accepted confirming no evidence of a long run relationship between the gross domestic 
product and the dependent variables.  

 
Table 4: Panel Cointegration Test 

Test Statistic Name t-Statistic Prob. 

Kao's Residual Cointegration Test  ADF -1.23087 0.109186 
  
As the variables are either I(0) or I(1) as well as none are integrated at I(2) and there is no long run association among 

variables, the panel ARDL test using Akaike information criterion for the appropriate lag length is conducted to examine the 
short run association among variables. Moreover, the panel ARDL model also provides long run coefficient for each interest 
variable, reconfirming the findings in the panel cointegration test. 

  
Table 5: Panel ARDL Estimation Results 

Long Run Equation Short Run Equation 
Variable  Coefficient P-value Variable  Coefficient P-value 
LOG_RD 58.16033 0.8875 D_LOG_RD 0.03489 0.0613 

LOG_PATENT 15.09352 0.8907 D_LOG_PATENT 0.00944 0.0250 
LOG_VC 0.24155 0.8963 D_LOG_VC 0.00862 0.0000 

Error Correction Term N/A Error Correction Term -0.00062 0.01026 
 

In Table 5, all long run coefficients with their corresponding p-value show the similar result as panel cointegration test 
result. In the short run, R & D, Patents and Venture Capital all show expected positive effect on gross domestic product. But 
only Patents and Venture Capital are significant. In addition, the Error Correction Term, alternatively called the speed of 
adjustment is negative but insignificant. It means no significant adjustment towards the long run due to the non-existence of a 
long run association between GDP and dependent variables.  

Short run coefficients for each state are presented in Table 6. In the short run, 46 states and the District of Columbia show 
a significant impact on GDP from R & D expenditure of which 38 show a positive effect. The number of patents granted has 
significant effect in 46 states and the District of Columbia (positive in 32 states and negative in 15 states) and insignificant 
contribution in 4 states. In addition, total venture capital investments has significant positive impact in 41 states and the District 
of Columbia and has significant negative impact in 7 states. Now, states are examined to assess whether a state specific effect 
has a significant contribution to the GDP.  

In Table 7, the coefficient of each dummy variable indicates the incremental contribution of each state to GDP. Results 
indicate that 13 states have positive significant incremental effect; 28 have negative significant incremental effect; and 9 states 
have no significant effect on GDP. 

Next, the direction of short-term association among the variables is evaluated using the Granger causality test which 
explains whether the prior changes in independent variables explain current changes in the dependent variable. The Granger 
causality test helps identify the direction of causality which could be either uni-directional or bi-directional. The results of the 
Granger causality test are provided in Table 8. 
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Table 6: Short run coefficient for each state 

State D_LOG_RD 
D_LOG_PAT

ENT 
D_LOG_VC State D_LOG_RD 

D_LOG_PAT
ENT 

D_LOG_VC 

AL 0.04329** -0.03660** -0.00212** MT 0.04062** 0.05656** 0.00233** 
AK -0.03825** -0.10235** -0.01152 NE 0.00649** -0.00422** -0.00296** 
AZ 0.00567 -0.02130** 0.02359** NV 0.09387** 0.02439** 0.00558** 
AR 0.00062 -0.04159** 0.00149** NH 0.00036** 0.00346 0.01124** 
CA 0.16210** -0.01083** 0.04742** NJ 0.12951** 0.03634** 0.01270** 
CO 0.06318** -0.04271** 0.04245** NM 0.02313** -0.06413** 0.00423** 
CT -0.00462 -0.14091** 0.01384** NY 0.07397** 0.01044** 0.04102** 
DC 0.00254** -0.00787** 0.00024** NC 0.02591** -0.02836** 0.01749** 
DE 0.00044** 0.09193** 0.00254** ND -0.00737** -0.07391** 0.00978** 
FL 0.10607** 0.01786** 0.01303** OH 0.05913** 0.00331 0.01365** 
GA -0.05345** -0.00822** 0.02838** OK 0.14249** -0.02376** 0.00022 
HI 0.06847** -0.00667** -0.00094** OR -0.07615** 0.09718** 0.00767** 
ID 0.10285** 0.11678** 0.00260** PA 0.03933** -0.04034** 0.01264** 
IL 0.06509** -0.01707** 0.01064** RI 0.00990** 0.07659** -0.00422** 
IN -0.02242** 0.06800** 0.00278** SC 0.04857** -0.04430** 0.00490** 
IA -0.08050** -0.02829** 0.00768** SD -0.01416** 0.01210** 0.01125** 
KS -0.02153** -0.00064 0.00946** TN 0.03670** -0.02557** 0.00168** 
KY 0.02660** 0.03826** -0.00060** TX 0.08760** -0.05931** 0.04496** 
LA 0.03636** -0.06740** 0.00480** UT 0.12292** 0.02459** 0.01880** 
ME 0.01181** -0.02508** -0.00083** VT 0.03645** 0.02263** 0.00380** 
MD 0.02730** -0.04853** 0.00111** VA 0.02373** -0.05555** 0.00911** 
MA 0.04204** -0.02560** 0.03283** WA 0.03322** -0.00364 0.03556** 
MI 0.19656** 0.12898** -0.01047** WV 0.00273** -0.05780** 0.00145** 
MN 0.00293 -0.00960** 0.01400** WI 0.01263** -0.00647** 0.00716** 
MS 0.01497** -0.01738** 0.00053** WY 0.07051** -0.14212** 0.02083** 
MO -0.00070** -0.02254** 0.00092**     

(** significant at 10% level) 
 

Table 7: State-specific Effect on GDP 
C 3.7708** Dum_DE -0.4549** Dum_MA 0.1114** Dum_NH -0.4948** Dum_SD -0.2999** 

LOG_RD 0.0788** Dum_FL 0.2198** Dum_MD -0.0179 Dum_NJ -0.0174 Dum_TN 0.0360 
LOG_PATENT 0.4623** Dum_GA 0.1221** Dum_ME -0.2879** Dum_NM -0.2676** Dum_TX 0.2552** 

LOG_VC 0.0364** Dum_HI -0.0936** Dum_MI -0.1171** Dum_NV -0.1618** Dum_UT -0.3194** 

Dum_AK -0.0664 Dum_IA -0.2157** Dum_MN -0.2248** Dum_NY 0.2627** Dum_VA 0.13617** 

Dum _AR -0.0488 Dum_ID -0.728** Dum_MO 0.0399 Dum_OH 0.0302 Dum_VT -0.8016** 

Dum_AZ -0.1491** Dum_IL 0.1064** Dum_MS -0.0528** Dum_OK -0.0916** Dum_WA -0.1348** 

Dum_CA 0.2106** Dum_IN -0.0814** Dum_MT -0.3964** Dum_OR -0.3078** Dum_WI -0.1625** 

Dum_CO -0.1543** Dum_KS 0.2084** Dum _NC 0.0221** Dum_PA 0.0919** Dum_WV -0.1675** 

Dum_CT -0.1948** Dum_KY -0.0392 Dum_ND -0.3679** Dum_RI -0.4824** Dum_WY -0.3032** 

Dum_DC 0.1469** Dum_LA 0.1211** Dum_NE -0.1663** Dum_SC -0.1081**   

(** significant at 10% level) 
 

Table 8: PVAR Granger causality  
Dependent D_LOG_GDP D_LOG_PATENT D_LOG_RD D_LOG_VC 
Independents 
D_LOG_GDP   0.0000* 0.7936 0.0143* 
D_LOG_PATENT 0.0000*  0.9652 0.0672* 
D_LOG_RD 0.7911 0.9789  0.1543 
D_LOG_VC 0.0294* 0.0006* 0.0040*   
Joint Causality 0.0000* 0.0000* 0.1406 0.0004* 

*significant at 10% level 
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In Table 8, a short run causality runs from VC to GDP, Patent and R&D which confirm the assumption that venture capital 
investment affects the economic growth. Moreover, causality runs from Patent to GDP and VC. Further, causality runs from 
GDP to patent and VC. In short, bi-directional causation exists between Patent and GDP; VC and GDP; Patent and VC. The 
only uni-directional causality runs from VC to RD. The possible explanation of these causations can be many. First, venture 
capital investment plays a vital role in the economic wellbeing in the United States. Second, it is possible that VC investment 
results in patents granted and finally granted patents leads to a rise in GDP. Third, venture capital investment and granted patent 
may complement each other and can jointly speed up the economic growth. All these possibilities are statistically significant. 
Moreover, to examine the interaction effect among independent variables RD, Patent and VC, we conduct pairwise Granger 
causality among these variables.  

 
Table 9: Pairwise Granger Causality 

Null Hypothesis F-Statistic P-value Decision 
 D_LOG_RD does not Granger Cause D_LOG_PATENT 0.19972 0.98549 Accept 
 D_LOG_PATENT does not Granger Cause D_LOG_RD 0.32865 0.94097 Accept 
 D_LOG_VC does not Granger Cause D_LOG_PATENT 4.03442 0.00025 Reject 
 D_LOG_PATENT does not Granger Cause D_LOG_VC 2.71325 0.00899 Reject 
 D_LOG_VC does not Granger Cause D_LOG_RD 3.32096 0.00180 Reject 
 D_LOG_RD does not Granger Cause D_LOG_VC 1.87079 0.07211 Accept 

 
Table 9 indicates that no Granger causality is running from RD to Patent or from Patent to RD. On the other hand, Bi-

directional causality exists between VC & Patent. In addition, a uni-directional causality between VC & RD is established 
where causality run from VC to RD. All these pairwise causalities are consistent with the findings stated in PVAR Granger 
causality test in Table 8. Although Granger causality helps to identify the direction of association among variables, it does not 
necessarily tell us the sign or persistence of the effect. To get a clear idea on these issues, we move forward to Impulse Response 
analysis.  

The results from the impulse response function (IRF) are provided in Figure 2. The horizontal axis indicates time in years 
and the vertical axis measures the responses. In the first IRF, one standard deviation shock to VC will have a negative impact 
on GDP for the first four years and VC will have a positive impact on GDP in year five. So, shock to VC will have an 
asymmetric impact on GDP. The asymmetric response of GDP to the shock of VC can be explained in the following way: R&D 
investment by venture capital backed firms results in patents being granted. The second IRF confirms this result by indicating 
the positive impact of shock on VC to patent in both short run and long run. A potential explanation is that it takes time to 
capitalize on these patents and requires capital investments up front to realize the returns. Therefore, GDP will have negative 
response to VC investment in the early years but eventually will start to respond positively to VC investment.  
 
Figure 2: Response to Cholesky One S.D. Innovations (PVAR) 

   
 

The contribution of each shock to forecast error variance is determined by the variance decomposition. Table 10 displays 
the variance decomposition of GDP indicating the proportions of the variations in GDP by its own shocks and shocks due to 
Patent, R&D and VC over the next 10 years. 
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Table 10: Variance Decomposition of D_LOG_GDP 
Period S.E. D_LOG_GDP D_LOG_PATENT D_LOG_RD D_LOG_VC 

1 0.01335 100.00000 0.00000 0.00000 0.00000 
2 0.01395 99.22965 0.34969 0.38040 0.04026 
3 0.01422 99.20996 0.38425 0.36674 0.03906 
4 0.01441 96.56203 2.90643 0.38606 0.14547 
5 0.01468 93.60728 5.81476 0.37396 0.20400 
6 0.01478 92.71608 6.38776 0.46051 0.43566 
7 0.01490 91.47243 6.28965 0.78028 1.45764 
8 0.01510 89.14336 7.97348 0.86334 2.01982 
9 0.01512 88.89512 8.21797 0.86274 2.02417 
10 0.01516 88.81025 8.18235 0.94628 2.06112 

Cholesky Ordering: D_LOG_GDP D_LOG_PATENT D_LOG_RD D_LOG_VC 
 

Current GDP has significant explanatory power over future GDP that remains significant over the next 10 years. Moreover, 
the variance of patent and VC gradually increases year by year. The variance of granted patents reached 8.18 percent in year 
10, up from 0.34 percent in year one. R&D and VC respectively increase to 0.94 percent and 2.06 percent by the end of year 
10. Here it is evident that the shock of patent and VC have very a high impact on the economic growth of the states. 

The variance of patent is highly influenced by its own shock over the forecasted periods. But the shock of GDP and VC 
capital have also high association with the variance of patent. In Table 11, over the forecasted time, the explanatory power of 
current patent to the variance of patent decrease gradually from 99.62 percent in year 1 to 88.70 percent in year 10. The 
contribution of GDP to the variance of Patent increases to 6.44 percent by year 10 and the contribution of VC capital to the 
variance of Patent increases to 4.23 percent by year 10. This suggests that the shock to patent is highly related to its own shock 
and slightly to GDP and VC shock. 

In sum, it can be concluded from all the variance decomposition that economic growth in the United States is highly linked 
directly or indirectly with patent and venture capital investment.  

 

Table 11: Variance Decomposition of D_LOG_PATENT 
Period S.E. D_LOG_GDP D_LOG_PATENT D_LOG_RD D_LOG_VC 

1 0.05624 0.37323 99.62677 0.00000 0.00000 
2 0.06019 1.51800 98.41594 0.05109 0.01498 
3 0.06066 1.56608 96.91235 0.05097 1.47060 
4 0.06221 3.22208 95.03103 0.22230 1.52459 
5 0.06252 3.25507 94.85139 0.25049 1.64305 
6 0.06435 3.09657 94.22156 0.27098 2.41089 
7 0.06599 6.31627 89.61656 0.26179 3.80538 
8 0.06626 6.30449 89.12490 0.40265 4.16797 
9 0.06647 6.53054 88.57183 0.61076 4.28686 
10 0.06691 6.44999 88.70258 0.61684 4.23059 

Cholesky Ordering: D_LOG_GDP D_LOG_PATENT D_LOG_RD D_LOG_VC 
 

Finally, Table 12 indicates the strong contribution of shocks from VC, GDP and R&D to the forecasted error variance of 
VC. It shows the explanatory power of current VC to the variance of VC itself decreases from 99.18 percent to 91.86 percent. 
Furthermore, the variance of GDP and R&D increases gradually from 0.77 percent to 3.05 percent and from 0.05 percent to 
3.93 percent respectively within the forecasted 10-year period. On the other hand, the contribution from patent also increase 
from 0 percent to 1.15 percent over the time. So, here it can be inferred that the variance of VC can be explained by its own 
shock as well as others.  

Conclusion 
 

Generally, venture capital investment and economic growth seem to have a positive association. Venture capital firms invest 
in research and development activities which ultimately help them patent a new idea or process. After a short period of time, 
venture capital firms start to commercialize those patents and start to make a positive impact on the economic growth of the 
United States. On the other hand, reverse causality cannot be ignored here. It may be possible that economic growth may 
increase the number of patents granted and these patents can be commercialized by the venture capital backed firms that 
ultimately stimulate the economic growth. The findings suggest granted patents is the output, not the input, of the venture 
capital investment process. In the United States, venture capital investment results in more patents granted and the granted 
patents positively impact the economic growth. It is recommended that policy makers should promote venture capital firms to 
invest in new ideas, processes and innovations and support the funding facilities to these firms. 
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Table 12: Variance Decomposition of D_LOG_VC 
Period S.E. D_LOG_GDP D_LOG_PATENT D_LOG_RD D_LOG_VC 

1 0.33073 0.76637 0.00003 0.04696 99.18664 
2 0.38524 0.68690 0.46756 0.48666 98.35888 
3 0.38925 1.08712 0.51927 1.52273 96.87088 
4 0.39206 2.38222 0.51373 1.50190 95.60215 
5 0.39444 2.46634 0.97619 1.99046 94.56701 
6 0.39611 2.73715 0.96872 2.24934 94.04479 
7 0.39688 3.03050 1.03615 2.24614 93.68722 
8 0.39814 3.03592 1.13084 2.38306 93.45018 
9 0.40128 3.05310 1.15048 3.77564 92.02077 
10 0.40221 3.04876 1.15242 3.93364 91.86518 

Cholesky Ordering: D_LOG_GDP D_LOG_PATENT D_LOG_RD D_LOG_VC 
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Abstract 
 

Determinants of the top junior hockey league in the United States, the USHL, were investigated through an ordinary least 
squares regression model.  Individual game attendance is used as the dependent variable and the independent variables consist 
of dummies for game timing, a home opener dummy, team performance variables, and fixed effects for city demographic 
variables. In relation to city demographics, population size and the percentage of the population that is male and married were 
found to positively effect attendance. Higher minority populations led to lower attendance figures. Age and median income 
were found to have non-linear effects on attendance. 
. 
JEL Codes: Z2, D0 
Keywords: Attendance, Hockey, Consumers, Demographics 
  

Introduction 
 

The United States Hockey League (USHL) is the top junior hockey circuit in the United States.  It is officially sanctioned 
by USA Hockey and is considered Tier I in terms of junior hockey in the US.  Players in the league are of ages sixteen to 
twenty, with twenty considered to be “overage”. Each team may have no more than four “overage” players on their rosters. In 
addition, there are restrictions on foreign-born players to maximize the slots on teams available to United States citizens. A 
maximum of five import players are allowed on the roster of each team, with three of these players being international and two 
being from Canada.  Unlike junior hockey at the top level in Canada, the Canadian Hockey League (CHL – which consists of 
three leagues, the Ontario Hockey League (OHL), Quebec Major Junior Hockey League (QMJHL), and Western Hockey 
League (WHL)), players are not paid a stipend in the USHL, allowing them to keep amateur status. This translates into USHL 
players being eligible to play NCAA hockey and earn athletic scholarships. 

In the seasons studied, 2016-17 to 2017-18, the USHL had seventeen teams in the league. These teams are located in the 
Midwest of the United States.  Teams are located in North Dakota (Fargo), South Dakota (Sioux Falls), Nebraska (Tri-City, 
Lincoln, and Omaha), Iowa (Sioux City, Des Moines, Waterloo, Cedar Rapids, and Dubuque), Wisconsin (Madison and Green 
Bay), Illinois (Chicago), Indiana (Bloomington), Michigan (Muskegon and Team USA), and Ohio (Youngstown). Recently, 
the league has not only been successful in placing players into top NCAA hockey programs, but they have had success at the 
NHL draft as well. In 2018, 57 players with ties to the USHL were selected in the draft, 37 of them in the first four rounds.  
Forty-five players that were selected in the 2018 NHL draft played in the USHL during the 2017-18 season. 

This research aims to investigate the determinants of attendance for the USHL.  Game-by-game attendance for each team 
in the 2016-17 and 2017-18 seasons were gathered from the box scores on the league website. This variable became the 
dependent variable in an ordinary least squares regression model. The independent variables used to explain game-by-game 
attendance included dummy variables for the day of the week, the month of the season, and home team openers. Team 
performance variables including team success and scoring averages were also included as running averages throughout the 
season. 

In addition to these variables, city demographic variables were included as fixed effects in the model and are the main 
focus of this paper. With the increased prominence of the USHL in both the NHL draft and in placing prospects with NCAA 
teams coupled with increased popularity of the sport across the country, the USHL could be in the enviable position of being 
able to expand. If this becomes the case, it is important to identify the key city attributes where teams could be financially 
successful. To investigate this, demographic data for each city in the USHL was gathered from www.city-data.com.  
Information on population, median income, average age, and the percentage of the population that was male, minority, and 
married were collected. These variables were included in the regression model to ascertain their impact and relative statistical 
significance in relation to USHL attendance with the hope of identifying the city attributes that best contribute to success at the 
gate. 

This paper proceeds as follows.  Section II is a literature review surrounding attendance in the sport of hockey.  Section 
III introduces the regression model, describes each of the variables, and presents the results. Section IV provides the conclusions 
of the paper. 
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Literature Review 
 

Much of the research on hockey attendance revolves around the role of fighting. Fighting in the NHL has been studied 
previously in Jones (1984), Jones, et al. (1993), Jones, et al. (1996) and Paul (2003). Fighting was found to have a positive and 
significant effect on attendance in each study. Some differences were found between the Canadian and U.S. markets in the 
NHL in terms of the magnitude of the coefficients, but in both cases fighting was found to have a positive and statistically 
significant effect on attendance. 

In most European leagues, fighting is not allowed as it is in the NHL and other leagues in North America.  Rather than a 
five-minutes penalty, fighting in these leagues are met with ejection from the game and suspensions. In the top German hockey 
league (DEL), evidence was found that penalty minutes, a proxy for physical play, increased attendance in this league (Coates, 
et al., 2012). Similar results (using penalty minutes as a proxy) were not found to significantly impact attendance in the top 
league in Finland (Coates, et al., 2012). Fighting was not shown to have a statistically significant impact on attendance in junior 
hockey in the Quebec Major Junior Hockey League (Paul and Weinbach, 2011). 

Fighting has also shown to be popular in the North American minor hockey leagues. For both the American Hockey League 
(Paul, et al., 2013) and in the ECHL (Paul, et al., 2015), fighting had a positive and statistically significant effect on attendance. 
Fighting was also shown to have a positive and statistically significant impact on attendance in a lower-level minor league, the 
Southern Professional Hockey League (SPHL) (Paul, 2018). Other factors that were found to influence attendance in these 
studies of minor league hockey were days and months of the season, city-specific demographics, and promotions. 

Rascher, et al. (2009) studied the NHL lockout of 2004-05 and discovered an increase in attendance for minor league 
hockey. Hong (2009) investigated the marketing of minor league hockey games and found that teams that successfully drew 
fans to the arena had higher win percentages, star players, good fan relations, affordable prices, and substantial community 
involvement.  

Fan surveys are another way to study the preferences of hockey fans.  Zhang, et. al (1996) found that hockey knowledge 
and familiarity with the sport were important in forecasting game attendance and level of ticket purchases for International 
Hockey League games. Zhang, et al (2001) studied social factors associated with minor league hockey attendance. It was found 
that health-promoting, achievement seeking, and stress & entertainment factors should be part of the marketing strategies of 
minor league teams. In a survey of Southern Professional Hockey League (SPHL) fans, violence was found to be important in 
explaining why fans attended games, although results differed by both gender and the level of ticket purchase (Damon, et. al, 
2009). 

 
Regression Model of Attendance in the USHL 

  
An Ordinary Least Squares regression model is specified to ascertain the effects of game timing, team characteristics, and 

city demographics on USHL attendance.  USHL attendance is rather low in terms of other hockey leagues and the games do 
not sell out, eliminating the need for concern about truncation of the dependent variable in the model. The dependent variable, 
attendance, was tested in both levels and in logs. The results of both models were similar, so the results in levels are shown 
below. 

The independent variables in the model include days of the week, months of the season, team attributes, and city 
demographics.  Days of the week are included in the model to account for differences between typical work days and non-work 
days.  On non-work days, the opportunity cost of attending a hockey game is lower than on work days. Therefore, weekend 
days are expected to be more popular than weekday games. The reference category for days of the week is Wednesday. 

Months of the hockey season are also included in the model. The reference category is January.  Early season games have 
been shown in previous research to typically have lower attendance figures at hockey games. Therefore, the first few months 
of the season (October, November, and December) are likely to have a negative effect on attendance.  Late-season games may 
benefit from the push for the playoffs and could yield a positive effect on attendance. In addition to the months of the season, 
a dummy variable for the home opener for each team is included in the model. Home openers typically involve festivities to 
start the season and have been shown to be popular games to attend across sports. If home openers are popular with USHL 
fans, it should have a positive and significant effect on attendance. 

Team attributes are likely to influence attendance for hockey teams. Team success is measured in the USHL by points 
accrued throughout the season. A team earns two points for a win, one point for an overtime or shootout loss, and zero points 
for a regulation loss. The points-per-game variable is calculated as a running average throughout the season for both the home 
team and the visiting team. If fans prefer to attend games for successful home teams, this variable should have a positive and 
significant effect. The visiting team points-per-game variable is not as straightforward, as fans could prefer to see better quality 
teams as opponents, or they could prefer inferior opponents, making it more likely the home team could win. 
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The main focus of this paper is to identify city characteristics that would be favorable as locations for USHL franchises in 
the case of expansion or team relocation. With this in mind, city demographics were gathered from www.city-data.com.  The 
most recent information for each variable were included in the data set. Population is likely to have an important effect on 
attendance for USHL games. Larger metropolitan areas are likely to contain more hockey fans to draw from and would likely 
lead to a positive and significant effect on attendance. It is possible that cities could be “too big” for junior hockey as other 
sports and entertainment sources could reduce the demand for the USHL in these cities. 

Another important demographic factor is median income. The higher the median income, the more likely these households 
could afford to attend sports and entertainment events, such as junior hockey. However, the greater the median income of a 
city, the more opportunities there are for entertainment and higher levels of hockey could be available for fans to attend. 
Therefore, there could be a non-linear effect of median income on attendance. Both median income and median income squared 
are included in the regression model. 

Other demographics that could matter for attendance in the USHL relate to the make-up of the city population. Included 
in the regression model are variables which represent the percentage of the population that is male, the percentage that is a 
minority, and the percentage of the city population that is married. With more men interested in sports, in general, than women, 
the percentage of the population that is male could have a positive effect on attendance. Likewise, the majority of hockey 
players are white, therefore the percentage of the population that is a minority may have a negative influence on attendance. 
Also, if the USHL is family entertainment (as it is an inexpensive event), the percentage of the population that is married could 
also have a positive effect on USHL attendance. 

The last city demographic included as an independent variable in the regression model is the average age of the population.  
It is likely that the average age of the population will have a non-linear effect on attendance. Therefore, the average age and 
average age squared are both included in the regression model. 

Summary statistics for the key variables of interest are shown below. For the two seasons studied, 1001 games had 
attendance figures listed in their box scores.  Included in the table are the mean, median, and standard deviation for each 
variable. 
 
Table 1: Summary Statistics: USHL 2016-17 to 2017-18 

Variable: Attendance Population Med. Inc. Male % Minority % Married % Ave. Age 
Mean 2,394.52 285,613.30 47,618.18 49.17 27.56 42.79 33.79 
Median 2199.00 104,891.00 50702.00 49.30 26.00 44.20 34.30 
Standard 
Deviation 

1,482.27 619,311.50 11,492.10 1.47 16.05 7.48 3.58 

 
Regression model results for USHL attendance is shown in Table 2. Coefficients and t-statistics are shown for each 

independent variable in the model.  Due to the presence of heteroskedasticity and autocorrelation in the original regression 
results, Newey-West standard errors and covariances are used and shown in the table below. Statistical significance of the 
independent variables on attendance is shown by *-notation. Statistical significance is noted at the 10% (*), 5% (**), and 1% 
(***) levels. 

The results of the regression model show that USHL attendance is influenced by both day of the week and month of the 
season. In terms of the days of the week, weekend days were the most popular with Saturday having the largest effect (1066), 
followed by Friday (568), and Sunday (424). Each weekend day was found to be statistically significant at the 5% or 1% level, 
compared to the reference category day of Wednesday. Weekend days are likely to be more popular for attending hockey games 
due to the opportunity cost of time for fans on non-work days compared to work days. 

In terms of the months of the season, the early season games presented considerable challenges to USHL teams in attracting 
fans to the rink. Compared to the reference category month of January, October, November, and December were each shown 
to have a negative effect on attendance and were statistically significant. October and November, the first two months of the 
season, were statistically significant at the 1% level, while December was found to be statistically significant at the 10% level. 
Interestingly, the late season push for the playoffs was not found to be statistically significant as games in March and April did 
not provide a boost in attendance for USHL teams. Beyond the days of the week and the months of the season, the home opener 
for teams was also found to have a positive and significant effect on attendance at the 5% level. 

For on-ice performance, team success was not found to be statistically significant in relation to either the home or visiting 
team. Both coefficients on the points-per-game variables representing team success were positive, but statistically insignificant.  
USHL fans do not seem to be significantly influenced by more success for the home team or the opponent. In terms of on-ice 
excitement, represented by overall scoring of both the home and away team, a slight positive and significant effect was found 
as it relates to attendance. Total goals-per-game average (sum of the home team goals-per-game and opponent goals-per-game) 
was found to have a positive and significant effect on attendance at the 10% level. Games involving higher-scoring teams 
tended to attract more fans for USHL games. 
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Table 2: Regression Model Results for USHL Attendance: 2016-17 to 2017-18 - Dependent Variable: Per-Game Attendance 
Variable Coefficient 

(t-stat) 
Variable Coefficient 

(t-stat) 
Intercept -112,035.7041*** 

(-9.1916) 
Points-Per-Game Average 12.9912 

(0.7220) 
Sunday 424.1912** 

(2.3799) 
Visiting Points-Per-Game 
Average 

110.7303 
(0.6793) 

Monday 249.6747 
(1.0628) 

Total Goals-Per-Game 
Average 

92.4712* 
(1.8357) 

Tuesday -286.2452 
(-1.0351) 

Population 0.0004* 
(2.0952) 

Thursday 229.1327 
(1.2232) 

Median Income -0.4357*** 
(-5.6944) 

Friday 568.0989*** 
(3.7608) 

Median Income2 0.0000*** 
(5.4665) 

Saturday 1,066.4730*** 
(6.4080) 

Male % 
 

220.0153*** 
(5.0497) 

October -744.3932*** 
(-4.7755) 

Minority % -34.7155*** 
(-3.9840) 

November -404.5300*** 
(-2.9004) 

Married % 214.5123*** 
(7.4989) 

December -239.1724* 
(-1.7673) 

Average Age 6493.6820*** 
(8.8240) 

February 30.8301 
(0.2668) 

Average Age2 -98.2000*** 
(-8.8492) 

March 29.9249 
(0.2039) 

Home Opener 459.8309** 
(2.2659) 

April -15.7521 
(-0.0918) 

Visiting Team Dummies Yes 

    
R-squared 0.7903 Adj. R-Squared 0.7792 
Observations 1001   

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level 
  

In terms of the key variables for this study, city demographics, all variables included in the model that related to city 
demographics were found to be statistically significant. Population was shown to have a positive and significant effect at the 
5% level.  Bigger cities were shown to attract larger crowds for USHL games. The impact of the median income of the city 
was shown to have a non-linear effect on attendance. Median income was shown to have a negative and significant effect at 
the 1% level, while median income squared was shown to have a positive and significant effect (also at the 1% level.  As shown 
in figure 1, attendance was highest in cities with either low median or high median income. Cities with median incomes between 
$50,000 and $60,000 fared worse in this sample of teams, holding other factors equal. 

The percentage of the city population that was male had a positive and significant effect on attendance at the 1% level. 
Minority percentage, on the other hand, was shown to have a negative effect, with statistical significance at the 1% level. 
Married percentage was also shown to have a significant effect at the 1% level, with a positive effect on attendance the greater 
the percentage of the local population that was married. Overall, these factors illustrate that USHL teams fare best with cities 
that have a greater percentage of white males who are married. 

Age was also shown to have a statistically significant effect on attendance for the USHL in a non-linear fashion. Average 
age was shown to have a positive effect, while average age squared was shown to have a negative effect.  Both age variables 
were found to be statistically significant at the 1% level. Holding all other factors equal, an average of age of between 30 and 
35 seems to maximize attendance. The USHL appears to appeal best in cities with a younger demographic.   
 

Conclusions 
 

An ordinary least squares regression model was specified to investigate the determinants of attendance for the United 
States Hockey League, the top level of junior hockey in the United States. The focus of the model was to determine what city 
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attributes contribute to success at the gate and if on-ice performance plays any role in fan demand. The model used individual 
game attendance for each team in each game throughout the season as the dependent variable. 

As expected, weekend games were found to be much more popular than weekday games for attendance. Saturday was 
shown to have the biggest effect on attendance, followed by Friday, and then Sunday. Saturday and Friday dummy variables 
were statistically significant at the 1% level, while Sunday was statistically significant at the 5% level. 

The USHL struggled to attract fans early in the season. Other than opening day, which was found to be positive and 
statistically significant at the 5% level, the early months of the season each showed negative and statistically significant 
coefficients compared to the reference category month of January. October and November were found to be negative and 
statistically significant at the 1% level, while December was negative and statistically significant at the 5% level. It appears the 
USHL is like other hockey leagues, in that weekend games are the biggest draws and early season games attract fewer fans 
than later season games. 

On-ice success did not appear to matter much to fans of the USHL in this sample. Home team success measured by a 
moving average of points-per-game earned throughout the season was not found to be statistically significant.  Nor was visiting 
team success, measured in the same manner. The only performance variable found to be statistically significant, at the 10% 
level, was scoring (measured by the sum of the moving averages of home and visiting team goals-per-game), which had a 
positive impact on attendance. Fans of the USHL appear to prefer higher scoring games to lower scoring contests. 

In terms of the findings of the main focus of this paper, the city demographics, there appears to some key attributes that 
drive relative success at the gate for USHL teams. Population was found to have a positive and significant effect on attendance. 
Median income per capita of the city was found to have a non-linear effect on attendance, with median income having a negative 
and significant effect and the square of median income having a positive effect. The USHL fared best in poorer areas, that are 
likely to have fewer entertainment and sports options, but also in higher income areas, that may have more fans familiar and 
playing the sport due to its relative expensive cost for ice time and equipment, compared to other sports.  

Additionally, the USHL fared best, attendance-wise, in cities that had higher male and married populations. Attendance 
was found to be lower, by a statistically significant margin, the higher the minority percentage in the city. The USHL as a 
product appears to best situate in cities that have a higher percentage of white, male, married adults. Age was found to have a 
non-linear effect on attendance, with the coefficient on age being positive and the coefficient on age squared being negative. 
Therefore, the USHL did best in cities with a middling average population as too young or too old of a population did not 
appear to be interested in the on-ice product. 

As the popularity of hockey continues to expand into non-traditional areas of the country (south and west), the USHL may 
face the possibility of expansion in the future. It could eventually mimic the Canadian Hockey League, the top junior circuit in 
Canada, where there are different leagues across the country that are part of the umbrella of the top junior league. If this were 
to happen, to be financially viable, targeting cities for expansion that have a high percentage of white, male, married adults 
would offer the best hope for success. Coupling these factors with the sweet spots of the non-linear variables of median income 
and average age of the population, appears to be the best route for sustainability of junior hockey franchises in the United 
States. 
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Abstract 
 

Market linkages are investigated by exploring the possibility of financial contagion from Brazil to five Latin American countries 
following the presidential election of Dilma Rousseff in 2014. A GARCH-DCC framework is employed to estimate the 
variance-covariance transmission mechanism. By means of both the Kolmogorov-Smirnov test and a Markov Switching 
Dynamic Regression (MSDR), an increase in conditional correlations between Brazil and five Latin American countries is 
found, suggesting a shift in the long run relationship and evidence of financial contagion. 
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Introduction 

 
According to the World Bank, an explosion of regional trade agreements (RTA) has occurred in the past twenty years, 

increasing from 50 in 1990 to more than 280 in 2017. Consequently, the proliferation of RTAs has led to greater linkages 
between various goods and equity markets. Accordingly, empirical research on financial market integration has increased, and 
it has identified multiple channels through which welfare benefits are gained.  Some of these studies have examined increased 
welfare gains as a result of free trade agreements and have concluded that RTAs are associated with growth spillover of 13.6 
to 15.3 percent (Rigg et al., 2009). By removing tariffs, these agreements lower prices of imports, increase services competition, 
and reduce cross-border costs and delays (Kondonassis, Malliaris, & Paraskevopoulos, 2008; Lederman, Maloney, Maloney, 
& Serven, 2005). Other studies show that market integration leads to economic growth and risk-sharing benefits (Lewis, 2000; 
Rangvid, Santa-Clara, & Schmeling, 2016), as well as the development of local stock markets (Levine & Zervos, 1998). 

Despite the many benefits, research has also shown that increased market integration does not always improve economic 
performance, primarily as a result of reduced trade (Spolaore & Wacziarg, 2005). Increased market integration leads to cross-
country correlations (Longin & Solnik, 1995), which provides alternative contagion channels, especially during crises. When 
the effect of crises are measured in terms of stock returns, for example, trade links and neighborhood effects are the primary 
contagion channels (Hashimoto & Ito, 2002; Hernández & Valdés, 2001). As a result of these studies, therefore, one has a 
better understanding of how market linkages may increase or decrease economic growth and activity, as well as provide 
mechanisms through which the negative effects of financial crises can flow.  

Numerous studies have examined volatility spillovers from one market to another, often utilizing the GARCH framework 
(R. Engle, 2002). An extension of this type of research considers whether the volatility spillover is a contagion. Part of the 
challenge for studies on contagion center on the lack of agreement concerning a precise definition of the term. Broadly, 
contagion refers to the spread of market disturbances from  one country to another (Claessens, Dornbusch, & Park, 2001). K. 
J. Forbes and Rigobon (2002) offer a more precise definition as a significant increase in cross-market linkages after a shock 
(K. Forbes & Rigobon, 2001). Thus, if no significant shift occurs, then there is no contagion. K. Forbes and Rigobon (2001) 
further distinguish between what they call non-crisis contingent contagions and crisis contingent contagions. Non-crisis 
contingent does not mean that the increase in market linkages do not arise out of some kind of crisis. Rather, the authors explain 
that the increase in correlations can be easily explained through macro-fundamental links between the economies, such as trade 
links, devaluations, (Corsetti, Pesenti, Roubini, & Tille, 2000), and financial links (Masson, 1999b). 

Crisis contingent contagions, on the other hand, refer to increased linkages that cannot be easily explained (Connolly & 
Wang, 2003; Kodres & Pritsker, 2002). In addition, these crisis contingent contagions may arise from multiple equilibria, such 
as investor expectations (Masson, 1999b), memory of past crises (Mullainathan, 2002), and current political factors (Drazen, 
2000). This paper explores Drazen’s (2000) theory that political factors may play a crucial role in the spread of financial 
contagion.  

Previous studies approach political factors and instability from two main perspectives. First, some researchers use the 
phrase to connote executive instability (Alesina & Perotti, 1996), such as fundamental changes in constitutional governments, 
or the collapse of the current government, or even coups d’etat. Other studies, however, employ the phrase political instability 
to indicate social unrest and political violence (Ades & Chua, 1997). Regardless of the category of political unrest, research 
shows a significant relationship between political instability and economics. Some studies show that political instability affects 



Academy of Economics and Finance Journal . Volume 11  . 2020 
 

94 
 

investment decisions (Campos & Nugent, 2003; Lothian, 1991), economic growth (Alesina & Perotti, 1996; Gurgul & Lach, 
2013), and asset markets in emerging markets (Diamonte, Liew, & Stevens, 1996; Fielding, 2003). Additional studies show a 
link between political instability and foreign direct investment (Brada, Kutan, & Yigit, 2006) and overall stock market behavior 
(Bailey & Chung, 1995; Kutan & Perez, 2002). 

During the first decade of the twenty-first century, Latin American economies as a whole experienced remarkable 
economic growth. However, during the US sub-prime crisis in the summer of 2007, many of the Latin American economies 
began to show signs of slowing down, not unlike many of the nations of Central and Eastern Europe. To be sure, the impact of 
the crisis on most Latin American economies suggest that Latin American markets are closely linked to world markets.  

Not only is the larger Latin American region integrated into the world economy, but previous studies have shown how 
Brazil in particular is tightly linked to the world and regional economies. For example, there is considerable evidence that 
Brazil experienced contagion effects during the Mexico peso crisis 1994 (Calvo, 1999), Asian crisis of 1997 (K. Forbes & 
Rigobon, 2000), and the Russian crisis of 1998 (Kaminsky & Reinhart, 2000). Moreover, Brazil is also linked to the region 
through various RTAs. Brazil is a member, for example, of the Latin American Integration Association (LAIA), which includes 
Argentina, Bolivia, Chile, Colombia, Cuba, Ecuador, Mexico, Paraguay, Peru, Uruguay, and Venezuela. It is a member nation 
in Southern Common Market (MERCOSUR) with Argentina, Paraguay, and Uruguay. In addition, Brazil entered a bilateral 
trade agreement with Argentina 2016.  

Not only is Brazil is tightly connected to the world and regional markets, increasing the possibility of contagion from 
Brazil to its neighboring Latin American countries, it has also been mired in significant political unrest over the past decade.  
Former president Dilma Rousseff was indicted and impeached in 2016 (Watts & Bowater, 2016); Petrobras, Brazil’s state-
controlled oil company, agreed to pay $2.95 billion to settle a lawsuit over corruption (Bray & Reed, 2018). In 2017, another 
former president, Lula da Silva, was found guilty of corruption and ordered to spend time in prison (Prengaman & Langlois, 
2018). Finally, the immediate past president, Michel Temer, was also charged with obstruction of justice and racketeering for 
his role in accepting bribes from the world’s largest meatpacker, JBS (Brito & Boadle, 2017). Because Brazil is tightly linked 
with world and regional markets, and because Brazil has been mired in political instability, which has been shown to lead to 
financial contagion, this paper seeks to examine the impact of cross-country volatility spillovers—the presence of contagion—
from Brazil to its Latin American neighbors following the election of its president in October 2014. 

Previous studies on contagion and Latin American have focused on Latin American countries and their relation with the 
world economy. Hence, studies have investigated how the devaluation of the Russian ruble in 1998 affected various Latin 
American countries, including Brazil (K. Forbes & Rigobon, 2000; Gelos & Sahay, 2001). Additional studies focused on the 
possibility of contagion in Latin America following the East Asian crisis (G. Chen, Firth, & Rui, 2002; Edwards & Susmel, 
2003; Kaminsky & Reinhart, 2000). Finally, a number of studies have focused on co-movements of Latin American economies 
with the United States following the crash of 1987 (Meric, Leal, Ratner, & Meric, 2001) and the global financial crisis of 2007 
(Baur, 2012; Bekaert, Ehrmann, Fratzscher, & Mehl, 2014; Kenourgios & Dimitriou, 2015). Additionally, various studies 
explore the increasing link between bond and stock markets (Panchenko & Wu, 2009) and American Depository Receipts 
(ADRs) in Latin America as an emerging market (Hunter, 2006). As a result of these studies, one has a better understanding of 
how Latin American markets are integrated with other emerging markets, as well as the world market. Because of either the 
non-existence or limited number of studies on contagion in Latin America that incorporate events since the most recent global 
financial crisis or studies on contagion that include shocks from political instability, one may conclude a research gap exists 
that can and ought to be explored.  

Studies on linkages between the equity Latin American markets have used various economic methods to evaluate market 
relationships, such as feedback analysis (Johnson & Soenen, 2003) and Bayesian dynamic latent factor model (P. Chen, 2017). 
Additionally, some have sought to evaluate the degree of integration by using Asset Pricing Models (Alotaibi & Mishra, 2017; 
Errunza, Losq, & Padmanabhan, 1992), while others have focused on ARCH and GARCH volatility models (Alotaibi & 
Mishra, 2015; Lahrech & Sylwester, 2013; Mellado & Escobari, 2015). Moreover, researchers have centered their 
investigations on a multiplicity of factors, such as stock market and bond market returns, foreign direct investment, and the 
difference between country funds (Frankel & Schmukler, 1996). Identifying these relationships play an important role for 
various stakeholders: investors, managers, and policy makers. 

Investors are interested in market diversification to reduce risk. If national equity markets are cointegrated, then the benefits 
of diversification are limited (Byers & Peel, 1993; De la Torre, Gozzi, & Schmukler, 2007). Managers, on the other hand, 
might find the financial integration increases market efficiency through the flow of information and adjustments (Darrat & 
Zhong, 2005). Additionally, managers may be interested in how integrated markets affect expected returns and the cost of 
capital. As foreign investors participate in the local market, the source of systematic risk shifts to the world stock market, thus 
affecting expected returns and stock market prices (Chari & Henry, 2004). Moreover, a reduction in risk should also result in 
a reduction in the cost of capital (Bekaert & Harvey, 2000). Finally, these increased relationships may also be of significant 
interest to policy makers and economic planners who discover that integration can foster development through more efficient 
allocation of capital (Umutlu, Akdeniz, & Altay-Salih, 2010) and a lower probability of asymmetric shocks (Yu, Fung, & Tam, 
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2010). Policy makers may utilize regulatory policy to restrict foreign equity investments in order to limit exposure to adverse 
volatility effects. Such actions, however, may limit the ability of firms to raise capital for projects, thus stifling economic 
growth. This study investigates the possibility of contagion from Brazil to five major Latin American Stock markets during the 
period from January 2012 to October 2015. In contrast to previous studies of Latin American markets which tend to focus on 
the effects of major financial crises in the world (US financial crisis, Asian crisis, Russian crisis) on Latin America, this study 
examines the effects of regional shocks emanating from within Latin America and Brazil in particular. Secondly, whereas 
previous studies have focused on financial shocks that begin within the financial sector, like a stock market crash, this 
investigation explores how possible shocks from political instability might lead to increased correlations among linked markets.  

This research employs a GARCH framework to estimate the variance-covariance transmission mechanism. After isolating 
the conditional correlations, it uses the Kolmogorov-Smirnov test to evaluate whether or not correlations have increased from 
the pre-crisis to the crisis period (Conover, 1999). Using this procedure, the study evaluates the equality of distributions for the 
different periods. In addition, Markov Switching models were used to examine if the volatility clustering may be characterized 
by the presence of regimes alternating between low and high levels of volatility.  

As a result of the analysis, four meaningful insights are ascertained. First, not dissimilar from previous studies of stock 
market returns between countries, this study finds that returns for each country fail to satisfy the Gaussian distribution 
assumption of normality. Indeed, the kernel distribution and normal distribution are added to the histograms, which show the 
distributions to be leptokurtic.  

Secondly, the study shows evidence of significant time-varying volatility. The research finds each series in the panel fails 
the assumption of homoscedasticity, and thus, it anticipates an ARCH model will best fit the data.  

Thirdly, the study utilizes a nonparametric test of the equality of continuous, one dimensional probability distributions in 
order to compare the correlations of two samples. Using this procedure, the investigation finds a shock to the returns following 
an election in 2014 resulted in a significant increase in the conditional correlations, lending evidence of contagion among the 
countries. The returns between the different Latin American countries were already positively correlated for the entire period, 
but the statistical technique shows that the shock to the returns following an election resulted in a statistically and economically 
significant increase in the conditional correlations. For those investigating, this study is the first to utilize this statistical 
procedure to demonstrate contagion effects for this region during this time period.  

Following the conventional approach, this study calculates stock returns as the first difference of the natural log of each 
stock-price index. This study expresses the returns as percentages. For missing data, due to unavailability, national holidays, 
bank holidays, or for other reasons, the stock prices were assumed to stay the same as those of the previous trading day. 

Lastly, the study finds political instability to be a viable mechanism for transmitting cross-country volatility shocks to 
financial markets. Much of the research on volatility spillovers shows that contagion is often spread through investor attitudes 
toward liquidity and information asymmetry (Claessens et al., 2001). However, an increasing number of researchers are 
beginning to recognize that contagion may spread through multiple equilibria simultaneously. In his study on European 
devaluations, Drazen (2000) finds that political factors might be one of many factors that play a role in causing contagion. To 
be sure, numerous studies find significant links between political instability and economic performance (Alesina & Perotti, 
1996; Campos & Nugent, 2002, 2003; Fielding, 2003). More specifically, researchers observe links between political risk and 
instability with volatility in asset markets (Schwert, 1989). The study finds strong evidence of an increase in conditional 
correlations among Latin American countries following the election of Brazilian President Dilma Rousseff in October 2014. 

  
Data 

 
This study uses daily price indexes provided by Morgan Stanley Capital International accessed through Datastream 

International. All the data are market value-weighted and expressed in US dollars. The stock market indexes for five Latin 
American countries are used: Argentina, Chile, Colombia, Mexico, and Peru. In addition, the study utilizes indexes from Brazil, 
which proxy regional activity, and uses the S&P 500 from the United States, which represents one global market. 

The investigation uses Brazil as a regional market since it is the largest stock market in terms of market capitalization and 
the number of companies listed in its domestic market. Table 1 shows the key market indicators. In 2011, there were 1,103 
listed companies in the stock markets of the six Latin American countries, with their total market capitalization reaching 
US$2,234.68 billion. By 2016, the number of listed companies reached 1,067 and the total market capitalization around 
US$1570.36, of which Brazil accounted for roughly 48 percent. The study focuses on Brazil, therefore, because Brazil accounts 
for nearly half of the total market capitalization of the six Latin American countries; it accounts for 33% of the number of listed 
companies, and accounts for 78% of all of the listed stocks in the six countries. 
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Table 1: Key Market Indicators 
Number of Listed Domestic Companies 
Year 2011 2012 2013 2014 2015 2016 

Argentina 99 101 97 95 93 93 
Brazil 366 353 352 351 345 338 
Chile 229 225 227 230 223 214 
Colombia 79 76 72 70 69 68 
Mexico 128 131 138 141 136 137 
Peru 202 214 212 211 212 217 

Market Capitalization of Listed Companies (% of GDP) 
Argentina 8.22 6.27 9.62 11.43 9.60 11.66 
Brazil 46.97 49.79 41.27 34.36 27.20 42.23 
Chile 107.15 117.30 95.25 89.37 78.49 86.01 
Colombia 60.01 70.90 53.31 38.80 29.49 36.75 
Mexico 34.90 44.25 41.68 36.99 34.91 33.51 
Peru 47.67 53.27 40.24 39.21 29.89 42.19 

Market Capitalization of Listed Companies (billion US$) 
Argentina 43.58 34.25 53.10 60.14 56.13 63.60 
Brazil 1228.94 1227.45 1020.46 843.89 490.53 758.56 
Chile 270.29 313.33 265.15 233.25 190.35 212.48 
Colombia 201.30 262.10 202.69 146.75 85.96 103.82 
Mexico 408.69 525.06 526.02 480.25 402.25 350.81 
Peru 81.88 102.62 80.98 78.84 56.56 81.09 

Stocks Traded, total value (billion US$) 
Argentina 2.45 1.46 2.24 3.52 2.70 4.36 
Brazil 824.92 831.64 739.68 644.17 419.98 561.08 
Chile 51.27 46.49 41.23 27.13 19.67 23.97 
Colombia 25.95 32.20 20.41 17.22 11.59 14.17 
Mexico 99.79 119.69 163.69 128.04 103.65 111.90 
Peru 5.18 5.28 3.17 3.23 1.45 2.70 

Notes: Data from the World Development Indicators of the World Federation Exchange Database. Market capitalization (also known as 
market value) is the share price times the number of shares outstanding (including their several classes) for listed domestic companies. 
Investment funds, unit trusts, and companies whose only business goal is to hold shares of other listed companies are excluded. Data are end 
of year values. Listed domestic companies, including foreign companies which are exclusively listed, are those which have shares listed on 
an exchange at the end of the year. Investment funds, unit trusts, and companies whose only business goal is to hold shares of other listed 
companies, such as holding companies and investment companies, regardless of their legal status, are excluded. A company with several 
classes of shares is counted once. Only companies admitted to listing on the exchange are included. The value of shares traded is the total 
number of shares traded, both domestic and foreign, multiplied by their respective matching prices. Figures are single counted (only one side 
of the transaction is considered). Companies admitted to listing and admitted to trading are included in the data. Data are end of year values 
converted to U.S. dollars using corresponding year-end foreign exchange rates. 

 
Table 2 presents the descriptive statistics of the stock-index returns in the six Latin American markets and the United 

States. According to the National Bureau of Economic Research (NBER), the ending date for the most recent financial crisis 
was December 30, 2011. In order to avoid any lingering effects from this financial crisis, the study chose a starting day after 
this date. Thus, each series begins on December 31, 2011. Moreover, the descriptive statistics are divided into two panels. Panel 
A represents the pre-crisis period, which ends with the day before the election of Dilma Rousseff, Brazil’s president, on October 
26, 2014. Panel B covers the period from the first day of Rousseff’s term (October 27, 2014) until the time Brazil’s Audit court 
found that she illegally borrowed billions to offset 2014 budget shortfall, opening the door to impeachment by the 
administration’s opponents.  

During the pre-crisis period, most of the series are negatively skewed, with Argentina and Mexico having values quite 
large. These figures indicate a long left fat tail and supports the conjecture of asymmetric information. After the election of 
President Rousseff, however, only Colombia shows evidence of being negatively skewed. In addition, all the series in both 
panels have kurtosis values greater than three, indicating that they are all leptokurtic. Stated differently, the study finds that 
returns for each country fail to satisfy the Gaussian distribution assumption of normality. In Figure 1, the kernel distribution 
and normal distribution are added to the histograms, which show the distributions to be leptokurtic. 
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Table 2: Descriptive Statistics 
 Argentina Brazil Chile Colombia Mexico Peru S&P 
Panel A: Before the Crisis       
Descriptive Statistics       

Mean -0.077 -0.006 -0.045 -0.016 0.026 -0.008 0.066 
Std. Dev. 2.422 1.640 1.013 1.024 1.137 1.203 0.732 
Min -16.26 -5.325 -5.209 -4.183 -8.075 -4.947 -2.533 
Max 9.979 8.079 5.068 3.349 3.346 5.339 2.509 

Test for Heteroscedasticity      
ARCH 107.7 83.48 23.71 42.90 19.49 21.60 22.02 
P-value 0 0 0.0003 0 0.0016 0.0006 0.0005 
Test for Normality       
Skewness -1.078 0.167 0.061 -0.253 -0.402 -0.007 -0.257 
Kurtosis 10.51 3.960 4.904 4.491 6.599 4.549 4.179 
Test for Autocorrelation       
LB 19.68 40.37 37.90 30.08 24.59 24.44 16.61 
P-value 0.478 0.004 0.009 0.069 0.218 0.224 0.678 
        
Panel B: After the Crisis       
Descriptive Statistics       
Mean -0.0997 -0.205 -0.0677 -0.272 -0.0712 -0.0687 0.0116 
Std. Dev. 2.110 2.229 1.131 1.845 1.286 1.501 0.939 
Min -6.666 -6.362 -4.607 -7.480 -3.612 -5.030 -4.021 
Max 5.959 6.727 4.590 5.364 4.256 7.291 3.829 
Test for Heteroscedasticity      
ARCH 12.29 10.73 19.42 31.58 9.751 26.94 56.68 
P-value 0.031 0.057 0.002 0 0.083 0 0 
Test for Normality       
Skewness 0.0354 0.194 0.0259 -0.0164 0.187 0.336 -0.263 
Kurtosis 3.591 3.174 4.711 4.549 4.023 5.441 5.593 
Test for Autocorrelation       
LB 62.34 12.07 21.66 54.50 26.33 13.59 15.75 
P-value 0 0.914 0.359 0 0.155 0.851 0.732 

Notes: Observations for all series in the whole sample period are 989. The observations for the pre-crisis and post-crisis sub-periods are 734 
and 255 respectively. All returns are the first differences of the natural log of stock indices times 100. The ARCH statistics are computed at 
5 lags and the LB statistics are computed at 20 lags. 
 

The standard deviations in Panel B are larger for each country than the values in Panel A, indicating that volatility increased 
after the election of President Rousseff. Moreover, tests for heteroscedasticity show strong evidence of ARCH effects. The 
values of these series change rapidly from period to period, showing further evidence of volatility. Moreover, small changes 
are followed by further small changes and large changes are followed by further large changes, indicating “clustering.”  

Evidence for Contagion 
 
In the current study of contagion in Latin American countries, one deals with markets that are linked regionally, as well as 

through bilateral and multilateral trade agreements. Moreover, various countries in Central and South America have 
experienced multiple periods of recession during last ten years. Brazil, for example, experienced six months of recession in 
2008 – 2009, and thirty-six months of recession between 2014 – 2016. Chile, Mexico, and Peru each experienced nine months 
of recession during the most recent global financial crisis. And Venezuela’s economy has all but disappeared. In the presence 
of such an economic climate, it is not difficult to imagine investors reacting to multiple equilibria (Masson, 1999b), such as 
investor expectations (Masson, 1999a) and memory of past crises (Mullainathan, 2002), and the political unrest present in the 
region (Drazen, 2000). To be sure, numerous studies find significant links between political instability and economic 
performance (Alesina & Perotti, 1996; Campos & Nugent, 2002, 2003; Fielding, 2003; Schwert, 1989).  
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Table 3 offers the first impression of contagion transmission. The table reports the unconditional correlations between the 
countries under investigation. The table has two major panels, which provide information on the correlations before and after 
the crisis. In addition, each panel has two sections. The upper triangular cells report Spearman’s rank correlations, and the 
lower-triangular cells report Pearson’s correlation coefficients. One observes that for both the Pearson and Spearman 
correlations, the values are positive and substantially larger in magnitude after the crisis. All of the values are significant at the 
1 percent level. While the reported statistics do not take into account the dynamics of the correlations over time, they 
nevertheless provide preliminary evidence that the correlations have increased after the crisis. The study formally tests the 
dynamic relationship in the following section.  

 

Figure 1: Histogram of Daily Returns  

 
 

Table 3: Unconditional Correlations 
Panel A: Before the Crisis       
 Argentina Brazil Chile Colombia Mexico Peru S&P 500 
Argentina 1 0.312* 0.308* 0.209* 0.306* 0.349* 0.447* 
Brazil 0.263* 1 0.483* 0.388* 0.507* 0.420* 0.369* 
Chile 0.299* 0.507* 1 0.420* 0.539* 0.425* 0.398* 
Colombia 0.218* 0.417* 0.444* 1 0.405* 0.322* 0.312* 
Mexico 0.269* 0.516* 0.572* 0.436* 1 0.413* 0.528* 
Peru 0.289* 0.431* 0.429* 0.359* 0.434* 1 0.487* 
S&P 500 0.401* 0.388* 0.420* 0.380* 0.558* 0.505* 1 
Panel B: After the Crisis       
 Argentina Brazil Chile Colombia Mexico Peru S&P 500 
Argentina 1 0.405* 0.358* 0.338* 0.438* 0.379* 0.497* 
Brazil 0.452* 1 0.610* 0.557* 0.671* 0.517* 0.475* 
Chile 0.420* 0.610* 1 0.640* 0.684* 0.493* 0.384* 
Colombia 0.409* 0.555* 0.682* 1 0.601* 0.393* 0.311* 
Mexico 0.469* 0.638* 0.704* 0.652* 1 0.505* 0.504* 
Peru 0.463* 0.549* 0.589* 0.513* 0.573* 1 0.524* 
S&P 500 0.546* 0.481* 0.467* 0.430* 0.571* 0.604* 1 
Lower-triangular cells report Pearson's correlation coefficients, upper-triangular cells are Spearman’s rank correlation. * p<0.01 
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Testing for Contagion 
 
Earlier studies have long recognized that asset returns possess various characteristics that render some linear structural and 

time series models incapable of explaining important features (Campbell, Lo, & MacKinlay, 1997). For example, asset returns 
often exhibit asymmetric volatility, which result in negative shocks producing a larger impact than positive shocks of the same 
magnitude (Campbell & Hentschel, 1992). Moreover, asset returns tend to show signs of volatility clustering. Thus, large 
returns of either sign are usually followed by large returns and small returns of either sign are followed by small returns (Brooks, 
2014). Other studies, in addition, find that correlations across markets are not constant over time (Berben & Jansen, 2005; 
Longin & Solnik, 1995). 

  
Generalized Autoregressive Conditional Heteroscedasticity (GARCH) Model 

 
Because linear models are largely incapable of explaining and capturing these characteristics, this study employs the 

multivariate GARCH (Generalized Autoregressive Conditional Heteroscedasticity) methods developed by Engle (2002), which 
are capable of estimating dynamic conditional correlations (DCC). A GARCH-DCC model is employed to examine the 
conditional correlations between Brazil and five other Latin American countries after the election of its president, Dilma 
Rousseff, in October 2014. This study posits that this election instigated another crisis point in the Brazilian economy, which 
affected multiple equilibria in the neighboring countries. 

In their analysis of contagion in the Asian market, Chiang, Jeon, and Li (2007) note three advantages for using Engle’s 
(2002) GARCH-DCC model. First, the DCC model estimates correlation coefficients of the standardized residuals and accounts 
for heteroskedasticiy directly. Thus, the DCC model is able to address the primary problems of heteroskedasticity raised in 
previous studies (K. Forbes & Rigobon, 2000; K. J. Forbes & Rigobon, 2002). Secondly, the DCC model allows for the 
inclusion of additional explanatory variables in the mean equation. Accordingly, this study uses the U.S. S&P 500 stock returns 
as an exogenous global factor, rather than using the source of the contagion (e.g., stock returns in Brazil) as an independent 
variable (Dungey, Fry, Gonzalez-Hermosillo, & Martin, 2005). Lastly, the DCC model has the advantage over other 
multivariate GARCH models, such as Engle and Kroner’s (1995) VEC, in that it allows the inclusion of returns from multiple 
markets without the need to estimate too many coefficients. Consequently, the information from the estimation allows us to 
analyze the correlation behavior even in the presence of regime shifts.  

The return equation is modeled as: 
𝑟 = 𝜇 + 𝜙𝑟 + 𝛾𝑟 & + 𝜖 ,  (1) 

where 𝑟  is the vector of returns for each country, 𝛾𝑟 &  is the lagged return of the U.S. S&P 500 stock return, and 𝜖 |Ω ∼
𝑁(0, 𝐻 ). The model also includes the autoregressive term of the country (𝜙𝑟 ) in order to capture any momentum effects, 
as well as account for autocorrelation. The primary interest of the model lies in the dynamics of the variance-covariance matrix, 
𝐻 , which has the following specification:  

𝐻 = 𝐷 𝑅 𝐷   (2) 
where 𝐷  is the diagonal matrix of conditional standard deviations computed by univariate GARCH models, which takes the 
form 

⎝

⎜
⎜
⎜
⎛

ℎ , 0 … 0

0 ℎ , … 0
… … … …

0 0 … ℎ , ⎠

⎟
⎟
⎟
⎞

 

(3) 

The study’s primary concern is with 𝑅 , which is the time-dependent conditional correlation matrix of the innovations 𝜖 . 𝑅  
can be represented as 

1 𝜌 , … 𝜌 ,

𝜌 , 1 … 𝜌 ,

… … … …
𝜌 , 𝜌 , … 1

 

(4) 

The estimation procedure for the Engle (2002) model consists of two steps. In the first step, six (i.e., Argentina, Brazil, Chile, 
Colombia, Mexico, and Peru) univariate GARCH models are fitted to obtain conditional standard deviations ℎ , , which 

populates matrix 𝐷 . In the second step, the standardized residuals are computed as 𝜁 = 𝐷 𝜖 , after which one can calculate 
the parameters of dynamic conditional correlation. In this case, 𝑅  takes the form: 
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𝑅 = 𝑑𝑖𝑎𝑔 𝑞 , , 𝑞 , , . . . , 𝑞 , 𝑄 𝑑𝑖𝑎𝑔 𝑞 , , 𝑞 , , . . . , 𝑞 ,   
(5) 

 

Engle (2002) assumes that the elements of 𝑄  follow a univariate GARCH model, where the evolution of the correlations in 
the DCC model is given by 

𝑄 = (1 − 𝜆 − 𝜆 )𝑄 + 𝜆 + 𝜆 𝑄   
(6) 

where  𝜆  and 𝜆  are nonnegative, time invariant parameters. In order to ensure that the process is stationary, 𝜆 + 𝜆 ≤ 1. 
Assuming a Gaussian distribution, the study estimates the model in two steps using the log-likelihood function, 

𝐿𝑜𝑔𝐿1(𝜃 ) = −
1

2
[log{𝑑𝑖𝑎𝑔(𝐷 )} + 𝐷 𝜖 ] 

(7) 

where 𝜃  is the first set of parameters, which comprises all of the univariate GARCH parameters. The second step uses the 
following log-likelihood function: 

𝐿𝑜𝑔𝐿2(𝜃 |𝜃 ) = −
1

2
log|𝑅 | + + 𝐷 𝜖 𝑅 𝐷 𝜖    

(8) 

One maximizes this second log-likelihood function conditional on the first set of parameters, 𝜃 , which provides us the 
parameters of 𝜃 , which are the parameters of the dynamic correlations from equation 6.  

Table 4 reports the estimation results for the five Latin American countries in the sample. From Panel A, one observes that 
the coefficient 𝜙, which captures the effect of the lag on returns for each country, is significant for each country except for 
Peru. With the exception of Mexico, moreover, the coefficient is positive for each country, which this study interprets as 
evidence of momentum. Similarly, one observes that the coefficient 𝛾 capturing the effect of the S&P 500 index on the stock 
returns is statistically significant for Chile, Colombia, and Mexico, which indicates that the U.S. stock market significantly 
affects the return dynamics in the local markets.  

Panel B shows the variance equations for each country in the sample. The table shows that the lagged shock-squared terms 
(𝑎) are statistically significant across all countries, indicating that the volatilities are indeed time-varying. The highly significant 
coefficients on the lagged conditional volatility (𝑏) provides additional support for a GARCH specification. In addition, the 
sum of 𝜆  and 𝜆  are less than one, yet they still show significant levels of volatility persistence.  

 
Kolmogorov-Smirnov Test 

 
After fitting the GARCH-DCC model, one obtains the dynamic correlations. Figure 3 shows the correlations between 

Brazil and each of the five Latin American countries. The vertical line highlights the date at which President Rousseff was 
elected. Even before her election, the countries exhibited positive correlations. With the election of President Rousseff, 
however, Figure 2, shows a marked increase for each country. Nevertheless, the graph is not a formal test of an increase in 
correlations. 

To formally test the correlation distributions, the study employs the Kolmogorov-Smirnov test (KS). Various studies have 
recognized its usefulness in identifying shift contagion as identified by K. J. Forbes and Rigobon (2002) (Boako & Alagidede, 
2017; Jin, 2018; Reboredo, Rivera-Castro, & Ugolini, 2016). Conover (1999) shows that the KS statistic has good power for 
evaluating alternative hypotheses, especially those involving clustering in the data (Gibbons & Chakraborti, 2011). The study 
divides the sample into two periods using a dummy variable, crisis, taking the value of 1 for the pre-crisis period (December 
31, 2011 – October 26, 2014) and a value of 2 for the crisis period (October 27, 2014 – October 16, 2015).  

The Kolmogorov-Smirnov test is used to evaluate whether the distributions in the two crisis groups are equal by comparing 
their cumulative distribution functions (CDFs). The test computes a statistic 𝐷 : 

𝐷 = 𝑚𝑎𝑥|𝐹 (𝑥) − 𝐹 (𝑥)| (9) 

where 𝐹  and 𝐹  are two distributions. The test evaluates three hypotheses. In the first line, the null hypothesis is that the 
distribution of the first group is stochastically dominated by the distribution of the second group. The second line tests whether 
the distribution of the second group is stochastically dominated by the distribution of the first. Finally, the combined test 
evaluates the equality of the two distributions.  

Table 5 reports the results from the test. The KS statistic for the first line strongly rejects the null hypothesis that the 
correlations of the pre-crisis period dominate the correlations of the crisis period. Secondly, the KS statistic fails to reject the 
null that the correlations of the crisis period dominate the correlations of the pre-crisis period. In other words, the first and 
second lines of the KS test provide significant evidence that an increase in correlations occurred in the Latin American countries 
following the election of Dilma Rousseff.  Finally, the null hypothesis that the distributions are equal is strongly rejected in the 
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third line. Thus, this study finds strong evidence that the distribution of the correlation coefficients during the crisis period 
dominate the correlations during the pre-crisis period.  
 

Figure 2: Dynamic Correlations with Brazil 

 
Note: The vertical line marks the election of President Rousseff on October 27, 2014. 
 

In order to compare the correlations graphically, the study obtains the kernel distribution of the pairwise correlations during 
the two subsamples, before and during the crisis. Figure 3 shows the plot of the distributions. For each country pair, one can 
see that the crisis period is more right-tailed and higher than the pre-crisis period. This finding suggests a general higher 
correlation with Brazil during the crisis period. 
Table 4: GARCH-DCC Estimation 

 (1) (2) (3) (4) (5) 
Countries: Argentina Chile Colombia Mex Peru 
Panel A. Mean Equations     

𝜇 0.035 0.010 -0.008 0.068** 0.049 
 (0.067) (0.029) (0.033) (0.032) (0.037) 

𝜙 0.131*** 0.083*** 0.127*** -0.059** 0.037 
 (0.037) (0.027) (0.029) (0.027) (0.031) 

𝛾 -0.119 0.157*** 0.132*** 0.255*** 0.081 
 (0.094) (0.039) (0.047) (0.047) (0.054) 
Panel B. Variance Equations:     

𝑐 2.277*** 0.009** 0.050*** 0.025** 0.032** 
 (0.552) (0.004) (0.017) (0.010) (0.015) 

𝑎 0.235*** 0.032*** 0.088*** 0.043*** 0.041*** 
 (0.048) (0.007) (0.017) (0.010) (0.009) 

𝑏 0.334*** 0.960*** 0.878*** 0.938*** 0.940*** 
 (0.126) (0.008) (0.024) (0.015) (0.016) 
Panel C: Multivariate DCC     

𝜆  0.012***     
 (0.003)     

𝜆  0.939***     
 (0.025)     

Notes: The figures in parentheses are standard errors. * significant at 10%; ** significant at 5%; *** significant at 1%. For each country, 
the return equations are: 𝑟 = 𝜇 + 𝜙𝑟 + 𝛾𝑟 & + 𝜖 , and 𝜖 |Ω ∼ 𝑁(0, 𝐻 ). The variance equations: ℎ = 𝑐 + 𝑎(𝜖 ) + 𝑏ℎ .  
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Table 5: Kolmogorov-Smirnov Test for Contagion 
 (1) (2) (3) (4) (5) 
Countries: Argentina Chile Colombia Mexico Peru 
      
Pre-Crisis 0.216 0.370 0.555 0.327 0.307 
 [0] [0] [0] [0] [0] 
Crisis -0.011 -0.019 0 0 0 
 [1] [0.870] [1] [1] [1] 
Combined 0.216 0.370 0.555 0.327 0.307 
 [0] [0] [0] [0] [0] 

 

 
Figure 3: Kernel Density Plots of the Correlation Distributions 

 
 

Markov Switching 
 
To further analyze the time dynamics of the conditional correlations fit by the GARCH-DCC model, this study employs a 

Markov regime-switching model (Goldfeld & Quandt, 1973; Quandt, 1972), which Hamilton (1989) extended to AR processes. 
If there are two regimes for the conditional correlations, the probability of moving from state i to state j in one time period, 
according to a Markov chain, is given by the following equation: 

 
𝑃(𝑠 = 𝑗, 𝑠 = 𝑖) = 𝑝  (10) 

 
The study uses a Markov-switching dynamic regression (MSDR) on the dynamic correlations, where the constant term is 

state dependent:  
𝜌 = 𝜇 + 𝜖  (11) 

 
where 𝜌  is the pairwise conditional correlation (DCC) between Brazil and one of the five Latin American countries.  
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Table 6 shows the two state-dependent constants, which represent the average conditional correlation in each state. Thus, 
the table shows that the correlations between Mexico and Brazil are higher in both states than all the other countries. Likewise, 
the correlations between Colombia and Brazil are lowest in both states. The average correlation in state 1 is .421 and the average 
correlation in state 2 is .464. 

 
Table 6: Markov-Switching Dynamic Regression 

 (1) (2) (3) (4) (5) 
Country Argentina Chile Colombia Mexico Peru 
State1 0.387*** 0.496*** 0.272*** 0.525*** 0.424*** 
State2 0.439*** 0.531*** 0.319*** 0.564*** 0.468*** 
𝑝  0.969 0.981 0.981 0.980 0.984 
𝑝  0.031 0.019 0.019 0.020 0.016 
𝑝  0.016 0.011 0.021 0.007 0.014 
𝑝  0.984 0.990 0.979 0.993 0.986 

Notes: The figures in parentheses are standard errors. * significant at 10%; ** significant at 5%; *** significant at 1%. 
 
Additionally, the results of the regression indicate that each state is highly persistent. The value of 𝑝  for Mexico in 

column four suggests that the correlation will stay in state 1 tomorrow given that it is in state 1 today is equal to 98%. Similarly, 
the probability of the correlation in state 2 given that it is in state 2 today for Mexico is 99.3%. Thus, the table suggests that the 
correlations move between two states (state 1 and state 2), where state 1 is identified with the lower correlation state and state 
2 is the higher correlation state.  

Figure 4 shows the correlation pattern moves between the two states from 2012 to 2015. The graph has a vertical line at 
October 21, 2014, marking the election of the Brazilian president, Dilma Rousseff. Most interesting, Figure 4 shows that state 
2 dominates during the period following the election, providing further evidence of an increase in correlations following the 
election. While the MSDR by itself is not determinative that a contagion has occurred, it does lend further evidence of an 
increase in correlation over the period. And when considered in conjunction with Figure 2 and the results from the KS test, 
there is strong evidence that a contagion from Brazil to its Latin American neighbors occurred.  

 
Figure 4: Filtered state probabilities for Brazil and Mexico
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Robustness Check 
 
As a robustness check, the study employs two additional tests. First, the investigation introduces a second model where 

the mean equation includes a term for regional factors. Thus, the study models the return equation as: 
 

𝑟 = 𝜇 + 𝜙𝑟 + 𝛾 𝑟 + 𝛾 𝑟 & + 𝜖 , (12) 

 
where 𝑟  is the vector of returns for each country, 𝛾 𝑟 is the lagged returns of Brazil,  𝛾 𝑟 &  is the lagged return of 

the U.S. S&P 500 stock return, and 𝜖 |Ω ∼ 𝑁(0, 𝐻 ). The model also includes the autoregressive term of the country (𝜙𝑟 ) 
to capture any momentum effects, as well as account for autocorrelation. In this regression, the coefficient 𝛾  captures any 
regional effects from Brazil on the returns for each country.  

Table 7 reports the estimation results for the five Latin American countries in the sample. From Panel A, one observes that 
the coefficient 𝜙, which captures the effect of the lag on returns for each country, is significant for each country except for 
Peru. With the exception of Mexico, moreover, the coefficient is positive for each country, which this report interprets as 
evidence of momentum. Similarly, one observes that the coefficient 𝛾  which captures the effect of the S&P 500 index on the 
stock returns is statistically significant for Chile, Colombia, and Mexico, which indicates that the U.S. stock market 
significantly affects the return dynamics in the local markets. Lastly, one observes that the coefficient  𝛾  which captures the 
effect of regional factors on each country’s returns was also significant for two countries, Chile and Colombia.  

Panel B shows the variance equations for each country in the sample. The table shows that the lagged shock-squared terms 
(𝑎) are statistically significant across all countries, indicating that the volatilities are indeed time-varying. The highly significant 
coefficients on the lagged conditional volatility (𝑏) provides additional support for a GARCH specification. In addition, the 
sum of 𝜆  and 𝜆  are less than one, yet they still show significant levels of volatility persistence. Overall, the results from the 
robustness model agree with the results from the main model. The same coefficients are significant, although the significance 
level is not as high as the significance level for the main model.  
 
Table 7: GARCH-DCC Estimation (with Regional Effect) 
 (1) (2) (3) (4) (5) 
Countries: Argentina Chile Colombia Mexico Peru 
Panel A. Mean Equations     
      

𝜇 0.035 0.011 -0.006 0.069** 0.049 
 (0.067) (0.029) (0.033) (0.032) (0.037) 

𝜙 0.130*** 0.069** 0.111*** -0.060** 0.042 
 (0.037) (0.029) (0.031) (0.029) (0.032) 

𝛾  0.021 0.032* 0.046** 0.016 0.003 
 (0.037) (0.017) (0.022) (0.018) (0.021) 

𝛾  -0.134 0.137*** 0.100** 0.242*** 0.076 
 (0.098) (0.041) (0.049) (0.047) (0.056) 
Panel B. Variance Equations:     

𝑐 2.264*** 0.009** 0.052*** 0.025** 0.032** 
 (0.550) (0.004) (0.018) (0.010) (0.015) 

𝑎 0.236*** 0.032*** 0.091*** 0.043*** 0.041*** 
 (0.048) (0.007) (0.018) (0.010) (0.009) 

𝑏 0.336*** 0.960*** 0.875*** 0.938*** 0.940*** 
 (0.126) (0.008) (0.025) (0.015) (0.016) 
Panel C: Multivariate DCC     

𝜆  0.011***     
 (0.003)     

𝜆  0.939***     
 (0.025)     

Notes: The figures in parentheses are standard errors. * significant at 10%; ** significant at 5%; *** significant at 1%. For each country, the 
return equations are: 𝑟 = 𝜇 + 𝜙𝑟 + 𝛾 𝑟 + 𝛾 𝑟 & + 𝜖 , and 𝜖 |Ω ∼ 𝑁(0, 𝐻 ). The variance equations: ℎ = 𝑐 + 𝑎(𝜖 ) +
𝑏ℎ . 
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For a second robustness check, the study explores the question surrounding the number of observations in the post crisis 

period. The post crisis period results in only 255 daily observations, which is less than the 500 observations that are usually 
recommended for GARCH (1,1) models (Hwang & Valls Pereira, 2006). The end date of October 16, 2015 was chosen for two 
reasons. First, it was the day before Brazil’s Audit court found that President Rousseff illegally borrowed billions, which led 
to her eventual impeachment. The present study feared that additional politically explosive information about President 
Rousseff could potentially affect cross-country correlations if in fact the two countries were linked. Secondly, the Hwang and 
Pereira (2006) study dealt only with univariate GARCH models. This study, on the other hand, utilizes the multivariate GARCH 
model. In a subsequent study on the forecasting accuracy of MGARCH models, the authors found that the GARCH DCC model 
performed well, even with subsample sizes less than 500 (Laurent, Rombouts, & Violante, 2012).  

For robustness, nevertheless, additional tests were run using an end date of September 26, 2016, which resulted in 500 
observations in the post crisis period. Table 8 reports the estimation results of the GARCH DCC estimation. Like Table 4, same 
coefficients for the mean and variance equations are significant. In fact, the coefficient 𝛾  for the effect of the S&P 500 index 
on the stock returns for each country was not previously significant in Table 4 for Argentina. With 500 observations, it too is 
statistically significant at the 1% level.  

Table 9 reports the results from the Kolmogorov-Smirnov test using 500 observations in the post-crisis period. Similarly, 
the KS statistic rejects the null hypothesis that the correlations of the pre-crisis period dominate the correlations of the crisis 
period. More importantly, the test fails to reject the null that the correlations of the crisis period dominate the correlations of 
the pre-crisis period. Thus, both tests for robustness confirm the results of the main model. 

 

Table 8: GARCH-DCC Estimation 
 (1) (2) (3) (4) (5) 
Countries: Argentina Chile Colombia Mex Peru 
Panel A. Mean Equations     

𝜇 -0.042 0.005 -0.002 0.043 0.050* 
 (0.061) (0.026) (0.032) (0.030) (0.035) 

𝜙 0.128*** 0.071*** 0.134*** -0.042** 0.030 
 (0.038) (0.023) (0.025) (0.023) (0.027) 

𝛾 -0.297*** 0.159*** 0.121*** 0.241*** 0.048 
 (0.082) (0.035) (0.045) (0.042) (0.051) 
Panel B. Variance Equations:     

𝑐 1.432*** 0.015*** 0.041*** 0.035*** 0.029*** 
 (0.234) (0.005) (0.013) (0.014) (0.011) 

𝑎 0.362*** 0.032*** 0.079*** 0.046*** 0.041*** 
 (0.052) (0.006) (0.014) (0.011) (0.009) 

𝑏 0.489*** 0.954*** 0.898*** 0.930*** 0.945*** 
 (0.048) (0.009) (0.018) (0.018) (0.012) 
Panel C: Multivariate DCC     

𝜆  0.011***     
 (0.002)     

𝜆  0.948***     
 (0.012)     

Notes: The figures in parentheses are standard errors. * significant at 10%; ** significant at 5%; *** significant at 1%. For each country, 
the return equations are: 𝑟 = 𝜇 + 𝜙𝑟 + 𝛾𝑟 & + 𝜖 , and 𝜖 |Ω ∼ 𝑁(0, 𝐻 ). The variance equations: ℎ = 𝑐 + 𝑎(𝜖 ) + 𝑏ℎ . 

Table 9: Kolmogorov-Smirnov Test for Contagion 
 (1) (2) (3) (4) (5) 
Countries Argentina Chile Columbia Mexico Peru 
Pre-Crisis 0.147 0.397 0.546 0.410 0.315 
 [0] [0] [0] [0] [0] 
Crisis -0.063 -0.005 0 0 0 
 [0.095] [0.986] [1] [1] [1] 
Combined 0.145 0.397 0.546 0.410 0.315 
 [0] [0] [0] [0] [0] 
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Conclusion 

 
This study investigates the theory that political factors may play a crucial role in the spread of financial contagion. In 

particular, it examines the interrelationship between political unrest tied to the election of Dilma Rousseff in Brazil in 2014 and 
the possibility of financial contagion spreading from Brazil to its Latin American neighbors: Argentina, Chile, Colombia, 
Mexico, and Peru. An understanding of this relationship between markets provides important information about the economic 
importance of political unrest for investor and economic policy makers, especially in regions that are linked through regional 
trade agreements.  

The study further investigates not only if the daily stock indexes show evidence of financial contagion from Brazil to five 
Latin American countries, but more significantly, it examines whether or not the increase in cross-country correlations are tied 
directly to the political unrest stemming from Dilma Rousseff’s election as Brazil’s president in October 2014. The results of 
this study suggest that the stock markets of Brazil and the Latin American countries share some fundamental link so that 
financial contagion following President Rousseff’s election flowed to the other countries. The unconditional correlations 
increased; the conditional correlations increased; and both the Kolmogorov-Smirnov test and Markov switching model provide 
evidence the increase in correlations is connected with the date of Rousseff’s election.  

These results come with some obvious caveats. The increase in correlations may result from unobserved and unidentified 
factors during the period under investigation. And even though the results are robust, the current study controls may not capture 
the full impact of factors not considered. Still, the robustness test finds that when the model accounts for regional factors, the 
markets continue to evidence increased correlations and the timing of the increase continues to correspond to the election of 
President Rousseff. 

These results may prove useful for investors who seek to diversify risk. Even though this study does not investigate a 
formal cointegrating relationship, the results of the analysis nonetheless show that the stock markets between Brazil and the 
five Latin American countries experience some degree of financial linkage. Consequently, one cannot necessarily diversify the 
risk of a stock by investing in a neighboring country’s stock market. The implications for the results are pertinent to both policy 
makers and investors in the Latin American stock markets. Since the study suggests that there are two regimes in the stock 
markets, then a policy recommendation suggests risk-averse investors in those markets demand higher compensation when the 
markets switch from the lower volatility state to the higher volatility state. In terms of the relatively high-to-low volatility ratio, 
Colombia has a ratio of 1.17 showing the strongest sensitivity to switches in regimes, followed by Argentina at 1.13. 
Consequently, this recommendation applies particularly to Colombia, whose volatility seems especially sensitive to regime 
switches. Chile, on the other hand, may request the lowest regime change compensation since it has the lowest sensitivity. 

More importantly, however, the results of this study provide significant information to economic planners, not only in the 
countries under investigation, but in other countries that are linked via regional trade agreements. In an attempt to limit exposure 
to adverse volatility effects, policy makers may utilize regulatory policy to restrict foreign equity investments during times of 
political unrest. Such actions may limit volatility from a particular region, but the economic effect may still stifle growth as 
firms struggle to raise capital for projects.  

Methodologically, this study provides additional evidence that the GARCH-DCC is a powerful tool for analyzing financial 
contagion. The results from this analysis suggest that it not only is appropriate to use the GARCH-DCC model, but that when 
the GARCH model is used in conjunction with the KS test and a Markov switching regression, it provides significant 
information about risk and financial contagion.  
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Clusters of Economic Freedom Revisited  

Rick Weber, Farmingdale State College  
 

Abstract  
 

This study introduces a novel data set using the information contained in the Economic Freedom of the World (EFW) index. 
The five sub-indices of the EFW indices are used to cluster countries creating qualitative measures that provide information 
implicit in the index but inadequately captured by index itself. The clusters show that countries fall into groups that only 
imperfectly align with the overall score. The explanatory power of cluster variables is explored by adding them to regressions 
on a variety of outcome variables. Doing so approximately doubles the portion of variance explained relative to models using 
the EFW index alone. 
 
JEL Codes: O50 
Keywords: economic freedom, clusters 

  
Introduction  

 
Institutions matter. Incentives drive economic behavior and those incentives are shaped by the rules of a society. Studying 

those rules is an important task for economists who want to understand the sources of economic growth and other important 
outcomes. An important project for the study of institutions is the Economic Freedom of the World (EFW) index (Gwartney et 
al. 2019).  

The EFW index attempts to quantify the extent to which different countries have liberalized their economy. It aggregates a 
wide range of data to construct an index on a 0 to 10 scale (with higher scores reflecting a greater degree of economic freedom). 
The overall index is an average of five sub-indices: i) size of government (i.e. the degree to which production occurs in the 
private sector), ii) legal system and property rights, iii) sound money, iv) freedom to trade internationally, and v) regulation.  

A survey of papers using EFW has found that “the balance of evidence is overwhelming that economic freedom corresponds 
with a wide variety of positive outcomes with almost no negative trade-offs.” (Hall and Lawson 2014) Roughly speaking, free 
countries outperform unfree countries.  

The EFW index is a linear variable, but the effects of economic freedom and its components may be non-linear. This paper 
investigates such a possibility with a hierarchical clustering model of the EFW data broken down by sub-index. Countries are 
grouped by their similarity to one another within this five dimensional “institution space”. Rather than dividing the world 
between more- and less-free, this study attempts to find groupings that reflect the sorts of freedom present in different 
countries.  

By grouping countries with similar institutional features, the question is changed from “what is the marginal importance of 
economic freedom?” to “what combinations of institutional traits are important?” Robert Lawson (2006) has argued that 
attempting to ask which EFW component is most important “is like asking what the most important ingredient is in a cherry 
pie.” A clustering approach is analogous to reframing the question as “what ratio of shortening to flour is best?” In fact, 
clustering has been used (informally) to ask just such questions about margarita recipes (Hickey et al. 2017).  

Machine learning methods are increasingly accessible and offer new research frontiers for economists (Varian 2014). Such 
techniques have made little headway into the EFW literature. An early exception is Huskinson and Lawson’s exercise in 
clustering countries according to their EFW sub-index scores (2014). Despite their interesting results, no paper citing theirs 
follows up by using the clusters they calculated. Given that their data is only provided for one year this problem is increasingly 
unlikely to be resolved as time passes.   

 This paper fills an important gap in the literature by producing a data set covering the 24 years for which EFW data is 
currently available. This data is prepared in a way to provide maximal convenience for researchers wanting to capture the 
qualitative differences in countries within the EFW data set.  

A thorough evaluation of this data set is beyond the scope of this paper, but a basic evaluation of the predictive 
performance of the cluster data is performed. This evaluation indicates that cluster membership as determined here provides 
substantial information content beyond that in the overall EFW index.   

A technical appendix is available at https://github.com/RickWeber/EFW_clustering. It includes a data set of cluster 
membership for each year for which data is available. It also includes all the code necessary for replicating the results presented 
here. An interactive tool that summarizes results, displays data, and presents maps illustrating cluster membership is available 
at https://rickweber.shinyapps.io/Clusters_of_Economic_Freedom.  
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The rest of the paper proceeds as follows: the clustering algorithms used to generate the data set are explained, stylized 
facts are presented regarding the clusters calculated for the latest available data, a set of regressions using the cluster variables 
are compared to regressions using the EFW index alone, and finally conclusions are drawn. 

  
Method  

 
Clustering algorithms are a set of unsupervised machine learning methods–we do not know in advance what clusters each 

country belongs to. The algorithms use normalized data to group countries based on how close they are to one another in 
the five dimensional space defined by the EFW sub-indices.  

This exercise is largely motivated by an earlier attempt to cluster countries based on economic (Huskinson and Lawson 
2014). That paper uses K-means clustering to create 4 groups of countries based on their scores on the five EFW sub-indices 
using 2010 data. Huskinson and Lawson named their clusters “based on a subjective evaluation of each cluster’s economic 
type”: Liberal Market, Social Democratic Market, Poorly Governed Market, and State Dominated.  

The k-means approach is simple and intuitive. However, it has an important shortcoming: the clusters found by k-means 
clustering is non-deterministic. I address this problem by using hierarchical clustering. However, an intuitive understanding of 
the K-means approach will be useful for understanding the hierarchical clustering method. The data set in the online appendix 
includes clusters calculated by both methods.  

First, a number of clusters, K, is chosen. K different points are selected randomly and placed within the multi-dimensional 
space occupied by the data set in question. Each observation in the data set is then assigned to whichever cluster center it is 
closest to (usually defined by Euclidean distance). The cluster centers are then recalculated based on the members of each 
cluster. With the new centers, observations are re-assigned to whichever cluster centroid is closest. The algorithm keeps 
iterating this way until a stable set of clusters is achieved (MacQueen 1967).  

This paper uses hierarchical clustering. Instead of starting with a predefined value of k, this method iteratively combines 
sub-clusters into larger clusters. Starting with n observations in n “clusters”, the two closest clusters are combined into a new 
cluster (resulting in n-1 clusters). This process continues until all clusters are finally combined into one. This approach 
generates as many clusters as desired.  

There are a variety of ways to define how close two clusters are. This paper uses the Ward Criterion which assigns members 
to clusters to minimize within-cluster variance. Deciding the number of clusters is largely a matter of judgment on the part of 
a researcher. The online appendix includes a bootstrapping exercise comparing performance on different measures of cluster 
coherence for both hierarchical and k-means clustering. The results weakly indicate that a larger number of clusters fit the data 
better. The discussion here errs on the side of interpretability as well as following Huskinson and Lawson by choosing to divide 
the data into four clusters. The online appendix includes data split into as many as 12 clusters.  

As can be seen in the technical appendix, the data is first normalized so each dimension has a mean of 0 and standard 
deviation of 1. This step ensures that no one-dimension dominates the separation of observations. For example, if one were 
clustering housing data including number of bedrooms, number of bathrooms, and price, the impact of price would dominate 
the calculation of difference between two houses. Price differences of thousands of dollars would swamp the comparisons 
making five bedroom houses appear relatively similar to one bedroom houses.  

Given that the initial data is already on a 0-10 scale, one could skip this normalizing step. Doing so will yield different 
cluster membership–most notably, large portions of Europe ends up in a different cluster than in the scaled version (see the 
interactive visualization tool referenced in the introduction for a comparison of clusters determined found using both methods). 
The linear regression results presented below experience a similar gain in performance whether using scaled or unscaled data. 
The data set in the technical appendix includes cluster membership determined with scaled and unscaled data.  

 
Stylized Facts  

 
Clustering the normalized 2017 data into four clusters results in groupings that imperfectly align with the overall EFW 

scores. As shown in Figure 1, the freest/wealthiest countries cluster together (e.g. United States, much of Europe, Japan, and 
more). The least free/poorest countries also cluster together (e.g. much of Africa and the Middle East). A complete list of cluster 
membership corresponding to the discussion below is available in the appendix.  
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Table 1 shows each cluster’s mean values for each EFW area and the overall index. The cluster labels are arbitrary; to 

simplify exposition the labels were set so the United States’ cluster is always labeled “1” and Venezuela’s cluster is always 
labeled “4”.  

 
Table 1: Mean values of normalized 2017 EFW scores by cluster (standard deviation in parentheses)  

Cluster EFW overall 
score 

Size of 
government 

Legal system Sound money Free trade Regulation Number of countries 

1  
0.970  
(0.41) 

-0.014  
(0.88) 

1.008 
(0.75) 

0.835 
(0.17) 

0.864 
(0.36) 

0.747 
(0.59) 56  

2  
0.243 
(0.35) 

1.366 
(0.62) 

-0.495 
(0.63) 

0.325 
(0.59) 

-0.104 
(0.47) 

-0.010 
(0.50) 22  

3  
-0.178 
(0.32) 

-0.387 
(0.63) 

-0.139 
(0.48) 

-0.239 
(0.75) 

0.078 
(0.44) 

0.059 
(0.84) 44  

4  
-1.296 
(0.75) 

-0.306 
(0.86) 

-0.986 
(0.51) 

-1.085 
(0.97) 

-1.238 
(0.98) 

-1.105 
(0.82) 40  

 
There is a significant amount of noise within each cluster along most dimensions considered independent of one another. 

Researchers using this data are encouraged to use a larger number of clusters to reduce this problem, particularly if their purpose 
is forecasting rather than interpretability. The online appendix includes versions of the data with up to 12 clusters. Additionally, 
the code can be modified to allow as many clusters as researchers see fit. Nonetheless, even with this noise, cluster membership 
substantially enhances the performance of regressions as discussed in the following section. Because the purpose of this paper 
is simply to introduce this data, four clusters will be easier to discuss.  

It is clear that Cluster 1 is the most free overall while Cluster 4 is the least free. Cluster 1 scores from .75 to 1 standard 
deviations above the world average for most of the EFW sub-index scores and the overall index score. Cluster 4 scores 
approximately 1 to 1.3 standard deviations below average. The size of government scores is notably different than the other 
areas–in this area Cluster 1 scores right around the world average and Cluster 4 is only 0.3 standard deviations below average.  

The 22 countries in Cluster 2 have an average score 1.37 standard deviations above average for the size of government sub-
index. But their impressive showing in this area is coupled with less impressive results in the other areas and the overall index. 
These countries have small governments but poor protection of property rights.   

Cluster 3’s scores range from 0.39 standard deviations below average to 0.08 standard deviations above average. These 
countries are approximately in the middle on all counts except for size of government where their average score is the lowest 
of the four clusters.  

There is a clear divide between the world’s most and least free countries. However, the sub-index scores don’t line up neatly 
with the overall index scores. Although Cluster 3 is roughly in between Clusters 1 and 4, the remaining cluster is somewhat 
anomalous.  
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Most notable in these cluster-wide averages is the apparent discrepancy between the size of government sub-index and 
performance in the other areas of economic freedom. It appears that, a small government is no guarantee of a free economy. 
Indeed, this raises the possibility that the conditions necessary for a liberal economic order involves the presence of a modestly 
large government.  

Performance of Clustering Variables  
 
To evaluate the dummy variables created via clustering, the adjusted R2 of two simple cross-sectional models will be 

compared:  

  
(1)  

  
(2)  

  
The baseline model (1) regresses the scaled overall EFW score on a variable of interest. This paper uses 9 variables 

reflecting political liberties (Repucci 2020), economic complexity (Simoes and Hidalgo 2011), the UN’s Human Development 
Index (“Human Development Data (1990-2018)” 2020), per capita GDP and economic growth, and the share of income going 
to the bottom 10% of a country’s income distribution (accessed via the World Bank’s API using Piburn 2018). The comparison 
model (2) adds a dummy variable for each of the four clusters. These regressions are created for all years for which data is 
available (with clusters calculated separately for each year).  

 
Table 2: Model performance metrics  
  Baseline model adjusted R2 Comparison model adjusted R2 Change in adjusted R2 

mean  0.269 0.615 0.346 
median  0.351 0.655 0.361 
standard deviation  0.203 0.284 0.257 
minimum  -0.087 -0.206 -0.118 
maximum  0.619 0.982 0.964 

 
There are 171 comparisons being made between regressions on the 9 variables of interest. Not all variables are available 

for all years. Table 2 summarizes the differences between the two models across all 171 models. The gain in adjusted R2 is 
greater than 0 in all but 5 of the regressions. The mean increase is 0.3462 and the median increase is 0.3612. This is from a 
mean adjusted R2 in Model 1 of approximately 0.27. Cluster membership roughly doubles the explanatory power of the EFW 
score itself.  

The biggest gains were to the income share of the bottom 10% of the income distribution (a mean gain in adjusted R2 of 
0.86), and the smallest were to economic complexity (a mean gain of approximately 0.1 depending on the economic 
complexity measure used). Figure 2 illustrates the gain in adjusted R2 for all the regressions.  

Similar results were found when using unscaled data, increasing mean adjusted R2 from 0.270 to 0.617. Changing the models 
to use the five sub-index scores rather than the single overall score also saw increase in adjusted R2 scores from approximately 
0.4 on average to 0.65. Cluster membership clearly adds a great deal of information that is not available in the EFW score 
itself.  

Conclusion  
 
This article confirms Huskinson and Lawson’s (2014) conclusion, “that the groupings of countries from the one-

dimensional EFW index are different from those we would get if using the multidimensional information found at the EFW 
area [sub-index] level.” While the overall EFW score does a reasonably good job of comparing very free countries to very 
unfree countries this study demonstrates that it can be improved upon. Additionally, this study provides a set of cluster 
definitions that researchers can use to extend this research and better address the question of what combinations of institutional 
traits best promote outcomes such as economic growth.   

Clustering allows one to account for differences in the particular combinations of institutional traits. These institutional 
clusters provide new information beyond that of the one-dimensional EFW scores as demonstrated above. This paper shows 
that differences in the mix of institutional traits present in a country can help explain a substantial portion of the variation in 
outcomes. Exactly what mixes are left to future research.  
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The interested reader is encouraged to explore the technical appendix. It includes clustered data for all available years, with 
clusters defined at all levels from 2 to 12 clusters, using hierarchical and k-means algorithms. Additionally, all the code used 
in this project is available for replication and modification. 

 

  
  

Acknowledgments  
 
The author wishes to thank colleagues at the Farmingdale State College Economics Review Seminars as well as participants 

at the Academy of Economics and Finance and this journal’s editor and referees for helpful comments. The usual caveat 
applies.  

References  
 
Gwartney, James, Robert Lawson, Joshua Hall, and Ryan Murphy. 2019. Economic Freedom of the World: 2019 Annual 

Report. Fraser Institute. https://www.fraserinstitute.org/studies/economic-freedom.  
Hall, Joshua C., and Robert A. Lawson. 2014. Economic freedom of the world: An accounting of the literature. Contemporary 

Economic Policy 32 (1): 1–19. https://doi.org/10.1111/coep.12010.  
Hickey, Walt, Nate Silver, Christine Laskowski, and Tony Chow. 2017. We got drunk on margaritas for 

science. https://fivethirtyeight.com/videos/we-got-drunk-on-margaritas-for-science/.  
Human Development Data (1990-2018). 2020. The Human Development Report Office. http://hdr.undp.org/en/data.  
Huskinson, Toby, and Robert Lawson. 2014. Clusters of economic freedom. Applied Economics Letters 21(15): 1070–4.  
Lawson, Robert A. 2006. On testing the connection between economic freedom and growth. Econ Journal Watch 3(3): 398.  
MacQueen, James. 1967. Some methods for classification and analysis of multivariate observations. In Proceedings of the Fifth 

Berkeley Symposium on Mathematical Statistics and Probability, 1: 281–97. 14. Oakland, CA, USA.  
Piburn, Jesse. 2018. Wbstats: Programmatic Access to the World Bank Api. Oak Ridge, Tennessee: Oak Ridge National 

Laboratory. https://www.ornl.gov/division/csed/gist.  
R Core Team. 2017. R: A Language and Environment for Statistical Computing. Vienna, Austria: R Foundation for Statistical 

Computing. https://www.R-project.org/.  
Repucci, Sarah. 2020. Freedom in the World 2020: A Leaderless Struggle for Democracy. Freedom 

House. https://freedomhouse.org/report/freedom-world/2020/leaderless-struggle-democracy.  
Simoes, Alexander James Gaspar, and César A. Hidalgo. 2011. The economic complexity observatory: An analytical tool for 

understanding the dynamics of economic development. In Workshops at the Twenty-Fifth AAAI Conference on Artificial 
Intelligence.  

Varian, Hal. 2014. Machine Learning and Econometrics. Slides Package from Talk at University of Washington.  



11935 Abercorn Street
Savannah, GA 31419

Department of Economics
Department of Finance

2020

11, 2020

11

NICHOLAS MANGEE
MICHAEL TOMA


