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ABSTRACT
This paper examines the small business net revenue club convergence 
clustering dynamics in 51 states in the United States during the first wave 
of the Covid-19 pandemic. Our analysis is based on the daily data from 
January 10, 2020, to June 8, 2020. The results indicate that there was only 
one club convergence for all states during the first wave of the Covid-19 
pandemic. This evidence implies that the support policies enacted during the 
Covid-19 crisis for small and medium-sized enterprises were effective.
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1. Introduction

The Covid-19 pandemic and unprecedented lockdown significantly affected the global economy (Fang, 
Gozgor, and Nolt 2022; Gozgor 2022; Vidya and Prabheesh 2020). For instance, Bartik et al. (2020), 
Crane et al. (2022) Fairlie and Fossen (2022) document that the Covid-19 crisis has led to a vast amount 
of business closures. Drawn on the firm-level Survey of Business Uncertainty, Barrero et al. (2021) find 
that the Covid-19 pandemic reallocated employment and sales growth across different industries where 
the industries with a relatively low capacity of employees to work from home are hit the hardest.

The Covid-19 pandemic significantly affected digital innovation in businesses worldwide. Specifically, 
the Covid-19 pandemic has accelerated digital transformation. Firstly, the Covid-19 pandemic has forced 
many businesses to quickly adapt to a remote work environment, which has led to accelerating digital 
transformation efforts (Barrutia and Echebarria 2021). At this stage, virtual collaboration tools (e.g., 
messaging apps and video conferencing) have become essential for businesses with more employees 
working from home (Hacker et al. 2020). Secondly, the Covid-19 pandemic significantly increased online 
sales because more consumers have shopped at e-commerce. Therefore, many businesses have invested in 
their digital presence, including delivery services, online marketing and stores (Nanda, Xu, and Zhang  
2021). Finally, the Covid-19 pandemic has disrupted supply chains worldwide, leading many businesses to 
reassess their supply chain strategies and invest in more resilient and flexible models (Sharma et al. 2021)

According to the United Nations Industrial Development Organization (1999), Small and 
Medium-sized Enterprises (henceforth SMEs) represent approximately 90% of companies 
worldwide and more than 50% of employment across the globe. SMEs play an essential role 
in generating jobs and promoting economic growth globally. However, SMEs are more 
exposed and vulnerable to the disruption arising from the Covid-19 crisis than large enter
prises. This issue is due to a range of reasons about the characteristics of SMEs. First, SMEs 
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are generally concentrated in sectors such as retail, tourism, hospitality and leisure, which are 
directly affected by government restrictions to control the spread of the pandemic. Second, 
compared with established large enterprises, SMEs have poor access to external financing and 
suffer from a liquidity shortage and insolvency. As a result, various stimulus packages have 
been introduced worldwide to alleviate the adverse effects on private enterprises, especially 
SMEs.

The revenues of small businesses in the United States can also have direct and indirect effects on 
emerging markets. For instance, small businesses in the United States import goods or services from 
emerging markets, contributing to their economies through a global trade network. The revenues of 
these small businesses have decreased during the Covid-19 pandemic. In that case, they reduced their 
imports, harming emerging market economies (Vidya and Prabheesh 2020). If the United States slows 
down, this will negatively affect emerging market economies via global value chains and Chinese 
exports (Qin, Liu, and Zhou 2020; Salisu, Adediran, and Gupta 2022). However, small businesses in 
the United States compete with businesses in emerging markets for customers or resources. A decrease 
in revenues for small businesses in the United States may reduce their competitiveness power, and 
there can be advantages for emerging market businesses (Luo and Tung 2007). In addition, small 
businesses in the United States invest directly (foreign direct investments) in emerging markets, or 
they can purchase bonds and stocks (portfolio investments). A decrease in revenues for these 
businesses may lead to a reduction in investment, which can hurt emerging market economies 
(Loayza and Pennings 2020). Finally, small business owners in the United States may send money 
back to their home countries to support their families or invest in their businesses. If revenues for these 
small businesses decrease, they may reduce the money they send back, which can harm emerging 
economies (Claessens and Yurtoglu 2013).

Given these backdrops, this paper investigates the club convergence dynamics of SMEs across the 
51 United States states during the first wave of the Covid-19 pandemic. By utilizing the daily net 
revenue data for small businesses collected from Womply, we find that the support policies enacted 
during the Covid-19 crisis for small and medium-sized enterprises were effective because we found 
that all states converged. To the best of our knowledge, this is the first work to bridge the club 
convergence methodology to evaluate the effectiveness of the United States government support 
policies and inform future policy design and implementation.

The contribution of this paper is threefold. First, it sheds light on small businesses’ net revenue club 
convergence paths in the United States during the Covid-19 pandemic. Second, this paper offers 
a high-frequency and timely analysis using daily data at the firm level. Finally, the empirical findings 
suggest that the stimulus packages implemented during the Covid-19 crisis for small and medium- 
sized enterprises positively affected corporate performance regarding net revenue. This paper con
firms that government support policies play an imperative role in maintaining resilience and stimulat
ing the recovery of SMEs. Our findings are consistent with Gourinchas et al. (2022) in that the 
government support schemes have effectively kept a modestly low level of business failures.

The paper is organized as follows. Section 2 discusses the literature on club convergence, clustering 
methodology, and Covid-19-related studies. Section 3 describes the data and the econometric meth
odology. Section 4 documents the empirical findings and provides the policy implications of the 
results. Section 5 concludes.

2. Literature Review

Phillips and Sul (2007) develop a framework to evaluate the economic transition process when growth 
components are present. This framework enables a convergence regression test and a method to 
conveniently cluster panels into club convergence groups. This paper utilizes the club convergence and 
clustering methodology proposed by Phillips and Sul (2007), allowing for heterogeneity and non
linearity in the panel data. The time-varying convergence dynamics of the United States small 
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businesses in different sectors are evaluated by clustering the firm panel into different club conver
gence groups.

2.1. Previous Studies on Club Convergence and Clustering Methodology

Fischer and Stirböck (2006) provide an econometric framework that relates club convergence with 
spatial heterogeneity. The authors confirm that club convergence presents cross-regional growth from 
a pan-European perspective. Specifically, they show heterogeneity in the convergence rate and the 
steady-state level of cross-regional growth across 256 regions in 25 European countries. It is pointed 
out that spatial error dependence leads to bias in identifying clubs in the cross-regional growth 
convergence process. Hence, it is vital to mitigate the effect of such bias to avoid inaccurate findings 
and conclusions.

Fischer and Stumpner (2008) investigate the transition process and convergence paths of 27 
European Union (EU) regions from 1995 to 2003. The authors show a catching-up of the poorest 
areas with the wealthier regions at a shallow speed, demonstrating that it is crucial to analyze the 
regional income distribution process from a geographical perspective. In addition, they highlight the 
importance of assessing the growth and convergence process at the regional level with spatially filtered 
data. It is found that the cross-section distribution of regional per capita income is divided into two 
convergence groups from which the group of wealthier urban regions is shifting away from the 
remaining areas within the EU. They demonstrate that spatial effects largely explain income distribu
tion dynamics. However, the spatial effects have a minimal role in interpreting the presence of the two 
convergence groups in European countries. Artelaris, Kallioras, and Petrakos (2010) evaluate the 
regional inequalities in each European Union’s new member-states by analyzing the presence of 
convergence clubs at the regional level. The authors find that regional convergence groups are present 
in multiple European Union new member-states, which indicates that the process of the EU economic 
integration has a heterogeneous spatial impact on each new member-state. Moreover, they show high 
regional inequalities across the European Union’s new member-states over time. Consequently, it is 
shown that policymakers must tackle the regional integration of the European Union’s new member- 
states with other EU member states.

Rughoo and Sarantis (2014) use the deposit and lending rates of the household sector from 2003 to 
2011 to explore the integration process of the retail-banking sector in the EU. The authors also show 
that the convergence presents all deposits and lending rates to the household sector from 2003 to 2007. 
They further show convergence in sub-clusters of countries despite the slow convergence rate. 
However, the convergence in all deposit and credit markets disappeared following the 2008 financial 
crisis.

In contrast, a few countries are found to be diverging altogether. Apergis, Christou, and Miller (2014) 
analyze the convergence behavior of international equity markets with both country and industry effects. 
The authors illustrate that there is the presence of a unified convergence club in 33 equity markets across 42 
countries. In particular, they find that country factors are more important than industry factors in 
interpreting the convergence dynamics in real stock prices. The empirical findings shed light on allocating 
international equity assets for investors, financial advisers and fund managers. Apergis and Georgellis 
(2015) investigate the happiness convergence behavior in EU countries. The authors find no entire 
homogeneous happiness convergence club within the EU countries included in the sample. Also, they 
provide empirical evidence of the presence of different happiness convergence clubs. The study also 
discusses gender differences in the convergence of happiness.

Burnett (2016) focuses on the convergence paths of energy-related carbon dioxide emissions across 
the United States from 1960 to 2010. The authors find the carbon dioxide emissions within a club of 26 
states converging to one steady-state growth path through time. In contrast, the divergence of state- 
level carbon dioxide emissions is presented in the rest of the states in the sample. They also conclude 
that these 26 states have a higher convergence rate than the entire sample. Herrerias, Aller, and 
Ordóñez (2017) investigate the convergence dynamics of electricity and coal consumption in rural and 
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urban areas in China from 1995 to 2011. The authors demonstrate the significant club convergence in 
rural and urban residential energy consumption. With the urbanization transition and the geogra
phical transformation of economic activities in China, they argue that the presence of the regional 
clusters converging to different steady-state levels requires specific energy policies designed explicitly 
for different regions in China. More specifically, the authors provide empirical findings suggesting 
four clubs for coal and two for electricity and liquid gas. Therefore, tailored regional energy policies 
are needed, given the characteristics of transition paths for different energy sources.

Parker and Liddle (2017) explore the convergence dynamics of energy productivity in 33 countries from 
1971 to 2008. The authors observe four clubs for economy-wide energy productivity and six for manu
facturing energy productivity. In particular, they find that China and Mauritius are the countries with the 
best-performing club. In contrast, Brazil and Indonesia experience a dampening of energy productivity in 
manufacturing. They suggest relevant policy interventions if the worsening energy productivity is perma
nent instead of merely transitory. In addition, they show that both developing and developed economies 
converge to long-run equilibrium in energy productivity. Apergis and Payne (2017) employ the club 
convergence procedure proposed by Phillips and Sul (2007) to investigate the convergence of per capita 
carbon dioxide emissions at the state level in the United States from 1980 to 2013. They demonstrate 
convergence clubs in the aggregate and sector (residential, commercial, industrial, transport, and electric). 
Furthermore, they also find convergence groups for two fossil fuel sources (natural gas and coal). In 
particular, the authors document full panel convergence in per capita carbon dioxide emissions from 
petroleum while three convergence clubs present for natural gas and coal emissions, respectively.

Moreover, Gozgor, Lau, and Lu (2019) examine the convergence clustering behavior in 31 Chinese 
provinces using macroeconomic indicators from 1952 to 2016. The authors use a club convergence 
and clustering procedure to find the regional clusters in the per capita (real) gross domestic product 
(GDP), consumption – income ratio, retail price, and consumer price inflation rates. Specifically, there 
are five significant clusters for the per capita income, four for the consumption – income ratio, four for 
the retail inflation rates, and two for the consumer inflation rates in China. The empirical results 
provide policy implications for local and central planners on economic growth, savings and price 
adjustment policies for different provinces. Bhattacharya, Inekwe, and Sadorsky (2020) investigate the 
convergence dynamics of carbon dioxide emissions across 70 countries from both consumption and 
territory perspectives. The authors illustrate two convergence groups for carbon emissions from the 
consumption perspective and three convergence clubs for carbon emissions from the territory 
perspective. They find a negative relationship between carbon emissions intensity and total factor 
productivity, renewable energy consumption and urbanization. At the same time, there is a positive 
relationship between carbon emissions intensity and industry value-added. In addition, they explore 
the club convergence paths with an extended dataset, including predicted carbon emissions intensity 
data from 2015 to 2030. They also find three convergence clubs for consumption-based carbon 
emissions intensity and two convergence groups for territory-based carbon emissions intensity. The 
authors further demonstrate that there tend to be more countries in the high carbon emissions 
intensity group from 2014 to 2030 for both consumption-based and territory-based carbon emissions 
intensity. Sueyoshi and Wang (2020) utilize the convergence methodology to evaluate sustainable 
development in 121 countries from 1990 to 2014. The authors confirm club convergence in developing 
and developed economies by analyzing each country’s economic and environmental performance. 
They also suggest no convergence to a unique steady state for the entire sample, implying a lack of 
sustainable development achievement cohesion across the countries included in the sample.

The club convergence analysis highlights the importance of designing and implementing specific 
environmental policies tackling climate change at the country level (Azam et al. 2021). Given the role of 
income inequality, there is no direct link between economic and sustainable development (Wu et al. 2022). 
Countries with similar economic indicators can evolve along different transitional paths and converge to 
different steady states in sustainable development. Mazzola and Pizzuto (2020) explore how the Great 
Global Recession in 2008 was associated with per capita GDP convergence dynamics in the EU-28 regions 
and countries from 2000 to 2015. They provide empirical evidence indicating that the Great Global 
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Recession had a significant divergent effect on identifying convergence clubs between the European regions 
and countries, despite its intensified impact on each. Also, they find a “multi-speed” Europe by analyzing 
the components related to the convergence club membership and comparing the Eastern European 
countries and regions with the original European members. The results show a positive relationship 
between regional macroeconomic factors, higher club membership, and resilience to the Great Global 
Recession in 2008. In addition, they show that globalization contributes to the distinct convergence paths 
for per capita GDP across the European regions and countries.

2.2. The Covid-19 Related Studies

As shown by Adams-Prassl et al. (2020), the immediate labor market effects of the Covid-19 pandemic 
are significantly different across the United States (US), the United Kingdom (UK), and Germany by 
analyzing real-time survey data. The authors find that with a well-established short-time work scheme, 
workers in Germany are much less affected by the pandemic. They show that the Covid-19 pandemic 
has a more considerable negative impact on employees in alternative work arrangements who can only 
undertake a small proportion of work from home. They also find that less educated female employees 
are likelier to lose their jobs and suffer lower earnings during the pandemic. Alexander, Karger, and 
McFarland (2020) also analyze the effects of reopening businesses on economic activity and public 
health in the United States by investigating the relationship between state-level re-openings of 
nonessential businesses and health outcomes (Covid-19-related deaths and the Covid-19 cases), 
mobility, and revenue. They find that early reopening can benefit states with a faster recovery of 
business activity in the short term, albeit at the potential expense of increased Covid-19 cases and 
deaths in the longer term. Following the outbreak of the Covid-19 pandemic, Crane et al. (2022) find 
strong evidence of increased business closures among restaurants from the SafeGraph data and some 
evidence for related industries from the Womply and Homebase data. The authors document that 
business exits can have detrimental consequences such as job losses, dislocations and the destruction 
of intangible and fixed capital. The authors point out that small businesses in mining, transportation, 
warehousing, information, education, leisure and hospitality tend to heighten exit expectations. At the 
same time, sectors such as construction, finance, insurance, real estate, and professional, scientific, and 
technical services are likely to perform better than the average.

Finally, Chetty et al. (2020) examine the heterogeneity of the impacts of the Covid-19 pandemic on 
United States businesses and households. The authors find that the Paycheck Protection Program 
loans help boost employment at small businesses by just 3%. They emphasize the importance of 
stimulating the economy through social insurance instead of injecting liquidity into businesses since 
health concerns during the pandemic restrict consumption. This finding is confirmed by Dong et al. 
(2021) since they found that the Covid-19 pandemic has decreased personal consumption in the 
United States across 51 states significantly.

3. Data and Econometric Methodology

3.1. Data

We examine state-level clusters for small business activities (measured by small business revenues) in the 
United States. The balanced panel data are based on 51 states in the United States from January 10, 2020, 
to June 8, 2020. The frequency of the data is daily. All data are seasonally adjusted and are defined as the 
growth rate relative to the averaged indexed data from January 4, 2020, to January 31, 2020.

The data series described below can be freely downloaded from the Economic Tracker website. The 
data consists of a per cent change in net revenue for small businesses, calculated as a seven-day moving 
average, seasonally adjusted, and indexed from January 4, 2020, to January 31, 2020. The list of states, 
including the statefips and state abbreviations involved in our empirical analyses, is provided in 
Table 1.
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We consider the whole business (all sectors) at the state level. We also focus on small businesses in 
different sectors: i) trade, transportation, and utilities, ii) professional and business services, iii) 
education and health services, iv) leisure and hospitality, v) accommodation and food services, and 
vi) retail trade sectors. We downloaded the related data from https://tracktherecovery.org/, introduced 
by Chetty et al. (2020). The list of states, including the statefips and state abbreviations involved in our 
empirical analyses, is provided in Table 1. We also summarize the descriptive statistics of the 
indicators in the dataset in Table 2.

Figures 1–8 plot the graph for “revenue_all,” “revenue_inchigh,” “revenue_inclow,” “revenue_
incmiddle,” “revenue_ss40,” “revenue_ss60,” “revenue_ss65,” and “revenue_ss70,” respectively.1 We 
observe from the figures that there is a structural break for net revenue percentage just before 
April 18, 2020 (see Figure 1). The impact of Covid-19 in the high-income (quartile 4 of median 
income) zipcode areas seems minimal (see Figure 2). In contrast, the net revenue percentage 
growth for the low-income (quartile 1 of median income) zip code areas is more volatile. The 
professional and business services (NAICS supersector 60) seem more resilient to the Covid-19 
pandemic.

Table 1. States included in the dataset.

Statefips State name Stateabbrev Statefips State name Stateabbrev

1 Alabama AL 29 Missouri MO
2 Alaska AK 30 Montana MT
4 Arizona AZ 31 Nebraska NE
5 Arkansas AR 32 Nevada NV
6 California CA 33 New Hampshire NH
8 Colorado CO 34 New Jersey NJ
9 Connecticut CT 35 New Mexico NM
10 Delaware DE 36 New York NY
11 District Of Columbia DC 37 North Carolina NC
12 Florida FL 38 North Dakota ND
13 Georgia GA 39 Ohio OH
15 Hawaii HI 40 Oklahoma OK
16 Idaho ID 41 Oregon OR
17 Illinois IL 42 Pennsylvania PA
18 Indiana IN 44 Rhode Island RI
19 Iowa IA 45 South Carolina SC
20 Kansas KS 46 South Dakota SD
21 Kentucky KY 47 Tennessee TN
22 Louisiana LA 48 Texas TX
23 Maine ME 49 Utah UT
24 Maryland MD 50 Vermont VT
25 Massachusetts MA 51 Virginia VA
26 Michigan MI 53 Washington WA
27 Minnesota MN 54 West Virginia WV
28 Mississippi MS 55 Wisconsin WI

56 Wyoming WY

Table 2. Descriptive statistics.

Variable Indicator Obs Mean Std. Dev. Min. Max.

revenue_all All small businesses revenues 7,701 −0.136 0.200 −0.912 0.455
revenue_inchigh Small businesses revenues in high-income ZIP codes 7,701 −0.154 0.237 −0.904 3.210
revenue_inclow Small businesses revenues in low-income ZIP codes 7,701 −0.105 0.206 −0.717 1.201
revenue_incmiddle Small businesses revenues in middle-income ZIP codes 7,701 −0.128 0.202 −1.100 0.669
revenue_ss40 Small businesses revenues in the transportation sector 7,701 −0.051 0.180 −0.643 1.030
revenue_ss60 Small businesses revenues in professional and business services 7,701 −0.025 0.252 −1.300 1.801
revenue_ss65 Small businesses revenues in education and health services 7,701 −0.189 0.249 −1.120 0.669
revenue_ss70 Small businesses revenues in leisure and hospitality 7,701 −0.278 0.289 −1.060 0.490
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3.2. Econometric Methodology

Phillips and Sul (2007, 2009) propose the econometric technique for testing convergence and identify
ing convergence clubs. This econometric technique considers a nonlinear time-varying factor model 
and uses a nonlinear transition mechanism with different stages. The main advantage of this technique 
is based on the validity of stationary time series (Lau et al. 2022). Also, this approach is valid when 
there are common factors in the data-generating process. On the other hand, an econometric 
technique of Phillips and Sul (2007) allows cross-section heterogeneity of cross-sections (states) within 
an unbalanced panel dataset.

At this stage, the convergence test analyses consider transitional dynamics of the states in the 
United States, which are expected to have different cross-sectional dependencies in the conver
gence testing procedure in the panel datasets (Meyer, Prescott, and Sheng 2022). Specifically, 
several states are initially in a state of the Covid-19 shocks or can be around the steady-state 
equilibrium of the Covid-19 shocks on businesses. We use the growth rate of daily data relative to 
the index’s average from January 4, 2020, to January 31, 2020. We also consider 51 individual 
states with the growth rates of business activities from January 10, 2020, to June 8, 2020. 

Figure 1. Plot for the “revenue_all” across 51 states.

Figure 2. Plot for the “revenue_inchigh” across 51 states.
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Therefore, we have 151 days sample for every 51 states in the United States, potentially having 
heterogeneous convergence paths.

Overall, the econometric approach is suitable for analyzing the convergence of business activities in 
the United States at the state-level data. Our paper’s main objective is to empirically determine the 
convergence clubs in business activities in the United States. We explain the details of the convergence 
club’s approach as follows.

Figure 3. Plot for the “revenue_inclow” across 51 states.

Figure 4. Plot for the “revenue_incmiddle” across 51 states.
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Figure 5. Plot for the “revenue_ss40” across 51 states.

Figure 6. Plot for the “revenue_ss60” across 51 states.
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Figure 7. Plot for the “revenue_ss65” across 51 states.

Figure 8. Plot for the “revenue_ss70” across 51 states.
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3.2.1. Relative Transition Paths
The variable Xit indicates the variable of interest for state i at time t, where i=1,2, . . . , N; t=1,2, . . . , T. 
Following Phillips and Sul (2007), the business activity indicator can be decomposed into two 
components: the standard components of cross-sectional dependence in a panel, git and transitory 
components, ait, as such: 

Phillips and Sul (2007) reformulate Equation (1) as common and idiosyncratic components are 
separated. At this stage, the estimated model takes a nonlinear form as such: 

Equation (2) indicates μt is the standard component and δit is a time-varying distinctive element. 
Therefore, δit measures the relative distance between the common trend component μt and source 
states’ initial value of Xit at time t.

For example, in terms of business revenues, μt stands for a standard business revenues trend in 51 
states, while δit represents a relative share of specific business revenue in a common trend in the 
United States economy at the state level. The primary approach in the convergence technique of 
Phillips and Sul (2007, 2009) is to obtain the time-varying loadings, δit which can be considered to 
explain the club convergence if the loadings will converge.

Then, Phillips and Sul (2007, 2009) introduce the transition coefficient, hit and calculate the time- 
varying factor loadings, δit, as such: 

Where, hit is the transition parameter, which can measure, δit, related to the panel average at time t. 
Therefore, we describe the transition path for source state i relative to the panel average. Data for all 
indicators are de-trended by Hodrick-Prescott’s filter with Lambda value set to 1440 for daily data to 
remove the cyclical trend from the original data. The filtered transition parameter coefficients are 
defined as bhit . While the extracted time trend is indicated as bXit .

Meanwhile, the club convergence test constructed the cross-sectional variance ratio, H1
Ht 

and that is: 

Phillips and Sul (2007, 2009) show that the transition distance, Ht, has a limitation as such: 

Where, A is a positive constant, L(t) is a function of t, and α indicates the convergence speed. Phillips 
and Sul (2007, 2009) perform log t regressions to test for the null hypothesis of convergence. Therefore, 
the null hypothesis of convergence can be written as follows:

H0 : δi ¼ δ and α � 0 and against the alternative H1: δi�δ for all ior α< 0:

3.2.2. The Log t Regression
Following Phillips and Sul (2007, 2009), the below Ordinary Least Squares (OLS) regression is 
performed: 
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In Equation (6), L tð Þ ¼ log tþ 1ð Þ and the fitted coefficient of log t is bb ¼ 2bα, where and bα is the 
estimate of α in the null hypothesis. The squares of log t are included to increase the power to capture 
the nonlinearities. We use the impact of initial conditions on the test. Therefore, we run empirical 
regression after a sample fraction is removed.

The data for the Log t regression starts at some point t ¼ rT½ � with r> 0: Phillips and Sul (2007) 
recommendr ¼ 0:3 to employ a one-sided t-test of null α � 0. The authors use the estimate of bb. The 
estimates’ standard errors are calculated by the heteroskedasticity and autocorrelation consistent (HAC) 
estimator for the residuals’ long-run variance. At this stage, the test statistic tbb 

is normally distributed. In 
other words, the decision rule for the null hypothesis of convergence is rejected if tbb < � 1:645:

3.2.3. Club Convergence Algorithm
Phillips and Sul (2007, 2009) further argue that a strict rejection of the null of global convergence may 
rule out sub-group convergence within the panel. Within this approach, our paper provides new 
information on the convergence process within business activities in 51 states in the United States by 
explaining whether the convergence clusters are presented in the period under concern. A club 
convergence algorithm is developed to detect units of the clusters. This approach of club convergence 
is vital since the relationship can be further investigated based on states’ economic structural 
characteristics. The clustering algorithm is based on repeated logt regressions; therefore, it provides 
the following four main steps:

Step 1 (Ordering): One should order the indicator (i.e., the Xit series) in the panel dataset following 
the last observation.

Step 2 (Core Group Formation): One should calculate the convergence t-statistic tbb kð Þ for each 
panel unit (k). A core group is formed by choosing the first k highest panel members (Step 1) to form 
the subgroup Gk for some N> k � two and the core group size k� is chosen by maximizingtbb kð Þ under 

the condition that min tbb kð Þ
n o

> � 1:65.
Step 3 (Club Membership): One should select the states for membership in the core group (Step 2) 

by including each remaining state separately in the core group. The log t test is run. The new state 
(member) will be added in the associated t-statistic greater than zero (conservative choice) – the 
convergence criterion checks for the club as usual.

Step 4 (Recursion and Stopping): One should utilize the log t-test on the group of unselected states 
indicated in the previous step. If no subgroups exist (see Step 2), these states demonstrate a divergent 
pattern during the concerning period. If this set of states converges, the second club will be checked. 
Otherwise, the procedure will repeat Steps 1 to 3 to explain some sub-convergent clusters.

4. Empirical Results

4.1. Club Convergence Dynamics

The result for the club convergence clustering hypothesis is provided in Table 3 for eight categories of 
percentage change in net revenue for small businesses.

The empirical findings indicate a single club convergence for all net revenue indicators, 
except for “revenue_ss60,” professional and business services (NAICS supersector 60). For the 
“All” category, the t-statistic is 0.832, implying that the (null) convergence hypothesis cannot 
be rejected. An interesting result was detected for the category of “ss60” in professional and 
business services (NAICS supersector 60). Two clubs for this category were found, with the 
log t regression for the first club consisting of 48 states. The associated t-statistic is −0.971, 
indicating that the null hypothesis of convergence can be rejected. The second club consists of 
three states (the District of Columbia, Hawaii, and North Dakota) with an associated t-statistic 
of 1.582, indicating that the null convergence hypothesis can be rejected.
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4.2. Policy Implications

The Covid-19 crisis is considered to have created one of, if not the most considerable, government 
debt to rescue the global public and economy. In particular, the United States government deficit 
reached $3.1 Trillion, corresponding to 14.9% of GDP in 2020, the largest proportion since World War 
II. Despite the effective support policies enacted during the first wave of the pandemic, it is worth 
noting that a significant amount of small businesses will be at risk of failure when the government 
Covid-19 support schemes suspend and employees come off furlough (Zhang et al. 2021). Therefore, 

Table 3. Club convergence tests for net revenues.

revenue_all b ̂ t-statistic

1.492 0.832
Club 1: (51)
1 2 4 5 6 8 9 10 11 12 13 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
36 37 38 39 40 41 42 44 45 46 47 48 49 50 51
53 54 55 56
revenue_inchigh 2.615 1.495
Club 1: (51)
1 2 4 5 6 8 9 10 11 12 13 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
36 37 38 39 40 41 42 44 45 46 47 48 49 50 51
53 54 55 56
revenue_inclow 1.502 0.795
Club 1: (51)
1 2 4 5 6 8 9 10 11 12 13 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
36 37 38 39 40 41 42 44 45 46 47 48 49 50 51
53 54 55 56
revenue_incmiddle 1.126 0.616
Club 1: (51)
| 1 | 2 | 4 | 5 | 6 | 8 | 9 | 10 | 11 | 12 | 13 | 15 | 16 | 17 | 18 | 19 | 20 |
| 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 |
| 36 | 37 | 38 | 39 | 40 | 41 | 42 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 |
| 53 | 54 | 55 | 56 |
revenue_ss40 −3.87 −1.574
Club 1: (51)
1 2 4 5 6 8 9 10 11 12 13 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
36 37 38 39 40 41 42 44 45 46 47 48 49 50 51
53 54 55 56
revenue_ss60
Club 1: (48) −1.574 −0.971
1 2 4 5 6 8 9 10 12 13 16 17 18 19 20 21 22
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
39 40 41 42 44 45 46 47 48 49 50 51 53 54 55
56
Club 2: (3) 2.605 1.582
11 15 38
revenue_ss65 3.629 1.634
Club 1: (51)
1 2 4 5 6 8 9 10 11 12 13 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
39 40 41 42 44 45 46 47 48 49 50 51 53 54 55
53 54 55 56
revenue_ss70 3.238 1.983
Club 1: (51)
1 2 4 5 6 8 9 10 11 12 13 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
36 37 38 39 40 41 42 44 45 46 47 48 49 50 51
53 54 55 56
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we emphasize that Covid-19 has persistent damage to small businesses and argue that both short-run 
and long-run support policies should be in place to attenuate the negative impacts of the pandemic.

This evidence has two implications for policymakers to consider. First, a sharp fiscal cliff on 
support for viable SMEs is undesired, whilst the implementation of tailored support policies in the 
middle to long-term underpinned by the features of SMEs will provide additional flexibility to assist 
small businesses in reducing potential debt-overhang risk and overcoming insolvency crisis. Second, it 
is crucial to provide targeted stimulus packages explicitly to small companies with high growth 
potential, which is beneficial to enhancing productivity and stimulating the economy’s recovery.

5. Conclusion

This paper presented an empirical analysis of small business club convergence patterns during the 
Covid-19 crisis. In particular, the paper explored the small business net revenue club convergence 
clustering hypothesis in 51 states in the United States during the first wave of the Covid-19 pandemic. 
The empirical analyses are based on the daily data from January 10, 2020, to June 8, 2020. It is found 
that there was only one club convergence for all states during the first wave of the Covid-19 pandemic, 
implying that the support policies, including emergency liquidity support measures enacted during the 
Covid-19 crisis for small and medium-sized enterprise, was adequate.

This paper provides policy implications that address the importance of the swift implementation of 
effective support policies in both the short-term and long term. However, our evidence is limited to the 
first wave of Covid-19, which ended in June 2020. It is also only available in the United States. At this 
stage, future papers can use more comprehensive data and focus on the post-pandemic era to 
investigate the small business indicators’ club convergence in 51 states in the United States.

Note

1. Note that the “revenue_all” is calculated as a seven-day moving average seasonally adjusted and indexed to from 
January 4, 2020 to January 31, 2020. “revenue_inchigh” is calculated as a seven-day moving average seasonally 
adjusted and indexed to January 4–31 2020 in high income (quartile 4 of median income) zipcodes. “revenue_
inclow,” is calculated as a seven-day moving average seasonally adjusted and indexed to January 4–31 2020 in low 
income (quartile 1 of median income) zipcodes. “revenue_incmiddle” is calculated as a seven-day moving average 
seasonally adjusted and indexed to January 4–31 2020 in middle income (quartiles 2 & 3 of median income) 
zipcodes. “revenue_ss40” is calculated as a seven-day moving average seasonally adjusted and indexed to 
January 4–31 2020 in transportation (NAICS supersector 40). “revenue_ss60” is calculated as a seven-day moving 
average seasonally adjusted and indexed to January 4–31 2020 in professional and business services (NAICS 
supersector 60). “revenue_ss65” is calculated as a seven-day moving average seasonally adjusted and indexed to 
January 4–31 2020 in education and health services (NAICS supersector 65). Finally, “revenue_ss70” is calculated 
as a seven-day moving average seasonally adjusted and indexed to January 4–31, 2020, in leisure and hospitality 
(NAICS supersector 70).
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