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ABSTRACT
In this paper, we test the validity of the employment hysteresis
hypothesis. For this purpose, we use daily employment data at
the national and state levels in the United States from January 8,
2020, to May 30, 2020. We apply the modified version of the
Kapetanios-Shin unit root test, along with finite-sample critical val-
ues. We find that the employment hysteresis hypothesis is valid
in the United States during the COVID-19 era. The validity of the
findings does not change when data at the national and state
levels are used. The evidence is also valid when the employment
levels for all firms and small firms are considered. The results are
also robust to employment levels for workers at different income
levels and employment in five different sectors.
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1. Introduction

Macroeconomic theorists have long discussed whether labour market indicators
(mainly unemployment rates) follow a unit root process, which would point to the
validity of the hysteresis hypothesis of Blanchard and Summers (1986). Alternatively,
if they follow a stationary process, this would imply that the natural rate hypothesis
of Friedman (1968) is valid. Blanchard and Summers (1986) are the first researchers
to define hysteresis as the significant relationship between current employment levels
to previous levels. Blanchard and Summers (1986) observe significant hysteresis
effects in European countries, but the evidence is weak in the United States.

According to Blanchard (2018), the validity of the hysteresis hypothesis has mostly
been tested via unit root tests. If the unemployment rates follow a unit root process,
this implies the validity of their hysteresis hypothesis. In other words, if unemploy-
ment rates follow a unit root stochastic process, this means that external shocks, such
as the COVID-19 pandemic, permanently affect labour market outcomes. The validity
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of the hysteresis hypothesis is an indicator of the significant shift in business cycles.
On the other hand, if unemployment rates follow a stationary process, this implies
the validity of Friedman’s natural rate hypothesis (1968) and means that external
shocks, such as the COVID-19 pandemic, temporarily affect the labor market out-
comes. Overall, analysing the stochastic dynamics of labour market indicators is
essential for fiscal and monetary policy frameworks. This paper follows this strand in
the literature to test the validity of the employment hysteresis hypothesis in the
United States. For this purpose, we use new daily employment data at the national
and state levels during the COVID-19 pandemic era.

To flatten the curve of the COVID-19 virus spread, governments have imposed
general curfews or partial lockdowns, including closures of public spaces, schools,
and workplaces, as well as enacting restrictions on domestic and international travel
(Alvarez et al., 2021; Gozgor, 2020; Hale et al., 2020). Therefore, people postponed
travel decisions and delayed durables purchases, hurting aggregate demand (Atkeson
2020; Coibion et al., 2020b). The COVID-19-related shocks have also changed house-
hold consumption habits, moving people to online shopping (Baker et al., 2020;
Guerrieri et al., 2020). The arrival of the COVID-19 pandemic in early 2020 and the
ensuing policy implications have caused unprecedented numbers of initial unemploy-
ment insurance in the United States (Coibion et al., 2020a). Meanwhile, job vacancies
have collapsed, particularly since the second half of March 2020 (Forsythe et al.,
2020). In the United States, many workers are unable to work from home
(Montenovo et al., 2020). Notably, low-skilled workers (workers without a college
degree) have lost their jobs during the COVID-19 pandemic. For example, Cowan
(2020) observes reductions in participation rate and hours worked. Racial and ethnic
minorities have been primarily affected by losing their full-time jobs or working
reduced part-time hours. Overall, the COVID-19 pandemic has changed every macro-
economic policy dimension (Eichenbaum et al., 2020). Given this backdrop, we ana-
lyse the stochastic properties of employment levels in the COVID-19 era in the
United States at the national and state levels to test the validity of the employment
hysteresis hypothesis.

Nelson and Plosser (1982) is the first empirical paper to examine macroeconomic
indicators’ dynamic stochastic processes. Several papers have analysed stochastic
dynamics of unemployment series, and most of these papers have applied traditional
time-series, nonlinear parametric models and panel data unit root test techniques.
For instance, Akdo�gan (2017), Ball (2009, 2014), Chang (2011), F�eve et al. (1999),
Fosten and Ghoshray (2011), Furuoka (2017), Marques et al. (2017), and Røed (1996,
2002) have concluded that the hysteresis hypothesis is valid in unemployment series.
Cheng et al. (2012) find significant hysteresis in the states of the United States.
However, Song and Yangru (1997) and Canarella et al. (2019) observe weak evidence
for the validity of the hysteresis hypothesis in the unemployment rates of 48 states
and 20 metropolitan areas in the United States, respectively. Khraief et al. (2020)
have also observed the validity of Friedman’s (1968) natural rate hypothesis in 25 of
29 OECD countries from 1980 to 2013.

Note that employment hysteresis is a new concept, and it is an extended version of
the unemployment hysteresis hypothesis. According to Austin et al. (2018),

2 X. ZHANG ET AL.



geographical differences across states are the primary driver of less mobility (migra-
tion) across the United States. During the Global Financial Crisis of 2008–2009, the
regions exposed to the highest unemployment increases took much longer to recover.
This issue is explained by the fact that unemployed people did not migrate to other
regions to apply for new jobs. Particularly, if workers’ skills are limited, finding a job
in a different sector or moving to a different region will be more difficult. Therefore,
certain regions’ employment levels remained relatively lower even after the economic
uncertainty decreased at the national level (Yagan, 2019). This issue can create a sig-
nificant hysteresis in local employment levels in the United States (Yagan, 2019).
Specifically, Yagan (2019) defines this issue as “employment hysteresis” in various
United States regions.

In addition to Yagan (2019), a few studies test the validity of the employment hys-
teresis hypothesis. For example, Gustavsson and €Osterholm (2007) use the aggregate
employment-population ratios in several countries, including the United States, and
find the validity of the hysteresis hypothesis at the United States national level.1

Fallick and Krolikowski (2018) focus on state-level data and obtain evidence in
favouring hysteresis in the employment-population ratios for low-skilled men work-
ers. Amior and Manning (2018) observe significant hysteresis in the employment-
population ratio in the United States at the local (commuting zones) level data.
Aaronson et al. (2019) use the unemployment and non-participation rates data in the
United States. The authors observe that the unemployment rates of black men, white
men, and Hispanic women do not follow a unit root process, which is against the val-
idity of the hysteresis hypothesis. The unemployment rate for white women is in line
with the hysteresis hypothesis. The findings for black women and Hispanic men are
mixed. Aaronson et al. (2019) also use non-participation rates, and they find signifi-
cant unit-roots for each group related to ethnicity and gender.

In this paper, we test the validity of the employment hysteresis hypothesis in the
United States during the COVID-19 pandemic. To this end, we apply the modified
version of the Kapetanios-Shin Unit Root test (henceforth KSUR) introduced by
Kapetanios and Shin (2008) with the modified critical values in Otero and Smith
(2017). Thus, we address potential asymmetric effects, nonlinearity, and small sample
sizes in the employment series. If we reject the validity of stationarity in the employ-
ment levels, the findings favour the employment hysteresis hypothesis. To test its val-
idity, we consider daily employment data, as provided by Chetty et al. (2020), for
employment in all businesses and small businesses, employment at different income
levels, and employment in five industries. To the best of our knowledge, the current
paper is the first empirical study to consider employment data, as proposed by
Chetty et al. (2020), to test the stochastic properties of the employment levels in the
COVID-19 period. By applying the modified version of the KSUR test rather than
the linear unit root tests, we aim to address asymmetries and nonlinearity in the
employment data. We observe that the employment hysteresis hypothesis is valid in
the United States during the COVID-19 era.

The remainder of the study is organised as follows. Section 2 explains the details
of the unit root test methodology and introduces the dataset. Section 3 discusses the
empirical results. Section 4 concludes.
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2. Econometric methodology and data

2.1. KSUR test procedure

We apply the KSUR test procedure since it models nonlinearity and asymmetries in
the time-series. According to Blanchard (2018), deviations from the natural rate
hypothesis are related to nonlinearities due to the depth and length of the recession.
It is associated with asymmetries due to Research & Development (R&D) activities
and technological progress. The KSUR test can capture nonlinearities and asymme-
tries in the employment series, such as the declaration of a national emergency (on
March 13), the enacting of The Coronavirus Aid, Relief, and Economic Security
(CARES) Act (on March 27), and the start of stimulus payments (on April 15), which
provide asymmetric and nonlinear patterns in the employment series (See Figure 1).2

The KSUR test is more powerful than the linear unit root tests if there are signifi-
cant asymmetries (Dong et al., 2021). The KSUR test is an extended version of the
seminal unit root test of Kapetanios et al. (2003). Kapetanios et al. (2003) introduce a
model for an Exponential Smooth Transition Autoregressive (ESTAR) process, and it
is based on the following univariate STAR(1) model:

yt ¼ byt�1 þ cyt�1Hðh; yt�dÞ þ et (1)

where t¼ 1,2,3…T is the number of observations (T¼ 144 in our analysis). et �
i.i.d.(0, r2), b and c are unknown parameters in a STAR model. In addition,
Hðh; yt�dÞ is a transition function, and it follows an exponential form. To define a
stochastic process with a non-zero mean or time trend, Kapetanios et al. (2003) use a
de-trending procedure on data by applying the Ordinary Least Squares (OLS).
However, Kapetanios and Shin (2008) observe that the Generalized Least Squares
(GLS) de-trending procedure executes higher power gains than the OLS de-trending

Figure 1. Total employment level in the United States during the COVID-19 crisis (% of relative
change). Data Source: https://tracktherecovery.org/
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procedure. Therefore, Kapetanios and Shin (2008) introduce an extended unit root
test – the GLS de-trending-based unit-root test – against the alternative of the
ESTAR process. The test statistic can be provided as such:

D~yt ¼ d~y3
t�1

Xp

j¼1

jjD~yt�j þ ut (2)

Note that the different lags of the dependent variable are included to capture
potential residual serial correlation in the time-series. In our analyses, the optimal
number of lags is endogenously selected using Akaike Information Criteria (AIC) and
Schwarz Information Criteria (SIC). Furthermore, a data-dependent procedure – the
General-to-specific (GTS) algorithm of Hall (1994) – is used for significance levels of
5% (GTS05) and 10% (GTS10). In short, four approximated p-values are calculated.3

Otero and Smith (2017) also modify the KSUR test by running Monte Carlo simu-
lations and response surface regressions. Following their contributions, we use the
modified 1%, 5%, and 10% finite-sample critical values in Otero and Smith (2017).

When we obtain the stationarity of the series, we calculate the half-life (HL) of
shocks in days. The HL can be obtained as follows:

HL ¼ jlnð0:5Þ = lnðqÞjjj (3)

Note that q is the Autoregressive (AR) coefficient in the AR (1) process in the esti-
mation for Yt ¼ qYt�1 þ et

2.2. Data

We consider the daily employment series from January 8, 2020 to May 30, 2020. The
employment series are a seven-day moving average of the total number of active
employees. Total earnings of workers are also based on a seven-day moving average
of earnings. All series are defined as relative percentage changes since they are div-
ided by the average values between January 4 and January 31. The employment data
are introduced by Chetty et al. (2020) at https://tracktherecovery.org/. The related
data are collected by private sector firms (Earnin and Homebase).

Furthermore, we focus on employment data for all businesses and small businesses.
Chetty et al. (2020) define small businesses as firms with fewer than 50 employees.
This analysis makes sense since the reopening of temporarily shuttered businesses
contributed significantly to the employment rebound in small businesses (Cajner
et al., 2020). The employment data also perfectly matches the income data. We there-
fore not only use total employment data but also consider earnings data for workers
at different median income levels: high (top quartile), middle (middle two quartiles),
and low (bottom quartile). The findings have important policy implications because
low-skilled workers are more open to job losses during times of external adverse
shocks in general (Deming & Kahn, 2018) and the COVID-19 pandemic in particular
(Cajner et al., 2020).

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 5
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Furthermore, we use employment data in five industries: manufacturing, retail
trade, transportation and warehousing, health care and social assistance, and accom-
modation and food services. These data are also provided by Chetty et al. (2020).

3. Empirical results and macroeconomic implications

3.1. Baseline empirical results

Table 1 presents the KSUR test findings for total employment at the national level for
all businesses and all businesses at different median income levels (top quartile, mid-
dle two quartiles, and bottom quartile). All results indicate that the employment ser-
ies does not follow a stationary process.

Table 2 provides the KSUR test results for employment at the national level for all
businesses in five sectors. The findings show that employment levels in all sectors fol-
low an ESTAR process. These results in Tables 1 and 2 are also robust to different
methods for optimal lag selection.

Table 3 reports the findings of the KSUR test for total employment at the national
level for small businesses and the workers in small businesses at different median
income levels (top quartile, middle two quartiles, and bottom quartile). All findings
show that the employment series does not follow a stationary process.

Table 4 presents the findings of the KSUR test for employment at the national
level for small businesses in five sectors. The results indicate that employment levels

Table 1. Results of the KSUR test for employment levels (All business & workers at different
income levels, national level).
Employment Level-All Businesses (All Workers)

Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)

AIC (2) –1.484 (0.222) –2.758 –2.139 –1.853 –
SC (2) –1.484 (0.214) –2.691 –2.102 –1.826 –
GTS05 (8) –0.852 (0.612) –2.836 –2.261 –1.979 –
GTS10 (8) –0.852 (0.599) –2.780 –2.205 –1.928 –
Employment Level -Workers in the High (Top Quartile) Median Income
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (1) –1.168 (0.384) –2.758 –2.139 –1.853 –
SC (1) –1.168 (0.376) –2.691 –2.102 –1.826 –
GTS05 (8) –0.564 (0.729) –2.836 –2.261 –1.979 –
GTS10 (8) –0.564 (0.720) –2.780 –2.205 –1.928 –
Employment Level -Workers in the Middle (Middle Two Quartiles) Median Income
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (8) –0.869 (0.560) –2.758 –2.139 –1.853 –
SC (2) –1.369 (0.267) –2.691 –2.102 –1.826 –
GTS05 (8) –0.869 (0.603) –2.836 –2.261 –1.979 –
GTS10 (8) –0.869 (0.590) –2.780 –2.205 –1.928 –
Employment Level- Workers in the Low (Bottom Quartile) Median Income
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (2) –1.258 (0.333) –2.758 –2.139 –1.853 –
SC (2) –1.258 (0.324) –2.691 –2.102 –1.826 –
GTS05 (2) –1.258 (0.388) –2.836 –2.261 –1.979 –
GTS10 (2) –1.258 (0.373) –2.780 –2.205 –1.928 –

Notes: CV: Critical value. Critical values are calculated using Monte Carlo simulations for 130 observations with
50,000 replications. For details, refer to Otero and Smith (2017). The optimal number of lag is selected by AIC, SC,
GTS05, and GTS10. The KSUR test is defined under the null hypothesis that employment levels are the unit
root process.
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in all sectors follow an ESTAR process. These findings in Tables 3 and 4 are also
robust to different methods for optimal lag selection.

3.2. Robustness checks

In Online Appendix Tables I–XVIII, we report the results of the KSUR test for the
level of employment at the state level.4 We use total employment data for all busi-
nesses and small businesses and the workers in these business groups at different
median income levels (top quartile, middle two quartiles, and bottom quartile). The
KSUR test results for employment levels at the state level for five sectors, with small
businesses and all businesses, are also provided. All results show that almost no
employment series follow a stationary process. The only two exceptions are stationar-
ity in small business employment for retail trade in South Carolina and transporta-
tion and warehousing in Iowa. The half-life values of the shocks are obtained as 47
and 22 days, respectively.

In short, employment in the United States has been significantly influenced by the
COVID-19-related shocks. The findings remain valid when the employment data at
the national and state levels for all businesses and small businesses, employment data

Table 2. Results of the KSUR test for employment levels (All businesses & different sectors,
national level).
Employment Level-Manufacturing

Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)

AIC (8) –0.128 (0.820) –2.758 –2.139 –1.853 –
SC (1) –1.353 (0.275) –2.691 –2.102 –1.826 –
GTS05 (8) –0.128 (0.833) –2.836 –2.261 –1.979 –
GTS10 (8) –0.128 (0.826) –2.780 –2.205 –1.928 –
Employment Level-Retail Trade
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (2) –1.319 (0.301) –2.758 –2.139 –1.853 –
SC (2) –1.319 (0.292) –2.691 –2.102 –1.826 –
GTS05 (2) –1.319 (0.356) –2.836 –2.261 –1.979 –
GTS10 (2) –1.319 (0.340) –2.780 –2.205 –1.928 –
Employment Level-Transportation and Warehousing
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (2) –0.804 (0.597) –2.758 –2.139 –1.853 –
SC (2) –0.804 (0.594) –2.691 –2.102 –1.826 –
GTS05 (2) –0.804 (0.636) –2.836 –2.261 –1.979 –
GTS10 (2) –0.804 (0.623) –2.780 –2.205 –1.928 –
Employment Level- Health Care and Social Assistance
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (2) –0.571 (0.704) –2.758 –2.139 –1.853 –
SC (2) –0.571 (0.706) –2.691 –2.102 –1.826 –
GTS05 (8) –0.308 (0.796) –2.836 –2.261 –1.979 –
GTS10 (8) –0.308 (0.788) –2.780 –2.205 –1.928 –
Employment Level- Accommodation and Food Services
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (3) –0.479 (0.735) –2.758 –2.139 –1.853 –
SC (3) –0.479 (0.738) –2.691 –2.102 –1.826 –
GTS05 (3) –0.479 (0.754) –2.836 –2.261 –1.979 –
GTS10 (6) –0.532 (0.730) –2.780 –2.205 –1.928 –

Notes: CV: Critical value. Critical values are calculated using Monte Carlo simulations for 130 observations with
50,000 replications. For details, refer to Otero and Smith (2017). The optimal number of lag is selected by AIC, SC,
GTS05, and GTS10. The KSUR test is defined under the null hypothesis that employment levels are the unit
root process.
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for workers at different median income levels, and employment in five leading sectors
are considered.

3.3. Macroeconomic implications

In terms of macroeconomic concepts, the employment hysteresis hypothesis’s validity
is a significant indicator of the significant shift in business cycles during the COVID-
19 pandemic. The findings imply that external shocks, such as the COVID-19 pan-
demic, permanently affect labour market outcomes. The evidence may be related to
the evidence that unemployed people did not migrate to other regions to apply for
new jobs during the COVID-19 pandemic. Therefore, employment levels in certain
regions remained relatively lower during the COVID-19 pandemic. Our results show
that the low-skilled workers and the high-skilled workers have experienced job-losses
during the COVID-19 pandemic. Macroeconomic policy implications should address
both sides of the coin.

Besides, there is a significant reduction in the employment levels in every sector,
especially the services. The results are not significantly changed when we consider the
size of firms. Therefore, a fiscal macroeconomic package to stalled firms in different
sectors can help enhance the employment levels to the pre-COVID-19 pandemic lev-
els. Our results suggest that stimulus packages (e.g. direct transfer payments to the
business world and small-medium firms) can help recover employment to pre-
COVID-19 levels.

Table 3. Results of the KSUR test for employment level (Small businesses & workers at different
income levels, national level).
Employment Level-Small Businesses (All Workers)

Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)

AIC (2) –1.429 (0.247) –2.758 –2.139 –1.853 –
SC (1) –1.140 (0.393) –2.691 –2.102 –1.826 –
GTS05 (8) –0.733 (0.668) –2.836 –2.261 –1.979 –
GTS10 (8) –0.733 (0.656) –2.780 –2.205 –1.928 –
Employment Level -Workers in the High (Top Quartile) Median Income
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (8) –0.441 (0.746) –2.758 –2.139 –1.853 –
SC (1) –1.228 (0.342) –2.691 –2.102 –1.826 –
GTS05 (8) –0.441 (0.764) –2.836 –2.261 –1.979 –
GTS10 (8) –0.441 (0.755) –2.780 –2.205 –1.928 –
Employment Level -Workers in the Middle (Middle Two Quartiles) Median Income
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (2) –1.549 (0.196) –2.758 –2.139 –1.853 –
SC (1) –1.233 (0.338) –2.691 –2.102 –1.826 –
GTS05 (8) –0.886 (0.595) –2.836 –2.261 –1.979 –
GTS10 (8) –0.886 (0.581) –2.780 –2.205 –1.928 –
Employment Level- Workers in the Low (Bottom Quartile) Median Income
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (2) –1.379 (0.271) –2.758 –2.139 –1.853 –
SC (2) –1.379 (0.262) –2.691 –2.102 –1.826 –
GTS05 (8) –0.926 (0.574) –2.836 –2.261 –1.979 –
GTS10 (8) –0.926 (0.560) –2.780 –2.205 –1.928 –

Notes: CV: Critical value. Critical values are calculated using Monte Carlo simulations for 130 observations with
50,000 replications. For details, refer to Otero and Smith (2017). The optimal number of lag is selected by AIC, SC,
GTS05, and GTS10. The KSUR test is defined under the null hypothesis that employment levels are the unit
root process.
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Finally, our findings also indicate that the job losses during the COVID-19 pan-
demic are not significantly different, for instance, in California compared to Florida.
This evidence may be inconsistent with the intuition that Democratic and Republican
states are differently affected by the COVID-19 pandemic. We observe that the
COVID-19 pandemic has significantly affected all states in terms of job losses. We
suggest that expansionary fiscal policy and loosen monetary policy (e.g. New
Keynesian macroeconomic policies) can help mitigate the harmful effects of the
COVID-19 pandemic on employment across the states.

4. Conclusion

In this paper, we used daily employment data provided by Chetty et al. (2020) at
https://tracktherecovery.org/. We focused on the data for the period from January 8,
2020 to May 30, 2020. We applied the modified nonlinear unit root test procedures
of the KSUR and the finite-sample critical values generated by Otero and Smith
(2017). We observed significant evidence of the validity of the employment hysteresis
hypothesis during the COVID-19 era. The results are valid for employment data at
the national and state levels. The primary evidence is also valid when we consider the

Table 4. Results of the KSUR test for employment levels (Small businesses & different sectors,
national level).
Employment Level-Manufacturing

Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)

AIC (1) –1.100 (0.424) –2.758 –2.139 –1.853 –
SC (1) –1.100 (0.416) –2.691 –2.102 –1.826 –
GTS05 (1) –1.100 (0.477) –2.836 –2.261 –1.979 –
GTS10 (1) –1.100 (0.462) –2.780 –2.205 –1.928 –
Employment Level-Retail Trade
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (2) –1.458 (0.234) –2.758 –2.139 –1.853 –
SC (2) –1.458 (0.225) –2.691 –2.102 –1.826 –
GTS05 (2) –1.458 (0.285) –2.836 –2.261 –1.979 –
GTS10 (2) –1.458 (0.270) –2.780 –2.205 –1.928 –
Employment Level-Transportation and Warehousing
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (4) –1.211 (0.359) –2.758 –2.139 –1.853 –
SC (2) –1.059 (0.441) –2.691 –2.102 –1.826 –
GTS05 (4) –1.211 (0.415) –2.836 –2.261 –1.979 –
GTS10 (4) –1.211 (0.398) –2.780 –2.205 –1.928 –
Employment Level- Health Care and Social Assistance
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (2) –0.421 (0.752) –2.758 –2.139 –1.853 –
SC (2) –0.421 (0.755) –2.691 –2.102 –1.826 –
GTS05 (10) –0.550 (0.934) –2.836 –2.261 –1.979 –
GTS10 (10) –0.550 (0.929) –2.780 –2.205 –1.928 –
Employment Level- Accommodation and Food Services
Criteria & Lag KS-Stat Probability 1% CV 5% CV 10% CV Half-life (Days)
AIC (4) –0.268 (0.790) –2.758 –2.139 –1.853 –
SC (2) –0.636 (0.679) –2.691 –2.102 –1.826 –
GTS05 (3) –0.428 (0.767) –2.836 –2.261 –1.979 –
GTS10 (3) –0.428 (0.759) –2.780 –2.205 –1.928 –

Notes: CV: Critical value. Critical values are calculated using Monte Carlo simulations for 130 observations with
50,000 replications. For details, refer to Otero and Smith (2017). The optimal number of lag is selected by AIC, SC,
GTS05, and GTS10. The KSUR test is defined under the null hypothesis that employment levels are the unit
root process.
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employment levels for all firms and small firms. The results are also robust to
employment levels among workers at different income levels and employment levels
in different sectors. Notable findings are seen in small business employment for retail
trade in South Carolina and transportation and warehousing in Iowa. The effects of
shocks are dampened at 47 days and 22 days, respectively.

Our investigation gives insight into the crisis that will guide leaders and public
organisations and help them achieve these crucial objectives and adapt to a new nor-
mal. However, our empirical evidence is still too raw to give us precise guidance for
potential implications after the re-openings. Future studies can examine how the
reopening of the United States’ economy promotes employment levels across regions.

Notes

1. The authors also obtain some evidence for hysteresis in the unemployment rate in the
United States.

2. We also implement the linearity test provided by Harvey et al. (2008), and the findings
confirm the nonlinearity of the employment levels.

3. Fllowing Schwert (1989), we define the maximum number of lags in the test regression as
max_lag¼ int (12 � (T/100) ^ 0.25) where T is 144.

4. The findings from the GTS05 criteria of Hall (1994) is considered when the optimal
number of lag is selected. Our findings are also robust to select other methods for the
optimal number of lag.

Acknowledgments

The authors acknowledge the grant from the Humanities and Social Sciences Fund, Ministry
of Education of China (Project No. 19YJA790072), Natural Science Foundation of Zhejiang
Province, China (LY20G030024), Fundamental Research Funds for the Provincial Universities
of Zhejiang (GB201902002), Zhejiang University of Technology Humanities and Social Science
Research Fund, and Philosophy & Social Science Fund of Tianjin City, China (TJYJ20-012).
Aydin Guven provided excellent research assistance. The authors thank the editor, three
anonymous reviewers and the Webinar participants at Zhejiang University of Technology.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

Aaronson, S. R., Daly, M. C., Wascher, W. L., & Wilcox, D. W. (2019). Okun revisited: Who
benefits most from a strong economy? Brookings Papers on Economic Activity, 2019(1),
333–404. https://doi.org/10.1353/eca.2019.0004

Akdo�gan, K. (2017). Unemployment hysteresis and structural change in Europe. Empirical
Economics, 53(4), 1415–1440. https://doi.org/10.1007/s00181-016-1171-8

Alvarez, F. E., Argente, D., Lippi, F. (2021). A simple planning problem for COVID-19 lock-
down. American Economic Review: Insights, forthcoming, 1–24, https://www.aeaweb.org/arti-
cles?id=10.1257/aeri.20200201&&from=f

Amior, M., & Manning, A. (2018). The persistence of local joblessness. American Economic
Review, 108(7), 1942–1970. https://doi.org/10.1257/aer.20160575

10 X. ZHANG ET AL.

https://doi.org/10.1353/eca.2019.0004
https://doi.org/10.1007/s00181-016-1171-8
https://www.aeaweb.org/articles?id=10.1257/aeri.20200201&&from=f
https://www.aeaweb.org/articles?id=10.1257/aeri.20200201&&from=f
https://doi.org/10.1257/aer.20160575


Atkeson, A. (2020). What will be the economic impact of COVID-19 in the US? rough estimates of
disease scenarios [National Bureau of Economic Research (NBER) Working Paper, No. 26867].
NBER.

Austin, B. A., Glaeser, E. L., & Summers, L. H. (2018). Jobs for the Heartland: Place-based pol-
icies in 21st century America. Brookings Papers on Economic Activity, 2018(1), 151–232.
https://doi.org/10.1353/eca.2018.0002

Baker, S. R., Farrokhnia, R. A., Meyer, S., Pagel, M., & Yannelis, C. (2020). How does household
spending respond to an epidemic? Consumption during the 2020 COVID-19 pandemic. The
Review of Asset Pricing Studies, 10(4), 834–862. https://doi.org/10.1093/rapstu/raaa009

Ball, L. (2009). Hysteresis in unemployment: Old and new evidence [National Bureau of
Economic Research (NBER) Working Paper, No. 14818]. NBER.

Ball, L. (2014). Long-term damage from the great recession in OECD countries. European
Journal of Economics and Economic Policies: Intervention, 11(2), 149–160.

Blanchard, O. J. (2018). Should we reject the natural rate hypothesis? Journal of Economic
Perspectives, 32(1), 97–120. https://doi.org/10.1257/jep.32.1.97

Blanchard, O. J., & Summers, L. H. (1986). Hysteresis and the European unemployment prob-
lem. Nber Macroeconomics Annual, 1, 15–90. https://doi.org/10.1086/654013

Cajner, T., Crane, L. D., Decker, R. A., Grigsby, J., Hamins-Puertolas, A., Hurst, E., Kurz, C.,
& Yildirmaz, A. (2020). The U.S. labor market during the beginning of the pandemic reces-
sion [National Bureau of Economic Research (NBER) Working Paper, No. 27159]. NBER.

Canarella, G., Gupta, R., Miller, S. M., & Pollard, S. K. (2019). Unemployment rate hysteresis
and the great recession: Exploring the metropolitan evidence. Empirical Economics, 56(1),
61–79. https://doi.org/10.1007/s00181-017-1361-z

Chang, T. (2011). Hysteresis in unemployment for 17 OECD countries: Stationary test with a
Fourier function. Economic Modelling, 28(5), 2208–2214. https://doi.org/10.1016/j.econmod.
2011.06.002

Cheng, K. M., Durmaz, N., Kim, H., & Stern, M. L. (2012). Hysteresis vs. natural rate of US
unemployment. Economic Modelling, 29(2), 428–434. https://doi.org/10.1016/j.econmod.
2011.11.012

Chetty, R., Friedman, J. N., Hendren, N., Stepner, M., & Opportunity Insights Team. (2020).
How did COVID-19 and stabilisation policies affect spending and employment? A new real-
time economic tracker based on private sector data [National Bureau of Economic Research
(NBER) Working Paper, No. 27431]. NBER.

Coibion, O., Gorodnichenko, Y., & Weber, M. (2020a). Labor markets during the COVID-19
crisis: A preliminary view [National Bureau of Economic Research (NBER) Working Paper,
No. 27017]. NBER.

Coibion, O., Gorodnichenko, Y., & Weber, M. (2020b). The cost of the Covid-19 crisis:
Lockdowns, macroeconomic expectations, and consumer spending [National Bureau of
Economic Research (NBER) Working Paper, No. 27141]. NBER.

Cowan, B. W. (2020). Short-run effects of COVID-19 on US worker transitions [National
Bureau of Economic Research (NBER) Working Paper, No. 27315]. NBER.

Deming, D., & Kahn, L. B. (2018). Skill requirements across firms and labor markets: Evidence
from job postings for professionals. Journal of Labor Economics, 36(S1), S337–S369. https://
doi.org/10.1086/694106

Dong, D., Gozgor, G., Lu, Z., & Yan, C. (2021). Personal consumption in the United States
during the COVID-19 crisis. Applied Economics, 1–6. https://doi.org/10.1080/00036846.2020.
1828808

Eichenbaum, M. S., Rebelo, S., & Trabandt, M. (2020). The macroeconomics of epidemics
[National Bureau of Economic Research (NBER) Working Paper, No. 26682]. NBER.

Fallick, B., & Krolikowski, P. (2018). Hysteresis in employment among disadvantaged workers
[Federal Reserve Bank of Cleveland (FRBC) Working Paper, No. 18–01]. FRBC.

F�eve, P., H�enin, P. Y., & Jolivaldt, P. (1999). Testing for hysteresis: Unemployment persistence
and wage adjustment. Empirical Economics, 28(3), 535–552.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 11

https://doi.org/10.1353/eca.2018.0002
https://doi.org/10.1093/rapstu/raaa009
https://doi.org/10.1257/jep.32.1.97
https://doi.org/10.1086/654013
https://doi.org/10.1007/s00181-017-1361-z
https://doi.org/10.1016/j.econmod.2011.06.002
https://doi.org/10.1016/j.econmod.2011.06.002
https://doi.org/10.1016/j.econmod.2011.11.012
https://doi.org/10.1016/j.econmod.2011.11.012
https://doi.org/10.1086/694106
https://doi.org/10.1086/694106
https://doi.org/10.1080/00036846.2020.1828808
https://doi.org/10.1080/00036846.2020.1828808


Forsythe, E., Kahn, L. B., Lange, F., & Wiczer, D. G. (2020). Labor demand in the time of
COVID-19: Evidence from vacancy postings and UI claims. Journal of Public Economics,
189, 104238. https://doi.org/10.1016/j.jpubeco.2020.104238

Fosten, J., & Ghoshray, A. (2011). Dynamic persistence in the unemployment rate of OECD coun-
tries. Economic Modelling, 28(3), 948–954. https://doi.org/10.1016/j.econmod.2010.11.007

Friedman, M. (1968). The role of monetary policy. American Economic Review, 58(1), 1–17.
Furuoka, F. (2017). A new approach to testing unemployment hysteresis. Empirical Economics,

53(3), 1253–1280. https://doi.org/10.1007/s00181-016-1164-7
Gozgor, G. (2020). Global evidence on the determinants of public trust in governments during

the COVID-19 [Centre for Economic Studies and the Ifo Institute (CESifo) Working Paper,
No. 8313]. CESifo.

Guerrieri, V., Lorenzoni, G., Straub, L., & Werning, I. (2020). Macroeconomic implications of
COVID-19: Can negative supply shocks cause demand shortages? [National Bureau of
Economic Research (NBER) Working Paper, No. 26981]. NBER.

Gustavsson, M. J., & €Osterholm, P. (2007). Does unemployment hysteresis equal employment hys-
teresis? Economic Record, 83(261), 159–173. https://doi.org/10.1111/j.1475-4932.2007.00391.x

Hale, T., Petherick, A., Phillips, T., & Webster, S. (2020). Variation in government responses to
COVID-19. Oxford University.

Hall, A. (1994). Testing for a unit root in time series with pretest data-based model selection.
Journal of Business and Economic Statistics, 12(4), 461–470.

Harvey, D. I., Leybourne, S. J., & Xiao, B. (2008). A powerful test for linearity when the order
of integration is unknown. Studies in Nonlinear Dynamics & Econometrics, 12, 1–24.

Kapetanios, G., & Shin, Y. (2008). GLS detrending-based unit root tests in nonlinear STAR
and SETAR models. Economics Letters, 100(3), 377–380.

Kapetanios, G., Shin, Y., & Snell, A. (2003). Testing for a unit root in the nonlinear STAR
framework. Journal of Econometrics, 112(2), 359–379. https://doi.org/10.1016/S0304-
4076(02)00202-6

Khraief, N., Shahbaz, M., Heshmati, A., & Azam, M. (2020). Are unemployment rates in
OECD countries stationary? Evidence from univariate and panel unit root tests. The North
American Journal of Economics and Finance, 51, 100838. https://doi.org/10.1016/j.najef.2018.
08.021

Marques, A. M., Lima, G. T., & Troster, V. (2017). Unemployment persistence in OECD coun-
tries after the great recession. Economic Modelling, 64, 105–116. https://doi.org/10.1016/j.
econmod.2017.03.014

Montenovo, L., Jiang, X., Rojas, F. L., Schmutte, I. M., Simon, K. I., Weinberg, B. A., & Wing,
C. (2020). Determinants of disparities in Covid-19 job losses [National Bureau of Economic
Research (NBER) Working Paper, No. 27312]. NBER.

Nelson, C. R., & Plosser, C. R. (1982). Trends and random walks in macroeconomic time ser-
ies: Some evidence and implications. Journal of Monetary Economics, 10(2), 139–162.
https://doi.org/10.1016/0304-3932(82)90012-5

Otero, J., & Smith, J. (2017). Response surface models for OLS and GLS detrending-based unit
root tests in nonlinear ESTAR models. The Stata Journal: Promoting Communications on
Statistics and Stata, 17(3), 704–722. https://doi.org/10.1177/1536867X1701700310

Røed, K. (1996). Unemployment hysteresis – Macro evidence from 16 OECD countries.
Empirical Economics, 21(4), 589–600.

Røed, K. (2002). Unemployment hysteresis and the natural rate of vacancies. Empirical
Economics, 27(4), 687–704. https://doi.org/10.1007/s001810100110

Schwert, G. W. (1989). Tests for unit roots: A Monte Carlo investigation. Journal of Business
and Economic Statistics, 7(2), 147–159.

Song, F. M., & Yangru, W. (1997). Hysteresis in unemployment evidence from 48US states.
Economic Inquiry, 35(2), 235–243. https://doi.org/10.1111/j.1465-7295.1997.tb01906.x

Yagan, D. (2019). Employment hysteresis from the great recession. Journal of Political
Economy, 127(5), 2505–2558. https://doi.org/10.1086/701809

12 X. ZHANG ET AL.

https://doi.org/10.1016/j.jpubeco.2020.104238
https://doi.org/10.1016/j.econmod.2010.11.007
https://doi.org/10.1007/s00181-016-1164-7
https://doi.org/10.1111/j.1475-4932.2007.00391.x
https://doi.org/10.1016/S0304-4076(02)00202-6
https://doi.org/10.1016/S0304-4076(02)00202-6
https://doi.org/10.1016/j.najef.2018.08.021
https://doi.org/10.1016/j.najef.2018.08.021
https://doi.org/10.1016/j.econmod.2017.03.014
https://doi.org/10.1016/j.econmod.2017.03.014
https://doi.org/10.1016/0304-3932(82)90012-5
https://doi.org/10.1177/1536867X1701700310
https://doi.org/10.1007/s001810100110
https://doi.org/10.1111/j.1465-7295.1997.tb01906.x
https://doi.org/10.1086/701809

	Abstract
	Introduction
	Econometric methodology and data
	KSUR test procedure
	Data

	Empirical results and macroeconomic implications
	Baseline empirical results
	Robustness checks
	Macroeconomic implications

	Conclusion
	Acknowledgments
	Disclosure statement
	References


