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Objectives. To investigate whether the imposition of fines can mitigate the spread of

COVID-19.

Methods.We used quasi-experimental difference-in-difference models. On March 20,

2020, Bavaria introduced fines as high as V25000 (US $28186) against citizens in vio-

lation of the Bundesland’s (federal state’s) lockdown policy. Its neighboring Bundesländer

(federal states), on the other hand, were slow to impose such clear restrictions. By

comparing 38 Landkreise (counties) alongside Bavaria’s border fromMarch 15 to May 11

using data from the Robert Koch Institute, we produced for each Landkreis its (1)

time-dependent reproduction numbers (Rt) and (2) growth rates in confirmed cases.

Results. The demographics of the Landkreise were similar enough to allow for dif-

ference-in-difference analyses. Landkreise that introducedfinesonMarch 20 reduced the

Rt by a further 0.32 (95% confidence interval [CI] = –0.46, –0.18; P< .001) and decreased

the growth rate in confirmed cases by an additional 6 percentage points (95% CI = –0.11,

–0.02; P= .005) compared with the control group.

Conclusions. Imposing fines may slow down the spread of COVID-19.

Public Health Implications. Lockdowns may work better when governments introduce

penalties against those who ignore them. (Am J Public Health. 2020;110:1844–1849.

https://doi.org/10.2105/AJPH.2020.305903)

See also Drabo et al., p. 1724.

Coronavirus disease 2019 (COVID-19)
has been rapidly spreading around the

globe, becoming a pandemic affecting many
countries worldwide.1 By July 8, 2020, the
number of infections had exceeded 11million
cases worldwide, and the European region
alone saw more than 201 000 deaths.2 To
respond to COVID-19, many countries have
been using a combination of containment and
mitigation strategies aimed at decreasing the
surge of COVID-19 patients. Most national
response strategies include varying levels of
contact tracing, self-isolation, or household
quarantine,3 as well as the promotion of
public health measures such as handwashing
and social distancing.4

In the public health literature, theoretical
models posit that government interventions
such as school closure, workplace distancing,5

and quarantine could reduce the number of
infections.6 However, even as Sen et al.
empirically illustrated that staying at home
could reduce the spread of an exponentially

spreading virus,3 there is still no direct evi-
dence that quarantines can prevent the spread
of COVID-19.6 As a result of such uncer-
tainty, there is currently a great deal of vari-
ation in each nation’s enforcement of
interventions. In the case of lockdowns, the
governments of South Africa and the Phil-
ippines have even pointed guns at their own
citizens,7,8 whereas countries such as the
United Kingdom had—until recently—been
restricting their enforcement measures to
relatively small fines (up to £120).9

The German Bundesland (federal state) of
Bavaria and its neighboring Bundesländer
(federal states; Baden Württemberg, Hessen,

Thüringen, and Saachen) allow us to em-
pirically assess the effects of financial penalties
by using a quasi-experimental difference-
in-difference design. On March 20, 2020,
Bavaria imposed a strict lockdown, allowing
people to leave their homes only for neces-
sities, such as going to work or to the doctor.
Violating the decree could result in a fine as
high as V25 000 (US $28 186).10

By contrast, Bavaria’s neighbors have been
slow to introduce such strict measures against
their citizens’ public lives. Although the
German federal government issued a 9-point
measure against the spread of COVID-19 on
March 22, no provisions were immediately
made for punishing citizens who ignored
these guidelines.11 Moreover, while Bavaria’s
neighbors eventually followed suit, it took as
much as a further 53 days (for example in
Thüringen) for these Bundesländer to intro-
duce fines. Meanwhile, other forms of gov-
ernment intervention (such as the closure
of schools, shops, bars, and sports venues,
as well as the mandatory wearing of masks)
simultaneously affected both Bavaria and its
neighboring Bundesländer. Therefore, the
pronounced difference between the policy
of Bavaria and that of its neighbors allows for
a difference-in-difference analysis among
Landkreise (counties) alongside the Bavarian
border.

METHODS
Using data from the Robert Koch Insti-

tute’s COVID-19 dashboard (retrieved on
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June 2, 2020), we derived the time-
dependent reproduction number and the
growth rate in cumulative confirmed cases in
each of the 38 Landkreise situated along the
Bavarian border from March 15 to May 11,
2020 (Figure 1).12 Our data set uses a panel
design, in which the number of confirmed
cases are recorded daily at the Landkreis level.
The data set includes the following variables:
Bundesland, Landkreis, date, treatment group,
treatment period, the time-dependent re-
production number, and the growth rate in
cumulative confirmed cases. Because all the
Bundesländer in the sample eventually intro-
duced fines fromMay 12 onward, we limited
our observation period to May 11. In addi-
tion, we discarded data from early March,
because their data collection mechanism
(manual) differed from that of later periods
(electronic transmission). Throughout our
period of observation, the Robert
Koch Institute consistently used

laboratory-confirmed cases to determine
COVID-19 cases. Variations in the total
number of tests conducted did not seem to
affect our dependent variables of interest.13

Five Landkreise (Ansbach, Dillingen,
Hildburghausen, Sonneburg, and Vogt-
landkreis) had missing data, because these
Landkreise had no confirmed cases at the
beginning of the studied period. Two of these
were from the treatment group and 3 were
from the control group. We conducted
sensitivity analysis to assesswhether these cases
affected our findings.

Penalties Against Violators
All Landkreise under the administrative

district of Bavaria introduced penalties against
lockdown violations on March 20. Because
Germany is a federal republic, each Landkreis
is subject to its respective Bundesland’s ad-
ministrative control. Of the 5 Bundesländer

alongside theBavarian border (Bavaria, Baden
Württemberg, Hessen, Thüringen, and Saa-
chen; Figure 1) only Bavaria started imposing
a maximum fine ofV25 000 (US $28 186) on
March 20.Using this definition, we identified
19 Landkreise as the treatment group (intro-
duced penalties on March 20) and the other
19 as the control group (Appendix, Section 1,
available as a supplement to the online version
of this article at http://www.ajph.org).

Time-Dependent Reproduction
Number

The time-dependent reproduction num-
ber, Rt, is defined as the number of secondary
infections that arose from a typical primary
case in a completely susceptible population.14

The magnitude of Rt is a useful indicator of
both the risk of an epidemic and the effect of
an intervention.14 In our study, we used
time-dependent reproduction numbers

Intervention state
Control states

Other states

Hessen

Thüringen
Sachsen

Bayern

Baden-Württemberg

Note.The shaded area in themap indicates the 38 Landkreise located along theBavarian border thatwere included in our study. Landkreise in Bayern (Bavaria) imposed fines
on March 20, 2020, while the other Landkreise did not.

FIGURE 1—German Landkreise (Counties) Alongside Bavaria’s Border That Were Included in the Difference-in-Difference Analysis: Germany,
March 15–May 11, 2020
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proposed by Wallinga and Teunis.15 The
computation produces the reproduction
number over time; this way, the effects of a
government intervention can be measured as
changes in Rt. We derived the Rt from the
Robert Koch Institute’s cumulative patient
data by using the “R0” package inR software
version 3.6.2 (RCore Team, Vienna, Austria;
Appendix, Section 3).16

Growth in Confirmed Cases
In addition to the time-dependent re-

production number,wemeasured the growth
in confirmed cases as the rate at which the
number of cumulative confirmed cases in
each Landkreis was rising compared with the
day before (Appendix, Section 3). The
growth in the cumulative number of patients
is often used as amarker of infectivity aswell as
a measure of prevention.17,18 For this reason,
we used yt

yt�1
� 1 (where yt denotes the cu-

mulative number of patients at time t) to
provide more easily interpretable results in-
dicating the effect of financial penalties.

Statistical Analysis
We used quasi-experimental difference-

in-differencemodels to estimate the impact of
financial penalties. Similarmethods have been
used in previous research concerning the
health effects of various policies.19–21 Because
the bordering Landkreise were alike in many
relevant respects—such as their demographic
composition and their pretreatment trajec-
tories in the dependent variables—we could
regard the assignment of the treatment as
near-random.

To estimate the effect of strict penalties on
the Rt, we conducted linear ordinary least
squares regressions with 1 interaction term
between the treatment group (Bavaria) and
the treatment period (since March 20). Our
second dependent variable is the growth rate
of cumulative confirmed cases. Because the
number of patients increases exponentially
without the provision of interventions, often
more important for analyzing epidemics is the
daily growth rate of infections.17,22 Because
the effect of an intervention would materi-
alize only after the disease’s incubation period,
we lagged all treatment period variables by 4,
5, and 6 days, which amounts to a standard
deviation around the median serial interval
of COVID-19 infections.23 In addition, we

introduced fixed effects in case there were
any variations at the Landkreis level unac-
counted by the difference-in-difference
models.

Although a number of health policies
other thanfineswere introduced inGermany,
major interventions simultaneously affected
both the treatment and control groups. In
addition, while even non-Bavarian Bun-
desländer did eventually introduce specific
fines for violating lockdown restrictions, our
models can estimate the difference Bavaria’s
early adoption of fines made for the periods
in which each non-Bavarian Bundesland had
not yet introduced the fines. See Appendix,
Section 1, for a timeline of nonpharmaceutical
interventions during the observed period.

For a formal description of the statistical
designs, see Appendix, Section 3. We report
the effects of introducing penalties in terms of
absolute changes to the outcome variables.
We conducted statistical analyses with Stata
software version 15.0 (StataCorp LP, College
Station, TX).

Parallel Trends Assumption
Central to the difference-in-difference

research design is the parallel trend assump-
tion. We assessed the validity of this as-
sumption in 3 ways. First, using the German
federal statistics data, we confirmed that the
demographic attributes of the Landkreise
alongside Bavaria’s border with Baden
Württemberg, Hessen, Thüringen, and Saachen
were sufficiently similar with each other to allow
for difference-in-difference analyses.24 Second,
using ordinary least squares regressions,we found
that theoutcomevariables’ changeover timewas
no different in the treatment group than it was
in the control group (Appendix, Section 4).
Finally, a placebo test between Hessen and its
neighboring Nordrhein-Westfalen (a “fake”
treatment group) produced zero coefficients
(Appendix, Section 4).

Sensitivity Analysis
We conducted several sensitivity analyses.

First, we tested whether an Rt concerning
only the most vulnerable population (aged
older than 60 years) would yield different
results. In addition, we tried excluding any
observations that could have potentially ex-
aggerated the results of our analyses. Finally,
we noticed that 5 of theLandkreise hadmissing

values in the pretreatment period. Because the
missing values could have affected the pre-
treatment average of the dependent variables,
we tested whether substituting these values
with zeros made any difference.

RESULTS
For most of the baseline observations, the

mean values were no different in Bavarian
Landkreise than other Landkreise in the sam-
ple (Appendix, Section 4). Cumulative
COVID-19 cases (as percentage of pop-
ulation), the baseline R0, the baseline growth
rate, the proportion of citizens aged 60
years or older, and the proportion of male
citizens were the same regardless of whether
a Landkreis was part of Bavaria or not
(P > .10).24 By contrast, in some areas, the 2
groupswere significantly different. The size of

TABLE 1—Changes to the Time-Dependent
Reproduction Number (Rt) and the Growth
Rate of Cumulative Cases in Landkreise
(Counties) on Either Side of the Bavarian
Border After Bavaria Introduced Financial
Penalties Against Lockdown Violations:
Germany, March 15–May 11, 2020

Treatment Lag DiD Estimate (95% CI)

Reproduction number

Model 1

4 d –0.32 (–0.46, –0.18)

5 d –0.32 (–0.45, –0.18)

6 d –0.29 (–0.42, –0.16)

Model 2a

4 d –0.33 (–0.47, –0.19)

5 d –0.32 (–0.45, –0.19)

6 d –0.30 (–0.42, –0.17)

Growth in cases

Model 1

4 d –0.06 (–0.11, –0.02)

5 d –0.05 (–0.09, –0.00)

6 d –0.05 (–0.09, –0.01)

Model 2a

4 d –0.07 (–0.11, –0.02)

5 d –0.05 (–0.09, –0.01)

6 d –0.05 (–0.09, –0.01)

Note. CI = confidence interval; DiD =difference-
in-difference. Bavaria introduced financial pen-
alties on March 20.
aModels with fixed effects at the Landkreis
(county) level.
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each Landkreis’s total population was, on
average, larger in the Landkreise neighboring
Bavaria.24 Moreover, the proportion of un-
employed citizens25 and citizens receiving
basic social security payments were greater in
non-Bavarian Landkreise than their Bavarian
counterparts.

Our analysis of these 38 Landkreise showed
statistically significant results for both of our
dependent variables. The treatment variable
reduced both (1) the time-dependent re-
production number, Rt, and (2) the rate of
growth in confirmed cases.

Time-Dependent Reproduction
Number

Our analysis indicated that introducing
financial penalties significantly reduced the
time-dependent reproduction number (Rt).
According to our difference-in-difference

analyses, introducing financial penalties reduced
the Rt by 0.32 (95% confidence interval [CI]=
–0.46, –0.18; P< .001; Table 1 and Figure 2a).

Growth in Confirmed Cases
We also found that introducing penalties

resulted in a –0.06 (95% CI= –0.1, –0.02;
P= .005) difference for the growth in con-
firmed cases. In other words, the growth rate
fell by a further 6 percentage points for
Landkreise that introduced penalties (Table 1;
Figure 2b).

Sensitivity Analyses
In general, the results of the sensitivity

analyses did not contradict those of our
original findings. Even when we excluded
Landkreise with high pretreatment growths in
confirmed cases or unusually high pretreat-
ment values of Rt, the models yielded

significant and substantial effects. Replacing
missing values in the pretreatment period
with zeros also made little difference
(Table 2). On the other hand, using the
alternative reproduction number resulted in
null findings (see Appendix, Section 5, for
further discussion).

DISCUSSION
COVID-19 is affecting the lives of

many. More than 11 million people have
been infected globally. At the same time,
government lockdowns have been closing
down factories and shops, bringing econo-
mies to a halt. To bring the SARS-CoV-2
virus under control, we need measures that
work. In this light, our study offers a glimpse
into how government interventions could
reduce the spread of the disease. Imposing
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Note. Dashed line = implementation of the intervention on March 20, 2020 (lagged by 4 d); band = 95% confidence intervals. Data shown in part a are the means of daily
Rt for each group. Whereas Rt decreased in Bavarian counties, the graph illustrates a rather wax-and-wane pattern in the non-Bavarian areas. Part b shows the means
of the daily growth rate in confirmed cases. The growth rate before the intervention was higher than the postintervention level in both groups.

FIGURE 2—Daily Trends of the Time-Dependent Reproduction Number (Rt) and the Growth Rate of Cumulative Cases in Bavarian and Non-
Bavarian Landkreise (Counties) Before and After Bavaria Introduced Financial Penalties Against Lockdown Violations: Germany, March 15–
May 11, 2020
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heavy fines for violating a lockdown has
resulted in a further 0.32 decrease in theRt, or
an additional 6-percentage-point fall in the
growth rate of confirmed cases.

For the first time, to our knowledge, in the
field, our models present quasi-experimental
empirical evidence about the effects of a
nonpharmaceutical intervention imple-
mented in response to COVID-19. In our
models, we compared the time trends of the
treatment and control groups. The treatment
group, Bavaria, started imposing heavy fines
on March 20 against people who violated the
lockdown policy. The control group, on the
other hand, was slow to impose strong pen-
alties on these violators. Through the dif-
ference-in-difference models, we could
examine the difference in the changes that
occurred in each of these groups. In the 2
groups, theRtwas falling both before and after
the policy was in effect. However, the Rt

diminished more in Bavarian Landkreise
compared with the control group. If we ac-
cept the parallel trends assumption, the
control group here is equivalent to the
counterfactual Bavarian Landkreise had
Bavaria not introduced financial penalties on
March 20. In other words, the difference in
the changes that Bavaria and its neighboring

Landkreise experienced throughout the period
we studied is equivalent to the difference the
early implementation of fines made for
Bavaria.

As mentioned previously, the Rt was
falling in both groups before the intervention.
We suspect that this is because of other in-
terventions in effect across the whole of
Germany, including the travel restrictions
across German borders, as well as social dis-
tancing measures such as the closure of
schools, shops, and bars. Even so, through the
difference-in-difference analysis, we were
able to identify significant and substantial
effects that financial penalties can have on
slowing down infections. This is because we
can assume that neighboring Landkreise are
similar enough with each other in other re-
spects, such as their susceptibility to Ger-
many’s nationwide interventions.

It was interesting that when we used an
alternative Rt concerning only the elderly
population as the dependent variable, the
treatment had no effect.We suspect that this is
because of the elderly population’s charac-
teristic lack of mobility.

Comparison With Other Studies
The results of our quasi-experimental

research demonstrate how lockdown poli-
cies may be more effective when they are
enforced with fines. In simulation studies
about the effect of nonpharmaceutical in-
terventions,26 household quarantine is the
most effective intervention in terms of the
decrease in the peak number of cases and the
delay in the outbreak peak. However, be-
cause a simulation study assumes that the
intervention can persist throughout the ob-
servational period, the resulting outcomes
(such as the delay in outbreak peak and the
peak number of cases) cannot be compared
with the outcomes of our study. On the
empirical side, Sen et al. associated the
number of COVID-19 cases with the timing
of stay-at-home policies. Although there was
no control group and no other factors were
considered in this study, their conclusion is
comparable to ours.3

Limitations
Our research is not without its limitations.

While Landkreise in the control group did
not impose penalties right away, they did

introduce fines at later points in time.
Moreover, Germany as a whole did declare
stronger social distancingmeasures (onMarch
22) and later made it mandatory for citizens to
wear masks in public. These developments
may have created a negative bias for the
control group during the treatment period.
Nonetheless, as it took as long as a further 53
days for the control group to introduce fines,
our models could still capture the effect of
Bavaria introducing fines at an earlier point in
time. Moreover, even if we were to believe
that the posttreatment interventions had an
effect on the outcome variables, it would only
mean that our analysis passed an even harder
test. Because the posttreatment public health
measures would have reduced the difference
between groups, it would mean that the real
effect of lockdown penalties is greater than
what our models predict.

Also, it goes without saying that financial
penalties are not a cure-all. The penalties
themselves could neither cure COVID-19
nor prevent further infections. At best they
could only provide citizens with further in-
centives to abide by the lockdown regula-
tions. Be that as it may, until a functional
vaccine is developed, strong interventions
such as the imposition of fines could help
governments mitigate and contain the spread
of the virus.

Conclusions and Public Health
Implications

In sum, penalties against social distanc-
ing violations have a meaningful effect on
slowing down the spread of COVID-19.
Exploiting the policy difference among the 38
Landkreise alongside the Bavarian border, we
found that, when lockdowns were strictly
enforced with heavy fines, both the time-
dependent reproduction number and the
growth rate of confirmed cases fell signifi-
cantly. These findings suggest that lock-
downs, when accompanied by fines, might
assist in mitigating the spread of COVID-19.

Our study may have substantial implica-
tions for policymakers. First, if many top
government officials around the world had at
some point questioned the efficacy of lock-
downs,27,28 our results indicate why some of
the lockdown policies may have not appeared
to be very effective. When citizens ignore
government guidelines, decision-makers may

TABLE 2—Sensitivity Analyses Upon
German Landkreise (Counties) Alongside
Bavaria’s Border Before and After Bavaria
Introduced Financial Penalties Against
Lockdown Violations: Germany, March
15–May 11, 2020

Dependent Variable
Treatment

Lag DiD (95% CI)

Reproduction

number

Age ‡ 60 y 4 d –0.03 (–0.21, 0.15)

Model 1a 4 d –0.19 (–0.32, –0.06

Model 2b 4 d –0.42 (–0.56, –0.28)

Growth rate

Model 1a 4 d –0.09 (–0.12, –0.06)

Model 2b 4 d –0.08 (–0.13, –0.04)

Notes. CI = confidence interval; DiD =difference-
in-difference. Bavaria introduced financial pen-
alties on March 20.
aModels excluding anomalous cases (Biberach,
Darmstadt-Dieburg, Odenwaldkreis, Schmalkal-
den-Meiningen, Schwabisch Hall, and
Vogtlandkreis).
bModels replacing missing values with zero.
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need to step up to make lockdown measures
binding.

Second, our findings illustrate for the first
time, to our knowledge, the possibility of
quasi-experimentally testing the effect of
government interventions on the spread of
COVID-19. With good data and novel re-
search designs, the academic community
could provide the evidence upon which
policies can be formed. As these studies be-
come more readily available, policymakers
should base their decisions on such empirical
research.

Finally, detailed and accurate data were
critical for our research. Our analysis was
possible thanks to theRobert Koch Institute’s
data set on Landkreis-level daily data on
confirmed COVID-19 cases. We strongly
urge that states and international organiza-
tions continue to provide such detailed data
for academic research.
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