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Abstract

The COVID-19 green certificates were introduced in many countries in 2021 to
encourage vaccine uptake in order to limit severe symptoms and deaths from COVID-
19. This study uses a single-group interrupted time series approach to examine the
effect of the green certificate announcement on the first doses oftheCOVID-19 vaccine
in 20 Italian regions during the summer of 2021. The estimation results show that the
announcement caused a significant immediate increase in the first doses in most of the
Italian regions. These results remain robust to a structural breaks analysis for the
regions of Friuli-Venezia Giulia and Sicily, which had a share of unvaccinated people
below the national average. For these regions, the announcement of the certificate
mandate incentivized hesitant individuals to get vaccinated immediately. There were
regions, like Lazio, Puglia and Sardinia, which were unaffected by the announcement,

most likely because they already had high rates of first-dose COVID-19 vaccination.
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The COVID-19 Green Certificate’'s Effect on

Vaccine Uptake in Italian Regions

Raffaella Santolini

1 Introduction

In response to the coronavirus disease 2019 (COVID-19) pandemic, caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), many countries have adopted
the COVID-19 green certificate to guarantee their citizens the ability to travel and move
across territories safely. The certificate is a digital or paper document issued to people
who satisfy one of the following health statuses: i) vaccinated against COVID-19; i1)
with a negative test for the SARS-CoV-2 virus; iii) with a recovery certificate due to a
recent natural infection revealed by a positive molecular or antigen test.

In Italy, the green certificate, known as the “basic green pass”, was introduced in April
2021 in order to guarantee free movement of people across regions classified as being
at medium and high risk of SARS-CoV-2 infection. Over time, the Italian government
extended its use for access to many activities (including work) and its period of validity
among vaccinated people. This created a strong incentive to get vaccinated, especially
for young people and men, who recorded low COVID-19 vaccination rates because they
perceived a lower risk of contracting severe symptoms from the COVID-19 disease (Mills
and Riittenauer, 2022). Moreover, young people had a greater need for socialization after
the lockdown and other severe restrictions, making them more amenable to vaccination
so that they could obtain the certificate and resume a “normal life”.

The extension of the basic green pass to many activities and services was not without
drawbacks. It raised many ethical, legal and privacy concerns due to the tracking of
individuals’ movements, the temporary suspension of civil liberties, social discrimination,
documents falsification or unlawful obtaining of data (Drury et al., 2021). This led to a
greater refusal to receive the vaccine, especially among ethnic and socioeconomic groups

of the population characterized by poor institutional trust and low vaccine uptake (Drury



et al., 2021; Mills and Riittenauer, 2022).

The effects of the green certificate on the COVID-19 vaccine administration may be
controversial, and they require further investigation. There are still few studies on its
impact on individuals’ vaccination decisions. A recent study conducted by Mills and Riit-
tenauer (2022) on six countries (Denmark, France, Germany, Israel, Italy, Switzerland)
shows that a mandatory COVID-19 certificate has an anticipation effect, increasing the
administration of the vaccine 20 days before its implementation, with an effect lasting up
to 40 days later. They also find an anticipation effect on vaccine uptake for Italy due to the
digital certificate announcement that occurred in July 2021, especially for young people
aged 18-24 years. Oliu-Barton et al. (2022) find an increase in one-dose vaccine uptake of
9.7 percentage points of the total population in Italy and of 13.0 and 6.2 percentage points
in France and Germany, respectively. Furthermore, they show that the digital certificate is
effective in reducing pressure on intensive care units (ICUs) and deaths in these countries.
Karaivanov et al. (2021) estimated a significantly large increase in the first-dose vaccine
uptake in Canadian provinces in the first weeks after the announcement of the proof of
vaccination mandate. They also found a similar effect for France, Germany, and Italy due
to the green certificate announced in summer 2021. Walkowiak et al. (2021) examined
the impact of the green certificate on first doses of the COVID-19 vaccine by age groups
in Lithuania and Poland from 30 June to 31 October 2021. They found that in Lithuania
the green certificate mandate, extended to restaurants, sports facilities, indoor events, su-
permarkets and most services, produced a 12.34 percentage point increase in first-doses
administration compared to Poland, where the certificate is only required for international
travel. The increase was markedly higher among young people than among the elderly,
with a net increase in the first doses of 16.5 percentage points in the 15-17 age group and
of 3.0 percentage points for the over 70s.

The aforementioned studies show that the certificate mandate is an effective means to
increase vaccine uptake among the hesitant. The original contribution of the present study
is its empirical assessment of the effect of the green certificate announcement, which took
place on 22 July, 2021, on the daily administration of the first dose of the COVID-19
vaccine in 20 Italian regions. The regional analysis provides a more granular picture than
the national one. It enables evaluation of the territorially heterogeneous responses to the
announcement on first doses. A single-group interrupted time series analysis (ITSA) is
conducted to investigate this issue empirically. This kind of analysis makes it possible
to analyze both the immediate and long term effects of a policy intervention for a single



entity such as a country or a region.

The baseline estimation results show that the announcement caused a significant im-
mediate increase in the first dose vaccination rate in most of the Italian regions. Only the
Tuscany region recorded a significant immediate reduction in the first doses after the an-
nouncement of the green certificate mandate. The long-term effect of the announcement is
observed in the regions like Campania, Lombardy, Marche, Piedmont and Tuscany which
(with the exception of Campania) were strongly affected by the pandemic in the first
wave. No significant effect of the green certificate anticipation was observed in the base-
line estimates for the regions of Aosta Valley, Lazio, Puglia, Sardinia and Trentino-Alto
Adige.

A sensitivity analysis was conducted by extending the ending date of the time series
until 2 September 2021. We found that the immediate increase in the first-doses after
the announcement of the basic green pass remained statistically significant in most of the
Italian regions. A robust immediate increase effect was observed for Abruzzo, Basili-
cata, Campania, Emilia-Romagna, Friuli-Venezia Giulia, Marche, Piedmont, Sicily and
Veneto. The long-term effect remained robust only for the Marche region. Lazio, Puglia
and Sardinia continued not to react significantly to the announcement of the green pass,
most likely because they already had high rates of first-dose COVID-19 vaccination (see
Figure 1). Some regions (e.g., Lombardy, Aosta Valley, Trentino-Alto Adige, Tuscany,
Molise) are sensitive to date changes, revealing less reliable results.

On checking for structural breaks both in the announcement date (Karaivanov et al.,
2021) and in the pre-intervention days (Linden and Arbor, 2015; Linden and Yarnold,
2016; Linden, 2020), we found that the immediate effect of the green certificate announce-
ment on the first-dose rate of the COVID-19 vaccine remained robust for Friuli-Venezia
Giulia and Sicily. We also found that both Emilia-Romagna and Veneto showed a sig-
nificant immediate increase in first-doses; an increase which was robust to the structural
breaks only when controls were included in the interrupted time series regression analy-
sis. These regions were characterized by a high proportion of persons unvaccinated for
COVID-19 compared to the national average in summer 2021. This suggests that the an-
nouncement of the extension of the basic green pass to cultural, sporting and recreational
activities created a push to be vaccinated in those regions where the COVID-19 vaccina-
tion rate was already low due to a higher percentage of recovery from COVID-19 (e.g.,
Emilia-Romagna, Friuli-Venezia Giulia, and Veneto), lack of confidence in the efficacy
of the vaccine and/or poor perception of the severity of the disease (e.g., Sicily).



The next section describes the experience of the green pass in Italy. Section 3 il-
lustrates the data and variables used in the empirical analysis. Section 4 describes the
single-group ITSA, setting out model specification, baseline results, sensitivity and struc-

tural break analysis. Section 5 concludes.

2 The experience of the COVID-19 green certificate in
Italy

Italy was among the first European countries to introduce COVID-19 green certification
as a measure to limit the spread of the SARS-Cov-2 virus and to encourage the gradual re-
sumption of economic and social activities in the country. In April 2021, the basic version
of the COVID-19 green certificate was introduced in Italy (Decree-law No. 52/2021) to
guarantee the free movement of persons in regions classified as high (red zone) or medium
(orange zone) risk zones of SARS-coV-2 infection.! The basic green pass could be issued
in three circumstances: i) completion of the vaccination cycle; ii) a recovery certificate
concerning a recent natural infection revealed by a molecular or antigen test; iii) conduct
of a molecular test or rapid antigen test with a negative result. In origin, its duration was
6 months for both vaccinated and recently naturally immunized persons, and 48 hours for
diagnostic tests.?

The basic green pass became operational only from mid-June, when technical aspects
(e.g., the collection of personal data, the functioning of the national digital platform) were
arranged. In June, its use was also extended to further activities by Law No. 87/2021.
Possession of the basic green pass became mandatory to participate in civil or religious
ceremonies and discretionary to attend fairs, conferences, public and sporting events in re-
gions with low risk of the SARS-coV-2 virus infection, classified as yellow zones. Other
activities were subject to the mandatory use of the digital certificate. In particular, this
concerned persons who accompanied patients to hospital emergency rooms and patients

in health facilities in the case of their temporary discharge. These restrictions most likely

ISince early November 2020, the Italian regions have been classified into three zones, red, orange and
yellow, based on the risk of spread of the virus in the regional territory and the ability of hospitals to treat
COVID-19 patients. The red zone corresponds to high risk, while the orange and yellow zones correspond
to moderate and low risk respectively. The decree-law 2/2022 introduced a safe zone called “white zone”
in which the risk of the virus spreading is very limited.

2Law 133/2021 extended the validity of molecular PCR test for 72 hours.



had a very modest or almost nil effect on the containment of the virus because they con-
cerned a small number of activities that, in some cases, involved a discretionary use of
the certificate. Moreover, all Italian regions were classified as white zones (very low risk
of contagion) a few days after the law came into force, so that such measures became
inoperative.

Additional restrictions to fight the epidemiological emergency caused by COVID-19
and to support social and economic activities were announced on 22 July 2021 at a press
conference held by the Prime Minister Mario Draghi with Justice Minister Marta Cartabia
and Health Minister Roberto Speranza. Announced during the press conference, was the
mandatory use of the basic green pass for most of the social, cultural and leisure activi-
ties carried out in the white zone regions. De facto this involved all the Italian regions.’
The announcement had the effect of incentivizing many people to receive the first-dose
of the vaccine so that they could engage in the aforementioned activities. Indeed, vacci-
nation was still a more convenient means than diagnostic testing to obtain the basic green
pass, because in June law 87/2021 extended its validity from 6 to 9 months for people
vaccinated against COVID-19. Mass testing is still an important strategy with which to
limit the spread of the infection because it helps to find positivity to COVID-19 especially
among asymptomatic people, who represent about 40-45% of COVID-19 positive cases
(Oran and Topol, 2020; Naimoli, 2022). However, its efficacy mainly depends on whether
it ensures accurate diagnosis by limiting the number of false negatives. Recent studies do
not clarify this issue because they report mixed evidence on the accuracy of rapid tests in
tracking positives (Wang et al., 2021; Adamson et al., 2022).

With the decree-law no. 111 of 6 August 2021, the mandatory use of the basic green
pass was further extended from 1 September until 31 December 2021 to the sectors of
transport and public education. Severe penalties were applied to school and university
staff who entered their workplaces without the basic green pass. They consisted in sus-
pension from work without pay as well as the payment of a pecuniary fine. These mea-
sures and sanctions were also adopted in the entire public and private sector by decree-law
127 of 21 September 2021, which entered into force on 15 October 2021. They were pre-
ceded by the further extension of the validity of the green pass from 9 to 12 months for
vaccinated people as an additional incentive to prefer vaccination to diagnostic testing
(Law 126/2021).

A “reinforced” version of the basic green pass, called the “super green pass”, en-

3The new measures announced entered in force on 6 August 2021 (Decree-law 105/2021).



tered into force on 6 December 2021 (Decree-law no. 172/2021). This new certificate
allows only those who are vaccinated against COVID-19 and those who have a recov-
ery certificate due to a recent natural infection to take part in social and sports activities,
use transport services and enter workplaces. Established with the launch of the super
green pass was a “soft” lockdown for unvaccinated individuals who were excluded de
facto from social life. This raised ethical doubts as this kind of restriction and its impact
on the progress of the pandemic, given a high increase in the number of positive cases
and deaths in January and February 2022. The super green pass may have paradoxically
contributed to this exponential increase, given that recent studies have pointed out that
the COVID-19 green certificate could spread the virus by inducing people to deliberately
become infected with SARS-CoV-2 in order to obtain the certificate (Drury et al., 2021).

The legislation concerning the basic green pass is summarized in Table 1. The ta-
ble describes in greater detail the activities and services subject to the certificate and its

temporal validity.

3 Data and variables

We examine the effect of the announcement of the basic green pass, which occurred on
22 July 2021, on first-doses of vaccine administration.* The empirical analysis exploits
data on first-dose vaccine administration for a sample of 20 Italian regions from 2 July to
2 August 2021. These are open data provided by the Extraordinary Commissioner for the
COVID-19 emergency.’

Figure 1 shows the percentage of individuals who received the first dose of COVID-19
vaccine out of the total inhabitants of Italian regions on 22 July 2021, i.e. on the day of
announcement of the mandatory extension of the basic green pass. Lombardy was the
region with the highest first-dose vaccination rate (65.7%). This success was most likely
due to the higher number of vaccine doses received in the initial phase of the national
vaccination campaign because this region had been hit hard by the pandemic in the first
wave. Despite this evidence, the first-dose vaccination rate was not very high in Italy in
summer 2021 because the national average was only around 60.7%. This situation most

“The implementation effect of the announcement is not examined because it overlaps with another an-
nouncement related to the extension of the basic green pass to schools, universities, and transport services
(Decree-law No. 111/2021).

3They are available at the link: https:/github.com/italia/covid19-opendata-vaccini.



likely motivated the Italian government to extend the basic green pass to many activities
and services in order to encourage vaccine administration. Figure 1 also shows that the
Piedmont and Veneto regions, which had been hardly affected by the first pandemic wave,
had a percentage of first-dose vaccinated people lower than the national average. This may
have been due to the presence of a high percentage of COVID-19 patients clinically cured
and discharged from hospitals, as shown by Figure 2.° People cured of COVID-19 did
not need to be vaccinated immediately thanks to the natural immunity acquired from the
infection. Among the southern regions, Sicily had the lowest first-dose vaccination rate
(55.2%). The higher percentage of unvaccinated persons in Sicily was probably due to
the lower perception of the severity of the COVID-19 disease and/or greater distrust in
the safety and efficacy of the COVID-19 vaccine, since the rate of discharge-cure from
COVID-19 of this region was very low (3.9%).

The daily number of people vaccinated with the first dose per 100,000 inhabitants was
used as the outcome variable since it reflects the individual’s intention to be immunized
after the announcement of the green pass (Karaivanov et al., 2021). It was transformed
into natural logarithm to interpret the coefficients estimated in the regressions as percent-
age changes in the outcome variable.

Control variables were included in the regression analysis to check for robustness
results. A dummy variable to control for the weekend effect was introduced since vaccine
administration significantly diminishes at the week-ends. The dummy variable assumed
value 1 when the day of the week was Saturday and Sunday, and 0 otherwise. Further
controls were included to verify how the information about the risk of contracting the virus
and developing severe symptoms of the disease affected the decision to get vaccinated
(Karaivanov et al., 2021). Such variables were the daily change in deaths from COVID-19
per 100,000 inhabitants (Adeath) and the share of intensive care unit (ICU) admissions
due to COVID-19 in the total number of hospital admissions. Data on both variables are
released by the Department of Civil Protection.’

In Table 2, we summarize descriptive statistics of the outcome and control variables

used in the empirical analysis.

The rate of recovery from COVID-19 over the total population may be overestimated because it could
include cases of patients who have been infected by and recovered from COVID-19 more than once.
"They are open data available at the link: https:/github.com/pcm-dpc/COVID-19.



4 Interrupted time series analysis

4.1 Model specification

Randomized trials are widely used to analyze health policy interventions becase they rep-
resent a valid design with which to identify the causal effect of the policy. However, they
cannot always be implemented due to the absence of a control group. In this case, non-
randomized designs, such as the single-group ITSA, can be a valid option (Linden and
Arbor, 2015; Bernal et al., 2017; Hudson et al., 2019). The single-group ITSA makes
it possible to estimate the impact of a policy intervention in the period immediately fol-
lowing its entry and in the long-run period in a single unit (e.g., country, region). In the
research reported by this study, we used this design to estimate the announcement effect
of the basic green pass extension, which took place on 22 July 2021, on the daily rate of
first-dose vaccine administration.

Equation (1) illustrates the baseline model estimated in the empirical analysis. The
outcome variable firstdose is the log of persons vaccinated with the first-dose per 100,000
inhabitants for the i-th municipality on day t. The variable announce is a dummy variable
that assumes value 1 in the post-intervention period and zero otherwise. The variable T is
the time elapsing since the start of the analysis and announce*T is the interaction term. A
constant and an error term ¢, assumed to be normally distributed, are introduced into the

baseline model specification.

firstdosey = By + G115 + Borannounce; + Pzannounce; x Ty + €5 (D)

The coefficient 3, measures the intercept of pre-intervention trend and represents the
starting level of the outcome variable. /3; corresponds to the slope of the pre-intervention
trend of the outcome variable until the announcement. The coefficient j; is the level
change in the outcome variable that occurs in the period immediately following the inter-
vention. The coefficient 3 captures the effect of the intervention over time (Linden and
Adams, 2011; Linden and Arbor, 2015). It is the difference between the counterfactual
pre-intervention slope and the post-intervention slope of the outcome variable. The inter-
est coefficients are 5 and 3. They measure the immediate and subsequent effects of a
policy intervention respectively, allowing analysis of the short- and long-term effects of
that policy (Baicker and Svoronos, 2019).

Model (1) was estimated with the ordinary least squares (OLS) estimator correct-



ing standard errors for autocorrelation® when they were detected with test developed by
(Cumby and Huizinga, 1990, 1992). In the presence of autocorrelated and heteroskedas-
tic standard errors, the model was estimated with the OLS by using Newey-West standard
errors (Newey and West, 1987). The ITSA based on OLS method may be preferred to au-
toregressive integrated moving-average models since it “is often more flexible and broadly

applicable in an interrupted time-series context” (Linden and Arbor, 2015, p. 481).

4.2 Baseline results

Table 3 displays the baseline OLS estimation results of model (1) for each Italian region.

Standard errors are robust to heteroskedasticity and/or autocorrelation.’

Checking for
the presence of serial correlation in the error term structure is important in this kind of
analysis because the causal identification depends on the assumptions about the functional
form of the ITSA model (Linden and Arbor, 2015).

The baseline estimates show a significant increase in the first-dose vaccination rate im-
mediately after the announcement of the mandatory use of the basic green pass in several
activities and services in most of the Italian regions, specifically in Abruzzo, Basilicata,
Calabria, Campania, Emilia-Romagna, Friuli-Venezia Giulia, Marche, Piedmont, Sicily,
Umbria and Veneto. Indeed, the coefficient (35, which captures the immediate effect of
policy intervention, is statistically significant in those regions. The immediate effect is
negative and significant in the Tuscany region.

The long-term effect of the announcement, measured by the coefficient (33, is reliable
in those regions where the post-intervention trend coefficient, measured as the sum of
By and fs, is statistically significant. Accordingly, a positive and significant long term
effect is found for Campania, Lombardy, Marche, Piedmont and Tuscany. This result is
interesting because the northern regions of Lombardy and Piedmont were hard hit by the
first wave of the pandemic, with a great loss of human life.

There are regions that show no effect by the announcement of the mandatory green
certificate. They are Aosta Valley, Liguria, Lazio, Molise, Puglia, Sardinia and Trentino-
Alto Adige. The absence of a significant announcement effect in regions like Lazio,
Molise, Puglia, and Sardinia could be explained by the fact that they already had high

8The ITSA model is estimated by using the Stata command “itsa” developed by Linden and Arbor
(2015).

the Cumby—Huizinga (1992) general test for autocorrelation has been performed by using the Stata
command “actest” implemented by Baum and Schaffer (1990).



rates of first-dose vaccination, which made the basic green pass a tool less effective in
inducing vaccination in hesitant individuals (see Figures 1 and 2). The lack of reaction
in Aosta Valley and Trentino-Alto Adige could be explained by high rates of natural
immunity as shown in Figure 2.

Figure 3 provides a graphical representation of the actual and predicted daily change
in the first-dose vaccination rate in Italian regions from 2 July to 2 August 2021. The day
of the announcement (22 July) is indicated by the vertical dashed line. With the exception
of Aosta Valley, Lazio, Puglia, Sardinia and Trentino-Alto Adige, the regions show a
jump immediately after the announcement. It should be noted that in some of them (e.g.,
Campania, Marche, Lombardy and Tuscany), the post-intervention treatment period has
a reverse trend after the announcement.

A set of control variables were introduced into the right side of equation (1) to verify
whether the results remained robust to confounding factors (Bottomley et al., 2019). The
controls included among the regressors were: the daily change in deaths from COVID-
19 per 100,000 inhabitants (Adeath), the ICU admission rate, and a dummy variable
measuring the weekend effect. Table 4 displays estimation results with the inclusion of
controls in ITSA. The results remain quite similar to those displayed in Table 3. The main
difference is that the immediate effect of the announcement measured by the coefficient
B2 is no longer significant in the Calabria and Umbria regions. The immediate effect of
the announcement becomes statistically significant at 1% level in Liguria.

As regards the controls, Table 4 shows that, during the weekend, the first-dose rate
decreases significantly in most regions. An increase in deaths per inhabitant prompts hes-
itant people to get vaccinated in the Liguria region. The increase in the daily variation in
deaths due to COVID-19 decreases the administration rate of the first doses in Piedmont.
Although this result appears counter-intuitive, it is also likely that increasing deaths from
COVID-19 are be perceived as a low vaccine efficacy signal that discourages the unde-
cided from being vaccinated. An increase in ICU admissions significantly increases the
first-dose vaccination rate in the regions of Calabria and Emilia-Romagna. The higher the
risk of contracting the severe symptoms of COVID-19 and being admitted to the ICU, the
more hesitant people tend to choose vaccinations to protect themselves from infection.
We note that in Basilicata and Lombardy, the impact of ICU is negative and statistically
significant. This finding could be consistent with the explanation that the increase in ICU
cases creates a climate of distrust among individuals about the effectiveness of vaccines
in protecting against severe disease symptoms and death by discouraging vaccine admin-

10



istration. The variable ICU was dropped in the interrupted time-series regression for the
Aosta Valley region since it was time invariant over the period examined, assuming value

zero.'?

4.3 Sensitivity analysis

A sensitivity analysis was carried out to check whether the results in Table 4 could depend
on the ending date. Accordingly, the time period of the sample was extended until to 2
September 2021. This is not without concerns because a longer time span involves further
announcement and effective entry effects due to green pass reforms as summarized in
Table 1. For this reason, the results should be interpreted with caution. An additional
control variable, called holiday, was added among the regressors. It was a dummy variable
that captured the national holiday which falls on August 15. The dummy variable assumed
value 1 on 15 August and zero otherwise.

On comparing the results in Tables 4 and 5, the immediate effect of the announcement
on first doses is confirmed for many regions. It now becomes statistically significant for
Aosta Valley, Molise, Trentino-Alto Adige, and Umbria. A negative long-term effect of
the announcement is now statistically significant for Aosta Valley, Liguria, Molise and
Sicily. In the specific case of Lombardy, the long-term effect on the first daily dose vac-
cination rate becomes irrelevant as the post-trend intervention coefficient loses statistical
significance. On extending the ending date, the announcement no longer has an effect in
the Tuscany region.

When all the results of the empirical analysis are compared, an immediate impact of
the announcement is apparent in the regions of Abruzzo, Basilicata, Campania, Emilia-
Romagna, Friuli-Venezia Giulia, Marche, Piedmont, Veneto and Sicily. The long-term
effects of the announcement are robust only for the Marche region. No announcement
effect is observed for Lazio, Puglia and Sardinia.

Table 5 shows that, among the controls, weekend is again statistically significant and
negative for most regions. Both the ICU and the holiday variables show an ambiguous
impact on the first-dose rate depending on the region. The daily variation in the death rate
from COVID-19 has a significant and positive impact only in the estimates on the Sicily

region.

10The variable ICU is set to 0 when both numerator and denominator are zero.
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4.4 Structural breaks analysis

Identification of the causal effect due to the policy intervention in the single-group in-
terrupted time series analysis is reliable if the pre-intervention trend is flat (Linden and
Arbor, 2015; Linden, 2020) and there is a significant change in the outcome variable im-
mediately after the policy intervention, which persists over time (Baicker and Svoronos,
2019). This implies that there should be no other break points in the pre-intervention
period and that the break point identified with the date of policy announcement should be
not artificial.

The cumulative sum (CUSUM) test based on the sum of recursive residuals (Brown
et al., 1975) is used to verify if there are structural breaks due to changes in the coefficients
of the regressions during the pre-intervention period (Linden and Arbor, 2015; Linden,
2020). The null hypothesis of the test is that all parameters are stable over time. The
CUSUM test statistic is compared with three critical values computed at the 1% (1.143),
5% (0.948), and 10% (0.850) significance level.

Table 6 displays the results of the CUSUM test for all regions with and without control
variables in the ITSA. The CUSUM test statistic accepts the null hypothesis of parameters
stability for the regions of Aosta Valley, Friuli-Venezia Giulia, Lazio, Liguria, Molise,
Sardinia, Sicily Trentino-Alto Adige, since its value is lower than the 10% critical level
of 0.850. In the regions of Emilia-Romagna, Calabria, Puglia and Veneto, the test statistic
rejects the null hypothesis only when the control variables are included in the ITSA. For
the remaining regions, the null hypothesis of a constant mean is accepted.

We tested if the date of the announcement was a structural breaking point by per-
forming the Wald test. We verified whether if the coefficients estimated in the time series
regressions remained stable over the periods defined by the announcement date. If er-
ror terms are independent and identically distributed, this test corresponds to the Chow
(1960) test.'!

Table 6 displays the Wald test results for all Italian regions. We find that the announce-
ment date represents a structural break for the regions of Campania, Emilia-Romagna,
Friuli-Venezia Giulia, Molise, Piedmont, and Sicily, Umbria, and Veneto. For some re-
gions, the test shows ambiguous results that depend on whether or not controls were
included in the time series regression analysis. The test shows that the announcement

date does not represent a structural break for Liguria and Sardinia.

'"The test was performed by using the Stata command “estat sbknown”.
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In light of the results of the structural break tests and those of the estimates of model
(1), here emerges a robust immediate increase in first-doses after the announcement for
Friuli-Venezia Giulia and Sicily. The estimated average immediate increase is 199 and 67
percent in the daily first doses for Friuli-Venezia Giulia and Sicily, respectively.!> Emilia-
Romagna and Veneto show a significant immediate increase in first doses, robust to the
structural breaks, when controls are included in the interrupted time series regression
analysis. A significant long-term effect due to the announcement is robust to structural
breaks for Sicily only in the regressions with the ending date extended to 2 September.
Although the tests suggest that the announcement date is a possible structural break for
Lazio and Puglia, the estimation results of model (1) do not show any significant short-

or long-term effect of the announcement for both regions.

5 Conclusions

The ITS analysis at the Italian regional level showed that the announcement effect of the
extension in July 2021 of the basic green pass produced a robust and immediate increase
in the first-doses of the COVID-19 vaccine in the regions of Friuli-Venezia Giulia and
Sicily. These regions were characterized by first-dose vaccination rates below the national
average. The single-group ITS analysis also showed that some regions did not react to the
announcement. They were characterized by relatively high vaccination rates or in any
case ones above the national average. Overall, these results are interesting because they
demonstrate that the announcement of the extension of the basic green pass had the effect
desired by the Italian government, i.e. the increase in first-dose rates, particularly in the
regions lagging behind in the mass vaccination campaign. For the Friuli-Venezia Giulia
region, this delay may have been motivated by an already high percentage of people with
a natural immunity to COVID-19. For the Sicily region, this delay could be attributed to
a lack of confidence in the efficacy of the vaccine and/or a poor perception of the severity
of the COVID-19 disease because the level of natural immunity in this region is very low.

The mandatory extension of the basic green pass certainly played a role in increasing
the daily first-dose vaccination rate at the Italian regional level, but the fact that even more
restrictive measures, such as the introduction of the vaccination obligation and the super

green pass, were added over time suggests that its impact in terms of increased first-doses

2The increase was computed as 100(e” - 1), where x is the estimated coefficient (Karaivanov et al.,
2021).
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was perhaps more modest than what the Italian government expected to achieve. The
green certificate, both in its basic and reinforced form, has raised many ethical doubts
about its use and provoked many street protests because it is considered a measure that
excessively limits personal freedoms because of the national health system’s inability to
respond promptly to health emergencies. Strengthening national health systems through
the increase of healthcare workers and intensive care units per inhabitant will be the prior-
ity in the years to come for any country, including Italy, in order to ensure adequate health

protection and to avoid excessive restrictions on personal freedoms in times of pandemic.
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Figure 1: The daily COVID-19 first-dose vaccination rate (%) in Italian regions on 22
July 2021
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Source: Author’s elaboration on data provided by Extraordinary Commissioner for the
COVID-19 emergency - Presidency of the Council of Ministers.



Figure 2: Rate of persons discharge-cured from COVID-19 (%) in Italian regions on 22
July 2021
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Source: Author’s elaboration on data provided by Department of Civil Protection -
Presidency of the Council of Ministers.



Figure 3: The daily COVID-19 first-dose vaccination rate (per 100,000 inhabitants) in
Italian regions from 2 July to 2 August 2021
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