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ABSTRACT

IZA DP No. 14930 DECEMBER 2021

Administrative Border Effects in COVID-19 
Related Mortality
Does the organisation of healthcare systems affect health outcomes in a pandemic 

situation? To answer this question, we analysed the effects of the Covid-19 pandemic by 

focusing on mortality rate outcomes and exploited the heterogeneity of the healthcare 

organisational models among Italian regions, which makes Italy an ideal “laboratory”. 

Within a common national healthcare system, Italian regions are allowed large autonomy 

to organise themselves as mixed-markets based on choice and competition, network 

or centralised leadership models, each delivering different responses to the Covid-19 

emergency. Exploiting the discontinuity of healthcare organisational models across the 

Italian regional borders around Lombardy — the region that most convincingly embraced 

the mixed-market model fostering competition among health service providers — we 

applied a difference in geographic regression discontinuity design (DiD-GRDD) to compare 

mortality rates in 2020 of Lombardy’s municipalities with that of neighbouring municipalities 

in other regions and also exploited the pre-crisis period (2017-2019). Our analysis shows 

that mortality rates in Lombardy during the first wave were higher by 1-2 percentage 

points among the population of residents aged 80 years or more, compared to the past, as 

opposed to regions adopting different organisational models. The mortality rate differential 

disappeared during the second wave following the implementation of a national policy 

based on risk zones, limiting mobility and taking stock of the experience developed during 

the first wave. Finally, by investigating the channels causing higher mortality during the first 

wave, we show that the role of organisational model differences vanishes, as differential 

mortality is mostly explained by the decision of the Lombardy regional government to use 

care homes for hosting Covid-19 patients and reduce the excess demand on the hospital 

system.
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“Why Covid Caused Such Su↵ering in Italy’s Wealthiest Region? Lombardy has been
overwhelmed by the pandemic, in part because of a poorly executed medical privatization
program” (Published Nov. 19, 2020; Updated Nov. 20, 2020)

– Peter S. Goodman and Gaia Pianigiani, The New York Times

“Fewer deaths in Veneto o↵er clues for fight against virus. Divergence of fortunes with
nearby Lombardy stems from keeping more patients away from hospitals, experts say.”
(Rome, April 5 2020)

– Miles Johnson, Financial Times

1 Introduction

Comparing mortality rates in the first year of the Covid-19 pandemic, some countries appear to
have been a↵ected more severely than others. Eurostat, for instance, reported March (December)
excess mortality rates for 2020 compared to 2016–2019 in the magnitude of 49.6% (27.1%) and
53.0% (9.4%) for Italy and Spain, respectively, against 15.5% (15.7%) and 2.5% (30.8%) for France
and Germany, respectively.1

Although — in addition to the spread of the virus — demographic factors (e.g. the age structure
of the population) are often advocated to explain di↵erences in Covid-19 related mortality (Mesas
et al., 2020; Onder et al., 2020), an important question remains unanswered: Are these di↵erences
partly attributable to the ways governments responded to the pandemic or the characteristics of
their health systems? Recent papers have tried to answer this question by reporting evidence on
the e↵ectiveness of single or bundles of policies, such as stay-at-home orders, lockdowns or the use
of protective masks on the di↵usion of the pandemic and the level of mortality (Karaivanov et al.,
2021; Hsiang et al., 2020; Chernozhukov et al., 2021). However, the adoption of some of these
policies is unlikely to be exogenous and may depend on the spread of the virus and the capacity
of the health systems (e.g. availability of intensive care unit [ICU] beds). In other words, to assess
the relative merit of di↵erent health systems or regional governance, one should compare like with
like, for instance, by considering the level of di↵usion of the virus in the population. However, as to
the latter, data especially in the first wave of the pandemic were not available due to non-existent
or low amount of Covid-19 testing.

In this paper, we explore this issue focusing on the Italian case. Owing to the autonomy
of Italian regions2 in the management of their health systems,3 Italy can be considered as an
ideal “laboratory” to investigate the potential role played by di↵erent health systems and regional
governments in the di↵erential mortality rates they experienced. Pisano et al. (2020), for instance,
stated, ‘the fact that di↵erent policies resulted in di↵erent outcomes across otherwise similar regions
should have been recognised as a powerful learning opportunity from the start’.4 Our paper is
related to two main strands of literature. The first is the recent literature on the correlates and
determinants of Covid-19 related mortality (see Section 4 for a brief review). The second is the
literature investigating the role of the characteristics of health systems, such the level of health

1 Source: https://ec.europa.eu/eurostat/cache/metadata/en/demo_mexrt_esms.htm.
2 In Italy Regioni (regions, hereafter) are the level 2 Nomenclature of Territorial Units for Statistics (NUTS-2)

administrative units.
3See Section 2 for a detailed explanation of the regional autonomy in the INHS.
4 https://hbr.org/2020/03/lessons-from-italys-response-to-coronavirus.
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spending (Arcà et al., 2020; Mays and Smith, 2011), supply (Godøy and Huitfeldt, 2020) and their
organization modes (van Lerberghe et al., 2014), on population’s health outcomes and mortality.

Given the vastly di↵erent levels of di↵usion of Covid-19 within Italy (Bertuzzo et al., 2020),
we focus on Northern Italy, and in particular on Lombardy and its neighbouring regions. The
Lombardy region in Italy was the first geographic area to be heavily a↵ected by Covid-19 outside
China, the country from which the pandemic originated. As the first Western region su↵ering a
Covid-19 outbreak, Lombardy quickly was under the spotlight of international media. The dramatic
evolution of the Covid-19 spread in Lombardy is e↵ectively described in a newspaper article entitled,
‘Two months that shook Lombardy’ published by Il Post.5 The immediate reaction to the first case
diagnosed in Codogno (Lombardy region) was the establishment of a ‘red zone’ involving 50,000
citizens, which suspended all economic activities and residents’ movements from and to this area.
This action was a success demonstrated by the reduction of the spread of the epidemic in this area,
but it was an exception in the Italian context. Indeed, a couple of days later, a new outbreak
was discovered in the small hospital of Alzano in the municipality of Bergamo (Lombardy region).
Alzano’s hospital was not closed, and no red zone was declared in this area, resulting in a dramatic
increase in the number of detected cases, hospitalisations and deaths within a few days. The
decision to leave the hospital in Alzano open and not establish a red zone have become two of the
most criticised decisions of the management of the Covid-19 crisis in Italy. At the time of writing,
a legal inquiry is investigating the responsibility for these choices. What is clear is that both the
national and Lombardy governments waited 8 days to quarantine the areas of Bergamo, Brescia,
Cremona and the rest of the region. A legal inquiry is also investigating regional decisions about
nursing homes. Indeed, during the worst period of the epidemic when the hospitals were collapsing,
Lombardy’s government asked some nursing homes to admit patients discharged by hospitals. These
social and healthcare services host mainly elderly people a↵ected by several illnesses, the most
vulnerable of the population during the Covid-19 crisis. Nursing homes were not fully prepared
for an epidemic, with limited numbers of protective masks and other protective equipment for the
personnel working. First evidence shows that these hazardous choices may have had an impact on
the increase of mortality in nursing homes (Alacevich et al., 2021). According to Il Post, in the
nursing homes of Bergamo from January to April 1, 998 out of 6,100 residents died resulting in an
increased mortality rate of 50% compared to 2019. In synthesis, the Lombardy region addressed the
Covid-19 epidemic by letting the healthcare system be subject to excessive stress. In contrast to
Lombardy’s experience, the Veneto region appeared more ready to deal with the Covid-19 outbreak.
Veneto responded to the Covid-19 epidemic by extensively testing symptomatic and asymptomatic
citizens, engaging in broad contact tracing around positive cases, quarantining cases and suspected
cases with daily telephone monitoring, publishing detailed practical guidelines on home isolation,
minimising contact with physicians and nurses and limiting hospital admissions to patients with
major healthcare needs (Binkin et al., 2020). A similar approach to the Covid-19 epidemic was
adopted in Emilia-Romagna, which shifted to territorial and home management, thereby reducing
the pressure on the hospital system. The vastly di↵erent levels of mortality between Lombardy
and some neighbouring regions, such as Veneto and Emilia-Romagna, fed harsh criticism against
the presumed incapacity of Lombardy’s regional governance and the unpreparedness of its regional
health system to deal with the pandemic. In particular, Lombardy was criticised for its hospital-
centric management of the pandemic irrespective of the level of severity of patients, which partly
contributed to the spread of the virus and the quick saturation of hospitals (Castaldi et al., 2021).

5 https://www.ilpost.it/2020/05/07/two-months-that-shook-lombardy-to-the-core-coronavirus/
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Veneto, on the other hand, was often praised for its policies based on a more di↵used management of
the emergence, with hospitals only representing the last resort for patients and the implementation
of a tracking system based on high levels of Covid-19 testing.

However, such regional comparisons are flawed due to an important caveat: The di↵usion of
the pandemic was not even across regions (Bailey et al., 2020), and it is therefore not possible
to observe how regions would have performed under the same conditions (counterfactual). Thus,
to compare like with like, we focus on municipalities located in di↵erent regions but close to the
regions’ administrative borders by applying a Di↵erence in Geographical Regression Discontinuity
Design (DiD-GRDD). Comparing neighbouring municipalities, which are ruled by di↵erent regional
governments, makes it likely that both observable and unobservable characteristics (e.g. the level
of di↵usion of the virus in the population) are similar.

Our results provide evidence of between 1 and 2 percentage points higher mortality in Lombardy
in the first semester of 2020 compared to the neighbouring regions. The e↵ect is limited to citizens
over 80 years of age who were the most exposed to Covid-19 related mortality. In the second
semester of 2020, however, Lombardy seems to have closed the mortality gap. This evidence
unveils how Lombardy likely experienced poor emergency management especially at the epidemic
onset and was able to recover later. Indeed, although the introduction of a national policy setting
mobility and economic activity restrictions depending on risk zones may have partly contributed
to the convergence in the second semester — since Lombardy was, on average, subject to stronger
restrictions — a comparison with a region that experienced similar restrictions (Piedmont) shows
clear relative improvement of Lombardy’s performance.

Several stress tests for our analysis, such as a placebo analysis setting a fake border within
the Lombardy region, a test to verify balancing of relevant covariates at the border as well as
the classic parallel trend test (conducted with an event-study analysis), confirm our main results.
We finally test the robustness of our findings to omitted time-invariant municipal variables and
allow for the structural characteristics of the regional health systems to have time-varying e↵ects
(including in the model municipality fixed e↵ects and time-varying interaction terms, respectively),
and we obtain results that confirm our conclusions. Finally, when we allow for the relationship
between the presence of care homes at the municipal level and mortality to vary before and after
Covid-19 and across regions, they explain a large portion of the mortality gap between Lombardy
and the other regions during the first wave of Covid-19.

At this point, we must caution the reader about what our analysis can and what cannot deter-
mine. First, using a DiD-GRDD design, we can assess whether, under similar observed conditions,
di↵erent regions experienced di↵erent mortality rates. What our analysis cannot do is predict what
would have been the decisions and the consequences on mortality of the di↵erent regional admin-
istrations under similar hypothetical situations. In other words, although we can observe how the
Lombardy region responded when a severe Covid-19 outbreak appeared in Bergamo, we cannot say
what the governments of Veneto or Piedmont would have done in similar conditions because out-
breaks of such severity did not appear in those regions. Therefore, mistakes might have been made
in Lombardy’s first management of the Covid-19 outbreak, but we cannot exclude that under the
same conditions other regions would have made similar choices. For this reason, we limit our com-
parison to municipalities close to the regional borders, which are likely to share similar conditions
and virus di↵usion. Second, our paper investigates di↵erences in the capacity of regional health
systems of facing a sudden and quite unpredictable health shock, such as a pandemic situation,
and our findings are unlikely to be generalizable to “business as usual” situations (e.g. mortality

4



due to chronic diseases).
The rest of the paper unfolds as follows: Section 2 provides background information on the

Italian National Health System (INHS) and the main di↵erences across the regions studied in this
paper. Section 3 presents our empirical strategy, and Section 4 motivates the choice and describes
the control variables. The main results are outlined in Section 5, and several robustness checks are
reported in Section 6. The last section provides a summary and discussion of the main results and
outlines our conclusions.

2 The Italian National Healthcare Service (INHS) and hetero-
geneity across regions

The INHS was established in 1978 to provide free-of-charge, uniform and comprehensive care, re-
placing the existing system based on health insurance funds. The INHS is a typical Beveridge
system financed through general taxation, which guarantees equitable access and a uniform pro-
vision of healthcare services to all citizens without any discrimination based on income, gender
or age. Over the last 40 years, two major reforms were introduced, one in 1992/1993 and one
in 1998/1999, aimed at containing costs and increasing the responsibility and autonomy of re-
gional authorities (France et al., 2005). INHS is currently structured in three main levels: (i)
the national state with the Ministry of Health; (ii) the regions with their health departments (21
regional governments, namely 19 regions and 2 autonomous provinces); and (iii) the Local Health
Authorities (LHA), interacting with municipalities. LHAs are vertically integrated organisations
funded by the region and are responsible for a wide range of hospital and community services in
a given geographical area. LHAs directly manage most public hospitals, coordinate primary care
and territorial services, assess the appropriateness of health services and their distribution and
improve the integration of social and health services. A limited set of public hospitals (Aziende
ospedaliere, AOs), including teaching hospitals (Aziende Ospedaliere Universitarie, AOU) and re-
search hospitals (Istituti di Ricovero e Cura a Carattere Scientifico, IRCCS), are semi-independent
public hospitals providing mostly tertiary and quaternary care with no responsibility of preventive
medicine and territorial health and social services, similar to the British trust hospitals. Regions
are allowed to adopt di↵erent strategies and governance models that ensure significant autonomy
in organising their healthcare system under a balanced-budget constraint and the requirement of
delivering the core and essential health benefits package (Livelli Essenziali di Assistenza, essential
assistance level, LEA) to all citizens free-of-charge or upon a co-payment. The LEAs are set by the
central government to preserve a core uniform set of services throughout the country. The recent
reforms aimed at making the public sector more e�cient, e↵ective and accountable. However, this
process produced large heterogeneity across regions that developed financial, administrative and
political responsibility for the provision of healthcare, often employing di↵erent governance models
and management tools (see Tediosi et al., 2009; Neri, 2011, among others).

In this paper, we focus on Lombardy,6 the epicentre of the first wave of the Covid-19 crisis,
and its neighbouring Italian regions, namely, from north-west to north-east, Piedmont, Emilia-
Romagna, Veneto and the Autonomous Province of Trento (in the Trentino Alto Adige region). The
five regions we consider in this paper account for over 40% of the Italian population (Table 1, column
A) with an average income above the country’s average.7 Although relatively homogeneous from

6 Lombardy shares its north border with Switzerland, for which we have no data.
7 According to the Italian National Statistical Institute (ISTAT) data, in 2019 in Italy the per capita GDP was
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an economic point of view, they are heterogeneous concerning the governance of their healthcare
systems.

The complexities of defining health systems in terms of governance models and measures for
governance in the health domain is well known in the literature, but often leading to a lack of
consensus on nomenclature (for an extensive review, see Barbazza and Tello, 2014). Nuti et al.
(2016), building on previous studies, identified five governance models in Italy: (i) the trust and
altruism model, relying on the perspective that all public servants behave without personal interests
or focusing on success and failure; (ii) the choice and competition model, based on the quasi-market
system in which patients (or insurance companies) can choose the providers and the money follows
the patients, introducing external incentives; (iii) the command and control model, based on the
recourse to external incentives and the strong role of performance management, implying high
monitoring costs and low acceptance by professionals; (iv) the transparent public ranking model,
based on the lever of reputation, also known in England as the ‘naming and shaming’ model; and (v)
the pay for performance (P4P) model, drawing upon economic incentives to direct the managers’
behaviour, linking the rewarding scheme of their health authorities’ CEOs to the performance they
achieve on the assumption that financial payments can motivate people to achieve performance
targets.

Complementing Nuti et al.’s taxonomy of the Italian governance models with data from key
informants in the study by Bobini et al. (2020), Lombardy emerges as a stand-alone healthcare
system in the Italian context. Lombardy is the only region that opted for the choice and competi-
tion model, stressing the role of patients’ choices to boost competition by splitting purchasers and
providers and including private institutions. The system is based on the assumption that, upon
fulfilling the rules and standards set by the regional government, the market will regulate itself and
promote competition between public and private health service providers. The model combines ele-
ments of the P4P model, as general managers of LHAs are rewarded according to the achievements
of targets negotiated with the regional administration, though variability of managers’ rewards and
performance results is low with limited public information on hospitals’ performances. Lombardy
does not use a regional public ranking, which limits information available to the citizens and the
possibility of hospitals to learn from their relative performance (Berta et al., 2013). Lombardy’s
governance structure is articulated and is the product of several reforms stratified over time. At
the top of the Lombardy Regional Healthcare System (RHS) sits the organisational unit of the
region’s president that, jointly with the health department, is responsible for the financial balance
and social and health service planning. Lombardy’s RHS is characterised by the presence at the
top by three agencies for the control of the social and health system (ACSS), innovation and pur-
chases (ARIA) and training, education and research (PoliS). At the intermediate level are eight
LHAs for the regional planning implementation without a direct supply of hospital or territorial
services. At the bottom, are the suppliers that operate in a mixed-market setting with both public
and accredited private suppliers. The public sector supplies services through 27 AOs, including 92
hospitals, and 4 research institutions (IRCCS). Lombardy is characterised by a large presence of
private accredited suppliers, including 14 private IRCCSs out of a total of 30 private IRCCSs in
the whole country.

The other four Italian regions bordering Lombardy opted for models in which the relevant role
of the regional government is to plan activities and set standards and be implemented by LHAs

29,700 e, whereas among the five regions considered it ranged from a maximum of 39,700 eof Lombardy to a minimum
of 31,700 eof Piedmont.
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overseeing the service providers. In these regions, the presence of private providers is limited,
and the percentage of beds in acute care supplied by accredited private institutions is well below
Lombardy and the national average. Some specificity, however, applies. The Piedmont RHS is
better described by a command and control model, following the recovery plan introduced in 2010
to access the national bailout fund. Although the central government specifies financial targets,
no systematic benchmark of clinical results nor public disclosure of performance data exist. Fol-
lowing the recovery process, the number of LHAs was reduced to 12, with an average coverage of
360,700 people, which is still one of the lowest in Italy, with three AOUs and three AOs. Veneto,
Emilia-Romagna and Trento Autonomous Province have adopted a mixed governance model that
combines hierarchy and targets with transparent public ranking and P4P, however, specificities ap-
ply according to the governance models and the sta↵’s managerial skills. Trento’s RHS is relatively
simple due to the small size of the resident population and with a local tradition of sound man-
agement. Veneto’s RHS is characterised by a high level of centralisation aimed at rationalisation
of the expenditures. Only one public enterprise (Azienda Zero) exists, which is in direct contact
with the region’s health and social department and is in charge of a large set of activities for the
whole region, including purchases, hiring, logistics and budgeting. This centralisation allows service
providers (i.e. nine LHAs, one IRCCS and two AOUs) to focus on their core activities, such as the
organisation of the production of services, according to the territory’s needs. Over time, Veneto’s
RHS has developed into a cohesive system based on strong legitimisation of the leadership of the
RHS (Bobini et al., 2020).

In Emilia-Romagna’s RHS, the department of health is supported by a regional health agency
for technical and scientific matters, is responsible for the overall planning and coordination of
activities and leaves large discretion to public service providers, including eight LHSs, four AOUs
and three IRCCS. Emilia-Romagna was one of the first regions to increase the population coverage
of LHAs, which currently count over 550,000 residents. The peculiarity of Emilia-Romagna’s RHS
is the strong interconnection with local administrative authorities, including municipalities, in a
typical network model (Rhodes, 1997).

According to Bobini et al. (2020), Lombardy’s system is flawed by an ambiguity of the e↵ective
role of the LHAs due to the partial overlapping of functions of the three levels of governance
and their institutional role. It remains undetermined whether (i) LHAs, public hospitals and
IRCCS share some planning and strategic functions, (ii) LHAs should coordinate hospitals or
only supervise the competitive market involving both private and public providers and (iii) the
scope of three agencies at the top of the governance structure (ACSS, ARIA, PoliS) is uniquely to
centralise administrative activities or also to support the planning and governing activities of the
RHS. 1 (column C) shows that the Lombardy’s RHS spends the least for GPs services, which is a
measure of primary care expenditure. The number of GPs and GPs performing out-of-hours services
(respectively, 6.2 and 9.4 per 10,000 inhabitants, see columns D and E) are the smallest among the
five regions considered as well as compared to Italy. Having pushed during the last decades towards
a system of providers operating in a mixed-market structure with a pivotal role of hospital units,
Lombardy shows a high rate of use of emergency rooms (column F) but small utilisation of GPs
performing out-of-hours services (column G). Lombardy is also the region with the largest share in
the whole country of beds in acute care provided by accredited private institutions (column H) and
provides the largest share of ordinary-regime (column I) as well day-hospital discharges (column
H) over the total.

According to Bobini et al. (2020), a distinguishing feature of Veneto’s RHS is its top-down

7



structure, with a centralised leadership by the health department and the Azienda Zero LHA.
Although top-down systems are less flexible and prefer homogeneity to di↵erentiation, Veneto’s
territory is relatively uniform, and the lack of flexibility is not an issue. The network feature
of Emilia-Romagna’s RHS guarantees a strong link with the territory’s needs, allowing a strong
di↵erentiation depending on local needs. The system relies heavily on strong levels of trust among
actors, allowing for prompt decision-making, especially during emergencies. In both these last two
RHSs, as well as in the others neighbouring Lombardy and considered here, the share of public
providers and the role of primary care is larger than in Lombardy.

Before the pandemic, the Lombardy region was considered one of the most capable Italian
regions in dealing with an epidemic thanks to the quality and e�ciency of its healthcare system.
According to the quality evaluation provided by the Ministry of Health, Lombardy ranked among
the top regional health systems.8 Moreover, Lombardy attracts over 150,000 patients living in
a di↵erent region each year, around 10% of its treated patients (Berta et al., 2013), revealing
how many Italian citizens are willing to travel from other regions to Lombardy to receive their
healthcare. A relevant feature of the Lombardy RHS is the central role of hospitals, which may
turn out to be a weakness in situations such as during a pandemic.

The existing di↵erences among the di↵erent RHSs, aimed at increasing the overall e�ciency of
the INHS, may represent a critical point when facing an unprecedented pandemic, such as Covid-
19. Autonomy and independence in the organisation and delivery of healthcare services may be
a problem when the response to an epidemic outbreak requires strong coordination among the
di↵erent actors regardless of their local context. Such a scattered picture may be also reflected in
subsequent substantial di↵erences in the strategies adopted by the di↵erent regional governments
to face the Covid-19 emergency (OECD, 2020).

During the first wave, when responding to the health emergency at the onset of the Covid-
19 epidemic, Veneto largely relied on home care assistance, limiting hospital admissions to the
most severe cases, and started early testing of healthcare workers operating in the community and
hospitals. In Emilia-Romagna, the network model of the RHS helped them adapt promptly by
relying on home care assistance and active surveillance systems on general practitioners with phone
calls to patients to monitor their symptoms and strengthening primary care assistance, as suggested
also in OECD (2021). On the contrary, Lombardy chose a hospital-centred approach at the expense
of the community-based services with intensive use of emergency rooms as a consequence of reduced
territorial services provided by GPs and GPs performing out-of-hours services. This might have
contributed to exacerbating the stress to the health system generated by Covid-19 (Usuelli, 2020).
The dramatic inflow of patients quickly saturated the intensive care units, forcing doctors to decide
how to allocate resources (Rosenbaum, 2020). In the hospital setting, the virus was spread not
only by patients but also by healthcare workers, who could not always rely on appropriate personal
protective equipment and risked their lives while doing their job (Gibertoni et al., 2021).

As for the second Covid-19 wave (starting from October 2020), the Italian government im-
plemented several progressive restrictions initially applied homogeneously over the country. After
November 6th 2020, they adopted a colour-labelled scheme with four di↵erent colours (coded as
white, yellow, orange, and red indicating increasing levels of restrictions to mobility and economic
activities), which were imposed on a regional basis to reflect existing regional heterogeneity in the

8instance, see the evaluation provided by the Ministry of Health concerning the LEA: https://www.salute.gov.
it/portale/lea/dettaglioContenutiLea.jsp?lingua=italiano&id=4747&area=Lea&menu=monitoraggioLea
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virus transmission and hospital stress.9 Regional restrictions were automatically assigned centrally
depending on the value of the reproduction number (Rt).

As described in detail in Manica et al. (2021), according to these measures, a stay-home mandate
between 10 pm and 5 am (except for work, health and other certified reasons) was implemented
in yellow and orange regions while the stay-home mandate plus a ban on movements between
municipalities and to/from other regions was in place in the red ones. All but essential retail
services and shopping malls were closed during weekends and holidays in both yellow and orange
regions while all shops not selling essential goods were always closed (again except for essential
retail and services) in red ones. Bars serving food, cafes and restaurants were allowed to be open
until 6 pm while take-away activity only was allowed after 6 pm until 10 pm in yellow regions. In
orange and red regions, only take-away activity until 10 pm was allowed. Distance learning in high
schools and universities was mandatory in yellow and orange regions, including the second and
third grades of lower secondary schools in red ones. For all colour-labelled restrictions, the public
transports were reduced to 50% of their capacity (except for school service) and indoor recreational
and cultural venues were closed. Gyms pools and leisure venues were closed except for outdoor
sports centres in yellow and orange regions while, in red regions, individual outdoor training only
was allowed (except for sports events of national interest, such as the national football league).

Di↵erences of adopted colours among the five selected regions during the second wave may be
summarised as follows: Lombardy and Piedmont were classified as red zones up to November 28,
orange afterwards up until December 13 and yellow before Christmas; Emilia-Romagna spent the
first week (up to November 14) in yellow then moved to orange for 14 days (December 5) and
returned to yellow afterwards; Trento and Veneto remained yellow the entire time. During the
Christmas period up to the end of the year, restrictions have been applied uniformly in all regions.

3 Di↵erence in geographic discontinuity designs (DiD-GRDD)

Assessing the role of di↵erent healthcare systems in case of an unevenly spread shock is challenging,
as several confounding factors might play a role in the outcome of interest (mortality). In this paper,
we take advantage of the administrative border of regions. On the one hand, each region implements
its healthcare governance model and is in charge of making timely decisions to respond to health
emergencies, which only apply to its administrative territory. On the other hand, we posit that since
virus di↵usion mainly depends on individual mobility and contacts between people, the spread of
the pandemic should have been remarkably similar in neighbouring municipalities located on each
side of regional administrative borders. We focus on the administrative border of Lombardy with
its four neighbouring regions and followed a di↵erence in geographic regression discontinuity design
(DiD-GRDD, hereafter). Figure 1 shows the administrative municipality borders in the five regions
considered and highlights with di↵erent colours the set of municipalities used in the analysis for
increasing distance to the border of Lombardy. The idea behind this research design is that by
comparing a given outcome in administrative units (i.e. municipalities) that are geographically close
during the same period, we can control for unobservable variables a↵ecting an outcome of interest.
This is the GRDD part of the estimator (see, for instance, Dell, 2010). By taking di↵erences over
time among these geographical regression discontinuity designs (RDD), we are then able to isolate
the e↵ect of Covid-19 on regional di↵erences in the outcome variable. This is the di↵erence-in-
di↵erences (DiD) part of the estimator (Grembi et al., 2016).

9 For all details regarding the adopted measures see https://www.agenas.gov.it/covid19/web/index.php

https://www.agenas.gov.it/covid19/web/index.php


T
ab

le
1:

R
eg
io
n
al

d
es
cr
ip
ti
ve

st
at
is
ti
cs

P
op

u
la
ti
on

A
ve
ra
ge

n
u
m
b
er

of
re
si
d
en
ts

co
ve
re
d

b
y

L
H
S
s

R
H
S
s’

ex
-

p
en

d
it
u
re
s

fo
r
G
P
s

N
u
m
b
er

of
G
P
s

N
u
m
b
e

of
G
P
s

on
ou

t-
of
-h
ou

rs
se
rv
ic
es

P
eo
p
le

u
si
n
g

E
R

w
it
h
in

3
m
on

th
s

b
ef
or
e

in
te
rv
ie
w

P
eo
p
le

u
si
n
g

G
P
s

ou
t-

of
-h
ou

rs
se
rv
ic
es

w
it
h
in

3
m
on

th
s

b
ef
or
e

in
te
rv
ie
w

b
ed

s
in

ac
u
te

ca
re
,

ac
cr
ed

it
ed

p
ri
va
te

in
st
it
u
ti
on

s

A
cc
re
d
it
ed

p
ri
va
te

in
-o
rd
in
ar
y
-

re
gi
m
e

d
is
ch
ar
ge

A
cc
re
d
it
ed

p
ri
va
te

d
ay

-
h
os
p
it
al

d
is
ch
ar
ge
s

ov
er

to
ta
l

d
is
ch
ar
ge
s

th
ou

sa
n
d
s

th
ou

sa
n
d
s

e
fo
r

10
,0
00

in
h
ab

it
an

ts
fo
r

10
,0
00

in
h
ab

it
an

ts
ou

t
of

1,
00

0
ou

t
of

1,
00

0
%

%
ov
er

to
ta
l

%
ov
er

to
ta
l

(A
)

(B
)

(C
)

(D
)

(E
)

(F
)

(G
)

(H
)

(I
)

(L
)

Y
ea
r

20
19

20
19

20
19

20
18

20
18

20
19

20
19

20
19

20
19

20
19

P
ie
d
m
on

t
4,
32

9
36

0.
7

81
.5

6.
9

10
.2

89
40

.1
8.
7%

19
.3
%

10
.6
%

L
om

b
ar
d
y

10
,0
11

37
0.
8

64
.6

6.
2

9.
4

96
.7

28
.1

36
.5
%

36
.4
%

42
.8
%

T
re
n
to
,
A
.
P
.

54
4

54
3.
7

76
.0

6.
6

11
.6

82
51

.1
14

.5
%

20
.9
%

14
.1
%

V
en

et
o

4,
88

5
54

2.
7

82
.7

6.
5

14
.4

87
.4

36
.5

12
.4
%

17
.2
%

27
.8
%

E
m
il
ia
-R

om
ag

n
a

4,
45

9
55

7.
4

85
.4

6.
6

10
.6

93
.2

33
.5

17
.1
%

19
.3
%

25
.7
%

IT
A
L
Y

59
,8
17

54
3.
8

76
.1

7.
1

19
.6

78
.6

38
.9

30
.4
%

26
.0
%

28
.3
%

S
ou

rc
es
:

(A
)
Is
ta
t,

re
si
d
en
t
p
op

u
la
ti
on

on
Ja

n
.
1s
t
20

19
(B

)
O
u
r
ca
lc
u
la
ti
on

s
u
si
n
g
Is
ta
t
an

d
M
in
is
tr
y
of

H
ea
lt
h
d
at
a

(C
)
M
in
is
tr
y
of

H
ea
lt
h

(D
-L
)
Is
ta
t,

H
ea
lt
h
ca
re

se
ct
or

d
at
a

10



Figure 1: Geographic regression discontinuity design
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We claim that these di↵erences, if any, can be attributed to how the pandemic was managed
by regional governments or the capacity of di↵erent regional health systems to cope with the
emergency. As an outcome, we chose excess mortality (i.e. Covid-19-related mortality). The
identifying assumptions of this estimator are equivalent to those described in Grembi et al. (2016)
for the di↵-in-disc design, except for the fact that we exploit geographical thresholds represented
by regional borders.10

We specify the DiD-GRDD model as follows:

yit = ↵0 + ↵1postt + ↵2Lombardyi + ↵3Lombardyi ⇥ postt + f(di)+

+ g(di)⇥ Lombardyi + h(di)⇥ postt+

+ l(di)⇥ Lombardyi ⇥ postt + �Xit + ✏it (1)

where yit are age-specific mortality rates (i.e. the number of deaths divided by the corresponding
age group, multiplied by 100), postt is a dichotomous variable taking the value of 1 in 2020 (i.e.
the period a↵ected by Covid-19) and 0 before it (2017–2019), Lombardyi is another dichotomous
variable taking the value of 1 for Lombardy’s municipalities and 0 for all other municipalities;
f(di), g(di), h(d) and l(di) are di↵erent first-degree polynomials in distance in kilometres (i.e. the
running variable) from the administrative border, Xit is a vector of control variables and ✏it is an
idiosyncratic error term.

As data on Covid-19-related deaths might be biased (Buonanno et al., 2020; Bartoszek et al.,
2020) because no uniquely defined way to classify Covid-19-related deaths exists and testing of
deceased people was not compulsory. Thus, we focused on age-specific total mortality rates (i.e. for
any cause), which are correctly measured using administrative data collected regularly by municipal
registry o�ces and are our dependent variables in the regression models. This allowed us to minimise
the measurement error of the outcome variable and estimate the Covid-19-related deaths from the
excess mortality at the municipality level before and after the onset of the pandemic crisis.11. In
model (1), the main coe�cient of interest is ↵3, which captures the DiD-GRDD e↵ect (i.e. the excess
mortality of Lombardy’s municipalities compared to those of close municipalities in a neighbouring
region in 2020 compared to the years 2017-2019). We estimated equation (1) for four di↵erent
samples, each one including Lombardy’s municipalities and the municipalities of Piedmont, Emilia-
Romagna, Veneto and Trentino Alto Adige regions, respectively. Moreover, we estimated several
specifications applying various distance bandwidths from the regional border (from 10 km to 25
km for each 5 km bandwidth increment) and for several age groups.

To check the plausibility of the DiD-GRDD identifying assumptions, we estimated some placebo
versions of equation (1) . In one spatial placebo, we only focused on mortality in Lombardy, and
we set a fake border at di↵erent bandwidths from the real one. If the estimated e↵ect in the
specification of equation (1) was a genuine administrative border e↵ect, we should not find any
statistical di↵erence in mortality rates between municipalities on each side of the fake border
in this placebo specification. We also implement a time placebo in which we apply an event-
study-like specification for which the postt and the Lombardyi ⇥ postt indicators are replaced with
year dummies Dt and Lombardyi ⇥Dt i indicators, respectively. This specification enabled us to
estimate a coe�cient for each Lombardyi ⇥ Dt interaction and check whether the emphparallel
trend assumption holds.

10 Grembi et al. (2016) in their article use municipalities’ population cut-o↵s.
11 See, for instance, Alacevich et al. (2021) for a similar approach.
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The event-study DiD-GRDD specification reads as follows:

yit = ↵0 +
2020X

t=2017
t 6=2019

↵1jDt + ↵2 ⇥ Lombardyi +
2020X

t=2017
t 6=2019

↵3jLombardyi ⇥Dt + f(di)+

+ g(di)⇥ Lombardyi + h(di)⇥ postt+

+ l(di)⇥ Lombardyi ⇥ postt + �Xit + ✏it (2)

where the polynomials in distance are allowed to vary between the pre- and post-2019 period
and not be year specific. We set 2019 as the reference (omitted) year. Thus, the non-interacted
Lombardy indicator captures the di↵erential mortality of Lombardy compared to the other regions
in 2019. If the parallel trend assumption holds, the Lombardyi ⇥Dt interaction coe�cients should
be zero for t = 2017, 2018 and be di↵erent from zero only in 2020.

4 The data

The empirical estimation of models described in Section 3 relies on extensive use of a range of
administrative data. Administrative data, as opposed to survey data, have the advantage of be-
ing readily and publicly available, covering the whole population and being a↵ected the least by
measurement error. Our main outcome variable is the number of deaths (for any cause) in each
municipality, and it is built by integrating various administrative data sets produced by the Ital-
ian Statistical Institute (ISTAT), namely the National Registry of Resident Population (Anagrafe
Nazionale della Popolazione Residente, ANPS), municipalities’ population registers and the tax
register (Anagrafe tributaria).12 At the time of writing, data were available for the period January
1–December 31, 2020 for all 7,903 Italian municipalities; however, to investigate the role of di↵erent
healthcare systems on Covid-19 excess mortality, we selected only municipalities of Lombardy and
the five Italian regions neighbouring it, Piedmont, Autonomous Province of Trento, Veneto and
Emilia-Romagna, over the period 2017–2020.

4.1 Choice of the control variables

A rich body of work is becoming available as to the main determinants of Covid-19 di↵usion and
mortality. We started from this evidence to select (conditional on availability) the covariates to be
included in our empirical analysis. For instance, the extant literature has identified a clear demo-
graphic profile for Covid-19 victims (Jordan et al., 2020; Zheng et al., 2020). Covid-19 infections
are seen more often among the oldest citizens and proportionally a↵ect fewer females than males.
Underlying health conditions, such as respiratory and cardiovascular disease, diabetes, hypertension
and cancer, are important predictors of Covid-19-related mortality (Robilotti et al., 2020).

Recent evidence from Sweden using individual-level registry data demonstrates that gender
(being male), individual income, education, married status (being single) and being an immigrant
from a low- or middle-income country all independently predict a higher risk of death from Covid-
19 (Drefahl et al., 2020). Similar evidence of a disproportionate impact of Covid-19 on immigrant
communities has been reported in the United States (Clark et al., 2020).

12 These data are freely downloadable from https://www.istat.it/it/archivio/240401.
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Moreover, environmental factors, such as air pollution, and weather conditions, such as temper-
ature and humidity, are associated with mortality (Ma et al., 2020; Wu et al., 2020; Becchetti et al.,
2020; Coker et al., 2020). Recent studies also demonstrate how hospitals’ resource availability had
an impact on Covid-19 mortality. In particular, geographic areas with fewer ICU beds, nurses and
general medicine/surgical beds were statistically significantly associated with more deaths in the
United States and the UK (Lin, 2021; Wood et al., 2020). Moreover, previous influenza-like illness
in Covid-19 hospitalised patients and previous influenza vaccinations in 2019 are associated with
larger Covid-19 incidence and reduced rates of Covid-19, respectively (see Green et al. (2021) and
Ceccarelli et al. (2020) among others).

Accordingly, restrictions in economic activity and individual mobility (lockdown) contribute to
reducing the di↵usion of the virus and reducing mortality. This has been observed, inter alia, for
China, Italy and Spain (Qiu et al., 2020; Lau et al., 2020; Ciminelli and Garcia-Mandicó, 2020;
Tob́ıas, 2020), which were among the first countries to be hit by the pandemic and to implement
lockdown.13 Mobility habits have been shown to explain the number of Covid-19 infections jointly
with other factors and some environmental variables (i.e. PM pollution and temperature) (Carteǹı
et al., 2020). Thus, governments’ emergency measures aimed at human-mobility containment have
had a direct impact on the number of Covid-19 related deaths (Hadjidemetriou et al., 2020) and
should be considered when studying Covid-19 mortality.

4.2 Description of control variables

We included in the Xit vector of equations (1) and (2) several controls at the municipal level that
are likely to be associated with, or potential determinants of, mortality. In short, we collected data
on the following groups of variables (data sources are reported in Table 3):

Demographic and socio-economic characteristics : population structure by age and gender; per-
centage of immigrants; population size; population density; average taxable income.

Infrastructure variables: distance to the closest airport, distance to the closest care home, dis-
tance from the closest early declared red zones (February–March 2020).

Healthcare system variables: number of beds per capita in public hospitals, number of beds per
capita in private hospitals, number of beds in ICU public hospitals; closest distance from closest
ICU in private/public hospital (two separate variables); closest distance from private/public
hospital (two separate variables).

Environmental and climate variables: air quality (PM2.5 yearly average concentrations from 2014
to 2018), as derived from the Copernicus Atmosphere Monitoring Service Reanalysis product
(Inness et al., 2019); weather/climate conditions (yearly average wind speed and components,
temperature, relative humidity, surface pressure, precipitation, solar radiation), as derived from
the Copernicus Climate Service ERA5 product (Hersbach et al., 2020).

Pulmonary diseases: COPD gross municipality rate and influenza gross municipality rate (ob-
tained by National Outcomes Plan, PNE https://pne.agenas.it).

13 However, evidence is not limited to this countries. Evidence on Europe has been reported in Flaxman et al.
(2020).
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The choice of these explanatory variables was motivated by factors that have been identified by the
extant literature as potential drivers of both the pandemic spread and its mortality (see Section
4.1).

In addition to the explanatory variables included in the model, we used data on citizens’ mobility
to test the validity of the identifying assumptions of the proposed GRDD model in 2020, which
requires citizens’ mobility to be balanced at the border (confirmed especially in the first wave, see
Appendix). Mobility data were provided by Mobile Network Operators, which o↵ers information on
collective mobility behaviours aggregated at the municipal level.14 The mobility indicators provide
a daily time series of mobility according to the direction of movements as internal (within the
same municipality), inward (to a municipality), outward (from a municipality) and total. More
information about the mobility indicators and their application to a European Commission JRC’s
live anomaly detection system to spot potential new outbreaks can be found in Santamaria et al.
(2020) and Iacus et al. (2021).

Table 2 reports the age-specific mortality rates (per 100 individuals in the same age group)
for the five regions we considered in the analysis and the two periods 2017–2019 and 2020 (i.e.
pre- and post-Covid-19). The four last columns report the DiD contrasts in the mean mortality
in 2020 vs. 2017–2019 between Lombardy and each other region. Three things stand out. First,
mortality rates for any cause were higher in 2020 compared to the previous years in all regions,
especially in the 81+ age group. In the first semester, for instance, the mortality rate in 2020 in
the 80+ age bracket was 37%, 13%, 26%, 25% and 7% higher compared to the previous three years
in Lombardy, Piedmont, Emilia-Romagna, Veneto and Trentino Alto Adige, respectively. Second,
the excess mortality is higher in Lombardy than in the other regions. The DiD contrasts show, for
instance, excess mortality of Lombardy of 4 percentage points compared to Emilia-Romagna for
the 81+ age bracket. Last, a comparison between panel (a), which shows the descriptive statistics
only for the municipalities included in our DiD-GRDD analysis, and panel (b), reporting the same
statistics for all municipalities, shows that the DiD contrasts are comparable for Emilia-Romagna
and Trentino Alto Adige. However, while focusing on the municipalities at the border, the positive
excess mortality of Lombardy concerning Piedmont and Veneto is lower than when considering the
entire regions.

14 Given that mobile phone subscribers represent about 65% of the population in EU, mobile data provide reliable
information to capture the aggregate mobility patterns of the population (Iacus et al., 2021).
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Figure 2: DiD-GRDD impact on mortality rates of age 81+ population — first semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from the administrative border indicated on the horizontal axis.

Table 3 reports the definition for all variables, timing and sources.

5 DiD-GRDD: Main results

As it is well known that Covid-19-related mortality is higher in the older cohort than in the younger
population, we examined age-specific mortality rates by age groups: 0–50, 51–70, 71–80 and 81
and over. Results are presented depicting the point estimate and the 95% confidence intervals of
coe�cient ↵3 of equation (1) for di↵erent choices of bandwidth (i.e. using municipalities within 10
km, 15 km, 20 km and 25 km from the Lombardy administrative border). To examine di↵erences
between the first and second waves, models are estimated separately for each semester of 2020.

5.1 First semester (January—June 2020)

We start observing di↵erences in mortality for the eldest age groups. Figure 2 shows the results
for the oldest age group (81+). Lombardy has an excess of mortality concerning all neighbour-
ing regions but Trentino Alto Adige, for which mortality is not statistically di↵erent. The point
estimates are precise and stable, varying the bandwidths around the border. Estimates of Lom-
bardy’s mortality premia range between 1.13–1.48 percentage points (pp, hereafter), 1.46–1.86 pp
and 1.07–1.74 pp for Piedmont, Veneto and Emilia- Romagna, respectively. Overall, Lombardy
appears to have experienced higher mortality in the population above 80 years of age of between 1
and 2 percentage points.

17



Table 3: Control variables description and sources

Description Year Source
Percentage of population in age class 51-60 2017-2020 ISTAT
Percentage of population in age class 61-70 2017-2020 ISTAT
Percentage of population in age class 71-80 2017-2020 ISTAT
Percentage of population in age class 81+ 2017-2020 ISTAT
Percentage of migrant citizens 2017-2020 ISTAT
Population density 2017-2020 ISTAT
Hospitalization rate for COPD 2017-2020 AGENAS
Hospitalization rate for influenza 2017-2020 AGENAS
Relative Humidity 2017-2020 Copernicus Climate Service
Temperature at 2mt 2017-2020 Copernicus Climate Service
Total precipitations 2017-2020 Copernicus Climate Service
Wind Speed 2017-2020 Copernicus Climate Service
Particulate matter 2.5 2017-2020 Copernicus Atmosphere Service
Number of beds (per capita) in public hospital 2017-2019 Ministry of Health
Number of beds (per capita) in ICU in public hospital 2017-2019 Ministry of Health
Number of beds (per capita) in private hospital 2017-2019 Ministry of Health
Per capita taxable income 2017-2019 ISTAT
Number of care homes 2019 Regional Healthcare Directorate
Distance from airport Time invariant Google Maps
Distance from care homes Time invariant Google Maps
Distance from red zone Time invariant Google Maps
Size ICU in private hospitals 2017-2019 Ministry of Health
Size ICU in public hospitals 2017-2019 Ministry of Health
Size private hospitals 2017-2019 Ministry of Health
Size public hospitals 2017-2019 Ministry of Health
Distance from ICU in private hospital Time invariant Google Maps
Distance from ICU in public hospital Time invariant Google Maps
Distance from private hospital Time invariant Google Maps
Distance from public hospital Time invariant Google Maps
Mobility index (inward, outward, internal) 2020 Mobile Network Operators

Note. This table reports the description, year in which they are measured and source of the control variables

included in the DiD-GRDD regression models. ISTAT is the Italian National Statistical O�ce (Istituto Nazionale di

Statistica) and AGENAS is the National Agency for the Regional Health Services (Agenzia Nazionale per i Servizi

Sanitari Regionali.
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Table 4: DiD-GRDD main results—age class 81+

First Wave Second Wave
Bandwidth 10km 15km 20km 25km 10km 15km 20km 25km
Piedmont
Lomb#Post 1.458** 1.675*** 1.156** 1.012** -0.0313 -0.211 -0.0182 0.245

(0.680) (0.602) (0.559) (0.512) (0.652) (0.573) (0.530) (0.494)
Trentino Alto Adige
Lomb#Post -1.576 -0.753 -0.394 -1.107 -1.818 -2.112* -1.918* -1.536*

(1.305) (1.148) (1.043) (0.970) (1.164) (1.087) (0.982) (0.895)
Veneto
Lomb#Post 1.260** 1.518*** 1.119** 1.123** -1.733*** -1.334** -1.475*** -1.321***

(0.625) (0.569) (0.554) (0.540) (0.577) (0.542) (0.521) (0.489)
Emilia-Romagna
Lomb#Post 1.630** 1.875** 1.767*** 1.450** 0.124 0.491 0.353 0.128

(0.829) (0.761) (0.678) (0.620) (0.650) (0.626) (0.580) (0.531)

The table reports the coe�cients on the Lombardyi⇥Postt (Lomb#Post ) indicator, obtained using the DiD-GRDD
models estimated on samples including Lombardy and each other region at the time. Estimates are presented for
municipalities within di↵erent bandwidths around the Lombardy’s border.

Figure 3: DiD-GRDD impact on mortality rates of age 71-80 population — first semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from the administrative border indicated on the horizontal axis.
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Figure 3 shows the estimates for the 71–80 age bracket. In this case, Lombardy’s excess mortality
with respect to the near regions is much less generalised and only limited to the case of Emilia-
Romagna, with excess mortality in the range of 0.5–0.6 pp. The latter is, however, statistically
significant at least at 10% only within 15 km from the border. Thus, the higher mortality of the
elderly for Lombardy, compared to its neighbouring regions, appears to have occurred only for the
over-80 population.

As shown in the Appendix, excess mortality in Lombardy is not statistically di↵erent from
neighbouring regions in younger age groups (namely in the 0–50 and 51–70 groups). In some cases,
Lombardy performed better (e.g. with respect to Trentino Alto Adige in the 0–50 age group).
Even in the few cases in which the estimates are statistically significant, their point-wise estimate
is negligible. This is consistent with younger age groups being only marginally exposed to Covid-
19-related mortality (Onder et al., 2020).

5.2 Second semester (July–December, 2020)

Figure 4 shows the regional di↵erences in mortality for the oldest age group in the second semester
of 2020. As described in Section 2 and well documented in Vespe et al. (2021), during the last
part of the second semester (November 6—December 31), a system of colour-labelled restrictions
was implemented by the national government. This system produced heterogeneous consequences
in mobility restrictions as well as in teleworking, distance-learning activities and the opening of
restaurants and bars. This implies that di↵erences in mortality at the border in the second semester
not only reflect the action of regional governments but also the consequences of the centrally
mandated policy on the colour zones. Di↵erences in mobility and economic activity around the
border related (e.g. the implementation of yellow versus orange/red zones) may have impacted
mortality rates. Notably, this heterogeneous set of restrictions was implemented at the regional
level for a limited period of 6 weeks over the 26 weeks of the second semester and no di↵erence at the
border were found for some region pairs, as they were classified with the same colour. Piedmont
and Lombardy, for example, are fully comparable because they spent similar times in the same
colour zones.

Our results show that Lombardy seems to have closed the mortality gap among the 81+ popula-
tion with respect to Veneto in the second semester. Indeed, Lombardy experienced lower mortality
by about 1.31 and 1.71 pp, depending on the bandwidth. However, Veneto spent the entire second
semester as a yellow region. This result should be, therefore, taken with caution given the huge dif-
ferences in the levels of restrictions to normal activity between the yellow zone (in Veneto) and the
red and orange zones (in Lombardy). The same cautionary note applies with Trentino Alto Adige,
compared to which lower mortality by 1.51 and 2.05 pp, respectively, is observed in Lombardy.

Lombardy did not perform significantly worse or better than Piedmont in the second semester.
In light of the worse performance of Lombardy in the first semester and the fact that the two regions
fell in the same colour zones for most of the time, this lends support to the ability of the Lombardy
health management system to adapt in the second wave and close the gap with Piedmont. For all
the other comparisons, the national colour system – which greatly limited regional autonomy in
the management of the pandemic – seems to have produced convergence in mortality between the
most and the least a↵ected regions of the first wave.

Figure 5 shows instead a remarkably similar situation across regions as to mortality of the 71–80
age group. The same is true for younger age brackets (Figures A3 and A4).
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Figure 4: DiD-GRDD impact on mortality rates of age 81+ population — second semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from the administrative border indicated on the horizontal axis.

6 Placebo analysis, parallel trend assumption and balancing of
covariates

In this section, we report two placebo analyses and other robustness checks. In the first placebo
analysis, we set a fake border within Lombardy’s regional territory and compared municipalities on
each side of this border. Since the latter is ruled by the same regional administration and subject
to the same RHS, we did not expect significant di↵erences in mortality among them. In the second
placebo, by adopting an event-study-like setting, we tested whether the excess mortality across the
Lombardy administrative border di↵ered also before the Covid-19 crisis outbreak. If this is the
case, we can be reassured that excess mortality changes were a consequence of the Covid-19 crisis.
Similar to DiD designs, this is a test of the so-called ‘parallel trend assumption’. Last, we checked
the e↵ect of potential di↵erences in the covariates at the border on predicted mortality following the
test proposed by Carrell et al. (2018). In short, we tested whether covariates that strongly predict
mortality rates change sharply at the border and spuriously produced the significant estimates
obtained in our DiD-GRDD analysis.

6.1 Spatial placebo: Fake border analysis

As well known, an important identification assumption in RDD is the absence of manipulation of
the running variable (distance from the border in our case). In principle, there is little room for
di↵erential manipulation of the treatment between the geographic areas around each shared border,
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Figure 5: DiD-GRDD impact on mortality rates of age 71-80 population — second semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from the administrative border indicated on the horizontal axis.

especially during the first wave of the Covid-19 pandemic. A possible form of manipulation of the
treatment (i.e. being exposed to a given regional health system or rules) in the context of our study
could take place in the case a patient in a close-to-the border municipality would have been free
to choose a region from which to receive healthcare. However, given the tight national restrictions
imposed by the confinement measures suddenly implemented from the 9th of March (2020) onward
in Italy, this event should be very rare (at least during the first Covid-19 wave) and only for highly
severe and critically ill patients (namely patients to be transferred to ICU) upon saturation of both
the specific hospital’s ICU department where the patient is hospitalised and the overall availability
of ICU beds in the whole region.

It is worth noting that this kind of confounder potentially runs against us, making our estimates
lower bound. In the extreme situation in which patients close to the border randomly switch regions
to look for care, we should not find any statistical di↵erence for municipalities close to the border
but in di↵erent regions. However, this threat to identification can be investigated by carrying out
a spatial falsification check: to attribute the geographic di↵erences in mortality detected with the
DiD-GRDD analysis to di↵erences in RHS or in how the Covid-19 crisis was managed, we must
check that similar di↵erences do not emerge between near municipalities belonging to the same
region. To test for this, we implemented a spatial placebo where we only focused on mortality (sep-
arately by age group) among clusters of municipalities around a fake border, which was set within
the Lombardy territory. We artificially created a new fake border within the region at di↵erent
bandwidths from the real one. We then estimated again our preferred specification (equation (1)).
The fake border was set by moving the real border towards the interior of the Lombardy region and
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Figure 6: Fake border DiD-GRDD impact on mortality rates – first semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from a “fake” administrative border — set within the Lombardy region —

indicated on the horizontal axis.
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Figure 7: Fake border DiD-GRDD impact on mortality rates – second semester
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retaining all Lombardy’s municipalities within a given distance bandwidth from the new border in
the analysis. Just to take an example, if we set a bandwidth of 10 km, the border was moved by
20 km from the original one (meaning we could consider municipalities within 10 km on each side
of the border). So, de facto, in this analysis the fake border changes with the bandwidth.

The spatial placebo estimates did not show any statistical di↵erence between the average mor-
tality rates of the clusters of municipalities lying on each side of the fake border. This result, which
was confirmed both for the first wave (Figure 6) and the second wave (Figure 7), is particularly
reassuring given that the two groups of municipalities – standing at the two sides of the fake border
– were under the same regional administration and subject to the same RHS during the pandemic.
It is also worth noting that the fake border estimates for the second wave did not su↵er from the
caveat discussed above (related to di↵erences in colour-labelled restrictions among some pairs of
regions) given the artificial nature of the new border lying within the very same region. On the
contrary, restrictions in choosing to be hospitalised in a specific region were less strict than during
the first wave, which may have introduced some bias in our estimates.

6.2 Event-study analysis and the parallel trend assumption

This section describes the results of the event-study DiD-GRDD analysis. For the sake of brevity,
we only comment on the results for the 80+ age group, for which our baseline DiD-GRDD analysis
detected statistically significant di↵erences.

The red line in the graph of Figure 8 indicates the DiD-GRDD coe�cient (the interaction
between Lombardy and the year indicator) for the year 2019 (i.e. the omitted year). In principle,
in the presence of the parallel trend assumption, we should observe di↵erences in mortality at the
border across regions (e.g. due to the higher quality of a health system of a region compared to
the other), but these di↵erences should remain constant over time. This entails that, for the years
2017 and 2018, the Lombardyi ⇥ Dt interactions should be zero (implying the same di↵erence in
mortality as of 2019). Indeed, in 2017–2019, municipalities were not a↵ected by the Covid-19 health
shock. In this regard, Figure 8 is quite reassuring. The 2017 and 2018 estimates are often close
to the red line, while the coe�cient for 2020 is significantly above it in all the cases in which the
DiD-GRDD detected excess mortality for Lombardy compared to neighbouring regions (namely
with respect to Veneto, Piedmont and Emilia-Romagna). In some cases, owing to the addition of
new parameters to be estimated, estimates for 2020 are not very precise but the graph shows quite
clearly that their magnitude is above the pre-2020 interactions. Only in the case of Trentino Alto
Adige does 2019 seem to be a peculiar year; that is, Lombardy seems to have experienced lower
mortality both before 2019 and after 2019 but similar mortality to Trentino Alto Adige in 2019. For
Trentino Alto Adige, therefore, our results are to be taken with caution given a potential violation
of the parallel trend assumption.

Overall, strong violations of the parallel trend assumption did not emerge also for the second
wave (Figure 9), for which significantly worse mortality for Lombardy was estimated with respect
to Veneto and Trentino Alto Adige. However, the usual caveat related to the implementation of
the colour system during the second wave applies in interpreting these results.

The analysis in this section broadly supports the validity of our research design and shows that
excess mortality for Lombardy at the border, compared to its neighbouring regions, only appeared
in 2020. A thorough discussion of our results is included in the next section.

25



Figure 8: Event-study DiD-GRDD impact on mortality rates of age 81+ population — first semester
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Note. Plots of the year-specific coe�cients (points) and confidence intervals (bars) of the event-study DiD-GRDD

estimates obtained with di↵erent distance bandwidths (in km.) from the administrative border indicated on the

horizontal axis.
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Figure 9: Event-study DiD-GRDD impact on mortality rates of age 81+ population — second
semester
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Note. Plots of the year-specific coe�cients (points) and confidence intervals (bars) of the event-study DiD-GRDD

estimates obtained with di↵erent distance bandwidths (in km.) from the administrative border indicated on the

horizontal axis.
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Figure 10: Balancing of covariates test for age 81+ population — first semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from the administrative border indicated in the horizontal axis using as

dependent variables predicted mortality rates from a linear regression on the covariates (Carrell et al., 2018).

6.3 Balancing of covariates at the border and the e↵ect on mortality

In this section, we outline how we carried out the test proposed by Carrell et al. (2018) to check
for the balancing of covariates, which are potentially important predictors of mortality rates. We
first estimated predicted mortality through linear regressions of observed mortality rates on the
control variables (see Section 4.1), after which we estimated equation (1) using predicted mortality
rates instead of the observed mortality rates as the dependent variables. The results are shown in
Figures 10 and 11 for the age groups 81+ and 71–80, respectively, in the first wave, and Figures 12
and 13 for the age groups 81+ and 71–80, respectively, in the second wave.

The DiD-GRDD coe�cient shown in the graph is much smaller than in our baseline estimates,
generally close to zero, and statistically non-significant. This confirms that di↵erent covariates
alone are not able to explain di↵erences in mortality at the border, especially when one focuses
on quite narrow bandwidths, for which the assumption of municipalities’ similar observable and
unobservable characteristics is more credible.

6.4 Omitted variables, characteristics of regional health systems and time-
varying e↵ects of covariates

Two potential caveats with the specification of equation (1) are that (i) we do not control for
covariates for which we have measures only for 2019 (e.g. regional health system websites often
provide only current information and not past data, such as ICU units and care homes) and (ii)
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Figure 11: Balancing of covariates test for age 71-80 population — first semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from the administrative border indicated in the horizontal axis using as

dependent variables predicted mortality rates from a linear regression on the covariates (Carrell et al., 2018).
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Figure 12: Balancing of covariates test for age 81+ population — second semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from the administrative border indicated in the horizontal axis using as

dependent variables predicted mortality rates from a linear regression on the covariates (Carrell et al., 2018).
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Figure 13: Balancing of covariates test for age 71-80 population — first semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from the administrative border indicated in the horizontal axis using as

dependent variables predicted mortality rates from a linear regression on the covariates (Carrell et al., 2018).
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we do not control for municipality level time-invariant unobservable variables through municipality
fixed e↵ects.

In this section, we review how we checked the sensitivity to the first issue by including the time-
invariant covariates but also an interaction between all covariates with the post-2019 indicator
(x##post specification) in the regression. These interactions serve two goals. First, they account
for the fact that measures for 2019 might be partly di↵erent from the previous years (measurement
error), and second, they allow for all factors to have di↵erential e↵ects at the baseline and in the
Covid-19 period. The age structure of the population or the prevalence of ICU, for instance, may
impact mortality di↵erently before vs. after the onset of the pandemic.15

We sought instead to address the second issue (unobservable municipal characteristics) by in-
cluding municipal fixed e↵ects (FE specification). As to the latter, if the assumptions underlying
the DiD-GRDD are correct – near municipalities are comparable in terms of observable and unob-
servable variables – including these FEs should not significantly impact the estimates.

Figures 15-16 show that the estimates of our baseline DiD-GRDD specification and those al-
lowing for time-varying e↵ects for the covariates (depending on the pre- vs. post-2019 period) or
municipal FEs generally lead to the same conclusion. Indeed, accounting for municipality FEs did
not make much di↵erence while controlling for additional covariates related to the characteristics
of the health system, and allowing for all covariates to have time-varying coe�cients in the pre-
and post-2019 periods generally widened the gap between Lombardy and the neighbouring regions.
The estimates using covariates ⇥postt interactions are generally much less precise than our baseline
estimates (as shown by the wider confidence intervals in the graphs) but still point to excess mor-
tality of Lombardy in the first semester and convergence in mortality rates in the second semester.
Lombardy’s di↵erences in mortality with respect to Piedmont, Trentino Alto Adige and Emilia-
Romagna are 2.2 pp, between 3.4 and 4.2 pp and 2.7 pp, respectively. In the second semester,
Lombardy exhibited lower mortality compared to both Trentino Alto Adige and Veneto, between
1.7 pp and 2.2 pp and between 1.1 and 1.5 pp, respectively, indicating the region did not perform
significantly di↵erent from all other regions.

.

6.5 What went wrong?

In general, it is di�cult to determine all the factors that may be responsible for the di↵erences
in mortality observed at the border. Here, we limit our analysis to one factor that has been
already stressed in the literature, namely the presence in a municipality of nursing and care home
facilities. Alacevich et al. (2021) reported in their analysis for Lombardy that hosting care homes
was associated with significantly higher excess mortality rates during the first Covid-19 wave.
The increased mortality appears to be driven by individuals above the age of 70 and is robust
to controlling for the number of hosts in the care homes, suggesting that the latter may have
contributed to spreading the virus. In this section, we report a similar test at the border that not

15 This is the implicit assumption of studies which use as the dependent variable the excess mortality of 2020
compared to the 2015-2019 average and regress it on covariates measured in 2020 or 2019 (e.g. Alacevich et al.,
2021). Indeed if we specify baseline average (2015-2019) mortality as yb = �bX + ✏b and the mortality in 2020 as
y2020 = �2020X + ✏2020, where the covariates X are measured in 2020 (or assumed time-invariant), after taking the
di↵erence we gets �y2020,b = (�2020 � �b)X + (✏2020 � ✏b). Thus, the coe�cients of the time-di↵erenced regression
measure the change in the e↵ect of the regressors on mortality compared to the baseline period (not a↵ected by
Covid-19). It is worth noting the time di↵erencing removes any time-invariant unobservable, a point which we
address below.
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Figure 14: Sensitivity to time variant covariates’ e↵ects and inclusion of Municipality FEs for 81+
population—first semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from the administrative border indicated on the horizontal axis allowing for

time-varying covariates’ e↵ects or including municipality fixed e↵ects..
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Figure 15: Sensitivity to time variant covariates’ e↵ects and inclusion of Municipality FEs for 71-80
population — first semester
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time-varying covariates’ e↵ects or including municipality fixed e↵ects..

34



Figure 16: Sensitivity to time variant covariates’ e↵ects and inclusion of Municipality FEs for 81+
population — second semester
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Figure 17: Sensitivity to time variant covariates’ e↵ects and inclusion of Municipality FEs for 71-80
population — second semester
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only focused on Lombardy but all five regions included in our analysis. Consistently with our DiD-
GRDD strategy, we included in the estimated model of equation (1) an interaction term between a
dummy for hosting nursing and care homes and the Lombardyi, postt, and the Lombardyi ⇥ postt
indicators. The first and the second interactions capture potential underlying regional di↵erences
in mortality related to the presence of nursing and care homes in Lombardy at the baseline, or for
all regions in the post-Covid-19 period, respectively, while the last interaction captures di↵erential
mortality in Lombardy’s municipalities hosting nursing and care homes in the post-Covid-19 period.
Table 5 reports the baseline DiD-GRDD coe�cient (Lombardyi ⇥ postt) along with its interaction
with the nursing and care homes indicator.

As for the first wave, we observed di↵erential mortality in Lombardy for municipalities hosting
nursing and care homes in the post-Covid-19 period concerning Emilia-Romagna. The mortality
premium ranges between 1.8 and 2.5 pp depending on the distance bandwidth. Interestingly enough,
after including the nursing and care homes interaction, the baseline Lombardyi ⇥ postt coe�cient,
albeit positive, ceases to be statistically significant. We found similar results for the Lombardy
vs. Veneto comparison: a positive interaction between nursing and care homes and the DiD-
GRDD coe�cient was estimated, ranging between 1.3 and 1.5 pp. while the baseline coe�cient
was not statistically significant. By contrast, the same was not observed when comparing Lombardy
with Piedmont: the interaction between Lombardyi ⇥ postt and nursing and care homes was never
statistically significant while the baseline coe�cient remained virtually unchanged. Last, comparing
Lombardy with Trentino Alto Adige, the interaction term with nursing and care homes appears to
be negative. Overall, these results point to better management of care homes in the first Covid-
19 wave for Emilia-Romagna and Veneto compared to Lombardy. After we accounted for such
di↵erences, the mortality gap at the border was explained away. By contrast, Piedmont seems to
have had similar problems to Lombardy and Trentino Alto Adige to have performed worse.

As for the second wave, nursing and care homes did not play the same role observed in the
first wave. Table 5, in the last four columns, shows that coe�cients for the triple interaction are
non-significant regardless of the bandwidth choice. We put forward that the dramatic experience
of the first wave led to several improvements in the management of the health emergency (e.g.
avoiding any transfer of Covid-19 patients from hospitals), in particular in the nursing and care
homes with massive adoption of individual protection devices and a clear separation of care home
patients a↵ected by Covid-19 and other patients.

Finally, we repeated the same type of analysis to see if other factors (other than the number of
nursing and care homes) may be potentially responsible for the observed di↵erences in mortality. We
then added two additional triple interactions to our specification, one for the per-capita number
of hospital ordinary beds and one for the per-capita number of beds in ICUs available at the
municipality level. However, results showed the estimated coe�cient of these interactions was not
statistically di↵erent from zero, excluding the role of these structural characteristics of the RHS in
explaining the observed mortality di↵erences among the considered pairs of regions.16

7 Discussion and concluding remarks

The analysis in this paper demonstrates that Northern Italy’s municipalities located in geograph-
ical areas that should be broadly subject to the same virus di↵usion, environmental factors (e.g.
humidity, wind speed and pollution levels), labour market, socio-economic conditions, demographic

16 Results available upon request.
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Table 5: Robustness check: DiD-GRDD with triple interactions—age class 81+

First Wave Second Wave
Bandwidth 10km 15km 20km 25km 10km 15km 20km 25km
Piedmont
Lomb#Post 1.465* 1.549** 1.058* 0.987* 0.0919 -0.106 0.214 0.534

(0.827) (0.703) (0.631) (0.569) (0.795) (0.669) (0.598) (0.549)
Lomb#Post#Care homes -0.136 0.257 0.298 0.155 -0.242 -0.160 -0.454 -0.636

(0.929) (0.763) (0.674) (0.605) (0.893) (0.726) (0.639) (0.584)
Trentino Alto Adige
Lomb#Post -0.434 0.617 0.768 -0.372 -1.570 -1.658 -1.811* -1.410

(1.467) (1.264) (1.122) (1.034) (1.314) (1.192) (1.062) (0.956)
Lomb#Post#Care homes -2.711 -2.998** -2.707** -1.837* -0.658 -1.235 -0.544 -0.486

(1.839) (1.490) (1.254) (1.113) (1.647) (1.405) (1.187) (1.029)
Veneto
Lomb#Post 0.680 0.710 0.375 0.376 -1.963*** -1.702*** -1.541*** -1.422***

(0.751) (0.665) (0.628) (0.609) (0.687) (0.628) (0.590) (0.550)
Lomb#Post#Care homes 0.882 1.349* 1.382** 1.462** 0.277 0.364 -0.168 -0.0214

(0.940) (0.778) (0.699) (0.660) (0.860) (0.735) (0.656) (0.596)
Emilia Romagna
Lomb#Post 0.565 1.089 0.788 0.626 1.130 1.415 1.253 0.971

(1.233) (1.098) (0.960) (0.873) (0.993) (0.918) (0.832) (0.755)
Lomb#Post#Care homes 2.504** 1.839* 2.185** 1.996** -0.971 -1.045 -1.275 -1.130

(1.264) (1.095) (0.980) (0.886) (1.017) (0.915) (0.850) (0.766)

Note. The table reports the coe�cients on the Lombardyi ⇥ Postt (Lomb#Post) indicator and its interaction

with an indicator for hosting nursing and care homes (Lomb#Post#Care homes), obtained using the DiD-GRDD

models estimated on samples including Lombardy and each other region at the time. Estimates are presented for

municipalities within di↵erent bandwidths around the Lombardy’s border.
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and epidemiological characteristics of the resident populations and similar mobility levels both be-
fore and during the lockdown (Figures A6, A7 and A8 in Appendix) but were ruled by di↵erent
regional administrations, experienced di↵erent mortality rates during the 2020 Covid-19 pandemic.
Our DiD-GRDD-based comparison accounts for baseline di↵erences in mortality rates among the
selected areas during the years preceding the pandemic (2017–2019), allowing us to estimate the
deviations in mortality rates with respect to this baseline.

In the first semester of 2020, the impact of the regional pandemic management system adopted
in Lombardy was shown to be responsible for a 1–2 pp excess in mortality rates at the border
with respect to the previous years compared to neighbouring regions. Such an e↵ect, which was
only observed for the 81+ age group, is statistically significant and similar in magnitude across
di↵erent bandwidths of the DiD-GRDD estimates for all comparisons with the other regions but
Trentino Alto Adige (for which mortality among municipalities is not statistically di↵erent from
the one experienced in Lombardy). Results were robust with respect to many placebo tests and a
robustness analysis as well as to an event-study model, which confirms the validity of the parallel
trend assumption (key for DiD-GRDD) for all regional pair comparisons but Trentino Alto Adige.

An interpretation of these results is that di↵erences between the Lombardy region and the
bordering regions derive from the former’s poor management of the pandemic during the first
emergency phase. If there were any relevant pre-existing systematic di↵erences among the regional
healthcare systems, in turn leading to di↵erential mortality across regions, they remained constant
during the years before 2020 as suggested by the event-study analysis. Results of a robustness
analysis carried out including interaction terms between some structural di↵erences among the
di↵erent regional health systems (described in detail in Section 2) and our treatment e↵ect showed
they were not able to fully explain away the di↵erences in mortality rates estimated in our baseline
model. Significant, and sometimes even larger, di↵erences remained across regions. In other words,
past regional governments’ decisions that were crystallised into the characteristics of the health
systems could not fully explain the di↵erential mortality, demonstrating how current decisions also
made a di↵erence.

Moreover, when the presence of nursing and care homes at the municipal level was included in
the model via a triple interaction, the mortality gap in Lombardy during the first wave completely
disappears. This proves how decisions regarding the management of nursing and care homes (both
at the central level and in loco) had a crucial role in explaining the observed di↵erences among
regions. Indeed, the first reaction to an unprecedented pandemic outbreak required an immediate
ability to act under scarce information and be able to implement and quickly scale successful and
e↵ective decision-making strategies. This proved to be di�cult in Lombardy during the first Covid-
19 wave. In this respect, a system traditionally organised to deliver patient-centred care might have
been outperformed in the first wave by the ones of closer regions that were more community-focused
and less hospital-centred, as explained in Section 2.

However, the same healthcare system in Lombardy recovered after the first wave and exhibited
similar performance to the other regions right after the emergency phase of the pandemic (i.e.
in the second semester of 2020). On the one hand, the implementation of national-level policies
based on risk zones may have partly contributed to the convergence observed during the second
wave, which cannot be straightforwardly interpreted as Lombardy’s government outperforming
those of neighbouring regions during the second wave. On the other hand, evidence suggests that
Lombardy gained ground on a region that was subjected to similar levels of national restrictions,
namely Piedmont, which points to clear relative improvement of the pandemic management by
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Lombardy during the second wave. This also may explain the non-significant role of care homes in
the second wave.

Policy recommendations then point in the direction of strengthening emergency epidemic pre-
paredness plans – which proved to be di�cult in Lombardy – to be adopted in the very first
phases of future epidemics in all regions/countries to ensure early warning and detection systems
are always in place and ready to be implemented. These emergency plans may include scalable
everyday systems, reserve corps of trained medical personnel and volunteers, a reserve of ICU beds
and post-discharge beds in appropriate care centres as well as the prompt availability of emergency
equipment, as already suggested after the Ebola epidemic (Gates, 2015).
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A Appendix: Additional figures

Figure A1: DiD-GRDD impact on mortality rates of age 0-50 population — first semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from the administrative border indicated in the horizontal axis.
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Figure A2: DiD-GRDD impact on mortality rates of age 51-70 population — first semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from the administrative border indicated in the horizontal axis.
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Figure A3: DiD-GRDD impact on mortality rates of age 0-50 population — second semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from the administrative border indicated in the horizontal axis.
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Figure A4: DiD-GRDD impact on mortality rates of age 51-70 population — second semester
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Note. Plots of the coe�cients (points) and confidence intervals (bars) of the DiD-GRDD estimates obtained with

di↵erent distance bandwidths (in km.) from the administrative border indicated in the horizontal axis.

Figure A5: Mobility patterns over time in 2020

��
��
�

��
��

��
��
�

��
��

5
HO
DW
LY
H�
0
RE
LOLW
\

� �� �� �� �� ��
:HHN�RI�WKH�<HDU�����

2XWZDUG ,QWHUQDO
,QZDUG

0RELOLW\�,QGLFDWRUV�RI�,WDOLDQ�0XQLFLSDOLWLHV

48



Figure A6: Mobility patterns—pre Lockdown
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Figure A7: Mobility patterns during lockdown
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Figure A8: Mobility patterns—lockdown reduction
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