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Abstract
During the Covid-19 crisis, the Portuguese government has provided a plethora of different
support measures for firms. These included state-guaranteed loans and a public moratorium
for existing loans. This paper examines the access to and uptake of these measures. What were
the characteristics of firms being granted state-guaranteed loans? Were they different for firms
accessing the moratorium? Did state-guaranteed loans potentially lead to an increase in zombie
lending? We try to answer these questions using highly granular bank-, firm- and loan-level
data for Portugal. We find that guaranteed loans went mostly to firms operating in the sectors
most severely hit by the pandemic and to firms that previously had a credit relation and/or
benefitted from a state guarantee. Furthermore, the Portuguese public guarantee scheme seems
to mainly have supported lower-credit-risk firms. In addition to that, riskier firms also paid
higher interest rates and obtained smaller guaranteed loans than more viable firms. However,
in contrast to our results for the state guarantees, we find that riskier firms were more likely
to benefit from the public moratorium.
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1. Introduction

In 2020, the world was hit by the Covid-19 pandemic. Unlike previous crises,
this one hit countries completely unexpectedly and to a rarely seen extent,
leading to the adoption of large-scale state-support measures to keep economies
afloat. Governments around the globe implemented emergency actions, ranging
from social-distancing measures, testing and quarantining policies, to income and
liquidity-support measures, to help households and firms. Against this background,
many countries relied on the financial system to provide government-backed
liquidity to support firms in dealing with the effects of lockdowns, which had led to
an abrupt and, in many cases, sustained drying up of income. In the case of Portugal
and most other European countries, these liquidity-support measures involved state
guarantees for new loans and a debt moratorium for existing ones.

These measures have been essential to support firms in the most acute phase
of the crisis, providing liquidity at reduced costs in a context of an abrupt increase
in the level of risk. However, the medium- to long-term impact of the measures
still remains an open question. Therefore, it is important to evaluate what types of
firms have benefitted from these support measures. Did loans with state guarantees
only go to firms that were viable before the onset of the pandemic, or did they also
lead to an increase in the credit granted to unproductive and high-risk firms? Were
there any significant differences between the risk profiles of firms accessing the
moratorium and those accessing the public guarantees, since access to the latter
was much stricter? We try to answer these questions in this paper using detailed
loan-level data from Banco de Portugal’s Central Credit Register, matched with
both firm and bank balance-sheet data, which allows us to separate credit-supply
from credit-demand effects.

Over the last years, public credit-guarantee schemes have gained popularity
worldwide as a tool to increase the availability of loans to financially constrained
firms, typically SMEs or start-ups. Most of the literature on public credit-guarantee
schemes focuses on the existence of asymmetric information between the lender
and the borrower, frequently associated with the lack of adequate collateral, as a
justification for government interventions in the credit market (Berger and Udell
2006 and Beck et al. 2010). The absence of government interventions might
otherwise result in the undersupply or rationing of lending (Mankiw 1986, Gale
1990, Gale 1991).

Compared with direct lending by a public institution, loans guaranteed
by government-backed institutions but distributed by banks present several
advantages. First, a Covid-19 state guarantee is only considered as public debt
if and when the guarantee is called, which means that it entails much lower costs
as compared to direct lending. This is particularly important for Portugal, one
of the countries with the highest levels of public debt in the euro area. Second,
since screening and monitoring of borrowers is left to private institutions, the
risk of politically-induced lending is being mitigated (Khwaja and Mian 2005).
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Furthermore, as state guarantees usually do not cover the full loan amount, banks
also bear some credit risk, thus limiting moral-hazard concerns.

Whereas economic theory tells us that capital should go where it yields the
highest return and therefore banks should allocate it accordingly, the existence
of a public-guarantee scheme creates a new set of incentives. On the one hand,
if access conditions to guaranteed loans are very strict, to avoid high costs of
the programme for public finances ex-post, only those firms that would obtain
bank credit anyway will be benefitting from state guarantees. In this case, the
benefit of public guarantees would be restricted to providing credit to firms at
lower interest rates, without improving the overall access of firms to credit. On the
other hand, if access conditions are too generous, state guarantees might lead to
adverse selection, attracting riskier borrowers and thus downgrading the quality of
the pool of borrowing firms. Finally, a moral-hazard problem can arise as financial
institutions may also have fewer incentives to monitor the borrowers after granting
the loan, since the largest part of these loans is guaranteed by the state.

Despite the positive short-term impact of state-guaranteed loans in the context
of the Covid-19 pandemic, the medium- to long-term impact can be problematic
if it contributes to the survival of unproductive or very risky firms. In fact, the
literature suggests that the survival of unproductive firms - often called zombie
firms - may hamper the growth of their more productive competitors through
congestion effects, as zombie firms retain a certain market share and use scarce
productive inputs (Caballero et al. 2008, McGowan et al. 2018). Zombie lending
can also be considered a cause of competitive distortions, with a negative impact
on healthy firms (see, e.g., Acharya et al. 2019, Acharya et al. 2020, Blattner et al.
forthcoming, Banerjee and Hofmann 2020, McGowan et al. 2018, Schmidt et al.
2021). Furthermore, it can potentially prevent the "creative destruction" of firms
à la Schumpeter (1942).

The relationship between credit allocation and productivity is of crucial
importance for Portugal, as productivity growth has been subdued since the turn of
the millennium, and the aggregate productivity level is relatively low compared to
other EU countries. The lower average level of qualification of Portuguese workers
and managers and the smaller scale of Portuguese firms, when compared to other
EU countries, may certainly explain part of this phenomenon but there is also
evidence of inefficient credit allocation between 2008 and 2016 (Azevedo et al.
2022).

The effectiveness of state-support measures has gained renewed attention in
the wake of the Covid-19 pandemic, and several papers have tried to gauge the
impact of the state-support measures that have been put into place. Using an
accounting exercise, Schivardi and Romano (2020) find that, without government
support, a large number of Italian companies would have become illiquid very early
on in the crisis. However, they also show that government support measures in
the form of credit guarantees could cover more or less all the liquidity needs of
Italian firms. Furthermore, they argue that, during exceptional periods like the
Covid-19 pandemic, it might be worthwhile throwing potential zombie firms a
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lifeline in order to protect the functioning of production or value chains they
might be involved in. During economically stressful times, the loss of a link in the
production chain (i.e., the closure of a zombie firm) might lead to missing inputs
for other firms in the same value chain, potentially causing a domino effect. Core
and De Marco (2021) use Italian loan-level data to test how efficient the private
sector has been in allocating public guarantees. They find that larger banks and
banks with better information technology played an important role in the efficient
allocation of these loans. They also find a positive impact of relationship lending
in Italy. A particularly interesting finding of their analysis is that riskier firms had
higher take-up rates for state-guaranteed loans. Bighelli et al. (2021) use cross-
country micro-level data in order to examine the potential consequences of the
Covid-19 pandemic on productivity in Croatia, Finland, Slovakia and Slovenia. In
doing so, the authors also analyse which firm-level characteristics had an impact
on the likelihood of benefitting from government subsidies. They mainly look at
wage subsidies that allowed companies to continue paying their employees. They
find that the more productive firms in Croatia, Slovakia and Slovenia had a higher
likelihood of receiving state aid, although the amount of the subsidies was lower
for those firms. In the case of Finland, productivity did not seem to have an
impact on the allocation of government subsidies. The authors also find that only
a small share of the subsidies went to zombie firms. Altavilla et al. (2021) examine
whether state-guaranteed loans actually led to an increase in the credit supply to
firms, or whether they merely were used as a substitute for non-guaranteed loans.
Using credit-register as well as supervisory data for four large euro-area countries
(France, Germany, Italy, Spain), they find that there was some substitution taking
place but that government guarantees largely contributed to an extension of credit.
Furthermore, this new credit went mainly to small and largely creditworthy firms in
the sectors most affected by the pandemic. The banks extending these guaranteed
loans were predominantly large, liquid and well-capitalised.

The above-mentioned results present mixed evidence concerning a future risk of
zombiefication, as it seems that economically viable as well as unviable firms have
profitted from these state-support measures. Given the strict access requirements
to state-guaranteed loans in Portugal during the crisis, it will be interesting to see
whether results are more clear-cut in the Portuguese case.

Our analysis starts out by mapping the evolution of zombie firms in Portugal.
In a next step, we then analyse whether zombie firms were more likely than non-
zombie firms to take out government guaranteed loans. However, the Portuguese
government had imposed strict rules on the eligibility for government guarantees,
and therefore the uptake by zombie firms should have been largely prevented.
Furthermore, firms could also make use of a public moratorium, to which the
access conditions were much less strict. Therefore, we add to the existing literature
by not only looking at the access of zombie firms to government-guaranteed loans
but also their take-up of the public moratorium. Indeed, we expect to find a larger
share of zombie and quasi-zombie firms to have made use of the moratorium as
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compared to the state guarantees. This might imply risks to financial stability now
that the moratorium has ended and firms need to continue paying back their loans.

We find that the number of zombie firms in Portugal has decreased over time.
Descriptive results show that while only a small share of zombie and quasi-zombie
firms have been granted state-guaranteed loans, their share is substantially higher
when it comes to access to the public moratorium. Our regression results confirm
these findings. On the one hand, the Portuguese public-guarantee scheme seems
to mainly have supported lower-credit-risk firms. On the other hand, we find that
riskier firms were more likely to apply for the public moratorium. Furthermore, our
results also show that riskier firms paid higher interest rates and obtained smaller
guaranteed loans than more viable firms. In addition to that, we find that firms
that previously had a credit relation and/or benefitted from a state guarantee were
more likely to also benefit this time. Finally, we find that firms in the sectors most
affected by the pandemic were more likely to benefit from the state guarantees and
the moratorium.

Our paper is structured as follows. Section 2 gives some institutional
background on state-support measures in Portugal during the Covid-19 pandemic.
Section 3 gives an overview of the data being used, the zombie methodology chosen,
and presents some descriptive statistics. Section 4 presents the regression results,
and section 5 concludes.

2. Portuguese government-support measures during the Covid-19
pandemic

Access to state-support measures during the Covid-19 pandemic differed across
countries. This section gives an overview of the respective public-guarantee scheme
and the moratorium in Portugal.

2.1. The Portuguese public guarantee scheme

The Portuguese public guarantee scheme started its operation in 1994, when
the first public entity entitled to grant public guarantees (SPGM - Sociedade
de Investimentos) was created. Since then, four more public entities, commonly
referred to as Sociedades de Garantia Mútua (SGM), have been given the right to
grant public guarantees: Agrogarante, Garval, Lisgarante and Norgarante. However,
this type of government support only experienced a major boost in Portugal, like
in other European countries, in the aftermath of 2007-08 global financial crisis.
Between 2007 and 2010, the outstanding amount of guarantees increased from
€0.5 to €3.8 billion (Figure 1).

In response to the Covid-19 pandemic, the Portuguese government strengthened
the SGM capacity to issue guarantees. Several credit lines were created to support
specific sectors of activity, particularly those most affected by the pandemic, or
specific regions. Between March 2020 and July 2021, the stock of bank loans to
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non-financial corporations (NFC) with a state guarantee attached increased from
about €5 billion, around 8% of the stock of bank loans to NFCs, to about €13
billion, about 17% of the stock (Figure 2).

The features of the Covid-19 guaranteed credit lines complied with the
European Commission’s Temporary Framework for state-aid measures to support
the economy during the COVID-19 outbreak.1 Most of the credit lines have a
maximum maturity of six years, although some can reach up to 10 years (some
consider a grace period between 1 and 2 years). The maximum amount of the
guarantees provided varies according to the credit line. In some cases, a maximum
amount per firm is set but usually it is proportional to the number of employees
or the firm size. In all credit lines, the maximum amount per beneficiary is capped
at one quarter of the sales in 2019 or twice the annual payroll of the beneficiary
for 2019, or for the last year available. The guarantee level varies between 70%
and 90% of the principal amount due. The spreads of the guaranteed loans are
capped at 1%, 1.25% and 1.5% on loans with a maturity below 1 year, between 1
and 3 years, and between 3 and 6 years, respectively. Additionally, firms also incur
a guarantee fee that varies between 0.25% and 2%, depending on firm size and
loan maturity. Finally, the vast majority of guaranteed lending is associated with
genuinely new loans, not a replacement of existing credit facilities with the lender.
The eligibility criteria are credit-line specific, and the main factor of differentiation is
usually the sector of activity the line was targeted at. Nevertheless, there are many
common features between the different credit lines. State guarantees cannot be
granted to firms qualified as "undertakings in difficulty"2 on 31 December 2019,
to firms with credit incidents pending within the banking system or the mutual
guarantee scheme system, to firms whose tax or social security situation is not
in order, or to firms with negative equity on the last approved balance sheet.3
Firms whose headquarters or management are located in countries, territories or
regions with a clearly more favourable tax regime and large firms with more than
3,000 employees, operating in sectors other than the tourism sector4, were also not
eligible. Additionally, the access to some credit lines was also restricted to firms
whose turnover dropped below a certain threshold, usually 25% or 40%, via-à-vis
pre-Covid levels. Less frequently, firms were also required to maintain all permanent
jobs up to 31 December 2020.

1. https://ec.europa.eu/competition-policy/state-aid/coronavirus/

temporary-framework_en

2. As defined in Article 2 (18) of the Commission Regulation (EU) No 651/2014 of 17 June 2014.
3. Companies with negative equity on the last approved balance sheet were allowed to access a
guaranteed credit line if they presented this situation to be regularised in the interim balance sheet
until the date of the respective application.
4. There is only one credit line for which large firms with more than 3,000 employees were eligible,
which was Linha Covid – TURISMO (Médias e Grandes Empresas). The tourism sector, as defined
by this credit line, includes the following NACE codes: 49392, 55, 56, 77, 79, 82300, 90, 91, 93 and
96040.

https://ec.europa.eu/competition-policy/state-aid/coronavirus/temporary-framework_en
https://ec.europa.eu/competition-policy/state-aid/coronavirus/temporary-framework_en
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2.2. The Portuguese public moratorium

One of the most frequent measures across Europe in response to the pandemic
was a loan moratorium for borrowers. Against the initial background of an abrupt
decline in firms’ turnover and the reduction in households’ disposable income
within a very short time period, there was a significant risk of the borrowers
not being able to fulfill their credit-related obligations. If aligned with European
Banking Authority Guidelines (EBA/GL/2020/02), moratoria allowed lenders to
not reclassify the loans benefitting from this measure, almost automatically, as
forborne. This favourable prudential treatment for loans covered by the moratoria
avoided an increase in capital costs and impairments that would have resulted from
an almost automatic reclassification.

Given the severity of the risks associated with the Covid-19 pandemic, the
Portuguese government – as also observed in other European countries - established
a public moratorium regime.5 Initially in force between 27 March 2020 and 30
September 2020, it was first extended until 31 March 20216 and then, in the context
of the worsening pandemic, until September 2021.7 With this latter amendment,
firms were entitled to request the application of the public moratorium until 31
March 2021, and up to a maximum of nine months, for loans that did not benefit
from this measure before. Only loans granted before the moratorium came into
force (i.e., before 27 March 2020) were considered eligible for the moratorium. The
large majority of firms joined the moratorium until June 2020 (Figure 3).

The Portuguese moratorium regime introduced a set of measures. First, an
extension of credit agreements with principal payment at the end of the contract
(bullet loans), under the same terms and for a period equal to the duration
of the moratorium. Second, the suspension of the payment of principal, income
and interest with maturity scheduled until the end of that period, for the period
during which the measure is in effect. Third, the prohibition of revoking credit-line
agreements and loans granted for the amounts contracted at the date of entry into
force of the Decree-Law (27 March 2020).

Access to the moratorium depended on the cumulative compliance with the
following requirements: i) firms are required to have a head-office and economic
activity in Portugal; ii) not being part of the financial sector; iii) to have their
tax and social security situation in order and; iv) the loan benefitting from the
moratorium could not be more than 90 days overdue. Loans granted to finance the
acquisition of securities or positions in other financial instruments and credit cards
for individual use were also not eligible.

5. Under Decree-Law No 10-J/2020 of 26 March 2020.
6. Under Decree-Law No 26/2020 of 16 June 2020.
7. Under Decree-Law No 107/2020 of 31 December 2020.
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3. Data and descriptive statistics

This section presents the different data sources being used in this paper.
Furthermore, it describes an innovative way of defining zombie firms, as introduced
in Mingarelli et al. (forthcoming).

3.1. Data sources

Our analysis builds on two different datasets. The first one, used to analyse
the uptake of state-guaranteed loans, includes all new loans to non-financial
corporations (henceforth, firms) originated between the beginning of the Covid-19
pandemic (March 2020) and June 2021. The second, used to analyse the uptake
of the moratorium, includes all the firms with outstanding loans in March 2020
(beginning of the Covid-19 crisis) together with a dummy identifying if the firm had
loans entering under the moratorium until 31 March 2021. We restrict both samples
to the maximum extent possible to eligible firms. Thus, firms with overdue credit,
firms classified as in “undertakings in difficulty”, mainly as a result of negative
equity, firms operating in the financial sector (2-digit NACE sectors 64, 65 and 66)
and large firms that do not operate in the tourism sector were excluded from the
guaranteed-loans sample. Similarly, firms with overdue credit 8, firms operating in
the financial sector, and loans for the acquisition of securities or other financial
instruments were also excluded from the moratorium sample. Both datasets have
been obtained by matching loan-level data with firm- and bank-level data.

Banco de Portugal’s Central Credit Register (CCR) data provides loan-level
information on all lending relationships between Portuguese credit institutions and
Portuguese firms, and includes several loan-specific characteristics of interest, such
as loan amount, origination and maturity date, interest rate, purpose and type of
contract, borrowing-firm region, type of collateral, and the guarantor. The latter
allows us to identify loans that benefitted from a state guarantee and whether the
loan is under the credit moratorium.

Firm-level data was obtained mainly from the Central Balance-Sheet
Database (CB) of Banco de Portugal, an annual database based on Simplified
Corporate Information (IES), which contains detailed annual balance-sheet and
income-statement data of virtually all firms in Portugal. This information was
complemented by other firm features such as size, sector of economic activity, and
firms’ default probabilities, available from internal databases at Banco de Portugal.
Firms’ default probabilities have been obtained from Banco de Portugal’s in-house
credit assessment system (ICAS) and are based on the methodology presented in
Antunes et al. (2016).

We classify firms’ sectors as either most affected or less affected by the
pandemic. We consider those sectors as most affected by the pandemic that

8. For the sake of simplicity all firms with overdue credit were considered non-eligible but,
concerning overdue credit, the eligibility was assessed at the loan level.
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recorded a reduction in turnover of more than 40% in the 2nd quarter of 2020
(compared with the expectable situation in a scenario without a pandemic, based
on the results of the Fast and Exceptional Enterprise Survey - COVID-19 (COVID-
IREE)), and all the remaining sectors as less affected.9

We obtain detailed bank-level data on all credit institutions operating in
Portugal from prudential supervisory reports, in particular Finrep and Corep reports.

Finally, we retrieve monthly region-level information about excess mortality
during the Covid-19 pandemic from Statistics Portugal. The different data sources
have been matched using common identifiers for firms, financial institutions and
regions.

In this paper, we proxy the concept of a new loan as used in the Monetary
Financial Institutions (MFIs) statistics, which means that a new loan is recorded
when there is a new agreement between a firm and a financial institution,
irrespective of the point in time when the loan is withdrawn.10 We exclude loan
agreements classified in the CCR as credits cards, guarantees, standby letters of
credit and factoring without recourse.

3.2. Variables

We provide variable definitions in Table 1. The dependent variables in the two
firm-level setups are State guarantee and Moratorium. State guarantee is a
dummy variable that is equal to one if an eligible firm benefitted from a state
guarantee between March 2020 and June 2021. Moratorium is a dummy variable
that is equal to one if any of a firm’s eligible outstanding loans in March 2020
(beginning of the Covid-19 crisis) entered the moratorium until 31 March 2021.
As explanatory variables, we include firm size (proxied by a firm’s assets), liquidity
position (Cash-to-assets ratio), profitability (EBITDA-to-assets ratio), indebtedness
(leverage ratio) and level of creditworthiness (measured by a firm’s probability of
default and level of zombieness). We also include four dummy variables, controlling

9. The following sectors were classified as most affected by the pandemic (NACE codes of
the sectors identified in brackets): Manufacture of coke and refined petroleum products (19),
Manufacture of computer, electronic and optical products (26), Manufacture of motor vehicles,
trailers and semi-trailers (29), Manufacture of furniture (31), Wholesale and retail trade and repair
of motor vehicles and motorcycles (45), Other retail sale in non-specialised stores (4719), Retail sale
of beverages in specialised stores (4725), Retail sale of information and communication equipment
in specialised stores (474), Retail sale of other household equipment in specialised stores (475),
Retail sale of cultural and recreation goods in specialised stores (476), Retail sale of other goods in
specialised stores (477), Air transport (51), Warehousing and support activities for transportation
(52), Accommodation and food service activities (55 and 56), Programming and broadcasting
activities (60), Travel agency, tour operator reservation service and related activities (79), Arts,
entertainment and recreation (90, 92 and 93) and Activities of membership organisations (94).
10. For more information about the MFIs definition of new credit agreement, see:
https://www.ecb.europa.eu/pub/pdf/other/manualonmfiinterestratestatistics_

201701.en.pdf?758381975fe1d761d11d244659fd7ee4

https://www.ecb.europa.eu/pub/pdf/other/manualonmfiinterestratestatistics_201701.en.pdf?758381975fe1d761d11d244659fd7ee4
https://www.ecb.europa.eu/pub/pdf/other/manualonmfiinterestratestatistics_201701.en.pdf?758381975fe1d761d11d244659fd7ee4
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for: each firm’s pre-existing credit relations (Previous credit relation) and state-
guarantees (Previous state guarantee), the intensity of the pandemic shock in the
firm’s sector (Most affected sector), and the firm’s gross value added (GVA) prior
to the onset of the pandemic (Negative GVA). Finally, we also control for the excess
deaths (Excess mortality) in each NUTS II region during the Covid outbreak.

The dependent variables in the two loan-level setups are the annualised agreed
interest rate (AAR) and the loan amount. As explanatory variables, we include
the firm-level variables presented above, two loan-level variables controlling for
loan maturity and for the existence of a guarantee (other than a state-guarantee),
and several bank-level variables controlling for bank size (Bank assets), level of
regulatory capital (Bank own funds ratio), quality of the loan portfolio (NPL ratio),
profitability (ROA) and the share of interbank funding (Interbank funding / Assets).

All firm- and bank-level variables refer to the end of 2019. Since the outbreak of
the COVID-19 pandemic in Portugal and in the rest of Europe was in March 2020,
we believe they present an accurate picture of the financial situation of Portuguese
firms and banks at the time of the onset of the crisis.

3.3. Defining zombie firms

The topic of zombie lending is not new to the literature and has considerably
gained momentum during the Covid-19 crisis. However, there is currently still no
consensus on how to define a zombie firm. The probably best-known approach has
been championed by McGowan et al. (2018) and is based on two criteria. First, a
company is defined as a zombie if it cannot cover its interest payments with its
profits for three consecutive years, i.e., it exhibits an interest coverage ratio (ICR)
below one. In addition to that, a potential zombie firm has to be at least ten years
old. This takes into account that young firms are often not yet financially stable
and can therefore too easily fall into the zombie classification.

Other studies have used different zombie definitions. Banerjee and Hofmann
(2018) use the ICR and age setup as a wider definition for (listed) zombie firms.
They then add the requirement that zombies should have a comparatively low
expected future growth potential and therefore a Tobin’s q below the median within
their sector in any given year. The disadvantage of this more narrow measure is
that it can only be computed for listed companies, which are on average less likely
to be zombie firms. In their 2020 paper, Banerjee and Hofmann (2020) define
zombie firms as those with an ICR below one for two consecutive years and a
Tobin’s q below the median within its respective sector. However, they also impose
an additional criterion for firms to leave the zombie status: they either have to
have an ICR equal to or above one for two consecutive years, or a Tobin’s q
above the median for two consecutive years, thereby making the zombie definition
more symmetrical concerning the entry into and exit out of the zombie status.
Bonfim et al. (forthcoming) classify a firm as a zombie if it has had negative
equity in the previous year. The idea behind this is that these firms are technically
insolvent. Other papers (see, e.g., Caballero et al. 2008) identify zombie firms
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as those receiving subsidised credit, or they combine the ICR criterion with the
subsidised credit one (Acharya et al. 2020 and Acharya et al. 2019). Storz et al.
(2017) classify a firm as a zombie if it exhibits (i) a ROA < 0, (ii) net investment
< 0, and (iii) debt-servicing capacity < 5% for two consecutive years.

All of these zombie definitions are binary, meaning that a firm is either classified
as a zombie or a non-zombie. However, some firms might well be close to the
respective cut-off values for the zombie definition but will be classified as non-
zombies nonetheless.

Mingarelli et al. (forthcoming) address this issue by taking the definitions of
McGowan et al. (2018), Banerjee and Hofmann (2020), Storz et al. (2017), Acharya
et al. (2020), and Caballero et al. (2008) and transforming them into fuzzy ones.
The resulting zombie indicators are bounded between 0 and 1 but continuous within
this interval.

Figure 4 illustrates the transition from the crisp to the fuzzy zombie definition.
The technical details as well as information on the data-cleaning procedure can
be found in the Appendix. In this paper, we will be using the fuzzy version of the
original (binary) zombie definition by Storz et al. (2017).

We use firm-level data to estimate the “level of zombieness” of all Portuguese
firms with available information. Data was obtained from the Central Balance-Sheet
Database of Banco de Portugal, which contains detailed annual balance-sheet and
income-statement data of virtually all firms in Portugal.

3.4. Descriptive statistics

Table 2 presents summary statistics for our different estimation datasets.

3.4.1. State-guarantee sample. About 20% of eligible firms in Portugal obtained
a state-guaranteed loan during the pandemic, suggesting a relatively low level of
participation of firms in this programme, and 12% had already benefitted from
a state guarantee at least once between January 2019 and March 2020. Around
one-quarter of eligible firms were active in one of the sectors most affected by
the pandemic and roughly half had a banking relationship before the beginning of
the pandemic (in line with what is observed for the universe of Portuguese firms,
where about half of the firms have no bank credit). Most firms in our sample of
eligible companies are relatively small (the median of firms’ assets is slightly below
€180,000), have a comfortable liquidity position (the median of the cash-to-assets
ratio is around 13%), a low leverage ratio (the median of liabilities over assets is
about 53%) and a low probability of default (half of the firms in the sample had a
probability of default over a one-year horizon below 1.4%). The level of zombieness
is relatively low, and about 10% of the firms recorded a negative gross value added
in 2019.

Table 3 compares the descriptive statistics of our sample of firms eligible
for the state guarantee with those of non-eligible firms. About 133,000 firms,
which corresponds to around 27% of the Portuguese firms, were non-eligible for a
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state guarantee. The share of firms operating in the sectors most affected by the
pandemic is higher for the non-eligible firms (32.6% versus 23.1%), which suggests
that a non-negligible part of the firms operating in those sectors were excluded
from the guaranteed credit lines. The share of firms with a credit relation or a
state guarantee before the beginning of the pandemic was significantly lower for
the non-eligible firms (40.8% and 3.9%, versus 51.5% and 12.3%, respectively).
Looking at the median, we can observe that eligible firms are significantly larger
(€180,000 versus €33,000), have more liquidity (13% versus 6.1%), are more
profitable (8.2% versus -3.6%) and markedly less leveraged (53% versus 161%)
than non-eligible firms. Moreover, eligible firms are much less likely to enter into
default and record a lower level of zombieness (1.4% and 0 versus 7.1% and 0.85,
respectively). Finally, the share of firms with a negative GVA is almost three times
higher for the non-eligible firms (30.9% versus 10.4%). These results corroborate
the increased financial fragility of firms not eligible for the state guarantees.

3.4.2. Moratorium sample. The uptake of the moratorium outperformed the one
of the state-guarantee scheme, as about 35% of eligible firms made use of it (Table
2). As with the state-guarantee scheme, around one quarter of eligible firms were
in one of the sectors most affected by the pandemic. The share of firms in our
moratorium sample that benefitted from a state guarantee before the pandemic
was 24%. Firm size, leverage, probability of default and level of zombieness is
larger in the moratorium sample, when compared with the state-guarantee sample,
whereas the share of liquid assets and the share of firms with a negative GVA is
somewhat lower. Overall, the descriptive statistics show an increased riskiness of
the moratorium sample.

3.4.3. Zombie firms in Portugal. Figure 5 shows the development in the level of
zombieness as well as the share of zombie firms according to the McGowan et al.
(2018) and Storz et al. (2017) definitions. Results for these definitions indicate a
decline in the share of Portuguese zombie firms over time. Using the McGowan
et al. (2018) definition, the share of zombie firms in Portugal in 2019 stood at
6.9%, a decline by 4 p.p. from its peak in 2014. Looking at the binary zombie
definition by Storz et al. (2017), results indicate a zombie share of only 4.8% in
2019 (down from 10.4% in 2012). However, by making this definition fuzzy, results
get much richer. Figure 5 also plots the share of firms with a zombie score of 0.5 or
higher. In 2019, 28.0% of Portuguese firms fell into this range. Breaking this further
down shows that 14.1% of Portuguese firms were in the range between 0.9<Z<1 in
2019, i.e., they were relatively close to being full zombies (Z=1). Most firms in this
range fail to be classified as full zombies according to the binary zombie definition
only because they recorded zero net investment. 9.2% of the firms had a zombie
score between 0.5 and 0.9 in 2019. As was the case for the binary definition, the
share of zombies using the fuzzy definition has declined steadily since its peak in
2013, where it stood at 36.1%. This decline is also observed when looking at the
employment- and asset-weighted shares of full zombie firms, obtained by weighting
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the full zombies by their respective shares of employment and assets within the
overall population of firms. The share of employment-weighted zombie firms stood
at 8.8% in 2013 and declined to 3.1% in 2019, whereas the share of asset-weighted
zombies declined from 7.7% in 2013 to 2.9% in 2019. Comparing these weighted
shares with the unweighted ones indicates that Portuguese zombie firms are smaller
than the average firm, accounting for less employment and total assets.

3.4.4. Zombie firms and their uptake of the Portuguese state-support measures.
Between March 2020 and June 2021, 54.8% of the amount of the new loans with
state guarantees went to non-zombie firms (firms’ level of zombieness was assessed
based on the data available up to 2019, i.e., before the pandemic), whereas this
share was 52.9% for new loans without state guarantees (Figure 6). Only 0.9% of
the amount of new loans with a state guarantee was granted to full zombie firms.
The proportion was almost identical for new loans without a state guarantee, about
0.8%. 38.4% of new loans with a state guarantee were obtained by firms with scores
below 1 and higher than or equal to 0.5. About half of this amount went to firms
with a zombie score of 0.8 or higher but below 1. The fact that loans with state
guarantees predominantly went to non-zombie firms or firms with low zombie scores
reflects the strict access conditions for these types of loans.

As detailed in section 2.2, access requirements were softer for the moratorium
than those for state-guaranteed loans. Nevertheless, only 4.0% of the amount of
the loans under the moratorium belongs to full zombie firms. The respective share is
53.1% for firms with zombie scores above (or equal to) 0.5 and below 1 (Figure 7).
This indicates that the share of loans under the moratorium that belongs to lower-
quality firms is larger than that of higher-quality firms. However, it is noteworthy
that also a large share of loans under the moratorium belongs to non-zombie firms
(37.3%).

4. Results

In this section we analyse the impact of firm, bank and loan characteristics on
the uptake of state-guaranteed loans and the moratorium during the pandemic.
The starting point of our analysis is the regression setup used by Core and
De Marco (2021), who look at state-support measures in Italy during the Covid-19
pandemic. First, based on firm-level data, we estimate the factors influencing the
likelihood of firms getting a guaranteed loan. Second, using loan-level data, we
analyse the variables influencing the interest rates and loan amounts of new loans
granted during the pandemic. Third, we return to the firm-level data to analyse
the factors influencing the moratorium uptake, comparing the risk profile of firms
that benefitted from the moratorium with those that benefitted from the state
guarantees. All variables presented in the regression tables have been normalised
to have a mean of 0 and a standard deviation of 1. Thus, all the coefficients can be
compared and read as the effect of a one standard deviation increase. Estimations
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are done using Stata’s reghdfe (Correia 2017), which allows for multi-way fixed
effects and clustering.

4.1. State guarantees during the pandemic - firm-level evidence

In this section, we analyse the impact of firm, region and sector characteristics on
the uptake of new state guarantees during the pandemic by estimating the following
linear probability model:

State Guaranteef,r,s = β0 + β1Most-affected sectors + β2Excess mortalityr
+ β3Xf + FE + εf,r,s

(1)

where State Guaranteef,r,s is a dummy variable that is equal to one if firm
f, whose headquarters are located in region r and that operates in sector s has
been granted a loan with a state guarantee, and zero otherwise. The control group
consists of firms that were eligible but did not receive any state-guaranteed loan
between April 2020 and June 2021. Most-affected sectors is a dummy variable
that takes on the value of one for firms in those sectors that recorded a decrease
in turnover of more than 40% in the second quarter of 2020, compared to the
expectable situation in a scenario without the pandemic, and zero otherwise.
Excess mortalityr is the ratio of the number of human deaths recorded between
March 2020 − April 2021 and March 2019 − April 2020 in each region, and vector
Xf contains a set of firm-specific controls, as detailed in section 3.2. All firm-
level variables refer to the end of 2019. Additionally, we also include three dummy
variables that are equal to one if a firm recorded a negative GVA in 2019, accessed
a state-guaranteed loan in 2019 or at the beginning of 2020 (before the pandemic)
or had a credit relation prior to the onset of the pandemic, respectively, and zero
otherwise. Finally, specification 1 also contains region, sector or region-sector fixed
effects, thus controlling for unobserved heterogeneity. Standard errors are clustered
at the sector level.

The results for the guaranteed-loans uptake are presented in Table 4. The
estimates presented in column (1), using only region fixed effects, indicate that
operating in one of the sectors that were most affected by the pandemic increases
firms’ probability of accessing a state-guaranteed loan by 12.9 percentage points,
i.e., there is a 65% higher probability compared with the mean take-up rate of 20%.
The coefficient of this variable is large in comparison with the other explanatory
variables. This is in line with expectations, since most of the state-guaranteed credit
lines were specifically targeted at those sectors.

Interestingly, the estimates in column (2) suggest that firms located in
regions with a higher excess mortality have a lower probability of accessing a
state-guaranteed loan. However, since we are not controlling for other region
characteristic in this regression setup, this coefficient may be capturing other
unobserved regional effects.
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The most important factors influencing the likelihood of firms getting a state
guarantee, in all specifications, is having already had a credit relation or a state-
guaranteed loan in the past. Column 4, our most saturated specification in terms
of fixed effects, indicates that if a firm had any state-guaranteed loan before the
beginning of the pandemic (between January 2019 and March 2020), it was 19
percentage points more likely to receive a state-guaranteed loan, compared to a
firm without a previous state-guaranteed loan. In the same vein, firms with a credit
relation prior to the onset of the pandemic were 17.6 percentage points more
likely to receive a state-guaranteed loan vis-à-vis firms without a credit relation.
These effects are large and also intuitive, as firms that were already in the credit
market and firms that had successfully gone through the application process for a
guarantee before would be expected to find it easier to apply for a new loan with
a state guarantee during the pandemic.

Looking at the other firm-level variables, the size of the firm has also played
an important role in getting a state-guaranteed loan. The respective coefficient
enters with a positive sign and is highly statistically significant, indicating that
larger firms (that fulfilled the eligibility criteria) were more likely to receive a state-
guaranteed loan than smaller firms. Firms with larger cash holdings were less likely
to receive a loan with a state guarantee, while more leveraged firms were more
likely to have participated in this programme. These results are also in line with
economic intuition. On the one hand, firms with more cash at hand are less likely
to need further financing. In fact, when we look at the deciles of the cash-to-
assets distribution (Table 5), we observe it is not monotonic, i.e., the negative
relation between cash-to-assets and state guarantees is only visible for firms with
a high level of liquidity (cash-to-assets ratio above the 7th decile). The level of
capitalisation and liquidity of Portuguese SMEs has increased significantly since
the European sovereign debt crisis, mostly through retained earnings. This trend
has continued during the pandemic, thus possibly reducing the need for external
funding. On the other hand, most indebted firms are more likely to be liquidity
constrained due to the frequent need to refinance and pay back their debt. Indeed,
the relation between leverage and the take-up of state guarantees seems to be
monotonic, i.e., an increase in the decile of leverage is associated with a higher
probability of accessing a state-guaranteed loan. This holds true up until the 8th
decile, after which the effect levels out.

Lastly - and most importantly in the context of our analysis - we look at the
creditworthiness of the firms receiving state-guaranteed loans using two different
indicators: a firm’s probability of default and the fuzzy zombie indicator. Table 4
shows that both credit-risk-related coefficients are negative and highly statistically
significant, indicating that higher-risk firms, i.e., firms with a higher probability of
default and firms with a higher level of zombieness, were less likely to receive a
state-guaranteed loan. It should be noted that although both variables are used as
proxies for the creditworthiness of a firm, the probability of default and the level of
zombieness of a firm are not quite the same. In fact, both variables are only very
weakly correlated in our sample.
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In the literature, zombie firms are often used as a synonym for unproductive
firms. Therefore, as a robustness check, we also employ a dummy variable which
takes on a value of one if a firm has a negative GVA and zero otherwise, as an
indicator of each firm’s level of productivity (column 5). This last indicator turns
out to be negative and strongly statistically significant, reinforcing the idea that
unproductive firms were less likely to receive a loan with a state guarantee.

Since the Portuguese economy is largely dominated by micro firms, one could
wonder whether this group dominates the overall results. Therefore, Table 6 splits
the sample into different firm-size classes. While the size of the coefficients in the
overall sample are indeed most aligned with the ones in the sample of micro firms,
qualitative results do not differ much across the different firm-size classes.

Overall, our results suggest that the Portuguese public-guarantee scheme during
the Covid-19 pandemic supported mostly firms operating in the sectors most
severely hit by the pandemic and firms that have benefitted from bank lending and
from state-guaranteed loans prior to the onset of the pandemic. The Portuguese
public guarantee scheme also seems to have supported mostly lower-credit-risk
firms, i.e., those with a lower probability of default and lower level of zombieness.
This evidence contrasts with the results obtained by Core and De Marco (2021)
for Italy, where the riskier firms were more likely to participate in the Italian public
guarantee scheme. This difference is probably explained by the stricter access
requirements to the Portuguese public-guarantee scheme compared to the Italian
one.

4.2. State guarantees during the pandemic - loan-level evidence

In this section, we look at the firm- and bank-level variables influencing the interest
rate and loan amount of new loans granted during the pandemic. Using loan-level
data, we estimate the following regression:

Yi,f,r,s,b = β0 + β1Xf + β2δb + FE + εi,f,r,s,b (2)
where Yi,f,r,s,b is either the interest rate or the amount of loan i granted to

firm f , whose headquarter is located in region r and operates in sector s, by bank
b. Xf is a vector of firm characteristics and δb is a vector of bank characteristics
such as size (proxied by bank assets), level of regulatory capital, quality of the loan
portfolio, profitability and share of interbank funding. All bank-level variables refer
to the end of 2019. In this specification, we include sector, bank or region-sector
fixed effects. We present estimates for both, new loans with and without a state
guarantee. Standard errors are clustered at the sector level.

4.2.1. Loan-level evidence for the use of state guarantees during the pandemic -
interest rate. The spreads on guaranteed loans were capped at 1%, 1.25% and
1.5% for loans with a maturity below 1 year, between 1 and 3 years, and between
3 and 6 years, respectively. However, spreads and interest rates in those maturity
buckets could be lower than that. In fact, Table 2 shows that the average and
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median interest rates were 1.4% and 1.5%, respectively, with a standard deviation
of 51 basis points, suggesting some cross-sectional variation. During the same
period, non-guaranteed loans, which did not have a cap on the spread, recorded
average and median interest rates of 3.6% and 2.5%, respectively. The standard
deviation for those loans was substantial at 370 basis points.

Even though the state guarantees cover on average 80% of the respective
loans, it is not clear ex-ante how banks will price firm-level risk. The existence
of a state guarantee creates incentives for the reduction of interest rates and
of risk differentiation. However, banks still retain some "skin in the game". This
issue is particularly important for Portugal, since there has been some evidence of
underpricing in long-term bank loans prior to the Covid-19 pandemic, especially
for loans granted to the construction, real-estate, and transportation and storage
sectors (Mateus and Pinheiro 2021).

Panel A of Table 7 shows that the interest rates of state-guaranteed loans
continue to take firms’ creditworthiness into account: firms with a higher PD, a
higher leverage ratio and zombie firms were charged higher interest rates, while
larger firms and firms with more cash at hand paid lower interest rates on their
guaranteed loans. Firm size is the most important firm characteristic influencing
the loan interest rate in all specifications. Looking at column 5, we can see that
a one standard deviation increase in firms’ assets decreases the interest rate by
around 210 bps, 15% lower than the mean.11

Having already had a previous state-guarantee does not seem to influence a
firm’s loan interest rate, despite being one of the most important factors influencing
the likelihood of getting a loan. The loan maturity also does not seem to have
an impact on interest rates of state-guaranteed loans, despite the fact that the
maximum spreads allowed by law vary according to the maturity of the loans.
Firms that were already in the credit market before the onset of the pandemic
seem to pay slightly higher interest rates compared with firms that entered the
credit market during this period. This result might be explained by the competition
between banks for new firms entering the credit market.

Our data shows that the share of state-guaranteed loans with an additional
guarantee (usually a personal guarantee) was surprisingly high (around 37%). The
banks’ request for a personal guarantee could be explained by the greater ease and
speed of execution of this type of guarantees, compared to state guarantees. Results
presented in Table 7 (Panel A) show that those loans with another guarantee on
top of the state-guarantee are the ones charged with the highest interest rates. In
particular, a loan with an additional guarantee, on average, paid 215 bps more,
15% higher than the mean, which seems to suggest an increased level of risk.

Including bank-level variables or bank fixed-effects in the specification reduces
the effect of firm-level controls and improves the overall fit of the regression,
suggesting that bank heterogeneity is also important in explaining differences in

11. Calculated as -0.208/1.432.
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interest rates. The evidence presented in Panel A of Table 7 seems to suggest that
large banks are able to process guaranteed loans at lower interest rates. On the
other hand, a higher NPL ratio, a higher return on assets and a larger share of
interbank funding seem to be associated with a higher interest rate. Banks with
easy access to interbank funding, ceteris paribus, are expected to face lower funding
costs and thus, to charge lower interest rates on guaranteed loans. However, in a
context of abundant market liquidity, the share of interbank funding in the financing
structure of Portuguese banks is very low (the median for the banks in the sample
is 6.6%) and therefore the opposite effect seems to hold.

Firm size was also the most important firm-level variable for the interest-rate
setting of loans without a state-guarantee during the period under analysis (Panel
B of Table 7). The interest rate determinants are broadly aligned in terms of sign
and statistical significance in both panels. However, some interesting differences
can be observed. First, the coefficient for the probability of default is now larger,
which seems to indicate that risk differentiation is higher in this case. This is in line
with expectations, as firms that did not benefit from state-guaranteed loans were
more heterogeneous with respect to their risk profile. Furthermore, as mentioned in
Section 2.1, the spread of guaranteed loans was capped. However, we cannot rule
out completely that the guarantees have led to some form of moral-hazard issues
with respect to the pricing of the guaranteed loans. Second, a longer maturity is
now statistically significant and associated with lower interest rates. Typically, in
Portugal, firm loans with longer maturities have lower annualised interest rates.
A longer maturity is usually associated with investment or debt refinancing or
with high-quality firms, while short-term loans are more associated with short-term
liquidity needs. Banks could be more willing to grant short-term loans, with higher
interest rates, to high-risk firms. Notably, Mateus and Pinheiro (2021) show that
Portuguese banks earn higher returns on short-term loans than on long-term loans.
Third, loans with a guarantee (other than a state guarantee) were charged lower
interest rates, which means that collateral, in this setting, seems to have a signalling
effect: by posting collateral, lower-risk borrowers can obtain lower interest rates.
Finally, bank size does not seem to play a role for interest rates of loans granted
without a state guarantee.

4.2.2. Loan-level evidence for the use of state guarantees during the pandemic
- loan amount. The maximum guaranteed loan size each firm was able to get
was capped at one quarter of its sales in 2019 or twice the annual payroll of the
beneficiary for 2019 (or for the last available year). However, we observe that the
median loan size (and the other moments of the distribution presented in Table
2) of state-guaranteed loans is significantly larger than that of loans without a
state guarantee. The median amount of state-guaranteed loans during the time
span analysed was €50,000, while it was only €15,000 for loans without a state
guarantee. On the other hand, the standard deviation of the state-guaranteed loan
amounts was smaller.
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In the previous subsection, we observed that firm and bank heterogeneity were
both important to explain the interest rate variation of guaranteed loans. In this
subsection, we analyse if the same holds for loan size, testing whether firm or bank
characteristics played the most important role. The results reported in Panel A
of Table 8 show that larger guaranteed loans were obtained by larger firms, firms
with larger cash holdings and more indebted firms. Firm size was by far the most
important driver of the loan size. On the other hand, riskier firms, i.e., firms with a
higher level of zombieness and firms with a higher probability of default, obtained
smaller guaranteed loans during the time span analysed. Results show that also a
longer loan maturity is associated with a larger loan size and that the existence of
an additional guarantee does not seem to influence the loan amount.

Differently from interest rates, firm characteristics explain a lot more of the
variation in loan amounts (R2=0.66 in column 1 of Panel A of Table 8) than bank
characteristics (R2=0.20 in column 2).

Turning to the amount of loans without a state guarantee (Panel B of Table 8),
we can see that risky firms also obtain smaller loan amounts and firm size remains
the most important firm-level explanatory variable, although the magnitude of
the coefficient has decreased significantly. On the other hand, the loan maturity
coefficient increased significantly, becoming the second most important variable
influencing the amount of loans without a state guarantee. Finally, guaranteed
loans (other than a state-guarantee) were associated with larger loan amounts
than non-guaranteed loans.

4.3. The public moratorium

Our results so far reveal that riskier firms were less likely to get a state-
guaranteed loan during the pandemic, paid higher interest rates, and obtained
smaller guaranteed loans. In this section, we turn our analysis to firms accessing
the public moratorium. As the access requirements were softer for the moratorium
than those for state-guaranteed loans, one might expect that riskier firms were more
likely to have benefitted from the moratorium. On the other hand, the easy access
to the moratorium may have encouraged all types of firms (riskier and less risky)
to get some breathing space in terms of loan repayments during the pandemic. If
this last hypothesis holds true, firms’ risk level should not be a driver for the access
to the moratorium.

In order to analyse the impact of firm characteristics on the uptake of the
moratorium during the pandemic, we estimate the following linear probability
model:

Moratoriumf,r,s = β0 + β1Most affected sectors + β2Xf + FE + εf,r,s (3)

where Moratoriumf,r,s is a dummy variable equal to one if firm f in region r
and sector s has an outstanding loan in March 2020 (beginning of the Covid-19
crisis in Portugal) that entered under the moratorium until 31 March 2021, and zero
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otherwise. As a robustness check, we also consider the share of each firm’s bank
loans under the moratorium as dependent variable. The control group consists of
firms whose loans were eligible for the moratorium but which decided not to make
use of it. We include the same firm-level explanatory variables used in the previous
specifications. We do not include bank-level variables in this setup, as access to
the moratorium was not a choice of the banks but firms could simply opt for it if
their loans were eligible.

Results for the moratorium uptake are presented in Table 9. The estimates
presented in column (1) indicate that being in one of the most affected sectors
increases firms’ probability of accessing the moratorium, compared to firms
operating in less affected sectors, by 11 percentage points, i.e., there is a 32%
higher probability compared with the mean take-up rate of 35%. Interestingly, firms
that benefitted from a state-guaranteed loan prior to Covid-19 pandemic were not
only more likely to access the Covid-related state guarantees, as seen earlier, but
they were also more likely to make use of the public moratorium.

Looking at the firm-level variables, we observe that larger firms were more likely
to make use of the public moratorium, while firms with more cash at hand were less
likely to do so. Finally, when we look at the risk of the firms with loans under the
moratorium, we observe a significant difference relative to firms applying for state-
guaranteed loans. Results in Table 9 show that both quality-related coefficients are
now positive, indicating that higher-risk firms, i.e., firms with a higher probability
of default and firms with a higher level of zombieness, were more likely to apply for
the moratorium. These results show that the moratorium has benefitted relatively
riskier firms, in contrast with what was observed for state guarantees. The statistical
significance and magnitude of the coefficients remain by and large unchanged when
we consider the share of each firm’s bank loans under the moratorium as our
dependent variable instead of the simple moratorium dummy variable (Table 10).

5. Conclusion

Credit guarantees and credit moratoria were widely used worldwide to support
businesses affected by the Covid-19 pandemic. While these measures have been
key to stabilising the economy in the short-run, supporting struggling firms in a
context of high levels of uncertainty and a sharp deterioration of economic agents’
confidence, the medium- to long-term impact of these measures remains an open
question. Based on the Portuguese experience, we assess the risk profile of firms
accessing the state guarantees and the moratorium.

Our paper has three main findings.
First, we find that guaranteed loans went mostly to firms operating in the sectors

most severely hit by the pandemic and to firms that had a credit relation and/or
benefitted from a state guarantee before the onset of the Covid-19 pandemic.

Second, the Portuguese public guarantee scheme seems to have mainly
supported lower-credit-risk firms, i.e., those with a lower probability of default and
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a lower level of zombieness. Our results contrast with the results obtained for Italy
by Core and De Marco (2021), where riskier firms were more likely to participate
in the Italian public guarantee scheme. Additionally, in the case of Portugal, riskier
firms paid higher interest rates and obtained smaller guaranteed loans than more
viable firms.

Third, in contrast to the state guarantees, our results show that riskier firms
were more likely to apply for the public moratorium.

Overall, our results suggest that state-guaranteed loans were mostly granted to
firms that had a lower level of risk before the onset of the Covid-19 pandemic. In this
sense, the strict access requirements to the Portuguese public guarantee scheme
seem to have mitigated a significant increase in riskier lending, while supporting
those sectors most affected by the pandemic. On the other hand, our results also
show that riskier firms have benefitted relatively more from the moratorium.

Going forward, the increase in the level of zombiefication of Portuguese firms
will not only depend on their pre-Covid risk level but also on their ability to recover
from this shock now that the pandemic has subsided. Ultimately, an increase in the
level of zombiefication of the Portuguese economy would have an impact on the
banking sector as well, as these firms might default on their loans, thereby leading
to an increase in the level of non-performing loans in the Portuguese banking sector.
More research on that will be needed in the future.
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Figures and Tables

Figure 1: Annual amount of guarantees issued and end-of-year amounts outstanding

Source: Annual income statements of SPGM - Sociedade de Investimento and
Banco Português de Fomento.

Figure 2: Stocks and shares of bank loans to NFCs with a state guarantee

Source: Banco de Portugal’s Central Credit Register.
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Figure 3: Amounts and shares of NFC loans under the public moratorium

Source: Banco de Portugal’s Central Credit Register.

Figure 4: From crisp to fuzzy zombies

Source: Adapted from Mingarelli et al. (forthcoming).
See the Appendix for a full description of the calculation of the zombie indicator.
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Figure 5: Share of zombie and quasi-zombie firms in Portugal | in %

Source: Central Balance-Sheet Database and authors’ calculations.

Figure 6: Share of new loans granted to zombie and quasi-zombie firms

Source: Central Balance-Sheet Database, Central Credit Register and authors’
calculations.
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Figure 7: Share of loans under the moratorium allocated to zombie and quasi-zombie firms

Source: Central Balance-Sheet Database, Central Credit Register and authors’
calculations.
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Table 1. Definition of variables

This table presents the definition of all variables used in this paper.

Variable Definition Source

Firm level data
State-guarantee = 1 if an eligible firm benefitted from a state guarantee between

March 2020 and June 2021; =0 otherwise
Central Credit Regis-
ter (BdP)

Moratorium = 1 if any of a firm’s outstanding loans in March 2020 (beginning
of the Covid-19 crisis) entered the moratorium until 31 March
2021 (the last month loans could enter the moratorium regime);
=0 otherwise

Central Credit Regis-
ter (BdP)

Most affected sector = 1 if a firm operates in one of the sectors that recorded a decrease
in turnover of more than 40% in the second quarter of 2020,
compared to the expectable situation in a scenario without the
pandemic; =0 otherwise

Fast and Exceptional
Enterprise Survey
(Statistics Portugal)

Previous credit rela-
tion

= 1 if a firm had a credit relation prior to the onset of the
pandemic; =0 otherwise

Central Credit Regis-
ter (BdP)

Previous state guar-
antee

= 1 if a firm accessed a state-guaranteed loan in 2019 or at the
beginning of 2020 (before the pandemic); =0 otherwise

Central Credit Regis-
ter (BdP)

Assets total assets of a firm (in millions of euros) Central Balance-
Sheet Database
(BdP)

Cash / Assets ratio of currency and deposits to total assets Central Balance-
Sheet Database
(BdP)

EBITDA / Assets ratio of EBITDA-to-total assets Central Balance-
Sheet Database
(BdP)

Leverage ratio of total liabilities to total assets Central Balance-
Sheet Database
(BdP)

Probability of default a firm’s default probability at a one-year horizon (in percentage) BdP’s in-house credit
assessment system

Zombie fuzzy zombie indicator, calculated as described in the Appendix Central Balance-
Sheet Database and
authors’ calculations

Negative GVA = 1 if a firm recorded a negative gross value added in
2019; =0 otherwise. Gross value added is defined as: Sales +
Operating subsidies + Stock variation + Own work capitalised +
Supplementary income - Third party supplies and services - Costs
of goods sold and materials consumed - indirect taxes.

Central Balance-
Sheet Database
(BdP)

Loan level data
Loan amount loan amount (in euros) Central Credit Regis-

ter (BdP)
Loan interest rate loan annualised agreed rate (in percentage) Central Credit Regis-

ter (BdP)
Loan maturity loan maturity (in years) Central Credit Regis-

ter (BdP)
Guarantee (other
than state)

= 1 if a loan has a guarantee other than a state-guarantee; =0
otherwise

Central Credit Regis-
ter (BdP)

Region level data
Excess mortality ratio of the number of deaths between March 2020 and April 2021

and between March 2019 and April 2020 in each region (NUTS
II level)

Statistics Portugal

Bank-level data
Bank assets total assets of a bank (in millions of euros) FINREP (BdP)
Bank own funds ratio ratio of own funds to risk-weighted assets (in percentage) COREP (BdP)
Bank NPL ratio ratio of total gross non-performing loans to total gross loans (in

percentage)
FINREP (BdP)

Bank ROA ratio of net income to average assets (in percentage) FINREP (BdP)
Interbank funding /
Assets

ratio of interbank funding to total assets (in percentage) FINREP (BdP)
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Table 2. Descriptive statistics

This table presents summary statistics for the different samples used for estimation in this paper.
The upper half of the table presents the state-guarantee sample. It contains data at the firm level,
the loan level as well as regional and bank-level data. Descriptive statistics for the moratorium
sample are presented in the lower half of the table.

State-guarantee sample N Mean Std.Dev. 5th pct. Median 95th pct.

Firm level data
State-guarantee (dummy) 253,251 0.200 0.400 0.000 0.000 1.000
Most affected sector (dummy) 253,251 0.235 0.424 0.000 0.000 1.000
Previous credit relation (dummy) 253,251 0.513 0.500 0.000 1.000 1.000
Previous state guarantee (dummy) 253,251 0.124 0.330 0.000 0.000 1.000
Assets (€ millions) 253,251 1.247 12.500 0.015 0.177 3.715
Cash / Assets 253,251 0.237 0.261 0.001 0.133 0.824
EBITDA / Assets 253,251 0.106 0.765 -0.123 0.082 0.487
Probability of default (%) 253,251 2.554 3.354 0.237 1.386 9.000
Zombie 253,251 0.256 0.399 0.000 0.000 1.000
Negative GVA (dummy) 253,251 0.103 0.304 0.000 0.000 1.000
Loan level data
Loan amount (€) - with state-guarantee 61,560 132,532 307,101 10,000 50,000 500,000
Loan amount (€) - without state-guarantee 231,235 61,386 476,707 1,189 15,000 191,482
Loan interest rate (%) - with state-guarantee 61,558 1.432 0.509 0.671 1.500 2.250
Loan interest rate (%) - without state-guarantee 230,465 3.583 3.714 0.000 2.500 10.471
Loan maturity (years) - with state-guarantee 61,560 5.379 1.111 3.833 6.000 6.000
Loan maturity (years) - without state-guarantee 231,235 1.580 2.559 0.083 0.333 6.000
Guarantee (other than state) - with state-guarantee 61,560 0.368 0.482 0.000 0.000 1.000
Guarantee (other than state) - without state-guarantee 231,235 0.576 0.494 0.000 1.000 1.000
Region level data
Excess mortality 7 1.121 0.066 1.045 1.135 1.222
Bank-level data
Bank assets (€ millions) 34 10,688 22,503 33 787 81,651
Bank own funds ratio (%) 34 31.083 27.663 13.033 19.275 95.808
Bank NPL ratio (%) 34 7.405 10.640 0.134 4.940 25.404
Bank ROA (%) 34 0.131 2.303 -5.804 0.551 2.791
Interbank funding / Assets (%) 34 26.60 35.88 0.00 6.61 95.18

Moratorium sample N Mean Std.Dev. 5th pct. Median 95th pct.

Firm level data
Moratorium (dummy) 138,921 0.349 0.477 0.000 0.000 1.000
Most affected sector (dummy) 138,921 0.263 0.440 0.000 0.000 1.000
Previous state guarantee (dummy) 138,921 0.238 0.426 0.000 0.000 1.000
Assets (€ millions) 138,921 2.321 71.178 0.023 0.245 5.142
Cash / Assets 138,921 0.159 0.191 0.002 0.085 0.580
EBITDA / Assets 138,921 -0.038 9.603 -0.222 0.080 0.380
Probability of default (%) 138,921 3.085 4.183 0.181 1.641 10.875
Zombie 138,921 0.290 0.406 0.000 0.000 1.000
Negative GVA (dummy) 138,921 0.066 0.247 0.000 0.000 1.000



30

Table 3. Descriptive statistics: eligible vs. non-eligible firms for state-guarantees

This table presents summary statistics of firm-level explanatory variables for eligible and non-
eligible firms with respect to access to the state guarantees.

Mean 5th pct. Median 95th pct.
Eligible Non-eligible Eligible Non-eligible Eligible Non-eligible Eligible Non-eligible

Most affected sector (dummy) 0.231 0.326 0.000 0.000 0.000 0.000 1.000 1.000
Previous credit relation (dummy) 0.515 0.408 0.000 0.000 1.000 0.000 1.000 1.000
Previous state guarantee (dummy) 0.123 0.039 0.000 0.000 0.000 0.000 1.000 0.000
Assets (€ millions) 1.249 2.048 0.015 0.001 0.177 0.033 3.714 1.385
Cash / Assets 0.237 0.190 0.001 0.000 0.133 0.061 0.824 0.892
EBITDA / Assets 0.106 -10.685 -0.123 -5.348 0.082 -0.036 0.487 0.340
Leverage 0.513 268.010 0.037 0.564 0.527 1.611 0.955 27.339
Probability of default (%) 2.555 9.734 0.237 1.020 1.386 7.094 9.001 27.599
Zombie 0.256 0.537 0.000 0.000 0.000 0.846 1.000 1.000
Negative GVA (dummy) 0.104 0.309 0.000 0.000 0.000 0.000 1.000 1.000
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Table 4. State-guaranteed loans (firm-level data)

This regression table presents estimation results obtained by using a Linear Probability Model.
The dependent variable is a dummy that is equal to one for eligible firms that received a
government-guaranteed loan during the Covid-19 pandemic, and zero for eligible firms that did
not. Variables have been normalised to have a mean of zero and a standard deviation of one.
Standard errors are clustered at the sector level. *, ** and *** denote significance at the 10%,
5% and 1% level, respectively.

Dependent variable State-guarantee dummy
(1) (2) (3) (4) (5)

Most affected sector 0.129***
Previous credit relation 0.198*** 0.174*** 0.177*** 0.176*** 0.172***
Previous state guarantee 0.206*** 0.189*** 0.192*** 0.190*** 0.189***
Assets 0.070*** 0.103*** 0.098*** 0.098*** 0.094***
Cash/assets -0.033*** -0.048*** -0.048*** -0.047*** -0.046***
EBITDA/assets 0.006 0.004 0.005 0.005 0.002
Leverage 0.109*** 0.109*** 0.109*** 0.107*** 0.099***
Probability of default -0.040*** -0.047*** -0.047*** -0.047*** -0.040***
Zombie -0.036*** -0.027*** -0.027*** -0.026***
Excess mortality -0.053***
Negative GVA -0.054***

Fixed effects

Region YES NO YES NO NO
Sector NO YES YES NO NO
Region-Sector NO NO NO YES YES
Number of observation 252,887 252,887 252,887 252,887 252,887
Adjusted R2 0.202 0.228 0.239 0.248 0.250
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Table 5. State-guaranteed loans (firm-level data) - deciles

This regression table presents estimation results obtained by using a Linear Probability Model.
The dependent variable is a dummy that is equal to one for eligible firms that received a
government-guaranteed loan during the Covid-19 pandemic, and zero for eligible firms that
did not. Variables have been normalised to have a mean of zero and a standard deviation of
one. The first column of this table corresponds to the fourth column of Table 4, our baseline
specification. Standard errors are clustered at the sector level. *, ** and *** denote significance
at the 10%, 5% and 1% level, respectively.

Dependent variable State-guarantee dummy
(1) (2) (3)

Previous credit relation 0.176*** 0.174*** 0.174***
Previous state guarantee 0.190*** 0.188*** 0.188***
Assets 0.098*** 0.099*** 0.098***
Cash/assets -0.047*** -0.045***
Cash/assets - 2nd decile 0.037***
Cash/assets - 3rd decile 0.041***
Cash/assets - 4th decile 0.036***
Cash/assets - 5th decile 0.025***
Cash/assets - 6th decile 0.016***
Cash/assets - 7th decile 0.004
Cash/assets - 8th decile -0.002
Cash/assets - 9th decile -0.012**
Cash/assets - 10th decile -0.010***
EBITDA/assets 0.005 0.005 -0.003*
Leverage 0.107*** 0.105***
Leverage - 2nd decile 0.008**
Leverage - 3rd decile 0.020***
Leverage - 4th decile 0.034***
Leverage - 5th decile 0.046***
Leverage - 6th decile 0.064***
Leverage - 7th decile 0.078***
Leverage - 8th decile 0.086***
Leverage - 9th decile 0.082***
Leverage - 10th decile 0.085***
Probability of default -0.047*** -0.044*** -0.045***
Zombie -0.026*** -0.026*** -0.028***

Fixed effects

Region NO NO NO
Sector NO NO NO
Region-Sector YES YES YES
Number of observation 252,887 252,887 252,887
Adjusted R2 0.248 0.250 0.247
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Table 6. State-guaranteed loans (firm-level data) - firm size classes

This regression table presents estimation results obtained by using a Linear Probability Model.
The dependent variable is a dummy that is equal to one for eligible firms that received a
government-guaranteed loan during the Covid-19 pandemic, and zero for eligible firms that did
not. Size categories are defined according to the Commission Recommendation 2003/361/EC
of 6 May 2003. Micro firms: number of employees < 10, turnover and/or annual balance-sheet
total≤ 2 million euros. Small firms: number of employees< 50, turnover and/or annual balance-
sheet total not ≤ 10 million euros. Medium-sized firms: number of employees < 250, turnover
≤ 50 million euros and/or annual balance-sheet total ≤ 43 million euros. Large corporations:
remaining cases. Variables have been normalised to have a mean of zero and a standard deviation
of one. The first column of this table corresponds to the fourth column of Table 4, our baseline
specification. Standard errors are clustered at the sector level. *, ** and *** denote significance
at the 10%, 5% and 1% level, respectively.

Dependent variable State-guarantee dummy
All firms Micro Small Medium Large

Previous credit relation 0.176*** 0.187*** 0.139*** 0.121*** 0.086***
Previous state guarantee 0.190*** 0.157*** 0.194*** 0.256*** 0.054
Assets 0.098*** 0.042*** 0.056*** -0.003 -0.073***
Cash/assets -0.047*** -0.046*** -0.091*** -0.075*** -0.019***
EBITDA/assets 0.005 0.006 0.010* -0.026 -0.005***
Leverage 0.107*** 0.100*** 0.134*** 0.066*** 0.034***
Probability of default -0.047*** -0.032*** -0.034*** -0.038* -0.031***
Zombie -0.026*** -0.039*** 0.010 0.022 -0.010**

Fixed effects

Region NO NO NO NO NO
Sector NO NO NO NO NO
Region-Sector YES YES YES YES YES
Number of observation 252,887 211,701 32,519 4,607 436
Adjusted R2 0.248 0.188 0.242 0.335 0.88
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Table 7. State-guaranteed loans (loan-level data) - Interest rate

This regression table presents estimation results obtained by using a Linear Probability Model.
The dependent variable in Panel A is the interest rate of loans with a state guarantee. Panel B
presents the results for loans without a state guarantee. Variables have been normalised to have
a mean of zero and a standard deviation of one. Standard errors are clustered at the sector level.
*, ** and *** denote significance at the 10%, 5% and 1% level, respectively.

Panel A

Dependent variable Interest rate (AAR) of loans with a state guarantee
(1) (2) (3) (4) (5) (6)

Previous credit relation 0.060*** 0.015** 0.050*** 0.046*** 0.042*** 0.042***
Previous state guarantee -0.014 -0.053*** -0.004 -0.012* 0.005 0.006
Assets -0.244*** -0.216*** -0.214*** -0.208*** -0.205***
Cash/assets -0.063*** -0.055*** -0.035*** -0.034*** -0.037***
EBITDA/assets 0.020 0.010 0.020*** 0.019*** 0.017***
Leverage 0.018 0.006 0.015** 0.013* 0.013*
Probability of default 0.049 0.044* 0.055*** 0.053*** 0.057***
Zombie 0.025** 0.026*** 0.024*** 0.021***
Loan maturity (years) -0.013 0.026 0.008 0.011 0.008 0.008
Guarantee (other than state) 0.261*** 0.204*** 0.202*** 0.203*** 0.215*** 0.215***
Bank assets -0.170*** -0.157*** -0.146***
Bank own funds ratio -0.020 -0.005 0.006
Bank NPL ratio 0.230*** 0.223*** 0.258***
Bank ROA 0.356*** 0.323*** 0.354***
Interbank funding / Assets 0.279*** 0.280*** 0.309***
Negative GVA -0.005

Fixed effects

Region YES YES YES NO NO NO
Region-Sector NO NO NO YES YES YES
Bank NO NO NO NO YES YES
Number of observation 61,569 61,569 61,569 61,569 61,569 61,569
Adjusted R2 0.128 0.190 0.230 0.279 0.302 0.301

Panel B

Dependent variable Interest rate (AAR) of loans without a state guarantee
(7) (8) (9) (10) (11) (12)

Previous credit relation 0.047*** -0.019* 0.043*** 0.041*** 0.039*** 0.038***
Previous state guarantee -0.006 -0.035* 0.008 0.009 0.004 0.005
Assets -0.347*** -0.350*** -0.306*** -0.294*** -0.291***
Cash/assets -0.044*** -0.041*** -0.043*** -0.040*** -0.041***
EBITDA/assets 0.016 0.006 0.016* 0.019* 0.016*
Leverage 0.014 0.001 0.011 0.015 0.015
Probability of default 0.111*** 0.100*** 0.094*** 0.090*** 0.092***
Zombie 0.024 0.016 0.010 0.013
Loan maturity (years) -0.212*** -0.189*** -0.205*** -0.205*** -0.213*** -0.214***
Guarantee (other than state) -0.045** -0.003 -0.075*** -0.084*** -0.093*** -0.093***
Bank assets 0.026 0.010 0.018
Bank own funds ratio -0.004 0.017 0.001
Bank NPL ratio 0.326*** 0.279*** 0.266***
Bank ROA 0.252*** 0.187*** 0.179***
Interbank funding / Assets 0.055 0.095*** 0.106***
Negative GVA -0.007

Fixed effects

Region YES YES YES NO NO NO
Sector NO NO NO NO NO NO
Region-Sector NO NO NO YES YES YES
Bank NO NO NO NO YES YES
Number of observation 230,544 230,544 230,544 230,544 230,544 230,544
Adjusted R2 0.167 0.091 0.200 0.305 0.332 0.332
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Table 8. State-guaranteed loans (loan-level data) - Loan amount

This regression table presents estimation results obtained by using a Linear Probability Model.
The dependent variable in Panel A is the loan amount of loans with a state guarantee. Panel
B presents the results for loans without a state guarantee. Variables have been normalised to
have a mean of zero and a standard deviation of one. Standard errors are clustered at the sector
level. *, ** and *** denote significance at the 10%, 5% and 1% level, respectively.

Panel A

Dependent variable Loan amount of the loans with a state guarantee
(1) (2) (3) (4) (5) (6)

Previous credit relation -0.024*** 0.139*** -0.023*** -0.028*** -0.029*** -0.029***
Previous state guarantee -0.011 0.178*** -0.007 -0.003 0.001 -0.002
Assets 0.777*** 0.769*** 0.760*** 0.760*** 0.754***
Cash/assets 0.063*** 0.061*** 0.044*** 0.044*** 0.049***
EBITDA/assets 0.025** 0.026** 0.025** 0.026** 0.027***
Leverage 0.073*** 0.074*** 0.073*** 0.073*** 0.072***
Probability of default -0.078*** -0.078*** -0.071*** -0.072*** -0.076***
Zombie -0.037*** -0.038*** -0.037*** -0.038***
Loan maturity (years) 0.142*** 0.073*** 0.137*** 0.118*** 0.119*** 0.119***
Guarantee (other than state) -0.004 -0.006 -0.002 0.004 0.010* 0.010
Bank assets 0.082*** 0.032*** 0.036***
Bank own funds ratio 0.063*** 0.012* 0.008*
Bank NPL ratio 0.002 -0.000 -0.002
Bank ROA -0.146*** -0.052** -0.039***
Interbank funding / Assets -0.015* -0.026* -0.018*
Negative GVA -0.010*

Fixed effects

Region YES YES YES NO NO NO
Sector NO NO NO NO NO NO
Region-Sector NO NO NO YES YES YES
Bank NO NO NO NO YES YES
Number of observation 61,571 61,571 61,571 61,571 61,571 61,571
Adjusted R2 0.657 0.196 0.66 0.699 0.7 0.699

Panel B

Dependent variable Loan amount of the loans without a state guarantee
(7) (8) (9) (10) (11) (12)

Previous credit relation -0.054*** 0.021* -0.054*** -0.036*** -0.036*** -0.035***
Previous state guarantee -0.018 0.021 -0.024 -0.038** -0.028* -0.028*
Assets 0.349*** 0.353*** 0.414*** 0.406*** 0.401***
Cash/assets -0.008 -0.007 0.016* 0.016** 0.019**
EBITDA/assets 0.066*** 0.070*** 0.036*** 0.035*** 0.043***
Leverage 0.106*** 0.110*** 0.051*** 0.050*** 0.053***
Probability of default -0.060*** -0.057*** -0.042*** -0.045*** -0.052***
Zombie -0.037 -0.039* -0.027** -0.030***
Loan maturity (years) 0.330*** 0.307*** 0.333*** 0.295*** 0.306*** 0.306***
Guarantee (other than state) 0.311*** 0.260*** 0.316*** 0.235*** 0.243*** 0.242***
Bank assets -0.033 -0.013 0.011
Bank own funds ratio 0.085*** 0.064*** 0.050***
Bank NPL ratio -0.073** -0.038* 0.005
Bank ROA -0.107*** -0.054* -0.006
Interbank funding / Assets -0.030 -0.075*** -0.032
Negative GVA 0.028***

Fixed effects

Region YES YES YES NO NO NO
Sector NO NO NO NO NO NO
Region-Sector NO NO NO YES YES YES
Bank NO NO NO NO YES YES
Number of observation 231,279 231,279 231,279 231,279 231,279 231,279
Adjusted R2 0.33 0.23 0.34 0.51 0.52 0.52
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Table 9. Moratorium (firm-level data) - dummy

This regression table presents estimation results obtained by using a Linear Probability Model.
The dependent variable is a dummy that is equal to one for eligible firms that went under the
moratorium during the Covid-19 pandemic, and zero for eligible firms that did not. Variables
have been normalised to have a mean of zero and a standard deviation of one. Standard errors
are clustered at the sector level. *, ** and *** denote significance at the 10%, 5% and 1% level,
respectively.

Dependent variable Moratorium dummy
(1) (2) (3) (4)

Most affected sector 0.106***
Previous state guarantee 0.188*** 0.186*** 0.186*** 0.186***
Assets 0.067*** 0.104*** 0.106*** 0.108***
Cash/assets -0.111*** -0.112*** -0.111*** -0.116***
EBITDA/assets 0.005** 0.005** 0.006*** 0.005**
Leverage 0.002 0.005** 0.005** 0.005**
Probability of default 0.052*** 0.047*** 0.046*** 0.064***
Zombie 0.032*** 0.036*** 0.036***
Negative GVA -0.027***

Fixed effects

Region YES YES NO NO
Sector NO YES NO NO
Region-Sector NO NO YES YES
Number of observation 138,997 138,997 138,997 138,997
Adjusted R2 0.081 0.141 0.146 0.146
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Table 10. Moratorium (firm-level data) - share

This regression table presents estimation results obtained by using a Linear Probability Model.
The dependent variable is the share of the loan amount of eligible firms that went under the
moratorium during the Covid-19 pandemic. Variables have been normalised to have a mean of
zero and a standard deviation of one. Standard errors are clustered at the sector level. *, ** and
*** denote significance at the 10%, 5% and 1% level, respectively.

Dependent variable Moratorium dummy
(1) (2) (3) (4)

Most affected sector 0.112***
Previous state guarantee 0.138*** 0.141*** 0.142*** 0.142***
Assets 0.025 0.062*** 0.064*** 0.065***
Cash/assets -0.100*** -0.100*** -0.099*** -0.103***
EBITDA/assets 0.006*** 0.006** 0.007*** 0.006***
Leverage 0.001 0.003 0.003 0.004
Probability of default 0.052*** 0.047*** 0.046*** 0.058***
Zombie 0.022** 0.027*** 0.028***
Negative GVA -0.016**

Fixed effects

Region YES YES NO NO
Sector NO YES NO NO
Region-Sector NO NO YES YES
Number of observation 138,997 138,997 138,997 138,997
Adjusted R2 0.057 0.126 0.13 0.13
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Appendix

Calculating the quasi-zombie indicator (based on Mingarelli et al.
(forthcoming))

The fuzzy zombie definition can be formalised as follows. Let V (i)
y be a vector such

that

V (i)
y = (ROA(i)

y ,NIR(i)
y ,DSC(i)

y − 5%),

with
ROA

(i)
y = return on assets of firm i in year y,

NIR
(i)
y = net investment ratio of firm i in year y,

DSC
(i)
y = debt service capacity of firm i in year y.

In the binary setup by Storz et al. (2017), firm i is defined as a zombie if its
ROA < 0, NIR < 0, and DSC < 5% for Y = 2 consecutive years. This can be
written as a simple geometric mean:

Zi,y =

Y−1∏
w=0

∏
xy∈V (i)

y

1xy−w < 0


1

Y |V |

.

For the fuzzy version of the zombie, we define a kernel k(x) as

k(x) = 1x<0 +
x̄− x

x̄
10≤x<x̄,

where x̄ ≡ median(x). The geometric mean thus becomes

Z∗i,y =

Y−1∏
w=0

∏
xy∈V (i)

y

k(xy−w)


1

Y |V |

.

We adapt the Storz et. al. (2017) zombie definition in order to arrive at a
continuous (fuzzy) definition, following the same reasoning of Mingarelli et al.
(forthcoming).

As in Storz et. al. (2017), we exclude certain (structurally different) sectors:
primary sector (NACE 01-09), financial sector (NACE 64-66), public administration
(NACE 84), activities of households (NACE 97-98), extraterritorial organisations
(NACE 99). Firms with negative total assets, negative liabilities or negative stock
of capital12 were also excluded. Contrary to Storz et. al. (2017), we keep listed and
large firms in the sample.

12. Calculated as the book value of each firm’s tangible and intangible assets.
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Inactive firms were also dropped from our sample. A firm is considered inactive
if: a) their assets and liabilities do not change in two consecutive years, b) firms’
EBITDA is equal to zero, and c) the firm is inactive in their last year in the sample.

Finally, we interpolate values for a single missing year in between two years for
which data exists (simple average) for assets, liabilities, EBITDA, stock of capital,
cash holdings, equity and net income.

When one of the indicators that are required to classify a firm as zombie is
missing but one of the other indicators is available and fails the zombie threshold,
we classify the firm as a non-zombie. If a firm is not a zombie in year t-1, we
assume it is also not a zombie in year t (by definition) if it has no data available.

When estimating the fuzzy zombie, the median of each variable (net investment,
ROA and DSC) is being estimated based only on positive values (x≡median(x)+).
This assumption differs from Mingarelli et al. (forthcoming), who also consider the
zeros to estimate the median. Our option is explained by the large number of firms
in Portugal with zero net investment that would make the median of investment
equal to 0 (if the zero was included in the calculation). The zeros were also excluded
from the calculation of the median of other variables in order to be aligned with
the treatment of investment.
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