Empirical Economics
https://doi.org/10.1007/500181-023-02511-w

®

Check for
updates

Legality rating and corporate efficiency: evidence from a
conditional nonparametric frontier analysis

Marco A. De Benedetto' - Michele G. Giuranno? - Camilla Mastromarco3

Diego Ravenda* - Pierluigi Toma?

Received: 5 June 2023 / Accepted: 2 October 2023
© The Author(s) 2023, corrected publication 2023

Abstract

Promoting legality and productivity is a central issue in modern economies. In this
paper, we investigate the implications of a public policy that aims at achieving these
goals through the adoption of the so-called legality rating (LR). The latter reduces cor-
porate risk uncertainty by abating asymmetric information between companies that
use good legal, fiscal and ethical practices and the credit system. We match companies
whose legal and ethical practices have been certified by the Italian government—
through the assignment of the LR—with a sample of unrated firms, and apply recent
advances in nonparametric frontier analysis to assess the economic performance. We
highlight a positive relationship between legality rating and firms’ production effi-
ciency. Our findings also show that legality rating policy is an effective tool to enhance
inter-regional technological catching-up of businesses.
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1 Introduction

The implementation of policies able to enhance legal and ethical activities is a matter
of growing interest in modern societies. Government plays a key role in promot-
ing the development of economic activities, especially when these are restricted by
illegal practices and other forms of unfair competition. In particular, the capacity
of the government to release firms’ official information on legal, fiscal and ethical
status becomes relevant when companies interact with other stakeholders, such as
consumers, investors and public institutions. The disclosure of such information can
abate problems of adverse selection, free-riding and moral hazard (Steurer 2011),
with important consequences in terms of higher markets stability and better economic
environments. This, in turn, can both reduce the impact of criminal activities in the
economy and promote firms’ legal, fiscal and ethical good practices, thus correcting
market imperfections that, in the absence of information, may favour free-riding firms.

Embedded in this line of reasoning, we investigate in our paper whether a trade-off
between legality, i.e. firms’ formal and substantial respect of legal standards, and the
efficiency of firms exists. This research question is fundamental to a better understand-
ing of firms’ strategic behaviour, since they may choose to adopt different degrees of
compliance to either legal or ethical norms for a number of reasons. A first motivation
may be merely that of increasing their profits through, for instance, tax evasion. A
second reason may be driven by competition among firms. When some firms free-ride
on the compliance with legal standards, the other companies face tougher competition
and may either be pushed out of the market or be induced to adopt similar illegal
strategies.

To address whether firms face a trade-off between legality and efficiency, we exploit
apublic policy that has introduced in Italy—starting from 2012—the so-called legality
rating (LR). The aim of the reform is to certify the degree of attention paid by companies
to the sound and responsible management of businesses. The LR is assigned to Italian
firms that fulfil all the requirements established by law, and entails advantages and
preferences in obtaining public funding and facilitation of access to bank credit, in
terms of cost and speed of procedures.

In order to carry out our empirical analysis, we first select the full set of firms
that received a legality score from the Italian government and match them with a
sample of unrated companies with similar characteristics in terms of geographical
area, sector and size; we adopt a propensity matching score approach and link each
LR company to the “nearest neighbours” in terms of firms’ propensity scores. Then,
following recent developments in nonparametric frontier literature (Cazals et al. 2002;
Daraio and Simar 2005; Badin et al. 2012; Mastromarco and Simar 2015), we apply
a robust nonparametric two-step approach to investigate the transmission mechanism
through which both the legality score, rated as a corporate risk indicator, and the
long-term debt, used as a proxy for the firm ability to access credit, may affect firms’
performance. By using a matched sample of 3,636 firms with the LR and 10,258 firms
without the LR over the period 2011-2017, we explore the channels under which the
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legality rating and the long-term debt foster productivity by disentangling the impact
of these external factors on the production process and its components: impact on the
attainable production set (input—output space) and on the distribution of efficiencies.

In particular, after the seminal papers by Aigner et al. (1977) and Meeusen and
van den Broeck (1977), frontier methodology has been widely used in empirical stud-
ies aiming to estimate the economic efficiency of various economic systems (firms,
industries, regions, etc.) and, moreover, to analyse the factors that may affect the
production process, such as production factors (shape of the frontier), technological
factors (shift of the frontier) or efficiency factors (distance from the frontier) (Kumb-
hakar and Lovell 2000; Bédin et al. 2012). There are two different approaches, one
parametric and the other nonparametric, to estimate frontier models. The parametric
approach suffers from misspecification problems when the data-generating process is
unknown, as usual in the applied studies, and nonparametric methods often give the
most reliable results. The reduced number of assumptions needed to specify the data
generating process (DGP) is quite an attractive feature of the nonparametric approach.
Hence, we prefer using a nonparametric approach since it does not require restric-
tive assumptions on the production function form and distributions of efficiency and
stochastic errors.

Our results highlight that firms awarded with the LR exhibit a higher efficiency,
especially in the manufacturing, construction and retail sectors. This is against the
common wisdom that firms which free-ride attain better rewards because they reduce
the costs of compliance with legal standards (Becchetti et al. 2017). Conversely, our
findings support the idea that a positive relation between legality and efficiency exists
for reasons associated with a reduction in financial, legal and tax risks that lead, in
turn, to less negative shocks for sound companies. At the same time, firms with the
LR gain a better reputation in the economic environment that helps them to establish
more trustworthy relationships with both their investors and customers (Branco and
Rodrigues 2006; Alwi et al. 2017; Wanner and Janiesch 2019). Furthermore, com-
panies that guarantee higher standards of corporate social responsibility (CSR) may
offer better working environments that, in turn, attract more skilled and productive
workers.

We also show that the release of certified information through the LR facilitates com-
panies in terms of accessing to the bank credit. Thanks to the larger long-term funding
by the credit system, firms undertake greater productive investments that translate into
a higher level of efficiency. This is also true for healthy but less efficient businesses.
Indeed, the LR allows these companies not only to improve their productivity, but also
to converge towards the same levels as the most efficient companies. These results are
also important at inter-regional level. In fact, considering that less efficient firms are
generally located in less productive areas and that the LR produces a convergence in
terms of productivity between firms that obtain it, the release of the LR also gener-
ates a convergence of productivity at inter-regional level. In addition, the reduction of
information asymmetries, and therefore, of the corporate risk perceived by the credit
system, allows banks to identify the companies on which to convey long-term credit
better. This makes it possible to reduce the territorial variability in the granting of
credit and, therefore, to converge credit transactions also at the inter-regional level.
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In fact, banks that usually calculate an “insolvency rating” concerning financial data
only are offered—through the LR—further guarantees that reduce banking risk (Pizzi
et al. 2020); in this sense, the LR can be seen as a tool for the financial stabilisation
of the economic system. Furthermore, banks that do not grant credit to the companies
with legality rating must account for their denial by sending a report to the central bank
containing the reasons for the rejection. According to the Bank of Italy, there were
3,265 and 4,400 legally rated companies that requested and obtained financing from
the banking system in 2016 and 2017,%, respectively. The legality rating generated
benefits for 34% of them in 2016 and 40% in 2017 in the form of better economic
conditions in the granting of loans, shorter timing and lower costs of preliminary bank
investigation.

The remainder of the paper proceeds as follows: Section 2 presents the Legality
Rating introduced in Italy in 2012; Section 3 describes the methodology and Section
4 the data; Section 5 presents the empirical results; and Section 6 concludes.

2 Legality rating (LR)

In 2012, the Italian government introduced the LR as a new tool for companies, aimed
at promoting and introducing principles of ethical and transparent behaviour in the
business environment.> The LR is a “recognition”, measured in “stars”, indicative
of the respect for the lawfulness of companies and, more generally, of the degree
of attention paid to the sound and responsible management of their businesses. The
assignment of the LR entails advantages and preferences in obtaining public funding
and facilitation of access to bank credit, in terms of cost and speed of procedures.
Indeed, banks that do not grant credit to a company having the LR are required to
motivate the choice with a specific note to the Bank of Italy. Additionally, public
administrations can adopt the LR as a reward criterion in the awarding of public
contracts. Other benefits of the LR may lie in the competitive advantages arising from
the increase in transparency and market visibility and the boost of reputation and
reliability towards the business stakeholders (Caputo and Pizzi 2019).

Companies are granted the LR by the Autorita Garante della Concorrenza e del
Mercato (AGCM), whose members are appointed by the presidents of Senate and
Chamber of Deputies of the Italian Parliament and are independent from the govern-
ment, if some minimum requirements are met, as follows:

e they have achieved a minimum turnover of € 2M during the last fiscal year,
reported in financial statements regularly approved by the corresponding company
body and published according to the law for the single firm or the group it belongs to;

e they have been recorded in the official company register for at least the last
two years;

* they have operational headquarters in Italy.

I www.bancaditalia.it/media/comunicati/documenti/2017-02/cs-2017.11.1 8.pdf.
2 www.bancaditalia.it/media/comunicati/documenti/2018-02/20181221-CS_Ratin g_legalita.pdf.
3 See Law 24 marzo 2012, n. 27 and AGCM resolution November 14, 2012, n. 24075.
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The rating varies in a range between a minimum of one star and a maximum of three
stars, awarded by the Authority based on information held by the public administration
offices. The base score can be increased by a “+” for each additional requirement that
the company respects among the expected ones. The achievement of three “+” involves
the attribution of an additional star, up to a maximum score of three stars. In order to
obtain the minimum score of “one star”’, the company’s owner and other people subject
to the rating (e.g. directors and legal representatives) must not have been convicted of
specific crimes, including tax and Mafia-type association crimes, or are not subject to
related preventive and or precautionary measures.

In addition, in the two years preceding the rating assignment, the company must
not have been convicted of serious antitrust violations or violations of the consumer
code or failure to comply with the rules to protect health and safety of employees
in the workplace or violations of salary, contributory, insurance and tax obligations
towards its employees and collaborators. The fulfilment of these criteria contributes,
among other things, to improve the working environment and, therefore, to attract a
more talented and motivated workforce. This, in turn, has a positive effect on firms’
efficiency. Furthermore, the company must not have been a recipient of measures to
ascertain the non-payment of taxes and fees and must not have been subject to revo-
cation measures for public loans the company was obliged to return. The company
also must not be a recipient of sanctions implying preclusion to the signing of con-
tracts with the public administration or to participation in tendering or awarding of
public contracts for works, services or supplies. Finally, the company must also make
payments and financial transactions of an amount higher than a one-thousand-euro
threshold, exclusively with traceable payment instruments.

In order to grant “two or three stars”, the law requires firms to comply with additional
requirements. Specifically, among them, companies must: adopt processes to guarantee
forms of Corporate Social Responsibility, ethical conduct and prevention and fight
of corruption; be registered in one of the lists of suppliers, service providers and
executors of works not subject to Mafia infiltration attempts; and have effective control
procedures. The legality rating has a duration of two years from the issue and is
renewable upon request. In the event of the loss of one of the basic requirements
necessary to obtain a star, the Authority revokes the rating. If the requirements for
which the company has obtained a higher rating are no longer met, the Antitrust
reduces the number of stars. The Authority keeps the list of companies which the
legality rating has been assigned to, suspended, or revoked (with the relevant starting
date) updated on its website.

3 Methodology

We consider a production technology where the activity of the production units—firms
in our case—is characterised by a set of inputs X € Rf_ used to produce a set of outputs
Y e Ri and a generic vector of environmental variables Z € R?.#

4 In what follows, we do not take into account the panel structure of our dataset because it is heavily
unbalanced, and hence, we do not model the dynamics following the approach of Mastromarco and Simar
(2015). We have an estimate of the time conditional efficiency for a small sample of our dataset and our
findings are confirmed (results not reported and available upon request).
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Following Cazals et al. (2002) and Daraio and Simar (2005), the unconditional
production set, that is the set of technically feasible combinations of (x, y), is defined
as:

U ={(x,y) € RT_’] |x can produce y}

This can be characterised by ¥ = {(x, y)|Hx y(x,y) > 0} where Hxy(x,y) =
Prob(X < x,Y > y). So W is the support of the joint random variable (X, Y).
The unconditional (marginal) output-oriented Farrell-Debreu technical efficiency of
a production plan (x, y) is defined as

A(x, y) = sup{A|(x, Ay) € W} = sup{A|Sy|x (Ay|x) > O} ey

where Sy|x(y|x) = Prob(Y > y|X < x) is the nonstandard conditional survival
function of Y given that X < x.

For conditional efficiency measure, we define the attainable set W C Riﬂ as the
support of the conditional probability:

Hy yjz(x,y|z) = Prob(X <x,Y > y|Z =7)

Accordingly, the conditional output-oriented technical efficiency of a production
plan (x, y) € W?, facing conditions z, is defined in Daraio and Simar (2005) as

A(x, ylz) = sup{A|(x, Ay) € W*} = sup{A|Sy|x,z(Aylx, z) > 0} 2

where Sy|x,z(y|x,z) = Prob(Y > y|X <x,Z =2).

A nonparametric  estimator of the conditional survival function
Sx|v,z(x|y, z) could be obtained by using standard smoothing methods where a band-
width & has to be determined for each component of Z. The choice of appropriate
bandwidth selection is the focus of studies of Badin et al. (2012), Daraio and Simar
(2005), Daraio and Simar (2007). They are determined by the estimation of conditional
distributions Sy|x,z(y|x, z), conditioned on X < x and a particular value of Z = z,
and adapting standard tools from Hall et al. (2004) and Li and Racine (2007).

Nonparametric estimators of the attainable sets can be obtained by plugging non-
parametric estimators of the survivor functions into the definitions above. Only the
variables (z) require smoothing and appropriate bandwidths, since we have

Zj:(,')l(xj <x,y; 2 VKp (zj —2)
Zj:(i) I(xj <x)Kp (zj —2)

SY\X,Z(y|x7 )=

where the function K is a kernel with compact support (for technical details see Badin
etal. 2010).°

5 As our external variables Z are both continuous “z¢=Long-Term Debt” and ordered discrete “z’=Legality
Rating”, i.e. z° = {0, 1, ...7}, we use a standard multivariate product kernel Kj,_(z, zj) = il"(z? —

791° (z? , 2%, h?). For the ordered discrete variable, we employ Li and Racine (2007) discrete kernel function
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Plugging the S’y| x,z(y|x,z) (that is the empirical version of Sy|y z) into (2)
provides the very flexible FDH (Free Disposal Hull) estimator of W and allows to esti-
mate conditional efficiency scores ACx, ¥|z). Optimal bandwidths can be selected by
either least-squares cross-validation (LSCV) or maximum likelihood cross-validation
(MLCYV), both of which are asymptotically equivalent (see, for example, Li and Racine
2007). In this paper, we use LSCV to find optimal values for 4. (Bidin et al. 2010).°

In applied studies, the application of these nonparametric techniques may be prob-
lematic due to the presence of outliers or extreme data points in real data samples,
which fully determine the estimated frontier and the measurement of inefficiencies.
Estimated frontier and the measurement of inefficiencies are totally unrealistic. This
can be avoided by using partial order frontier with extreme orders. Approaches have
been proposed in the frontier literature ( Cazals et al. (2002) and Daouia and Simar
(2007)) not only to keep all the observations in the sample but also to replace the
frontier of the empirical distribution by (conditional) quantiles or by the expectation
of the minimum (or maximum) of a subsample of the data.

Daouia and Simar (2007) introduce the order-a quantile efficiency measures to
obtain more robust efficiency scores, counteracting the effects of outliers and extreme
observations. They are defined for any o € (0, 1) as follows (for the unconditional
and conditional cases, respectively):

Ao (x,y) = sup{r|Sy;x(Ay|x) > 1 —a}
Ag(x, y|z) = sup{A|Sy|x,z(Aylx,2) > 1 — o}

Hence, we are not characterising the full support of ¥ under the conditioning but
under a less extreme quantile (unless « = 1). These partial measures, using more
robust techniques, accommodate possibly extreme observations, providing the same
information as the full frontier estimates (for example, with « = 0.99). For « =
0.50, the order-« frontier is not looking at optimal behaviour but rather at the median
behaviour of firms.

3.1 The impact of environmental variables on the production process

The effects of conditioning variables on the boundary and on the distribution of the
inefficiencies can be identified using the approach developed by Bédin et al. (2012).

Footnote 5 continued o o
that also takes into account the ordering of the categories [°(z%, z%, h?) = h”‘z-f_Z l
Racine (2007) at page 145 of chapter 4 of their book state: “Of course, if an ordered discrete variable
assumes a large number of different values, one might simply treat it as if it were a continuous variable.
In practice this may well lead to estimation results similar to those arising were one to treat the variable as
an ordered discrete variable”. Given that our ordered discrete variable assumes seven different values, we
might treat it as continuous.

. However, Li and

6 Liand Racine (2007) explain that the main problem with likelihood cross-validation is that it may lead to
inconsistent results for fat tailed distributions. For standard distributions (thin tailed), the likelihood cross-
validation method works well. In section 1.3.3 of their book, they compare the performance of likelihood
cross-validation and least-squares cross-validation to select bandwidth and they conclude that the resulting
density estimates are identical (see pages 19-27 of Li and Racine 2007).
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The effect on the boundary can be detected by assessing the ratios between condi-
tional and unconditional efficiency measures, relative to the robust partial frontier of
the conditional and the unconditional attainable sets with o« = 0.99:

Ao (X,
RO,a(X, y|Z) = )\’(':Ty)[;) (3)

Examining the potential differences between the boundaries of the attainable sets
and assessing the above ratio, we can just establish whether the environmental variables
affect the technology: if it is increasing, it indicates a positive effect. We may also look,
as suggested in Badin et al. (2012), to the order-o counterparts by choosing more
central quantiles, such as the median, to investigate the effect of Z on the distribution
of inefficiencies and hence on the impact of the external variables on the catching-up
towards the most efficient firms (technological frontier). The ratios to be analysed are
the same, but « = 0.5 in this case.

Potential shifting effect already observed for full frontier (the first case) may be
enhanced or reduced if the effect is different with the ratios computed for smaller «
(second case). As, for the full ratios, a tendency of the ratios to increase with condi-
tioning variables indicates a favourable effect of these variables on the distribution of
the efficiency. The conditional distribution is more concentrated to its upper bound-
ary when the conditioning variables increase (Mastromarco and Simar 2015). Hence,
these external variables help on the catching-up towards the most efficient firms. The
opposite in the case of an unfavourable effect. If this effect is similar to that shown
with the ratios with full frontier, we can conclude that we have a shift of the frontier
while keeping the same distribution of the efficiencies when the conditioning vari-
ables change; if the effect with the medians is more important than for the full frontier,
this indicates that in addition to a shift of the frontier we have also an effect on the
distribution of the efficiencies.

Since the order-« efficiency scores are not bounded by 1, the ratios are also not
bounded by 1. The order-« efficiency scores are equal to 1 if and only if the unit (X,y)
is on the «o-frontier, greater than 1 if they are below and smaller than 1 if they are
above (Mastromarco and Simar 2015, 2018).

In practice, we use nonparametric estimators of the efficiency scores, and we explore
the effects of Z, that in our case are long-term debt and legality rating, by looking at
the behaviour of ﬁO,a (x, y|z) as a function of Z.

4 Data description

Our sample consists of the full set of 3,636 firms with the legality rating (LR firms
hereafter) available on the website of the Autorita Garante della Concorrenza e del
Mercato (AGCM).” AGCM shows the continuously updated list of firms with the
LR assigned, revoked or suspended, on its website. We include firms with the LR
assigned over the period 2015-2017 and which financial data are available on the

7 http://www.agcm.it/competenze/rating-di-legalita/rating-elenco-imprese.

@ Springer


http://www.agcm.it/competenze/rating-di-legalita/rating-elenco-imprese

Legality rating and corporate efficiency: evidence from a...

AIDA database® in our sample. Indeed, for these firms, we extract all economic data
needed to define the input and output variables used in the FDH analysis over the
period 2011-2017 from AIDA.

Moreover, since LR firms only represent a small percentage of the universe of
companies headquartered in Italy and might have different characteristics compared
to unrated companies in our sample, we select the control group by using a propensity
score matching approach. In particular, we match rated and unrated firms® by running
a probit in which the dependent variable, taking the value 1 if the firm obtains the LR
and 0 otherwise, is regressed on fiscal year dummies, three-digit NACE!? industry
code dummies, regional dummies,'! and firm size proxied by total sales revenue. As
stated by Caliendo and Kopeinig (2008) and Heckman et al. (1997) only variables
that influence simultaneously the participation decision to get the legality rating and
the outcome variable, i.e. the efficiency score, should be included. It should also be
clear that only variables that are unaffected by participation (or the anticipation of it)
should be included in the model. Moreover, as highlighted by Bryson et al. (2002)
over-parameterised models should be avoided since (1) including extraneous variables
(for instance, further balance sheet items) in the participation model exacerbate the
support problem and (2) the inclusion of non-significant variables can increase their
variance. This is the reason why we decided to include, i.e. size, fiscal year dummies,
geographic areas and sectors as potential dimensions treated and control firms might
differ from each other that affect, in turn, the probability of getting the LR and the
efficiency level.

Moreover, we match the sample of LR firms with a comparable sample of unrated
firms, linking each company to its 3 “nearest neighbours” in terms of firms’ propensity
scores.'Z This procedure, on the one hand, reduces considerably the sample size, but
on the other hand, leads to the closest similarity in the predicted probabilities between
the two groups of firms.!3 Table A1 reports the standardised differences, as proposed
by Yang and Dalton (2012), between rated and unrated firms for regional and sec-
tor dummies and for the size of the companies. As suggested by Austin (2009), an

8 AIDA is owned by Italian Bureau Van Dijk and includes financial statements and other relevant details
of 1 million Italian companies, with up to ten years of history.

9 We use psmatch2 command in Stata proposed by Leuven and Sianesi (2003).

10 NACE is the industry standard classification system within the European Union.

1 Italy is administratively divided into 20 regions.

12 Nearest neighbour matching is the most common form of matching used ( Thoemmes and Kim (2011);
Zakrison et al. (2018)) and requires the specification of a distance measure to define which control unit

is closest to each treated unit. The default and most common distance is the propensity score difference,
which is the difference between the propensity scores of each treated and control unit ( Stuart (2010)).

13 Further, the histogram of the estimated propensity scores (not reported and available upon request)
shows a notable overlap. This reassures us that for each unit in the treatment, there is a matched firm in the
control with a similar value in terms of size, sector and regions. Similar results are found when we use the
one-to-one matching or when we switch from the nearest-neighbour to the Mahalanobis distance matching
(findings available upon request). However, the decision of implementing k-NN (with k equal to 3) lies on
the trade-off between sample size (our sample is larger than that coming from the implementation of the
one-to-one approach and Mahalanobis distance, but smaller compared to the sample size we get when the
nearest-neighbour matching with & higher than 3 is used) and the “perfect” balance between treatment and
control group in terms of the variables used in the probit model ( Austin (2009))—not always found for
some covariates when the aforementioned different matching procedures are adopted.
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Table 1 Descriptive statistics

Added Tangible Employees Long-term  Legality
value fixed debt rating
assets
MIX Unrated companies Mean  82.55 198.46 177.72 104.55 0
Std 404.22 1,407.14  711.30 638.31 0
Rated companies Mean  66.12 158.44 124.30 93.79 2.95
Std 158.63 1,091.15 298.87 570.91 1.47
C Unrated companies Mean  70.65 97.30 54.11 50.81 0
Std 53.66 161.41 79.11 85.75 0
Rated companies Mean  69.55 92.77 64.30 64.81 2.62
Std 42.34 125.96 185.95 188.13 1.29
F Unrated companies Mean 114.62 303.23 47.57 441.57 0
Std 522.39 3,554.09 191.49 2,698.62 0
Rated companies Mean  64.36 64.86 44.43 122.35 3.58
Std 56.58 326.72 80.70 675.58 1.52
G Unrated companies Mean  82.19 124.62 34.44 80.60 0
Std 107.33 738.09 102.42 29186 0
Rated companies Mean  93.28 138.27 40.61 109.86 2.45
Std 253.34 811.63 102.64 436.87 1.26

Summary statistics for the variables used in estimations by sector (MIX=Service, C=Manufacturing,
F=Constructions and G=Retail); period 2011-2017. Added value, tangible fixed assets and long-term debt
are measured in thousands of Euro and are normalised by the number of employees. The variable employees
is measured by the number of workers within each company. The variable legality rating takes value from
0 (unrated firms) to 7

absolute standardised difference of 0.10 or more indicates that covariates are imbal-
anced between groups. Instead, our results show a perfect balance in terms of firms’
characteristics between the two groups.

Therefore, in addition to 3,636 firms with the LR, 4 our full sample includes 10,258
firms without the LR observed over the period 2011-2017.'3 Hence, LR firms represent
26.2% of companies in our sample. For a graphical inspection, Fig. 12 shows the
median level of rating (from 1 to 5) by province, whereas Fig. 13 shows the numerical
geographical distribution of rated and unrated firms; what emerges is that the treated
and the control sample are well-balanced at the territorial level.'®

We have further grouped firms with the LR according to the sector in which they
operate. Following the NACE classification, we call the manufacturing cluster (1,536
firms) C, retail (537 firms) G and construction (835 firms) F. Besides the homogeneous
clusters C, G and F, we included a heterogeneous cluster named MIX, which contains

14 Note that 12 companies were rated in 2015, 1,029 companies in 2016, and 2,144 in 2017. We also
included 451 companies that were rated in the first month of 2018.

15 9t s noteworthy that unrated firms in the control group are likely to fulfil all the minimum requirements
needed to obtain the LR, but not the legality standards.

16 The map is for all sectors. The same picture can be drawn for each sector.
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all the remaining sectors (728 firms). Specifically, MIX includes sectors with few
firms with the LR that are not worth studying separately. Furthermore, MIX includes
those companies with the LR that belong to sectors that are very different from the
manufacturing, retail and construction sectors such as, for instance, agriculture, edu-
cation, public administration, information and communication, services and fishing.
The control sample is also split into 3,991 firms for manufacturing, 1,604 firms for
retail, 2,261 for construction and 2,402 firms for MIX.

Table 1 shows the summary statistics for the variables used in the empirical exercise,
split by sector, for each group of companies (rated and unrated firms). The variables
used as proxies of inputs are tangible fixed assets and the number of employees. We
adopted added value as a proxy of output and long-term debt and legality rating as
environmental variables, i.e. exogenous factors that can affect the production process.
All the variables built using data coming from the financial statements have been
normalised by the number of employees.

5 Results

The LR allows companies to signal in a credible way to both the credit system and
other economic agents their low level of risk deriving from full compliance with
the rules of good fiscal, legal and ethical conduct. Therefore, being a risk indicator,
the LR reduces the uncertainty about corporate risk as it eliminates the asymmetric
information among the companies and the economic agents with which they interact.

This section compares the productivity of companies whose risk has been disclosed
by the certification of the LR with that of the control sample for which this information
is unknown in the economic environment where companies operate. The results will
highlight the relationship between the reduction of risk uncertainty and firms produc-
tivity and the resilience of less efficient firms once their risk has been disclosed. We
present the results by studying the impact of both long-term debt and legality rating on
efficiency. Then, we will place emphasis on substantial policy implications at macro-
regional level. We will also bring to the fore the credit system’s ability to grant credit
to firms that effectively have lower business risk.

5.1 The impact of long-term debt on efficiency

In this subsection, we study the relationship between firms’ ability to access credit,
as proxied by the long-term debt and their level of efficiency. In other words, we
are interested in evaluating whether the long-term debt, all else being equal, is a
fundamental driver of the productivity of companies and whether it explains any
divergence in the efficiency scores between rated and unrated companies.

Figures 1, 2, 3, and 4 show the effects that long-term debt has on efficiency for
the following sectors: retail (G), construction (F), manufacturing (C) and the mixed
sector (MIX). The figures show the ratios of partial frontiers with « = 0.99 in panels
(a) and @ = 0.50 in panels (b) to evaluate the impact: i) on the boundary of techno-
logical frontier (shifts of the production frontier) and ii) on efficiency distribution (the

@ Springer



M. A. De Benedetto et al.

(a) SECTORG:RETAIL (b) SECTORG: RETAIL

i
o

12

E
o

1.0

g
>

R_o,a(xy|2)
o
®
R_o,a(xy|z)
o
~

=3
o
o7
o

o
=)

=)
S
o
o

[)
=3
o
o

Long Term Debt Long Term Debt

Fig. 1 The two panels represent the partial ratio Rg  (x, y|z) (on the vertical axes) as a marginal function
of long-term debt (on the horizontal axes) in retail sector (G) for a « = 0.99 and for b &« = 0.50
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Fig.2 The two panels represent the partial ratio Rg  (x, y|z) (on the vertical axes) as a marginal function
of long-term debt (on the horizontal axes) in construction sector (F) for a @ = 0.99 and for b &« = 0.50

catching-up effect towards the technological frontier). In all figures, both panels (a)
and (b) denote firms’ long-term debt on the horizontal axes and the ratio (see Eq. 3)
between the conditional and the unconditional efficiency scores on the vertical axes.
The darker dots represent the unrated firms, and the light coloured dots are the firms
with the rating. When there is no effect, the dots are concentrated around the line
where the ratio is equal to one.!’

Figure 1a indicates a clear U-shaped effect between long-term debt and the ratio in
the retail sector (G). This shape shows that in order to achieve an increase in technology,
the retail sector needs a high level of debt. As for the catching-up effect, captured in
Fig. 1b, the positive impact of debt on the productivity of median-efficient companies
is clear only against a high level of debt.

The comparison between Fig. 1a and b reveals that firms on the frontier behave
differently than those on the median of the efficiency distribution for low levels of
indebtedness. On the other hand, their behaviour tends to converge for higher levels
of indebtedness. Furthermore, debt is a more important factor for businesses that are
below the efficient frontier. Indeed, for medium—high level of debt, there is an evident

17 In Figs. 1417 in Appendix of the paper, we present the ratios of partial frontiers with o = 0.95 in panels
(a) and a = 0.90 in panels (b) for the retail (G), construction (F), manufacturing (C) and the mixed sector
(MIX). The results are very similar to those presented in the main body of the paper.

@ Springer



Legality rating and corporate efficiency: evidence from a...

(a) SECTOR C: MANUFACTURING (b) SECTOR C: MANUFACTURING

R_o,a(xy|z)
o
®

Long Term Debt Long Term Debt

Fig.3 The two panels represent the partial ratio Rq o (x, y[z) (on the vertical axes) as a marginal function
of long-term debt (on the horizontal axes) in manufacturing sector (C) for a « = 0.99 and for b @ = 0.50

(a) SECTOR: MIX (b) SECTOR:MIX

1.4

R_o,a(xy | 2)
=
N

g
o

0.8

Long Term Debt Long Term Debt

Fig.4 The two panels represent the partial ratio Rq o (x, y|z) (on the vertical axes) as a marginal function
of long-term debt (on the horizontal axes) in mixed sector (MIX) for a « = 0.99 and for b « = 0.50

effect of a convergence process towards the technological frontier. The negative effect
of low debt levels in Fig. 1a may denote that firms use low levels of debt for liquidity
reasons rather than for productive investments. Finally, Fig. 1a and b clearly shows
that relatively higher levels of investments are needed for achieving higher production
efficiency.

Figure 2a exhibits a weak U-shaped effect between long-term debt and the ratio (see
Eq. 3) in the construction sector (F). As regards firms below the efficiency frontier,
Fig.2b exhibits a positive relationship between the ratio and long-term debt for high
levels of indebtedness, while there is no effect for small levels of indebtedness. Such
an effect is particularly evident for unrated firms below the efficient frontier.

In the manufacturing sector (C), long-term debt has an effect only for high levels
of indebtedness, where this effect is markedly positive, as shown in Fig. 3a. Similarly,
Fig. 3b evidences that there is a positive effect of debt in making firms more efficient
only at high levels of debt. We also note that for rated firms the effect is similar to
unrated firms but with higher dispersion.

As far as the mixed sector (MIX) is concerned, the result displayed in Fig.4a is
ambiguous, given the mixed nature of the sample. Instead, Fig.4b clearly highlights
that indebtedness is a more important factor for companies that are below the effi-
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Fig.5 Average conditional efficiency of unrated and rated firms by sector

cient frontier. In fact, there is an evident effect of a convergence process towards the
technological frontier.

In conclusion, we discover a positive relationship between long-term debt and
productivity for sufficiently high levels of debt for both rated and unrated firms. This
means that productivity gains require sufficiently high investments to materialise.
However, the way the long-term debt shapes the productivity of firms diverges between
rated and unrated firms below the efficiency frontier. In particular, rated companies are
able to achieve higher levels of productivity than unrated companies for high levels of
investments, which are driven by long-term debt. Thus, the median rated firms catch up
in the matter of efficiency and put themselves on a par with the most efficient firms. '8

5.2 The impact of Legality Rating on efficiency

Provided the positive relationship between long-term debt and efficiency, it is inter-
esting to understand whether rated companies become much more efficient than the
counterparts after obtaining the legality rating, i.e. once the low level of risk charac-
terising their business is disclosed.

Figure 5 provides an answer. The figure reports the average conditional efficiency on
the vertical axis and the before (2011-2014)/after (2015-2017) period on the horizontal
axis for both rated and unrated companies in each sector. To correctly interpret the
graph, recall that the LR was introduced in 2012 and that it took a couple of years before
fully implementation by the government. Therefore, it is evident that the companies
in the period before they obtain the LR exhibit a level of efficiency similar to those
in the control group. However, the productivity of rated firms clearly increases and
diverges from that of unrated firms after achieving the rating. Therefore, the reduction
of uncertainty about corporate risk through the attribution of the legality rating is very
effective in promoting both legality and the productivity of healthy companies.

In what follows, we consider seven different levels of legality scores that firms
can achieve and investigate whether a higher rating has a greater impact on firms’

18 To draw inference on these individual ratios, given that the limiting distributions are unknown, we
calculate the bootstrapped confidence intervals by following the procedure suggested by Badin et al. (2012)
at pp. 823-924. See Fig. 18 in Appendix.
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Fig.8 The two panels represent the partial ratio Rg « (x, y|z) (on the vertical axes) as a marginal function
of rating (on the horizontal axes) in manufacturing sector (C) for a « = 0.99 and for b « = 0.50

efficiency. Each level of legality score represents a different degree of reduction in
uncertainty about corporate risks; that is, companies with higher legality scores have
a lower degree of uncertainty.

Figures 6, 7, 8, and 9 show the effects that the legality rating scores have on tech-
nology and efficiency in the four sectors under consideration. Precisely, each figure
shows the ratios of partial frontiers with o = 0.99 in panel (a) (effect on technology)
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Fig.9 The two panels represent the partial ratio Rg  (x, y|z) (on the vertical axes) as a marginal function
of rating (on the horizontal axes) in mixed sector (MIX) for a @ = 0.99 and for b @ = 0.50

and o = 0.50 in panel (b) (effect on efficiency). In all panels, the graphs display firms’
legality rating scores on the horizontal axes and the ratio between the conditional and
the unconditional efficiency score, presented in Eq. 3, on the vertical axes. The darker
dots represent unrated firms, i.e. those with a rating score equal to “zero”, while the
light coloured dots are the firms with the rating, grouped by legality scores. When
there is no significant effect, the dots are concentrated around the line where the ratio
is equal to one.'”

As regards both retail (G) and mixed (MIX) sectors, the effect is clearly nonlinear,
as shown in Figs. 6a and 9a, respectively. For the firms on the frontier, the lowest rating
scores show a slightly negative effect that becomes positive as the rating increases.
Construction (F), displayed in Fig.7a, manifests a constantly positive effect as the
rating increases, starting from a rating score equal to 5. The positive effect of the
rating score in the construction sector may also be due to the advantages that the law
assigns to companies with the ratings in public tenders, while, for manufacturing (C),
the effect visible in Fig. 8a is ambiguous. Overall, as highlighted in Figs. 6b, 7b, 8b,
and 9b, the effect is clearly nonlinear for all sectors which confirms that the choice of
nonparametric methodology is appropriate.

For the sake of completeness, we summarise the results of the analysis so far
conducted in Figs. 23-26, highlighting the multi-dimension of Z, i.e. the joint effect
of long-term debt and legality rating on the ratios for all the aforementioned sectors
for o« = 0.99 (panel a) and @ = 0.50 (panel b).

As regards the sector G, F and C, it is clearly evident in Figs.23a, 24a and 25a a
nonlinear but intertwined impact of long-term debt and legality rating on the efficiency
ratios. Overall, the productivity is larger for firms that register a high value in terms
of both legality rating and long-term debt. We also observe a similar pattern for firms
below the efficiency frontier (panel (b) of Figs. 23,24 and 25). As far as the mixed sector
(MIX) is concerned, the results displayed in Fig.26a and 26b are again inconclusive,
given the mixed nature of the sample.

19 In Fi gs.19-22 in Appendix of the paper, we present the ratios of partial frontiers with @ = 0.95 in panels
(a) and a = 0.90 in panels (b) for the retail (G), construction (F), manufacturing (C) and the mixed sector
(MIX). Again, our findings are not affected by the level of «.
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Our findings highlight, on the one hand, the effectiveness of the policy (legality
rating) in allowing firms to access the banking system, leading to an increase in their
level of productivity, and, on the other hand, that companies which achieved the legality
rating are able to reach higher levels of productivity than the rest of companies for
high levels of investments, proxied by long-term debt.

5.3 Policy implications at regional level

The policy tool under investigation applies uniformly to all firms. However, the impact
of such policy may be different across regions. Here, we are interested in understanding
whether the economic effects are greater in the most productive regions rather than in
the less productive ones. This will allow us to evaluate if the reduction of uncertainty
about the business risk can be associated with divergence rather than convergence
in the inter-regional productivity of healthy companies. Another aspect that we will
investigate concerns an assessment of the ability of banks to grant credit to healthy
companies and whether any differences have marked territorial connotations. In order
to do that, we differentiate the effects of the legality rating at the macro-regional level.

5.3.1 Inter-regional convergence

First of all, we want to understand if a lower uncertainty about the risk of companies
can be associated with convergence or divergence in productivity at inter-regional
level. Figure 10 replicates Fig.5 by distinguishing the efficiency effects among the
North, Centre and South macro-regions, where the North is the most productive part
of the country and the South the notoriously least productive one. In fact, according
to Fig. 10, firms located in the North and Centre of Italy have the highest productivity
before rating (see the period 2011-2014), while southern firms the lowest. Further-
more, as in Fig. 5, Fig. 10 exhibits the average efficiency scores considering all sectors
together. Specifically, the figure shows a greater improvement in southern firms’ effi-
ciency after taking the rating. Since the average efficiency score in the poorest regions
increases much faster than in the other macro-regions, the legality rating seems to be a
powerful policy tool to enhance productivity and drive the technological catching-up
among regions. Thus, the reduction of corporate risk uncertainty benefits companies
located in less productive regions to a greater extent. Clearly, the legality rating can be
associated with inter-regional convergence of productivity levels among healthy firms.
These results are also confirmed when we implement a difference-in-mean test on the
average conditional efficiency scores between rated and unrated companies by year
and geographical area (see Table A2). The difference in the level of efficiency between
the two groups of firms becomes significant only after rated firms are assigned the LR
and in particular in the last two years (2016-2017), regardless of the area where firms
are located. Nevertheless, the magnitude of this difference seems to be larger in the
South, suggesting that rated firms converge to the level of efficiency of those located
in the most productive areas of the country.
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Fig. 10 Average conditional efficiency of unrated and rated firms by macro-region

5.3.2 An assessment of the ability of banks to grant credit to healthy companies

Furthermore, it is interesting to check the role of firms’ investments, as proxied
by firms’ access to credit, in the inter-regional convergence of firms’ productivity.
Figure 1129 describes the average long-term debt of unrated and rated firms by macro-
region during the period 2011-2017. Clearly, at the beginning of the investigation
period, when no firms were awarded the legality score, sound firms had the same
access to credit than companies in the control group in all the geographical areas of
the country. In fact, Table A2 shows that the difference in the level of long-term debt
between rated and unrated companies is negative in the Centre—North and positive in
the South, but not statistically significant at any conventional levels, apart from the
year 2013. Figure 11 and Table A2 also highlight what happens after firms have been
awarded the legality rating. Undoubtedly, long-term debt increases after obtaining a
rating score in all macro-regions. Therefore, since the capacity to borrow increases
with the rating, Fig. 11 confirms that long-term debt allows firms to make investments
that increase the productivity of their businesses. After obtaining the legality rating,
rated companies located in the South show a greater access to credit than companies in
the North and Centre. Therefore, the legality rating can be associated with convergence
towards similar investment dimensions at the macro-regional level.

The analysis of Figure 11 allows us to conclude that the reduction of uncertainty
on the business risk seems to play a role in the inter-regional convergence of the
productivity of healthy firms as it guarantees greater access to credit for firms located
in less productive regions.

20 Note that this figure was built with the same criteria as Fig.5.
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Fig. 11 Average long-term debt of unrated and rated firms by macro-region

6 Concluding remarks

Is there any trade-off between business productivity and legal, ethical and social good
practices? The economic literature shows a lack of analysis of how to clearly disentan-
gle the relationship between legality and firms’ productivity. This paper uncovers such
a relationship by studying the economic effects of a government policy introduced in
Italy that, through the releasing of information about the legal status of firms, proves
to be able to enhance the growth of economic activities in environments that comply
with the highest legal and ethical standards.

One of the main advantages for companies to obtain the legality rating by the central
government is to signal their low-risk business conduct in order to gain easier access
to bank credit. Given this motivation, we first investigate, ceteris paribus, the impact
of access to credit, proxied by the long-term debt, on firms’ efficiency. The results
show a positive effect on the efficiency scores of both rated and unrated companies,
suggesting how the access to credit is an important factor shaping the productivity of
firms in our sample. Nevertheless, the positive effect on the efficiency scores of firms
with the legality rating is significantly higher, which proves the effectiveness of the
policy tool used by the government.

Furthermore, we investigate whether a relation between the magnitude of the legal-
ity score, as a measure of corporate risk, and firms’ efficiency exists. In order to do
that, we consider that a higher magnitude of the efficiency rating score is associated
with higher compliance with legal, fiscal and ethical requirements. We find evidence
of a direct relation between the magnitude of the legality rating and efficiency for
high scores, especially in the construction sector, which suggests that efficiency and
legality are complements rather than substitutes.

Another important issue considered in our paper concerns the consequences of
releasing the legality rating at regional level. It is, in fact, interesting to know the
effects of the policy in macro-regional contexts characterised by different levels of

@ Springer



M. A. De Benedetto et al.

wealth and productivity. Our results show that the legality rating is more effective in
regions where the efficiency levels of firms are notoriously below the average. In fact,
the legality rating can be associated with lower inter-regional inequality, in terms of
firms’ productivity levels, thanks to a greater access to long-term credit above all in
favour of firms located in less productive regions.

Finally, the analysis highlights the existence of significant differences in the
behaviour of the credit system both at regional and national level. The legality rating
allows banks to better identify sound companies to which funds are to be allocated,
reducing in turn the banking risk and, more generally, the systemic risk. The imple-
mentation of policy tools capable of reducing the uncertainty of the credit system
regarding the risk of companies allows healthy companies to increase investments and
productivity. At the same time, less productive firms can make up for the production
gap. This explains why there is a positive relationship between lower uncertainty about
business risk and inter-regional convergence in the productivity of healthy firms.
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Appendix

See Tables 2 and 3.
See Figs. 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 and 26.
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Table 2 Standardised differences between rated and unrated firms

Unrated firms Rated firms

Mean SD or (%) Mean SD or (%) Std Diff

)] (2) (3) (C)) (5)
Regions
Abruzzo 0.0208 0.1429 0.0207 0.1424 0.0010
Basilicata 0.0138 0.1170 0.0152 0.1224 —0.0111
Calabria 0.0103 0.1010 0.0098 0.0989 0.0042
Campania 0.0675 0.2510 0.0676 0.2511 —0.0003
Emilia-Romagna 0.1289 0.3351 0.1346 0.3413 —0.0167
Friuli-Venezia Giulia 0.0301 0.1710 0.0306 0.1722 —0.0025
Lazio 0.0806 0.2723 0.0833 0.2763 —0.0095
Liguria 0.0159 0.1254 0.0145 0.1197 0.0116
Lombardia 0.1466 0.3537 0.1413 0.3483 0.0152
Marche 0.0384 0.1923 0.0354 0.1848 0.0160
Molise 0.0044 0.0667 0.0064 0.0802 —0.0271
Piemonte 0.0771 0.2667 0.0748 0.2631 0.0084
Puglia 0.0953 0.2937 0.1066 0.3086 —0.0374
Sardegna 0.0082 0.0906 0.0085 0.0920 —0.0028
Sicilia 0.0472 0.2122 0.0411 0.1986 0.0299
Toscana 0.0521 0.2222 0.0534 0.2248 —0.0057
Trentino-Alto Adige 0.0123 0.1104 0.0123 0.1103 0.0001
Umbria 0.0172 0.1301 0.0129 0.1128 0.0355
Valle d’Aosta 0.0017 0.0422 0.0016 0.0400 0.0044
Veneto 0.1302 0.3365 0.1285 0.3346 0.0052
Sectors
MIX 0.2261 0.4183 0.1456 0.3526 0.0208
C 0.4264 0.4945 0.4667 0.4989 —0.0811
F 0.21 0.4073 0.2381 0.4259 —0.0673
G 0.1375 0.3443 0.1496 0.3566 —0.0345
Size
Sales Revenue 17,123 42,702 17,288 38,887 —0.0041

We report the standardised differences between rated and unrated firms over three different dimensions:
geographical location (regional dummies), sector in which firms operate (sectoral dummies) and the size
of firms proxied by sales revenue
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Table 3 Difference-in-mean test

Conditional efficiency

Long-term debt

Rated Unrated Diff-in-mean Rated Unrated Diff-in-mean
North
2011 0.818 0.806 0.011 6.434 6.461 —0.026
2012 0.813 0.803 0.009 6.427 6.447 —-0.019
2013 0.815 0.823 —0.008 6.409 6.545 —0.136%*
2014 0.834 0.829 0.004 6.506 6.542 —0.036
2015 0.844 0.837 0.011 6.572 6.542 0.029
2016 0.876 0.847 0.028%* 6.615 6.565 0.049%*
2017 0.888 0.862 0.026%** 6.647 6.521 0.125%*
Centre
2011 0.821 0.793 0.028 6.114 6.174 —0.061
2012 0.825 0.803 0.022 6.131 6.251 —-0.119
2013 0.832 0.822 0.009 6.025 6.204 —0.178
2014 0.844 0.841 0.003 6.198 6.366 —0.168
2015 0.839 0.828 0.012 6.277 6.356 —0.079
2016 0.864 0.843 0.021 6.418 6.355 0.063
2017 0.903 0.833 0.07 [##* 6.527 6.351 0.175%*
South
2011 0.753 0.711 0.04 3%+ 6.294 6.245 0.049
2012 0.757 0.733 0.025%* 6.248 6.251 —0.003
2013 0.762 0.738 0.024* 6.273 6.074 0.198%#*
2014 0.765 0.746 0.018 6.325 6.217 0.108
2015 0.781 0.766 0.014* 6.571 6.295 0.276%%#%*
2016 0.811 0.762 0.049% 6.679 6.387 0.292%#5%%*
2017 0.862 0.749 0.1 12%#* 6.694 6.446 0.2487%#%*

We report the difference-in-mean test on the average efficiency scores and long-term debt by year and
geographical area between rated and unrated firms. Significance at the 10% level is represented by *, at the
5% level by **, and at the 1% level by ***
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Fig. 13 The two panels represent the numerical geographical distribution of companies for rated firms (top)
and unrated firms (bottom)
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Fig. 14 The two panels represent the partial ratio Rg « (x, y|z) (on the vertical axes) as a marginal function
of long-term debt (on the horizontal axes) in retail sector (G) for a @ = 0.95 and for b @ = 0.90
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Fig. 15 The two panels represent the partial ratio Ro « (x, y|z) (on the vertical axes) as a marginal function
of long-term debt (on the horizontal axes) in construction sector (F) for a @ = 0.95 and for b @ = 0.90

Rooaxy|2)

30 35 40 45 S0 S5 60 65 70 75 80 &5 S0 95 100 30 35 40 45 S0 55 60 &5 70 78

Long Term Debt Long Term Debt

Fig. 16 The two panels represent the partial ratio R « (x, y|z) (on the vertical axes) as a marginal function
of long-term debt (on the horizontal axes) in manufacturing sector (C) for a « = 0.95 and for b @ = 0.90
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Fig. 17 The two panels represent the partial ratio R « (x, y|z) (on the vertical axes) as a marginal function
of long-term debt (on the horizontal axes) in mixed sector (MIX) for a &« = 0.95 and for b« = 0.90
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Fig. 18 The four panels show the 95% confidence intervals of Rq(x, y|z) derived through the bootstrap

procedure described in Bidin et al. (2012) in a retail sector (G), b construction sector (F), ¢ manufacturing
sector (C) and d mixed sector (MIX) for « = 0.99
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Fig. 19 The two panels represent the partial ratio Rg « (x, y|z) (on the vertical axes) as a marginal function

of rating (on the horizontal axes) in retail sector (G) for a « = 0.95 and for b « = 0.90
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Fig.20 The two panels represent the partial ratio R « (x, y|z) (on the vertical axes) as a marginal function
of rating (on the horizontal axes) in construction sector (F) for a @ = 0.95 and for b « = 0.90
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Fig.21 The two panels represent the partial ratio Ro « (x, y|z) (on the vertical axes) as a marginal function
of rating (on the horizontal axes) in manufacturing sector (C) for a « = 0.95 and for b « = 0.90
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Fig.22 The two panels represent the partial ratio R « (x, y|z) (on the vertical axes) as a marginal function
of rating (on the horizontal axes) in mixed sector (MIX) for a @ = 0.95 and for b @ = 0.90
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Fig. 23 The panels represent the partial ratio Rg «(x, y|z) (on the vertical axes) as a function of legality
rating and long-term debt in retail sector (G) for a « = 0.99 and for b « = 0.50
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Fig. 24 The panels represent the partial ratio Rq o (x, y|z) (on the vertical axes) as a function of legality
rating and long-term debt in construction sector (F) for a @ = 0.99 and for b « = 0.50
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Fig. 25 The panels represent the partial ratio Rg « (x, y|z) (on the vertical axes) as a function of legality
rating and long-term debt in manufacturing sector (C) for a @ = 0.99 and for b « = 0.50
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Fig. 26 The panels represent the partial ratio R o (x, y|z) (on the vertical axes) as a function of legality
rating and long-term debt in mixed sector (MIX) for a o = 0.99 and for b o = 0.50
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