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Abstract
Within the framework of banking efficiency analysis, we propose a methodology
for computing unobservable shadow prices for nonperforming loans (N PL). Our
approach is to include N PL as an undesirable output variable in a distance function
stochastic frontier analysis.Weconduct a panel studyofUSandEuropeanbanks during
themost recent financial crisis by adopting a semi-nonparametric Fourier specification,
which ensures convergence to the true values of both the estimated function and the
related efficiency. Computing N PL prices has several advantages, such as identifying
approaching crises, quantifying the responsibilities of governments and banks for
credit risk and determining appropriate regulatory interventions.

Keywords Commercial banks · Financial crisis · Nonperforming loan · Shadow
price · Efficiency · Flexible forms · Distance function

1 Introduction

In this research, our main concern is computing unobservable shadow prices for non-
performing loans (N PL , henceforth) within the banking efficiency framework.

Because they refer to an undesirable output, shadow prices are negative and rep-
resent the opportunity cost (i.e., the marginal cost) of the bank’s foregone revenue
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of an incremental decrease in N PL . Shadow prices are evaluated at the production
function. They generally differ from observable market prices which depends also on
speculative actions.

Until relatively recently, most contributions of the literature regarding banking
efficiency have neglected the question of problem loans. In the wake of the 2007–2008
financial crisis, this question started receiving growing importance and now there is
a general consensus that nonperforming loans have a strong connection with bank
crises as well as economic recessions (see Beck et al. 2013; Ari et al. 2019). Hence,
the necessity of calculating shadow price of nonperforming loans, being a measure of
the resources required to avoid such painful effects.

The natural environment for the analysis of costs and shadow prices is that of bank-
ing efficiency. Hughes and Mester (1993) considered problem loans inside the cost
function frontier, and Berger and DeYoung (1997) pioneered this field by attempting
to study the relations between problem loans and banking efficiency employing the
Granger causality method. However, both attempts are vulnerable to criticism. In fact,
the former disregards the simultaneity bias between inefficiency and problem loans.
The latter, instead, uses a statistical tool based on the VAR methodology and conse-
quently is deprived of an economic interpretation of causality. With the work of Pastor
and Serrano (2005), the question under consideration is addressed properly. Their
approach focuses on the consistent estimation, for seemingly unrelated equations, of
the covariance matrix between the residuals of N PL and cost or profit inefficiency.
Maggi and Guida (2011) elaborate an alternative way to properly tackle this problem.
It consists of the estimation of an indirect function linking N PL with a cost function
stochastic frontier that allows to compute the impact of N PL on operational costs.
However, cost and profit function approaches, as those used in the afore mentioned lit-
erature, imply market power arguments (see Cuesta and Orea 2002) for the evaluation
of the shadow prices which may be avoided with a distance function approach. Hence,
in the present work we propose a methodology for the computation of unobservable
shadow prices where N PL is included as an undesirable output variable in a distance
function stochastic frontier.

There are many pieces of research in the efficiency analysis that regards the shadow
prices of negative–or bad–outputs, alike N PL , mostly focused on the effects of pol-
lution (see Mekaroonreung and Johnson 2012; Rezek and Campbell 2007; Lee et al.
2002). An exception is in Li et al. (2013) who conduct a study for Taiwanese commer-
cial banks. However, they use a traditional functional form which may be improved
upon to avoid potential bias issues in estimating and computing N PL shadow prices.

We conduct a panel study ofUSandEuropean banks during themost recent financial
crisis. Then,we assess both the quality of problem loans and the related responsibilities
of banks and governments. The pattern of N PL shadow prices (or simply N PL
prices) provides an understanding of the evolution of banking crises as well as the
regulatory prescriptions to adjust balance sheet records for the credit risk. Importantly,
the methodology adopted may be generalized to the computation of any unobservable
price in the management of efficiency problems.

From an econometric point of view, we adopt the Fourier semi-nonparametric spec-
ification within the distance function framework. Despite its greater complexity, this
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functional specification ensures convergence to the true values of both the estimated
function and the related efficiency (Gallant 1981; Berger et al. 1997).

Ourmajor contributions consist of (1)modeling and computing unobservable N PL
prices as a measure of credit risk; (2) providing a rigorous, unbiased method to cal-
culate efficiency in the presence of undesired outputs for US and European banks
during the period of the most recent financial crisis; (3) quantifying the responsibili-
ties of governments and banks for credit risk; (4) finding a regulatory mechanism to
compensate for the credit risk.

The paper is organized as follows. In Sect. 2, we define the theory underlying our
empirical model and the behavior of banks in charging prices, including N PL prices.
In Sect. 3, we describe our dataset and variables. In Sect. 4, we specify the functional
form used in the empirical analysis and the computational aspects related to the eval-
uation of N PL prices and efficiency. In Sect. 5, we estimate the distance stochastic
frontier. In Sect. 6, we compute the pattern of N PL prices and bank efficiency. Section
7 draws the regulatory implications from the main results. Section 8 concludes.

2 Theoretical model

In this section,we lay out the theoretical setup thatwill be used in the empirical analysis
to derive banking efficiency and output prices. More specifically, we are interested in
obtaining a measure of the default risk of N PL . This price is generally not observable
and pertains to an undesirable output. Consequently, it represents an opportunity cost
and has a negative sign. This methodology may be generalized for the computation of
any unobservable price in management efficiency problems.

The representative commercial bank uses a positive vector of N inputs, denoted by
x = (x1, . . . , xN ), x ∈ R

N+ , to produce a positive vector of M outputs, denoted by
u = (u1, . . . , uM ), u ∈ R

M+ . The production technology of the bank can be defined
by the output set, P(x), that can be produced by means of the input vector x, i.e.,
P(x) = {

u ∈ R
M+ : x can produce u

}
. It is also assumed that technology satisfies

the usual axioms initially proposed by Shephard (1970) for the expansion of a given
output vector. Therefore, the resulting output vector remains within P(x), allowing
us to define the output distance function, θ , as the reciprocal of the maximum radial
attainable using available resources and technology.

The output distance of the bank output set to the frontier can be formally defined
as:1

Do(x,u) = in f
{
θ :

(u
θ

)
∈ P(x)

}
(1)

where u ∈ P(x) if and only if Do(x,u) ≤ 1 (see Färe et al. 1993). Additionally, we
assume weak disposability of outputs, defined as θ ∈ [0, 1]. As a consequence, we
allow for the presence of N PL assets generated by banks that are not freely eliminated

1 This expression is equivalent to the reciprocal of the output-oriented efficiency measure of Farrell (1957)
and Färe and Lovell (1978).
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because doing so would either require a greater use of inputs or need resources to be
diverted from marketable production.2

The output distance function seeks the largest proportional increase in the observed
output vector, u, provided that the expanded vector,

(u
θ

)
, is still an element of the

original output set (Färe and Primont 1995).
The consideration of N PL as an output of the production process, besides allowing

to derive the corresponding price, eliminates the empirical complications that would
occur using a cost function approach. In fact, in this case, a simultaneity problem
would arise between inefficiency, i.e., costs, and N PL considered as an explanatory
variable.

Our approach is based on the equality between the definitions of efficiency and
distance function. Hence, according to equation (1) and in view of our statistical
analysis, we may model efficiency as a function of inputs and outputs, including
N PL .3

Once we have estimated efficiency, we exploit the duality of the maximum revenue
problem for the distance function to derive the shadow prices for N PL .

Now, we set the primal and dual problems to find the vector of the shadow price
levels, among which is the unobservable price for N PL we are looking for. Denoting
r = (r1, . . . , rM ) as the vector of the output shadow price levels and assuming that
rm �= 0, the distance function may be expressed as:

Primal problem : R(x, r) = sup
u

{
r′u : Do(x,u) ≤ 1

}
. (2)

If the parent technology has convex output sets P(x), for all x ∈ R
N+ , it can be proven

(see Shephard 1970 or Färe 1988) that the following duality holds:

Dual problem : Do(x,u) = sup
r

{
r′u : R(x, r) ≤ 1

}
. (3)

Equation (2) (primal problem) means that, given the level of prices, the revenue
function may be obtained by maximizing revenue with respect to outputs compatibly
with the output distance function. Conversely, equation (3) (dual problem) means that,
given the level of outputs, the output distance functionmay be obtained bymaximizing
revenue with respect to output prices under the constraint that R(x, r) ≤ 1.

Then, assuming that the revenue and distance functions are both differentiable,4 a
Lagrange problem can be set up to maximize revenue:

max
u

{
� = r′u + λ(Do(x,u) − 1)

}
. (4)

2 In other words, this source of inefficiency (formally amounting to Do(x, u) < 1) implies that valuable
output could be obtained for less costly input.
3 An alternative fruitful strategy—which we only mention for brevity—would be that of convex (or quasi-
convex) programming, along the lines of Penot and Volle (1990) and Crouzeix (1977).
4 This assumption is necessary to compute shadow prices for N PL and will be put in practice with the
empirical model.
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Following Färe et al. (1993), by combining the first-order conditions with respect
to outputs and the fact that the negative of the Lagrange multiplier equals the revenue
function, i.e.,−λ = R(x, r) (see Jacobsen 1972), we obtain the gradient of the distance
function as equal to the revenue-normalized shadow prices:

�u Do(x,u) = r
R(x, r)

. (5)

Now, we know that by means of the second part of the duality theorem the distance is
equal to the normalized revenue. Hence, we may obtain the non-normalized revenue,
R, by assuming that the observed price of them-th output, rom , equals its shadow price,
rm , and calculating the ratio between the non-normalized price and the normalized
one:

R = rom
r∗
m(x,u)

. (6)

Then, we may use the maximum revenue, obtained as in (6), to calculate the shadow
price levels for the remaining outputs. Finally, denoting with rm′ any other shadow
output price, i.e., m′ �= m—we get the solution for the unobservable price for N PL:

rm′ = R · r∗
m′(x,u) = R · ∂Do(x,u)

∂um′
= rom · ∂Do(x,u)/∂um′

∂Do(x,u)/∂um
. (7)

Of course, the first derivative of the distance function with respect to N PL is
expected to be negative (a hypothesis that will be checked empirically) because effi-
ciency decreases after an increase in bad loans.

3 Variables and data

We draw data from BankScope 517 commercial banks in Europe and 2404 in the
US over 2000-2010. Europe includes the Euro-system member countries plus UK,
Sweden, Norway and Turkey. The large database allows for a detailed analysis of the
behavior of countries and banks during the last financial crisis.

Themodel adopted for the distance function is that of the production approachwith
three outputs and two inputs.We consider deposits (u1), loans (u2) and services (u3), as
the desirable outputs, whereas N PL (u4) as the undesirable output. Inputs are capital
(x1) and labor (x2). Deposits and loans are balance sheet stock values. The services
variable is the total value of services from the profit and loss account. Fixed assets
have been computed at current cost after transforming the historical balance sheet
values (International Accounting Standards 16). All nominal variables are expressed
in dollars at constant prices (year 2000). The labor price is calculated as total personnel
cost divided by number of employees.

To determine the price of capital per k-th bank we model the capital cost as an

indirect function, of total assets and liabilities as
(
T Akt+T Liabkt

2

)β1
. This allows to

bypass issues in measuring total capital and produces the best results in terms of
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Fig. 1 N PL/L ratio in Europe and the US, years 2000–2010

consistency with the market data compared to other specifications that we tried,5

log(CapitalCostkt ) =
K∑

k=1

dpck · pck + β1log

(
T Akt + T Liabkt

2

)
+ εkt (8)

with k = 1, . . . , K , t = 2000, . . . , 2010.
T Akt and T Liabkt stand for total assets and total liabilities, respectively, and pck

is the price of the bank capital to be estimated as the coefficient of the bank specific
dummy variable dpck .

Regarding our core variable, it is worth noting that in Europe, the current definition
of N PL is very different from the typical US. In particular, the US definition refers
only to defaulted credits, while in European countries the more prudent category of
uncertain loans is also considered. To provide a deeper understanding of this aspect,
in Fig. 1, we report our first indicator of bank credit risk, consisting of the empirical
probability of loan failure averaged across banks measured as the ratio of themonetary
stocks of N PL over total loans L .

Consistent with the broader definition of N PL in Europe, Fig. 1 shows that the
N PL/L ratio in Europe is on average 2.88%, which is always higher than the average
level recorded in theUS, that is, 1.5%.After a period of negligible (modest) growth, the
ratio surprisingly decreases for both countries until just before 2007. Such evidence
underlines that, whatever definition is used for N PL , the empirical probability of
loan failure, N PL/L , may not be considered, on its own, a reliable predictor of crisis.
Noticeably, during the crisis, the indicator follows its downward trajectory for Europe
till 2008 and then stabilizes with the reformed regulation, while it starts increasing for

5 We also employed direct functions, both linear and logarithmic, as well as different specifications for
indirect functions.
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the US, from 1.36% to 1.57% and stabilizes thereafter. This is not surprising if it is
considered that the regulatory changes for the US credit markets occurred after 2007
and were relatively more severe.

Therefore, we question whether the increase in loans in the face of a less than
proportional increase in N PL that occurred in this period is due to the bank behavior
towards the maximization of efficiency neglecting risk. Consequently, in the following
section, we estimate efficiency by including N PL among the explanatory variables
of the distance function, and obtain an efficiency score net of the risk effect of N PL .

4 Empirical methodology

In this section, we present the empirical model used to estimate the distance function
and compute the shadow prices for N PL , corresponding to the shadow price equation
analysis (Eq. (7)) of Sect. 2.

The specification adopted to represent distance is the Fourier flexible form (FFF).
Such a function, developed by Gallant (1981), differs from the more traditional
translog (TL), in that it is based on a global approximation. Therefore, it allows
to obtain asymptotically correct nominal sizes of the rejection region to be used for
statistical tests, and enables to estimate the underlying true function with an aver-
age prediction bias that becomes progressively smaller as the number of terms in the
Fourier expansion increases. The FFF combines the standard quadratic TL with the
nonparametric trigonometric Fourier form approximation (FF), where the arguments
of the trigonometric terms, zi , z j , zl (see Eq. (9)), refer to the sequence of inputs and
outputs (N + M) as commented on below. Following the rule of thumb expounded in
Eastwood and Gallant (1991), the number of trigonometric terms in the FFF has been
chosen to consider a total number of parameters equal to the number of observations
raised to the power of two-thirds. However, as suggested by Gallant (1981), the effec-
tive number of coefficients may be corrected by reducing the trigonometric terms to
avoid possible multicollinearity.6

The advantage of estimating the FFF, despite being computationally more com-
plicated than the TL is that it delivers unbiased coefficients. In fact, it is shown in
the literature cited above that the global approximation allows for the convergence
between the true parameters and those of the FFF. Interestingly, such a property is also
valid for an FFF expressed not entirely in trigonometric terms but in a nested form
like the one used here.

The FFF-from which, for simplicity’s sake, we omit the fixed and time effects- can
be expressed as follows:

6 We also test the robustness of our results by estimating the more widely used translog flexible functional
form and obtain similar results (available upon request).
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8 E. Fusco , B. Maggi

FFF = α0 +
N∑

n=1

βn · ln(xn) +
M∑

m=1

αm · ln(um ) + 1

2

N∑

n=1

N∑

n′=1

βnn′ · ln(xn) · ln(xn′ )

+ 1

2

M∑

m=1

M∑

m′=1

αmm′ · ln(um ) · ln(um′ ) +
N∑

n=1

M∑

m=1

γnm · ln(xn) · ln(um )

⎫
⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎭

= T L

+
M+N∑

i=1

δi · sin(zi ) +
M+N∑

i=1

λi · cos(zi ) +
M+N∑

i=1

M+N∑

j=1

δi j · sin(zi + z j )

+
M+N∑

i=1

M+N∑

j=1

λi j · cos(zi + z j ) +
M+N∑

i=1

M+N∑

j=1

M+N∑

l=1

δi jl · sin(zi + z j + zl )

+
M+N∑

i=1

M+N∑

j=1

M+N∑

l=1

λi jl · cos(zi + z j + zl )

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

= FF

(9)

Accordingly, the logarithm of the distance function is given by:

ln(Do) = FFF + v. (10)

As usual, we impose the standard properties of the distance function to model the
nonlinearity of the FFF, i.e., the symmetry and homogeneity of degree 1:7

Symmetry

(i) βnn′ = βn′n, αmm′ = αm′m, γnm = γmn, δi j = δ j i , λi j = λ j i ,
all the combinations among i, j, l provide the same δi jl and λi jl ,
m = 1, . . . , M, n = 1, . . . , N , i, j, l = 1, . . . , N + M .

Homogeneity o f degree 1 of the T L part

(ii)
∑M

m=1 αm = 1 ,
∑M

m=1 αmm′ = ∑M
m=1 γnm = 0.

Following Lovell et al. (1994), we impose condition (ii) in equation (10), by nor-
malizing the distance function with respect to one of the outputs, the M-th in our
case:

Do

(
x,

u
uM

)
= Do(x,u)

uM
. (11)

Substituting um
uM

= u∗
m in (10), for m = 1, . . . , M − 1, we obtain a regression of the

general form:
ln(Do/uM ) = FFF(x,u∗, α, β, γ, λ, δ) + v (12)

Equation (12) can be rewritten as:

− ln(uM ) = FFF(x,u∗, α, β, γ, λ, δ) − ln(Do) + v. (13)

Importantly, since the distance function coincides with the efficiency, the negative
term −ln(Do) in equation (13) can be interpreted as an error term that captures the
technical inefficiency.8

7 These properties are also termed as Cobb-Douglas hypotheses, which characterize the nested function of
the FFF.
8 We checked empirically the existence of both monotonicity and concavity, well as output convexity.
Furthermore, concavity exists in the TL part since the coefficients of the variables of interest are between
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As usual, outputs and inputs are all normalized by their sample means to consider
the TL part as a second-order Taylor approximation. Hence, by defining x̄n and ūm
as the sample means of the inputs and outputs, respectively, and having posited that
x̃n = xn

x̄n
, ũM = uM

ūM
, ũm = um

ūm
, ũ∗

m = ũm¯̃um , the estimated FFF becomes:

−ln(ũM ) = α0 +
N∑

n=1

βn · ln(x̃n) +
M−1∑

m=1

αm · ln(ũ∗
m ) + 1

2

N∑

n=1

N∑

n′=1

βnn′ · ln(x̃n) · ln(x̃n′ )

+ 1

2

M−1∑

m=1

M−1∑

m′=1

αmm′ · ln(ũ∗
m ) · ln(ũ∗

m′ ) +
N∑

n=1

M−1∑

m=1

γnm · ln(x̃n) · ln(ũ∗
m )

+
M−1+N∑

i=1

δi · sin(zi ) +
M−1+N∑

i=1

λi · cos(zi ) +
M−1+N∑

i=1

M−1+N∑

j=1

δi j · sin(zi + z j )

+
M−1+N∑

i=1

M−1+N∑

j=1

λi j · cos(zi + z j ) +
M−1+N∑

i=1

M−1+N∑

j=1

M−1+N∑

l=1

δi jl · sin(zi + z j + zl )

+
M−1+N∑

i=1

M−1+N∑

j=1

M−1+N∑

l=1

λi jl · cos(zi + z j + zl ) + ε,with ε = −ln(Do) + v.

(14)

For coherency, we have also transformed the independent variables into radiants
to be used in the trigonometric part (FF) of the flexible function as in Berger et al.
(1997): zi = 0.2 ·π −μ ·a+μ · ln(yi ), where ln(yi ) represents loans, services, N PL ,
capital and labor (all modified as described above), i = 1, . . . , 5, μ ≡ 0.9·2π−0.1·2π

(b−a)
and [a, b] is the range of ln(yi ).

Following Gallant (1981), we make an inference by performing a feasible general-
ized least squares (FGLS) regressionwith country dummies. In thiswaywe account for
both fixed effects—which we reckon are determined by the countries where the banks
operate- and the heterogeneity of the banks dimension consisting in heteroscedasticity
or, more generally, in random effects uncorrelated with regressors. The presence of
fixed effects ensure asymptotically consistent estimates in the case of our large sam-
ple, while FGLS ensures efficient estimates. We also consider a time trend in order to
capture the dynamic part of efficiency.

Once the distance function is estimated, we calculate the efficiency by adopting the
free efficiency method (see Berger 1993):

T Ek = exp

{
−

[
max
k

(ε̂.k) − ε̂.k

]}
(15)

where ε̂.k = ∑
t εtk /T.

The N PL shadow price may be calculated according to the procedure expounded
in Sect. 2. In particular, after estimating D0(x,u) we compute (i) the normalized
shadow prices, r∗(x,u), of undesirable outputs for each bank, by first deriving the

Footnote 8 continued
0 and 1. In fact, this is true for the homogeneity condition of degree 1 we imposed for outputs, having used
the output oriented approach to evaluate distance.
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10 E. Fusco , B. Maggi

distance function; (ii) the shadow revenue, R, as in equation (6), assuming that the
market price of a loan is equal to its shadow price (non-normalized by R); and (iii)
the (non-normalized) shadow prices for N PL from equation (7), for a given shadow
revenue.

5 Estimation

In this section we report the results of our estimations. As stated above, all variables
have been normalized by their sample mean; therefore, the first-order coefficients can
be interpreted as distance elasticities evaluated at that point. The linear homogeneity
of outputs is imposed by using deposits as the numeraire.9 We consider the Fourier
approximation until the third term and, due to multicollinearity, drop some of the
regressors. The notation used is that of Sect. 3.10

5.1 Europe

We obtain estimates (Table 1) that are significant and consistent with the literature
(see among others Cuesta and Orea 2002).

In particular, looking at the elasticities of the first-order terms, we find positive coef-
ficients for desirable outputs, loans, deposits and services,11 and a negative coefficient
for undesirable output (N PL). The negative sign represents the cost that banks would
incur, in terms of the loss of desirable outputs, if some resources had to be diverted to
manage bad loans. Hence, the price associated with N PL , being a measure of credit
default risk, may be interpreted as the cost to be paid to comply with a regulation that
aims to compensate for the effects of bad loans. In general, the proposed methodology
may be applied when market regulation becomes necessary in the presence of unde-
sirable outputs; the case of pollution, treated by Färe et al. (1993) is a notable example
of such an application.

Regarding the management of inputs, the labor factor has an impact (0.77) greater
than capital (0.46) on production efficiency.12 As expected, such a result means that a
large stock of capital, combined with technological progress, may be better exploited
with an increase in the labor factor.

The dummies are all negative suggesting that the baseline, Turkey, presents a level
of efficiency above the other countries. This is in line with several studies (see Bader
et al. 2008; Hassan 2006) that point to the greater efficiency of Islamic banks with
respect to conventional banks, even though such a result might be influenced by the
small number of banks.

9 The choice of the output is arbitrary and the resulting estimates are invariant to such a choice (see Cuesta
and Orea 2002).
10 All estimations and calculations were performed with Stata 14 software.
11 By virtue of the homogeneity of degree 1 in outputs the coefficient of deposits is given by 1−∑M−1

m=1 αm .
12 The negative sign of inputs shows the effect of an increase in labor and capital under parity conditions,
i.e., without changing outputs.
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Table 1 Distance function estimation: Europe

Dependent variable Coef. SE z P > z 95% Conf. Interval
ln(1/u1)

ln(u2/u1) 0.35 0.11 3.08 0.00 0.13 0.57

ln(u3/u1) 0.15 0.05 3.12 0.00 0.06 0.25

ln(u4/u1) −0.35 0.20 − 1.73 0.08 − 0.75 0.05

ln(x1) −0.46 0.06 − 7.24 0.00 − 0.59 − 0.34

ln(x2) −0.77 0.03 − 23.03 0.00 − 0.84 − 0.70

ln(u2/u1)
2 0.08 0.01 7.81 0.00 0.06 0.10

ln(u2/u1)ln(u3/u1) −0.05 0.00 − 8.36 0.00 − 0.06 − 0.04

ln(u2/u1)ln(u4/u1) 0.02 0.00 4.97 0.00 0.01 0.02

ln(u3/u1)
2 −0.01 0.01 − 0.47 0.64 − 0.04 0.02

ln(u3/u1)ln(u4/u1) 0.01 0.00 3.76 0.00 0.00 0.01

ln(u4/u1)
2 −0.05 0.02 − 2.63 0.01 − 0.09 − 0.01

ln(x1)
2 −0.03 0.02 − 1.69 0.09 − 0.06 0.00

ln(x1)ln(x2) −0.04 0.00 − 7.73 0.00 − 0.05 − 0.03

ln(x2)
2 −0.11 0.02 − 5.18 0.00 − 0.14 − 0.06

ln(u2/u1)ln(x1) −0.02 0.01 − 1.97 0.05 − 0.03 0.00

ln(u2/u1)ln(x2) 0.01 0.01 1.18 0.23 − 0.01 0.03

ln(u3/u1)ln(x1) −0.05 0.01 − 3.37 0.00 − 0.08 − 0.02

ln(u3/u1)ln(x2) −0.05 0.01 − 3.94 0.00 − 0.07 − 0.02

ln(u4/u1)ln(x1) 0.00 0.00 1.98 0.05 0.00 0.01

ln(u4/u1)ln(x2) −0.03 0.00 − 10.35 0.00 − 0.03 − 0.02

sin(z2) −0.03 0.55 − 0.05 0.96 − 1.10 1.05

sin(z4) −1.88 1.01 − 1.86 0.06 − 3.86 0.10

ysin(z5) −0.05 0.27 − 0.20 0.84 − 0.57 0.48

cos(z22) −0.12 0.08 − 1.44 0.15 − 0.29 0.04

sin(z22) −0.53 0.21 − 2.52 0.01 − 0.93 − 0.12

cos(z33) 0.33 0.06 5.49 0.00 0.21 0.44

sin(z33) −0.46 0.04 − 10.96 0.00 − 0.55 − 0.38

cos(z44) −0.24 0.15 − 1.61 0.11 − 0.54 0.05

sin(z44) −0.51 0.26 − 1.95 0.05 − 1.03 0.00

cos(z55) 0.13 0.04 3.23 0.00 0.05 0.20

sin(z55) −0.22 0.09 − 2.49 0.01 − 0.40 − 0.05

cos(z66) 0.09 0.07 1.20 0.23 − 0.06 0.24

sin(z66) −0.21 0.07 − 3.13 0.00 − 0.34 − 0.08

cos(z23) −0.17 0.04 − 4.11 0.00 − 0.26 − 0.09

sin(z23) 0.25 0.02 10.84 0.00 0.20 0.30

sin(z24) −0.12 0.03 − 4.04 0.00 − 0.18 − 0.06

cos(z25) −0.09 0.04 − 2.22 0.02 − 0.18 − 0.01

sin(z25) 0.04 0.02 1.50 0.15 − 0.01 0.08
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Table 1 continued

Dependent variable Coef. SE z P > z 95% Conf. Interval
ln(1/u1)

cos(z26) 0.01 0.04 0.13 0.89 − 0.07 0.08

sin(z26) −0.05 0.03 − 2.01 0.04 − 0.11 − 0.00

cos(z35) −0.27 0.07 − 3.65 0.00 − 0.42 − 0.12

sin(z35) −0.27 0.04 − 6.42 0.00 − 0.35 − 0.19

cos(z36) −0.05 0.06 − 0.85 0.40 − 0.16 0.06

sin(z36) −0.26 0.03 − 7.38 0.00 − 0.32 − 0.19

cos(z56) −0.13 0.02 − 5.88 0.00 − 0.18 − 0.09

sin(z56) 0.03 0.02 1.76 0.08 − 0.00 0.07

cos(z222) −0.10 0.04 − 2.54 0.01 − 0.18 − 0.02

cos(z333) 0.26 0.03 8.61 0.00 0.20 0.32

cos(z444) −0.11 0.05 − 2.25 0.02 − 0.21 − 0.01

cos(z555) −0.01 0.01 − 0.64 0.52 − 0.04 0.02

cos(z666) 0.08 0.02 3.41 0.00 0.03 0.12

sin(z222) −0.17 0.06 − 2.94 0.00 − 0.29 − 0.06

sin(z333) −0.08 0.02 − 3.77 0.00 − 0.12 − 0.04

sin(z444) −0.09 0.05 − 1.62 0.10 − 0.20 0.02

sin(z555) −0.02 0.03 − 0.65 0.52 − 0.07 0.03

sin(z666) −0.13 0.03 − 4.45 0.00 − 0.19 − 0.07

t 0.00 0.00 − 1.67 0.10 − 0.01 0.01

t(u2/u1) −0.01 0.00 − 4.70 0.00 − 0.01 − 0.00

t(u3/u1) −0.01 0.00 − 0.45 0.65 − 0.00 0.01

t(u4/u1) 0.01 0.00 4.94 0.00 0.00 0.01

t(x1) 0.01 0.00 4.11 0.00 0.00 0.01

t(x2) −0.01 0.00 − 1.87 0.06 − 0.01 0.00

Austria −0.93 0.15 − 6.18 0.00 − 1.22 − 0.63

Belgium −1.02 0.15 − 6.73 0.00 − 1.31 − 0.72

Denmark −0.76 0.15 − 5.05 0.00 − 1.05 − 0.46

Finland −1.03 0.16 − 6.54 0.00 − 1.34 − 0.72

France −0.99 0.10 − 6.60 0.00 − 1.22 − 0.70

Germany −1.11 0.15 − 7.39 0.00 − 1.40 − 0.81

Greece −0.72 0.15 − 4.69 0.00 − 1.02 − 0.42

Great Bri tain −0.96 0.15 − 6.32 0.00 − 1.25 − 0.66

I reland −1.50 0.17 − 8.65 0.00 − 1.83 − 1.16

I taly −1.04 0.15 − 6.95 0.00 − 1.34 − 0.75

Luxembourg −1.44 0.15 − 9.56 0.00 − 1.74 − 1.15

Netherlands −0.64 0.16 − 3.92 0.00 − 0.96 − 0.32

Norway −1.28 0.16 − 8.03 0.00 − 1.60 − 0.97
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Table 1 continued

Dependent variable Coef. SE z P > z 95% Conf. Interval
ln(1/u1)

Portugal −0.84 0.16 − 5.32 0.00 − 1.15 − 0.53

Spain −1.04 0.15 − 6.85 0.00 − 1.33 − 0.74

Sweden −1.14 0.15 − 7.54 0.00 − 1.43 − 0.84

Swi t zerland −1.15 0.15 − 7.66 0.00 − 1.45 − 0.86

Turkey (Omitted)

Constant 2.57 0.30 8.49 0.00 1.98 3.16

The time variable, t , has a null coefficient, suggesting that the efficiency decrease
per year is statistically negligible.

5.2 The US

Additionally, for the US estimation (Table 2), the coefficients of inputs and outputs
are significant and with the correct signs.

Comparing with Europe, we find that the labor factor has a greater impact on the
efficiency (0.86 vs 0.77), and the opposite is true for capital (0.21 vs 0.47), meaning
that the labor (capital) factor in the US performs better (worse) than in Europe. This
result is expected, in that it is consistent with both the larger stock of capital employed
(with respect to labor) and the lower level of labor protection in the US compared to
Europe.

Looking at the dummies, almost all US states are characterized by significant fixed
effects that are different from that of the baseline state (Wyoming), while the time
variable, as opposed to Europe, presents a positive coefficient, pointing to an efficiency
increase of 0.01 throughout the period.

Hence, even if the performed estimations account expressly for the N PL variable,
a further deepening is necessary to explain why a dramatic crisis occurred in the US,
notwithstanding the increasing efficiency net of risk, and why—in the presence of a
constant efficiency—a much less pronounced crisis occurred for the European banks.

6 Inefficiencies or responsibilities?

In this section, we deal with the efficiency scores computed with formula (15) and
the prices for N PL derived by formula (7), to evaluate to what extent the outbreak of
the recent financial crisis is the result of bank inefficiencies or of the failure to control
the N PL risk. The latter reflects inadequate government policies or specific-bank
strategies for profits.

On average, the efficiency scores for Europe and the US are respectively 0.81
and 0.84. The scores are both high and with small differences across European and
US states, ranging from 0.80 to 0.82 and from 0.83 to 0.85, respectively. Hence, the
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Table 2 Distance function estimation: the US

Dependent variable Coef. SE z P > z 95% Conf. Interval
ln(1/u1)

ln(u2/u1) 0.30 0.04 7.04 0.00 0.22 0.39

ln(u3/u1) 0.16 0.02 6.80 0.00 0.12 0.21

ln(u4/u1) −0.27 0.12 − 2.21 0.03 − 0.52 − 0.03

ln(x1) −0.21 0.02 − 9.38 0.00 − 0.26 − 0.17

ln(x2) −0.86 0.02 − 38.10 0.00 − 0.91 − 0.82

ln(u2/u1)ln(u3/u1) 0.01 0.01 1.33 0.18 − 0.01 0.03

ln(u2/u1)ln(u4/u1) −0.06 0.01 − 6.36 0.00 − 0.08 − 0.04

ln(u3/u1)
2 −0.09 0.08 − 5.21 0.00 − 0.12 − 0.05

ln(u3/u1)ln(u4/u1) −0.01 0.00 − 1.80 0.07 − 0.02 0.00

ln(x1)
2 0.03 0.01 1.82 0.07 − 0.00 0.06

ln(x1)ln(x2) −0.14 0.00 − 29.18 0.00 − 0.15 − 0.13

ln(x2)
2 −0.12 0.02 − 4.92 0.00 − 0.17 − 0.07

ln(u2/u1)ln(x1) 0.22 0.02 10.97 0.00 0.18 0.26

ln(u2/u1)ln(x2) −0.20 0.03 − 5.91 0.00 − 0.27 − 0.14

ln(u3/u1)ln(x1) −0.08 0.02 − 4.97 0.00 − 0.11 − 0.05

ln(u3/u1)ln(x2) −0.12 0.00 − 28.49 0.00 − 0.13 − 0.11

ln(u4/u1)ln(x1) −0.03 0.00 − 11.82 0.00 − 0.04 − 0.03

ln(u4/u1)ln(x2) −0.04 0.00 − 11.32 0.00 − 0.05 − 0.03

cos(z2) 0.44 0.25 1.71 0.09 − 0.06 0.94

sin(z4) −0.81 0.38 − 2.10 0.03 − 1.57 − 0.05

cos(z22) 0.09 0.14 0.66 0.51 − 0.18 0.37

sin(z22) −0.03 0.02 − 1.58 0.11 − 0.07 0.01

sin(z33) −0.21 0.02 − 9.65 0.00 − 0.26 − 0.17

cos(z44) 0.17 0.01 10.60 0.00 0.14 0.20

sin(z44) −0.20 0.11 − 1.78 0.07 − 0.42 0.02

cos(z55) 0.10 0.02 4.41 0.00 0.06 0.15

sin(z55) 0.20 0.01 13.21 0.00 0.17 0.23

cos(z66) −0.48 0.03 − 13.45 0.00 − 0.55 − 0.41

sin(z66) 0.06 0.04 1.44 0.15 − 0.02 0.16

cos(z25) 0.28 0.02 10.97 0.00 0.23 0.33

sin(z25) −0.13 0.01 − 8.21 0.00 − 0.16 − 0.1

cos(z26) −0.24 0.03 − 7.53 0.00 − 0.31 − 0.18

sin(z26) 0.12 0.03 4.34 0.00 0.06 0.17

cos(z34) −0.02 0.01 − 1.91 0.06 − 0.05 0.00

sin(z34) 0.01 0.01 0.94 0.34 − 0.01 0.02

cos(z35) −0.43 0.04 − 10.18 0.00 − 0.51 − 0.35

sin(z35) −0.17 0.01 − 10.27 0.00 − 0.16 − 0.11

cos(z222) −0.06 0.04 − 1.52 0.13 − 0.14 0.02

cos(z333) −0.04 0.00 − 7.91 0.00 − 0.05 − 0.03
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Table 2 continued

Dependent variable Coef. SE z P > z 95% Conf. Interval
ln(1/u1)

cos(z444) 0.05 0.01 7.32 0.00 0.04 0.07

cos(z555) 0.02 0.01 2.05 0.04 0.00 0.04

cos(z666) −0.12 0.01 − 12.55 0.00 − 0.14 − 0.10

sin(z333) −0.12 0.01 − 11.02 0.00 − 0.14 − 0.10

sin(z444) −0.01 0.02 − 0.55 0.58 − 0.06 0.03

sin(z555) 0.04 0.01 5.68 0.00 0.02 0.05

sin(z666) 0.11 0.02 6.87 0.00 0.08 0.15

t 0.01 0.00 9.86 0.00 0.01 0.01

t(u2/u1) 0.01 0.00 3.65 0.00 0.00 0.01

t(u3/u1) 0.01 0.00 8.70 0.00 0.01 0.01

t y(u4/u1) −0.00 0.00 − 3.38 0.00 − 0.00 − 0.01

t(x1) 0.01 0.00 16.57 0.00 0.01 0.01

t(x2) −0.01 0.00 − 11.03 0.00 − 0.01 − 0.01

Alabama 0.11 0.01 10.62 0.00 0.09 0.13

Alaska −0.01 0.04 − 0.11 0.92 − 0.08 0.07

Arizona −0.05 0.02 − 2.30 0.02 − 0.10 − 0.01

Arkansas 0.09 0.01 9.64 0.00 0.08 0.11

Cali f ornia −0.04 0.01 − 3.74 0.00 − 0.05 − 0.02

Colorado 0.03 0.01 2.45 0.01 0.01 0.05

Connecticut −0.15 0.02 − 6.24 0.00 − 0.19 − 0.10

Delaware −0.17 0.03 − 4.91 0.00 − 0.23 − 0.10

Florida 0.00 0.01 0.00 1.00 − 0.02 0.02

Georgia 0.01 0.01 1.14 0.25 − 0.01 0.02

I daho 0.18 0.01 11.67 0.00 0.15 0.21

I llinois 0.02 0.01 2.43 0.01 0.00 0.03

I ndiana 0.01 0.01 9.96 0.00 0.01 0.12

I owa 0.03 0.01 3.70 0.00 0.01 0.05

Kansas 0.10 0.01 11.42 0.00 0.08 0.12

Kentuchy 0.08 0.01 9.30 0.00 0.07 0.10

Louisiana 0.15 0.01 15.90 0.00 0.13 0.17

Maine −0.01 0.02 − 0.74 0.46 − 0.05 0.02

Maryland 0.12 0.02 7.95 0.00 0.01 0.15

Massachusetts 0.03 0.01 3.90 0.00 0.02 0.04

Michigan 0.04 0.01 4.12 0.00 0.02 0.01

Minnesota −0.03 0.01 − 2.54 0.01 − 0.05 − 0.01

Mississipi 0.06 0.01 5.14 0.00 0.03 0.08

Missouri 0.11 0.01 14.43 0.00 0.01 0.13

Montana 0.09 0.01 5.97 0.00 0.05 0.11
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Table 2 continued

Dependent variable Coef. SE z P > z 95% Conf. Interval
ln(1/u1)

Nebraska 0.06 0.01 5.64 0.00 0.04 0.08

Nevada −0.02 0.02 − 1.04 0.30 − 0.07 0.02

New Hampshire 0.05 0.02 2.23 0.03 0.01 0.10

New Jersey −0.04 0.01 − 3.09 0.00 − 0.06 − 0.01

New Mexico 0.01 0.02 5.14 0.00 0.06 0.13

New York −0.01 0.01 − 0.34 0.73 − 0.02 0.02

North Carolina 0.01 0.01 0.51 0.61 − 0.02 0.03

North Dakota 0.09 0.01 7.23 0.00 0.06 0.11

Ohio 0.17 0.01 11.49 0.00 0.10 0.15

Oklahoma 0.14 0.01 16.48 0.00 0.13 0.16

Oregon 0.18 0.02 11.09 0.00 0.15 0.21

Pennsylvania 0.05 0.01 4.64 0.00 0.03 0.07

Rhode I sland −0.05 0.06 − 0.91 0.36 − 0.17 0.06

South Carolina 0.01 0.01 0.56 0.57 − 0.02 0.03

South Dakota 0.06 0.02 3.43 0.00 0.02 0.10

T ennessee 0.07 0.01 7.24 0.00 0.05 0.09

T exas 0.08 0.01 10.23 0.00 0.06 0.10

Utah −0.06 0.03 − 2.14 0.03 − 0.12 − 0.00

Vermont 0.16 0.02 7.78 0.00 0.12 0.20

V irginia 0.11 0.01 10.11 0.00 0.09 0.14

Washington 0.06 0.01 4.64 0.00 0.03 0.08

West V irginia 0.13 0.01 9.60 0.00 0.11 0.16

Wyoming (Omitted)

Constant 1.28 0.20 6.25 0.00 0.88 1.68

characterization of efficiency is across banks rather than states and is consistent with
the small increasing trend for the US.

Therefore, despite accounting for N PL in the estimation of efficiency, it does not
seem reasonable to use such an argument to explain the crisis. Rather, it appears more
logical to think in terms of responsibilities in the management and regulation of credit
risk.

To discriminate between responsibilities of banks and governments, we state that
the responsibility for the crisis lies with bank when the assets (N PL) are managed
differently in different countries by the same commercial bank; conversely it rests on
the governments when they let banks allocate different amounts for bad loans.

We have learned from Fig. 1 that the statistical definitions of N PL may differ
across countries, so the empirical probability of default, N PL/L , should be used with
caution in evaluating the credit risk. For this reason, we will focus mainly on the prices
of N PL , that represent a measure of N PL riskiness, which can be interpreted as the
costs that banks should bear to recover bad loans.
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Table 3 Shadow prices for N PL: Europe (time average)

Country Po
N PL Country Po

N PL

Sweden 0.33 Denmark 0.14

Netherlands 0.27 Austria 0.12

Belgium 0.24 Germany 0.12

Switzerland 0.21 Italy 0.11

Luxembourg 0.20 Spain 0.11

France 0.18 Greece 0.08

Great Britain 0.18 Portugal 0.04

Ireland 0.15 Europe 0.16

Table 4 Shadow prices for N PL: the US (time average)

State Po
N PL State Po

N PL State Po
N PL

New Hampshire 0.40 Mississipi 0.24 Michigan 0.20

Vermont 0.38 Arizona 0.23 Delaware 0.20

Rhode Island 0.38 California 0.23 Tennessee 0.20

Maine 0.37 Louisiana 0.23 North Carolina 0.20

New Jersey 0.35 South Carolina 0.23 Idaho 0.20

Pennsylvania 0.33 Washington 0.23 Arkansas 0.20

Alaska 0.30 Iowa 0.23 Georgia 0.20

Connecticut 0.30 Ohio 0.22 Nebraska 0.19

Wyoming 0.27 Illinois 0.22 Nevada 0.19

Virginia 0.27 Kentuchy 0.22 Alabama 0.19

Indiana 0.27 West Virginia 0.22 Oklahoma 0.19

Maryland 0.27 Montana 0.22 Kansas 0.18

Oregon 0.26 Minnesota 0.22 New Mexico 0.18

New York 0.26 Missouri 0.22 North Dakota 0.17

Massachusetts 0.26 Florida 0.21 Utah 0.16

Wisconsin 0.25 Colorado 0.21

South Dakota 0.24 Texas 0.21 US 0.23

Tables 3 and 4 show the non-normalized shadow prices for N PL in Europe and
the US, respectively. Consistent with the theoretical results, all values are negative.
For convenience of exposition, they are presented as positive costs.

We observe high prices of N PL for both Europe and the US, particularly for the
US, suggesting that the more binding monitoring process of credit activity in Europe
is effective. More specifically, on average, the cost of bad loans—in terms of capital
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Fig. 2 Shadow prices for N PL in Europe and the US, years 2000–2010

recovery and related expenses—amounts to approximately 23% in the US and 16%
in Europe.13

Figure 2 shows that in both cases, the riskiness of the bad loans grew until the
explosion of the crisis in 2007. In particular, due to the expansive monetary policy
of the Federal Reserve, subprime trading in real estate grew incredibly since 2002,
and the same occurred for the price of N PL , until reaching a peak between 2006 and
2007.14 Then, it fell during 2008 in response to the regulatory actions undertaken.
With transmission of the crisis to the financial system in 2008, the two prices exhibit
no differences and then progressively separate out again.

The relevance of our analysis is twofold. First, the calculation of shadow prices
provides a means for regulating the market for N PL by charging banks the cost
associated with a given level of N PL assets. Second, as a measure of credit default
risk, the shadow price is useful to evaluate the conditions of the banking market, with
an increasing trend anticipating the emergence of a crisis, as happened with the peak
in 2007, shown in Fig. 2.

6.1 Evaluating responsibilities for the crisis

The indicator we use for evaluating the responsibility of banks is the between variance
of the prices for N PL and the default empirical probability, N PL/L , calculated as

13 Note that N PL prices may well be different among banks even if their efficiencies are similar. In fact, as
shown in the theoretical section, the N PL price (normalized by the shadow revenue) is the first derivative
of the considered efficiency, and thus it may behave in a different way.
14 The subsequent restrictive monetary policy, undertaken by the Fed to control inflation starting from
2004, exacerbated the N PL price escalation concurring to the collapse of the subprime payment system
and engendering the crisis in 2007.
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Table 5 Analysis of variance for N PL/L

Year Europe* US*

2000 2.36 0.036

2001 2.06 0.033

2002 2.23 0.024

2003 2.38 0.010

2004 2.37 0.002

2005 2.30 0.001

2006 2.30 0.001

2007 1.97 0.002

2008 1.95 0.014

2009 1.94 0.013

2010 1.93 0.012

*
(
σ 2
Bcountries (N PL/L)

/σ 2
Bbanks (N PL/L)

)

the deviation of bank means over countries from the overall mean, representing the
standard for commercial banks. In an analogous way, to measure country responsibil-
ities, we compute the deviation of country means over banks from the overall mean.
In the former case, the prices for N PL or the N PL/L ratios are listed per bank by
country, in the latter case, the same variables are listed per country by bank.

The larger the between variance of banks (σ 2
Bbanks

), the lower the capacity of com-
mercial banks to apply the same policy of risk management in different countries, and
the greater the responsibility of banks. The greater the between variance of countries
(σ 2

Bcountries
), the less effective country regulations are in controlling the credit risk.

In the following Tables, 5 and 6, we consider the ratio between these two indica-
tors, where 1 is the term of reference for comparison.15 We stress that the higher the
σ 2
Bcountries

/σ 2
Bbanks

ratio, the less attention countries will give to controlling the N PL
risk, and consequently the greater the responsibility of countries compared to banks.

Tables 5 and 6 show that in Europe, governments are the main actors in determining
the N PL/L ratio, given that σ 2

Bcountries
(N PL/L) > σ 2

Bbanks
(N PL/L). In contrast,

the riskiness of N PL is determined principally by banks, since σ 2
Bcountries

(PN PL) <

σ 2
Bbanks

(PN PL). This means that, notwithstanding the stricter rules, European banks

circumvent the regulatory provision in order to increase their loan market share.16

Regarding the US states, we obtain opposite evidence. In particular, they are less
penalized than European countries in terms of credit default when considering the
N PL/L indicator, while the contrary occurs for the N PL price. These different
results are a consequence of the US having a default probability ratio that is relatively

15 Interestingly, we also find that the between variances of banks and countries bring about the major
contribution to total variance compared with the contribution from the within variances. This means that
what mainly matters for explaining the variance of the risk connected to N PL is the role of the banks or
countries considered as a system (i.e., represented by the means of the groups) rather than individually.
16 See Slovik (2012), who finds that European banks try to bypass the regulatory framework based on the
risk-weighted asset to total asset ratio to increase the assets dimension and profits.
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Table 6 Analysis of variance of the shadow prices for N PL

Year Europe* US*

2000 0.431 5.516

2001 0.096 3.180

2002 0.098 1.264

2003 0.202 1.704

2004 0.199 2.049

2005 0.221 3.020

2006 0.286 2.897

2007 0.221 2.088

2008 0.362 0.383

2009 0.363 0.382

2010 0.365 0.380

*
(
σ 2
Bcountries (PN PL )

/σ 2
Bbanks (PN PL )

)

smaller, though riskier, than is the case in Europe. In fact, as stated above, in the US
case, N PL include only loans which are declared officially non-reimbursable, while
for Europe, they also encompass loans where full repayment is uncertain.

Actually, for theUS, under theGenerally Accepted Accounting Principles (GAAP),
theStatement of Financial Accounting Standard (SFAS) definedbroad criteria to detect
N PL based on probable and reasonably estimated loss. Hence, the N PL/L ratio was
managed in a strategic way by banks so that the loan loss provision was dealt as well.
In accordance with these rules, there is a greater responsibility of the country in the
determination of N PL prices, which is pointed out in Table 6 by the values of the index
σ 2
Bcountries

(PN PL)/σ 2
Bbanks

(PN PL) > 1 until 2007 and < 1 starting from 2008 with a
stabilizing pattern, when governments started undertaking the necessary reforms of
financial markets.

Such evidence is also pictured consistently in Fig. 1, with a low N PL/L probability
for the US till the increase in 2007, followed by a stabilized—if not decreasing—
pattern thereafter.

In contrast, in Europe, Basel Accords II and III established stringent conditions
for the definition of both the N PL and the loan loss provision, which engendered an
indicator constantly lower than 1 (Table 6).17

Noticeably, the values ofTable 6 after the crisis are very similar for the twocountries.
Such result confirms the evidence shown in Fig. 2 that the reforms adopted in the US
brought the US credit risk at the European level, and indicates that also the uncertainty
on that risk has been reduced accordingly.

17 There is a lower bound of 1.25% for risk-weighted assets and an upper bound of 50% for the regulatory
capital requirement.
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Fig. 3 Interest rate on loans net of credit risk, IRNCR, years 2000–2010

7 Regulatory implications

In the previous sections, we have studied the nonperforming loan prices by focusing
on bank efficiency as well as on the responsibilities of countries and banks for the
surge in credit risk. Now, we make a comparison between the prices of N PL and
loans to asses the amount of the charge against bad loans to compensate for the risk
assumed by each bank. This cost can be in the form of a reduction in the interest rate
that banks receive on their loans. It would be a way to regulate the credit market by
saving that part of revenue necessary to offset the credit risk.

To make such a comparison, it is necessary to conform the values reported in Fig.
2 to the interest rate on loans (rL ). We calculate:

r(N PL)L = PN PL · N PL

L
(16)

where r(N PL)L is that part of the interest rate, rL , that should be subtracted to
compensate for the risk of N PL . In the following Fig. 3 the difference between rL
and r(N PL)L is pictured for both the US and Europe. This difference has themeaning
of an interest rate on loans net of credit risk (IRNCR).

In this figure the initial descending path until 2004 is due, for the US, to the expan-
sive monetary policy—adopted to come out of the new-economy speculative bubble
of 2000—and the ascending path to the inversion of such a policy until slightly before
2007, in place to control inflation after a steady phase of growth. For Europe, we detect
a tenuous descending path from 2000 until 2004, and then after, a slightlymoremarked
decline until the minimum, reached in correspondence of the maximum for the US.
This evolution is due to the European monetary policy directed to the stability of inter-
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est rates. Then, the descending path, until the minimum in 2007, and the subsequent
increasing phase are determined by the increasing trend in the N PL price—and so
of r(N PL)L—up to the outbreak of the crisis and the following downturn. However,
the minimum of the IRNCR indicator approaches the values 7.50% and 9.50% for the
US and Europe, respectively, thus remaining well above zero.

Consistent with Figs. 1 and 2 the difference of I RNCR for the two countries
becomes stable after 2008, once the new stricter rules have been put into practice.

A relevant result of this analysis is the wedge between the shadow price of nonper-
forming loans and market price of loans, that indicates the need for regulation in the
loan market to prevent a credit crisis.

8 Conclusions

In this research, we propose a methodology for the computation of the N PL shadow
prices in the banking efficiency framework. The results from our econometric estima-
tion, based on the Fourier expansion, point to high levels of efficiency both in Europe
and the US, though at different levels of the N PL prices. In particular, shadow prices
are higher in the US, in accordance with the more permissive definition of N PL . We
find that the risk of bad loans is principally due to a low level of market regulation in
the US, and consequently is mainly referable to the government action, while in the
EU, it is mostly imputable to banks. We also show that the more recent financial crisis
might have been anticipated by monitoring the pattern of the N PL shadow prices.
Finally, the application of estimated N PL shadow prices as penalties may be useful
as a mechanism for regulating the credit market in the presence of the risk of problem
loans.
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