*...d BUNDESBANK

EUROSYSTEM

**** DEUTSCHE

Discussion Paper

Deutsche Bundesbank
No 35/2013

Modelling and measuring business risk
and the resiliency of retail banks

Mohamed Chaffai

(Université de Sfax)

Michel Dietsch

(ACP-Banque de France and Université de Strasbourg)

Discussion Papers represent the authors’ personal opinions and do not
necessarily reflect the views of the Deutsche Bundesbank or its staff.



Editorial Board: Klaus Diillmann
Heinz Herrmann
Mathias Hoffmann
Christoph Memmel

Deutsche Bundesbank, Wilhelm-Epstein-Stra3e 14, 60431 Frankfurt am Main,
Postfach 10 06 02, 60006 Frankfurt am Main

Tel +49 69 9566-0

Please address all orders in writing to: Deutsche Bundesbank,
Press and Public Relations Division, at the above address or via fax +49 69 9566-3077

Internet http://www.bundesbank.de

Reproduction permitted only if source is stated.

ISBN 978-3-86558-955-2 (Printversion)
ISBN 978-3-86558-956—9 (Internetversion)



% DEUTSCHE

§ BUNDESBANK

EUROSYSTEM

-
Journal of FINANCIAL STABILITY
(L) univers aBiLITY

This paper was presented at the conference

The Stability of the European Financial System and the Real Economy

in the Shadow of the Crisis

held by the Deutsche Bundesbank, the Technische Universitdt Dresden
and the Journal of Financial Stability in Dresden from 17 to 18 January 2013.

The views expressed in the paper are those of the authors and do not necessarily
reflect those of the Deutsche Bundesbank.

Thursday, 17 January 2013

8:45-9:00

9:00 -9:10

9:10 - 9:25

Session 1

9:25-10:15

10:15-10:25

10:25 -11:15

11:15-12:00

12:00 - 13:30

Registration

Opening Remarks by Alexander Karmann (TU Dresden) and Thilo Liebig
(Deutsche Bundesbank)

Welcome Address by Hans Miiller-Steinhagen (Rector, TU Dresden)

Chair: Iftekhar Hasan (Fordham University)

Which banks are more risky? The impact of loan growth and business
model on bank risk-taking

Matthias Kéhler (Deutsche Bundesbank)

Discussant: Michel Dietsch (Université de Strasbourg and Banque de
France)

Coffee Break

Modelling and measuring business risk and the resiliency of retail
banks

Mohamed Chaffai (Université de Sfax) and Michel Dietsch (Université de
Strasbourg and Banque de France)

Discussant: Matthias Kéhler (Deutsche Bundesbank)
Invited Talk

Capital Levels and Risk-Taking Propensity in Financial Institutions

Giovanni Barone-Adesi (University of Lugano and Swiss Finance Institute)

Lunch Break



Session 2

13:30 - 14:20
14:20 - 15:10
15:10 = 15:25
Key Note
Speech
15:25-16:10
Session 3
16:10 - 17:00
17:00-17:10
17:10 — 18:00
19:00 — 22:00

Chair: Thilo Liebig (Deutsche Bundesbank)

The Common Drivers of Default Risk
Christoph Memmel (Deutsche Bundesbank), Yalin Gundiz (Deutsche
Bundesbank) and Peter Raupach (Deutsche Bundesbank)

Discussant: Wolfgang Bessler (Justus-Liebig University Giessen)

Bank Risk Factors and Changing Risk Exposures of Banks: Capital
Market Evidence Before and During the Financial Crisis

Wolfgang Bessler (Justus-Liebig University Giessen) and Philipp Kurmann
(Justus-Liebig University Giessen)

Discussant: Christoph Memmel (Deutsche Bundesbank)

Coffee Break

Why is the 'euro crisis' so difficult to deal with?

Martin Hellwig (Max Planck Institute for Research on Collective Goods)

Chair: Stefan Eichler (TU Dresden)

Catharsis - Tracing the Real Effects of Bank Insolvency and Resolution
Josef Korte (Goethe University Frankfurt)

Discussant: Camelia Minoiu (International Monetary Fund)

Coffee Break

Liquidity Shocks, Bank Balance Sheets, and International Lending
During the 2007-08 Crisis

Camelia Minoiu (International Monetary Fund) and Tidmer Kapan (Fannie
Mae)

Discussant: Josef Korte (Goethe University Frankfurt)

Reception and Conference Dinner
Dinner Speech: Andreas Dombret (Member of the Executive Board,
Deutsche Bundesbank)



Friday, 18 January 2013

Session 4
9:00 - 9:50
9:50 — 10:00
10:00 - 10:50
10:50 - 11:00
11:00 - 11:50
11:50 — 12:35
12:35-13:40

Chair: Olivier De Bandt (L'Autorité de Contrdle Prudentiel France)

A Model of Mortgage Losses and its Applications for Macroprudential
Instruments

Christian Hott (Zurich Insurance Group)
Discussant: Clemens Bonner (De Nederlandsche Bank)

Coffee Break

Steering the LCR with the Interbank Money Market

Clemens Bonner (De Nederlandsche Bank) and Sylvester Eijffinger
(CentER, Tilburg University)

Discussant: Roman Horvath (Institute of Economic Studies, Charles
University Prague and |IOS Regensburg)

Coffee Break

Central Bank Transparency and Financial Stability: Measurement,
Determinants and Effects

Roman Horvath (Institute of Economic Studies, Charles University Prague
and 10S Regensburg) and Dan Vasko (Institute of Economic Studies,
Charles University Prague)

Discussant: Christian Hott (Zurich Insurance Group)

Invited Talk
Financial Contract: Bank versus Bank

Iftekhar Hasan (Fordham University)

Lunch Break



Session 5

13:40 — 14:30
14:30 - 15:20
15:20 — 15:35
15:35-16:25
16:25 - 16:40

Chair: Alexander Karmann (TU Dresden)

Fiscal Spillovers in the Euro Area

Guglielmo Maria Caporale (Brunel University London, CESifo and DIW
Berlin) and Alessandro Girardi (Istat, Rome)

Discussant: Giovanni Calice (University of Southampton)

Liquidity Spillovers in Sovereign Bond and CDS Markets: An Analysis
of The Eurozone Sovereign Debt Crisis

Giovanni Calice (University of Southampton), Jing Chen (Swansea
University, School of Business and Economics Swansea) and Julian Williams
(University of Aberdeen)

Discussant: Jorge Antonio Chan-Lau (International Monetary Fund)

Coffee Break

Equity Returns in the Banking Sector in the Wake of the Great
Recession and the European Sovereign Debt Crisis

Jorge Antonio Chan-Lau (International Monetary Fund), Estelle X. Liu
(International Monetary Fund) and Jochen M. Schmittmann (International
Monetary Fund)

Discussant: Guglielmo Maria Caporale (Brunel University London, CESifo
and DIW Berlin)

Concluding remarks by Alexander Karmann (TU Dresden) and Thilo
Liebig (Deutsche Bundesbank)

End of Conference



Non-technical summary

The recent crisis has revealed the existence of strong resiliency factors in the retail
banking business model. Even if retail banking is characterized by a relatively rigid cost
structure, most deposit-taking banks focused on retail banking businesses have come
through the recent crisis quite well. In fact, the crisis has shown that the specification of
business risk sources varies across banks’ activities and business models. This paper
proposes a new methodology for modelling and measuring banks’ exposure to business
risk, that is, to situations in which adverse changes resulting from uncertainty
surrounding output volumes, margins and costs cause banks’ profits to decline.

This methodology is based on the efficiency frontier literature. The distance to the
efficient frontier provides a profit-inefficiency score at the bank level. Every increase in a
bank’s distance to its efficiency frontier may be considered to be the consequence of a
decline in that bank’s profitability. Using this approach, we take the performance of the
banks located in the last percentiles of inefficiency scores as illustrating the worst
situation a bank will potentially encounter if unfavourable business risk factors
materialise. We assume that volatility in banks’ profits stems from output uncertainty,
and we implement shocks to outputs in the distance function framework representing
unexpected changes in output volumes. These shocks produce a decline in profits which
corresponds to an increase in the value of the distance. For a given bank, and a given
output volume shock, the increase in distance represents the loss in profits attributable
to the decline in output volume. Taking extreme values (the 90th and 95th percentiles)
of this distribution serves to measure business risk exposure. Indeed, taking extreme
values means that we consider the most severe consequences of the shock in terms of
declines in profits.

This methodology is applied to a large panel of more than 90 French banks - mostly
regional banks - running a retail banking model. Data cover the 1993-2011 period. The
results verify the resiliency of the retail banking business model. Indeed, business risk,
measured in terms of profits at risk, is quite low in the case of severe shocks to main
outputs (lending, provision of liquidity services, activities on financial markets and sale of
insurance and financial products). Results also show that, regardless of whether costs
can be adjusted or not following an output shock, shocks to lending services provoke the
highest decrease in profits, which means that retail banks’ profits are the most sensitive
to the supply of this kind of services. In other words, lending activity is likely to be the
most strategic, if not the most profitable, activity for retail banks, protecting banks

against business risk.



Nichttechnische Zusammenfassung

Die letzte Krise hat die Widerstandsfahigkeit des Privatkundengeschafts der Banken
gezeigt. Selbst wenn das Privatkundengeschaft durch eine relativ starre Kostenstruktur
charakterisiert ist, kamen diejenigen Einlageninstitute gut durch die Krise, die sich auf
das Privatkundengeschaft ausrichteten. Die Krise hat gezeigt, dass die Art der
Geschaftsrisiken variiert, und zwar in Abhangigkeit von den Aktivitdten der Bank und
deren Geschaftsmodell. Dieses Papier schlagt eine neue Methode zur Modellierung des
Geschaftsrisikos der Banken vor, d. h. des Risikos aus unglinstigen Verdanderungen, die
die Gewinne der Banken vermindern. Solche Veranderungen ergeben sich aus der
Ungewissheit hinsichtlich des Output-Volumens, der Margen und der Kosten. Diese
Methode fuBt auf der Literatur zur Gewinneffizienz. Aus dem Abstand zum effizienten
Rand ergibt sich fir jede Bank ein MaB fiir die Gewinneffizienz. Jede Zunahme in dem
Abstand einer Bank zum effizienten Rand kann als eine Abnahme der Gewinneffizienz der
Bank angesehen werden. Wir nehmen die Ergebnisse der Banken mit den schlechtesten
Auspragungen des EffizienzmaBes, um die unginstigen Veranderungen des
Geschaftsumfeldes darzustellen. Wir unterstellen, dass die Schwankungen im Gewinn der
Banken von der Ungewissheit Gber das Output-Volumen herrithren, und wir modellieren
Stressszenarien als unerwartete Anderungen des Output-Volumens. Diese
Stressszenarien verursachen einen Riickgang der Gewinne, die einer VergroBerung des
Abstands zum effizienten Rand entsprechen. Fir eine gegebene Bank und ein gegebenes
Stressszenario in Bezug auf das Output-Volumen stellt die Zunahme in dem Abstand zum
effizienten Rand denjenigen Verlust im Gewinn dar, der dem Rickgang des Output-
Volumens zugeordnet werden kann. Indem extreme Werte der Verteilung des
EffizienzmaBes genommen werden (das 90te wund 95te Perzentil), werden
schwerwiegende Stressszenarien angenommen.

Diese Methode wird auf eine groBe Stichprobe von mehr als 90 franzdsischen,
weitgehend regional tatigen Banken angewandt, die als Geschaftsmodell das
Privatkundengeschaft betreiben, und zwar Uber den Zeitraum von 2003 bis 2011. Die
Ergebnisse bestatigen die Widerstandsféhigkeit des Geschafts mit den Privatkunden. Das
Geschaftsrisiko, gemessen als Gewinne im Risiko, ist sehr gering, selbst unter der
Annahme scharfer Stressszenarien. Die Ergebnisse zeigen auch, dass Schocks im Bereich
der Kreditvergabe die hdochsten Verluste an Gewinn einer Bank bedeuten. In anderen
Worten ausgedriickt, bedeutet das, dass der Bereich der Kreditvergabe wahrscheinlich

der profitabelste Bereich der Banken im Privatkundengeschaft ist.
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Abstract

The recent banking crisis has revealed the existence of strong resiliency factors in the
retail banking business model. On average, retail banks suffered less than other financial
institutions from unexpected market changes. This paper proposes a new methodology to
measure retail banks’ business risk, which is defined as the risk of adverse and
unexpected changes in banks’ profits coming from sudden changes in the banks’
activities. This methodology is based on the efficiency frontier methodology, and, more
specifically, on the duality property between the directional distance function and the
profit function. Using the distance function to compute banks’ profitability, we take the
distance to the frontier of best practices as a measure of profit inefficiency, ie of
unexpected losses related to underperformance. In this approach, shifts in the efficiency
frontier induced by adverse shocks to banks’ volumes serve as a measure of business
risk. This measure of profit volatility allows a measurement to be made of the impact of
volume changes on banks’ profits. This method is applied to a database containing half-
yearly regulatory accounting reports over the 1993-2011 period for more than 90 French
banks running a retail banking business model. Our results verify a low level of business
risk in retail banking, thus confirming the resiliency of the retail banks’ business model.
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Introduction: business risk concept and measurement

Every firm is subject to business risk. Business risk refers to potential losses due to
adverse, unexpected changes in business volume, margins and costs. These losses can
be the result of changes in customer preferences, an increase in competitive pressures or
other changes in a bank’s environment. Thus, business risk also corresponds to
managerial risks, and it depends on the firm’s capacity to adapt its policy to unexpected
events and changes. In banking, business risk is a non-financial risk that is linked to the
uncertainty of earnings not associated with financial risks (market, credit, ALM risks) or
other types of non-financial risk (operational risk). Banks’ business risk must not overlap
with these other risks, not does it incorporate interest rate risk, default risk or credit risk

because these risks are already taken into account in other forms of risk.

The banking sector devoted little attention to business risk before the subprime crisis. As
mentioned in a 2007 economic capital survey, “management of business risk still lags
behind core financial risks” (IFRI/CRO, 2007). The survey demonstrated that business
risk is considered an important risk type - over 85% of participants include it in their
economic capital frameworks, and the average impact is 10% of the aggregate economic
capital requirement. However, business risk is probably also the risk type that is being
debated most actively at present, with discussions focusing on the most appropriate
measurement approach. A variety of approaches are taken to reflect business risk, and
the level of sophistication generally appears to be less pronounced than in the case of
core financial risks. For this key ‘non-financial’ risk, “a range of different capital
calculation approaches can be employed that could lead to significantly different results
and, as a result, management incentives”. Overall, there is no clear convergence in the

approach to measuring business risk.

One reason for this lack of attention to business risk in the banking industry is that in the
booming financial markets of the 1990s and 2000s, business risk hardly seemed to be a
significant risk for banks. But the recent subprime crisis demonstrated that banks can
suffer from this business risk more than non-financial firms!. Indeed, during the crisis,
the extinction of some bank activities can be considered to be the consequence of

business risk. For example, activity in the markets for syndicated loans, structured

1 Business risk is not a risk which is specific to banks. Slywotzky and Drzik (2000) show that from 1993
through 2003, more than one-third of Fortune 1,000 companies—only a fraction of which were in volatile high-
technology industries—lost at least 60% of their value in a single year. Over the last decades, non-financial
firms have developed new enterprise risk management tools that providing a degree of protection against a
broad set of high-stakes risks.



products and IPOs dropped substantially, or even disappeared altogether, due largely to
severe asset depreciations and strong financial market disruptions. Consequently, the
revenues of most investment banks declined sharply. The relatively flexible cost structure
of investment banks allowed them to adjust costs quickly, but business risk casts doubt

on the resiliency of this bank business model.

By contrast, the recent crisis has revealed the existence of stronger resiliency factors in
the retail banking business model. Even if retail banking is characterized by a relatively
rigid cost structure, most deposit-taking banks focused on retail banking businesses have
come through the recent crisis quite well. By transforming local deposits into lending in
the areas where people live and work, retail banks benefit from a quite stable financing
structure which allows them to maintain lending activities in period of stress. They can
act as “shock absorbers” rather than transmitters of risk to the financial system and the
real economy. This is because they are exposed to a low level of credit risk on average,
even if credit risk concentrations - especially in the real estate sector - could be an issue,
and also because they can better manage funding liquidity risk. Overall, the recent crisis
has shown that the specification of business risk sources varies across banks’ activities

and business models.

Today, banking supervisors call for more attention to be paid to business risk. The Basel
Banking Committee on Banking Supervision requires it to be taken into account in Pillar
II, the internal regulatory framework of Basel II. Recent Basel III proposals aimed at
strengthening the resiliency of the banking sector are heading in the same direction.
Thus, the new regulatory framework is encouraging banks to look at this risk.

Nevertheless, regulators concede that this risk is “hard to measure”.

This paper proposes a nhew approach for modeling and measuring business risk based on
the efficiency frontier methodology. More specifically, it exploits the duality property
between the directional distance function and the profit function. Thus, any increase in
one bank’s distance to its efficiency frontier may be considered to be the consequence of
a decline in that bank’s profitability. Using this approach, we take the performance of the
banks located in the last percentiles of inefficiency scores as illustrating the worst
situation a bank will potentially encounter if unfavourable business risk factors
materialise. The paper uses a unique database containing regulatory information about
balance sheets and income statements for more than 90 French banks - mainly regional
banks - that can be identified as running a retail banking business model. Data are

collected on a half-yearly frequency over the 1993-2011 period.



It is organized as follows. Section 2 presents a survey of the current methods used to
measure business risk. Section 3 outlines the proposed directional distance function
methodology. Section 4 presents the data and the specification of the frontier. Section 5

discusses the results and section 6 concludes.

2. Survey of current methods used to measure business risk

While current estimation methodologies of business risk use purely statistical models, we
propose a structural model which is based on recent developments in the production and

cost theory applied to the banking sector.

2.1 Earnings-at-risk methodologies

The current methods used to model business risk can be classified in two categories: the

benchmark approach and the earning-at-risk (EaR) approach.

The first one proposes to compute specific earnings risk for each business unit of a given
bank by taking specialized banks as benchmarks. In other words, the earnings volatility
of different bank business models is derived from the assessment of specialized banks’
earnings volatility. Thus, it consists in finding a panel of specialized banks and taking
information about their earnings volatility as a proxy for the volatility of the

corresponding business line in an universal bank.

The second method, the EaR method, compares a bank’s earnings volatility with the
rigidity of operating costs. and measures business risk in terms of the volatility of bank
net income. It consists in computing historical earnings volatility with banks’ internal data
(long-term time series on volumes, margins, revenues or costs) and in transforming this
volatility into a measure of earning-at-risk (EaR). The simplest way to obtain such a
measure of business risk is to assume a specific distribution for the profit components, to
then compute the earnings at a given level of confidence, a sort of “worst case” earnings,
and finally to determine the loss under these assumptions. As a first step, the probability
distribution of revenues from fees and commissions and revenues from interest are built,
and a given quantile is chosen. Then, as a second step, operating costs are assumed to
be totally constant in the short run (with a one-year horizon, in fact), and they are
subtracted from expected revenues to determine expected earnings. However, an

extension of the approach could decompose costs into fixed and variable costs.



Using a statistical approach, Klaus Boécker (2008) proposed a stochastic model to
determine the EaR and quantify business risk. He suggested a multivariate continuous-
time model for the future cash flows of the different earnings’ components chosen. Under
this model specification, he computed the value of the EaR on the basis of the
distribution property of the chosen equation of earnings’ components. Then, he
determined a dynamic relation between the EaR measure and the capital-at-risk measure

(the economic capital needed for business risk).

One weakness in this EaR approach is that it is quite demanding in terms of the length of
the time period. Another weakness is that it requires business risk to be isolated from
other forms of risk. Indeed, revenue volatility could be strongly driven by other types of

risks. But it is not so easy to isolate different risk sources.

2.2 A structural approach to business risk

Here, we propose an alternative structural approach based on the recent theoretical and
empirical applications of the theory of costs and production to the banking firm. As
mentioned by Hughes and Mester (2010), the structural approach is choice-theoretic, and
it relies on a theoretical model of the banking firm and the concepts of cost minimization
or profit maximization. This approach combines the theory of financial intermediation
with the microeconomics of bank production. Estimating a profit function might tell us if
the bank is “economically efficient”, that is, not only whether managers organize the
production so that the amount of output produced is maximized, which corresponds to
“technical efficiency”, but also whether they correctly choose the level of inputs and
outputs and their combination so as to respond to changes in relative prices, changes in
demand for products and other changes in a bank’s environment variables. Thus, this
approach fits well with the objective of measuring the overall risk of banking production

in the face of specific and systematic economic shocks.

In this framework, our proposition consists in using the methodology of the parametric
directional distance function to build a profit inefficiency measure that allows similar
banks to be ranked in terms of their ability to maximize profit. This choice is based on
the duality between the directional distance function and the profit function, as
demonstrated by Fare and Grosskopf (1997) and Fare et al (2004). The volatility of
earnings can be computed by the distance volatility, which varies depending on the
uncertainty of volumes, margins or costs of the bank. A change in volumes, margins or

costs affects the distance and thus the inefficiency measure. The variability of the



distance corresponds to the EaR, which, as we have already demonstrated, is a measure

of the variability of profit inefficiency.

When considering the business risk, this methodology offers the advantage of taking
account of the possibility of a simultaneous contraction of inputs and expansion of
outputs in constructing the profit efficiency frontier. Thus, the technical inefficiency
measure derived from a directional distance function is more complete than the more

restricted measures derived from an input distance function or output distance function.

We focus on business risk in retail deposit-taking banks. In these banks, business risk
comes primarily from sources which are linked to the two main functions of these banks:
lending, and the provision of liquidity. Indeed, due to the regular decline of deposits in
the portfolios of non-financial economic agents, retail banks are increasingly exposed to
the risk of a shortage of short-term funding. They are also confronted with growing
competition in lending markets. Retail banks also suffer from potential volatility in non-
interest income, that is, from changes in commissions and other fee income owing to
changes in the volumes of various financial or insurance products and payment services.
To measure business risk, it is necessary to integrate all these potential sources of risk

into the specification of the distance function.

3. Methodology: the directional distance function

As mentioned above, Fare and Grosskopf (1997) emphasized the duality between the
profit function and the directional distance function. Using the directional distance
function, Fare et al (2004) measured profit efficiency in US banks, and Park and Weber
(2005) recently presented similar measures for Korean banks. The first paper
decomposes profit technical inefficiency into allocative inefficiency and technical
inefficiency, while the second focuses on inefficiency changes and productivity changes.
More recently still, Chaffai and Dietsch (2009) used this approach to measure the
influence of environmental characteristics on branches’ profitability. In this study, we use
the methodology of the parametric directional distance function to build an inefficiency
measure and to take the volatility of this inefficiency indicator as a measure of business
risk. Indeed, profit volatility allows us to give consideration to the impact of volume

changes on banks’ profits.

The directional distance function methodology has three advantages. First, it allows a

simultaneous contraction of the inputs and expansion of the outputs in constructing the



efficiency frontier, which is based on the duality between the directional distance function
and the profit function. Thus, technical inefficiency measurement is more comprehensive
than the restricted measures derived from an input distance function or the output
distance function. These two functions are dual to the cost function and revenue function
respectively. Second, the aggregate inefficiency of a banking group is the sum of the
individual inefficiencies of each bank (Fdére et al, 2005). Third, less information is
required for the estimation of the directional distance function than for the profit
function. In fact, only information on output and input amounts is needed, thus avoiding
problems arising from the difficulty of measuring prices (which are needed to estimate
the profit function), which are particularly severe in banking applications when using

accounting dataz.

3.1 The parametric directional distance function

We consider that each bank uses a vector of inputs X = (xl,xz,...,xk)e R, to produce a

vector of outputs Y = (yl,yz,...,yp)e 9?; Let T denote the production possibilities set of
all the combinations of inputs X which can produce the vector Y. We also assume that
this set satisfies the familiar regularity conditions®. The directional distance function

encompasses the data in the direction vector g = (— gx,gv) and is defined by:

D(X,Y;—gx,gy)=MQ€{(X—ﬂgx,Y+ﬂgy)e T} (1)
s

The directional distance function is defined by simultaneously expanding the outputs and
contracting the inputs in the direction g, which needs to be specified. The scalar f
solution of (1) will measure the maximum expansion of outputs and contraction of inputs
technically possible. For any combination of inputs and outputs, profit is at its maximum

when the bank is on the frontier, which corresponds to #=0. If not, # >0 and the bank

could boost profits by improving its technical efficiency in the g-directional vector.

It is important to mention that the measure of inefficiency derived from this model

depends on the direction vector g in which the data are projected on the frontier. Two

important particular direction vectors should be mentioned. The first direction g = (O,gy)

2 That could particularly be the case for banks’ cost of real physical which is very hard to measure
using accounting data.

3 The set T is non-empty and convex. Both outputs and inputs are freely disposable.



only allows for an expansion of outputs given a level of inputs. This model refers to the

output distance function which is dual to the revenue function. The second direction

g= (— gx,O) allows for input contraction given the level of produced outputs, which refers
to the input distance function. Here, we retain the direction g = (— gx,gy): (— 1,1) which

allows us to measure the technical efficiency that the bank can achieve if it increases its

revenues and reduces its costs in the same proportion.
To illustrate this distance function, we consider figure 1. Bank A is projected in A* by
estimating the frontier for all banks. The distance AA* for bank A measures gross

technical inefficiency incorporating both technical inefficiency and allocative inefficiency.

Figure 1: Illustration of the direction distance function

Y = outputs
Output distance
(x-B*gx,y+
Directional
distance
Ifiput A = (x,y)

g = (-9x/9y)

0 »

X = inputs

To estimate the frontier, two methods could be used: the non-parametric method, which
uses the linear programming methodology, and the parametric-econometric method,
which is known as the stochastic frontier approach. In this paper, we choose the
stochastic frontier to estimate the directional distance function. The main reason for this
choice is that this method distinguishes random noise and technical inefficiency under a

bank’s control.



The directional distance function should verify the translation property* (Chambers et al
(1996)). Not all flexible functional forms such as the Translog function or the Fourier
function verify this property. Chambers (1998) proposed the flexible quadratic functional
form. This form is linear with respect to the parameters, and it provides a good
representation of banking production. It has been used in several studies devoted to
banks (Fare et al (2005), Park and Weber (2005)), among others, and it appears to be
the only one used in the actual empirical studies dealing with the directional distance
function. The estimation of the model needs to add linear restrictions to the model

parameters in order to verify the translation property.

In our specification, we add time parameters to take temporal changes into account.
Thus, the quadratic directional distance function is:

[)(X,Y;—gx,gy) a, +0,t+— 5t+z¢Yt+ZV’X’+2ZZ%YY +ZaY+ZyX+

J=1 j'=1
lkk

EZZ%inXf +ZaninXi

i=l i'=1 j=1 i=l

(2)

with the following linear restrictions to verify the translation property:

D
Z%gy ZVgx

J=

p
Z(ﬁ,g} Zw,gv =0

Jj=

Zy,, g. =0 i=1..k

MnMu

—ZUﬁgx =0 jzla"'ap
i=1

—1

~.

In addition, the symmetry restrictions are imposed: &, =« and ¥, =7,;.

To estimate the parameters of the directional distance function, we used the stochastic
frontier approach. The stochastic specification of the directional function was proposed by
Fare et al (2005) and takes the form:

0=D(X,Yi-g,.g,)+e (3)

4 The directional distance function satisfies the translation property if

D(X-og,.Y+og,-g,.8,)=D(X.Yi-g,.g,)-«a



where £=v—u, v~N(0,62) and u ~ N*(0,02).

Then, we apply the translation property of the directional distance function to the

previous equation with respect to one of the outputs of the model, Yp for example. Using

the directional vector g = (— gx,gy): (-1,1), we obtain:

—Yp:D(X_ngp’Y+ngp;_gx’gy)+g (4)

and the stochastic frontier becomes:
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In equation (5), u=0 is a one-sided disturbance term which captures technical
inefficiency, and v is a usual normal two-sided noise disturbance. This frontier could be
estimated using the maximum likelihood method or the method of moments (Kumbhakar
and Lovell, 2000).

In the previous equation, u is assumed to follow a half-normal distribution and v a
normal distribution. We assume, too, that two error components are independent. The
set of parameters {50;51;050;051,...,%;71,...,7k_1;0511,...,05p_1p_1;711,...,7kk;7711,...,np_lk;au;av}
is estimated using the maximum likelihood method. This information can be used to

compute the estimated value of —Yp and then the value of the global residual

Here, we assume that u is half-normal. The inefficiency components are obtained by
taking the expected value of u conditional on (v-u), as is suggested by Jondrow et al
(1982).

The main advantages of the stochastic approach are (i) that the model takes into account

possible noise in the data and (ii) that it is possible to conduct inference tests of the



value of model parameters. But, it presents the disadvantage of not imposing the

inequality restrictions on the derivatives of the directional distance function®.

3.2. Using the parametric directional distance function to measure retail banks’
business risk

The distance, as defined in the previous section, provides a profit-inefficiency score at
the bank level. A profit-efficient bank has a score equal to 0 (this bank is located on the
frontier of “best practices”), whereas a bank with a score equal to % (8 >0) could

increase profit by g %.

In this study, we use the directional distance function to measure business risk, meaning
situations in which decreases in profits result from adverse changes owing to uncertainty
over output volumes, margins and costs. Because we assume that output uncertainty
creates volatility in banks’ profits, we have to implement shocks to the outputs in this
framework, representing unexpected changes to output volumes. The idea is that these
shocks imply a decrease in profits which corresponds to an increase of the distance
value. In other words, for a given bank, and a given output’s volume shock, the increase
in distance represents the decrease in profits owing to the decline in the outputs’ volume.
Thus, if we consider a succession of shocks, the set of consecutive distance increases in
the sample represents the distribution of individual profit losses. An extreme value (high
90% and 95% percentiles) in this distribution serves as a measure of the EaR. Indeed,
taking an extreme value means that we retain one of the most severe consequences of
the shock in terms of a decrease in profits. We use non-parametric Monte-Carlo

simulations to compute a large number of shocks and consecutive business risk values.

The simulation procedure to compute business risk is as follows:

- In a first step, we estimated the parametric directional distance, taking into
account the observed technology and the observed inputs-outputs combinations.
The distance to the frontier of “best practices” provides a measure of profit
inefficiency that will serve as a benchmark for the next-steps comparisons (® in
figure 2).

- In a second step, we generated shocks to outputs by using a drawing procedure
we will present below. Thus, each output’s volume is modified (in fact, reduced)

by a certain percentage at each drawing (@ in figure 2). Then, we re-estimated

5 The other disadvantage is the endogeneity problems with the inputs. The solution could be to use
instrumental variable estimators instead of the maximum likelihood method. But the decomposition of
the u terms from the residuals still remains.
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the distance function, taking into account new shocked values of bank outputs
and new values of inputs-outputs combinations (@' in figure 2) so as to obtain a
new shocked frontier. We note that if shocks reduce volumes, profit-inefficiency
increases and the new “shocked frontier” is below the initial one; it means that
the distance increases, too.

- In a third step, we computed the difference between the distance given by the
shocked frontier when we take initial observed outputs and inputs, and the
distance to the initial benchmark frontier (® in figure 2). The difference measures
the business risk, which is actually the reduction in profits measured by an

increase of profit inefficiency generated by the shocks to the outputs’ volumes:

~n

Risk=(13(Xi,,xt;ﬁ)—D(Xﬁ,K,;B“))/5(Xl—t,K-t;ﬁA) (6)

A

where the initial frontier is D(X”,Y,;,B) and the shocked frontier is D(X Y. BS)

i itd"it?

This procedure, which consists in computing the difference between the frontiers, also
offers the advantage of neutralizing changes in inefficiency owing to managerial
inefficiency. Figure 2 illustrates the simulation procedure, which is done separately for
each output.

11



Figure 2: Illustration of the simulation procedure

A
Y = outputs

g = (-9x,9y)

The difference in distances provides a measure of business risk for each shock to a given
output. Each shock affects all banks of the sample. Thus, for each simulation, because
our sample is composed of 91 banks over an 19-year time period and a half-yearly
frequency (see below), we get 3,276 values for the gap between frontiers. Then, we
retain the 90% and 95% percentiles of the distribution of these differences as earnings-
at-risk values for each simulation. The simulation procedure is replicated N times, so that
we obtain N values for business risk corresponding to N distinct shocks. The final value
for business risk (earnings-at-risk) resulting from shocks to this output is given by the

average value of the N high percentiles values we have obtained for each iteration.

The value of the chosen percentile depends upon the objective of the study and the size
of the sample. We choose two sufficiently large percentiles to cover potential losses due
to severe shocks, but not too high to avoid extreme values. It is the reason why we

retained the 90% and 95% percentiles, which appears to be a good compromise.

To implement output shocks, we have chosen a realistic and simple procedure, which

consists in drawing in the inefficiency scores distribution itself. Indeed, this distribution
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exhibits the observed sample’s profit volatility, which is assumed to be the consequence
of real shocks determined by the business cycle. Such shocks have affected the banks
over the 19-year time period under study. For instance, an inefficiency score of 10% in a
given year for a given bank is assumed to be the consequence of adverse economic
conditions affecting that bank in that year. More precisely, for each drawing, we get a
value of the bank’s inefficiency (for instance, a 5% inefficiency value), and we assume
that the volume of each output is reduced by the same proportion. Such a drawing
procedure implies that the shocked output decreases at each drawing. The proportion
represents the output change that impacts on bank profitability. Then, we re-estimated
the distance frontier using these new values for each output. We used the same logic for
each output individually, and for the three outputs, and we computed the difference
between the initial estimated frontier and the new estimated frontier as a measure of
each bank’s business risk. Note that this difference reflects only the impact of shocks,
and not the impact of managerial or operational inefficiency. The value of this difference

gives a measure of each bank’s profit reduction which is the consequence of each shock.

The scenario we have implemented consists in drawing in the same 10% percentile of the

distribution of inefficiency scores, whatever the year®.

4. Data and specification of the profit function

The sample includes 91 French banks we have identified as running a retail banking
business model. This sample is mainly composed of regional cooperative banks forming
the four main networks of French mutual banks — Banques Populaires, Caisses d’Epargne,
Caisses de Crédit Agricole and Caisses de Crédit Mutuel — but the sample also contains
corporate banks, such as CIC banks or Crédit du Nord’. We excluded large French banks
such as BNPP or Société Générale because the accounting information we use does not
allow the performance in retail banking to be truly isolated from that in investment
banking. The study uses half-yearly balance sheets and income data® over the period
from 1993-2011. Thus, our sample is constituted of more than 3,200 half-yearly

observations of banking firms. Over the nineteen-year period covered by this study, a

& we also implemented a second scenario which consists in drawing in the last 10% percentile of the
distribution of inefficiency scores, taking only the worst years into account, which corresponds in fact to strong
shocks. The results of this second scenario are very close. Consequently, we will concentrate the presentation
on the first one.

7 An institutional peculiarity of large French mutual banks groups is that the regional banks are the
groups’ main shareholders. Thus, detailed regulatory reports are available at both the regional
bank level as well as at the consolidated group level.

8 The data come from regulatory accounting reports, which facilitate reliable and homogenous data.
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large number of mainly internal M&A operations have modified the geography of regional
cooperative banking groups. We have registered all these operations to build our final

bank sample, merging the accounting data of banks involved in M&A operations.

In this study, we focus on business risk in retail banks. So, it is necessary to integrate all
the sources of risk of a retail bank into the specification of the distance function. Indeed,
the measure of inefficiency may be sensitive to the specifications of the inputs and

outputs vectors.

Here, we do not use the conventional intermediation and production approaches to
specify model inputs and outputs and consequently, we do not use stocks of assets or
liabilities as measures of banking outputs. Instead, we use a value-creation approach,
which uses flows of services and may be justified as follows. Modern banking theory
highlights two main “raisons d’‘étre” for banks: to provide funding to dependent
borrowers who do not have any other sources of external funding, and to provide
liquidity to the economy. To assume these economic roles, banks produce: i) information
services through borrower screening and monitoring activities, and ii) liquidity services
by implementing a fractional reserve methodology (to provide funding liquidity) or

trading activities (to provide market liquidity).

To produce such services, banks use various technologies: i) brokerage technologies,
which are "“pure” intermediary technologies in which banks do not transform the
characteristics of assets, and ii) “transformation” technologies, in which banks perform a
qualitative asset transformation, which implies a mismatched bank balance sheet in
terms of risk, liquidity and maturity. Using these techniques, retail banks provide various
flows of services: information services through lending, liquidity provision services to
depositors and short-term creditors, and financial and brokerage services®. Bank
customers are prepared to pay for these services. This approach to banking production
allows banking services to be identified and distinguished from financial services. The

approach also invites a measurement of banking outputs in terms of income flows?0.

To provide such low-default services, banks have to bear risks and manage transformation
processes. They are implementing inter-temporal risk smoothing (which cannot be diversified) by
holding assets and liabilities of different characteristics in their balance sheet, and cross-sectional
risk-sharing that contributes to financial markets equilibrium, which necessitates the use of
efficient risk management techniques.

10 See also Wang and Basu (2006) and Wang, Basu and Fernald (2008). For these authors, balance
sheet or “stocks” measures of bank outputs do not coherently reflect the role of banks as
processors of information and transaction services, because they are based on a hypothesis of
“fixed proportionality” between the flow of services and stocks of financial products, which is not
always verified in practice.
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Therefore, the model considers these three main outputs of retail banks, linked to the
main functions of banks and largely measured in terms of income flows. The outputs are
lending services, liquidity services and financial and brokerage services. The latter one
consists in implementing a financial transformation process using financial market
instruments and in selling savings products and insurance products, and corresponds to
the supply of portfolio and other financial consultancy services. These three types of
services provide the main sources of revenues in retail banking. These revenues are
provided in two forms: i) directly, in the form of fees and commissions which are direct
prices for the sale of credit card services and other services linked to the management of
customer accounts, as well as for the sale of insurance or savings products, and ii)
indirectly, as a component of interest margins on loans and deposits. Thus, it is
necessary to adopt a methodology to identify the component of interest margins which
corresponds to the purchase of banking services. Consider, first, the measurement of the
component of interest margins serving as compensation for the lending services supplied
by banks. In this case, the interest margin should be computed by taking the “spread”
between the interest rate paid by the borrower and a “reference” interest rate. Formally,
this “reference” interest rate is the compensation the investor receives for forgoing
current consumption in exchange for future consumption. This compensation includes a
premium for the relevant risks (such as liquidity risk or default risk, including the risk of
the bank's insolvency) associated with the provision of funds by creditors. This
compensation is free of any elements of banking services. Thus, the effective interest
rate paid by the borrower contains a compensation for the investor who supplies the
funds and bears the risks, and a compensation for the lending services supplied by the
bank, which corresponds to the “spread”. Only this spread should be taken as the
compensation for lending services. Finally, the sum of commissions on loans and this
“spread” measures lending services as a banking output. The same logic is applied to
measure liquidity services provided to banks’ customers: it is the sum of commissions on
liquidity services provided and a “spread” which is a component of the interest rate
margin on deposits. This spread is measured by the difference between: i) the rate of
return the bank gains when it invests the deposits collected in money and interbank
markets, and ii) the interest rate the bank pays to depositors. This spread compensates
the bank for the provision of liquidity services. The third output is measured following the
same approach, adding the interest margin on securities and treasury transactions to
commissions directly associated with portfolio and insurance brokerage services provided
by the bank.

In this approach of banking production, all banking services are flows of output which are

measured by the explicit and implicit prices that banks’ customers are willing to pay for
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such services. These services are produced by implementing a transformation process
using real resources and “risk” capital. Two inputs are real inputs by nature: labor and
physical capital. The real inputs are measured by the corresponding costs. Labor costs
are measured by the salaries paid to employees and the expenses connected with the
use of real physical capital (office rental costs and information systems costs) by the
corresponding operating charges. The third input reflects the fact that to perform risk-
bearing activities and provide low-default risk products and services, retail banks have to
maintain equity capital, the role of which is to absorb potential unexpected losses. Equity

capital provides such protection against a bank’s insolvency risk.

Table 1 provides descriptive statistics of the sample banks’ outputs and inputs.

Table 1: Descriptive statistics in the banks’ sample (in €1,000)

Y1 Y2 Y3 X1 X2 X3
Mean 190 244 186 532 306 512 128 739 114 502 711 938
Median 134 611 113 446 5251 94 552 71 240 438 330
Std 273 330 302 976 2 955 635 175 091 278 161 1 370 549
Min -472 512 -68 210 -4 484 694 102 33 10 858 -69 887
Max 3 504 366 5 299 506 5.30e+07 1976 325 4 199 188 1.57e+07

Source: ACP and authors’ calculations

5. The results

5.1. Profit inefficiency measurement — the “benchmark frontier”

First, we estimated the directional distance function corresponding to the frontier with
three inputs and three outputs. The method used for estimating the parameters is the
stochastic maximum likelihood method. The inefficiency component is assumed to follow

a half-normal distribution. It represents profit inefficiency and gives a value equal to the

inefficiency score. Remember that we chose the directional vector g = (— gx,gy)= (— 1,1),

which allows us to measure the degree of technical efficiency that the bank can achieve if

it increases its outputs and reduces its inputs in the same proportion.

We present the distribution of inefficiency scores in table 2 and figure 3. Remember that

the distance is a measure of the degree of bank inefficiency. Therefore, a bank with a low
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score is more efficient than a bank with a high score (banks located on the frontier have

a score equal to 0).

Kernel Distribution
0

Figure 3: Distribution of inefficiency scores
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Table 2: Distribution of the inefficiency scores in the sample (in %)
P5 P10 Q1 Median | Mean Q3 P90 P95
Inefficiency score 3.2 3.6 4.2 5.0 5.5 6.0 7.4 8.9

Figure 4 illustrates the volatility of the distance to the initial frontier over the 1993-2011
time period (end-of-year data). On the one hand, the inefficiency score dispersion is
quite large each year. On the other hand, the inter-temporal variability across the

business cycle can be highlighted. Indeed, the average annual score clearly appears to

be affected by the business cycle.
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Figure 4: Dispersion of inefficiency scores by year
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5.2. Business risk measurement — simulation results

We now present the results of the simulations. Business risk is defined as the response
by a bank’s profits to adverse shocks to the outputs. It is measured by the gap between
the initial benchmark frontier and the successive shocked frontiers. This gap corresponds
to an increase in profit inefficiency, which is actually a decline in profits. In the following,

the business risk measures are presented as a percentage of total profit.

As mentioned above, we defined a scenario which consists in drawing in the 10% last-
percentile distribution of inefficiency scores, all years — good or bad - included. For each
output, we replicated this procedure 500 times so that we obtained 500 values for each
bank’s business risk (measured either by the 90% or the 95% percentiles of the
distribution of gaps between frontiers), corresponding to 500 distinct shocks to a given
output. The final value of the business risk (earnings-at-risk) due to shocks to this output
is given by the average value of the 500 high-percentiles values obtained at each stage

of the simulation.

We consider two polar cases depending on the possibility for banks facing a shock to

reduce their costs:
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- In the first case, we assume that input amounts - that is, costs - can be reduced

in the short term. Consequently, we use the “profit” specification of the distance
function to estimate profits, and we choose the directional vector g:(—l,l),

which allows us to measure inefficiency if the bank could reduce its costs in the
same proportion as the outputs. In this case, the bank can adjust its cost
structure in the face of a shock to its main income sources.

- In the second case, we assume that inputs are rigid and cannot be reduced in the

short term. Consequently, we have used the “revenue” specification of the
distance function, choosing the directional vectorg =(0,1). In this case, the bank

is unable to reduce its costs when confronted with sudden unexpected shocks to

its main revenue sources.

We note that for each simulation, the shock magnitude is the same for each output. This

assumption allows us to compare the results between outputs in terms of business risk.

Table 3 below presents measures of business risk in percent of total profit of the banks’
sample, and for the two cases (with cost adjustment and without). As mentioned above,
drawing in the last quartile of the original inefficiency score distribution simulates strong
shocks to outputs, as shown by the previous distribution of inefficiency scores (table 1).
Indeed, on average, the shock represents an average output reduction of around 30% in
that case. On the other hand, drawing in the complete distribution of scores is equivalent
to assuming an average reduction of 12% of outputs, which actually corresponds to a

significant shock to business volumes or to demand for banking services.
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Table 3: Measures of business risk as the value of the 90% and 95% percentiles
of the distribution of profit decreases following major shocks to banks’ outputs:
(business risk defined as declines in profit in % of total profit)

With costs adjustment g (-1,1) | Without costs adjustment g (0,1)

Shocks to | Shocks to | Shocks to | Shocks to | Shocks to | Shocks to
lending liquidity other lending liquidity other
Percentiles | services services services services services services

90% 4.4 3.5 2.9 16.9 14.1 8.9

95% 6.5 4.1 3.4 110.9 90.7 53.3

In this simulation, major shocks to outputs are computed by multiplying every
bank’s output by the value of inefficiency scores obtained by drawings in the last
quartile of the distribution of inefficiency scores.

For instance, if we consider a “strong” shock to a bank’s loans, the estimated
value of business risk is equal to a 4.42% decrease in that bank’s total profit if i)
we take the 90% percentile of the simulated distribution of the bank’s profits
after the shock and ii) we consider that the bank can adjust its costs. It reaches
a 6.53% profit decrease if we take the 95% percentile. If the bank cannot adjust
costs, the reductions reach 8.88% and 53.9%, respectively, of total profit. Note
that shocks to demand for deposits and to other services produce weaker
declines in profits if the banks can adjust costs and stronger declines in profits if
they cannot.

First, our results verify the resiliency of the retail banking business model. Indeed,
business risk — measured by profits at risk - is quite low in the case of strong shocks to
outputs. To find very large instantaneous decreases in profits, we have to assume that
banks have no capacity to reduce real inputs in the short term in the face of a strong
shock to demand for other services (which is actually demand for insurance or savings
products) and in the worst possible scenarios — which corresponds to the 95% percentile

of the profit inefficiency distribution.

Second, whether costs can be adjusted or not following an output shock, results show
that shocks to lending services provoke the strongest declines in profits (equal to 4.4%
and 6.5% of total profits, and 16.9% and 110.9% of total profits, depending on the
bank’s capacity to reduce costs or not, when we consider the 90% and 95% percentile).
This result might be the consequence of the higher sensitivity of a bank’s profits to the
supply of this kind of services. Indeed, lending activity is likely to be the most strategic,
if not the most profitable, activity for retail banks. During all periods of financial crisis,
that is, in the periods 1993-1995, 2001-2003, or more recently, 2008-2009, lending
activity decreases quite substantially. Moreover, the lending market during the 2000s

was characterized by strong interbank competition, which eroded the interest rate
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income that banks earned on loans. If we consider liquidity provision services, the
sensitivity of this source of profit is not so much lower than that of lending activity. In
fact, this sensitivity is, to a large extent, attributable to the volatility of interest rates
which determines the margin on deposits. Lastly, concerning the provision of insurance
services, where revenues are derived principally from fees paid by households as banks’
customers, even in periods of financial crisis, revenues from this type of activity seem

less volatile, due to large inertia effects.

5. Conclusion

As the recent financial crisis has demonstrated, business risk should be considered as
one of the major risks facing the banking industry. However, this type of risk did not
affect all banks with the same intensity during the crisis. Some banks appeared to be
more resilient to shocks than others, depending on the main business model they were
running. This is notably the case for retail banks, which seemed to be less affected by the

crisis than financial institutions running other business models.

This paper proposes a new approach to modeling and measuring business risk, and it
uses this approach to compute business risk in banks running a retail banking business
model. This new methodology is based on the efficiency frontier framework and, more
specifically, on the directional distance function. It relies on the duality property between
the distance function and the profit function to provide a measure of business risk as lost
profits. Indeed, the directional distance function facilitates an estimation of profit
decreases induced by adverse shocks to banking outputs. Such shocks replicate the
worst financial situations banks have encountered in the 1993-2011 time period covered
by the study. In addition, the methodology allows simultaneous changes in outputs and
inputs to be taken into account. This approach is well founded on the theoretical
foundations provided by the microeconomics of production, cost and profit. Moreover, the
approach is data-efficient because only data on input and output amounts are required.
The approach can also serve as a new methodology to implement stress testing in
banking. The innovation here is to treat every bank as if it could fall in the last 10
percentiles of the less profitable ones, and to compute the distance between non-shocked
frontiers and shocked frontiers, while neutralizing profit decreases emanating from non-

macroeconomic or systemic shocks, such as those arising due to inefficient management.

In this study, the methodology is applied to a sample of French banks — mainly regional

banks - which have all been identified as running a retail bank business model. We
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measure business risk in two situations: a situation where retail banks facing shocks to
output volumes have the capacity to reduce their costs, and a situation where bank costs
are rigid in the short term. We also model shocks in a consistent manner and consider

shocks of different intensities.

Our findings confirm the strong resiliency of the retail bank business model. Indeed,
business risk — profit declines caused by adverse output shocks - is low in the case of
moderate - but significant - shocks to outputs, and this risk appears to be sustainable in
the case of strong shocks to output volumes, even if banks are unable to adjust costs to
output changes in the short term. Moreover, results show that retail banks’ profits are
more affected by shocks to lending services and to liquidity provision services than by

shocks to households’ portfolio services.
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Appendix 1.

Table Al: Maximum likelihood parameter estimates of the directional distance
function
Stochastic frontier parameter estimates, normal/half normal distribution

Direction(gy=1,gx=-1)
variable Est. t-statistic
tr -0.0027 -2.52
trs 0.0004 3.8
sy2pyit 0.0045 9.09
sy3pylt 0.0331 29.88
sxlmylt -0.0057 -7.7
sx2mylt 0.0046 6.98
sx3mylt -0.0007 -1.46
sy2pyl 0.0240 4.31
sy3pyl 0.2333 14.65
sxlmyl -0.0095 -0.98
sx2my1 -0.0851 -8.76
sx3myl 0.0099 1.42
sy22 -0.0055 -4.11
sy33 -0.0404 -15.97
sy23 0.0345 12.36
sx11 0.0014 0.46
sx22 0.0011 2.28
sx33 -0.0096 -9.71
sx12 -0.0032 -2.23
sx13 0.0063 4.68
sx23 -0.0086 -7.46
sy2x1 0.0037 2.51
sy2x2 0.0005 1.01
sy2x3 0.0031 2.3
sy3x1 0.0077 4.65
sy3x2 -0.0049 -3.32
sy3x3 -0.0345 -22.59
intercept -0.7809 -126.88
ou -5.8428 -108.76
ov -5.2247 -59.94
Aic -8138.8326
Log likelihood (
#obs) 4099.4163 (3264)
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