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panel data model: Evidence from competition-fragility nexus in banking

lon Lapteacru
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Abstract

We develop the Murphy-Topel adjustment of the variance-covariance matrix for two-step
panel data models. We apply it on the competition-fragility nexus in banking with different
samples for two equations. Indeed, this issue is often observed in this field of research. A
competition measure of banks is constructed for each country (first equation), whereas a risk
measure is regressed on the entire sample of countries (second equation). Any statistical
adjustment will only provide approximate results for the second equation, because of possible
correlations between the results of both models. The Murphy-Topel method eventually seems
to be more appropriate.
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Keywords: C33, G21.


mailto:ion.lapteacru@u-bordeaux.fr

Introduction

Many papers in economic empirical literature treat a subject with a two-step econometric
model. The authors regress a first equation whose results are then applied in the computation
of an explanatory variable that is used in the regression of a second equation. And many of
them make these regressions independently of each other, considering therefore that this
explanatory variable has no estimation error. Nevertheless, the errors of parameters from the
first regression provide to this variable a random character and the values of parameters allow
the determination of its expected value, which cannot be considered as an observed data
unlike other explanatory variables. Consequently, since it depends on the regression results of
the first model, the precision (the standard errors) of parameters of the second model must be
adjusted.

Given this embedding of regressions and results, few authors merely bootstrap the
standard errors of the second equation (for instance, Schaeck et al. 2009, Buch et al. 2013).
However, this statistical procedure does not take into account the results of the first equation,
neither its parameters nor its variance-covariance matrix, and does not consider a possible
correlation between these results and those of the second equation, thereby providing
approximate results. Murphy and Topel (1985, 2002) propose an adjustment of the variance-
covariance matrix for the second model and therefore of its standard errors. The aim of the
present paper is to develop this procedure for panel data models with different samples for the
first and second equations and to apply it to the estimation of the competition-fragility
relationship in banking.

This subject is widely studied in empirical banking literature and all studies are made on
panel data. However, very few of them bootstrapped the standard errors and none made a
precise adjustment with the Murphy-Topel approach. The importance of the subject and the
difficulty to estimate correctly the standard errors of the second equation, namely different
samples for regression equations, lead us to develop the Murphy-Topel adjustment of the
variance-covariance matrix of two-step panel data models, which seems more appropriate.

1. Two-step econometric model and Murphy-Topel variance-covariance matrix

Two-step econometric model consists of two equations, where the parameters of the first
equation will appear in the second equation and the precision of their estimation, that is, the
variance-covariance matrix, interferes therefore in the precision of the second equation’s
parameters.

Let
Model 1: y; = f1 (x4, )
be the first equation, whose econometric results, that is, coefficients and variance-covariance
matrix, are involved in the regression of the following second equation
Model 2: y, = (x4, X5, @, B),
where x;; and x;, are vectors of explanatory variables of the first and second models,
respectively, and a and 8 are vectors of parameters of model 1 and model 2, respectively.
Vector B includes also the coefficient y that connects to the second equation the explanatory
variable computed with the parameters of the first equation.

Unlike many empirical studies that use two-step econometric models and consider the
variables with coefficient y as they contain observed data, one might consider them as
estimators and adjust therefore the variance-covariance matrix of the second equation.
Murphy and Topel (1985, 2002) proposes a full information maximum likelihood estimation
with two-step procedure that consists to estimate, firstly, the parameters a of model 1 by
maximizing its likelihood function

Ity (@) = ) Infy Ol @) (1)



and, secondly, the parameters B of model 2 by maximizing the respective likelihood function
InLo(@ B) = D Infy (X o0 & B), @)

l

where the embedded consistent estimator @ is treated as given. Greene (2012, p. 576) explains
the reasons why one might proceed with two-step estimations. Among them, the easiness to
formulate and to maximize the two separate log-likelihoods leads to choose this approach,
instead of the maximisation of a complicated joint distribution function. Thus, Murphy and
Topel (1985, 2002) show that if the regression results can be obtained with MLE, then the
variance-covariance matrix of the second equation must be adjusted in the following way

Vy =V, + V,[CV,C" — RV,C" — CV R']V,, 3
where

=3 ()| <[5 () (2|
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is the variance-covariance matrix of model 1,
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is the variance-covariance matrix of model 2 when no adjustment is made, that is, when the
constructed explanatory variable is considered with given observed data instead of computed
econometric results, and

= 3 (- paet) = 2 () ).
"3 (5 (o)

are the matrices of cross products of first derivative vectors. Since the variance of the first
derivative vector of the log-likelihood is the negative of the expected second derivative
matrix, the two formulas for matrices V;, V, and C provide the same result. As the covariance
of the two first derivative vectors, it is very likely that the matrix R has all elements very close
to zero.

2. Application: competition-fragility nexus in banking

There is some difficulty to develop the Murphy-Topel adjustment for panel data models
with different samples, which it is often the case of studies on the competition-fragility
relationship.

2.1. Two-step panel data model
At the first stage, one might estimate the bank competition measure. Let us take the
following examples for the first equation, which are widely applied in banking empirical
literature.
1% stage: Lerner index
The Lerner index is the mark-up of price over the bank’s marginal cost:
. aC;;
it~ v,
a}’it’ (8)
bit
where p;e = TR;t/(V1ic + Y2 + ¥s,ic) iS the average price of a bank i’s output at time t, C;;
is the bank’s total cost and y;; is its output. Higher is the Lerner index, higher is the market
power and less competitive banking institutions are.

Ly =



The econometric task is thus to estimate the marginal costs of banks, dC;;/dy;;. As in the
most literature, we take three mputs prices of which are w], and three outputs y,,:

ln(Clt/W3 lt) =Cotoa;+u+ Zﬁ]ln(wj it/Ws, lt) + Z YmINYm ie
j=1

3 2 3 3
1
+ Z Z kaln(Wk,it/W3,it)1nym,it + E Z Z pmslnym,it lnys,it

3
Z WimInym iIngdp, + Z WomINym i1 grgdpe + &, (8b)
m=1 m=1

To control the effects of the business cycle, the real GDP, gdp,, and/or the real GDP growth,
grgdp,, can be considered in levels and/or in cross-product terms. The estimated coefficients
of this equation are applied to compute the marginal cost:

9C;, :
Z Vm Z Z kaln(wk,it/w&it) + Z Z pmslnys

a(Yllt+yth+y3lt) m=1k= m=1s=

mc;s =

Cit
Yiit T Y2,it T V3t

(8¢c)

+ Z wimIngdp; + Z WymgTgdpe | X
m=1

1% stage: Boone indicator

The Boone indicator, proposed by Boone (2008), is the elasticity of market share to
marginal cost. Based on the idea that more efficient banks, that is, with lower marginal costs,
gain higher market shares, this effect will be stronger in more competitive banking market.
One needs to run the following econometric model:
Inms;;, = my + mq; + v + 01lnme; + O,Inmce; X Inmce; + 03lnme; X Ingdp,

+0,Inmc;; X grgdp: + €, 9

where ms;; stands for earning assets share for bank i in year t. As the elasticity of market
share to marginal cost, the Boone indicator is calculated as following:
Boone;; = 04 + 20,lnmc;;, + 65lngdp, + 0,grgdp,. (10)

Since Boone might take negative values, higher values (or lower absolute values) imply
less competitive behaviour.
1% stage: H-statistic

The H-statistic of Panzar and Rosse (1987) is the aggregate elasticity of banks’ revenue
to input prices. It can therefore be computed regressing the following translog revenue
function of banks:

p—\

3 3
InTR;; = ag +9; +ve + Z Ajlnw; i +,InTA; + YyInLoan;, + EZ Z K Inwy, i Inw, ;¢

j=1 k=11=1

3
+ Z ¢d1Inwy ;i InTA; + Z ¢2kank,itL0anit + Z ¢3k1an,itlngdPt
k=1 k=1 k=1

+ Z barlnwy ;e grgdp;: + &4, (11)

where TRl-t_ stands for total revenue of bank i in year t, TA;; for total assets and Loan;; for
ratio of loans on total assets. As for the Lerner index, we consider three inputs for bank



intermediation function. Usually in banking empirical literature, the use of TA and Loan
variables is to take into account the differences in size and business model, respectively, akin
to De Bandt and Davis (2000), Bikker and Haaf (2002), Weill (2013). And as for previous
two measures, the economic state variables are considered to control the business cycles.

Thus, the H-statistic is equal to
3

= OTR, Z
t Wit
Hy = awkllt TR:t E A+ E E Kilnw, ;¢ + E ¢1xInTA;r + ) ¢yLoan;,

+ Z ¢skIngdp; + Z bargrgdp;. (12)

H- statlstlc takes values between zero, monopoly or oligopoly situation, and one, perfectly
competitive behaviour.

All regressions can be made individually on each country k of the sample. However,
since the risk measure cannot be computed for many of banks, namely for non-listed banks if
a market-based measure is employed, the second equation is often regressed on entire sample
of N, countries.

At the second stage, in order to estimate the relationship between bank competition and
risk-taking, two different panel data models are considered in the banking literature:

2" stage: linear relationship
n

Risk;j: = Bo +v1BCij: + z Bi Xkije + Z BiYijetui+me+&; (13a)
nd k=1 I=n+1
2" stage: non-linear relationship

Riskj. = Bo +V1BCiji + v2BCli + Z Bre Xieijr + Z BiYije+w+m +e ;. (13b)
k=1 l=n+1

where Risk; ;. is a risk measure, n is the number of bank-specific variables, m-n is the

number of country-specific variables, BC; ;. and X, ; ;. are, respectively, bank competition

measure and bank-specific factor that controls for the k-th characteristic of bank i at year t in

country j, and Y ;. is the country-specific factor that controls for the I-th characteristic of

country j.

In order to determine the adjusted variance-covariance matrix V3 of our risk equation, the
variance-covariance matrices of the first and second equation V; and V,, respectively, are
extracted from the respective regressions and we must compute only the matrices C and R.

The matrix V; is of dimension [;N, X [;N, and composed on the diagonal by variance-
covariance matrices V; ; for each country k (k = 1, ..., N.) and all other elements are zeros:

Vi1 O - 0
Vi = O V12 O
0 o VlNC

The estimations of competition measures for all countries are therefore taken into
consideration in the adjustment of the variance-covariance matrix V,, which is of dimension
I, x 1,. 1, and [, are the size of vectors x, and x,, respectively. These vectors of explanatory
variables include also the intercept and the time fixed effects.

The difficulty of computation of matrices C and R is the difference between samples of
two equations. They are determined as cross “products”, for matrix R, or cross derivations, for
matrix C, between the single sample of the second equation and the bank sample of each
country. The computation of the elements r[i, j] and c[i, j] of matrices R and C, respectively,
are explained in next sub-section.



2.2. Murphy-Topel adjustment of the variance-covariance matrix of the risk equation
For the first panel data model (eq. 8b, for the Lerner index, eq. 9 for the Boone indicator,
and eq. 11 for the H-statistic), the likelihood is formulated for each country k of the sample.

Tk ) T1ki z )
Inf x; = L)+ E &z ik E £ Fn( 14T, Tk
1ki = 75 kit — 1,k,it 1k,
2 | oeix VI ged 4 Ty ioud et
t=1 ' AOLTTLE A t=1 '
1 2
-5 {Tyrin(2moe?,)} (14)

k ranges from 1 to N,. gef, and guf, are the variances of residuals and individual effects,
respectively, for each panel data regression k. &, ; ;; are residuals of this regression and T, 4 ;

number of observations for the bank i. The log-likelihood of the second model takes therefore
the following form

1 Ty ) Ty 2 )
oe ou
Inf, = —— LZ 2 T2 Z . +Inl1+T1, . =2
nfz,z 2 oezz Ez,lt 0'622 + Tz io_ug 52,11: n 2,1 0'622
t=1 ’ t=1
1 2
- E{Tz,iln(Znaez)}, (15)

where geZ and ouj are the variances of residuals and of individual effects, respectively. &, ;;
are residuals of this regression and T, ; number of observations for the bank i.

To compute the elements of matrices R and C, we determine the following derivatives:
For the first equation:

Ty ki ) Ty ki Ty ki
oInf] 1 ; 1 0€1k
6. ool E1itXLiit = 7 5 E1 kit X1 kit (16)
Oy Ok |4 Ok T I1ki0Uk \ £ =
For the second equation:
Ty ) Ty Ty
olnf,; 1 oe; z z an
= 2 2,itX2,it 2 2 2,it 2,it
oe ge; +T,,0u
op 2 t=1 2 a2\ t= t=1
Consequently, the elements of R matrix for each country k are
Ny Ty ) Ty Ty
1 oe;
r0[k, 15, 1] = Z - Z Sz,k,itx[lz]z,k,it s 2 Z &2k it Z X[lz]z,k,it
i=1 t=1 ' t=1 t=1
T1ki ) Tqk,i T1ki
1 oefy
X— Z e ieXllipic —— T > Z €1 kit z X[l 1 kit ,(18)
O-el,k t=1 O-el,k + 1'k,i0-u1'k t=1 t=1

where N, is the number of banks of the second model. Finally, the matrix R has elements
rli,j] = rO[k,[,,1;], where i = [, and j = k X L;.

Besides the matrix R, the results of the first equation are also considered in the second
one with the matrix C. Since we have two versions of the risk equation, this second derivative
considers only BC variable for the linear relationship equation (eq. 13a) and both BC and BC?
variables for non-linear relationship equation (eg. 13b) as follows:

For a liner model:
- The derivative of the BC variable with respect to parameters of the first model



N3 Ty

1 I
c0[k,1,1;] = —Z ? Z(fz,k,it - V1BCk,it)X [ll]z,k,it
2 1t=

i=1
2 TZ,L' TZ.i TZ,i
__ 9% _ BC "1,] 19
> > Ekit — V1 kit X [L12 kit ) (19a)
oe; +T,,0u
2 T2 \t=1 t=1 t=1

- The derivative of other variables of the second equation with respect to parameters of the
first model

N> 1 Ty
cO[k, 1, 1] = _Z 2o Z —V1X [l ]2k ieX[l2 ]2 ki
i=1 2 |t=1
2 TZ,i TZ,i
oe; z 'Il4] Zx[l ] (19b)
R _y.x _ . '
g2 + Ty 0u2 - ViX il kit £ 212,k,it

For a non-linear model:
- The derivative of the BC variable with respect to parameters of the first model

N, T2
1 !
cO[k,1,1;] = —Z ? Z(fz,k,it + (_V1 - ZVZBCk,it)BCk,it)X [ll]z,k,it
i=1 2 1t=1
Ty Ty
0_622 2 2

2 2

- o Z(_h - ZVZBCk,it)X’[ll]z,k,it Z BCyit
t=1 t=1

Ty Ty
+ Z Ex kit Z X,[ll]z,k,it ) (20a)
t=1 t=1

- The derivative of the BC? variable with respect to parameters of the first model

N T2
2 1 2 , ,
0,2, 1] = = > = | (2BCriceasse + (=71 = 212BCrie) BCE )X Lo
i=1 | ?|t=1
T2 T2
oe’ S -

Z(—h — 2y,BChie )X [L ]2 kit Z BC{ i
t=1 t=1

) 2
oe; + T, ;0u;

T2 T2
D eni || D 2BCiex o | || (20b)
t=1 t=1

and the derivative of other variables of the second equation with respect to parameters of the
first model is the same equation (19b). The matrix C has the elements c[i,j] = c0[k, L5, 1],
where i = [, and j = k x [, in both cases.

The difficulty to construct the matrices R and C is the difference in sample size of two
equations: the first equation is regressed for each country k and the second equation for entire
sample of countries. To overcome it, we transformed the explanatory variables, x[l,], x ;¢, and
the error term, &, ;, Of the second equation as that each country of the sample has its own



variables. Each k variable (or error term) takes therefore its own values if they correspond to
country k and zero otherwise.

The vector x'[1, ], is the derivative of bank competition measure BC, estimated in the first
step, with respect to parameters [, of the first equation. The index 2 signifies that this vector is
obtained from the derivative of the log-likelihood of the second equation. The derivation is
firstly made with respect to parameters of the explanatory variables and then with respect to
parameters of fixed time effects and intercept. x'[1; ], vector is therefore individual for each of
our three non-structural competition measures:

- For the Lerner index, based on equations (8a)-(8c), and the definition of the average price of
bank output

X'[l]o ki = (0,0, —Crit/TRy it » —Cr it/ TRy it » —Crit /TRy it » 0,0, =Ci it /TRy i¢

X ln(Wl,k,it/W&k,it); —Crit/TRy it X ln(Wl,k,it/W3,k,it)' —Crit/TRy it

X In(Wy s ie/Ws kit ) 0, —Crie/ TRicie X IN(Wok i/ W3 kit ), —Cieie/ TRic it

X ln(WZ,k,it/W3,k,it)r —Cr it/ TRy it X ln(WZ,k,it/W3,k,it)r —Crit/ TRy it

X (lnyl,k,it + lnyl,k,it); —Crit/ TRy it X (lnyl,k,it + IHYZ,k,it); —Crit/ TRy it
X (Inyy ke + Y3 15 ), —Croie/ TRicie X (Y1056 + 10256 ) —Coie/ TRicie
X (Inyy ki + Y3 geie) —Croie/TRiie X (I0Y31eie + Y3 ke ), —Croie/ TRic e
X Ingdpy,ic, —Crit/ TRiie X ngdpyit, —Cric /TRy, it

X Ingdpy,it, —Ci,it/ TRy,it X 9ADGTwit» —Ciit/ TRy it

X gdpgry,it» —Cr,it /TRy it X gdpgriit, 0, ...,0, 0]

te
The size of this vector is the same as that of the explanatory variables of equation (8b), that is,
27+ te, and includes 26 explanatory variables, te time fixed effects and 1 intercept.
- For the Boone indicator, based on equations (9) and (10)
X'[Ulo ki = [LZlnka,it' Ingdpyit, gdpgri,it, 0, ---,0, Ol

————
te

The size of this vector is the same as that of the explanatory variables of equation (9), that is,
5+ te, and includes 4 explanatory variables, te time fixed effects and 1 intercept.
- For the H-statistic, based on equations (11) and (12)

X'[l]o ki = [1’1'1’0’0’ Inwy ;e + Inwy g i, InWy g i + Inwy g i, InWy g i + Inwg i, Inwy g iy

+ Inwy g i, InW, g i + InWg g i, InWg g i + Inwg g i, INT Ay 4, INT Ay 44,
InTAy i, Loany ;¢, Loany ;t, Loany ;¢, Ingdpy i¢, Ingdpy i¢, Ingdpy ¢,

9dpgryic, 9Apgri,ie, 9APY11it, 0, ...,0,0

te
The size of this vector is the same as that of the explanatory variables of equation (11), that is,
24+ te, and includes 23 explanatory variables, te time fixed effects and 1 intercept.

3. Conclusion

In this paper, we developed the Murphy-Topel adjustment of the variance-covariance
matrix of a two-step panel data model and for different samples of two equations, and we
applied it on the example of competition-stability relationship in banking. This subject is
widely studied in banking empirical literature and this econometric issue is therefore present.
Because of possible correlations between the results of both models, the Murphy-Topel
method eventually seems to be more appropriate than any statistical (numerical adjustment) as
the bootstrapping procedure.
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