SPATIAL COMPETITION IN

THE COLOMBIAN DEPOSIT MARKET
I

SandraRozo
Dairo Estrada’

l. INTRODUCTION

AsFreixasand Rochet (1997) mention, in perfect competition the optimal
choicefor banksisdetermined by the point where intermediation margins
are equal to operating costs. In this scenario, market equilibrium isnot
affected by abank’sactions. In contrast, when abank has market power,
it can affect prices, which will lead to higher lending ratesand lower deposit
rates. Inthisway, part of the consumer surplusis passed to the banks and
efficiency islost through areductioninthe volumetransacted on the market.
Therefore, regulationsto limit the creation, spread and use of market power
areentirely justified.

Nevertheless, the only guidesto implementing such regulationsin an ideal
way are the empirical studies of competition that describe the
characteristics of the relevant market, which iswhy they are soimportant.

In Colombia, existing empirical literature on the study of competitive
conditionsin the banking system has, by tradition, followed one of two
tendencies. Thefocusis either on price or volume to explain the way
banks behave, ignoring the possibility that banks might consider other
typesof strategic variables, or the market structureisinvariably analyzed
from a national standpoint, without asking if the conclusions for the
domestic market are applicable on aregional scale.

Thissummary outlinesacompetition oligopoly model wherebanksuse other
variables, besidesprice, to compete onthemarket. Specifically, therelevance
of geographic variables, such asthe number of branch offices, isanalyzed to
explain the strategic behavior of banksin Colombia. A two-stagemodel is
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suggested in this scenario, where banks sel ect the optimal interest rate
withwhich they will compete throughout the country during thefirst period.
Inthe second period, given that interest rate, they select the optimal number
of branch officesto be opened in each region.

The proposed model isintended to eval uate the extent of competitionin
Colombia’sregions and departments. More specifically, the working
hypothesis suggests that the aggregated measures used traditionally to
examine market power in Colombia leave aside certain regional and
departmental features. This can lead to erroneous conclusions. In other
words, analyzing the market structurein amore disaggregated way can
produce more precise results, thereby making it possibleto identify the
regions where anti-competitive pressures might occur that cannot be
detected at the aggregate level

II. THE MODEL

The model was devel oped pursuant to the approximations by Canhoto
(2004), and Freixas and Rochet (1997). In this context, a static partial
equilibrium oligopoly model was suggested where banks operatein the
securities, deposit and loan markets. Thereisproduct differentiationin
the deposit and loan market, but agreat deal of elasticity in substitution,
which meansthe bank’s demand for depositsand its supply of loansare
dependent on itsown interest rate and on the vector of therates charged
by its competitors. Moreover, thereis separability between theloan and
deposit markets, and banks are price-takersin the securities market.*

Themodel isexecuted in two periods throughout which the banks have
two strategic variables:. interest rates and the number of branch offices. In
this context, each bank choosestheinterest ratesthat maximizeitstarget
function in thefirst period, pursuant to aBertrand model .2 In the second
period, given the optimal rates selected during thefirst period, the bank
determinesthe optimal number of branch officesto be established in each
region. More specifically, each bank setsthe sameinterest ratefor all its
branch offices.?

1 The market separability assumption has been used widely in literature. For example, Chiappori,
Perez-Castrillo and Verdier (1993) and Barros (1997) used it to examine the deposit market.

2 The Bertrand model fits this scenario because, as mentioned by Chiappori, Perez-Castrillo and
Verdier (1993), prices should be regarded as the bank's primary means of competition.

8 In Colombia, each bank sets a benchmark rate for the deposit market nationwide. Each office
or branch may use that rate to establish one that is a bit different. However, there is no
information on these margins, which is why the rate is assumed to be the same throughout the
country.



A. FirsPeriod

Under the assumptionsnoted earlier, each bank choosestheinterest rate that
maximizesitsprofitsduring thefirst period. Theprofit function of bank i inthis
period would be provided by:

D m=r'+@@-p)+mp-r9D -C(D,L,S.,n)

whereL., S and D, represent, respectively, the amount of loans, the stock
of securitiesand the volume of depositsreceived by bank i; r istheinterest
ratein each market; p isthereserve requirement rate; misthereturn on
the amount inreserve; n isthe number of officesbank i hasthroughout
the country; and C, represents the cost function of bank i, where the
assumption of separability allowsfor the conclusion that variable costs
are al'so separablefor each activity.

The assumption of separability between the deposit and loan marketsalows
usto specify the supply of depositsfor bank i as:

@ D=D("r,2)

wherer¢ isthevector of deposit rates set by rival banksinthe market and Z
representsthe other exogenous variablesthat affect the deposit supply for
bank i. Inthiscontext, the deposit supply for each bank isdetermined by the
interest ratesof dl itsriva banks. This, initself, isacomplicated problem. We
simplify it by using Canhoto’s method (2004), which replacesthe vector of
thecompetitors' interest rateswith aweighted average of thoserates, so that:

R ri=3_ 5 *r
Ri j#i zj¢i Dj | j

Given thisdefinition, theory saysthat the amount of deposits suppliedto
bank i by the public will increaseif itsown interest rate goes up, and will
declinewith areduction in the weighted average of itscompetitors’ rates.
Based on these specificationsfor the deposit supply and the profit function,
thefirst order condition for bank i with respect to theinterest rate would
begivenby:

-DA
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where A can bewritten as;
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(6 GG 16 )

or ¢
Inthisexpression, y= aTFfj representsthe firm's conjectural parameter,

whichisdefined asthe changein the other firms interest rates, anticipated
by firmi astheresponseto aninitial changeinitsown interest rate. As
illustrated by equations (4) and (5), ceteris paribus, the value of this
parameter definesif theinterest rates are higher or lower by determining
thevalue of A.Accordingly, in acompetitive market, one would expect
bank i to pay higher deposit ratesasaway of attracting more customers.
By the same token, in aless competitive market, the bank would be
expected to do just the opposite, given its market power. In thisway, y
allowsusto measure the amount of competition in the market by identify
theinterest rate value. More specifically, the case wherey= O represent
Nash equilibrium isascenario where the representative bank is not acting
in responseto the actions of itscompetitors. #If yisnegative, theinterest
ratewill be higher than when y= 0, in which case wewould find amore
competitive scenario than Nash equilibrium. If the opposite occurs, and y
ispositive and greater than 1, the deposit rate will belessthan when y=
0 and wewould find amore collusive scenario than Nash equilibrium.®
For the sake of simplicity, for y valuessuchas 0< y<1, wewill contrast
thevalue of theinterest rate for Nash equilibrium (y=0) with the value of
theinterest rate obtained with the estimated y value, and determine, on
the basis of that comparison, if the scenario ismore or less competitive
than Nash equilibrium.

or. 1 1
® 4 =( aD'_)

Although theloan market is not the target of thisstudy, it isimportant to
clarify that banks also choose their lending rate using a demand credit
functiongivenby:

(6) L =1L (ril’rRIi 'Wi)

wherew, representsthe exogenousvariablesthat affect the demand for credit
from banki.

4 In this scenario, given the strategies of their competitors, banks have no incentive to change
theirs.

5 It is important to spell out the difference between Nash equilibrium and competitive equilibrium.
The former is a situation where a set of strategies provide no incentive for any one bank to
change its strategies as long as the others do not change theirs. Competitive equilibrium
describes a vector of prices and quantities that empties out the market. Based on these definitions,
the conclusion is that the definition of Nash equilibrium is more consistent with existing
circumstances, bearing in mind that it allows for an imperfect result on competition.



B. SecondPeriod

Once each bank has set an optimal interest ratefor theentire country, it deci-
deson the optimal number of branch officesto be openedinregion k of the
geographic areain question.® The profit function for bank i inregionkis
provided by:

" == riI*Lik +(r(1-p) +mp- rid*)Dik - Cy (Lo Do S M)

ik? i
wherer!"and ré"represent the optimal interest rates sel ected by each bank
during thefirst period, and n, isthenumber of officesbanki hasinregionk.

Within aparticular region, wewould expect bankswith more officesto take
in more deposits, as thiswould make it easier for the public to conduct
transactionsor to withdraw fundsfrom the bank. In this sense, the deposit
supply for bank i would berelated positively to the number of branch offices
it has, and negatively to the number of branchesriva bankshave. Accordingly,
thedeposit supply would be estimated by:

@® D,=D(r*n,n,W)

ik? " -ik? i

whereW, representsthe exogenous variablesthat affect the deposit supply
for bank i inregion k. Thefirst order condition of bank i in region k with
respect to the number of officesisderived fromtheseequations. Itiswritten
&

) (rs (1-p)+mp- rid* . aCik(nik)) y= aCik(nlk)

on, an,

wherey can be expressed as:

_ aDik aDik an-ik — aDik aD"‘
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Asinthefirst period, ¢ inthisexpression representsthe conjectura parameter
of bank i inregion k, which is defined in this period asthe change in the
number of branch offices operated by the competition, anticipated by firmi,
inresponseto aninitial changeinthenumber of itsown offices. If theva ue of
thisparameter isneutra (¢ =0), it would describe ascenario consistent with

6 Asillustrated later with the empirical application, the total geographic area is the country and
its regions, organized by departments.
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Nash equilibrium. A positivereading (¢ > 0) wouldindicatealesscompetitive
scenario than Nash equilibrium. As shown in equations (9) and (10), this
would indicate the representative bank can have higher marginal costs per
office. Negative values, in contrast, point to amore competitive scenario,
withalower marginal cost per office.

In short, themodel presented herein createstwo first order conditions, one
for each period. These two functions allow us to measure the extent of
competition among banksintheregionsand, in particular, toidentify theregions
wherethe bankshave market power by analyzing the value of parameter ¢.

I1l. EMPIRICAL APPLICATION
A. Functional Forms

Themodel isestimated in two stages, onefor each period. Theempirical
application for thefirst periodisquite similar to Canhoto’s (2004), where
specification of thedeposit supply and themarginal cost of depositsisgiven
by:

(1) Dy=a,+ar+ar,’+agdp+aemp +e

JdC(D)
(12) aD. =MC?=Db,+bw, +bwk +bD, +¢

where gdp isthe gross domestic product (GDP) of the entire geographic
areaanayzed,” empisthetotal number of employeesof bank i; wl and wk
represent the price per unit of |abor and per unit of physica capitd,, respectively,
ande and e represent theerror.® Theory says, ceterisparibus, that the deposit
supply of bank i would depend positively on theinterest rate and gdp. In
contrast, it would beinversely related to the averagerate of itsrivals. The
number of employees(emp) isan exogenousvariablethat controlsthe s ze of
the banksin the market and increaseswith the amount of depositsfromthe
public.® The suggestion isthat marginal costsare positively related to the
priceof capital and labor; therefore, onewould expect positivesignsfor a,
anda,. Thesignfor a, would depend of thereturnsof scalefor bank i.

Thefollowing equations are specified for the second period:

7 In this case, the area includes the entire country.
8 It is assumed the stochastic errors are distributed normally.

9  To overcome the industrial organization assumption that the marginal cost is not directly
identifiable in the firms' behavior, we will not estimate it independently (See Canhoto (2004)
and Bresnahan (1982).



(13) D, =c,+cr®+cn, +cn, +c,gdp +c(pob/kn?) +u
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In the case of the regional deposit supply, theinterest rate selected by the
bank inthefirst periodisgiven by the optimal value sdected during that same
period. Accordingly, weexpect ¢, to be positive, sincetheinterest rate should
berelevant for theregional level aswell. Also, asmentioned inthe previous
section, we expect the volume of depositsto increase with the number of
offices, and to decreaseif the bank’srivals open more officesin theregion.
Asinthefirg period, the GDPisincluded in the estimate, becauseit explains
animportant part of individua income and the performance of deposits. The
population/square kilometer variable wasincluded to control for regional
population density.

Thesamevariablesfromthefirst period wereincluded for thefunctional form
of theregiona margina costsof bank i, but for aregionad dimension. Therefore,
thesignsfor f, andf, are expected to be positive.

B. DataandEstimation

Thequarterly figuresused to estimatethemodel cover the period from January
1994 through September 2005. Thefrequency isquarterly.° The sample
includes 26 banks, which accounted for 94.4% of dl depositsinthe Colombian
banking system during the period in question.™

Themodel isestimated in two stages: onefor each period. The procedure
used in Canhoto (2004) was followed for each stage, where a pool is
constructed with the data.’? Aggregate datafor the entire country were used
for thefirst period, whiletwo estimates sere donefor the second: onefor
Colombia sregiona divisionand another for itspolitical division. Inthefirst
estimatefor the second period, the country wasdivided according tothefive
traditional geographic regions.* Two estimatesweredevel oped for theAndean

© |t was obtained from documents published by the Office of the National Superintendent of
Financial Institutions, the National Department of Planning (DNP) and Atlas Colombiano,
which is published by the Instituto Geogréfica Agustin Codazzi.

1 Proxy variables were constructed for the factor prices. Weights were constructed, then multiplied
by the national prices to obtain the regional prices. It is assumed the reserve requirement rate
is quite small; that is, m = 0.
The estimate was done with TSP 4.5.
Andean, Caribbean, Orinoquia, Pacific and Amazon.
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regionin particular: onethat included Bogota (Andean 1) and another that did
not (Andean 2). Finally, for the second estimate, the country was divided
according to the 32 departments, plusthe capitd city.

Inthefirst stage, equations (4) and (11) were estimated using with thefull
information maximum likelihood method (FIML)), replacing marginal cost
function (12) inthefirst order condition for theinterest rate. Using the same
method, equations (9) and (13) were estimated for each of theregionsand
departments, replacing margind cost function (14) inthefirst order condition
for thenumber of offices.

C. Reaults

The parameters obtained for thefirst period are statistically significant and
consistent with thetheory (Table 1). For the deposit supply, the coefficient
that accompaniesthebanks owninterest rateispositive, whilethe coefficient
that accompaniestheweighted averageinterest rate of itsrivalsisnegative.
Moreover, therel ation between deposit supply and grossdomestic product
ispositive, and the number of employees, whichwasused asaproxy of bank
size, showsthelargest bankshave alarger stock of deposits. Theresultsfor
themarginal cost function also are satisfactory, showing positivesignsfor b,
b, and b,.

For thisestimate, conjectural parameter rejected the existence of market power
inthe deposit market, asthe estimate for the coefficient islessthan zero.
Theseresultsare consistent with theempirical studiesby Estrada (2005) and
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ESTIMATE RESULTS FOR THE FIRST PERIOD

Coefficients Error P-value
a, 3.91E+08 4,79E+08 [0.414]
a, 1.62E+09 7.61E+08 [0.033]
a, -1.22E+10 1.03E+09 [0.000]
a, 55.8 200.602 [0.005]
a, 478833 21222.9 [0.000]
b, -0.99722 0.0892 [0.000]
b, 7.83E-03 1.76E-03 [0.000]
b, 0.016598 4,22E-03 [0.000]
b, 0.037086 4,21E-03 [0.000]
A -2.6108 0.395549 [0.000]

Source: célculos de los autores,



Salamanca (2005), which found evidence of a more competitive market
structurethan Nash equilibrium. 4

The second-period estimate, for which the country was divided into five
regions, did not show significant resultsfor Amazonasor Orinoquia. This
could beexplained by thesize of themarket and by the limited devel opment
of those regions. The others, however, did show significant parameters
with the expected signs.®® Asto the conjectural parameters(¢), all the
regions appeared to have competitive markets.'® The Caribbean region
had the lowest conjectural parameters (¢ =-1,023.81), followed by the
Pacific (¢ =-962.381) and Andeanregion 1 (¢ =-640.028).

For the more disaggregated estimate of the second period, when the country
wasdivided into 32 departments, plusthe capita city, the coefficientsfound
for Arauca, Casanare, Guainia, Choco, Guaviare, Quindio, Sucre, Tolima,
Vaupés, Meta, Huilaand Putumayo were not significant. For therest of the
departments, theconjectura parameter issgnificant and thesignsarecons gent
withthetheory. Inthisestimate, someareas show evidence of market power.
Specifically, wefound that Caqueta (¢ = 2,569), Cauca (¢ = 1,848) and
Nortede Santander (¢ = 793) aretheleast competitiveregionsof the country.

In short, athough the nationa deposit market wasfound to be competitive, a
more disaggregated analysisreveal ed the departments where banks have
market power. Hence, therecommendationisthat regulatory policiesbelaid
out carefully inloca marketsof thistype, soasto avoid more seriousproblems
and, if possible, toresolvethem.

Theseresults prove the market structurein extremely large marketsisnot
analyzed properly, becausetheresultsareoverly genera. Thiscanlead to
regulatory measuresthat are erroneous.

IV. CONCLUSIONS

In thisstudy, aspatial competition oligopoly model was devel oped where
banks compete with prices(interest rates) and geographic variables (number
of branch offices). Inthisscenario, each bank selectsthe optimal interest rate
inthefirst period. Inthe second period, depending onthat interest rate, each
bank selectsthe optimal number of branchesto be opened in each region.

¥ In international literature, Bikker and Haaf (2000) also found evidence of competitive behavior
in the deposit market for a group of European countries.

% There were some problems with the signs of the marginal cost coefficients. However, problems
with the incoherence of marginal cost coefficients are common in the literature on conjectural
parameters.

% Excluding Amazonas and Orinoquia, where the parameter is not significant.
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Two estimates were done for the second period. In one, the country was
divided by thefivetraditional regions. Inthe other, it wasdivided by the 32
departments, plusthecapita city.

The purpose of this study was to analyze competitive conditions in the
Colombian deposit market, based on a more disaggregated approach;
specifically, onedesigned to determineif theresultsobtained in thisestimate
arecong stent or not with those obtai ned when the national market isanalyzed
asawhole.

Theempirical resultsfor thefirst period suggest the national deposit market
hasamore comptitive structure than Nash equilibrium. The estimatefor the
second period, withthe country divided into thefivetraditiona regions, showed
the Caribbean, Pacific and Andean regions are competitive marketsaswell.
However, the estimatefor the second period, with the country wasdivided
by departments, identified three critical markets were banks have market
power: Caqueta, Caucaand Norte de Santander.

Accordingly, thesuggestionisthat regulatory policiesinthesegeographic areas
should be administered carefully to avoid more serious problems and, if
possible, to resolvethem. Theresultsa so show the market structureinlarger
marketsisanayzed in away that isfar too superficial. More disaggregated
resultsinclude certainregiond featuresthat alow for amorein-depth anaysis
of themarket. Specificaly, the conclusionisthat national resultsaretoo gene-
ral and can lead to erroneous regul atory measures.
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