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Abstract

We present an empirical model of firm behavior in the presence of switching costs. Customers’
transition probabilities, embedded in firms’ value maximization, are used in a multiperiod model to
derive estimable equations of a first-order condition, market share (demand), and supply equations.
The novelty of the model is in its ability to extract information on both the magnitude and
significance of switching costs, as well as on customers’ transition probabilities, from conventionally
available highly aggregated data which do not contain customer-specific information. As a matter of
illustration, the model is applied to a panel data of banks, to assess the switching costs in the market
for bank loans. The point estimate of the average switching cost is 4.1%, about one-third of the
market average interest rate on loans. More than a quarter of the customer’s added value is attributed
to the lock-in phenomenon generated by these switching costs. About a third of the average bank’s
market share is due to its established bank—borrower relationship.
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1. Introduction

Switching costs are costs induced to economic agents when they change their
suppliers. As such, ex-ante homogeneous products become ex-post heterogeneous. These
costs originate from a host of reasons, economic as well as psychological, such as
various addictions and cognitive dissonance problems. Intertemporal product and service
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compatibility, network externalities, informational investment in business relationships
are a few examples of the economic sources of switching costs. From the theoretical
perspective, customer switching costs confer market power on firms. Thus, firms may
face a trade-off between charging low prices to attract customers and lock them in, and
high prices to extract supranormal rents from its already locked-in customers. The vast
theoretical literature on switching costs is summarized in Klemperer (19S5)dies
dealing with this phenomenon attempt to gain insight into the main issues of industrial
organization such as entry deterrence, and the command over supranormal rents. Shapiro
and Varian (1998) provide numerous examples of the impact of switching costs on market
behavior.

The available empirical studies investigate the effect of switching costs on prices and
market power. Ausubel (1991) provides some information that switching costs may explain
the high interest rates on credit card balances, and Stango (1998), using variables related
to switching, finds that switching costs have a significant impact on pricing in that market.
Knittel (1997), using some proxies for switching costs, shows that they have provided long
distance telephone carriers with market power. Sharpe (1997) finds that (banking) retail
deposit-rates are positively affected by a proxy of switching costs. Dahlby and West (1986)
support the effect of costly search on price dispersion in liability insurance, and Schlesinger
and von der Schulenburg (1993) document a similar result in autoinsurance. Greenstein
(1993) estimates the probability of “lock-in” in commercial mainframe computer systems
acquired by federal agencies. His results may indirectly confirm the existence of switching
costs for that sector but no quantification of the magnitude of switching costs is attempted.
Another interesting empirical example is that of Borenstein (1991) for the gasoline market,
where price discrimination is possible due to differences in the willingness of customers
to switch stations. In a recent article, Shum (1999) measures the effect of advertising
on habit persistence in the purchasing behavior of various brands of cereals. Shum
finds that advertising encourages switching behavior at the household level. His main
empirical question, however, concerns the way advertising affects brand substitutability
thereby enhancing competitive conduct and lowering margins, and not the measurement

1 Contributions to the theory of switching costs are as early as Selten (1965) and von Weizsacker (1984).
Klemperer (1985) examines a two-period differentiated-product duopoly in which customers are partially
“locked-in" by switching costs that they face in the second period, which results in higher prices in both periods
compared to the non switching cost case. Klemperer (1987) introduces switching costs in order to explain
the emphasis placed on market share as a goal of corporate strategy. Beggs and Klemperer (1992) show how
switching costs make the market more attractive to a new entrant and Klemperer (1987) examines how the threat
of new entry affects incumbent’s behavior thereby providing an explanation of limit pricing behavior. Chen and
Rosenthal (1996) consider a stochastic game with slowly changing customer loyalties resulting in Markov perfect
equilibrium. Padilla (1992) develops a model resulting in ex ante identical firms having ex post asymmetric market
shares and in his (Padilla, 1995) paper he shows that in an infinite-horizon model with stationary Markovian
strategies, the strength of competition is relaxed. Caminal and Matutes (1990) consider a model with endogenous
switching costs and show that in the second period of the game firms discriminate against newcomers. Cabral
and Greenstein (1990) claim that there may be economic merit to ignoring switching costs because the increased
competitiveness in response to bidding parity can outweigh the costs of switching between suppliers.
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of switching costs. Finally, a very recent paper by Israel (2001) develops and estimates
a behavioral model of consumer—firm relationships in autoinsurance.

Although the aforementioned empirical studies do point to the importance of switching
costs in the determination of conduct and to the effect of various firms’ policies on
switching costs, they are generally silent regarding the magnitude and significance of
switching costs. Whether switching costs are empirically important probably depends on
the specific environment, industry, product type, and time period. One possible reason for
the lack of empirical documentation of the magnitude and significance of switching costs is
that the necessary micro data on individual-level transitions are rarely, if ever, available to
researcherdIn the context of estimating switching costs, the unobservables are individual
customers’ purchase decision histories. More specifically, we lack information on the
identity of customers’ previous suppliers.

The task of the present research is to complement existing theoretical models with
an empirical investigation capable of highlighting the process of customer’s switching
behavior when customer-specific data are absent, and then embed it in a general
behavioral model of the firm. As a matter of illustration, we estimate the magnitude and
significance of switching costs in the market for bank loans and empirically explore various
counterfactuals related to bank and customer behavior in this nfarket.

It should be noted that from an empirical perspective, switching costs may be more
pronounced when they contribute to, and may result from, long-term relationships and
repeated contacts between firms and their customers. In such cases, customers’ switching
among suppliers may entail not only psychological costs but also costs related to the
loss of capitalized value of established relationships. As such, the market for bank loans
may provide a natural habitat for the investigation of the magnitude and significance of
switching costs.

Banking is a major sector in the economy in which switching costs seem to be
prevalent due to information asymmetry. A high quality borrower switching to a competing
(uninformed) bank may be pooled with low quality borrowers and confront unfavorable
conditions (Sharpe, 1990; von Thadden, 1998). This phenomenon (also known as the
‘lemons’ problem) may be exacerbated during periods of systemic wide banking problems
or rescission periods. Thus, a switch between suppliers in the market for loans may entail
direct (transaction-related) costs of closing an account with one bank and opening it
elsewhere, as well as the unobserved, and perhaps the most significant costs associated
with the foregone capitalized value of (previously established) long-term customer—bank

2 |srael (2001) is interested in patterns of tenure-dependent demand whereas we are interested in estimating
(the related phenomenon of) the magnitude of switching costs.

3 There exist quite rich data sets on individual transactions pertaining to grocery-scanner, airline-reservation,
and telephone-subscription data. However, even these data sets do not provide crucial information as to customer-
specific purchase histories such as previous suppliers. Shum (1999), e.g., encounters the problem of having to use
aggregate (national) data for his advertising expenditure which is the major variable in his model. Moreover, all
these data sets are just (small) samples which may not represent the industry at large. This shortcoming may be
crucial when specifying models of oligopolistic interaction among firms since the number of (relevant) firms in
the industry (partially) determines pricing behavior.

4 Our data set includeall banks in the industry, see Section 4.1.
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relationship? Indeed, the extensive discussion in recent literature about the importance
of “relationship banking” and its significant impact on borrowers’ values (James, 1987;
Vale, 1993; Petersen and Rajan, 1994; Boot, 2000) may point to the existence of severe
switching costs in this sectér.

The paper is organized as follows: in Section 2 we describe the model, and in Section 3
the empirical methodology. Section 4 describes the data used, and Section 5 provides the
results and some counterfactuals. Section 6 concludes the paper.

2. A model of competition with switching costs

The empirical setup we present in this section builds on theoretical investigations related
to the effect of customer switching costs on market conduct (see (Klemperer, 1987)). The
theoretical relations between firm and customer behavior in the presence of switching
costs require, however, some adjustment for empirical application. First, such relations
are usually posited in terms oérely observable individual switching activity. Secondly,
while in most theoretical models switching costs serve as a threshold which, in equilibrium,
causes customenst to switch between firms, casual empirical observation indicates to the
contrary (see Klemperer (1995) for an overviéw).

The model we propose in this study aims at providing behavioral equations fit for
estimation, while remaining in line with, and in the spirit of, known theoretical results. We
provide a setup which feeds on highly aggregated (conventionally available) data lacking
information on customer-specific transition history. An additional attractive property of our
model, vis-a-vis existing theoretical models, is that it allows customers to switch between
firms at any period.

2.1. Themodel’s framework

Consider an oligopoly of: firms competing in a multiple-stage price (Bertrand)
competition. The good sold by the firms is unstorable. To focus on customers’ decisions
from which firm to purchase the good, the customers are assumed to have an inelastic
demand® Specifically, each customer purchases a single unit of the good at each one of

5 Relationship- and transaction-related switching costs may reflect two extremes of the control-rent trade-off
(Rajan, 1992). In the present model, however, we do not make a distinction between these due to lack of data on
customers’ transition histories.

6 The importance of the relationship depends on the length of the interaction between the bank and its
customer. Relationship may evolve in cases where complete contracts are not feasible, but long-term interaction
is mutually beneficial. Thus, breaking up a relationship and forming a new one may entail severe switching costs.
Also, the number of relationships may affect the value of relationships lost when switching suppliers. However,
as found by Ongena and Smith (2000), the mean number of relationships is 1.37 and the median is 1.0. Thus, we
expect quite a substantial informational loss due to switching.

7 See von Thadden (1998) for a theoretical analysis showing switching of customers in equilibrium in the
context of bank loans.

8 This is often assumed in the literature (e.g., Caminal and Matutes (1990)).
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an infinitely many discrete periodsThe customers maximize their utility by deciding
from which firm to purchase, given the prices charged by the firms. When comparing the
charged prices, the customers keep in mind that switching between firms is costly. The
customer behavior described here yields probabilities of switching between firms. We dub
these probabilitiegansition probabilities. The transition probabilities are functions of the
prices and switching costs. Aggregation of the transition probabilities yields the demand
faced by each firm.

2.2. Transition-probability induced demand

When choosing from which firm to purchase the good, the customer compares the prices
charged by the various firms. We model the customer’s purchase decision in terms of the
probability of purchasing the good from the different firms. Such probabilistic modeling of
the purchase decision allows customer heterogeneity in the model: when aggregating over
the customers, the probability of purchasing from a specific firm proxies the proportion
of customers who decide to buy from it. This formulation also facilitates the empirical
observation that customers occasionally chose to switch to a firm charging a higher price.
In fact, as long as the transition probabilities are not null or unity, some customers switch
to and from each firm.

To accommodate the possible presence of switching costs, we condition the purchase
probabilities on the customers’ previous purchase decisions, i.e., werarggtion
probabilities. For tractability, we assume the transition probabilities are Markovian.
Switching costs enter the model in the following way: for any possible purchase decision
that entails switching (i.e., for purchasing from a firm the customer did not purchase from
in the previous period), the cost of switching is added to the price charged by the firm. The
probability that a customer who bought in period 1 from firm: will retain her purchase
in the subsequent period with that firm is denoted by Pr. Similarly, the probability
that a customer who previously purchased from fjrwill switch to purchase from firm
i in the subsequent period is denoted by_Pr,. Formally, the transition probabilities are
functions of the price charged by the firp,;, and of the alternative prices offered by firm
i's rivals, the(n — 1) vectorp,»R,t.10 The switching costs borne by the customer in case
of switching to purchase from a firm she did not purchase from in the previous period are
denoted by The probability of continuing to purchase from the same firm is, therefore:

Pr = f{pis. pir: +5} 2.1)
i—i,t

wheres is a vector of switching costs, equals the scalanultiplied by an(n — 1) unity
vectoris=s-1.

9 In the sequel, we relax this assumption and allow the demanded quantity to change at an exogenously
determined rate.

10 Throughout, we use bold letters to denote vectors.

11 Actually, switching costs are likely to differ among customers. Therefoshould be interpreted as the
mean switching cost. Customer-specific deviations from within-firm averages are captured by the slope of the
transition probability function, while the variation in the firm-mean of switching costs is captured by the level of
the function.
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The probability of switching to firm from other firms is formulated as follows: If a
customer of a rival firmj switches toany other firm (either to firmi, or to one ofi’s
rivals), she bears the cost of switching. Thus, the (conditional) probability of switching
from a rival firm j to firm i is:

Pr = f{pis+s.pir: +5j}. (2.2)
]t
where s; is an (n — 1) vector of switching costs in which each of the elements
equalss, except for thejth element, which is zero. In aggregate data, transitions are not
observed. We thus have to formulate the probability of switching to purchase from firm
unconditional on the rival’ sidentity:

Yji—-1
Pro=> " f{pic+s.Pir +s'}-7>, (2.3)
iR—i,t ;( o PiRs S Zk;éiylatfl

where Pyr_,; ; is the probability that a rivals’ customer will switch to purchase from firm
We denote firmy’s times — 1 output byy; ;1. Thus,y; ;—1/ Zk# Yk.r—1 i the probability
that arandomly selected rival’s customer is one who previously purchased from fjrm

A functional form for the transition probabilities should exhibit the following properties:
the higher (lower) the relative price charged by firnthe lower (higher) the probability
that any customer will purchase from it. Thus, the partial derivatives of (2.1) and (2.3)
should have the following signs:

apriﬁi,t <0 apriﬁi,t

7 - 2.4
Opis OP;R, ¢ @
and
OPLRi <0 OPlir—i 0 (2.5)
0pis OPiR.¢

The total demand faced by firinat a timez, y;;, depends on its own output in the
former period, as well as on the previous output of its rivals (the “state” variables), and on
the transition probabilities which are functions of current prices and switching costs:

Yiie=Yir-1 Pr +yir1_ Pr . (2.6)

i—i,t IR—i,t

The first term in the right-hand side of (2.6) approximates the number of the firm’s
customers that choose to continue purchasing from it. This is because applying the law
of large numbers, Pr,; ; proxies theproportion of firm i’s “loyal” customers. Similarly,
Pr.r—i. is the proportion of new customers out of the rivals’ customer base, making
the second term in the right-hand side of (2.6) approximate the number of the rivals’
customers that choose to switch to purchase from fifhNotice thaty; , is computed
using information on firms’ customer baseithout having to identify customer-specific
actual (unobserved) transition decisions.

12 since we would like to focus on custometsansition probabilities among firms, it is assumed that the
number of customers is fixed. That is, we model switching behavior for any given level of aggregate demand in
each period. Aggregate demand, however, is allowed to change over time.
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To allow customers to change the purchased quantity over time, we multiply the demand
faced by the firm by the market growth rate:

yi,z=(yi,z71,P,r +yir:i-1. Pr )gt, (2.7)
i—i,t iR—i,t

whereg; is the market growth ratey; = > yi,/>_ vi,—1. We assume the market growth
rate is exogenous’

2.3. Approximating the demand

If actual customer decisions were observable, a natural structure to impose on the
transition probabilities would have been of a logit type. However, aggregate data (a panel of
market shares and prices) provide informatiomenoutput changes only. Any net output
change could result from numerous combinations of customer arrivals and departures.
Henceforth, we provide a setup in which the demand faced by each firm is a function of
the firms’ market shares. To obtain this setup, we apply a first-order (linear) approximation
on the transition probabilities. Linearity makes the transition probabilities functions of the
price charged by the firmp; ;, the average price charged by the rival firpg: ¢, and the
cost of switching between firms;14

. P.f, = ap+a1pis +@2(pir.s +9), (2.8)
i—i,
and
i _ n—2
Pro=ag+ai(pis +5) +o2( pire + s ). (2.9)
iR—i,t n—1

Whereaf) are firm-specific intercepts which capture firm heteroger€ifihe coefficient
a1 measures the sensitivity of the transition probability to the firm’s own pricepans
the cross-price sensitivifyf
It is important to emphasize here that (2.9) is not a function of a specific fjvahd
thus, it is also the transition probability ofrandomly selected rivals’ customer. Note that
the transition probabilities (2.8) and (2.9) remain valid for cases where the econometrician

13 Essentially, this assumption implies perfect foresight of the growth rate by banks, and it should be modeled
in terms of expectations. For ease of notation, however, we omit the expectation operator. Note also that the
growth rate in our data set is quite moderate (see Section 4.1).

14 while this specification is ad hoc, it maintains the major characteristics of a utility-driven demand: the
probability of purchase (i) decreases with own price, and (ii) increases with other firms’ prices.

15 The derivation of Eq. (2.9) is as follows. The transition probability from a rival firta firmi is Pr;_; , =
aé) +ay(pis +s)+ aﬁl’(pm,, + ;) wheres; is an(n — 1) vector of switching costs, in which each of the
elements equals except for thejth element, which is zero. This can be written ag Py, = a6+a1(p,-,t +5)+
a3 (X iz Pja+(m—2)s), 0 foral =az/(n — 1) Prj;, = ag+a1(pis +5) +e2(pig, + 0 —2)s/(n—1)).

This equation is not a function of, thus, it is also the transition probability ofrandomly selected rivals’
customer: Rig ;. = af+a1(pi; +9) +@2(pir. + (n —2)s/(n — D).

16 A more realistic, though untractable when applied to aggregate data, setup would allow the cross-price
elasticities to vary among firms. Thus, the price sensitivities in our specification should be interpreted as average
measures.
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observes only a noisy version of the prices, such as prices which are unadjusted for output
characteristicd’

As discussed in the previous section, the transition probabilities should be decreasing
in the firm’s own price and increasing in the average of the rivals’ prices. Thus, the partial
derivatives of (2.8) and (2.9), respectively, are expected to have the following signs:

oPr_; oPr_;
— 20 4 <0, — 20 4y >0, (2.10)
0pi OpiR.t
and
OPrr—; OPLRr—;
TTRDL g <0, RS0 (2.11)
0pi.s OpiR.t

Under the assumption of an inelastic total demand, a small increagg; ishould
have the same effect on the transition probabilities as that of a decrease of the same
magnitude in rivals’ average pricg,;g. Thus, we restriciey = —a1. The resulting
transition probabilities, then, are:

iEl!’t =ab+a1(pir — Pirye —5), (2.12)
and
. S
Pro—of ( 't — PiRs — ) 2.13
iRit oo+ a1\ pit — PiR.t n_1 ( )

As is apparent in Egs. (2.12) and (2.13), the presence of switching costs works in
favor, as well as against, the firm: the higherthe higher the proportion of the firm’s
customers that will choose not to switch to other firgd®r,_,; ; /s = —a1 > 0), but the
lower the proportion of the rivals’ customers that will choose not to switch to the firm
(0Plir>is /s =a1/(n — 1) <0).

Using the linear transition probabilities, we are able to compute the firm's demand.
Substituting (2.12) and (2.13) into the output equation (2.7) and dividing by thertime
market demand yields the firm’s timemarket shareg; ;:

. _ S
Oiy = —0i -1 so1 +op+ al(Pi,r — Dirt + ) (2.14)

n
n—1 n—1
Thus, the period market share is a function of the preceding period’s market share, the
number of competing firms, the switching costs, firms’ heterogeneity (as captured by the
fixed effects), and rivals’ prices.

The part of the current market share induced by the time 1 market share is
represented 0

(—cr,',,,ln i 1sa1> > 0. (2.15)

17 The validity of the transition probabilities for this case is delegated to Appendix A.
18 Recall thatx; is negative.
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We term the effect of the— 1 market share on the firm’s current market share akotiken
effect:

30’[’[

n
= — 0. 2.16
907 -1 n— 150{l ~ ( )

The contribution of the existing (time— 1) market share to the current market share is
increasing in the magnitude of switching-costs,

3(801',1/301',1—1) _ n

0. 2.17
as n— 1Ol1 ~ ( )
We dub the effect of switching costs on market sharesilitehing-cost effect:
doi; (1 n <0 ifoj;—1<1/n,
3 = <; - le) pa { =0 ifoi1>1/n. (2.18)

The switching costs effect works in favor of larger-than-average firms, and against smaller-
than-average firms. The intuition behind this effect is straightforward. The larger the firm’s
market share, the more customers are “locked-in” with it, and the less customers are
“locked out” of the firm.

2.4. Firms present-value maximization

At any point in time (denoted by), the firm maximizes the present value of its profits:

o
Vie=) 8 Tmi, (2.19)
=t

wheres is the one-period discount factar; ; is the firm’s timer profit, i.e.,

Ti,t = Yi,t - Pist — Cit, (2.20)
and the firm’s technology is specified by a cost function, defined on its outpueand on
a vector of input pricesw; ;:

it = c{Wit, it} (2.21)

A necessary condition for the firm’s optimal (present value maximizing) behavior is
setting the timer price, p; ., such that the derivative of (2.19) w.r.t. this price is z&to:

Vi > d7;
Lt _ Zatft it —0. (2.22)
piz piz

t=t
Notice that the timer price affects not only the time profit, 7; -, but also the profits in
subsequent periods. The reason for this is that any period’s output affects the demand in
the period that followg°

19 The second-order condition for present value maximization is satisfied because (2.19) is concave: the present
value function is a sum of the concave per-period profits,, and all future demanded quantitieg; { ¢,
k>1,2,...) may be expressed as linear functions of the current demand,

20 This is easily seen by iterative substitution of Eq. (2.7) which describes the demand faced by the firm.
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Inserting the time profit, (2.20), (2.22) becomes:

Vi i;_ (it - Pi,t — Cit)
5 — 8 T l ) )

pi P opi.z
o0
N dc¢it Oyit
IV r(_) pig — Qe Die ) (2.23)
o ; Opic’ " Oyia i
or
Vi = t,( 3Cit)a)’it
= =y + ) Dit — i — =0, (224)
pic T ; Y 0yii ) opis
where the effect of the current price on the quantity demaidestiods ahead is:
ay; ay; ay; _ ay;
Vi, t+k _ Vi, t+k ) Yit+k-1 Vit fork—=r1—1z. (2.25)
pic  Oirtk—1 OYir4k—2 api

For similar arguments, another requirement for the firm’s optimal behavior is that the
derivative of (2.19) w.r.t. the time + 1 price, p; -+1, iS zero along the optimal path:

av; > dci dyi
it _ Vi1 + ZatrJrl(Pi,t _ 1,t> Vit -0 (2.26)
Opi,t+1 pa Ayt /) 0pict1
where
oy; oy; ay; _ ay;
Vi, t+k _ Vi, t+k ) Yir+k-1 Yit+1 fork—1—1. (227)
Opit+1  0Yije+k—1 0Yijr+k—2 Opit+1

Since both (2.24) and (2.26) are necessary conditions, any linear combination of them
should hold as well. Thus, for anyg, and d; -1, the following should hold:

aV; aV;
“Ldpi + ——dpjr4+1=0. (2.28)
opi,x Opi 41

In particular, let us choose a pair of price differentiats d and dp; -1 that keepsy; r+1
constant:

0yir 41 0yir+1

dpic + dpir+1=0 (2.29)
81’[,1’ 8pi,r-{-l
or
0yi,t+1 [ 0yic+1
dpic+1=— A / s dpi.r. (2.30)
opi,c [ Opir+1
Substituting
n
0Yi c41/0pic = —Yr-100 0158 8r+l and

0Yi,r+1/0pit41 = Yr 10187 8r+1
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into (2.30), we obtain the time + 1 price-differentigd! in terms of the timer price-
differential, for a constang; - 11:

n
dpir+1=dpi ——0aas. (2.31)
n—1
Sincey; . +1 is unchanged, condition (2.28) beconfés:
oT; om; om;
(— T35 ) dpir+ 82 gy 0, (2.32)
pir+1  Opix 0pic+1
Furthermore, as; .11 is constant, (2.32) becomes:
a7;
P) E dpi,r +36 '.Vi,rJrldpi,rJrl:O« (233)
Di,t
Inserting (2.31) into (2.33) and rearranging:
8 .
Tt sy ——a1s = 0. (2.34)
apit n—1
Writing the derivative of the time profit explicitly, yields
ac; ay; n
yir + <pi,r e ) T 8yicr1—a1s =0. (2.35)
8yi,r api,r n—1
As dy; - /dpi,r = yr—10187, (2.35) can be expressed as
o
pemiy = —8 - 0i 141 S84 — ——, (2.36)
n—1 o1

wherepem; , = pi; — mci, IS the periodr price—cost margin. Equation (2.36) captures
the relation between the price—cost margin, the market shares, and the switching costs. To
provide some intuition for this first-order condition, notice that the first term represents
the benefits to the firm from capturing customers in perididat will be “locked in” in
future periods. The larger this benefit is (a higher g,1), the lower will be the optimal
period: price—cost margin in the attempt to capture customers. The second term represents
the current period oligopoly power of the firm; the larger is the current market share, the
larger will be the price—cost margin. Notice that the existence of switching costs results
in a larger market shares and hence more oligopoly power for larger than average firms
(cf. Eq. (2.18)). In the absence of switching costs the optimization problem reduces to the
conventional case of a one-period oligopoly,
pem; = —ﬂ, (2.37)
ay

where as far as switching costs exist, the firms’ pricing decision is intrinsically intertem-
poral.

An increase in the discount factér(i.e., a decrease in the discount rate) has the same
effect on prices as an increase in the growth rate of aggregate qutput® A higher

21 For a derivation of the output derivatives refer to Appendix C.

22 The terms in (2.28) containing the derivativestpf . » and onwards disappear as they all are, ultimately,
products of the change iy ;1 1, which is zero.

23 This property is in line with the prediction of Beggs and Klemperer (1992).
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growth rate increases the relative importance of future profits, hence making it more
profitable for firms to lower current prices and lock in a larger market sHare.

The firm’s optimization may shed some light on the value of customer lock-in. Define
the marginal value of a locked-in customemn/; ;, as the marginal increase in the firm’s
present value due to an additional locked-in custo(8&s ; /dy; ;), beyond the increase in
profits generated by the current sales to that customer. This implies that

Vi,  Omi,
i 0yi.r

For constant market size in steady state, the proportiemaf; in aV;;/dy; equals the
lock-in effect (defined in (2.16)), discounted for one perfad:

+ mvl; ;. (2.38)

muvl; ¢ n
—— =4 saq. (2.39)
8Vi,t/ayi,t n—1
This is so becausev!; ; equals the discounted marginal increase in the firm’s present value
due to an additional locked-in customer in the subsequent period:

Vi1 53‘/1',1+1 Vi, r+1

mul;; = = , (2.40)
it 0yir+1 0Yir
implying that
aV; or; aV;
it 0Ty Iy l,l+l. (241)

9yi,t B 0yi,s 0yi,t
In this casepV; ;+1/98yir+1~ dVi/dyi., since (forg, = 1, Vt) yi ;41 ~ yi . Solving for
aVi./dyi, yields:

Vi om 1
bt _ ””’(1—5 " sal) (2.42)
0yi,1 0yi,s n—1

or, as a proportion of the added value of an additional customer,

O7ie /0yii (1_ s
Vit /0yis

Using (2.38), the contribution of lock-in as a proportion of the added value is

say). (2.43)

n—1

i A1 /0yi
muvl; ¢ —1— nlst/ Yi,t =5 n s (244)
Vi /0yis Vit /0yis n—1

3. Empirical methodology

The model presented in Section 2 yields the following equations:

24 glade (1991) provides empirical support for that effect for the metals markets.
25 \We believe constant market size is a reasonable approximation. See Section 4.
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(i) the first-order condition (2.36):

n O
pemi = —80; 141 G141 — —, (3.1)
n—1 o1
(i) the market share Eq. (2.14):
n : _ S
Oit = —0i-1 sa1 +ag + Oll(l?i,z — DiR¢ + ) (3.2)
n—1 n—1

In order to estimate the model we search for the parameter values that best fit tHeTadata.
eliminate the numerous fixed effeo(tsg), the market share Eq. (3.2) is first-differenced.

To obtain the price—cost margin in (3.1), we estimate the marginal cost implied by the
system of cost function and input share equations (see Appendix Ble system of
equations (including the cost structure) is estimated simultaneously using non-linear 3SLS.
The endogenous variables in the modlgl, o; /11, the time differences of the prices and

of the market shares as well as the output, are instrumented by the lagged output, lagged
number of branches and various lags of the market shares.

A positive s is our basic indication for the existence of customer switching costs in
the market for bank loans. We interpret the data as providing significant evidence for the
existence of switching costssfturns out significantly positive. Furthermore, since demand
should be downward sloping, the validity of the model is indicated by the sign.ofhe
demand curve is downward sloping if and onlwif is negative.

3.1. Details

In the estimation procedure, we have to make sure the transition probabilities are within
the [0, 1] interval. First, we show here the range of switching costs for which the linear
approximationis valid. Then, we show how to impose this range on the estimated switching
costs.

To derive the valid range for the switching costs parameter, recall the formulas of the
transition probabilities, (2.8) and (2.9):

: P!’f = g+ a1(pi — Pirs — ) (3.3)
i—i,
and
i N
Pr =ah+a1(pis - pi ). 3.4
iRit oo+ a1l pic — PiR.t +n—1 (3.4)

When switching costs are high, (3.3) approaches unity and (3.4) approaches zero, i.e.,
most of the customers are effectively locked-in with their former suppliers. For the linear
transition probabilities to be valid, they have to lie within fdel] interval. The following

26 \We use a panel data of the entire Norwegian banking sector for the period 1988-1996. For details see
Section 4.

27 \We note that in the empirical application we have also experimented with a short run variable cost function
where equity was treated as a quasi fixed factor, as suggested by Hughes and Mester (1998). Results where almost
identical to the those reported here.
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should, thus, hold:

1< Pr— Pr —-—a;s—— <1 (3.5)
i—it iR—it n—1
or
1n-1 1 n-1
Sl P Ll (3.6)
o1 n —a1 n

Note that if, in the estimation processs outside the range depicted in (3.6), the estimated
equations become meaningless, since it implies negative or larger-than-unity transition
probabilities?® To avoid the introduction of inequality constraints into the estimated
system, define:

1 n-1
s=—1" (3.7)
—01 n
and, instead of directly estimating estimate a transformation of if,c i defined by
€
s=25- —35. (3.8)
l1+ef

Note that agx — —o0, s — —§, and asz — oo, s — §. In the estimated equations, we
replaces by 25 - € /(1 + &) — § everywhere?®

4, Data and industry characteristics
4.1. The banking industry

Our database consists of a panel of annual observations for the Norwegian banking
industry, spanning nine years from 1988 to 1996. The panel calldoanks operating in
Norway in that period Table 1 describes the banking industry characteristics.

The number of banks declined from 177 in 1988 to 139 in 1996. The reduction in the
number of banks is almost only due to merg&r$here is a high cross-sectional variation
in bank size, most banks being very small. Figures 1 and 2 plot the observations by number
of branches, and Figs. 3 and 4 by market shares, measured by value of loans.

28 Actually, n changes slightly over time. Thus, for the constraint to hold in all time periods, the minimal
is applied. In any case, applying differentvalues is of minor effect, due to the minor variationzipand since
8”—_1/8n — 0 for largen (there were 139-177 banks in Norway during that time).

29 Asturned out in actual estimationwas inside the range depicted in (3.6). Thus, the transformatienaof
z was not needed, and a direct estimation ofas carried out.

30 The Post bank and several state banks were excluded due to their different nature of business and problematic
data.

31 Most of the mergers are characterized by one relatively large bank (the predator) buying a smaller bank (the
prey). Since in these cases the switching costs may be lower or zero, we choose to mark customers of the prey
as “switchers,” thereby probably downward biasing the switching cost estimate. An opposite, upward biasing,
treatment would be to exclude all banks that have experienced mergers. Unfortunately, the estimated equation
system did not converge when applying this treatment to our data set.
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Table 1
Industry characteristics

1988 1989 1990 1991 1992 1993 1994 1995 1996

Number of banks 177 168 155 147 145 143 141 140 139
No. of branches:

—mean 12 12 12 11 11 11 11 11 11

— max 160 141 240 205 193 182 182 194 183
Bank Loans (bil. NOK) 423 456 473 444 443 453 471 512 580
Loans per bank (bil. NOK):

— mean 2.38 271 3.05 3.02 3.06 3.17 3.34 3.66 4.17

— std. dev. 8.16 9.46 1344 1250 12,65 1192 1198 1294 14.82
Equity per bank (bil. NOK):

— mean 0.13 0.15 0.15 0.11 0.13 0.23 0.29 0.34 0.38

— std. dev. 0.45 0.56 0.61 0.28 0.23 0.66 1.01 1.17 1.34
Assets per bank (bil. NOK):

— mean 3.24 3.56 3.93 3.86 4.00 4.02 4.19 4.44 5.21

— std. dev. 11.43 12.60 17.49 16.15 17.17 1569 1574 16.14 19.48
Interest rate (pct.):

—mean 16.07 14.82 1415 13.72 13.23 1099 847 8.11 7.50

— std. dev. 1.32 0.89 0.79 0.69 1.38 0.69 0.57 0.48 0.48
T-bill rate (pct.) 12.88 10.86 10.86 9.99 9.62 6.86 7.46 7.43 6.78

Bank loans include all domestic loans extended by all banks in the sample. Interest rate is the calculated interest
rate on loans extended by the banks in the sample. See Section 4.2 for calculation details.
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Fig. 1. Sample distribution by number of branches.
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Fig. 4. Sample distribution by market share of loans. Observations with at least 5% market share.

It is evident from these figures that the banking industry is characterized as having
many very small banks. About 27% (44%) of the observations have only 1 branch (2
or less branches) and 78% have market share smaller than 0.25%. The largest bank in
terms of branches has 240. In terms of market shares, the largest bank captures 27.4%.
The distribution of bank size by both measures is fairly stable throughout the period. The
correlation between banks’ number of branches and market shares is as high as 0.8775.
It is noteworthy to mention, however, that even the very large commercial banks with
nationwide branch networks supply loans to the typical small bank customer and to small
local businesses. Thus, all banks compete in the market for retail lending.

Table 1 shows some more important details of the Norwegian banking industry. The
growth in bank lending between 1994 and 1996 is associated with the strong recovery of
the Norwegian economy from a recession in the late 1980s and early 1990s. From 1987
to 1993, the average annual growth rate in GDP was just below 2%, whereas the average
annual growth rate between 1994 and 1996 was 4.8%. Hence, the increased importance of
bank lending at the end of the sample period should be attributed to the relatively strong
procyclical pattern of the overall borrowing activity. It follows that to the individual bank
this growth may be considered exogenous.

A closer look at the structure of the market for bank loans reveals a relatively stable
pattern. The correlations between current market shares and the market shares lagged
from one to four years are 0.997, 0.968, 0.935, and 0.927, respectively. These figures may
indicate very little switching of borrowers between banks over a one, and even over two
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year periods. Strictly speaking, high intertemporal correlation among market shares may
also emanate from intensive switching among banks resulting in (close to) zero change
in net market shares. The challenge of the proposed model is to uncover actual switching
hidden in the market shares evolution.

4.2. Construction of variables

In estimating the cost function, loans extended are treated as bank &tfpor
variable factors of production are specified: labor, materials, physical capital (machinery
and buildings) and funding. The latter includes both deposits and borrowed money, i.e., all
bank debt except subordinated débt.

Bank- and year-specific prices of labor are computed as total labor costs per man-
hour. The price of materials is measured by a price index for material inputs to financial
institutions, collected from the national accounts statistics. Thus, it varies through time
but constant across banks. That is also the case for the price of physical capital which is
proxied by the ten-year interest rate on government bonds.

The price of funding is a weighted average of the interest rate on deposits and the interest
rate on borrowed money. The latter is measured by the three-month money market interest
rate, thus it only varies across time, not across bdfkehe interest rate on deposits,
however, varies in both dimensions. It is calculated as banks’ interest expenditures on
deposits divided by the mean of deposits at the beginning and the end of the Beak-
specific interest rates on loans are measured likewise.

The discount factog,, applied for estimating the parameters of the first-order condition
(3.1) is calculated using the 9 to 12 month interest rate on T-bills, which amounts to an
average of 9.16% in the sample period.

As described in the next section, we apply a lead and a lag of three years, leaving us
with observations only from 1991, 1992, and 1993, and a total of 411 observations in the
sample. In these three years the number of banks varied from 147 to 143.

5. Estimation and results

There are two major issues to be attended in the estimation process. The first relates
to the proper length of period in which switching may take place. The second important
issue relates to the definition of the geographic and product market, i.e., to account for two
aspects:

32 The output aggregation problem in the context of banking is dealt with in Kim (1986).

33 subordinated debt is considered quasi equity, partially being counted as part of the capital base when
measuring the capital adequacy according the Basel rules. Only a few banks in our sample have issued
subordinated debt.

34 The three-month money market interest rate is represented by the three-month effective NOK eurorate.

35 Whenever lagged values of physical capital, loans, deposits, or debt are used to calculate interest rates, the
lagged values are adjusted for bank mergers, i.e., the bank structure ingisriogbosed on the variables lagged
toyearr — 1.
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(i) customer location preferences and the corresponding banks’ branch-network size, and
(i) the ability of banks to provide the entire continuum of loan sizes demanded.

Regarding the first issue, the loan maturity may help us in deciding on the preferred
length of period to be used in the estimation, as we may think of two switching patterns.
First, a borrower may terminate the loan agreement and repay the loan to its provider bank
whenever sufficiently better loan conditions are offered by a rival bank. Second, a borrower
may consider switching to other banks only upon maturity of the loan previously taken.
Fixing the model’s period equal to the average length of loans will shed light on the latter
switching behavior since in this case borrowers have, on average, one chance to switch
between lenders in each peridtiUsing this argument, the model’s estimation using a
shorter period than the average length of loans would involve both switching patterns.

When estimating the model with one- and two-year lags, we find out that borrowers
hardly switch. Either the estimated switching costs are of such magnitude that the
restriction made to insure the transition probabilities lie in fibel] interval (see (3.8))
was violated (with one-year lag), or the estimated parameters lacked precision (in the two-
year lag).

The intertemporal correlation coefficients between market shares reported in Section 4.1
may indicate that there may be more switching of borrowers over a longer time horizon.
Given the need for both a lead and a lag of the same length, the longest lag we can use,
maintaining the possibility of estimating the whole system simultaneously, is three¥ears.
Thus, all our reported results are based on a three-year period.

Dealing with the issue of product—market definition amounts to deciding which banks
should be included in the estimation. This issue is dealt with along both dimensions, that of
the branch-network size, and that of loan size. If branch-network size (as is conventionally
measured by the number of branches) affects the state and degree of competition, due
for instance to location preference, then banks which have very few branches may not
correspond well to the model’'s assumption of mutual competition. As there is no clear
and natural cutoff number of branches we estimate the equation system on various size
subsamples of banks, defined by differemhimal number of branches and compare the
resulting switching cost estimates. This procedure enables us to see whether the various
cutoffs result in robust estimates of the switching cost parameters. Table 2 displays the
results of the estimation with subsamples using differamimal nhumber of branch
cutoffs38

As to the issue of geographic market definition, each bank’s relevant competitors should
be specified. This, however, is too demanding from aggregate data, lacking individuals’
switching information. Ignoring that issue may result in an upward bias of the switching

36 Degryse and van Cayseele (2000) provide evidence on bank relationship within a bank-based system in
Belgium. The average time length of loans in their sample is 2.39 years.

37 Estimating the system with a four-year lag structure produced similar results to the reported three-year lag
structure. This, however, was feasible only with a two stage (separate) estimation of the cost function and the rest
of the system. A joint estimation of the system with a four-year lag, and estimation using higher-order lags was
not feasible due to the short time dimension of the available data.

38 The switching cost estimaté&s) in the table are reported in terms of annual interest rates.
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Table 2

Switching cost subsamples by minimal number of branches, parameter estimates

Min. no. of branches: q 10 20 30 40 50 60
Yy 0.989 Q919 Q919 Q915 Q899 Q891 Q785
(output) (0.007 (0.009 (0.010 (0.011 (0.012 (0.016 (0.023
Yw 0.139 Q149 Q150 Q148 Q145 Q147 Q145
(labor) (0.002 (0.002 (0.003 (0.003 (0.003 (0.003 (0.003
Yk 0.018 Q014 Q013 Q013 Q014 Q014 Q014
(capital) (0.00) (0.00) (0.002 (0.005 (0.001 (0.005 (0.001
Yf 0.720 Q708 Q709 Q710 Q714 Q715 Q718
(funding) (0.003 (0.00% (0.005 (0.005 (0.016 (0.005 (0.005
aq —4.994 —5.043 —5.391 —6.352 —-6.711 —6.670 —6.727
(trans. prob. slope) (0.786) (0.939 (1.176 (0.965) (0.996) (1.248 (0.878
s 4,120 6040 6867 3361 2892 4423 2142
(switching cost, pct.)  (2.164) (2.747) (3.114 (1.848 (1.665 (2.32) (1.598
Numbers of obs. 411 61 45 36 30 27 20

The table reports parameter estimates and goodness-of-fit statistics for the jointly estimated equation system con-
sisting of Egs. (3.1), (3.4), (A.1), and (A.2). Standard errors (in parentheses) are White (1980) heteroschedasticity-
adjusted. Second-order terms of the cost function are not reported for brevity of exposition.

2 Indicates total sample.

cost estimate, the degree of which may be assessed by analyzing the results of the
estimation based on different minimal number of branch cutoffs.

As depicted in Table 2, the point estimate of the switching cost estimates range from
a low (and insignificant) value of 2.14% for the group consisting of the very large banks
(those with 60 or more branches), to a high (and significant) value of 6.87% for the group
consisting of banks with 20 or more branches. The point estimate based on the entire
sample is 4.12%. We note that all switching cost estimates (except that of the largest
group) reported are statistically significant at the 5% level based on a one tailédTest.
result that switching cost estimates decrease with bank size may pick up the fact that the
larger (branch-network) banks serve a higher proportion of large and mobile (wholesale)
customers than smaller retail customers. Large customers are usually publicly-traded firms
for which asymmetric information problems are relatively less important, and thus the
‘lemons’ phenomenon is less problematic. Furthermore, larger customers are better at
gathering and processing the relevant information in financial markets and therefore are
more mobile across banks. This is consistent with Berg and Kim (1998) who document no
market power in the market for wholesale loans but strong market power for retaitfdans.

To verify that the estimates yield valid results, note that the constraint (3.6) is not
binding. The point estimate of1, the slope of the transition probability functions, ranges
from —6.73 for the very large banks t65.05 for the smaller (less branch intensive) banks.

39 switching costs cannot be negative.

40 |t may also be possible that small borrowers from small banks have longer relationships than those of small
borrowers from large banks, indicating that the latter borrowers may have lower switching costs compared to the
former. We thank Mitchell Petersen for this insight. Also, Berger et al. (2002) find that larger banks have shorter
relationships with their small business borrowers (US data)—possibly consistent with the lower switching costs
we find and the lower market power found by Berg and Kim (1998).
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Fig. 5. Switching cost estimates for the subsample of observations with at least 30 branches, with regtricted
values. The horizontal axis shows deviations from the unrestrigiegoint estimate, in standard error units.

The diamond plots the unrestricted point estimate of the switching costs. The bold line provides the restricted
switching cost estimates. The continuous and dashed lines designate the 90% and the 95% confidence intervals,
respectively.

The point estimate for the entire sample-i4.99, all of which are statistically significant

at the 1% level. Indeed, (abstract of switching costs) in a market with Bertrand behavior
and highly substitutable goods ex-ante, as is the market for banking loans, the price—cost
margin should be very low, as implied by this estimatet!

To verify that the switching-cost point estimates are insensitive to the slope of the
transition probabilitiegxy ), we re-estimate the equation system, imposing various values
(of standard error deviations from the point estimate) for the slope of the transition
probabilities, thereby yielding conditional switching cost estimates. As an illustration we
plot these values as a function of the impoagd/alues for the case of banks with at least
30 branches (36 observatiorf8)This is depicted in Fig. 5.

The horizontal axis of the figure measures deviations from the point estimate of
(which is —6.35) in standard error units. We also provide 90% and 95% confidence
intervals (bounded by the solid lines and the dashed lines, respectively) around the point
estimates of the conditional It is evident from the figure that the point estimate of the
switching cost is not very sensitive to changesxin We also reestimate the equation
system on each group of observations, as in Table 2, imposing variouslues around
its point estimate. In Fig. 6 we plot the switching costs estimates for these subsamples by
minimal number of branches, for the different imposedvalues and their standard error
deviations. This figure shows that the switching cost estimates are rather insensitive to

41 As anillustration, the (grand) sample’s point estimate pimplies that had switching costs been eliminated
(by an exogenous transfer for instance) the average price—cost margin would have been as low as 0.15%. To see
that, calculate the price—cost margin in (2.37) for an average size bank.

42 |n what follows we present this exercise for each of the groups in a combined figure (see Fig. 6).
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Fig. 6. Switching cost estimates for subsamples by minimum number of branches, with restyivsddes.

variation in the values af1. The only large deviation occurs when the equation system is
estimated on the 10- and 20-branches cutoff samplesygisdestricted to be two standard
errors larger than its unrestricted value.

The second important aspect of industry definition is loan size. Specifically, small banks
have very low lending capacity resulting in loans of very small sizes whereas large banks
have high lending capacity resulting in the provision of the entire continuum of loan
guantity demanded. This results in different mix of customers served by the various banks.
Thus, relatively large customers (usually firms) will find it impossible to switch to small
banks which do not have the capacity to serve them. This may have the effect of introducing
very large and perhaps pathological switching costs in the case of very small banks which,
in turn may result in quite a large point estimate for the average switching cost when
estimation is carried out on the entire sample of banks. Since our data set does not provide
information on the customer mix, we have estimated our system of equations on various
size subsamples, defined by thénimal total loan sizé*3 The results are presented in
Table 3 and, for expositional purpose also, are depicted in Fig. 7.

The switching cost parameter estimates range from as low, and statistically insignificant,
a value of 0.21% for the group consisting of the largest banks (those with loans over 12

43 The reason for the various cutoff points is the compatibility with those applied to the number of branches in
terms of number of observations.
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Table 3

Switching cost subsamples by loan size, parameter estimates

Min. loans (bill.) > 02 2 3 4 55 7.5 12
Yy 0.989 Q946 Q0944 Q942 Q930 Q925 Q748
(output) (0.007) (0.013 (0.012 (0.013 (0.012 (0.016 (0.020
Yw 0.139 Q148 Q149 Q149 Q147 Q146 Q146
(labor) (0.002 (0.002 (0.002 (0.003 (0.002 (0.003 (0.003
Vi 0.018 Q014 Q014 Q014 Q014 Q015 Q015
(capital) (0.001 (0.002 (0.001 (0.001 (0.001 (0.002 (0.001
Yf 0.720 Q715 Q714 Q713 Q713 Q715 Q717
(funding) (0.003 (0.005 (0.005 (0.005 (0.005 (0.005 (0.005
aq —4.994 —4.699 —5.551 —5.838 —6.748 —6.725 —6.679
(trans. prob. slope) (0.786) (1.233 (1.235 (1.34) (1.166) (1.490 (0.728
s 4,120 8437 6341 6270 4121 5690 Q213
(switching cost, pct.)  (2.164) (4.363 (3.156) (3.279 (2.089 (2.948 (1.309
Number of obs. 411 55 48 42 36 28 21

The table reports parameter estimates and goodness-of-fit statistics for the jointly estimated equation system con-
sisting of Egs. (3.1), (3.4), (A.1), and (A.2). Standard errors (in parentheses) are White (1980) heteroschedasticity-
adjusted. Second-order terms of the cost function are not reported for brevity of exposition.

2 Indicates total sample.

0.2

-0.05

Fig. 7. Switching cost estimates for subsamples by loan size market share. The bold line provides the
switching costs estimates. The continuous and dashed lines designate the 90% and the 95% confidence intervals,
respectively.
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Fig. 8. Switching cost estimates for subsamples by minimum loan size, with restrictedues.

bill. NOK) to, as high and statistically significant, a value of 8.44% for the group consisting
also of the smaller banks. These results should be juxtaposed on the point estimate based
on the entire sample (4.12%, which was discussed earlier).

The general pattern here is very similar to the one present when estimation was based
on the size of the branch network. This should not come as a surprise as the correlation
between size of banks measured by the branch-network size and size of loans is quite high
(0.8775 for the entire sample). As we did for the estimation on subsamples by minimal
number of branches, we check the sensitivity of the switching cost estimates to the slope
of the transition probability. In Fig. 8 we plot the switching cost estimates for subsamples
by loan size, for differentimposed values and their standard error deviations.

As before, the various switching cost estimates are insensitive to variatiansliarge
deviations occur only when the equation system is estimated on observations with loans of
at least 2 bil. NOK whew; is restricted to be one standard error larger than its unrestricted
value and on observations with loans of at least 4 bil. NOK whgeis restricted to be two
standard errors larger than its unrestricted value.

We reiterate that the estimated switching costs described above capture not only the
direct pecuniary effect but also the various psychological aspects of switching, as well as
the indirect, and perhaps the most important, economic costs associated with the loss of the
capitalized value of long-term customer bank relationship. One major aspect contributing
to the relatively high switching cost estimates is the one related to the downturn of the
economy resulting in system wide banking problems which exacerbated the ‘lemons’
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problem and hence the reluctance of banks to provide loans to new custdriiaesother
major aspect has to do with the long duration of bank—customer relationship documented
in American and European banking.

5.1. Counterfactuals

The parameter estimates reported in the previous section can be used to extract
a host of interesting quantitative information regarding the effects of switching costs
on both borrowers’ and banks’ characteristics. In what follows we present and discuss
characteristics such as:

(i) the average duration of contact between a bank and its borrowers,

(ii) the probability of staying with a particular bank vs. that of switching,
(i) the contribution of previous periods’ market shares to the current ones, and
(iv) the contribution of the lock-in phenomenon to banks’ marginal profits.

Inserting the (total sample) estimatessgfands into (3.5) we find that the probability
that an existing customer will continue to purchase from the firm is larger than the
probability that a rival's customer will switch to the firm, by 20% (see Table 4 for the
probabilities of staying and switching). A closer look at this probability when markets are
defined according to the size of the branch network generates a range of 17-32%, which
averages 30%. Defining the market according to loan size, this range is 2—43% with an
average of 35% (see sixth column in Table').

For the average bank, we may assess the transition probaffltge$2) and (2.13):

, ;5‘!»[ =ad +a1(pis — Pirs —9) (5.1)
i—i,
and
Py . K
Pr =aj+a1l pi: — pi , 5.2
iR—it a0+al<p”t p’R”+n_1) (5.2)

where&é =1/n. The estimated probabilities in (5.1) and (5.2) indicate that after one year
40% of the average bank’s customers switch to other banks. Recall that the transition
probabilities are based on a three-year period. We annualize these probabilities as follows:
0=1— (FA>rH,»,,)1/3 = 0.40 whered is the annual defection rate (last column in Table 4).

Of course, these estimates are based on the total s&mplsing the various market
definitions, as above, we get similar results but realize that for the larger banks the

441t should be noted, however, that during the problematic period (1990-1993) only one small bank was
actually closed. All other banks that got into problems were able to continue their lending operations due to
government interventions.

45 Note that Eq. (3.5)= Eq. (2.15).

46 Hats over variableg) denote estimates.

47 While the intertemporal correlations of market shares are measures of net customer flow (arrivals minus
departures), the model estimates reveal the actual switching. For instance, there may exist intensive switching
even when the intertemporal correlation equals unity.
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Table 4
Characteristics by subsamples
. s S d0; mul;,
Characteristic No.obs. Pr_;; Phiroi:r  Ar=099 ﬁ W 0
By branch 10 61 35 003 133 0.32 025 029
20 45 044 004 167 0.40 030 024
30 36 030 006 114 0.24 018 033
40 30 029 008 113 021 017 033
50 27 041 007 153 0.34 026 026
60 20 029 012 113 017 013 034
Average 035 005 136 0.30 023 030
By loan size 2 55 @15 003 173 042 032 023
3 48 Q041 004 157 0.37 029 025
4 42 Q44 004 167 0.40 030 024
55 36 Q036 006 136 0.30 023 029
75 28 Q049 006 194 043 033 021
12 21 016 014 750 002 001 046
Average 038 003 1348 035 023 028
Total sample 411 a1 001 890 020 016 040

A—0.99 represents the duration of relationship based on the time requird@4af the customers to switch.
The termdo; ; /d0; ;1 represents the contribution of the- 1 market share to the market share in perioihe
termmul; ;/(3V; 1 /3yi.;) represents the proportion of the marginal value of locked-in customer in the marginal
increase in the bank’s present value. Phis annual defection rate.

FA>r,-%,-J are of smaller magnitude. This is consistent with the fact that larger banks have
higher proportion of wholesale customers over which market power is indeed minimal,
see Berg and Kim (1998). The turnover period (the average duration of customer—bank
relationship) is thus, 3- (1 — 0.213) = 3.812 years. Turnover calculations, however, are
somewhat misleading since, in fact, some of the bank’s customers may never switch. Thus,
in addition to the turnover period, we may calculate the time required foercent of
the customers to switch. Denoting this time periodisy In(1 — k) = In(1 — 0.40), for
k =99%, A = 8.9 years. Again, these calculations are based on the estimation using the
entire sample observations. However, as was demonstrated, results are somewhat different
when estimation is carried out on different subsamples according to branch-network size or
output size. The range of customer—bank relationship is between 11.3 and 16.7 years with
an average of 13.6 years if markets are defined by branch-network size, or between 7.5
and 19.4 years with an average of 13.5 years if the definition is according to loan size. The
interesting point though is the general pattern that the duration of relationship is smaller
for the large banks (7.5 years for those with loans over 12 billion NOK, see Table 4), again
consistent with Berg and Kim (1998).

Our finding is very much in line with recent literature on relationship lending within
a bank-based system using detailed (survey) micro data. Ongena and Smith (2001) use
panel data of connections between Oslo Stock Exchange-listed firms and their banks, for
the 1979-1995 period. After correcting for censoring bias, the estimated mean duration
of firm-bank relationship varies between 15 and 18 years. This is also in line with other
studies using European and American survey data. Angelini et al. (1997) report an average
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duration of 14 years for Italy. Cole (1998) finds mean duration of US firms (based on data
from the National Survey of Small Business Finance) to be 7 years. Harhoff and Kérting
(1997) report average duration of 13 years for German firms. Petersen and Rajan (1994)
report an 11 years mean duration in the USA. Degryse and van Cayseele (2000) report a
mean value for the length of bank relationship in Belgium of 7.8 years.

The estimated parameters also suggest (sixth column of Table 4) that the contribution
of the previous period’'s market share to the current one, as defined by (2.16) is 0.2 when
considering the entire sample. This means that about 20% of the average bank’s market
share is due to its bank—borrower relationship in the previous period. This however, can
be as low as 17% and 0.2% for the very large banks when the market is defined by
the branch-network size and by the loan size, respectively. When smaller banks are also
included it is 32% and 42%, respectively. Again, this points to the higher mobility of
(larger) customers working with larger banks where output is characterized by a higher
proportion of wholesale loans.

An interesting and important issue is that of the proportion of the marginal value of
a locked-in customegmvl; ;) to the marginal increase of the bank’s present value which
is due to an additional locked-in custom@V; ;/dy;;), as in (2.39). Based on the total
sample, the value ofvl; ; /(3V; :/dyi ) is 0.16, that is 16% of the customer’s added value
is attributed to the lock-in phenomenon generated by switching costs. We note, however,
that a similar pattern emerges here as it did with the other characteristics considered,
namely, the contribution of locked-in customers to banks’ value decrease as the size of bank
increases. Specifically, as is apparent from Table 4, the contribution of locked-in customers
to banks’ value ranges from a low of 13% for the very large banks to 30% for the group
including also the smaller ones when the market is defined according to branch-network
size. It is more pronounced when considering loan size as the definition of the market,
where locked-in customers contribute only 1% in the case of the large banks, and 32% in
the case of the smaller banks. Once more, these results emanate from the higher proportion
of mobile wholesale customers of larger banks. It is noted that on the average (for either
definition of the market) the locked-in customers contribute 23% to banks’ value.

6. Concluding remarks

We have proposed an empirical model of firms’ strategic behavior in the presence of
switching costs. Customers’ transition probabilities embedded in firms strategic interaction
were used in a multiperiod model to derive estimable equations of a first-order condition
and market share (demand) equations. The novelty of the proposed model is in its ability to
extract information on both the magnitude and significance of switching costs, as well as
on customers’ transition probabilities, from conventionally-available, highly-aggregated
data which do not contain customer-specific information. As a matter of illustration, the
model was applied to panel data of banks, to estimate the switching costs in the market
for bank loans. We have found that the grand average point estimate of switching costs is
about 4.1%, and may be as low as 0.2% when only banks with the largest loan portfolio
are included in the definition of the market. When the market is defined according to the
branch-network size the switching cost among the largest banks is about 2.1%. On average,
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23.0% of the customer’s added value is attributed to the lock-in phenomenon generated
by switching costs. As much as 35.0% of the average bank’s market share is due to its
established bank—borrower relationship. The model estimates imply an average duration
of bank—customer relationship of 13.5 years. All the above characteristics exhibit lower
values for the group of larger banks whose loan portfolio is dominated by more mobile
wholesale customers.

To summarize, switching costs in the market for bank loans are quite substantial and
constitute a significant portion of the value of a marginal customer to the average firm.
The presented technique may be applied to other markets in order to gain insight into the
empirical regularity of switching costs.
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Appendix A. The case of noisy prices

Denote the firm’s true price by;,, and rivals’ true price average by, ,. The

probability that firmi’s customer will continue to purchase from it then becomes:
iE{t = Ay+a1p}, +a2(pip, +5). (A1)
The firm’s and the rivalsdbserved prices equal the true prices plus error teffis:

Pir=pi, +é& (A.2)
and

Pjt =i, +§ (A.3)

48 Notice that the error terms may have any specific mean or variance.
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When inserting the true prices into the transition probability function all error terms are
captured by the intercept, and no effectanaz ands remains:

iE{t = Aé) + alp;'k,t + O‘Z(ﬁ;'kR,r + s)
= Ab+a1(pis + &) +o2(pirs +Er +5), (A.4)

where p7y , andg;z are the average of rivals’ prices and error terms, respectively. The

transition probability then becomes (2.8), whe[ge: A6+a1§,» +apk;r. The same applies
to Prr—i in (2.9).

Appendix B. The cost function

Bank i's time-variant cost function is represented by its second-order Taylor-series
approximation of the following form:

Inci: =yo+yyInyi: + Z YeInwg i
k

1
+ > <Xk: Xl: Vi Inwg i Inwy ;- 4+ yyy(In y,'),)2>

+> vy Inwg i Ny, (B.1)
k

Application of Shepherd’s lemma to (B.1) yields the following factor demand (share)
equations:

dlng;
S =i =i+ Y v Wi+ Vi Ny, (B.2)

8Inw1{’[’[ ]

wheremy ;; is the share of the&th factor in banki’s period+ production cost. The
following restrictions for symmetry and linear homogeneity in prices are imposed on the
cost (production) structure:

vi=ve. YKL Y =L Y =0 Y w=0 Vk (B3
k K l

Marginal production cost estimates are obtained from (8%1):

aCi,t Cit

mci; = 3v; = (Vy + Vyy |n)’i,t + Z Yky In wk,i,t) (B-4)
Yit Yi,t X

and is inserted in the first-order condition (3.1) in the text.

49 pue to Shephard’s Lemma, one of the input share equations is omitted to insure non-singularity.
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Appendix C. Differentiating the firm’s output
The demand faced by the firm, after substituting the linear transition probabilities is
Vit = ()’i,tfl(aé) + a1(pic — Piri —5))

. _ s
+ yiR,z—l(otE, +a1(Pi,z = PiRi - — 1)))& (C.1)

or

n

. _ S
151 + yi—10g + YIflal(pi,t — DiRt + —))gt, (C.2)

Yit = (_)’i,tfl n_1

n—

wherey,_1=>3 yi—1.
Differentiating w.r.t. the firm’s price and rivals’ average price gives

8 .
YLy eng (C.3)
opi s
and
8 .
it = —Y-101&;. (C.4)
ODiRt

The timer + 1 demand is

n i _ N
Vil = (—yi,rn—_lsal + yrog + ytOll(Pi,r+1 — DiRy+1+ n—_l))gtﬂ. (C.5)

Differentiating w.r.t. the firm’s time price and rivals’ time + 1 average price gives

iyl  Oyir n

=— sa = —y,_1¢ sa C.6
opis P — 181+1 V101 S8 8141 (C.6)
and
0yi,t+1
s = Yr—100181 &r+1- (C.7)
opit+1
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