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Abstract

We present an empirical model of firm behavior in the presence of switching costs. Custo
transition probabilities, embedded in firms’ value maximization, are used in a multiperiod mo
derive estimable equations of a first-order condition, market share (demand), and supply eq
The novelty of the model is in its ability to extract information on both the magnitude
significance of switching costs, as well as on customers’ transition probabilities, from conventi
available highly aggregated data which do not contain customer-specific information. As a ma
illustration, the model is applied to a panel data of banks, to assess the switching costs in the
for bank loans. The point estimate of the average switching cost is 4.1%, about one-third
market average interest rate on loans. More than a quarter of the customer’s added value is a
to the lock-in phenomenon generated by these switching costs. About a third of the average
market share is due to its established bank–borrower relationship.
 2002 Elsevier Science (USA). All rights reserved.

JEL classification: L13; G21
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1. Introduction

Switching costs are costs induced to economic agents when they change
suppliers. As such, ex-ante homogeneous products become ex-post heterogeneou
costs originate from a host of reasons, economic as well as psychological, su
various addictions and cognitive dissonance problems. Intertemporal product and
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compatibility, network externalities, informational investment in business relation
are a few examples of the economic sources of switching costs. From the theo
perspective, customer switching costs confer market power on firms. Thus, firms
face a trade-off between charging low prices to attract customers and lock them i
high prices to extract supranormal rents from its already locked-in customers. Th
theoretical literature on switching costs is summarized in Klemperer (1995).1 Studies
dealing with this phenomenon attempt to gain insight into the main issues of indu
organization such as entry deterrence, and the command over supranormal rents.
and Varian (1998) provide numerous examples of the impact of switching costs on m
behavior.

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

1 Contributions to the theory of switching costs are as early as Selten (1965) and von Weizsäcker
Klemperer (1985) examines a two-period differentiated-product duopoly in which customers are p
“locked-in” by switching costs that they face in the second period, which results in higher prices in both p
compared to the non switching cost case. Klemperer (1987) introduces switching costs in order to
the emphasis placed on market share as a goal of corporate strategy. Beggs and Klemperer (1992) s
switching costs make the market more attractive to a new entrant and Klemperer (1987) examines how t
of new entry affects incumbent’s behavior thereby providing an explanation of limit pricing behavior. Che
Rosenthal (1996) consider a stochastic game with slowly changing customer loyalties resulting in Markov
equilibrium. Padilla (1992) develops a model resulting in ex ante identical firms having ex post asymmetric
shares and in his (Padilla, 1995) paper he shows that in an infinite-horizon model with stationary Ma
strategies, the strength of competition is relaxed. Caminal and Matutes (1990) consider a model with end
switching costs and show that in the second period of the game firms discriminate against newcomers
and Greenstein (1990) claim that there may be economic merit to ignoring switching costs because the i
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 est
a behavioral model of consumer–firm relationships in autoinsurance.2

Although the aforementioned empirical studies do point to the importance of swit
costs in the determination of conduct and to the effect of various firms’ policie
switching costs, they are generally silent regarding the magnitude and significan
switching costs. Whether switching costs are empirically important probably depen
the specific environment, industry, product type, and time period. One possible reas
the lack of empirical documentation of the magnitude and significance of switching co
that the necessary micro data on individual-level transitions are rarely, if ever, availa
researchers.3 In the context of estimating switching costs, the unobservables are indiv
customers’ purchase decision histories. More specifically, we lack information o
identity of customers’ previous suppliers.

The task of the present research is to complement existing theoretical model
an empirical investigation capable of highlighting the process of customer’s swit
behavior when customer-specific data are absent, and then embed it in a g
behavioral model of the firm. As a matter of illustration, we estimate the magnitud
significance of switching costs in the market for bank loans and empirically explore va
counterfactuals related to bank and customer behavior in this market.4

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

Banking is a major sector in the economy in which switching costs seem t
prevalent due to information asymmetry. A high quality borrower switching to a comp
(uninformed) bank may be pooled with low quality borrowers and confront unfavo
conditions (Sharpe, 1990; von Thadden, 1998). This phenomenon (also known
‘lemons’ problem) may be exacerbated during periods of systemic wide banking pro
or rescission periods. Thus, a switch between suppliers in the market for loans may
direct (transaction-related) costs of closing an account with one bank and open
elsewhere, as well as the unobserved, and perhaps the most significant costs as
with the foregone capitalized value of (previously established) long-term customer

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

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

4 Our data set includesall banks in the industry, see Section 4.1.
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relationship.5 Indeed, the extensive discussion in recent literature about the impor
of “relationship banking” and its significant impact on borrowers’ values (James, 1
Vale, 1993; Petersen and Rajan, 1994; Boot, 2000) may point to the existence of
switching costs in this sector.6

The paper is organized as follows: in Section 2 we describe the model, and in Se
the empirical methodology. Section 4 describes the data used, and Section 5 provi
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 r
to the effect of customer switching costs on market conduct (see (Klemperer, 1987
theoretical relations between firm and customer behavior in the presence of sw
costs require, however, some adjustment for empirical application. First, such re
are usually posited in terms ofrarely observable individual switching activity. Secondly
while in most theoretical models switching costs serve as a threshold which, in equilib
causes customersnot to switch between firms, casual empirical observation indicates to
contrary (see Klemperer (1995) for an overview).7

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

2.1. The model’s framework

Consider an oligopoly ofn firms competing in a multiple-stage price (Bertran
competition. The good sold by the firms is unstorable. To focus on customers’ dec
from which firm to purchase the good, the customers are assumed to have an in
demand.8 Specifically, each customer purchases a single unit of the good at each

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

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

7 See von Thadden (1998) for a theoretical analysis showing switching of customers in equilibrium
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 periods.9 The customers maximize their utility by decidin
from which firm to purchase, given the prices charged by the firms. When comparin
charged prices, the customers keep in mind that switching between firms is costl
customer behavior described here yields probabilities of switching between firms. W
these probabilitiestransition probabilities. The transition probabilities are functions of t
prices and switching costs. Aggregation of the transition probabilities yields the de
faced by each firm.

2.2. Transition-probability induced demand

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

To accommodate the possible presence of switching costs, we condition the pu
probabilities on the customers’ previous purchase decisions, i.e., we usetransition
probabilities. For tractability, we assume the transition probabilities are Markov
Switching costs enter the model in the following way: for any possible purchase de
that entails switching (i.e., for purchasing from a firm the customer did not purchase
in the previous period), the cost of switching is added to the price charged by the firm
probability that a customer who bought in periodt − 1 from firm i will retain her purchase
in the subsequent period with that firm is denoted by Pri→i,t . Similarly, the probability
that a customer who previously purchased from firmj will switch to purchase from firm
i in the subsequent period is denoted by Prj→i,t . Formally, the transition probabilities a
functions of the price charged by the firm,pi,t , and of the alternative prices offered by fir
i ’s rivals, the(n − 1) vectorpiR,t .10 The switching costs borne by the customer in c
of switching to purchase from a firm she did not purchase from in the previous perio
denoted bys.11 The probability of continuing to purchase from the same firm is, there

(2.1)Pr
i→i,t

= f {pi,t ,piR,t + s},
wheres is a vector of switching costs, equals the scalars multiplied by an(n − 1) unity
vector:s ≡ s · I .

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

10 Throughout, we use bold letters to denote vectors.
11 Actually, switching costs are likely to differ among customers. Therefore,s should be interpreted as th

mean switching cost. Customer-specific deviations from within-firm averages are captured by the slope
transition probability function, while the variation in the firm-mean of switching costs is captured by the le
the function.
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The probability of switching to firmi from other firms is formulated as follows: If
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 switc
from a rival firmj to firm i is:

(2.2)Pr
j→i,t

= f {pi,t + s,piR,t + sj },
where sj is an (n − 1) vector of switching costs in which each of the eleme
equalss, except for thej th element, which is zero. In aggregate data, transitions ar
observed. We thus have to formulate the probability of switching to purchase fromi
unconditional on the rival’s identity:

(2.3)Pr
iR→i,t

=
∑
j 
=i

(
f {pi,t + s,piR,t + sj } · yj,t−1∑

k 
=i yk,t−1

)
,

where PriR→i,t is the probability that a rivals’ customer will switch to purchase from firmi.
We denote firmj ’s time t−1 output byyj,t−1. Thus,yj,t−1/

∑
k 
=i yk,t−1 is the probability

that arandomly selected rival’s customer is one who previously purchased from firmj .
A functional form for the transition probabilities should exhibit the following propert

the higher (lower) the relative price charged by firmi, the lower (higher) the probabilit
that any customer will purchase from it. Thus, the partial derivatives of (2.1) and
should have the following signs:

(2.4)
∂Pri→i,t

∂pi,t

< 0,
∂Pri→i,t

∂piR,t

> 0,

and

(2.5)
∂PriR→i,t

∂pi,t

< 0,
∂PriR→i,t

∂piR,t

> 0.

The total demand faced by firmi at a timet , yi,t , depends on its own output in th
former period, as well as on the previous output of its rivals (the “state” variables), a
the transition probabilities which are functions of current prices and switching costs:

(2.6)yi,t = yi,t−1 Pr
i→i,t

+ yiR,t−1 Pr
iR→i,t

.

The first term in the right-hand side of (2.6) approximates the number of the fi
customers that choose to continue purchasing from it. This is because applying t
of large numbers, Pri→i,t proxies theproportion of firm i ’s “loyal” customers. Similarly,
PriR→i,t is the proportion of new customers out of the rivals’ customer base, ma
the second term in the right-hand side of (2.6) approximate the number of the
customers that choose to switch to purchase from firmi.12 Notice thatyi,t is computed
using information on firms’ customer base,without having to identify customer-specific
actual (unobserved) transition decisions.

12 Since we would like to focus on customers’transition probabilities among firms, it is assumed that th
number of customers is fixed. That is, we model switching behavior for any given level of aggregate dem
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 de
faced by the firm by the market growth rate:

(2.7)yi,t =
(
yi,t−1 Pr

i→i,t
+ yiR,t−1 Pr

iR→i,t

)
gt ,

wheregt is the market growth rate,gt ≡ ∑
yi,t /

∑
yi,t−1. We assume the market grow

rate is exogenous.13

2.3. Approximating the demand

If actual customer decisions were observable, a natural structure to impose o
transition probabilities would have been of a logit type. However, aggregate data (a p
market shares and prices) provide information onnet output changes only. Any net outp
change could result from numerous combinations of customer arrivals and depa
Henceforth, we provide a setup in which the demand faced by each firm is a funct
the firms’ market shares. To obtain this setup, we apply a first-order (linear) approxim
on the transition probabilities. Linearity makes the transition probabilities functions o
price charged by the firm,pi,t , the average price charged by the rival firms,p̄iR,t , and the
cost of switching between firms,s:14

(2.8)Pr
i→i,t

= αi0 + α1pi,t + α2(p̄iR,t + s),

and

(2.9)Pr
iR→i,t

= αi0 + α1(pi,t + s)+ α2

(
p̄iR,t + n− 2

n− 1
s

)
,

whereαi0 are firm-specific intercepts which capture firm heterogeneity.15 The coefficient
α1 measures the sensitivity of the transition probability to the firm’s own price, andα2 is
the cross-price sensitivity.16

It is important to emphasize here that (2.9) is not a function of a specific rivalj , and
thus, it is also the transition probability of arandomly selected rivals’ customer. Note tha
the transition probabilities (2.8) and (2.9) remain valid for cases where the econome

13 Essentially, this assumption implies perfect foresight of the growth rate by banks, and it should be m
in terms of expectations. For ease of notation, however, we omit the expectation operator. Note also
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 deman
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 firmj to firm i is Prj→i,t =
αi0 + α1(pi,t + s) + α∗

2I
′(piR,t + sj ) wheresj is an (n − 1) vector of switching costs, in which each of th

elements equalss, except for thej th element, which is zero. This can be written as Prj→i,t = αi0+α1(pi,t + s)+
α∗

2(
∑

j 
=i pj,t + (n−2)s), or, forα∗
2 = α2/(n−1)Prj→i,t = αi0 +α1(pi,t + s)+α2(p̄iR,t + (n−2)s/(n−1)).

This equation is not a function ofj , thus, it is also the transition probability of arandomly selected rivals’
customer: PriR→i,t = αi0 + α1(pi,t + s)+ α2(p̄iR,t + (n− 2)s/(n− 1)).

16 A more realistic, though untractable when applied to aggregate data, setup would allow the cros
elasticities to vary among firms. Thus, the price sensitivities in our specification should be interpreted as
measures.
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characteristics.17

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

(2.10)
∂Pri→i,t

∂pi,t

= α1 < 0,
∂Pri→i,t

∂p̄iR,t

= α2 > 0,

and

(2.11)
∂PriR→i,t

∂pi,t

= α1 < 0,
∂PriR→i,t

∂p̄iR,t

= α2 > 0.

Under the assumption of an inelastic total demand, a small increase inpi,t should
have the same effect on the transition probabilities as that of a decrease of the
magnitude in rivals’ average price,̄piR,t . Thus, we restrictα2 = −α1. The resulting
transition probabilities, then, are:

(2.12)Pr
i→i,t

= αi0 + α1(pi,t − p̄iR,t − s),

and

(2.13)Pr
iR→i,t

= αi0 + α1

(
pi,t − p̄iR,t − s

n− 1

)
.

As is apparent in Eqs. (2.12) and (2.13), the presence of switching costs wo
favor, as well as against, the firm: the highers, the higher the proportion of the firm
customers that will choose not to switch to other firms(∂ Pri→i,t /∂s = −α1 > 0), but the
lower the proportion of the rivals’ customers that will choose not to switch to the
(∂ PriR→i,t /∂s = α1/(n− 1) < 0).

Using the linear transition probabilities, we are able to compute the firm’s dem
Substituting (2.12) and (2.13) into the output equation (2.7) and dividing by the timt ,
market demand yields the firm’s timet market share,σi,t :

(2.14)σi,t = −σi,t−1
n

n− 1
sα1 + αi0 + α1

(
pi,t − p̄iR,t + s

n− 1

)
.

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

The part of the current market share induced by the timet − 1 market share is
represented by18

(2.15)
(
−σi,t−1

n

n− 1
sα1

)
> 0.

17 The validity of the transition probabilities for this case is delegated to Appendix A.
18 Recall thatα1 is negative.
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We term the effect of thet−1 market share on the firm’s current market share as thelock-in
effect:

(2.16)
∂σi,t

∂σi,t−1
= − n

n− 1
sα1 > 0.

The contribution of the existing (timet − 1) market share to the current market shar
increasing in the magnitude of switching-costs,

(2.17)
∂(∂σi,t /∂σi,t−1)

∂s
= − n

n− 1
α1 > 0.

We dub the effect of switching costs on market shares theswitching-cost effect:

(2.18)
∂σi,t

∂s
=

(
1

n
− σi,t−1

)
n

n− 1
α1

{
< 0 if σi,t−1 < 1/n,
> 0 if σi,t−1 > 1/n.

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

2.4. Firms’ present-value maximization

At any point in time (denoted byτ ), the firm maximizes the present value of its profi

(2.19)Vi,τ =
∞∑
t=τ

δt−τπi,t ,

whereδ is the one-period discount factor,πi,t is the firm’s timet profit, i.e.,

(2.20)πi,t ≡ yi,t · pi,t − ci,t ,

and the firm’s technology is specified by a cost function, defined on its output,yi,t , and on
a vector of input prices,wi,t :

(2.21)ci,t = c{wi,t , yi,t }.
A necessary condition for the firm’s optimal (present value maximizing) behavi

setting the timeτ price,pi,τ , such that the derivative of (2.19) w.r.t. this price is zero:19

(2.22)
∂Vi,τ

∂pi,τ

=
∞∑
t=τ

δt−τ ∂πi,t

∂pi,τ

= 0.

Notice that the timeτ price affects not only the timeτ profit, πi,τ , but also the profits in
subsequent periods. The reason for this is that any period’s output affects the dem
the period that follows.20

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

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 timet profit, (2.20), (2.22) becomes:

∂Vi,τ

∂pi,τ

=
∞∑
t=τ

δt−τ ∂(yi,t · pi,t − ci,t )

∂pi,τ

(2.23)= yi,τ +
∞∑
t=τ

δt−τ

(
∂yi,t

∂pi,τ
pi,t − ∂ci,t

∂yi,t

∂yi,t

∂pi,τ

)
= 0

or

(2.24)
∂Vi,τ

∂pi,τ

= yi,τ +
∞∑
t=τ

δt−τ

(
pi,t − ∂ci,t

∂yi,t

)
∂yi,t

∂pi,τ

= 0,

where the effect of the current price on the quantity demandedk periods ahead is:

(2.25)
∂yi,τ+k

∂pi,τ

= ∂yi,τ+k

∂yi,τ+k−1
· ∂yi,τ+k−1

∂yi,τ+k−2
· · · · · ∂yi,τ

∂pi,τ

for k = t − τ.

For similar arguments, another requirement for the firm’s optimal behavior is tha
derivative of (2.19) w.r.t. the timeτ + 1 price,pi,τ+1, is zero along the optimal path:

(2.26)
∂Vi,τ

∂pi,τ+1
= yi,τ+1 +

∞∑
t=τ

δt−τ+1
(
pi,t − ∂ci,t

∂yi,t

)
∂yi,t

∂pi,τ+1
= 0,

where

(2.27)
∂yi,τ+k

∂pi,τ+1
= ∂yi,τ+k

∂yi,τ+k−1
· ∂yi,τ+k−1

∂yi,τ+k−2
· · · · · ∂yi,τ+1

∂pi,τ+1
for k = t − τ.

Since both (2.24) and (2.26) are necessary conditions, any linear combination o
should hold as well. Thus, for any dpi,τ and dpi,τ+1, the following should hold:

(2.28)
∂Vi,τ

∂pi,τ

dpi,τ + ∂Vi,τ

∂pi,τ+1
dpi,τ+1 = 0.

In particular, let us choose a pair of price differentials dpi,τ and dpi,τ+1 that keepsyi,τ+1
constant:

(2.29)
∂yi,τ+1

∂pi,τ

dpi,τ + ∂yi,τ+1

∂pi,τ+1
dpi,τ+1 = 0

or

(2.30)dpi,τ+1 = −∂yi,τ+1

∂pi,τ

/
∂yi,τ+1

∂pi,τ+1
dpi,τ .

Substituting

∂yi,τ+1/∂pi,τ = −yτ−1α1
n

n− 1
α1sgτ gτ+1 and

∂yi,τ+1/∂pi,τ+1 = yτ−1α1gτgτ+1
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into (2.30), we obtain the timeτ + 1 price-differential21 in terms of the timeτ price-
differential, for a constantyi,τ+1:

(2.31)dpi,τ+1 = dpi,τ
n

n− 1
α1s.

Sinceyi,τ+1 is unchanged, condition (2.28) becomes:22

(2.32)

(
∂πi,τ

∂pi,τ+1
+ δ

∂πi,τ

∂pi,τ

)
dpi,τ + δ

∂πi,τ+1

∂pi,τ+1
dpi,τ+1 = 0.

Furthermore, asyi,τ+1 is constant, (2.32) becomes:

(2.33)
∂πi,τ

∂pi,τ

dpi,τ + δ · yi,τ+1 dpi,τ+1 = 0.

Inserting (2.31) into (2.33) and rearranging:

(2.34)
∂πi,τ

∂pi,τ

+ δ · yi,τ+1
n

n− 1
α1s = 0.

Writing the derivative of the timeτ profit explicitly, yields

(2.35)yi,τ +
(
pi,τ − ∂ci,τ

∂yi,τ

)
∂yi,τ

∂pi,τ

+ δyi,τ+1
n

n− 1
α1s = 0.

As ∂yi,τ /∂pi,τ = yτ−1α1gτ , (2.35) can be expressed as

(2.36)pcmi,t = −δ · σi,t+1
n

n− 1
sgt+1 − σi,t

α1
,

wherepcmi,t ≡ pi,t − mci,t is the periodt price–cost margin. Equation (2.36) captu
the relation between the price–cost margin, the market shares, and the switching co
provide some intuition for this first-order condition, notice that the first term repre
the benefits to the firm from capturing customers in periodt that will be “locked in” in
future periods. The larger this benefit is (a highers or gt+1), the lower will be the optima
periodt price–cost margin in the attempt to capture customers. The second term rep
the current period oligopoly power of the firm; the larger is the current market shar
larger will be the price–cost margin. Notice that the existence of switching costs r
in a larger market shares and hence more oligopoly power for larger than averag
(cf. Eq. (2.18)). In the absence of switching costs the optimization problem reduces
conventional case of a one-period oligopoly,

(2.37)pcmi,t = −σi,t

α1
,

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

An increase in the discount factorδ (i.e., a decrease in the discount rate) has the s
effect on prices as an increase in the growth rate of aggregate outputgt+1.23 A higher

21 For a derivation of the output derivatives refer to Appendix C.
22 The terms in (2.28) containing the derivatives ofτi,τ+2 and onwards disappear as they all are, ultimat

products of the change inyi,τ+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
profitable for firms to lower current prices and lock in a larger market share.24

The firm’s optimization may shed some light on the value of customer lock-in. D
the marginal value of a locked-in customer,mvli,t , as the marginal increase in the firm
present value due to an additional locked-in customer(∂Vi,t /∂yi,t ), beyond the increase i
profits generated by the current sales to that customer. This implies that

(2.38)
∂Vi,t

∂yi,t
= ∂πi,t

∂yi,t
+mvli,t .

For constant market size in steady state, the proportion ofmvli,t in ∂Vi,t /∂yi,t equals the
lock-in effect (defined in (2.16)), discounted for one period:25

(2.39)
mvli,t

∂Vi,t /∂yi,t
= −δ

n

n− 1
sα1.

This is so becausemvli,t equals the discounted marginal increase in the firm’s present
due to an additional locked-in customer in the subsequent period:

(2.40)mvli,t = δ
∂Vi,t+1

∂yi,t
= δ

∂Vi,t+1

∂yi,t+1

∂yi,t+1

∂yi,t
,

implying that

(2.41)
∂Vi,t

∂yi,t
= ∂πi,t

∂yi,t
+ δ

∂Vi,t+1

∂yi,t
.

In this case,∂Vi,t+1/∂yi,t+1 ≈ ∂Vi,t /∂yi,t , since (forgt = 1, ∀t) yi,t+1 ≈ yi,t . Solving for
∂Vi,t /∂yi,t yields:

(2.42)
∂Vi,t

∂yi,t
= ∂πi,t

∂yi,t

(
1− δ

n

n− 1
sα1

)−1

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

(2.43)
∂πi,t /∂yi,t

∂Vi,t /∂yi,t
=

(
1− δ

n

n− 1
sα1

)
.

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

(2.44)
mvli,t

∂Vi,t /∂yi,t
= 1− ∂πi,t /∂yi,t

∂Vi,t /∂yi,t
= −δ

n

n− 1
sα1.

3. Empirical methodology

The model presented in Section 2 yields the following equations:

24 Slade (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):

(3.1)pcmi,t = −δσi,t+1
n

n− 1
sgt+1 − σi,t

α1
,

(ii) the market share Eq. (2.14):

(3.2)σi,t = −σi,t−1
n

n− 1
sα1 + αi0 + α1

(
pi,t − p̄iR,t + s

n− 1

)
.

In order to estimate the model we search for the parameter values that best fit the da26 To
eliminate the numerous fixed effects(αi0), the market share Eq. (3.2) is first-differenc
To obtain the price–cost margin in (3.1), we estimate the marginal cost implied b
system of cost function and input share equations (see Appendix B).27 The system of
equations (including the cost structure) is estimated simultaneously using non-linear
The endogenous variables in the modelσi,t , σi,t+1, the time differences of the prices a
of the market shares as well as the output, are instrumented by the lagged output,
number of branches and various lags of the market shares.

A positive s is our basic indication for the existence of customer switching cos
the market for bank loans. We interpret the data as providing significant evidence f
existence of switching costs ifs turns out significantly positive. Furthermore, since dem
should be downward sloping, the validity of the model is indicated by the sign ofα1. The
demand curve is downward sloping if and only ifα1 is negative.

3.1. Details

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

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

(3.3)Pr
i→i,t

= αi0 + α1(pi,t − p̄iR,t − s)

and

(3.4)Pr
iR→i,t

= αi0 + α1

(
pi,t − p̄iR,t + s

n− 1

)
.

When switching costs are high, (3.3) approaches unity and (3.4) approaches ze
most of the customers are effectively locked-in with their former suppliers. For the l
transition probabilities to be valid, they have to lie within the[0,1] interval. The following

26 We use a panel data of the entire Norwegian banking sector for the period 1988–1996. For det
Section 4.

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

(3.5)−1 � Pr
i→i,t

− Pr
iR→i,t

= −α1s
n

n− 1
� 1

or

(3.6)
1

α1

n− 1

n
� s � 1

−α1

n− 1

n
.

Note that if, in the estimation process,s is outside the range depicted in (3.6), the estima
equations become meaningless, since it implies negative or larger-than-unity tra
probabilities.28 To avoid the introduction of inequality constraints into the estima
system, define:

(3.7)s̄ ≡ 1

−α1

n− 1

n

and, instead of directly estimatings, estimate a transformation of it,z ∈ � defined by

(3.8)s ≡ 2s̄ · ez

1+ ez
− s̄.

Note that asz → −∞, s → −s̄, and asz → ∞, s → s̄. In the estimated equations, w
replaces by 2s̄ · ez/(1+ ez)− s̄ everywhere.29

4. Data and industry characteristics

4.1. The banking industry

Our database consists of a panel of annual observations for the Norwegian b
industry, spanning nine years from 1988 to 1996. The panel coversall banks operating in
Norway in that period.30 Table 1 describes the banking industry characteristics.

The number of banks declined from 177 in 1988 to 139 in 1996. The reduction
number of banks is almost only due to mergers.31 There is a high cross-sectional variati
in bank size, most banks being very small. Figures 1 and 2 plot the observations by n
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 minimn
is applied. In any case, applying differentn values is of minor effect, due to the minor variation inn, and since
∂ n−1

n /∂n → 0 for largen (there were 139–177 banks in Norway during that time).
29 As turned out in actual estimation,s was inside the range depicted in (3.6). Thus, the transformation os to

z was not needed, and a direct estimation ofs was carried out.
30 The Post bank and several state banks were excluded due to their different nature of business and pro

data.
31 Most of the mergers are characterized by one relatively large bank (the predator) buying a smaller b

prey). Since in these cases the switching costs may be lower or zero, we choose to mark customers of
as “switchers,” thereby probably downward biasing the switching cost estimate. An opposite, upward b
treatment would be to exclude all banks that have experienced mergers. Unfortunately, the estimated
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 19

Number of banks 177 168 155 147 145 143 141 140 1
No. of branches:

– mean 12 12 12 11 11 11 11 11 11
– max 160 141 240 205 193 182 182 194 18

Bank Loans (bil. NOK) 423 456 473 444 443 453 471 512 5
Loans per bank (bil. NOK):

– mean 2.38 2.71 3.05 3.02 3.06 3.17 3.34 3.66 4
– std. dev. 8.16 9.46 13.44 12.50 12.65 11.92 11.98 12.94 1

Equity per bank (bil. NOK):
– mean 0.13 0.15 0.15 0.11 0.13 0.23 0.29 0.34 0
– std. dev. 0.45 0.56 0.61 0.28 0.23 0.66 1.01 1.17 1

Assets per bank (bil. NOK):
– mean 3.24 3.56 3.93 3.86 4.00 4.02 4.19 4.44 5
– std. dev. 11.43 12.60 17.49 16.15 17.17 15.69 15.74 16.14 1

Interest rate (pct.):
– mean 16.07 14.82 14.15 13.72 13.23 10.99 8.47 8.11 7
– std. dev. 1.32 0.89 0.79 0.69 1.38 0.69 0.57 0.48 0

T-bill rate (pct.) 12.88 10.86 10.86 9.99 9.62 6.86 7.46 7.43 6

Bank loans include all domestic loans extended by all banks in the sample. Interest rate is the calculated
rate on loans extended by the banks in the sample. See Section 4.2 for calculation details.

Fig. 1. Sample distribution by number of branches.



40 M. Kim et al. / Journal of Financial Intermediation 12 (2003) 25–56
Fig. 2. Sample distribution by number of branches. Observations with 10 or more branches.

Fig. 3. Sample distribution by market share of loans.
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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 h
many very small banks. About 27% (44%) of the observations have only 1 bran
or less branches) and 78% have market share smaller than 0.25%. The largest
terms of branches has 240. In terms of market shares, the largest bank captures
The distribution of bank size by both measures is fairly stable throughout the period
correlation between banks’ number of branches and market shares is as high as
It is noteworthy to mention, however, that even the very large commercial banks
nationwide branch networks supply loans to the typical small bank customer and to
local businesses. Thus, all banks compete in the market for retail lending.

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

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

4.2. Construction of variables

In estimating the cost function, loans extended are treated as bank output.32 Four
variable factors of production are specified: labor, materials, physical capital (mac
and buildings) and funding. The latter includes both deposits and borrowed money,
bank debt except subordinated debt.33

Bank- and year-specific prices of labor are computed as total labor costs per
hour. The price of materials is measured by a price index for material inputs to fina
institutions, collected from the national accounts statistics. Thus, it varies through
but constant across banks. That is also the case for the price of physical capital w
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 i
rate on borrowed money. The latter is measured by the three-month money market
rate, thus it only varies across time, not across banks.34 The interest rate on deposit
however, varies in both dimensions. It is calculated as banks’ interest expenditu
deposits divided by the mean of deposits at the beginning and the end of the year.35 Bank-
specific interest rates on loans are measured likewise.

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

As described in the next section, we apply a lead and a lag of three years, leav
with observations only from 1991, 1992, and 1993, and a total of 411 observations
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
to the proper length of period in which switching may take place. The second imp
issue relates to the definition of the geographic and product market, i.e., to account
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 bas

measuring the capital adequacy according the Basel rules. Only a few banks in our sample have
subordinated debt.

34 The three-month money market interest rate is represented by the three-month effective NOK euror
35 Whenever lagged values of physical capital, loans, deposits, or debt are used to calculate interest

lagged values are adjusted for bank mergers, i.e., the bank structure in periodt is imposed on the variables lagge
to yeart − 1.
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(i) customer location preferences and the corresponding banks’ branch-network si
(ii) 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 pre
length of period to be used in the estimation, as we may think of two switching pat
First, a borrower may terminate the loan agreement and repay the loan to its provide
whenever sufficiently better loan conditions are offered by a rival bank. Second, a bo
may consider switching to other banks only upon maturity of the loan previously t
Fixing the model’s period equal to the average length of loans will shed light on the
switching behavior since in this case borrowers have, on average, one chance to
between lenders in each period.36 Using this argument, the model’s estimation usin
shorter period than the average length of loans would involve both switching pattern

When estimating the model with one- and two-year lags, we find out that borro
hardly switch. Either the estimated switching costs are of such magnitude th
restriction made to insure the transition probabilities lie in the[0,1] interval (see (3.8)
was violated (with one-year lag), or the estimated parameters lacked precision (in th
year lag).

The intertemporal correlation coefficients between market shares reported in Sect
may indicate that there may be more switching of borrowers over a longer time ho
Given the need for both a lead and a lag of the same length, the longest lag we c
maintaining the possibility of estimating the whole system simultaneously, is three ye37

Thus, all our reported results are based on a three-year period.
Dealing with the issue of product–market definition amounts to deciding which b

should be included in the estimation. This issue is dealt with along both dimensions,
the branch-network size, and that of loan size. If branch-network size (as is convent
measured by the number of branches) affects the state and degree of competiti
for instance to location preference, then banks which have very few branches m
correspond well to the model’s assumption of mutual competition. As there is no
and natural cutoff number of branches we estimate the equation system on vario
subsamples of banks, defined by differentminimal number of branches and compare
resulting switching cost estimates. This procedure enables us to see whether the
cutoffs result in robust estimates of the switching cost parameters. Table 2 displa
results of the estimation with subsamples using differentminimal number of branch
cutoffs.38

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

36 Degryse and van Cayseele (2000) provide evidence on bank relationship within a bank-based sy
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-y
structure. This, however, was feasible only with a two stage (separate) estimation of the cost function and
of the system. A joint estimation of the system with a four-year lag, and estimation using higher-order la
not feasible due to the short time dimension of the available data.

38 The switching cost estimates(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: 1a 10 20 30 40 50 60
γy 0.989 0.919 0.919 0.915 0.899 0.891 0.785
(output) (0.007) (0.009) (0.010) (0.011) (0.012) (0.016) (0.023)
γw 0.139 0.149 0.150 0.148 0.145 0.147 0.145
(labor) (0.002) (0.002) (0.003) (0.003) (0.003) (0.003) (0.003)
γk 0.018 0.014 0.013 0.013 0.014 0.014 0.014
(capital) (0.001) (0.001) (0.002) (0.005) (0.001) (0.005) (0.001)
γf 0.720 0.708 0.709 0.710 0.714 0.715 0.718
(funding) (0.003) (0.004) (0.005) (0.005) (0.016) (0.005) (0.005)
α1 −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 6.040 6.867 3.361 2.892 4.423 2.142
(switching cost, pct.) (2.164) (2.747) (3.114) (1.848) (1.665) (2.321) (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 sys
sisting of Eqs. (3.1), (3.4), (A.1), and (A.2). Standard errors (in parentheses) are White (1980) heterosched
adjusted. Second-order terms of the cost function are not reported for brevity of exposition.

a Indicates total sample.

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

As depicted in Table 2, the point estimate of the switching cost estimates range
a low (and insignificant) value of 2.14% for the group consisting of the very large b
(those with 60 or more branches), to a high (and significant) value of 6.87% for the
consisting of banks with 20 or more branches. The point estimate based on the
sample is 4.12%. We note that all switching cost estimates (except that of the l
group) reported are statistically significant at the 5% level based on a one tailed test39 The
result that switching cost estimates decrease with bank size may pick up the fact t
larger (branch-network) banks serve a higher proportion of large and mobile (whol
customers than smaller retail customers. Large customers are usually publicly-trade
for which asymmetric information problems are relatively less important, and thu
‘lemons’ phenomenon is less problematic. Furthermore, larger customers are be
gathering and processing the relevant information in financial markets and therefo
more mobile across banks. This is consistent with Berg and Kim (1998) who docum
market power in the market for wholesale loans but strong market power for retail loa40

To verify that the estimates yield valid results, note that the constraint (3.6) i
binding. The point estimate ofα1, the slope of the transition probability functions, rang
from −6.73 for the very large banks to−5.05 for the smaller (less branch intensive) ban

39 Switching costs cannot be negative.
40 It may also be possible that small borrowers from small banks have longer relationships than those

borrowers from large banks, indicating that the latter borrowers may have lower switching costs compare
former. We thank Mitchell Petersen for this insight. Also, Berger et al. (2002) find that larger banks have
relationships with their small business borrowers (US data)—possibly consistent with the lower switchin
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 restrα1
values. The horizontal axis shows deviations from the unrestrictedα1 point estimate, in standard error uni
The diamond plots the unrestricted point estimate of the switching costs. The bold line provides the re
switching cost estimates. The continuous and dashed lines designate the 90% and the 95% confidence
respectively.

The point estimate for the entire sample is−4.99, all of which are statistically significan
at the 1% level. Indeed, (abstract of switching costs) in a market with Bertrand beh
and highly substitutable goods ex-ante, as is the market for banking loans, the pric
margin should be very low, as implied by thisα1 estimate.41

To verify that the switching-cost point estimates are insensitive to the slope o
transition probabilities(α1), we re-estimate the equation system, imposing various va
(of standard error deviations from the point estimate) for the slope of the tran
probabilities, thereby yielding conditional switching cost estimates. As an illustratio
plot these values as a function of the imposedα1 values for the case of banks with at lea
30 branches (36 observations).42 This is depicted in Fig. 5.

The horizontal axis of the figure measures deviations from the point estimateα1
(which is −6.35) in standard error units. We also provide 90% and 95% confid
intervals (bounded by the solid lines and the dashed lines, respectively) around th
estimates of the conditionals. It is evident from the figure that the point estimate of
switching cost is not very sensitive to changes inα1. We also reestimate the equati
system on each group of observations, as in Table 2, imposing variousα1 values around
its point estimate. In Fig. 6 we plot the switching costs estimates for these subsamp
minimal number of branches, for the different imposedα1 values and their standard err
deviations. This figure shows that the switching cost estimates are rather insens

41 As an illustration, the (grand) sample’s point estimate ofα1 implies that had switching costs been eliminat
(by an exogenous transfer for instance) the average price–cost margin would have been as low as 0.15
that, calculate the price–cost margin in (2.37) for an average size bank.

42 In 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 restrictedα1 values.

variation in the values ofα1. The only large deviation occurs when the equation syste
estimated on the 10- and 20-branches cutoff samples, andα1 is restricted to be two standa
errors larger than its unrestricted value.

The second important aspect of industry definition is loan size. Specifically, small
have very low lending capacity resulting in loans of very small sizes whereas large
have high lending capacity resulting in the provision of the entire continuum of
quantity demanded. This results in different mix of customers served by the various
Thus, relatively large customers (usually firms) will find it impossible to switch to s
banks which do not have the capacity to serve them. This may have the effect of intro
very large and perhaps pathological switching costs in the case of very small banks
in turn may result in quite a large point estimate for the average switching cost
estimation is carried out on the entire sample of banks. Since our data set does not
information on the customer mix, we have estimated our system of equations on v
size subsamples, defined by theminimal total loan size.43 The results are presented
Table 3 and, for expositional purpose also, are depicted in Fig. 7.

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

43 The reason for the various cutoff points is the compatibility with those applied to the number of branc
terms of number of observations.
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Table 3
Switching cost subsamples by loan size, parameter estimates

Min. loans (bill.) > 0a 2 3 4 5.5 7.5 12

γy 0.989 0.946 0.944 0.942 0.930 0.925 0.748
(output) (0.007) (0.013) (0.012) (0.013) (0.012) (0.016) (0.020)
γw 0.139 0.148 0.149 0.149 0.147 0.146 0.146
(labor) (0.002) (0.002) (0.002) (0.003) (0.002) (0.003) (0.003)
γk 0.018 0.014 0.014 0.014 0.014 0.015 0.015
(capital) (0.001) (0.002) (0.001) (0.001) (0.001) (0.002) (0.001)
γf 0.720 0.715 0.714 0.713 0.713 0.715 0.717
(funding) (0.003) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005)
α1 −4.994 −4.699 −5.551 −5.838 −6.748 −6.725 −6.679
(trans. prob. slope) (0.786) (1.233) (1.235) (1.341) (1.166) (1.490) (0.728)
s 4.120 8.437 6.341 6.270 4.121 5.690 0.213
(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 sys
sisting of Eqs. (3.1), (3.4), (A.1), and (A.2). Standard errors (in parentheses) are White (1980) heterosched
adjusted. Second-order terms of the cost function are not reported for brevity of exposition.

a Indicates total sample.

Fig. 7. Switching cost estimates for subsamples by loan size market share. The bold line provid
switching costs estimates. The continuous and dashed lines designate the 90% and the 95% confidence
respectively.
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Fig. 8. Switching cost estimates for subsamples by minimum loan size, with restrictedα1 values.

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

The general pattern here is very similar to the one present when estimation was
on the size of the branch network. This should not come as a surprise as the corr
between size of banks measured by the branch-network size and size of loans is qu
(0.8775 for the entire sample). As we did for the estimation on subsamples by m
number of branches, we check the sensitivity of the switching cost estimates to the
of the transition probability. In Fig. 8 we plot the switching cost estimates for subsam
by loan size, for different imposedα1 values and their standard error deviations.

As before, the various switching cost estimates are insensitive to variations inα1. Large
deviations occur only when the equation system is estimated on observations with lo
at least 2 bil. NOK whenα1 is restricted to be one standard error larger than its unrestr
value and on observations with loans of at least 4 bil. NOK whenα1 is restricted to be two
standard errors larger than its unrestricted value.

We reiterate that the estimated switching costs described above capture not o
direct pecuniary effect but also the various psychological aspects of switching, as w
the indirect, and perhaps the most important, economic costs associated with the los
capitalized value of long-term customer bank relationship. One major aspect contri
to the relatively high switching cost estimates is the one related to the downturn
economy resulting in system wide banking problems which exacerbated the ‘le
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problem and hence the reluctance of banks to provide loans to new customers.44 The other
major aspect has to do with the long duration of bank–customer relationship docum
in American and European banking.

5.1. Counterfactuals

The parameter estimates reported in the previous section can be used to
a host of interesting quantitative information regarding the effects of switching
on both borrowers’ and banks’ characteristics. In what follows we present and d
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,
(iii) 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) estimates ofα1 ands into (3.5) we find that the probabilit
that an existing customer will continue to purchase from the firm is larger than
probability that a rival’s customer will switch to the firm, by 20% (see Table 4 for
probabilities of staying and switching). A closer look at this probability when market
defined according to the size of the branch network generates a range of 17–32%
averages 30%. Defining the market according to loan size, this range is 2–43% w
average of 35% (see sixth column in Table 4).45

For the average bank, we may assess the transition probabilities46 (2.12) and (2.13):

(5.1)P̂r
i→i,t

= ᾱ i
0 + α̂1

(
pi,t − p̄iR,t − ŝ

)
and

(5.2)P̂r
iR→i,t

= ᾱ i
0 + α̂1

(
pi,t − p̄iR,t + ŝ

n− 1

)
,

whereᾱ i
0 = 1/n. The estimated probabilities in (5.1) and (5.2) indicate that after one

40% of the average bank’s customers switch to other banks. Recall that the tra
probabilities are based on a three-year period. We annualize these probabilities as f
θ = 1 − (P̂ri→i,t )

1/3 = 0.40 whereθ is the annual defection rate (last column in Table
Of course, these estimates are based on the total sample.47 Using the various marke
definitions, as above, we get similar results but realize that for the larger bank

44 It should be noted, however, that during the problematic period (1990–1993) only one small ban
actually closed. All other banks that got into problems were able to continue their lending operations
government interventions.

45 Note that Eq. (3.5)= Eq. (2.15).
46 Hats over variables(ˆ) denote estimates.
47 While the intertemporal correlations of market shares are measures of net customer flow (arrivals

departures), the model estimates reveal the actual switching. For instance, there may exist intensive s
even when the intertemporal correlation equals unity.
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Table 4
Characteristics by subsamples

Characteristic No. obs. P̂ri→i,t P̂riR→i,t λk=0.99
∂σi,t

∂σi,t−1

mvli,t
∂Vi,t /∂yi,t

θ

By branch 10 61 0.35 0.03 13.3 0.32 0.25 0.29
20 45 0.44 0.04 16.7 0.40 0.30 0.24
30 36 0.30 0.06 11.4 0.24 0.18 0.33
40 30 0.29 0.08 11.3 0.21 0.17 0.33
50 27 0.41 0.07 15.3 0.34 0.26 0.26
60 20 0.29 0.12 11.3 0.17 0.13 0.34

Average 0.35 0.05 13.6 0.30 0.23 0.30

By loan size 2 55 0.45 0.03 17.3 0.42 0.32 0.23
3 48 0.41 0.04 15.7 0.37 0.29 0.25
4 42 0.44 0.04 16.7 0.40 0.30 0.24
5.5 36 0.36 0.06 13.6 0.30 0.23 0.29
7.5 28 0.49 0.06 19.4 0.43 0.33 0.21

12 21 0.16 0.14 7.50 0.02 0.01 0.46

Average 0.38 0.03 13.48 0.35 0.23 0.28

Total sample 411 0.21 0.01 8.90 0.20 0.16 0.40

λk=0.99 represents the duration of relationship based on the time required fork% of the customers to switch
The term∂σi,t /∂σi,t−1 represents the contribution of thet − 1 market share to the market share in periodt . The
termmvli,t /(∂Vi,t /∂yi,t ) represents the proportion of the marginal value of locked-in customer in the ma
increase in the bank’s present value. Theθ is annual defection rate.

P̂ri→i,t are of smaller magnitude. This is consistent with the fact that larger banks
higher proportion of wholesale customers over which market power is indeed min
see Berg and Kim (1998). The turnover period (the average duration of customer
relationship) is thus, 3÷ (1 − 0.213) = 3.812 years. Turnover calculations, however,
somewhat misleading since, in fact, some of the bank’s customers may never switch
in addition to the turnover period, we may calculate the time required fork percent of
the customers to switch. Denoting this time period byλ = ln(1 − k) ÷ ln(1 − 0.40), for
k = 99%,λ = 8.9 years. Again, these calculations are based on the estimation usi
entire sample observations. However, as was demonstrated, results are somewhat
when estimation is carried out on different subsamples according to branch-network
output size. The range of customer–bank relationship is between 11.3 and 16.7 yea
an average of 13.6 years if markets are defined by branch-network size, or betwe
and 19.4 years with an average of 13.5 years if the definition is according to loan siz
interesting point though is the general pattern that the duration of relationship is s
for the large banks (7.5 years for those with loans over 12 billion NOK, see Table 4),
consistent with Berg and Kim (1998).

Our finding is very much in line with recent literature on relationship lending wi
a bank-based system using detailed (survey) micro data. Ongena and Smith (20
panel data of connections between Oslo Stock Exchange-listed firms and their ban
the 1979–1995 period. After correcting for censoring bias, the estimated mean du
of firm-bank relationship varies between 15 and 18 years. This is also in line with
studies using European and American survey data. Angelini et al. (1997) report an a
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duration of 14 years for Italy. Cole (1998) finds mean duration of US firms (based on
from the National Survey of Small Business Finance) to be 7 years. Harhoff and K
(1997) report average duration of 13 years for German firms. Petersen and Rajan
report an 11 years mean duration in the USA. Degryse and van Cayseele (2000) r
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 contr
of the previous period’s market share to the current one, as defined by (2.16) is 0.2
considering the entire sample. This means that about 20% of the average bank’s
share is due to its bank–borrower relationship in the previous period. This howeve
be as low as 17% and 0.2% for the very large banks when the market is defin
the branch-network size and by the loan size, respectively. When smaller banks a
included it is 32% and 42%, respectively. Again, this points to the higher mobilit
(larger) customers working with larger banks where output is characterized by a
proportion of wholesale loans.

An interesting and important issue is that of the proportion of the marginal valu
a locked-in customer(mvli,t ) to the marginal increase of the bank’s present value w
is due to an additional locked-in customer(∂Vi,t /∂yi,t ), as in (2.39). Based on the tot
sample, the value ofmvli,t /(∂Vi,t /∂yi,t ) is 0.16, that is 16% of the customer’s added va
is attributed to the lock-in phenomenon generated by switching costs. We note, ho
that a similar pattern emerges here as it did with the other characteristics cons
namely, the contribution of locked-in customers to banks’ value decrease as the size
increases. Specifically, as is apparent from Table 4, the contribution of locked-in cust
to banks’ value ranges from a low of 13% for the very large banks to 30% for the g
including also the smaller ones when the market is defined according to branch-n
size. It is more pronounced when considering loan size as the definition of the m
where locked-in customers contribute only 1% in the case of the large banks, and 3
the case of the smaller banks. Once more, these results emanate from the higher pr
of mobile wholesale customers of larger banks. It is noted that on the average (for
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 presen
switching costs. Customers’ transition probabilities embedded in firms strategic inter
were used in a multiperiod model to derive estimable equations of a first-order con
and market share (demand) equations. The novelty of the proposed model is in its ab
extract information on both the magnitude and significance of switching costs, as w
on customers’ transition probabilities, from conventionally-available, highly-aggreg
data which do not contain customer-specific information. As a matter of illustration
model was applied to panel data of banks, to estimate the switching costs in the
for bank loans. We have found that the grand average point estimate of switching c
about 4.1%, and may be as low as 0.2% when only banks with the largest loan po
are included in the definition of the market. When the market is defined according
branch-network size the switching cost among the largest banks is about 2.1%. On a
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23.0% of the customer’s added value is attributed to the lock-in phenomenon gen
by switching costs. As much as 35.0% of the average bank’s market share is due
established bank–borrower relationship. The model estimates imply an average d
of bank–customer relationship of 13.5 years. All the above characteristics exhibit
values for the group of larger banks whose loan portfolio is dominated by more m
wholesale customers.

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

Denote the firm’s true price byp∗
i,t , and rivals’ true price average bȳp∗

iR,t . The
probability that firmi ’s customer will continue to purchase from it then becomes:

(A.1)Pr
i→i,t

=Ai
0 + α1p

∗
i,t + α2

(
p̄∗
iR,t + s

)
.

The firm’s and the rivals’observed prices equal the true prices plus error terms:48

(A.2)pi,t = p∗
i,t + ξi

and

(A.3)pj,t = p∗
j,t + ξj .

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 term
captured by the intercept, and no effect onα1, α2 ands remains:

Pr
i→i,t

=Ai
0 + α1p

∗
i,t + α2

(
p̄∗
iR,t + s

)
(A.4)=Ai

0 + α1(pi,t + ξi)+ α2
(
p̄iR,t + ξ̄iR + s

)
,

wherep̄∗
iR,t and ξ̄iR are the average of rivals’ prices and error terms, respectively.

transition probability then becomes (2.8), whereαi0 =Ai
0+α1ξi +α2ξ̄iR . The same applie

to PriR→i,t in (2.9).

Appendix B. The cost function

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

ln ci,t = γ0 + γy lnyi,t +
∑
k

γk lnwk,i,t

+ 1

2

(∑
k

∑
l

γkl lnwk,i,t lnwl,i,t + γyy(lnyi,t )2
)

(B.1)+
∑
k

γky lnwk,i,t lnyi,t .

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

(B.2)
∂ ln ci,t
∂ lnwk,i,t

≡mk,i,t = γk +
∑
l

γk,l lnwl,i,t + γky lnyi,t ,

wheremk,i,t is the share of thekth factor in banki ’s period-t production cost. The
following restrictions for symmetry and linear homogeneity in prices are imposed o
cost (production) structure:

(B.3)γkl = γlk, ∀k, l;
∑
k

γk = 1;
∑
k

γky = 0;
∑
l

γkl = 0, ∀k.

Marginal production cost estimates are obtained from (B.1):49

(B.4)mci,t ≡ ∂ci,t

∂yi,t
= ci,t

yi,t

(
γy + γyy lnyi,t +

∑
k

γky lnwk,i,t

)

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

49 Due 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

yi,t =
(
yi,t−1

(
αi0 + α1(pi,t − p̄iR,t − s)

)
(C.1)+ yiR,t−1

(
αi0 + α1

(
pi,t − p̄iR,t + s

n− 1

)))
gt

or

(C.2)yi,t =
(
−yi,t−1

n

n− 1
sα1 + yt−1α

i
0 + yt−1α1

(
pi,t − p̄iR,t + s

n− 1

))
gt ,

whereyt−1 = ∑
yi,t−1.

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

(C.3)
∂yi,t

∂pi,t

= yt−1α1gt

and

(C.4)
∂yi,t

∂p̄iR,t

= −yt−1α1gt .

The timet + 1 demand is

(C.5)yi,t+1 =
(
−yi,t

n

n− 1
sα1 + ytα

i
0 + ytα1

(
pi,t+1 − p̄iR,t+1 + s

n− 1

))
gt+1.

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

(C.6)
∂yi,t+1

∂pi,t

= − ∂yi,t

∂pi,t

n

n− 1
sα1gt+1 = −yt−1α1

n

n− 1
sα1gtgt+1

and

(C.7)
∂yi,t+1

∂pi,t+1
= yt−1α1gtgt+1.
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