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Abstract

In this paper we present a general equilibrium model on payment choice at retail
level which allows us to analyze how the accession to the European Union and the
influence of European institutions could shape the evolution of consumers’ payments
in newly acceded countries. The context of the European Union is particularly chal-
lenging because of the enlargement process. Building on model results we perform
an empirical analysis with real data from countries that participate in the process.
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1 Introduction

Following the continuous development of information technology, retail payment systems
have been in clear evolution in the last years. Cash is no longer the unique possibility
of making a payment and shares relevance with other instruments like cards, direct deb-
its or some other electronic means. Accordingly, managers of �nancial institutions and
other professionals are very interested in knowing how consumers make payments in their
daily operations and what changes are taking place. This evolution has also attracted the
attention of �nancial authorities in two respects. First, because one of their responsibil-
ities is to promote e¢ciency and security in the use of payment instruments and in the
payment system as a whole (European Central Bank (ECB), 2010). Second, since these
developments a¤ect cash demand and therefore money supply, it could have implications
for monetary policy.
The evolution of retail payments di¤ers across countries (Humphrey et al., 1996,

Humphrey et al., 2001, Humphrey, 2004, Callado and Utrero, 2004). The literature
on payment systems has focused mainly on price and non-price characteristics and incen-
tives as drivers of these di¤erences. However, major di¤erences in payment composition
between Western Europe, the US and Japan are not only due to price or cost di¤erences
but rather the result of important di¤erences in these countries� technological innovations,
geographical size or culture (Humphrey, 2010). These di¤erences for instance, explain the
reason why Europe has a well-established nationwide electronic payment system while
the US continues to rely importantly on checks. There are some interesting contributions,
however, that analyze the e¤ect of technological innovations in banking, in particular,
ATM networks in consumer decisions (Snellman and Virén, 2006, Ferrari et al., 2007
and Yang and Ching, 2010). Together with these factors, institutional environment and
national regulations shape �nancial market design (La Porta et al. 1997) and may as
well have an in�uence on payment system development and usage. To the best of our
knowledge institutional factors have not been included in the analysis of payment systems.
This paper tries to �ll this gap by focusing on institutional characteristics both from

a theoretical and empirical point of view. In particular, the paper analyzes the process of
European enlargement and how the accession to the European Union (EU) and the in�u-
ence of European institutions could shape the evolution of consumer payments in newly
acceded countries (NAC). The EU context is particularly challenging because of the en-
largement process. On May 1st 2004 the EU welcomed 10 more countries as a part of its
largest enlargement ever. The accession of the new members increased the EU population
by nearly 20% but the EU�s total GDP increased just 4% (Hildebrandt, 2002).1 The NAC
accession negotiations required the implementation of the acquis communautaire, the set
of laws that underpin the common market. As a result, NAC �nancial systems were ex-
pected to be transformed to such an extent that the supervisory and legal framework will
reach more or less EU standards. Moreover, EU �nancial sector has also been experienc-
ing a profound change - deregulation, disintermediation, technological change and single
currency - representing, in fact a moving target to the NAC�s authorities (Stirbu, 2004).
These countries are also expected to join the European Monetary Union and adopt

the single currency Euro, which will also a¤ect the way payments are made, both large
value and retail payments. Nowadays, the use of payment instruments in NAC di¤ers

1Including Romania and Bulgaria that entered in 2007.

2



from the uses and customs of EU15 (Callado and Utrero, 2007). In this setting, it is
important to remark that security, reliability and e¢ciency are critical features for new
payment solutions to be adopted. Therefore, the priority of NAC is to develop modern,
robust and e¢cient market infrastructures which serve the needs of their economies and
facilitate the development of safe and e¢cient �nancial markets. As part of the EU, these
countries must also participate and work in the adaptation of their payment systems to
Single Euro Payment Area (SEPA), see ECB-SEPA (2010). The inherent changes of this
process involve an economic e¤ort on the part of the institutions and of the �nancial �rms.
In light of the above discussion, the �rst objective of the paper is to develop a theoret-

ical model that can describe the e¤ects that the access to a monetary union can have on
household payment choice and intermediation costs. We assume that consumers have two
ways of acquiring consumption goods, cash and electronic payments, and that technology
is crucial for the development of the payment system. Our theoretical model builds on
Ireland (1994a) and Hromcová (2008). We use a learning-by-doing setup with propor-
tional intermediation cost. Knowledge improvements lead to more sophisticated payment
system and lower intermediation costs for electronic transactions. That makes agents in
a more developed economy use more electronic payments than in a less developed one.
When the accession takes place, the payment system of the accessing country is gradually
improved and the agents� payment choice approaches the one of the consumers in the
accepting country, the one with more developed payment system. The second objective
of the paper is to estimate the results of the model. For that, we use data on EU payment
systems for countries accessing in 2004 and those accepting the NAC. Furthermore, data
availability allows us to study the joint e¤ect of institutional environment and banking
market structure on payment decisions.
The rest of the paper is organized as follows. Section 2 presents the theoretical model.

Section 3 presents the empirical analysis. Finally, section 4 concludes.

2 Theoretical Model

We will consider two economies which di¤er in the initial level of development. At the
beginning they are two separated islands and can have di¤erent monetary policies. With
the accession moment approaching their monetary policies must converge and at the mo-
ment of accession a common monetary policy applies in both islands. After the uni�cation
takes place, the accessing country is gradually adopting the payment system technology
of the more developed country. They maintain their own structure and other variables
unchanged otherwise. Technology level is crucial for the payment system. The higher the
technology achieved, the cheaper the non-cash payments. As a measure of technology, we
will use the level of capital in the sense of the learning-by-doing model, Barro and Sala-i-
Martin (1995). Because the learning-by-doing model can be reduced to an AK model, for
simplicity of our theoretical setup, we assume that the production function has the linear
form. However, we keep reminding the reader that the level of capital is the measure of
achieved knowledge, and higher knowledge leads to higher technological level.
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2.1 Accessing country

2.1.1 Household Problem

In the description of the model we follow closely Ireland (1994a) and Hromcová (2008).
The behavior of households in both islands is analogous. Both economies consist of a
large number of in�nitely lived households. All households have identical preferences,
production and trade opportunities. Therefore, we present the model for the island which
begins with lower level of technology and at the end of the section we generalize the model
for the other island.
Households inhabit the following environment: they face continuum of spatially sepa-

rated markets, which are indexed by j 2 [0; 1]. All households live in market 0, and the
index j indicates the distance from home. In each market j a distinct perishable good is
produced and sold in every period. Goods are thus indexed by j; which corresponds to the
market of both production and trade. The representative household has the preferences
given by

1
X

t=0

�t
Z 1

0

u [ct(j)] dj (1)

where ct(j) is de�ned as the consumption at period t of the good produced in market
j; u(�) is strictly increasing, strictly concave and twice continuously di¤erentiable, with
limt!1u

0 [ct(j)] =1 and � is the discount factor.
The production and trade is like in Lucas and Stokey (1983). Each household is

composed of a worker-shopper pair.
Prior to any trading government �xes the level of the gross nominal interest rate Rt+1

between periods t and t + 1. We will assume that Rt+1 > 1. Agents enter the period
t with certain amount of monetary balances Zt and the debt Bt; carried over from the
previous period, and the capital stock kt that represents the technology level achieved. A
representative worker decides to produce on any of the markets j via the net production
function

yt = Akt (2)

where A is the net productivity of capital.2

First, the goods market opens and consumption takes place. Worker stays at the
market j during the whole period. Shopper visits various markets to acquire consumption
goods carrying all the monetary balances of the household.
Two ways of acquiring consumption goods are allowed: using money or electronic

payments. All goods purchased with government issued money will be referred to as cash
goods. Goods purchased via electronic payments will be referred to as electronic goods.
Nominal monetary balances Zt can be used to buy goods in some of the markets

2Thanks to the AK technology, we can write the net production function as

yt = (A
0 + 1� �) kt:

It corresponds the one de�ned in the equation (2), where A0 is the marginal productivity and � is the
depreciation of capital.
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indexed by j. Cash purchases are subject to the liquidity constraint

Z 1

0

[1� �t(j)] ct(j)dj �
Zt

pt
; (3)

where �t(j) = 0 if a good is purchased on market j with cash, or �t(j) = 1 if a good is
purchased on market j via an electronic payment and pt is the price level.
As we have said, agents can use an electronic payment to pay for the consumption.

The �nancial intermediary enables electronic payments at a cost t(j) that is given for
each market j and period t. The part of output that is not consumed is devoted to the
investment into capital. After the goods market closes, the monetary holdings of agents
are augmented by a lump sum transfer Xt from the government. The amount Xt is
endogenously determined in the system according to the given nominal interest rate, so
that the money demand is totally satis�ed. As the next step the securities market opens.
During the securities trading session households choose their currency holdings Zt+1: They
also purchase (or issue) one-period nominally denominated pure discount bonds paying

Bt+1 units of money at period t + 1 while they cost
Bt+1

Rt+1
units of money at period t:

Bonds are in zero net supply. The budget constraint agents are facing can be written

Z 1

0

[ct(j) + �t(j)t(j)] dj + kt+1 +
Zt+1

pt
+
Bt+1

Rt+1pt
� Akt +

Zt

pt
+
Bt

pt
+
Xt

pt
: (4)

2.1.2 Financial Intermediation

We assume that the intermediation cost must be paid by the buyer, as motivated in
Ireland (1994b). To be able to purchase without cash, some resources must be devoted
to making the non-cash payment itself available such as checking the identity of the
buyer or his ability to pay. When the shopper is far away from home (market zero) the
communication becomes more di¢cult, and therefore we assume that the payment to the
intermediary increases with j. The process of learning-by-doing gives a potential for the
development of new technologies. It also leads to an increase in income per worker and
higher consumption. Higher purchase means that checking the ability of the buyer to pay
is more relevant. The development and di¤usion of new technologies allows to decrease
the processing costs.
The real payment made to the intermediary is characterized by a function that ful�lls

properties found in some empirical studies, see Hromcová (2008): the intermediation cost
is lower in richer countries, the cost of intermediated payment diminishes over time, and
the cost elasticity is close to zero (which motivates the proportional intermediation cost).
Intermediation cost function is composed of three parts and is de�ned as

t(j) = 
location(j) technology(kt) 

consumption [ct(j)] : (5)

The time independent part of the payment, location(j) is strictly increasing with the
distance from home, strictly convex, twice continuously di¤erentiable, and similarly to
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Ireland (1994a) we assume location(0) = 0 and limj!1
location(j) = 1: The time depen-

dent part of the intermediation cost, technology(kt); embodies the e¤ect of new technologies
on the cost. It includes the state of the technology frontier as well as the net of electronic
infrastructures to perform the electronic payments. This cost decreases as the level of tech-
nology develops. The more capital is accumulated, the more knowledge is available, better
technologies can be developed and cheaper intermediation services can be o¤ered. The
function technology(kt) is strictly decreasing, strictly convex, twice continuously di¤eren-
tiable and limt!1

technology(kt) = 0. The other time dependent part of the intermediation
cost, consumption [ct(j)] ; re�ects the proportionality to consumption purchases,

consumption [ct(j)] = ct(j):

A special feature of this intermediation cost function is that in the long run it reduces
to a �xed intermediation cost. Asymptotically our model becomes the one of Ireland
(1994a).
We thus concentrate directly on the e¤ect of new technologies on the intermediation

cost. However, the scale economies are also present, because higher stock of knowledge is
associated with higher volume of transactions.

2.1.3 Payment choice

Consider a given level of kt: Taking into account the assumption on the time independent
part of the intermediation cost location(�), whenever Rt+1 > 1; households will choose cash
goods in markets far away from home (market 0) and electronic goods in markets close
to home. Therefore, there will exist at each time t a market with cuto¤ index st 2 (0; 1) ;
such that in all markets with indexes j < st consumers will use electronic payments and
in all markets with indexes j � st consumers will use cash to acquire the consumption
goods. In the cuto¤ market consumers are indi¤erent between using cash or electronic
payments. We arbitrarily assume that cash will be used at the cuto¤ market.
De�ne

ct(j) =

�

c0t (j) when �t(j) = 0;
c1t (j) when �t(j) = 1:

The functions c0t (j) and c
1
t (j) characterize the cash and electronic consumption per mar-

ket j; respectively. We can then write the utility function, budget and cash-in-advance
constraint in a following way

1
X

t=1

�t
�Z st

0

u
�

c1t (j)
�

dj +

Z 1

st

u
�

c0t (j)
�

dj

�

; (6)

Z st

0

�

c1t (j) + t(j)
�

dj +

Z 1

st

c0t (j)dj + kt+1 +
Zt+1

pt
+
Bt+1

Rt+1pt
(7)

� Akt +
Zt

pt
+
Bt

pt
+
Xt

pt

and
Z 1

st

c0t (j)dj �
Zt

pt
: (8)
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2.1.4 Equilibrium

De�nition: Given the set of initial conditions k1; Z1; B1; p1 and the sequence of nominal
interest rates fRt+1g

1

t=0 ; the equilibrium consists of sequences fc0t (j); c
1
t (j); kt+1; Zt+1;

Bt+1; st; Xt; pt+1g
1

t=1 such that
(a) a representative household is maximizing the discounted utility (6) subject to

the budget constraint (7) and the cash-in-advance constraint (8), choosing the sequences
fc0t (j); c

1
t (j); kt+1; Zt+1; Bt+1; stg

1

t=1;

(b) markets for goods, money and bonds clear in every period,

Akt =

Z 1

st

c0t (j)dj +

Z st

0

c1t (j)dj +

Z st

0

t(j)dj + kt+1: (9)

Zt+1 = Zt +Xt; (10)

Bt+1 = 0: (11)

Let �t and �t be the non-negative Lagrange multipliers associated with the budget
constrain (7) and the cash-in-advance constraints (8), respectively. The equations that
characterize the equilibrium are the above mentioned market clearing conditions (9), (10),
(11) and the �rst order conditions on consumption, capital, nominal balances, nominal
bonds and cuto¤ index, respectively,

u0
�

c0t (j)
�

= �t + �t; (12)

u0
�

c1t (j)
�

= �t; (13)

�t = ��t+1A; (14)

�t

pt
= �

�t+1 + �t+1
pt+1

; (15)

�t

pt
= �Rt+1

�t+1

pt+1
; (16)

u
�

c0t (st)
�

� u
�

c1t (st)
�

= ��t
�

c1t (st) + t(st)
�

+ (�t + �t)c
0
t (st): (17)

Using (12), (13), (15) and (16), we can rewrite the �rst order conditions on both
consumptions as follows:

u0
�

c0t (j)
�

= Rt�t; (18)

u0
�

c1t (j)
�

= �t: (19)

From the �rst order condition (17) we get the payment to the intermediary to be paid
at the cuto¤ market

t [s(Rt; kt)] =
1

�t

�

u
�

c1t (�t)
�

� u
�

c0t (Rt; �t)
�	

+Rtc
0 (Rt; �t)� c

1 (�t) : (20)

Taking into account the expressions (18), (19), and (5), the equilibrium on the goods
market (9) can be rewritten as

Akt =

Z 1

s(Rt;kt)

c0 (Rt; �t) dj +

Z s(Rt;kt)

0

c1 (�t) dj +

Z s(Rt;kt)

0

t(j)dj + kt+1: (21)
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The current period output is spent between cash consumption, electronic consumption,
payment to the intermediary and investment. The real monetary balances, which equal
the amount of cash consumption purchased in all markets, are

mt = [1� s(Rt; kt)] c
0 (Rt; �t) ; (22)

where

mt =
Zt

pt
: (23)

The consumption via �nancial intermediaries, which equal the amount of electronic con-
sumption purchased in all markets, is

et = s(Rt; kt) c
1 (�t) : (24)

Thus the ratio of cash and electronic payments is dependent on the speci�cation of the
intermediation function, speci�cation of the utility and the last period monetary policy.

In order to see the behavior of the cash to electronic payments ratio we set up a
parametric example with the CES utility function

u(c) =

8

<

:

ln c for � = 1; and

c1���1
1��

for � 6= 1

where � > 0 is the inverse of the elasticity of intertemporal substitution, and the following
proportional intermediation cost 3

t(j) =
j

1� j
technology(kt) c

1 (�t) : (25)

We can then write the cuto¤ index combining (25) and (20) in the following form

s (Rt; kt) =
� (Rt)

technology(kt) + � (Rt)
(26)

where

� (Rt) =

8

>

>

>

>

<

>

>

>

>

:

lnRt for � = 1;

�

1� �

0

@1�
1

R
1��
�

t

1

A for � 6= 1:
(27)

The cuto¤ index describes the proportion of markets in which agents employ services of the
intermediary. From (14) we can get the evolution of the marginal utility of consumption,
we can see that its growth rate is constant over time. The ratio of cash to electronic
consumptions can be expressed as

mt

et
=
technology(kt)

�(Rt)R
1

�

t

: (28)

3The time independent part location(j) is taken from Ireland (1994a).
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The technology level (the part of the intermediation cost function that depends on the
technology) and the monetary policy a¤ect the composition of the payment methods as
follows

d

�

mt

et

�

dkt
< 0 and

d

�

mt

et

�

dRt
< 0: (29)

2.2 Accepting Country

The speci�cation of the accepting economy is the same as the one of the accessing one
described above. When writing the version of the model for the accepting country we use
the analogous notation but in capital or blackboard bold letters. In Table 1 we resume
the notation for both islands.

[insert table 1 around here]

2.3 Accessing Economy Before and After

Both economies know both initial conditions and when the accession takes place, i.e.
Taccess is given. Both economies can solve their maximization problems using backward
induction, see Hromcová (2008). After the accession, the accessing economy is adopting
the payment technology of the accepting country. We de�ne kaccesst as the level of tech-
nology that determines the intermediation cost at each market after accession. Given
that the accessing country�s payment technology converges to the accepting one, the gap
between the payment technologies of both countries will be diminished over time. The
evolution of kaccesst will re�ect the payment technology di¤erences and will be a function
of the levels of the payment technologies in both groups of countries

kaccesst = 

�

kaccesst�1 ; Kt

�

where kt � kaccesst < Kt; k
access
Taccess

= kTaccess and limt!1k
access
t = Kt:

4 The intermediation
cost function would be slightly modi�ed and the ratio between the cash and electronic
consumptions after the accession, equation (28), depends on the payment technologies of
both groups of countries and the common monetary policy

maccess
t

eaccesst

�

�

�

�

t>Taccess

=
technology [kaccesst (Kt)]

�(Rt)R
1

�

t

: (30)

Equation (30) implies that for given levels of payment technologies and a given monetary
policy, any decrease in the real balances will have to be accompanied by an increase in the

4An example of a convergence equation could be found in Lucas (2009). The notation kaccess
t

is to
account for the payment technology (capital) in the country where the accession actually happened. We
save the previously used notation kt for an economy that does not access and whose payment technology
evolves independently of the accepting country�s one.
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electronic goods. It also implies that the accession, that means higher level of payment
technology, kaccesst > kt, induces a drop in the ratio of cash and electronic payments,
relationships (29).

3 Empirical analysis

According to equation (30) of the model, the use of alternative means of payments in the
accessing countries is a function of cash and the monetary policy (interest rate) in the
accessing countries as well as the technology level in accessing and accepting countries.
The technology level accounts for the level of technology achieved as well as the set
of infrastructures developed to make payments. In order to empirically estimate this
relationship, we take logs. Therefore, the equation to estimate is

ln eit = �0 + �1 lnmit + �2(Rit � 1) + �3 ln(Kt � kit) + "it (31)

where xit represents a variable x in the accessing country i at time t; where x = e;m;R;K; k
are electronic operations, cash operations, nominal interest factor, payment technology
level in the accepting country (thus no index i) and payment technology level in the ac-
cessing countries, respectively. The error term "it is assumed to be normally distributed
with zero mean and variance �2; "it � N(0; �2). The estimation takes into account the
possible existence of non observable heterogeneity.
From the time series analysis point of view some problems may arise in estimating the

above equation because most of the data may be non-stationary. If this were the case, that
would give rise to co-integration analysis and speci�cation of an error-correction model.
Both the augmented Dickey-Fuller and Phillips-Perron individual unit roots tests discard
this problem.5 Furthermore, the short sample period and the panel dimension make us
decide to use panel data techniques.
From the econometric point of view, the estimation of the coe¢cients, �0; �1; �2 and

�3 should take into account the structure of the components of the error term "it, that
is, the speci�c e¤ects can be treated as �xed or random. If the e¤ects are independent
of the explanatory variables they form part of the error term, that in this case will be a
compound term. But if the e¤ects are correlated, the estimator by ordinary least squares
is not consistent.6 When there is no correlation, the random e¤ects are used since it is
the most e¢cient alternative (Arellano and Bover, 1990).

3.1 Data

We use pooled cross-country yearly data from the �rst group of the accessing countries
namely: Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland,
Slovakia and Slovenia and those proposed for a later acceptance, Bulgaria and Romania.7

5Individual country results are available from the authors upon request.
6The Hausman test is used to test whether the e¤ects are �xed or random.
7From now on, when we refer to accessing countries we include all of them.
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Data on EU-15 is also available.8 In order to have pre-accessing and post-accessing periods
we take the period between 1996-2009.9 We use data on cash and cards to account for
cash and non-cash operations respectively. To allow for comparisons, these variables
are expressed in euros and scaled by the population. To proxy for the technology level
achieved in the payment systems, we use data on Automatic Teller Machines (ATM) and
Electronic Fund Transfers at Point of Sale (EFT-POS) network.
The model suggests that the institutional environment in�uences payment decisions.

Accordingly, we introduce two alternative variables to capture the e¤ect of accessing the
EU. First, the candidate variable identi�es the moment when the country is considered
prepared to become a member and individual negotiations with Brussels start. Second, the
accessing variable captures the moment when the candidate is �nally admitted. On one
side, a positive e¤ect can be expected since candidate countries have followed European
Central Bank recommendations for the modernization of the banking system in order
to have success in the negotiations. On the other hand, a negative e¤ect could arise
if the costs derived from those reforms and investments made by the institutions were
transferred to consumers. If this were the case, clients would be reluctant to use new
means of payments di¤erent from cash.
We also include some control variables in the estimation. We introduce two alter-

native variables to proxy for economic development (GDP per worker and consumption
per capita). Previous empirical papers (Humphrey, 2004, among others) �nd a positive
relationship between economic development, electronic means of payments and national
banking structure. There is a strand of literature that analyzes the incentives of bank-
ing �rms to introduce and develop ATM and EFT-POS networks. This is an interesting
question since ATM and EFT-POS replace some of the desk services provided by banking
institutions through commercial branches. However, the maintenance of the networks
is paid by banking institutions and therefore, banks may have incentives to induce con-
sumer not to use ATM (for example applying fees) to prevent developing a large ATM
network (Ferrari et al., 2007). Ishii (2008) suggests that the development of ATM and
EFT-POS networks is also related to market structure. Therefore, banking structure may
be a¤ecting payment choice decisions as well. To proxy for banking structure the number
of banking institutions and branches are used. In particular, we introduce the distance
to the EU banking market structure. We expect that the shorter the distance to the
EU banking structure, the closer the pattern of the means of payment use to the EU
counterpart. Further, per capita income is introduced to control for development and
economic stability. Table 2 collects the de�nitions of the main variables and presents
some descriptive statistics.

[insert table 2 around here]

The two columns present the mean and the standard deviation for all accessing coun-
tries and for accepting countries (EU-15), respectively. Some interesting di¤erences are

8EU-15 are Germany, France, Belgium, Netherlands, Luxemburg, Italy, Great Britain, Ireland, Den-
mark, Greece, Portugal, Spain, Austria, Finland and Sweden (in membership order).

9In the estimation we take into account when the countries become members and therefore, from that
moment in time, they are included in the accepting group.
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evidenced between both sets of countries. First, the per capita currency in circulation
is much higher in the accepting countries than in the accessing ones. This preliminary
positive relationship is in line with previous evidence such as Drehmann et al. (2002),
among others. Similarly, consumption per capita is much lower in the latter. Observing
the other means of payment, accepting countries present higher level of card operations.
They also have higher level of EFT-POS networks. Card use and ATM networks per
capita in both groups of countries exhibit an increasing trend and we can conclude that
the accessing countries are heading towards the accepting ones, see Figure 1. Table 3
presents the correlation matrix of the main variables.

[insert �gure 1 around here]

[insert table 3 around here]

3.2 Results

Table 4 presents the results for card use. Hausman test is presented at the end of the
table. As it can be observed that in all runs the test rejects the uncorrelation of the e¤ects
and consequently, the �xed e¤ect estimator is used.

[insert table 4 around here]

Looking at the variables of interest, cash presents a negative and signi�cant coe¢-
cient as expected from the results of the model. This result is consistent throughout the
di¤erent speci�cations. Therefore, the more cash in circulation, the less number of card
operations. This result con�rms as well the substitution e¤ect of cards observed in pre-
vious empirical studies (Humphrey, 2004, for the U.S., Carbó Valverde et al., 2003, for
Spain). The ATM network variable does not a¤ect signi�cantly card use. However, EFT-
POS network variable presents a negative and signi�cant coe¢cient in all runs. Therefore,
the more distance to the European EFT-POS network (the longer the road to achieve the
European technology payment system standards), the lower use of cards. This evidence
con�rms the result of the theoretical model that the use of alternative means of payment
not only depends on a country�s own technological development but on the accepting
countries technology level as well. Nominal interest rate, that accounts for the monetary
policy, presents a positive and signi�cant coe¢cient. Hence, an increase in the interest
rate implies an increase in the card use, since the opportunity cost of cash is increasing.
This result is coherent with the previous evidence on the demand for cash and highlights
the negative relationship between cash and interest rates (Humphrey, 2004 and Snellman
and Virén, 2006, among others). Both, per worker GDP and per capita consumption,
have a positive and signi�cant coe¢cient, meaning that more developed countries present
higher card use, con�rming previous results on international comparisons (Callado and
Utrero, 2004 and 2007). Looking at the variables that account for the institutional envi-
ronment, the candidate variable presents a positive and signi�cant coe¢cient both when
it is introduced alone and when it is introduced together with the accession dummy. Yet,
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accessing variable is not signi�cant, except for the columns 11 and 12. The general mes-
sage of these coe¢cients is that the prospects of entering the EU have a positive e¤ect on
the card use. This may indicate that the expectation of accessing to the EU is considered
a positive shock for the reliability of the economic and the payment systems and that
consumers have already started to change their payment choices when the accession takes
place, therefore, accessing does not have a signi�cant independent impact. Finally, we
introduce two control variables about the market structure: branches and number of in-
stitutions. Neither branches nor the number of banks are signi�cant. This result suggests
that technology is what really matters in payment decisions.

3.3 Robustness analysis

Here we present additional evidence to check the robustness of the results. First, we check
if the conclusions reported are sensitive to the accepting group composition. EU mem-
bership has changed in the last decade. However, it is the monetary union and the single
currency participation that has presented more changes. Afterwards, we decide to use the
membership to the monetary union instead of the EU membership as the accepting group.
As in the previous analysis, we take into account the individual membership changes. Re-
sults are presented in Table 5. We can see that results are very similar to those presented
when considering EU-15 as the accepting group. Cash in circulation, technology mea-
sures, economic development variables, interest rate, accessing variable and the number
of banks present the same conclusions as above. Namely, cash and technology level a¤ect
negatively and signi�cantly the card operations, while economic development and interest
rate show a positive relationship. Accessing variable and the number of banking institu-
tions continue to be insigni�cant for card operations. The main di¤erences come from the
candidate variable and branch structure. Candidate variable presents milder results, being
signi�cant only in some runs. This could be somehow expected, since being a candidate
may happen many years before actually entering the monetary union. Branch structure
coe¢cient, however, is positive and signi�cant. Therefore, banking market structure is
more important for card operations when considering monetary union.

An additional issue in this context is the simultaneous relationship between cash and
ATM (Snellman and Virén, 2006). To control for this potential bias, we use Generalized
Method of Moments (GMM) estimation. Although the above mentioned simultaneity
between cash and ATM can also be controlled by using a simultaneous equation estima-
tor (e.g., maximum likelihood and two- or three-stage least squares) our choice is based
on consistency concerns. In other words, the above mentioned estimators are more e¢-
cient than GMM, but they are not consistent since they do not eliminate unobservable
heterogeneity. In contrast, GMM estimation implies less e¢ciency, but it is consistent
because it eliminates unobservable heterogeneity. Traditionally GMM uses �rst-di¤erence
transformation. However, this technique has a weakness. It magni�es gaps in unbalanced
panels (Roodman, 2006). Arellano and Bover (1995) propose a second transformation
�orthogonal deviations� that minimizes data loss and since lagged observations do not
enter the formula, they are valid as instruments.10 Since we have a small sample, we

10In the estimation, lagged values of cash, interest rate, GDP and banking structure are introduced in
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decide to use this transformation in order to preserve sample size. Further, to avoid over-
�tting, we collapse the instrument matrix.11 Table 6 collects the results. Focusing �rst on
the diagnostic tests, Hansen�s J-statistics for all speci�cations are too small to reject the
null hypothesis that the instruments are valid. Further, AR(1) and AR(2) test statistics
for �rst and second order serial correlation in the �rst-di¤erenced residuals indicate, as
required, that while we can sometimes have evidence of �rst order autocorrelation, we
always accept the null hypothesis of no second order autocorrelation. Looking at the vari-
ables of interest, as it can be seen, results are very similar to those presented in Table 4.
The banking variable, that accounts for the distance between the own banking structure
and the accepting one is signi�cant in all runs, suggesting that banking structure does
have a word to say in payment decisions.

4 Conclusions

We present a general equilibrium model on payment choice at retail level which allows us
to analyze the evolution of consumer payments in the context of the European enlargement
process.
The theoretical model predicts a drop in the usage of cash after the accessing country

adopts the �nancial system of the accepting one. It also shows that the card use will
depend on the cash in circulation, monetary policy and the level of technology.
Results from the econometric analysis con�rm these conclusions. Both capital level in

the accepting and accessing countries a¤ect payment decisions. It also con�rms the im-
portance of developing the necessary structures for increasing card use in the new member
countries as well as achieving a certain economic development. Monetary policy is also
shown to a¤ect payment decisions as expected. Of the two institutional variables intro-
duced it is shown that being a candidate to enter the European Union a¤ects signi�cantly
consumer�s behavior, however, the entering date is not signi�cant. Results are robust to
di¤erent estimation techniques and maintain when we consider the decision to enter into
a more restrictive and demanding group, European Monetary Union.

GMM-style, while ATM and EFT-POS receive the standard treatment for endogenous variables. Further,
time dummies are included as IV-style instruments.
11We have chosen not to run two-step GMM due to well-known �nite sample problems associated with

the standard errors of two-step estimates. Indeed, two-step estimates of the model (not reported) suggest
signi�cant downward bias in the standard errors, even after using the Windmeijer (2005) correction.
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Figure 1: Transformation of the payment system in the accepting and accessing coun-
tries over the analyzed period.
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Table 1: Resume of the notation for the accessing and the accepting countries.

Variable
ACCEPTING

COUNTRY

ACCESSING

COUNTRY

payment technology Kt kt
total cash consumption Mt mt

total non-cash consumption Et et
cuto¤ market index St st

parameter related to the monetary policy12 �(Rt) �(Rt)
marginal utility of wealth �t �t

net marginal productivity of capital A A

12In fact, whenever the two groups of countries share the same monetary policy �(Rt) = �(Rt):
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