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Abstract

This paper develops a model to explain the determinants of finan-
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It also accounts for the increasing presence of foreign (global) banks in
the local financial sector. Using a newly compiled data set on transi-
tion economies and employing a standard panel as well as a panel-VAR
methodology, which takes account of endogeneity of regressors, we find
that increasing access to foreign funds leads to higher credit euroiza-
tion, while it decreases deposit euroization. Interest rate differentials
matter for the euroization of both loans and deposits.
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1 Introduction

Why do households and firms in many countries borrow in foreign curren-
cies? Why do they hold deposits in foreign currencies? This paper addresses
these questions theoretically and empirically using a newly compiled data
set on transition economies, a region which has not been traditionally the
focus of the so-called “financial dollarization” literature. As noted in a re-
cent survey, this lack of attention by the literature is all the more surprising
given that the holdings of foreign currency denominated (mostly Euro) as-
sets and liabilities is indeed prevalent, and in some cases growing, among
the formerly planned economies (Levy-Yeyati (2006)). Moreover, high ex-
change rate exposure has been recently highlighted as a potential source of
macroeconomic and financial instability in a number of central and south-
east European economies (Winkler and Beck (2006), Standard and Poor’s -
RatingsDirect (2006)).

Most of the empirical literature analyzing financial dollarization or eu-
roization - defined as the holding by residents of a share of their assets
and/or liabilities denominated in foreign currency - has concentrated on the
determinants of either credit or deposit dollarization®, but typically not both
(e.g. Nicolo, Honohan, and Ize (2005)). This tendency occurs not only due
to the lack of data but also due to the characteristics of the main theoretical
models of financial dollarization developed by Ize and Levy-Yeyati (2003)
and Ize (2005). In such models uncovered interest rate parity implies that
in equilibrium depositors and borrowers choose the same currency compo-
sition, thus one can concentrate only on one side of the market. Therefore,
banks are mere intermediaries and equilibrium interest rates are fully deter-

mined by the interaction between borrowers and lenders.

Firstly, the result that credit and deposit euroization are always matched
is not broadly supported by our data. In transition economies the shares
of foreign currency loans and foreign currency deposits are often negatively
correlated (see Table 1).

While dollarization and euroization refer to the same economic phenomena and will
be used here interchangeably, euroization seems to be a more appropriate choice, given
that the Euro is the predominant foreign currency in the transition economies.



Secondly, market participants seem to believe that interest rate differ-
entials and, most importantly, the share of foreign-owned banks or global
banks played an important role in affecting the level of euroization. Sub-
sidiaries of foreign owned banks had an easier time borrowing abroad to fund
a substantial growth of domestic credit which - to keep the banks’ exposures
matched - was granted in foreign currencies. This process was motivated by
their attempt to capture market shares in yet undeveloped credit markets
which until recently were not only highly profitable but were also expected

to grow substantially in the medium term.?

Therefore, in explaining euroization it is important to explicitly account
for three key features: (i) the difference between euroization of credit and
deposits; (ii) the role of foreign-owned banks in driving foreign currency

lending; and (iii) the role of interest rate differentials.

We extend the Minimum Variance Portfolio approach of Ize and Levy-
Yeyati (2003), explicitly modelling how competition among banks and the
fact that banks have an open facility to accumulate foreign liabilities affect
local currency and foreign currency interest rate differentials. Introducing
imperfect competition in the banking sector and allowing the funding of
domestic credit with foreign liabilities results in a departure from the un-
covered interest rate parity. We are, therefore, able to address the common
argument that interest rate differentials between loans in foreign and local
currency are a factor behind credit euroization - an argument that has been

neglected in previous studies.

We then focus on the main contribution of the paper, building on the
insights from our theoretical model to empirically analyze the main deter-
minants of Financial Euroization using two different methodologies. Firstly,
we follow the literature and estimate a standard panel regression, although
our data set is monthly while in most cases a yearly data set is used. As
Levy-Yeyati (2006) points out, using lagged variables in the panel regression
can only mitigate the possible endogeneity of the main regressors, but does

not eliminate it. While commonly recognized, due to lack of instruments,

2For evidence of the importance of targets for future market shares for foreign-owned
banks active in the region such as ING and Raiffeisen see de Haas and Naaborg (2005).



this problem has not been effectively tackled by the literature®. In view of
that and the fact that we have a panel with a fairly long time dimension,

we also estimate a panel vector autoregressive regression (panel-VAR).

There are two main advantages in using a panel-VAR estimation. First,
all variables are considered endogenous, which may be a more adequate pro-
cedure when including interest rates. Second, we are able to obtain orthog-
onalized impulse response functions isolating the response of innovations to

the main variables on the levels of credit and deposit euroization.

The empirical evidence corroborates our hypothesis that increasing for-
eign presence coupled with the accumulation of foreign liabilities in the
banking sector is an important factor explaining euroization in transition
economies. We show that access to foreign funds increases credit euroiza-
tion but it decreases euroization of deposits thus increasing the currency
mismatches in the agents’ portfolios in these countries. A wider interest
rate differential on loans positively affects loan euroization, while an inter-
est rate differential on deposits has a negative effect on deposit euroization.
Our results confirm the relevance of the minimum variance portfolio theory
of dolarization put forward by Ize and Levy-Yeyati (2003). We also find that
higher degree of openness leads to higher corporate euroization but does not

impact household euroization.

Our paper is related to a number of contributions in the financial dollar-
ization (FD) literature. Our model follows both the contribution of Ize and
Levy-Yeyati (2003) and Jeanne (2003), departing to include a monopolistic
banking sector that can acquire funds from abroad. To our knowledge only
Catao and Terrones (2000) provide a theoretical model of FD focused on
the banking side. However, in their model FD is determined not only by
the interest rate set by the banks but mostly by the assumption that in-
vestors have different collateral capabilities. Therefore, despite its novelty,
the model does not allow one to isolate the impact of market and legal im-

perfections and banking activity on FD.

3Levy-Yeyati (2006) finds suitable instruments for some of the regressions and variables
presented, but he does not include interest rates.



The role of banks in driving foreign currency holdings has been addressed
empirically in transition economies only by Luca and Petrova (2003), who
concluded that banks, in attempting to match currency composition of their
assets and liabilities, drive credit euroization in these economies. Nicolo,
Honohan, and Ize (2005) and Ize and Levy-Yeyati (2003) also focus on the
determinants of foreign currency denominated holdings, confirming the min-
imum variance theory. Our empirical analysis advances on these contribu-
tions in a number of ways. Firstly, we include interest rates and a measure
of banking balance sheet structure, showing they are relevant to explain
euroization in transition economies. Secondly, we analyze both credit and
deposit euroization, finding that some variables have asymmetric effects on
each of them, explaining the negative inter-temporal correlation observed
in the data. Thirdly, we also employ a panel-VAR estimation that takes

account of endogeneity problems.

The remainder of the paper is organized as follows. Section 2 presents a
model of the currency choice while section 3 provides solutions and model
implications. An overview of the data and methodology is presented in

section 4, section 5 presents the estimation results and section 6 concludes.

2 Model

The economy is populated by an infinite number of banks i € [0, 1], two
representative households and a deposits and loans Dixit-Stiglitz CES “ag-

gregator”. We assume that all economic agents live for two periods.

2.1 Households

Households maximize utility given a stream of income choosing the amount
of deposits and loans in local and foreign currency (implicitly determining
consumption in each period). Both local and foreign currency denominated
assets are risky. While the return on the first one might fluctuate due to
inflation, the return on the second one will fluctuate due to changes in the

real exchange rate.



The two representative households differ in their discount factor. While
household H has a discount factor of B, household G has a discount factor
of Bg < Bm. Both households have identical endowments in both periods
(Y),* hence the relationship between the interest rate charged by banks
and their implicit interest rate (1/3;) determines whether the household

j = H, G decides to take a loan or make a deposit.

In equilibrium (formally stated below) the economies’ gross interest rates
will be between 1/5g and 1/(a. Note that due to imperfect competition in
the banking market there will be four interest rate indexes, two for deposits,
R; and R}, and two for loans, R; and R;. Asterisks are used to denote
foreign currency denomination. For a set of parameter values all four equi-
librium rates will be within that interval. Hence, the household with low
discount factor will find it better to borrow and consume more today and
the other will find it better to save and consume more tomorrow. That way,

a household that makes deposits (loans) does not take loans (deposits).

In period one households choose the demand for loans, the demand for
deposits® and the portfolio compositions, or the set (D, L, ag, «;), where
D = total deposits, L = total loans, g = portion of deposits in foreign
currency (deposit euroization) and «; = portion of loans in foreign currency
(loan euroization). In order to simplify the exposition and the solution of
the model each household is split into two units: (i) the investor and (i)

the fund manager.

The investor solves a certainty equivalent problem selecting D and L,
taking as given the expected average returns, defined as E[Ry] = (1—ay)Rg+
aq R for deposits and E[R]=(1-a)R + oy R} for loans, and the portfolio

‘Endowments, as consumption, total deposits and loans, are in real terms. This does
not affect the results of the model. Households may actually have unlimited access to an
exchange rate spot market in each period.

SThroughout the paper we state that households demand loans and deposits, consid-
ering that both are products that banks sell to households. However, deposit “demand”
is upward sloping as it represents a supply of funds.



allocations (ag, a;)®. The investor’s j = H, G problem is

g Y = DALY 5
(pry 1-1/o J

(Y + E[Ry)D — E[R)]L)}~V/°
1-1/o

The fund manager allocates the deposits (D) and loans (L) determined
by the investor into foreign currency denominated deposits and loans (d*, [*)
and local currency denominated deposits and loans (d,[) to maximize ex-

pected return and minimize the variance of the resulting portfolio, where

D = d+d, d=(1—-aq)D and d*=ayD
L = 1+0l", I=1-a)L and [*=qL

Hence, for deposits

max B[R] — g o, M)

The average return on deposits Ry is given by

R; = (l—ad)}éd—i—adﬁ*, where
Ry = Ra—px Rj=Rj+pus,

and p, and pg are the risk components due to inflation and real exchange
rate respectively by which the rate indexes need to be adjusted to get the
actual returns (éd,RZ) in period 2. These have zero mean, variances given
by Srx, Ss,s and covariance by Sy s. Finally, ¢ indicates the weight of the

variance term in the fund manager’s objective function.

The portfolio choice is therefore given by

RZ — Ry S7r77r + Sﬂ',S
g =
Q(Sﬂ',ﬂ' + SS,S + 2S7r,5) (Sﬂ’,ﬂ + SS,S + 2571',5)
R — Ry
= + A 2
4(Sex+ Ss5+2855) VT @)

5Note that the certainty equivalent assumption allow us to solve the investor problem
independently of the portfolio composition decision. Hence, the variance of the return does
not affect the total deposit and loan decisions (no precautionary motive). Combining both
decisions would increase the complexity of the model without significantly changing the
results.



where, as in Ize and Levy-Yeyati (2003), Ayvp affects euroization posi-

tively and is defined as

S7r,7r + Sﬂ',S
Sﬂ,ﬂ' + SS,S + QSW,S)

Auvp = (

The loans decision problem is similar to (1), though now fund managers
minimize the expected payment and the variance. The loans portfolio choice
is therefore given by

Ry — R}

pu— A . 3
al Q(Sﬂ,w + SS,S + 25755) T Awve ( )

The equations determining the portfolio choice are the same as in Ize
and Levy-Yeyati (2003). However, in their case ag = a; = Ayvp as they
assume UIP holds. In our case banks choose interest rates such that house-
holds find it optimal to increase q; if loan differential (R; — R;) increases

and to decrease oy if deposit differential (Ry — R};) increases.

2.2 Deposits and Loans Aggregator

The introduction of a deposits and loans aggregator allow us to incorpo-
rate monopolistic competition in the banking sector. The aggregator sells
CES deposit and loan indexes to households and buys individual banks’
deposits and loans from each bank in order to minimize the cost for loans
and maximize the gains for deposits. We assume perfect competition so the
aggregator makes no profits. As it is standard with Dixit-Stiglitz CES in-
dexes, we can derive the individual banks deposits and loans demands and

the respective interest rate indexes:
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Where rd;, rl;, rd; and rl} are bank ¢’s local and foreign currency de-

posit and loan rates, and d;, [;, di and [ are the demand for bank i’s local
and foreign currency deposits and loans for i € [0,1]. Rg, R;, R} and R;

are the respective interest rate indexes, introduced in the household problem.

2.3 Banks

Each bank ¢ chooses deposit and loan interest rates for foreign and local
currency (rd;,rl},rd;,rl;) to maximize its expected second period profits
and its loan market shares given the demands for loans and deposits. Al-
though we do not model why banks exist and where they derive their market
power from, banks may be providing liquidity and hence reducing the cost
of credit ((Freixas, Parigi, and Rochet 2000)). The assumption that banks
have market power is also supported by empirical evidence ((Simons and
Stavins 1998)).

Banks start with an amount of funds (F'), comprised of the banks’ capital
and its foreign liabilities, of which some are denominated in foreign currency
and some in local currency. Banks can use F' to offset loans, hence we do
not force the market of loans and deposits to match but allow banks to use
these funds to close the gap. The parameter ¢ indicates the portion of funds

that are denominated in foreign currency.

Banks are assumed to have balanced currency positions thus loans must



be equal to funds plus deposits for each currency. Given prudential regu-
lations limiting the net open foreign exchange positions this assumption is

not unreasonable.

Bank 7 solves the following problem”:

max E

li—1)1; Ir— 1) — (rd; — 1) d;
{rls,rl} rd;,rd}} (T ) + (T ) (T )

i Iz
— (Td;k — 1)d;k +y <l + li)

subject to demand functions (4) and (5) and

i = di+(1-¢)F (9)
P = df 4 ¢F (10)

where 7 reflects how much the bank cares about loan shares. We include loan
market shares in the banks’ objective function for two main reasons. Firstly,
as shown by de Haas and Naaborg (2005), foreign banks do set targets for
future market share for their subsidiaries in transition economies. Secondly,
given that we solve a two period model, loan market shares serve as a proxy
for future profits. Alternatively one could solve an infinite period model,
assuming banks maximize the future stream of profits. However, that would
increase the complexity of the problem. In any case, the main qualitative
results of our model do not change if loan market shares are dropped from

the banks’ objective function.

The first order condition of the bank problem, incorporating the equilib-
rium conditions (individual bank rates are equal to rate indexes, explained
below) are: (9), (10) and

v0 — L(1 — o) (Ra(14+0)+ Ri(1—0)) =0

70 — Log(R(1+60) + Rf(1—0)) =0

"The second period realization of individual bank rates have the same risk components
defined in the household problem, pr and ps (e.g. rl; = E[rl;] — ux). As banks are risk
neutral and these have zero mean, they do not affect bank i’s problem.

10



2.4 Equilibrium

The equilibrium is defined as a set of individual banks’ interest rates

{rd;,rd}, rl;, v} }1_,, interest rate indexes { Ry, R}, Ry, R} and loan and de-
posit demands {d, d*,[,1*} such that given interest rates, aggregate demand
solves the households’ problem, given aggregate demand and interest rate

*
(2

all 7 € [0,1] and the interest rate indexes (6) and (7) hold. As all banks are

equal this last conditions in fact imply that bank rates and rate indexes are

indexes, the set {rd;,rd},rl;,rl}} maximizes bank i objective function for

equal.

3 Model Solution and Main Implications

Given the assumption on the functional form of the utility function of the
household our model exhibits non-linearities that prevents us from solving
it analytically. Hence, in order to obtain its main predictions we assume
the following parameter values®. We set By = 0.99 and B3¢ = 0.65. These
discount factors are chosen to allow for a wider range of specifications for
other parameters of the model for which the equilibrium rates are still within
the range [1/8m,1/8¢]. Income (Y') equals 10 and o = 0.175 making sure
that loan and deposit demands are sensitive enough to interest rate changes.
The model is solved for different values of F' (smaller than 0.06), § = 35 and
~ = 0.00005, which, given the other parameters, ensure the funds are never
greater than 70% of total of deposits and banking spreads are around 7%

(average in our sample). Finally, we assume that A\ysvp = 0.5°.

Given that there has been a strong increase in foreign bank ownership
ratios (both in number of banks and percentage of assets) coupled with
raises in foreign liabilities in transition economies in the last ten years the
main question to be analyzed with the model is how financial euroization is
impacted by increases in the ratio of foreign denominated funds (¢) together

with an overall increase in total funds F.

Figure 1 shows the result of changing the amount of funds and the pro-

portion of funds in foreign currency for loans and deposits euroization. When

8The main predictions of the model are robust across different parameterizations.
Where Sy » + Ss,5 + 2S5 = 0.1 and Sy » + Sx.5 = 0.05.

11



both variables are increasing (top right corner of Figure 1(a) and 1(b)) the
foreign currency loans share (o) increases and the foreign currency deposits
share actually decreases. If initial funds are high, banks have more leverage
resulting in more sensitivity on foreign currency shares given a change in ¢

(higher inclination for higher values of F').
[Insert figure 1: Loans and Deposits Foreign Currency Share]

The fact that deposit euroization is negatively affected by an increase in
¢ might seem surprising at first. However, this can be explained by the way
banks are managing total funds (deposits plus F'). If funds (F') are more
concentrated in foreign currency (¢ increases) banks find it optimal to offer
better rates on foreign loans, attracting more demand for these loans from
households. Households, therefore, decide to shift their portfolio towards
foreign currency loans but due to risk aversion still want some local cur-
rency denominated loans. As a result, banks need a source of local currency
funds and offer better deposit rates for domestic currency deposits, which,
in turn leads to a shift towards local currency in the households’ deposit
portfolio. Hence, the main implication from an increase in the proportion
of funds in foreign currency is that loan euroization should increase while

deposit euroization should decrease.

Note that when ¢ = 0.5, banks have no “preference” between foreign
and local currency loans and deposits, thus By = R} and R; = R}, which
implies ag = oy = Ayvp = 0.5. Our model, therefore, nests the MV P
framework of Ize and Levy-Yeyati (2003).

Given that we obtain equilibrium rates for all the markets we can also
calculate interest rate differentials (local currency minus foreign currency

rates) for loans and deposits for foreign and local currency.

Interest rate differentials increase as ¢ and F' increase. Hence, there is
a positive co-movement between loan differential and loan euroization and
a negative co-movement between deposit differential and euroization. This
is consistent with the bank’s fund management reasoning. As banks make

foreign currency loans and local currency deposits more attractive both dif-

12



ferentials increase (local currency loan and deposits rates increase while for-
eign currency rates decrease). This induces households to take more foreign
currency loans and make less foreign currency deposits. Note that the rela-
tionship between interest rate differentials and euroizations is easily verified
by looking at the fund manager’s first order conditions (equations (2) and
(3)), since households will only deviate from the Aysvp if the differentials

move.

Therefore, our model shows that as the proportion of foreign liabilities in
the banking sector denominated in foreign currency increases interest rate
differentials move such that loan euroization increases and deposit euroiza-
tion decreases. These implications are very robust across different parameter

specifications and across two different extensions to our basic framework!?.

In the first extension we have also included risk neutral firms that make
loans to finance investment opportunities. Corporate loan euroization moves
in the same fashion as household loan euroization. The only additional im-
plication is that the level of openness of the economy has a positive impact
on firm loan euroization. Based on that we can extend the model implica-

tions to analyze corporate euroization as well.

In the second extension we have allowed banks to select the amount of
foreign liabilities they decide to borrow from abroad given a foreign currency
external borrowing rate R*, endogeneising foreign denominated funds. We
find that the lower the interest rate R*, the higher the proportion of foreign
currency denominate funds, which leads to higher loan euroization and lower
deposit euroization, confirming the results of the basic model. The impor-
tance of this extension is twofold: (i) it ensures the assumption of exogenous
funds is not driving the results, leading to a model close to a general equi-
librium small open economy model and (ii) allows us to theoretically link
foreign bank ownership to euroization movements. Higher the proportion
of foreign owned banks in the domestic banking sector implies lower foreign
currency borrowing rates (R*), since these banks would have the facility to

borrow directly from their parent banks. Hence, higher foreign bank pene-

10The detail results of these model extensions are presented in a technical appendix
available from the authors upon request.
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tration results in a higher share of funds denominated in foreign currency,

¢. This link is also supported by our data (see section 4).

Note that Ize and Levy-Yeyati (2003) also point out that net foreign
liabilities may have a negative impact on deposit euroization based on the
ad-hoc assumption that loan and deposit differential remain equal. However,
the framework here explicitly models the banking sector and the interest rate
setting decision, obtaining the result based on the assumption that banks
actively manage their funds. We also emphasize the link between the level
of net foreign liabilities in the banking sector and the ownership structure

of the banking sector in emerging economies.

4 Data and Methodology

4.1 Data

Our analysis is based on a unique monthly data set compiled mostly from
national central banks for the panel of 24 transition economies. In line
with the variables included in our theoretical model and suggested by the
literature we collected data for credit and deposits denominated in foreign
and domestic currency, and their respective interest rates. For the majority
of the countries in our sample we can distinguish between individuals and

firms, long term and short term financial euroization.

The time series available are of varying length resulting in an unbalanced
panel. For some of the countries (Bosnia and Herzegovina, Serbia and Mon-
tenegro) no interest rate data is available or it is available only for loans but
not for deposits (Russia). After examining our data set we decided to use
data from January 2000 onwards to avoid the problem of dealing with the

effects of the Russian crisis.

We construct a measure of the share of foreign loans taking a ratio of

foreign currency denominated and total domestic credit. We calculate this

tll

ratio for overall credit'’, individuals and nonfinancial corporations (NFC).

1This measure refers to households and firms only. In some countries, however, a
broader measure was used, as it was not possible to exclude government and financial
institutions from domestic credit.

14



The share of foreign currency denominated deposits is constructed in the

same fashion!2.

Table 2 shows our loan and deposit euroization data per country. As can
be immediately seen, loan and deposit euroization are not exactly two sides
of the same coin. There are countries in our sample that have loan euroiza-
tion being higher than deposit euroization and vice versa. It is also apparent
that household loan euroization is lower compared to firm euroization. This
seems to be true for all the countries except of Croatia and Latvia. Deposit
euroization, though being higher for households in general, is very much
country specific. Long term loan euroization is prevailing, while there is
no clear distinction between short term and long term deposit euroization

(short term being defined as less than one year).

[Insert table 1 - Loan and deposit euroization across countries
(total, individual/nonfinancial corporate, short term/long term,
2000-2006]

To verify the implications of our theoretical model we calculate interest
rate differentials for loans and deposits (ir_dif_d and ir_dif_l), defining the
differential as foreign currency interest rate minus the domestic currency

interest rate!s.

Our model suggests that euroization is also determined by Apryyp. While
the minimum variance portfolio rationale may be true, it relies on obtaining
forward looking variances of inflation and change in the real exchange rate.
As these are not observed, the most common alternative is to use histor-
ical information to calculate variances. This practice, however, introduces
mismeasurement of Ay p, which may lead to wrong inference and even re-

jection of the theory. One possible alternative is to estimate the variances

12 A1l these measures are constructed using stock variables if available. For countries
where stock variables are not available, new business loans and deposits are used (e.g.
Albania)

13In constructing this measure one year interest rates on the stock values are used if
available. If not available longer maturity or new business measures are used. In case
aggregate rates are not available, interest rates on loans and deposits by NFCs are used as
proxies. For a few countries in the sample it is possible to distinguish between differentials
faced by households and NFCs.

15



over the whole sample period, but this would introduce lookahead bias and
make it impossible to account for unobserved heterogeneity in our empirical
analysis. Thus, as a compromise, we estimate Ap;yyp based on all historical

information up to the observation point!?.

A number of countries in the region have exchange rate regimes refer-
enced to the euro. Additionally, the proportion of foreign currency loans or
deposits denominated in euro, for the countries where the currency split is
available, is quite significant. Hence, our focus is on the euro/local currency
exchange rate, which is only available since 1999. However, not accounting
for pre 1999 exchange rate variability risks losing information that agents
may take into account when forming expectations about future exchange
rate variability. Therefore, we are faced with the challenge of choosing the
relevant exchange rate for the pre 1999 period. For this period we esti-
mate the variance of the change in the real exchange rate using either the
US dollar exchange rate (lambda_mue) or the Deutsche Mark exchange rate
(lambda_mde). Regression results using both variables are quite similar thus

we report only the ones when lambda_mue was included.

Note that for currency board countries the variability of real exchange
rate is directly linked to the variability of inflation, thus if a currency board
is fully credible, Aprvp is theoretically undefined. In other words, there
would be no difference between local currency and foreign currency denom-
inated assets. However, as the observed returns are in fact different these
assets are not the same. Hence, one must decide how to estimate Ay/yp
for currency board countries. In what follows we calculate Apsyp as for
the other countries relying on the small deviations of exchange rate due to

transaction costs and/or bid/ask spread movements.

One of the implications of our model is that increasing ¢ (proportion
of foreign currency denominated funds) leads to increasing loan euroization

and decreasing deposit euroization. To test this hypothesis we construct an

Various other possibilities were investigated, estimating Aa;vp over various moving
window length (1 year, 2 years, etc.). After careful investigation it appeared that moving
window methodology “forgets” periods of high variability and results in very volatile
estimates of \ypvp.
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empirical counterpart of ¢ taking the ratio of foreign liabilities'® of banks
as a share of total funds net of deposits (i.e. foreign liabilities 4+ capital).
Implicit is the assumption that all foreign liabilities are denominated in for-
eign currency, which is the case for transition economies. Since no consistent
measure of total bank capital is available we proxy it by assuming that the
actual capital adequacy ratio of the banking system in each country is bind-
ing. It has to be noted that regulatory capital may differ from accounting

capital. The constructed variable is defined as:

foreign liabilities

ratio =
foreign liabilities + total assets x CAR

where C'AR is the actual capital adequacy ratio of the banking system as
reported by Barth, Caprio, and Levine (2004) and the accompanying data
set provided by the World Bank!®.

While presenting our theoretical model we linked access to foreign funds
to the level of foreign bank penetration in the domestic banking local sys-
tem. The European Bank for Reconstruction and Development (EBRD)
publishes two indexes of foreign bank penetration, one measuring the per-
centage of foreign ownership of total assets and one measuring the number of
foreign owned banks. These are provided only yearly, and hence cannot be
directly used in our empirical analysis. Nonetheless, we found a strong pos-
itive correlation between the level of foreign liabilities in the banking sector
and both measures of foreign bank penetration for almost all the countries

in our sample.'”

As regards to the correlation between ratio and foreign bank penetra-
tion we found it positive for some countries and negative for others. On
one hand, as foreign banks enter into the local financial system, through

privatization or greenfield direct investments, total capital in the banking

15Note that all banks and bank-like institutions resident in a country are covered by
the banking sector survey used to measure foreign liabilities. Specifically, “a subsidiary
unit of a non-resident principal is regarded resident of the economy in which its operations
are carried out” (International Monetary Fund (1984)), thus the mode of entry of foreign
banks (subsidiaries versus branches) do not affect the foreign liabilities measure.

16 Accessible at http://www.worldbank.org/research/projects/bank_regulation.htm.

7The technical appendix provides a more detail data analysis including these correla-
tions.
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sector increases leading to an overall improvement of the banking system
and a decrease in ratio. On the other hand, foreign bank ownership leads to
higher levels of foreign liabilities, which in turn increases ratio. Therefore,
the variable ratio captures both effects of foreign bank penetration, higher

levels of foreign liabilities and higher capitalization of the banking sector.

In order to incorporate a measure of competitiveness and market struc-
ture we calculate interest rate spreads in local and foreign currency (spread_lc
and spread_fc). We define spreads as the difference between the loan and
deposit rates in each currency. As suggested by Barajas and Morales (2003)
we also control for different exchange rate regimes by using a central bank
intervention index (interv) that compares the variabilities of international
reserves relative to broad money and the exchange rate. According to this
index a country with low (high) variability in exchange rate and high (low)
variability in international reserves is said to have a de facto pegged (float-

ing) exchange rate regime.

The degree of openness of an economy is important to explain firm loan
euroization. Besides that, it is important to control for real euroization,
which can be proxied by the openness of the economy. Hence, we also
include openness, computed as the ratio of total imports and exports to
quarterly GDP (open = Wg’%), as an explanatory variable. Finally, we
control for different levels of credit market development including a market
depth variable (depth), which is calculated as a ratio of domestic credit
to GDP. These three macro control variables (interv, open and depth) are

smoothed taking the moving average over 12 months.

4.2 Methodology
Based on the existing literature and the implications of our theoretical model
we start our empirical analysis by estimating the following model:

share;; = Biratioy + Bais + Bair_dif; + dcontroly + ¢; + e (11)

Where share stands for euroization (loans or deposits), ratio is the pro-
portion of foreign currency denominated funds (as defined above, and which
aims to capture foreign bank penetration) and ir_dif stands for the inter-

est differentials (loans and deposits). Finally, control comprise a vector
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of variables including interest rate spreads (local currency and foreign cur-
rency) and the following macroeconomic controls: openness of the economy,
exchange rate regime, and financial depth. After examination (Hausman
specification test) fixed effects are included to control for unobserved het-

erogeneity.

Equation 11 is estimated via FGLS with panel heteroscedasticity and
panel specific autocorrelation. Modified Wald test for groupwise heteroscedas-
ticity rejects the null of 02 = 0 and partial autocorrelation function of the

error term dies out quickly justifying AR1 structure for the error term.

Two specifications of equation 11 are considered. One specification has
the levels of euroization as dependent variables and the other has the change
in euroization as a dependent variable. As our variables for FD are calcu-
lated using stock measures they cannot capture well the changes in the
euroization of the new loans and deposits. Since the measures of new busi-
ness activity are not available we proxy it by looking at the changes in the
stock variables. Finally, for each specification we run two main regressions,
one including all countries in the sample and one excluding currency board

countries.

Following the literature on financial euroization, moving averages or
lagged variables (e.g. for interest rate differentials and spread) were em-
ployed in an effort to mitigate endogeneity problems. However, due to the
persistency observed in the stock of deposits and loans we can not ensure
endogeneity is not present in our estimation (see Levy-Yeyati (2006) for a

more detail discussion).

In order to account for possible endogeneity we also employ a panel-data
vector autoregression methodology following Love and Zicchino (2006). This
technique combines the traditional VAR approach, treating all variables
as endogenous, with a panel data approach, which allows for unobserved
country heterogeneity. The first order panel-VAR model is given by:

Ty = QTy—1 + ¢ + e (12)
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where z;; is a vector of variables containing {\;;, ratio;, ir_di fi, shareit}lg.
The model includes country fixed effects (¢;). These are eliminated before
estimation by using a forward mean-differencing also referenced as “Helmert
procedure”. As discussed in Love and Zicchino (2006), this transformation
allows the use of lagged regressors as instruments and the estimation of the
coefficients by system GMM (see Arellano and Bover (1995) for detail).

We are interested in both the matrix of coefficients {2, and the impulse re-
sponse functions that describe the reaction of one variable to innovations in
another variable in the system, while holding other shocks equal to zero. We
adopt a Choleski decomposition of the variance-covariance matrix of resid-
uals to ensure the necessary orthogonality to obtain these responses. That
way the ordering of the variables in the vector x;; is important since it de-
termines if an innovation to a variable has a contemporaneous effect or only
a lagged effect on the other variables (see Hamilton, J. D. (1994) for detail).

Based on our specification \;; is only affected by the other variables with
a delay. This assumption is justified since A\; represents the trade-off be-
tween the past volatility of exchange rates and inflation. We assume that
ratio; affects ir_dif;; contemporaneously, but ir_dif;; only affects ratio;
with a lag. The main reasoning supporting this assumption is that it is
more likely that banks would face greater delays in adjusting the ratio be-
tween total capital and the level of foreign liabilities (FL) than in adjusting

their interest rates.

Finally, share;;, our variable of interest, is affect by the other three vari-
ables contemporaneously since it is likely that an orthogonal shock on agents
preference towards foreign currency denominated assets/liabilities will only
affect exchange rate, inflation, bank’s optimal capital/FL ratio condition
with a lag. Nonetheless, we find that altering the order of variables may af-
fect the quantitative results but the main qualitative results are unchanged.

A further discussion is provided in the sensitivity analysis section.

Note that the Panel-VAR model used here is similar to the panel model

18We have not included control variables keeping the model as parsimonious as possible
due to the increased number of regressors when we run a VAR of higher order.
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in Attanasio, Picci, and Scorcu (2000). They estimate a dynamic model
linking two variables but running each equation separately, focusing on ob-
taining its coefficients (translating to our model, the matrix 2). However,
we are also interested in the impulse response functions in order to analyze
the outcome of an innovation on ratio, being able to test the implications of
our theoretical model. In order to do so we need to allow for a non-diagonal
variance-covariance matrix of residuals, making the panel-VAR model esti-
mation used in Love and Zicchino (2006) a more adequate estimation pro-

cedure.

5 Estimation results

5.1 Standard Panel Regression

The main estimation results for the panel regressions are reported in tables 2
and 3. Table 2 reports regression results with the levels of euroization as de-
pendent variable, while table 3 reports regression results with the change in
euroization as a dependent variable. Results reported in columns 1 through
6 correspond to the regression for which all countries in the sample were
included while columns 7 through 12 correspond to the regressions with-
out currency board countries. In the odd columns of the tables we report
estimation results where the dependent variable is loan euroization, while
in the even columns we report results for deposit euroization. Estimations
are carried out for total (columns 1-2 and 7-8), individual (columns 3-4 and

9-10), and nonfinancial corporate euroization (columns 5-6 and 11-12).

The hypothesis that we are looking to test and is endorsed by our model
implications is that foreign banks, given their access to funds from their par-
ent banks, accumulate foreign liabilities attempting to gain credit market
share. This leads to movements in interest rate differentials that drive loan
and deposit euroization together with the trade off between inflation and

real exchange rate variances (Aysyv p).

Estimation results confirm the theoretical argumentation of Ize and Levy-
Yeyati (2003), incorporated into our model, that the level of euroization is

increasing with the increase in Ap;yp. Given that we used as much data to
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estimate lambda_mue as it was available, this variable is quite persistent.
That implies it is not only able to explain the changes in euroization but

also the level for both individuals and firms.

It must be noted, though, that the coefficient on the regression on level
appears to be negative for household and firm loan euroization (but not for
total) when the currency board countries are included in the sample (Table
2 columns 3, 5). This artifact disappears if the currency board countries
are dropped from the sample. As discussed above, theoretically, Ay p is
not defined for currency board countries. It may be argued that Ap;vp
should be dropped in case currency board countries are included, but then
the model is misspecified with respect to non currency board countries. We
also performed regressions with currency board countries excluding Ay p

(not reported here). The qualitative results were unaltered.

The second main variable that determines euroization is our model is
interest rate differentials. Estimation with the change in euroization as a
dependent variable yields consistent results for all the specifications. The
interest rate differential on loans has a positive effect on loan euroization,
while the interest rate differential on deposits has a negative effect on deposit
euroization. This is in line with the predictions of the model and appears

to be the case for households and firms.

Although the empirical result support our theoretical implications there
could be other factors driving interest differentials, and therefore influenc-
ing the currency choice. However, a traditional explanation for interest rate
differentials, namely country/risk premiums, can not explain the empirical
results obtained. If a higher loan and deposit interest rate differential is
explained by a higher risk premium we should observe an increase in de-
posit euroization and a decrease loan euroization. That implies an opposite

movement than the one observed in the empirical analysis.

Interest rate differentials have little explanatory power on the level of eu-
roization. The level of euroization used in our estimation is calculated from
the stock variables, which naturally responds less to interest rate differen-

tials. Therefore, it is expected that interest rate differentials have stronger
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explanatory power on new businesses than on stock variables.

In order to capture the level effect of interest rate differentials being
created by banks in search for greater market share throughout our sample
period we turn to the analysis of the impact of ratio (¢) on euroization.
As predicted by the model, the share of funds in foreign currency (ratio)
has a positive impact on loan euroization and a negative impact on deposit
euroization. This result is very robust across specifications. This is in line
with the view that increased foreign bank presence in the region, by allowing
banks to have greater access to foreign funds, has contributed to loan eu-
roization. Consistent with our model, access to foreign funds leads to lower

deposit euroization.

Note that ceteris paribus one might expect that as total foreign liabili-
ties increase, total loans in foreign currency will also increase reflecting an
accounting identity of the bank’s balance sheet. However, unless banks are
using their parent banks’ source of funds to increase market share (chasing
the loan market) as our model predicts one would not observe the decrease
in deposit euroization as indicated by our theoretical and empirical results.
Moreover, the significance of the estimation results for the banking spread

and credit market depth also lend support to our conclusions.

As it was observed with interest rate differentials, banking spreads ap-
pear to have higher explanatory power in the regressions with the change
in euroization as the dependent variable. We find that a higher local cur-
rency spread decreases loan and deposit euroization,while as foreign currency
spreads increase loan and deposit euroization also increase. This result can
be rationalized by the fact that in these economies bank market power is
comparatively high and banks are increasingly doing business in the cur-
rency with higher return, providing further evidence that banks are driving
agent’s currency choice. Luca and Petrova (2003) also provide evidence that
banks and not firms are more important in the determination of euroization

levels.

The signs of credit market depth (depth) coefficient seem to match with

the signs of the coefficients of the ratio variable (positive for loans and neg-
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ative for deposits). That leads us to conclude that domestic credit growth
in transitional economies is mostly driven by the influx of foreign funds
(through the increase in foreign liabilities), once again supporting the view
that increased foreign bank presence in the region, and the consequent in-
crease in foreign funds, has driven the currency denomination of loans and

deposits.

Two additional results contrast with the conclusions obtained by impor-

tant contributions to the empirical literature and should be highlighted.

Levy-Yeyati (2006) shows that there is a highly significant and nega-
tive correlation between financial depth and deposit euroization. He then
uses this result to conclude that there seems to be little empirical evidence
that dollarized countries are compensated with the benefit of more liquid
domestic financial markets. On the other hand, our results provide an expla-
nation for this negative correlation and moreover show that the correlation
between loan euroization and financial depth is significant and positive, thus
providing empirical evidence in favor of the hypothesis that euroization and
financial deepening may be strongly linked. This also reinforces the impor-
tance to look at both deposits and loan euroization to analyze the effects of

asset substitution.

The results presented in Ize and Levy-Yeyati (2003) and Nicolo, Hono-
han, and Ize (2005) indicate that real dollarization, proxied by the level
of openness, is not significant in explaining total financial dollarization.
Our analysis, on the other hand, provides support to the real dollarization
paradigm. Openness has a positive impact on corporate loan and deposit
euroization with and without currency board countries. Given that we esti-
mate euroization for household and firms separately we are able to identify
that a country’s openness to the international economy is contributing to
corporate but not to household financial euroization. Therefore, the re-
jection of the openness hypothesis obtained in the other studies is related

to the fact that they have focused on total euroization only in their analysis.

[Insert tables 2 and 3]
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5.2 Panel-VAR Regression

The Panel-VAR estimation assumes all variable are endogenous. Its results,
therefore, can shed some light on the possibility that endogeneity problems
in the standard panel estimation is driving our results. Moreover, given
that we can incorporate innovations to our main variables we will be able
to match the process of increased foreign bank ownership as an exogenous
shock to the level of foreign liabilities in the banking sector, or analyze the
impact of an exogenous shock to ratio. The estimation results are presented
in Table 4, Figures 2 and 3. Table 4 shows the estimation results for total
loan and deposit euroization. Reported numbers are the coefficients of re-
gressing the row variable on the column variables. Figure 2 and 3 present
the impulse responses of loan and deposit euroization, respectively, to shocks
to the other three variables of our VAR. Following Love and Zicchino (2006)
we also present the impulse responses 5% and 95% confidence intervals using

Monte Carlo simulations.

The estimated coefficients of the Panel-VAR model of loan euroization
confirm the results obtained in the standard panel estimation. ratio, Apsyp
and interest rate differential all contribute positively to loan euroization, al-
though for the last two the standard deviation of the estimates is too high.
In the case of deposit euroization, Ay p contributes positively while in-
terest rate differential negatively, confirming the implications of the model.
Note that based on the theoretical model an increase in ratio should impact
positively both deposit and loan interest rate differentials. This is supported
by the estimation results of the interest rate differential equations (second
and fifth rows in table 4).

[Insert table 4 here]

The impulse response functions are also in line with the implications of
the theoretical model. An exogenous shock to Ayryyp contributes positively
to both deposit and loan euroization, while a ratio and interest rate dif-
ferential shock contribute positively to loan euroization and negatively to

19

deposit euroization™. Deposit and loan interest rate differentials increase

9We also run a Panel-VAR with the change in euroization, in addition to A, ratio;; and
ir_dif;t. Confirming the results obtained in the previous section, shocks to interest rate

25



after an exogenous shock to ratio (impulse response not reported here?’)

[Insert figures 2 and 3 here]

Levy-Yeyati (2006) and Ize and Levy-Yeyati (2003) point out that Apvp
measures the exchange rate pass-through in an economy. Therefore, one
might expect that an economy that has a big portion of assets and liabilities
denominated in foreign currency may have a higher degree of pass-through.
Following this argument, not only Ap;vp explains euroization but euroiza-
tion might explain Ajryp. While employing a standard panel as ours or
the one used by Levy-Yeyati (2006) this possibility cannot be investigated,
using the orthogonal impulses responses we can. As mentioned above, on
the one hand we find that an innovation on Ay p implies an increase in
both deposit and loan euroization, confirming the minimum variance port-
folio theory. On the other hand, an innovation on loan euroization has little
impact on Ay p, while an innovation to deposit dollarization has a negative
effect on A\pryp (see figure 4). Hence, the reverse causality is not supported
by the data.

[Insert figure 4 here]

5.3 Sensitivity analysis
5.3.1 Standard Panel Estimation

We test the robustness of our results in a number of different ways 2!. First,
we used two different measures of A\yvp (lambda_mue and lambda_mde),
and results are robust across these two measures. Second, we estimated the
model with and without the currency board countries, which produced very

similar results with the only exception of Ayryp.

Thirdly, because of better small sample properties we reestimate all of
specifications of the model via OLS with heteroscedasticity and autocorre-

lation robust errors. The main qualitative results do not change.

differential impact positively on the change in loan euroization and negative on deposit
euroization (see technical appendix for detail).

20All impulse responses are presented in a technical appendix available from the authors
upon request

2IThe regression results are all reported in the technical appendix available from the
authors upon request.
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Fourthly, we re-estimate the empirical model for total euroization of de-
posits and loans (column 1 and 2 in Tables 3 and 4) dropping one country at
the time from the sample. None of the estimated parameters reverse signs,

although some loose significance, while others gain.

In all the regressions lagged values for spread and ir_dif are used. The

same results are obtained when regressing on the contemporaneous variables.

5.3.2 Panel-VAR Estimation

The robustness of the panel-VAR results are verified in two ways?2. Firstly,
we have altered the order of the variables in the vector z;;, running the
estimation with the following order {share;;, ratio, ir_difi, Ait}, implying
that euroization can only be impacted by the other variables with a lag.
Loan euroization still increases after a shock to ratio, interest rate differen-
tial and A. Deposit euroization increases after a A\, decreases after a interest
rate differential shock, but remains close to zero after a ratio shock. There-

fore, the results are not driven by the identification assumption adopted.

In order to verify if the positive interest rate differential response to ratio
is influenced by the identification assumption, we also estimate the model
with the following order {share;, ir_dify, ratioy, Ay}, assuming interest
rate differential is only impacted by ratio with a lag. The positive responses

are still observed.

Finnaly, we have increased the number of lags in the panel-VAR. The
impulse response analysis remain unchanged. We have also tested if the
error terms of each VAR equation is white noise. For a few countries that

is not the case but increasing the lags does not correct the problem.

6 Conclusions

We extend the Minimum Variance Portfolio model of Financial Dollariza-
tion to highlight that the existence of a banking sector with an easy access

to foreign funds has an asymmetric effect on the share of loans and deposits

22Details of the estimation and tests are reported in the technical appendix
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in foreign currency. We show how access to foreign funds leads to a depar-
ture from uncovered interest rate parity. While the banking sector is bound
by the currency mismatch regulation such constraint does not apply to the
currency composition of the depositors’ or creditors’ portfolios. Our con-
tribution is in showing that access to foreign funds is the channel through
which foreign bank presence in transition economies affects financial euroiza-

tion.

The implications of the model are strongly supported by a newly com-
piled data set on transition economies. Our data and analysis indicate that
euroization of deposits and its determinants is not generally matched by the
euroization of credit indicating the need to focus on both sides of the market

in theoretical and empirical studies.

The richness of our data set, split by households and firms as well as
long term and short term, allows us to explore financial euroization in great
detail. We observe that household credit euroization is lower compared to
corporate euroization, which might be comforting knowing that households
usually have less hedging capabilities. An important distinction between
households and firms is that a country’s openness to the international econ-
omy is contributing to corporate but not to household financial euroization,
supporting the real euroization paradigm. Note that the explanatory power
of our model is generally lower for household vis-a-vis total and corporate
euroization. Hence, there are important determinants of household euroiza-
tion that are not captured in our analysis. We believe that the level of
remittances, which were not included in our analysis due to lack of data,

could be one of these factors.

Our analysis nests the minimum variance portfolio framework. In line
with previous studies, the trade off between inflation and real exchange rate
variability is found to be a significant factor explaining financial euroiza-
tion. Moreover, using the panel-VAR analysis we are able to confirm that
the possible reverse causality between the level of euroization and the min-
imum variance portfolio, raised by Levy-Yeyati (2006), is not observed in

the data, giving further support to the theory.
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If uncovered interest rate parity holds then any interest rate differential
that is observed on domestic and foreign currency denominated assets should
be explained by an expected depreciation or appreciation of the currency.
Thus, interest rate differentials should not affect the currency composition

of loans and deposits.

In contrast with the literature we allow for uncovered interest rate parity
not to hold necessarily, hence the interest rate differential can play a part.
Confirming the implications of the model, our empirical results show that a
higher interest rate differential on loans increases credit euroization. On the
other hand, deposit euroization decreases when the interest rate differential

on deposits increases. Hence, interest rate differentials matter.

One of the main features of transition economies is the increasing pres-
ence of foreign banks and the consequent influx of foreign funds. According
to our model, as well as the empirical results, access to foreign funds in-
creases credit euroization although it decreases euroization of deposits. In-
creasing currency mismatch in the agent’s portfolios leads to higher credit
risk (due to exchange risk) and a more fragile financial system. Thus the
results presented here have important policy implications. De-euroization
of credit and greater financial stability could be achieved by implementing
controls on the currency composition of the net foreign liabilities in the
banking sector. Clearly, such policy will have important costs as well given
that the expansion of the credit market in these countries have been based

on a sharp increase in foreign liabilities.
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Figure 1: Loans and Deposits Foreign Currency Shares
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Table 4: Panel-VAR: Financial euroization estimation results

Loan euroization

At —1) ratio(t — 1) irdif 1(t—1)

A(#) 1.04 (34.02)¥**  -0.0017 (-0.17)  -0.0003 (-2.33)
ratio(t) 0.016 (0.38)  0.89 (38.21)%**  0.0003 (1.04)

irdif 1(t)  -4.35 ((1.02)  4.37 (2.13)%F  0.60 (14.44)%**

l_share_tot(t) 0.07 (1.34) 0.074 (2.03)** 0.0006 (0.99)
N obs: 907

[_share_tot(t — 1)
-0.0009 (-0.30)
0.005 (0.42)
-0.84 (-0.73)
0.53 (4.66)***

Deposit euroization

At —1) ratio(t — 1) irdif_d(t—1)
(%) 1.04 (41.12)¥**  -0.005 (-0.70)  -0.0003(-1.27)
ratio(t) 0.024 (0.67)  0.88 (39.78)%** 0.0002(0.47)

ir_dif_d(t) 0.0045 (0.00) 3.33 (2.98)*** 0.58 (12.06)***
d_share_tot(t) 0.044 (1.35) 0.018 (0.88) -0.001 (-3.14)***
N obs: 931

d_share_tot(t — 1)
-0.016 (-1.91)*
-0.015 (-0.73)

1.41 (0.97)
0.86 (26.76)***

Note: t-ratios in the parenthesis. *, ** and *** - significant at
10%, 5%, and 1%
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Figure 2: Impulse Response Loan euroization
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Figure 3: Impulse Response Deposit euroization
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Figure 4: Impulse Response Apsvp
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