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Abstract

This paper develops a flexible price, two-sector growth model with a nominal side in order
to study the role of the exchange rate regime in transition dynamics (capital and financial
wealth accumulation). We adopt a standard model of a small open economy with traded
and nontraded goods, and enrich its structure with costly investment and a preference for
real money holdings. We show analytically that (i) the choice of the exchange rate regime
influences the transition dynamics of a small open economy, (ii) a one-sector model does not
adequately capture the channels through which the nominal side interacts with real variables,
and (iii) as a consequence, sectoral asymmetries are important for understanding the effects
of the exchange rate regime on capital and financial wealth accumulation. We then calibrate
the model to explore the quantitative significance of our results. First, we show that the
model is able to match many expects of the convergence experience of Central and Eastern
European countries between 2001-2007. Second, we find that both the choice of the exchange
rate regime and the level of the exchange rate in a currency board have small but persistent
effects on consumption, investment and sectoral allocations. The choice of the exchange rate
regime, on the other hand, has a large impact on the composition of financial assets.

JEL Classification Numbers: F32, F41, F43
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portfolios, real effects of nominal shocks.

1 Introduction

The nominal exchange rate is one of the most important prices for a small open economy. There

are strong linkages among permanent or temporary exchange rate movements, the external
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position, the growth rate and fluctuations of the economy, the latter often showing sectoral
asymmetries as well. In this paper we show that the exchange rate is not only important for the
business cycle, but it can also influence the growth process of a small open economy. We argue
that the choice of the exchange rate regime is not neutral, and the financial wealth and capital
accumulation paths depend on the nominal regime.

As suggested by consumption smoothing, catching-up economies should be borrowing against
their future income. As we document below, they also build up their asset holdings. A large
fraction of these assets are local currency bank deposits and bonds, the value of which move
together one in one with nominal exchange rates. This implies that the evolution of the nominal
exchange rate will influence the asset accumulation process. Moreover, whether exchange rates
are flexible, fixed or "frozen" (like in a currency board arrangement) also determines how much
nominal asset accumulation can be achieved by nominal appreciation and how much requires
household savings from income. Such a link then has repercussions for capital accumulation,
growth and sectoral (tradables versus nontradables) reallocations. Our objective is to develop a
simple but sufficiently rich framework, which is capable of addressing the aggregate and sectoral
features of such a nominal growth process.

The structure of the model is the following. We consider a small open economy, with a traded
and a nontraded sector. The sources of growth are capital accumulation and improvements
in total factor productivity (which we assume to be exogenous). We assume that the initial
capital stock is below the steady state level, so the country experiences capital accumulation
and excess growth along its transition towards the steady state.! We adopt the now standard
Tobin-q approach to capture gradual capital flows. We introduce an asset accumulation motif
by assuming that households derive utility directly from holding (real) money balances (money
in the utility). As the income of consumers grows, they want to consume more and also to hold
more money.

Small open economy models are subject to an indeterminacy problem in the sense that the
net foreign asset position (and hence consumption) are not pinned down by the steady state
conditions.? This is particularly problematic for stochastic models that rely on log-linearization
around the deterministic steady state. Since we work with a deterministic setup, we are able
to solve our model without log-linearization. Our solution method explicitly accounts for the
history dependent nature of steady state NFA. This also implies that in our setting revaluation
effects have not only a temporary, but also a long-run impact. In particular, while in much of

the literature the interest rate premium on foreign borrowing depends on the net foreign asset

'In what follows, we use the phrases ’transition dynamics’ and convergence interchangingly, both referring to
the trajectory leading towards the steady state.
?See Schmitt-Grohé and Uribe (2003) for a discussion; they also propose various ways to deal with the problem.



position of the economy, we instead assume that it is exogenously given.

After setting up the model we turn to the analysis of the growth process. We first show that in
case of flexible exchange rates, the nominal economy behaves identically to an economy without
money, in the sense that all real variables (most importantly, capital) are exactly the same as
in a model where money has no role. The reason is that while convergence leads to a gradual
increase in money holdings, it is simply implemented by an appreciating nominal exchange rate.
This is a formal version of the popular phrase that FDI inflows put an appreciating pressure on
nominal exchange rates.> Equivalently, even when the exchange rate is fixed, the right amount
of money creation by the central bank can implement the real path.

The nominal and the real paths differ, however, when both the exchange rate is fixed and
money transfers are exogenous (thus they do not equal the demanded change in money holdings).
This is the case, for example, when the country operates a currency board (fixed exchange
rate and no money transfer from the central bank), or enters a currency union (at least when
the allocation of unionwide seniorage revenues is exogenously determined). Historically, the
gold standard shared the same features. Under these assumptions some of the increase in the
domestic money stock must come from abroad. This necessitates either a trade surplus or foreign
borrowing. Both require sacrificing real resources (consumption) for obtaining money, thus the
growth path differs from that of an economy where money is not valued.

The exchange rate regime and level have an effect on the real economy because they generate
a wealth effect. Since some assets are held in domestic currency, changes in the exchange rate
revalue these assets. Indeed we show that there is a single link from the nominal assets to the real
economy in our model: the wealth effect changes the path of nominal spending, which in turn
feeds into the convergence path of other real variables. Given our assumption of an exogenous
premium, the nominal spending path is determined solely by its initial level. Thus the impact
of different wealth (exchange rate) shocks are propagated into the real side only through the
initial level of nominal expenditure.

An application of our framework is the comparison of two nominal (currency board) paths
which differ only in the level of the exchange rate. Different nominal exchange rates lead to
persistent differences: from identical capital stocks, foreign bond and local currency holdings, a
stronger nominal exchange rate means a higher foreign currency value of local currency holdings.
As tradable prices are fixed in foreign currency, this is a positive shock to financial asset holdings.

The clearest case for such a comparison is when a country decides over its entry rate into a
monetary union; but a realignment of a fixed exchange rate also shares these features as long

as money supply is not completely flexible. An important application of our model is thus the

3Strictly speaking, our benchmark model does not have FDI; instead, domestic investment is financed by
foreign borrowing.



choice of the euro conversion rate for EMU aspirants. As the role of money and bank deposits is
larger in these economies than in previous EMU entrants, we can expect a stronger real impact
of this choice. The historical episode of converting the East German currency into Deutschmarks
also highlights the importance of the wealth effect of currency conversion and its persistent real
effects; but one could also look back at the restoration of the gold standard in the UK after
WWIL

To assess these differences, we first derive our main results analytically. Next, we calibrate the
model using data from seven Central and Eastern European (CEE) countries. These countries
are a good laboratory to evaluate our model for three reasons. First, they are on a convergence
path towards the rich economies of the European Union. Second, they have different monetary
arrangements: the Baltic countries operate a currency board, while the other four nations (the
Czech Republic, Hungary, Slovakia and Poland) have a nominally floating regime. Finally, apart
from the exchange rate regime, these countries are quite similar to each other in their institutions
and level of development.

The model predicts that the currency regime has a strong impact on the level and composition
of financial assets. We test this prediction by comparing data on net foreign assets and money
holdings to model simulations under (i) flexible exchange rates and (ii) currency board. We find
that the regime that corresponds to the actual exchange rate arrangement greatly outperforms
the "wrong" scenario. In addition, we examine the model’s prediction for other (non-financial)
variables, and find that the model performs reasonably well.

Next we turn to the analysis of counterfactuals. We simulate two related scenarios. The
first scenario compares two different choices for the exchange rate in the currency board, while
the second examines the case when a flexible exchange rate economy unexpectedly introduces a
currency board (or joins a monetary union). Our results imply small but persistent effects for
real variables, and large effects for the size and composition of financial assets. Since the steady
state NFA position depends on initial conditions, some of these differences remain even in the
long run.

The paper is organized as follows. The next section contains a literature review and presents
some facts that underscore the importance of the nominal asset accumulation motive. Section
3 describes the model. Section 4 contains our analytical results concerning the choice of the
exchange rate regime and the level of the exchange rate in a currency board. Section 5 presents

the quantitative policy simulations, and Section 6 concludes.



2 The context of the model

2.1 Previous literature

Usual explanations for nominal shocks having lasting real effects build on staggered price or
wage contracts. An early example is Taylor (1980). Recently, state- or time-dependent pricing
models constitute the workhorse for analyzing nominal scenarios (see chapter 3 of Woodford
(2003) for a general discussion). While pricing problems are clearly important to understand
business cycle frequency developments, we believe that they should have limited impact over the
growth horizon. Motivated by this, we depart from this literature by focusing on the effect of
nominal shocks through nominal wealth accumulation (captured by money-in-the-utility).* The
major building blocks of our model are money-in-the-utility (a nominal effect), costly investment
(a real friction) and sectoral technology differences (capital-labor intensities).

We use money-in-the-utility to capture the fact that some assets are denominated in local
currency (see section 2.2 for details). As nominal exchange rate movements revalue this stock,
our approach is closely related to the recent literature on the revaluation channel of external
adjustment (Lane and Milesi-Ferretti, 2005, Gourinchas and Rey, 2005). Tille (2005) also ana-
lyzes the real effects of such a revaluation. In our case, this revaluation happens automatically
as the price of tradable goods is fixed in foreign currency.

Many current papers point to the importance of costly investment in shaping business cycle
properties, inflation or real exchange rate behavior. Eichenbaum and Fisher (2006) argue that
the empirical fit of a Calvo-style sticky price model substantially improves with firm-specific
capital (and a nonconstant demand elasticity). Christiano et al (2001) present a model in which
moderate amounts of nominal rigidities are sufficient to account for observed output and inflation
persistence, after introducing variable capital utilization, habit formation and capital adjustment
costs. Chapter 4 of the Obstfeld and Rogoff (1996) textbook contains an exposition of a two-
sector growth model (the standard Balassa-Samuelson framework), with gradual investment in
some of the sectors. We depart from these approaches by dropping staggered price setting, but
— unlike Obstfeld and Rogoff — still allowing for a nominal side of the economy.

The presence of a traded and a nontraded sector allows us to merge trade theory insights with
a monetary framework: for example, the presence of nontraded goods means that a redistribution
of income between countries will affect their relative wages (the classical transfer problem, like
in Krugman, 1987), or the Stolper-Samuelson theorem, linking changes in goods prices with
movements in factor rewards. As we discuss later, having two sectors is also essential in the

transmission of nominal shocks to the capital accumulation process.

*Devereux and Sutherland (2006) consider a somewhat similar mechanism: under incomplete asset markets,
monetary policy (or nominal shocks in general) can influence the return structure of nominal bonds, thus yielding
real effects.



The growth literature also employs multisector models, but the two sectors there differ in
the investment good they produce (physical versus human capital). Examples include Rebelo
(1991) and Lucas (1988). Ventura (1997) is an example of a multisector growth model with an
explicit trade framework. His model of growth in interdependent economies clearly illustrates
the importance of merging trade and growth theory. The implications of a nontraded sector,
however, are not addressed by that paper.

Our framework is closely related to that of Fernandez de Cordoba and Kehoe (2000), Bems
and Hartelius (2006), and Rebelo and Végh (1995). The first two papers use a two-sector real
model to study the current account and real exchange rate implications of trade and financial
openings. Similarly to our framework, Rebelo and Végh (1995) add a nominal side by introducing
money, which in their model serves to lower transaction costs. They use the model to examine
the effects of exchange rate-based stabilizations (moving from a floating to a fixed exchange rate
regime).

Our contribution relative to Rebelo and Végh (1995) is threefold. First, we want to work
with as little direct interaction between nominal and real factors as possible. In Rebelo and
Veégh (1995) money lowers real transaction costs, and thus influences intertemporal decisions
unless the nominal interest rate is zero. This means that unlike in our model, even perfectly
flexible prices and a floating exchange rate do not implement the nonmonetary economy. Since
in our model money has a less central role, its influence on real variables does not follow from
a single assumption, but rather from the interplay of various factors. We thus believe that our
framework delivers novel insights into the linkages between the nominal and real sides of the
economy.

Second, we view the motive for nominal asset accumulation as more general than just lowering
transaction costs. While this distinction is not very important methodologically, it makes the
interpretation of the stylized facts presented below much easier. In particular, we think that
transaction costs alone cannot explain the fact that households keep a large fraction of their
wealth in nominal, local currency denominated assets. Although money-in-the-utility does not
explain why this is the case, it serves as a useful device to condense the various roles of money
into a single assumption.

Finally, the Rebelo and Végh (1995) model is subject to the indeterminacy problem we
discussed above. This makes their linear approximation method imprecise and potentially unre-
liable (as acknowledged by the authors themselves). As discussed in the Introduction, we avoid
the problem by solving the non-linear system directly and taking care of the path-dependence
of the NFA position.

One last important feature of our paper is that we take the model’s prediction for the net

foreign asset position seriously, and use it both in our calibration and also in our model evaluation



exercise. In contrast, Cordoba and Kehoe (2000), Bems and Hartelius (2006), and Rebelo and
Végh (1995) only look at the current account. Given the path dependence of the NFA position in
our framework, small errors in matching the current account quickly accumulate towards large
mistakes in the prediction of the NFA position. We thus believe that it is important to consider

the ability of such models to fit the NFA path.

2.2 Evidence on nominal asset accumulation

Here we document the specifics of EU and OECD household financial balance sheets which
demonstrate (i) the asset accumulation motive in development, and (ii) the importance of nom-
inal (local currency) assets in the overall portfolio. Figure 1 plots the three-year average house-
hold asset per GDP position for 27 countries, for years 2002-04.> It is immediate from the
graph that new member states exhibit much lower asset holdings. This is somewhat less true

for previous catching-up countries like Spain, Portugal, or Korea.
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Figure 1: Cross-section of household assets per GDP

Since the cross-section behavior of asset holdings might be driven by country-specific fixed
factors, we also look at the time series picture. In general, there is an increasing trend across all
OECD countries. To check whether new member states exhibit higher asset or asset per GDP
growth rates, we create a synthetic "old Europe" entity, by adding up the ECU /euro value of

>The countries are: Australia, Canada, Japan, Korea and the US; Austria, Belgium, Denmark, Finland, France,
Germany, Italy, the Netherlands, Norway, Portugal, Spain, Sweden and the UK; Bulgaria, the Czech Republic,
Estonia, Hungary, Latvia, Lithuania, Poland, Romania (data exists only for 1999), Slovakia and Slovenia. Data
are from the Eurostat and OECD.



household assets and GDP of fourteen European countries for years 1995-2004, and a "new

Europe" entity of the Czech Republic, Hungary, Lithuania, Poland, and Slovakia.”
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Figure 2: Household assets per head in euro

Figure 2 plots the evolution of per capita household assets in euro, where new Europe indeed
exhibits a faster increase than old Europe. To put it into numbers, the nine-year average growth
rate is 6.17% for old Europe and 12.45% for new Europe. The evolution of household assets per
GDP shows a similar pattern (Figure 3): the nine-year average growth rate is 1.98% for old and
3.48% for new Europe.

Switching now to the composition of household balance sheets, Figure 4 shows that apart
from Estonia, new member states have at least 40% share of currency, bank deposits and bonds
(securities other than shares) in their asset holdings. Spain and Portugal also have such high
numbers; while Austria, Japan, Korea and to a smaller extent, Belgium, Germany and Italy are
more surprising examples of industrialized countries with a very high share. All other developed
countries have substantially smaller shares, though it always exceeds 20%.

This distinction remains true if one looks at the entire nineties: with the above exceptions
(plus Finland for the early nineties), developed economies rarely had a share higher than 40%,
while new member states (with the exception of Estonia and Lithuania) never had a share below
40%. A similar pattern emerges when we look at the ratio of net deposit-type holdings (net

currency, deposit and bond holdings minus bank loans) to net wealth (Figure 5): apart from

®The countries are Austria, Belgium, Denmark, Finland, France, Germany, Greece, Italy, the Netherlands,
Norway, Portugal, Spain, Sweden, and the United Kingdom. Ireland did not have comparably long time series on
its household balance sheets.

"We did not have sufficiently long time series for Bulgaria, Estonia, Latvia, Romania or Slovenia.
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Figure 3: Household assets per GDP
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Figure 4: Currency, bank deposits and securities other than shares per household assets



Estonia, new members states are at the high end of the distribution, together with Austria,

Belgium, Italy, Japan and Korea.®
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Figure 5: Net currency, bank deposits, loans and securities other than shares per household
wealth

Unfortunately, the currency composition of balance sheet data for new member states is not
readily reported by either standard data sources or central bank websites. The data is posted
for Hungary from 1990 to 2006, and it shows that the share of foreign currency denominated
assets never exceeded 20% of total household assets, and its time average is around 15%. For
Poland, the currency composition is available for the flow but not for the stock data,'” for years
2000-2004. Though cumulated changes cover only around 20% of the total asset stock, it is
still indicative that within those, the contribution of foreign currency assets is less than 15%.
Though the conclusion might not generalize to all new EU member states, it seems that nominal
assets are overwhelmingly denominated in local currency.

To summarize, there is robust evidence that the nominal asset accumulation motive is present
in the data. The households of new member states hold significantly less financial assets than
those of the advanced EU countries, but they are catching up fast. We have also found evidence
that a large fraction of these financial assets are nominal. Based on detailed data from Hungary

and Poland, these nominal assets are dominantly local currency denominated, although the lack

8These observations remain valid if we exclude bond holdings (item 3 of financial accounts statistics), and
consider cash, bank deposits and loans only. In fact, the pattern is even more clear-cut; with Austria, Japan and
Korea being the sole set of exceptions among industrial countries.
http://english.mnb.hu/Engine.aspx?page=mnben _statisztikai idosorok& ContentID=7008
http://www.stat.gov.pl./gus/45 1533 ENG_HTML.htm
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of comprehensive data prevents us from making a general statement.

3 The model

3.1 Production

We distinguish final and intermediate products to make clear the role of tradables (T) and
non-tradables (NT) in final consumption and investment expenditure. Thus the final composite
investment and consumption goods are assembled from tradable and non-tradable intermediate
inputs. Tradables are either imported, or produced domestically using capital and labor. Non-
tradables must be produced domestically, also with capital and labor. Capital is specific to a
sector, and investment is subject to adjustment costs (see below at the household section). These
assumptions are similar to those used by Bems and Hartelius (2006), who assume sector-specific
capital adjustment costs. They serve to make the short-run transformation curve non-linear,
which in turn implies that non-tradable production can only be changed incrementally. While
not central to our qualitative results, sector specific capital with investment adjustment costs

does have an important quantitative impact in the model.

3.1.1 Final goods

Final consumption and investment in sectors T and NT are aggregates of tradable (T) and non-
tradable (N) goods, and are assembled by competitive firms using Cobb-Douglas technologies.
When describing the production technology for investment, it is important to account for the
quadratic adjustment costs. Using ¢;; for investment in sector j net of adjustment costs and ¢

for consumption, we can write the production functions as follows'!:

=M (1= N () (M)

e\ . A (TN (NI
L S Y = (= AT ()M ()
2kji 1

where ¢ measures the extent of investment adjustment costs. Because we lack data on the
tradable intensity of investment at the sectoral level, we assume that this intensity is not sector
specific (Ar). Essentially the same assumption is made in Bems and Hartelius (2006), and in
Bems (2008).

Cost-minimization and free entry (zero profits) can be used to calculate the demand functions
for the tradable and non-tradable components of consumption and investment, and the price

indexes for the final goods. We assume that the law of one price holds for tradables, and we

U'Note that the subscript j indexes investment targeted towards the accumulation of capital in sector j, while
the superscripts indicate the tradable and non-tradable components of these investments.
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normalize the foreign tradable price to unity, so that P = s;, where s; is the nominal exchange

rate. We prefer to work with the relative price of non-tradables, p = P /s, which then yields

1-)\
Py = sip;

7 1-)
Pl =sip,

for the price indexes. Then demand for tradables and non-tradables in consumption and invest-

ment can be written as:

CtT = Apti)\ct (1)
o = (1= N p; e (2)
T 1-) O it .

F = M (14 2 ) g 3
byt 1Pt < + 9 kj,t—l) Lit ( )
N A O it ) .

. = 1 — A I 1 D — R 4
iz = ( 1) Py ( Ty kj,t—l) Uyt (4)

3.1.2 Intermediate goods

Tradables and nontradables are produced using capital and labor. For simplicity, we assume
that labor is mobile across sectors, which implies that there is an economy-wide wage rate. As
discussed previously, capital is sector specific, so the rental rates on capital are not equalized.

The production functions in both sectors are Cobb-Douglas:

Vi = Aggkghl 0" (5)
VNV = Ak (1= 1) o, (6)

where [; is the share of labor employed in the tradable sector (total labor supply is normalized
to unity), and A;; is total factor productivity (TFP) in sector j.

We allow for sector-specific TFP growth rates along the convergence path (but not in the
steady state). While our qualitative results do not depend on the assumption of asymmetric TFP
growth, it does effect the quantitative fit of the model. Incorporating the Balassa-Samuelson
effect allows us to match both the evolution of the relative price and the sectoral allocation of
capital over time (see below) better. There is ample evidence that the Balassa-Samuelson effect
resulting from asymmetric TFP growth is present in the region, although the estimated size

varies widely.!?

128ee, for example, Mihaljek and Klau (2004) and the references cited therein.
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Perfect competition ensures that factors are paid their marginal products:

k or k aN
’UJt = (1 - OZT) AT,t ( lj;’t) = pt (1 — aN) AN,t <1 fﬂ;) (7)
k OéT—l
’I“!ﬂt = aTAT,t < lj;’t) (8)
k N
i = pan AN <1 ﬁ;t) ) (9)

where we measure factor prices w; and rft in tradable units (or, alternatively, in foreign cur-
7

rency).

3.2 Households

Households can hold three types of assets: capital, interest bearing foreign bonds and non
interest bearing domestic money. We assume that domestic money is not accepted by the rest
of the world. For simplicity we also assume that domestic currency denominated bonds are
not issued.'® Households can freely adjust their portfolios between money and bonds within a
period. In addition, households accumulate capital for both the T and N'T sectors. As discussed
above, investment is subject to quadratic adjustment costs.

Households draw income from (i) supplying labor, (ii) renting out capital to firms, and
(iii) holding foreign bonds and domestic money. They allocate some of their income towards
consumption and investment, and carry the remaining amount over to the next period in terms
of financial assets. Although money does not pay interest, it is valued by households as it enters
the utility function directly (money-in-the-utility). It can also yield a financial return in case of
an exchange rate appreciation or a government transfer proportional to cash holdings (see the
next equation).

Households thus solve the following problem:

o] . Ht
max Z 5 | log ¢y 4+ vlog B
t=1

b Hy — Hy 4 k Py
s.t. bt =w Y Rk - e
Rt St J=T.N St
P; < O it ) T Hi 1
- E LA o= | U
St Tn 2kji1

kjo=(1—06)kji1+ij.

I3Equivalently, we could assume that domestic currency denominated bonds are not accepted by foreigners
but are viewed as perfect substitutes to foreign bonds by domestic households. In our representative household
framework such bonds would then be in zero net supply, and the corresponding Euler equation would simply
define a domestic currency interest rate, which is linked to the foreign currency interest rate i by a basic UIP
condition. All other first-order conditions would remain unaffected.
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where R; is the discount rate on foreign currency denominated bonds b, s; is the nominal ex-
change rate, wy is the wage rate, r;?’t is the real rental rate of capital in sector j (we measure factor
prices in foreign currency), k;; is the stock of capital in sector j, P; is the consumption price
index, ¢; is the consumption aggregate, 7; ; is investment in sector j, and P! is the investment
price index. Hy is the stock of domestic money, and 7. H;_1 is a government transfer.
Substituting the relative price of nontradables p; into the consumption and investment price

indexes, and after some simplification, the first-order conditions are written as follows:

1—A
b Ct+1
LT = B8R (10)
Py Gt
l _ 1 /3 (1 + Tt+1) (11)
H, — spl e 1-X
thy Ct  St+1Ppy1 Ci+1
Z',
Ge = 1+o0 (12)
j)t_l
. 2 1—-X;
Ar—1 ¢ (i1 I (pt+1
4Gt = |Piia T?,t+1+(1—5) Git1+ 5 <Jl<:t > R <pt ) (13)
j7
ko = (1=0)kji1+ije (14)

The first equation is the consumption Euler equation, the second is money demand, the third
is the investment equation where ¢;; is Tobin’s q, the fourth is the arbitrage condition be-
tween investment and bonds, and the last is the capital accumulation equation (restated for

convenience). Note that the last three equations must hold separately for j = T, N.

3.3 Equilibrium

To close the model, we need market clearing conditions for non-tradables and tradables, and we
also have to specify the path of the discount rate on foreign bonds, R;. In accordance with the
small open economy assumption, we take R; to be exogenous. In steady state, we assume that
it equals the domestic (and world) subjective discount rate, R = 1/3. Along the transition path
to the steady state, we allow for an exogenous premium that we choose through our calibration
exercise. A consequence of the exogenous interest rate assumption is that the steady state
net foreign asset position is not pinned down uniquely by the steady state conditions, i.e. it is
history dependent. In models that rely on log-linear approximations around the steady state this
is obviously problematic. To ensure the existence of a well-defined steady state, the literature
has used various short-cuts, summarized in Schmitt-Grohe and Uribe (2003). These shortcuts
essentially amount to selecting a level for the steady state NFA.

We deviate from this literature for two reasons. First, as our model is deterministic, we do
not need to log-linearize around the steady state, and hence we do not face the indeterminacy

problem. Instead, we solve for the full transition path using the non-linear system of equations
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defined by the equilibrium conditions, and hence we are able to explicitly account for the depen-
dence of the steady state on initial conditions. Second, empirical evidence does not support the
existence of a unique steady state NFA level. Using data from Lane and Milesi-Ferretti (2007),
we find both a large cross-section and time series variation in NFA positions. Even among ad-
vanced industrial countries, NFA positions range from -50% to +50% of GDP (see Figure 12
in Appendix A), while emerging countries produce swings even bigger than this. Third, it is
difficult to estimate the magnitude of the parameter that measures the dependence of the inter-
est rate premium on the NFA position. Since most of the literature imposes such dependence
for technical reasons, very small values are typically used. Under such small values, our main
qualitative and quantitative results would remain the same (except for the NFA path) even if we
assumed a debt-dependent interest rate. If the feedback from the NFA position is stronger, the
endogenous premium model naturally predicts bigger effects. Lacking evidence to such a strong
link, we stick with the exogenous case, even if it works against us in our quantitative exercises.

Non-tradable market clearing requires that production equals consumption plus investment:
AN,thO\[/,t (1- lt)l_a =CNgt Tt iZIJY,t + i%,t (15)

Tradables can be imported, thus we write the market clearing condition (the current account)

as
bt Ht— (1+Tt) Ht,1
+
Rt St

Equations (1), (2), (3), (4), (7), (8), (9), (10), (12), (13), (14), (15) and (16) determine

= ATJk%,t (1- lt)l_a —CTt — ig,t - Z%t (16)

most endogenous variables. The remaining variables H, s, and 7 are determined by equation
(11) and the monetary regime. In what follows, we consider three alternative regimes: flezible
exchange rates (and fixed money supply: 7 = 0, H, = Hy), perfectly elastic money supply (and
fixed exchange rates: S; = S, H;/Hy 1 = 1+ 74), and a currency board (fixed exchange rates
and no money transfers: S; = S, 7; = 0).

Before we turn to these various cases, it is worth discussing how the steady state NFA
position is determined in the model. Let us define consumption spending measured in tradables
as xy = p; "c;. From (10) we can see that given z1, the path of {z}5°, is determined exogenously,
since Ry is exogenous. Thus, in particular, the steady state value Z is also a function only of x;.
It is also easy to see from the other equilibrium conditions that all other steady state variables
are uniquely determined given x1. Most importantly, the steady state current account (16) can

be solved for b, again as a function of z1. Thus to compute the value of b, we need to find the

initial level of foreign currency denominated consumption expenditure.
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The current account for period t = 1 can be rewritten as

b1 H1 —(1+ T1 H() _ _ Z.',l .
bO = —R + ( ) —I—p% )‘Cl + p% Ar E 1+ (f) J 151 — W1 — E ’r’;-ilkj’o.
1 51 ZTN kjo

J=T,N

Iterate forward the right-hand side and evaluate at t — oo to get:

-1

T t—1
o = Gt R, ¢+
" 7 RiRs.. Ry ; 31;[1 O 5t

_ iit ) .
7 (1o i Y ke
j=T,N =1 j=T,N
e’} t—1 -1
— _ Hy— (1+4+71)H;_
e N I

7=T,N ’ j=T,N

1-A it .
Y <1+¢ij 1>Zj,t_wt_ S kil (17)

where the second equality follows from the transversality condition and the no Ponzi game
condition that we impose.!* The right hand side is pinned down by z1, kro, kno and Hp. As
our true initial condition is for by and not for 21, we can use this equation to determine the unique
value of x; which is consistent with the given by. Note that (17) is simply the intertemporal
budget constraint.

This procedure also guides our numerical solution method. We first solve the system for an
arbitrary value of x1, as a well-behaved system of equations with the initial conditions 1, kr,
kno and Hy. Next, we utilize equation (17) to calculate the value of by that is consistent with
the assumed ;. If it differs from our true initial condition on by, we modify our choice for x;.
We iterate this way until the implied and actual by are the same.!®

Notice that x;1 feeds back into the other equilibrium conditions, and thus influences the
dynamics (and also the steady state) of the system. The main channel of this influence is
through the non-tradable market clearing condition (15), which yields the relative price p; as a
function of consumption expenditure x;. The relative price, in turn, effects investment behavior
and capital accumulation (see [13]), which then impacts factor prices and income. Thus, in
general, changes in initial consumption expenditure are propagated through the whole dynamic

system. We return to this issue later.

4The condition states that the present value of assets in the limit ¢ — co cannot be negative, i.e. the economy
cannot borrow at a faster rate then the rate of interest.

5More precisely, we use the built in solvers of Matlab to find the z; that equates the implied and actual initial
wealth levels.
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4 The role of the exchange rate

In this section we provide an analytical argument why different exchange rate regimes lead
to differences in the real convergence path. We prove two important results. First, we show
that under the flexible exchange rate and the perfectly elastic money supply regimes money is
neutral. More precisely, in these economies money is determined residually, and the path of all
real variables is identical to what they would be in a model with no money (the real model).
Second, we prove that this is not the case under the currency board: the convergence path of the
currency board economy is different from the real model (and hence from the flexible regimes).
We also highlight the conditions under which our non-neutrality result holds. While this section
focuses on the analytical arguments, in later section we calibrate the model to quantify the

importance of the mechanism we describe.

4.1 Flexible monetary regimes

This section develops the flexible exchange rate and the elastic money supply'® regimes in detail.
We show that the path of real variables is identical to a model where money has no role (y = 0).
In other words, when either the exchange rate or the money supply are allowed to adjust freely,
the nominal asset accumulation motive does not distort the transition path of capital and net
foreign assets.

We start with the case when the exchange rate is flexible, but no money transfer takes place.

Setting 7, = 0, H; = H, the current account (16) becomes
b = Arehy (1= 1) — ey — i, — ik, (18)

i.e. it is independent from the money stock and the nominal exchange rate. It is easy to check
that the same holds for the other equilibrium conditions, except for the money demand condition
(11). This implies that all variables except for the nominal exchange rate are determined in a
system which is independent of any nominal variable. Thus the flexible exchange rate economy
is identical to the real model.

The path of the nominal exchange rate is determined by (11). More precisely, we can prove

the following result (see Appendix C):

St41 1

s BR,’ (19)

Our calibration will feature a declining interest rate path, which implies a nominal appreciation

16Tn this case the exchange rate is fixed, but the government fully accomodates changes in money demand
through the money transfers 7.
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over the convergence path. It is important to stress, however, that the appreciation is not a
consequence of convergence, but results purely from the assumption on the exogenous interest
rate path. Of course, convergence may lead to this interest rate behavior endogenously, but this
is outside the scope of our model.

In the perfectly elastic money supply case Hy = (1 + 7;) Hy—1 by definition, thus again the
current account becomes (18). Analogously to the flexible exchange rate case, all other conditions
are independent of nominal variables, hence the perfectly elastic money supply economy is
equivalent to the real model. The path of nominal money balances is determined by the money
demand equation residually, and it is given by (see Appendix C):

V5Tt

H:
t=1_5

: (20)
We summarize these arguments in the following proposition.

Proposition 1 Both the flexible exchange rate and the elastic money supply economies imple-

ment the real version of the model.

4.2 The currency board

Now we turn to the case of a currency board, and show formally that the evolution of the
economy is different from the real model, and hence also from the flexible regimes. We have the
following result, where for convenience we compare the currency board to the flexible exchange

rate case:

Proposition 2 The currency board dynamic system is different from the flexible exchange rate

economy for an arbitrary currency board exchange rate.

Proof. Note that the only differences between the two systems of equations are (i) the

current account and (ii) the money demand equation, which we rewrite as

E YTt

st 1—si/(sep1Ry)

We show that the intertemporal budget constraint (17) implies a different expenditure path for
{x¢};2,, which in turn feeds back into the rest of the equations. Notice that the initial condition
given by (17) has to hold not just for ¢ = 1, but for all future time periods. Let ©; indicate the
infinite sum of the money terms AH/s on the right-hand side of (17) starting at time ¢. In the

flexible regime case, the money sum is simply zero, since AH = 0. Utilizing the money demand
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equation (11) and the Euler equation (10), the money sum in the CB case becomes

o [j-1 -1
H; — Hj Hy Hy1 | Hip
o = S (IIm) (Pte)- -t ey

= \is 5CB 5CB  SCB

_H Hypo  Hi n
scpRy SCBRth+1 SOBRth+2 '

_ Ht<1_1>+1Ht+1 <1_ 1 >+.._Ht—1
SCB Ry R scB Riq scB

YTt41 YTt+2 Hi
= yxp+ + + =
T R, RiRyq scB
R Ri:R H,_
_ ’Y$t+7tﬂ t+7$tﬁ tt+l+m_ t—1
Ry Ry Ry SCB
_ YTt _Ht—l
1-8 scB

Now suppose that the paths of all variables are identical between the flexible exchange rate and
the currency board regimes up to t — 1. Then H;_; is also common. Under flexible exchange
rates, we have H; = H; ;. Using the flexible exchange rate version of the money demand

condition to substitute for Htﬂem = H; 1, we can rewrite O as

~ Sfle:r: fl
@CB — Q?CB 2t zfler |
t 1— 5 t SCR t

Recall that 2{'8 = x{ ' if and only if O¢B = 0, which in turn can be satisfied if and only if
sf lez — scp. Moreover, this condition has to hold for all ¢ = 1...00, since we picked t arbitrarily.
Thus the currency board and flexible exchange rate paths coincide if and only if the flexible
exchange rate is identically fixed at the currency board level. From (19), however, we can see
that this is impossible if R; # 1/8. Even if there is no interest premium and the flexible exchange
rate is endogenously fixed, the two economies coincide only if the currency board exchange rate
is set at exactly the equilibrium floating level. m

The intuition behind these results is simple. Under flexible exchange rates, households’
desire to accumulate real money balances is realized through the movements of the exchange
rate. Under a currency board, this is not possible (printing the required amount of money is also
ruled out by assumption). Thus households have to increase (nominal) money holdings either
through running a trade surplus or through borrowing from abroad, both of which entail a real
cost as long as the interest rate is above zero. The only exception is given in the last sentence

of the proof, which we restate in the following corollary:

Corollary 3 The currency board economy implements the real model if and only if (i) there is

no interest premium (R, = 1/B), and (ii) the exchange rate is set at scp = (1 — 8) Ho/ (yz/'e®),

flex

where T 18 the constant expenditure level that corresponds to the flexible exchange rate econ-
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omy.

An additional result that follows from Proposition 1 concerns the level of the currency
board exchange rate. Let us assume that an economy previously under a flexible exchange
rate regime unexpectedly introduces a currency board at time ¢. Just before the regime change,
consumers hold B;_; foreign bonds and H;_; units of local currency. Evaluated at exchange rate
S, household money holding equals Hy_1/S; while for a stronger parity S’ < S, it would become
H;1/S" > H;_1/S. Since money is part of overall household wealth, a stronger exchange rate
has a regular wealth effect, leading to a different initial consumption expenditure x;, which in
turn implies a different path for the other endogenous variables.

In a perfectly elastic money supply regime, the same initial asset shock is immediately
neutralized by a change in the per period money transfer;'” while if a central bank of a flexible
exchange rate economy prints money, that is immediately offset by a currency depreciation. This

is summarized in our next result:

Proposition 4 The level of the exchange rate or the size of the money stock has a real effect

in a currency board regime; while it is neutral in the nominal implementation of the real model.

An interesting and obvious example is the conversion rate around German unification, which
amounted to a 150%-200% revaluation of the East German Mark. As most East Germans had
their savings in local currency (cash or bank deposits), this was purely a transfer/wealth effect,
exactly in the spirit of our model. Not surprisingly, the East German economy showed strong
symptoms of overvaluation, in response to a very strong conversion rate. The return of the UK
to the gold standard after WWI and the euro conversion rate are similar examples.

Let us stress that one cannot use this framework to calculate an optimal conversion rate.
In terms of consumer welfare (no matter whether we take into account the money part of it or
not), the stronger the entry rate, the better. Again, this is due to the pure wealth transfer. In
reality, there should be constraints on how much foreign currency the rest of the world is willing
to give for a local currency, but such considerations are not part of our framework. Besides,
governments might care for certain subgroups (like exporters), which would again limit the case

for a strong entry rate.

4.3 The role of two sectors

From Corollary 3 it is clear that our main result holds under extremely general conditions.

In particular, the presence of two sectors is not necessary for the currency board/real model

"In case of a revaluation, it means a negative transfer. One way to implement it is to levy a tax on money
holdings. Alternatively, one can think of a "negative helicopter drop", which is in fact a "helicopter vacuum
cleaner".
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difference. Having two sectors, however, is important for the transmission of nominal shocks to
the capital accumulation process. In this section we provide a brief overview of how the presence
of two sectors influences our results.

Along the transition path, differences in the initial consumption expenditure x; are prop-
agated through the production and capital accumulation blocks by the relative price of non-
tradables, p;. Indeed, in a model where capital is not sector-specific and sectoral intensities are
equal (ap = ayp), capital accumulation is independent from movements in z;. This can be seen
from equations (12), (13) and (14), which in this case fully determine investment behavior. The
currency board and the flexible exchange rate economy still differ in this one-sector model, but
only to the extent that consumption expenditure and money holdings evolve differently.

Thus we see that for the capital path to depend on the monetary regime, our two-sector
assumption is crucial. The short-run transformation curve between tradables and non-tradables
must be non-linear, either because of sector-specific capital or because of differing capital inten-
sities. Thus different sectoral intensities are not required to produce relative price movements,
but they naturally influence the quantitative predictions of the model.

Another important feature of our model is that its steady state is not invariant to initial
conditions. Because the steady state net foreign asset position depends on its initial level, so
does steady state consumption spending. In Appendix D, we derive the steady state level of
all other endogenous variables, and show that (i) g, 7*,w,and Ej / l_J are independent of initial
conditions, while (ii) ér, ey, [, Ej, 7j depend on T, and hence on initial assets. We also show that
the aggregate capital stock, k = kr + ky is a function of Z if and only if the sectoral intensities
ar and ap are different. Thus our model predicts that the currency board economy is different

from the flexible regimes not only along the transition path but also in steady state.

5 Numerical exercises

In this section we look at quantitative predictions of our model. First, we explain our calibration
strategy. Next, we present the numerical implementation of Proposition 2. As our main test
of the model’s performance, we show that the model performs well in replicating the evolution
of the money stock and net foreign asset position (NFA) of selected Central and Eastern Eu-
ropean Countries (Hungary, Poland, Czech Republic, Slovakia, Lithuania, Latvia and Estonia),
conditional on the use of the observed currency regime in the model simulations. In addition,
we present how the model is able to match the observed behavior of other macro variables in
the period 2001-2007.

After evaluating the model, we turn to the analysis of counterfactuals. We perform these

exercises for the case of Czech Republic, but it is equally easy to carry them out for the other
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countries. In the first exercise we compare the effect of choosing different exchange rates in a
currency board. In our second exercise, we compare what would have happened to the main
macro variables if the Czech Republic had introduced a currency board (joined the Eurozone)
in 2006.

It is important to emphasize that we look at economies along their transition paths to the
steady state in a deterministic context. We are comparing convergence paths (we use the term
"transition" and "convergence" interchangeably) that start from the same initial conditions, but
differ in the monetary arrangements. This is conceptually different from more typical exercises

in stochastic models where the system is "shocked" around the deterministic steady state.

5.1 Calibration

We pick 2001 as the starting point of the simulations, so our initial conditions are calibrated
to that year. This choice is mostly motivated by data availability, and partly by the fact that
the Irish referendum on the Nice treaty took place in that year, making the EU accession of our
countries all but certain.

In some cases where we use common parameter values for all countries, we use Hungarian
data for the calibration. The country choice is motivated by the fact that it is Hungary where we
have the most appropriate capital stock measures. Second, Hungary is one of the two countries

for which we have sectoral TFP estimates for the sample period.

5.1.1 Static parameters

The model allows for several normalizations by an appropriate choice of units. We set the steady
state level of the relative non-tradable price at p = 1, which determines the value of non-tradable
productivity Ay through the steady state conditions. The steady state level of tradable TFP
is independently normalized to A7 = 1. We also set the steady state exchange rate to unity,
regardless of the monetary regime. The discount rate 3 is chosen to yield a steady state interest
rate of R = 1/8 = 1.04. This is the same value as used by Bems and Hartelius (2006), and
corresponds to the average German interest rate on government bonds between 1975-2001.'%
We also follow Bems and Hartelius (2006) and use German data to set the depreciation rate at
0 = 0.08.

To find the coefficient of real money balances in the utility function, we match the money-
to-gdp ratio in steady state (H/Y') to the Euro area average of M2/Y = 0.7 between 1998-2005.

The implied values are reported in Table 1.

"8We thus implicitly assume that Germany is in steady state in the period of interest.
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The capital adjustment cost ¢ is taken from the literature on investment behavior. Cummins,
Hassett and Hubbard (1996) estimate the effect of tax reform on investment across several
countries, and find that the cross-country average of ¢ is around 2. Cummins, Hassett and
Oliner (2006), on the other hand, find values for the United States around 7.5. In our baseline
calibration we use an intermediate value of ¢ = 5, but we perform sensitivity analysis with ¢ = 2
and ¢ = 7.5.

The sectoral consumption, investment and production share parameters o; and \; are coun-
try specific. From the standard industry breakdown in national accounts, we classify sectors
A.,B,C,D and I as tradable, and sectors E-H and J-O as nontradable. Since our production
functions are Cobb-Douglas, we can use sectoral income share to calibrate the a;. A difficulty
is to have the gross operating surplus-labor income-mixed income distinction at an industry
level. For Hungary (1995-2005), Poland (2000-2005) and the Czech Republic (1995-2006), the
required data is posted on the local CSO website. For the Baltic countries, we take numbers
from Bems and Hartelius (2006) for Latvia and Estonia, year 1997. For Lithuania, the UN has
data for 1995-2004. To smooth out temporary fluctuations in capital income, we work with
the time average of income shares, whenever applicable. For Slovakia, we did not find mixed
income data, so we applied the Czech sectoral income shares.

To calculate capital’s share, we assume that the proportion of capital and labor compensation
is the same in mixed income than without it. Gollin (2002) argues that this adjustment is
reasonable relative to allocating all mixed income to capital. Herrendorf and Valentinyi (2008)
show that for US data at least, the procedure leads to results that are similar enough to the
actual mixed income shares imputed by the BLS (Herrendorf and Valentinyi 2008, Table 3).

Consumption and investment expenditure shares are calculated using input-output tables
from the Eurostat, year 2000, except for Latvia where we use the year 1998 (the last available).

Consumption includes household and government consumption.

5.1.2 Initial conditions and TFP paths

We take TFP data from the EU-KLEMS project (http://www.euklems.net/). Growth account-
ing is available only for Hungary and the Czech Republic in our sample (for the years 1995-2005),
along with sectoral TFP levels (relative to the US) for the 1997 benchmark year. Lacking TFP
paths for the rest of the countries in our sample, we use the Hungarian data to calibrate the TFP
dynamics of the two sectors. First, we compute the average TFP growth rates for tradables and
nontradables between 2001 and 2005 in Hungary. Then we do the same for our "steady state

benchmark" (the advanced EU countries), and remove the "steady state" sectoral growth rates

Yhttp://data.un.org/Data.aspx?d=SNA&f=group code%3A203%3Bsub_item code%3A14%3Bitem code%3A13
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from the Hungarian numbers to get the extra TFP growth that drives the Balassa-Samuelson
effect.
We expect the extra TFP growth to dissipate as the region converges to the advanced EU

economies, so we fit the following process on the Hungarian data:
log Aj: =1;log Ajr—1 + (1 — wj) log Aj, j=1T,N.

The speed of convergence, 1; is sector specific, with implied half-lives of 15 and 12 years in
the tradable and nontradable sectors, respectively. The initial conditions are given by the 1997
Hungarian levels extrapolated to 2001 using the growth rates from the EU-KLEMS growth ac-
counting exercise. This leads to initial values of A7 = 0.55 and Ay = 0.79. When computing
tradable and nontradable TFPs, we aggregate the sectoral data using labor shares as shown by
Hsieh and Klenow (2007).

Since capital in our model is sector specific, we need initial conditions for capital in the
tradable and nontradable sectors. In general, comprehensive and comparable cross-country data

t,20 so we choose initial conditions as follows. First we compute

on capital stocks does not exis
the relative GDP of the 7 countries (compared to Germany) at purchasing power standard
(PPS) from the Eurostat for the year 2001. CEE countries are poorer then Germany for two
main reasons: their capital stock is lower, and they are less productive. As discussed above,
we assume that all sample countries have the initial Hungarian TFP levels and subsequent
paths. To get the aggregate initial capital stock, we thus "invert" the TFP-corrected initial
GDP difference. One issue concerns the appropriate aggregation of sectoral output: since PPS
relative GDP is a constant price measure, we calculate initial model GDP by using the steady
state relative price.

Next, we use data for capital stocks to calibrate the initial allocation of capital across sectors.
Thus while we are wary of using capital stock level data, we are more confident that relative sec-
toral distributions (which are independent of measurement units) are better measured. Sectoral
net capital stock data is available from Furostat for 2001 for the Czech Republic and Lithuania.
For Hungary, we utilize the detailed perpetual inventory method estimates of capital services by
Pula (2003) and its later update by the Hungarian central bank staff. We correct the Pula (2003)
numbers by adding residential capital stock based on data from the Hungarian statistical office.
For Estonia, Latvia, Poland, Slovakia, the corresponding statistical office provides some mea-
sure of capital stocks by sectors, which we need to adjust to reach to comparable measures. The

details are contained in Appendix B. To summarize: we use the two observables detailed above

20The EU-KLEMS project (http://www.euklems.net/) contains capital stock data for a selected set of countries.
Just as with TFP, among the countries we study they only have capital data for the Czech Republic, and for
capital services, it is only a volume index.
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(relative GDP and capital distribution across sectors) to compute the initial level of capital in
tradables and nontradables.

Choosing initial conditions for wealth is simpler. For the initial money over GDP ratio we use
2001 M2 and nominal GDP data (in local currency) from the International Financial Statistics
(IFS) of the IMF. Net foreign asset per GDP numbers are taken from Eurostat, except for Latvia
where we use IFS data for net foreign asset positions (in dollars), and the IMF WEO database
for dollar GDP.

5.1.3 Interest premium

The last issue in our calibration exercise is setting the exogenous path for the interest premium.
We faced several problems in this exercise. First, interest rates and premia differ depending on
the purpose of the loan and the identity of the borrower. Households and firms face quite different
interest rates, and the same is true for collateralized vs. non-collateralized loans. Second, we
have only limited data for the countries in our sample, some of which are for non-overlapping
periods.?! Third, in the period where we evaluate the model’s performance (2001-2008), interest
rates and risk premia saw a dramatic decline with a partial reversal towards the end. While our
model is deterministic, it is hard to argue that the recent swings in risk premia were completely
predictable, casting serious doubt on the usage of actual premia, even if we solve the problems
of finding comprehensive and representative data. Finally, and most importantly, our model is
sensitive to small changes in the risk premium path, because the NFA path and its steady state
level are history dependent.

To circumvent these problems, we assume that the risk premium is common across the 7
countries and follows a monotonic path, converging to zero. We calibrate the initial level to
the cross-country average of the 2001 interest rate differential for corporate loans relative to the
German level (3.24%). The speed of convergence?? is picked by fitting the model generated NFA
path to its observed equivalent for the case of Hungary. The goodness of the fit is determined by
(i) values between 2001-2008, (ii) the steady state NFA per GDP level, and (iii) the maximum
level of indebtedness along the transition path. For the latter two, we consider paths where
debt does not fall far below 150% of GDP, and steady state NFA is between -0.5 and 0.5. These
are the extreme values in the dataset compiled by Lane and Milesi-Ferretti (2007), for EU15
countries (see Figure 12 for details).?? Finally, we assume that the risk premium path calibrated

to the case of Hungary is the same across all seven countries. With this in hand, we evaluate our

2INotice that we need interest rates on foreign currency denominated debt.

22For analytical convenience, the evolution of the interest rate is log Ry = 1 log Ri_1 + (1 — ) R, where ¢ =
0.5Y/7ef Tt essentially means that the log of the premium decreases with an exponential speed, having a halflife
of half.

23The single exception is Finland, whose NFA per GDP ratio was below -1.5 in 1999, but even in this case it
stayed below -1 only in 1999-2000.
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model by examining its ability to fit the NFA developments in the countries other than Hungary.

Period
1 T T T
21.5 v 22 22.5 23 23.5 e data
0.5
0
-05

NFA/GDP

5 10 15 20 25 30 35 Seady state

Figure 6: Interest premium and NFA in Hungary

Figure 6 plots a "fanchart" of the effect of the risk premium adjustment speed (measured by
its half-life half : ¢ = 0.51/half ) on the evolution of the NFA position of our baseline Hungarian
calibration. Notice that this baseline corresponds to the currency board regime, for two reasons.
One is that the flexible regime cannot get near the observed NFA development for any plausible
value of v, as it is uniformly lower by around 0.5. The second reason is that the exchange rate
behavior of Hungary suggests a de facto fixed regime, as discussed in Section 5.2.1.

The figure plots the simulated NFA paths for periods 1-40 and the steady state, and also the
actual evolution of Hungarian NFA between 2001-2006 (periods 1-6). In our baseline calibration,
we pick ¢ = 0.5'/225 (the solid thick line in the middle) as a good compromise between empirical
fit and long-term behavior. We also check other values to check the robustness of our results in

Section 5.4. Finally, all our parameter choices are summarized in Table 1.

5.2 Model fit

In this section we evaluate the model against data from the sample of CEE countries discussed
above. First, we look at the evolution of financial assets in the data and in our model. Second,

we explore the model’s performance for a selected set of real variables.
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Czech Rep. Estonia Hungary Latvia Lithuania Poland Slovakia
Common parameters
3 1/1.04
o 0.08
10} 5
Risk premium half-life 22.5
TFP half-life in T 15
TFP half-life in N 12
Initial risk premium 3.24%
Initial TFP in T 0.55
Initial TFP in N 0.79
Static parameters
ar 0.477 0.338 0.427 0.405 0.511 0.376 0.477
an 0.405 0.323 0.337 0.362 0.436 0.363 0.405
n 0.429 0.329 0.315 0.328 0.431 0.337 0.393
Ny 0.381 0.483 0.478 0.527 0.334 0.443 0.435
¥ 0.0336 0.0356 0.0359 0.0405 0.0452 0.0361 0.0393
Initial conditions (2001)
AlY (%) 58.6 -10.5 -27.7 -6.3 -7.9 12.6 37.7
PPS GDP (rel. to Germany, %) 60.2 39.4 50.2 33.3 35.5 40.7 44.6
Share of traded capital (%) 34.1 28.3 35.5 29.2 40.6 36.3 31.9

Table 1: Calibrated parameter values

5.2.1 Money and NFA
The model’s starkest implications are for the paths of financial assets: money balances and
the net foreign asset position. More precisely, the accumulation of these assets depends on the
currency regime. The Baltic countries have operated a currency board during our whole sample
period, thus we classify them as fixed regimes. The other four countries were, in principle,
floaters. Monetary policy, however, strongly influenced the extent of exchange rate movements.
Figure 7 plots the evolution of the exchange rate for the Czech Republic, Hungary, Poland and
Slovakia. Recall that the model predicts nominal appreciation under a truly flexible exchange
rate. We clearly see this in the Czech Republic and Slovakia, thus we classify them as flexible
regimes. Hungary, on the other hand, had a basically flat exchange rate, which indicates an
implicit targeting by its central bank. Thus we classify Hungary as having an (implicitly)
fixed regime, although this is obviously a more qualified statement than in the case of the
Baltic countries. The case of Poland is more difficult, as it experienced a marked depreciation,
followed by a strong appreciation. Given that the model is forward looking, and we see nominal
appreciation in the second half of the sample period, we classify Poland as floater.

We run the following experiment. Given our calibration strategy detailed above, we simulate
the model under two alternative scenarios: flexible exchange rate and currency board. We test

the model by comparing its predictions for money holdings and NFA under both scenarios with
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what we see in the data. If the mechanism we emphasize is important, the flexible regime model
simulation should perform better for countries we classified as floaters, while the currency board
simulation should be superior for countries we classified as having a fixed regime. Given the
relative simplicity of our model, we do not expect either match to be perfect, especially for the
NFA which is very sensitive to the premium calibration. We do expect, however, a significant
difference (in the right direction) in the relative performance of the model under the alternative
exchange rate regimes.

Figure 8 presents our results. In most cases the model produces a significantly better fit when
we use the model version that corresponds to our ex ante qualification. The only exception is
Poland, where the currency board model is preferred according to the data. Given the ambiguity
about the de facto Polish exchange rate regime, this could actually be viewed as favorable to our
model, but it is safer to conclude that in the Polish case the test is inconclusive. For Slovakia
floating does fit marginally better, but the test is not as informative is in the other cases.

Since we calibrate the risk premium path using Hungarian NFA data the model’s good fit
there is not surprising. As we discussed in the previous section, however, even in the Hungarian
case the currency board regime leads to a much more realistic interest premium path than the
flexible regime. Interestingly, while overall the currency board regime fits the path of money
holding much better in Hungary, at the end of the period there seems to be a movement towards
the flexible model specification. This may be because the Hungarian regime became more flexible
over time; we do not have firm evidence to prove this point.

In terms of levels, generally we do a better job in matching the Ms/Y ratio than the NFA
path. Since the NFA is very sensitive to the risk premia, this is not surprising. Recall that we
impose the same risk premia (based on a Hungarian calibration) for all countries, from which
the true values may differ. Of course, we could calibrate each country premia to their NFA path,
but then our test would only be based on Ms/Y observations. We prefer a less than perfect
NFA fit to retain more degrees of freedom for model evaluation.

To summarize, we conclude that financial asset data strongly support the model. In partic-
ular, the model performs quite well in matching these data, and its performance is significantly
better if we use the correct exchange rate regime for the simulations. Our next step is to look

at the model’s performance for other, non-financial variables.

5.2.2 Convergence

As we show below, the differences in the convergence process under a currency board and flexible
exchange rates are economically meaningful and significant, but not big enough to pick up from
noisy data. The exceptions are financial assets, which we examined in the previous section. For

all other variables, we only present the model simulations under our ex ante regime specification.
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In case of Poland and Hungary, we keep our original assumptions of float and currency board
respectively.

Figure 9 shows the results for (i) GDP convergence, (ii) the relative price, and (iii) the
sectoral allocation of capital. Since we use (i) and (iii) as initial conditions, the model and data
paths coincide at ¢t = 0; we chose data units so that the same holds for the relative price.

The first column contains GDP simulations for the seven countries. In most cases the model
does a very good job in the first half of the sample. We underpredict GDP growth in the second
half of the sample in the majority of the countries, which experienced very rapid growth in the
period. Since our model cannot explain such acceleration of growth rates, the deterioration of fit
is not surprising. Also, we are sceptical about the sustainability of the very high growth rates;
in fact by now the region has experienced a sharp deterioration (largely due to the credit crisis).
Finally, recall that we use Hungarian TFP data for our calibration: using country specific paths
would presumably improve the fit for other countries as well.

The inclusion of asymmetric TFP growth helps explaining relative price movements. With
the exception of Estonia and Lithuania, we match the relative price reasonably well. Matching
relative capital movements is met with limited success: typically we underpredict the share of
nontradable capital. We suspect that our conservative calibration of the risk premium process,
which ignores the very steep (but in our opinion temporary) decline in the sample years, causes
the underprediction of non-tradable performance.

Overall, we conclude that the model is successful in explaining movements in aggregate
variables, such as GDP, the net foreign asset position, and the money/GDP ratio, but it has some
difficulties in replication sectoral allocations. In addition to what was already discussed, this
may simply reflect a discrepancy between model and measurement: the tradable/nontradable
breakdown is difficult to measure properly, and the reliability of relative capital stocks is also

questionable.

5.3 Counterfactual analysis

After evaluating the models performance, we turn to the analysis of counterfactual scenarios.
We are interested in the extent of differences between (ii) two currency board regimes under
different exchange rates, and (ii) a flexible and a fixed currency regime. In other words, we
want to quantify the financial and real effects of having a fixed exchange rate. We perform these

experiments only for the Czech Republic: they can easily be repeated for the other countries.

5.3.1 Comparing fixed exchange rate levels

First we compare two fixed exchange rate regimes, one of which has a 10% stronger exchange

rate. This exercise can also be thought of as choosing the entry rate to a fixed exchange rate
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system, such as the Eurozone. We choose the starting period to be 2006, since this is the last year
we have data for initial conditions, and here we are primarily interested in making projections
for the future.

Technically, we compare the model’s predictions under the two alternative exchange rate
levels, assuming otherwise the same initial conditions (taken from calibrating the flexible model
to 2006 Czech values), and keeping all parameters the same. More precisely, the only difference
is in the initial level of total financial assets. In the baseline case, we assume that b5P + h§'P =

bELEX 1 pELEX  while the revaluation from s; = 1 to 53 = s’ < 1 implies that 655 + h§P =

bELEX 4 pELEX (é —1). Thus this exercise is a pure wealth shock to initial asset holdings
denominated in foreign currency.

We measure the difference between the two cases in percentages: for any non-financial vari-
able z, the numbers on the figure are 100 - (ZCB/ - ZCB) /2B, In what follows, the terms
"declines", "increases" etc. refer to the convergence path under one exchange rate level relative
to another, and not relative to the initial position. For money and the NFA we report the actual
differences, since these variables are already in percentages.

Figure 10 plots the results (the numbers are in percentage points). The effects on GDP are
modest: the revaluation leads to an increase of about 0.07 percentage points. Consumption,
on the other hand, responds stronger, with a bit more than a 1/3 percentage point increase.
In case of tradables this difference is constant, since in our model consumption growth only
depends on the exogenous interest rate premium. Since the premium path is kept constant, the
two exchange rate levels imply parallel consumption paths.

The intersectoral reallocation effect is much bigger (and permanently so) than the overall
impact on GDP. Tradable production declines by 1/2 percentage points in steady state, while
nontradable production increases by 1/4 percentage points in steady state. Thus the stronger
exchange rate leads to a permanent reallocation towards the non-tradable sector. The reason
for this is that the positive wealth effect of the stronger exchange rate causes the steady state
NFA position to rise. This allows for the import of more tradables, which frees up production
resources for nontradables. It also implies that the country needs to accumulate less capital,
since the tradable sector is marginally more capital intensive. Since the intensity difference is
small, the impact on capital accumulation is also small.

Finally, as we mentioned in the previous paragraph, the stronger exchange rate leads to
increased savings (higher NFA). The money stock is also higher under the stronger exchange
rate, but the difference is relatively small. Since money is a normal (durable) good, the wealth
effect operates similarly to consumption: people smooth their increased wealth and choose a

small, but permanent increase in their money holdings.

To summarize, we see that a 10% higher exchange rate leads to a small, but persistent increase
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in consumption, and sectoral reallocation. Since the windfall gain is saved and smoothed, the
differences are not very large for any given period, but cumulatively they are quite significant.
We conclude that our model with flexible prices implies that the choice of the Eurozone entry
rate has modest, but nontrivial consequences for consumption, the structure of production, and
welfare. The effects on financial assets are much stronger, predominantly for the NFA position

that improves significantly.

5.3.2 Comparing exchange rate regimes

Next we look at the impact of introducing a currency board in a flexible exchange rate regime.
We again use our calibration for the Czech Republic, which was one of the two countries with
a truly floating exchange rate in our sample period. Instead of comparing two different entry
rates as in the previous section, here we assume that the entry rate is the actual floating rate
at the time of entry. Thus we look at the pure impact of changing the exchange rate regime,
as opposed to its level. More precisely, we examine a scenario when a country, under a flexible
regime at ¢ = 0, decides to unexpectedly switch to a currency board at ¢ = 1. Since the change
is unexpected, all parameters and initial conditions are the same in the two cases. Again, we
measure the difference between the two regimes in percentages: for any non-financial variable

208 — ZFLEXY [,FLEX . while for money and NFA we

z, the numbers on the figure are 100 - (
report the actual differences.

Figure 11 shows the results. Most differences are small: GDP is lower by 0.02 percentage
points on impact, but converges to a slightly higher level (0.005 percentage points). The magni-
tudes are similar for all real variables, with a slightly higher effect in case of sectoral reallocation.
The fact that these numbers are uniformly smaller for real variables than in the previous section
is not accidental. As we showed before, both experiments are equivalent to a positive wealth
shock as long as the real convergence path is concerned. The initial level of nominal spending,
x1 captures both the extent of the wealth effect, and predicts the subsequent real path. Since a
10% revaluation has a higher wealth effect than the exchange rate regime change, it also leads
to bigger "real effects".

This argument does not hold for financial variables. As we demonstrated before and is also
shown on the figure, changing the exchange rate regime leads to a very significant reallocation
of financial assets. The model predicts that the Czech Republic would have a higher NFA
(less foreign debt) and less money under a currency board regime than under its actual flexible
exchange rate regime, by about 20% in each case. Such a reallocation does not take place in the
case of a revaluation, since the nature of the monetary regime does not change. With the switch
from a floating to a fixed exchange rate, however, holding money becomes relatively more costly

(there is no longer a capital gain due to nominal appreciation) - hence the substitution towards
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foreign assets.

To summarize, we conclude that the exchange rate regime (as opposed to its level), is quan-
titatively not very important for convergence and capital accumulation. The main reason for
this "almost neutrality" is consumption smoothing: agents spread the wealth gains over the
entire horizon. Thus, in a sense, our model trades off persistence with big initial impact. Indeed
our small, but permanent effects are comparable to much larger but short-lived effects. Since
the interest premium is exogenous, a changing NFA position does not feed back to the cost of
borrowing. In a model where the interest premium depends on the net foreign asset position
(a common assumption in recent small open economy models), the choice of the exchange rate
regime would have a bigger impact. The asset portfolio, however, is greatly affected by the
financial regime, with a large substitution away from money and towards foreign bonds in the

currency board economy.

5.4 Robustness

In this section we explore the sensitivity of our results with respect to parameters that were
difficult to calibrate. These are the investment adjustment cost ¢, the steady state money per
GDP ratio h/7 and the half-life of the interest rate premium.

Tables 2 and 3 contain results for a selected set of variables. As in the previous sections, each
cell contains information about the difference between the convergence paths under alternative
regimes. The first table focuses on the effects of a revaluation, comparing two fixed regimes
where one has a 10% stronger exchange rate. The second table present the two financial variables
when we compare the flexible and fixed regime, since these are the only variables that behave
differently from the revaluation exercise (see the previous sections).

Since plotting the full convergence paths for each sensitivity exercise would take up too much
space, the tables condense that information into three measures. These are the maximum differ-
ence ("highest absolute deviation" or "h.a.d.") between the convergence paths under alternative
regimes (the peaks of Figures 10 and 11), the difference at impact (¢t = 1), and the steady state

differential. In each case we also include the baseline numbers for comparison.

It is clear that the results are robust to most parameter changes we study. Indeed, the only
cases where the numbers are significantly different from the baseline correspond to different
money per GDP ratios. Not surprisingly, if money is more important in our model economy,
the real effects are also larger and vice versa. Other parameter changes generally do not effect

the results much.
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baseline ¢ =75 ¢ =2 %: 0.3 %: 1.4 half=19 half=26
Y
h.a.d. 0.079 0.084 0.062 0.035 0.150 0.091 0.068
impact 0.079 0.084 0.062 0.035 0.150 0.091 0.068
S.S. -0.023 -0.023 -0.022  -0.010 -0.043 -0.022 -0.023
k
h.a.d. -0.073 -0.071 -0.081  -0.032 -0.143 -0.083 -0.064
impact 0 0 0 0 0 0 0
S.S. -0.052 -0.053 -0.051  -0.023 -0.100 -0.052 -0.053
x
h.a.d. 0.373 0.376 0.364 0.160 0.744 0.419 0.330
impact 0.373 0.376 0.364 0.160 0.744 0.419 0.330
S.s. 0.373 0.376 0.364 0.160 0.744 0.419 0.330
h/y
h.a.d. 0.276 0.279 0.270 0.051 1.100 0.309 0.246
impact 0.108 0.106 0.112 0.020 0.437 0.138 0.083
S.S. 0.276 0.279 0.270 0.051 1.100 0.309 0.246
b/y
h.a.d. 8.129 8.230 7.932 3.564 15.610 8.425 8.221
impact 6.676 6.643 6.752 2.877 13.220 7.659 5.804
S.S. 8.129 8.230 7.932 3.564 15.610 8.425 8.221
p
h.a.d. 0.150 0.159 0.124 0.065 0.291 0.172 0.131
impact 0.150 0.159 0.124 0.065 0.291 0.172 0.131
S.S. 0 0 0 0 0 0 0
Table 2: Robustness: revaluation
baseline ¢ =7.5 ¢=2 gz 0.3 gz 1.4 half=10 half=16
h/y
h.a.d. 24.738 24.623 25.002 10.553 49.873 28.439 21.465
impact  24.738 24.623 25.002  10.553 49.873 28.439 21.465
S.S. 0.074 0.074 0.072 0.015 0.283 0.078 0.077
b/y
h.a.d. -24.747  -24.631 -25.009 -10.557 -49.889  -28.448 -21.472
impact -24.747  -24.631 -25.009 -10.557 -49.889 -28.448 -21.472
S.S. 2.021 2.046 1.972 0.886 3.879 2.005 2.031

Table 3: Robustness: currency board vs. flexible regime
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The picture is similar when we look at the second exercise, comparing the fixed and flexible
exchange rate regimes. The only important parameter corresponds to the money per GDP ratio,
as before. Neither the investment adjustment cost, nor the risk premium path, nor the steady
state relative TFP level have much impact on the financial asset allocation difference between
the two monetary regimes.

We conclude that our baseline results remain robust to the parameter changes we explore
in this section. Even for the money per GDP ratio the results do not change dramatically, and
reinforce that the model delivers nontrivial, but modest real effects of the exchange rate regime.
Thus we believe that it is the model structure, and not the particular parameter choices that

drive our baseline results.

6 Some concluding comments

We presented a two-sector neoclassical growth model where money plays a role due to money-
in-the-utility. Our main results are that (i) the convergence path depends on the exchange rate
regime, (ii) the inclusion of money leads to modest exchange rate effects for the path of capital
accumulation and other real variables, (iii) the exchange rate arrangement has a large impact on
financial wealth and portfolio allocation. By carefully calibrating the model, we showed that in
Central and Eastern European EU member countries we can indeed relate differences in portfolio
allocation to their monetary regime.

Our most important policy implications concern the adoption of the Euro in these countries.
Our results imply that the adoption of the Euro for flexible exchange rate regimes has a small
but permanent effect on (real) economic convergence, and the choice of the entry level of the
exchange rate impacts convergence in a non-trivial manner. While our model is not suited to
the study of the optimal conversion rate, we believe that it is a useful first step in the analysis of
the long-run impact of currency regimes and exchange rate levels, and also short-run financial

flows.
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Appendix

A Net foreign asset positions in selected countries
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Figure 12: NFA per GDP positions in selected EU countries

B Sectoral capital stock data

For Hungary, we need to add a measure for the stock of residential housing. We use three

different procedures for the correction, using capital stock estimates by the statistical office
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(CSO). One is that the share of sector K (real estate services) should be the same as in the
CSO data (30.5%, stable in time). The second is that household dwellings (the stock of which
is missing from our capital services data) are 55% of non-household buildings (which is included
in our detailed data). And finally, the third is that household dwellings should be 27.5% of the
total stock. All three methods yield essentially the same result.

For Poland, the CSO data has gross stocks at the sector level from 1997 to 2006 (pre-2004
data has to be imputed from 2004 levels and pre-2004 volume changes), and net stocks at the
sector level for 2004-2005. The gross-net adjustment ratios are quite stable, so we applied their
average (at the sector level) as the adjustment to get the net stock estimates at the sector level.

For Estonia, the CSO data refers to the tangible assets of enterprises, while for Latvia, it
is the tangible assets of companies. This needs to be adjusted for residential housing (sector
K), financial services (sector J) and government capital (almost exclusively sector L, based
on detailed data in Hungary). We do this adjustment by using the four countries where we
have complete data (Hungary, the Czech Republic, Lithuania and Poland). Sector K should be
28% of the total capital stock (the average ratio for the 4 countries with complete data — the
particular number is 26.4% in Lithunia, 28.3 in the Czech Republic, 28.6% in Poland and 30.5%
in Hungary). The share of sector L is 4.1% in Poland, 10.9% in the Czech Republic, 14.4% in
Lithuania, and 20.9% in Hungary, from which we select the Lithuanian ratio. Sector J is 1%
in Hungary, 1.4% in the Czech Republic, 1.9% in Poland and 3% in Lithuania, from which we
again select the Lithuanian number.

For Slovakia, we use CSO data for gross fixed assets at purchasing value. It is not specified
whether the data contains financial corporations and the government. As the share of sector J
(financial services) and that of sector L (public administration and defense) is in line with the
rest of the countries (around 10% and 4.5%, respectively), we do not adjust them. Residential
housing is missing, which we again take to be 28% of the total.

Further details and the particular data series are available from the authors upon request.

C Derivations under flexible regimes

In this section we present the steps that lead to equations (19) and (20). Under a flexible

exchange rate, the money stock is fixed, so we can rewrite the money demand equation (11) as

v 1 B

H  sizy Se41%T41

In steady state, the equation implies

YST

=
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Let us define spending in local currency as x; = s;x¢. Using this definition and substituting for

H in the money demand equation, we get:

1-8 1 B

X Xt Xt+1

1 1 _1—5(1 1)
Xt Xetl B \x x¢/°

The last equation implies that if x, > %, then x;,; > x; and vice versa. Hence the only way the

system can reach the steady state is that x; = X for all £. Thus we have s;z; = s¢412¢41, which
together with (10) yields (19).

The proof is similar in the perfectly elastic money supply case. Using the fact that 14 7, =
H;/H; 1 and that the exchange rate is fixed, we rewrite the money demand equation in and out

of steady state as follows:

_ Hy pBHi
s = =
Tt Tt41

.. 1-pH
o

Substituting for s and introducing the notation &, = H;/z;, the money demand equation becomes

(1-p)¢

§ — B

1-8

,6 (g_ft)

& — &

The only way the system can reach the steady state is that ¢, is constant, i.e. H; = x,H /.
Substituting for H/z yields (20).
D Steady state results

Here we present the steady state conditions and derive which variable’s steady state value is
dependent on initial conditions. We normalize Ap—; and p = 1, and choose Ay accordingly,

which lead to the list of equations below. Notice that the capital rental rates are equalized in
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steady state, so we can drop the j index:

cr =Nk
en=(1-nz
7; = 0k;

We still need to solve for [, for which we use the non-tradable market clearing condition:

)o[F(58) ™+ - ()

This equation implicitly defines [ as a function Z. Collecting terms, the multiplier of I can be

Ay (1=1) (ANO‘N>12VN = (1—n)3+(1 - A1) <1 + ga

&
N

_

written as
Anan 1fiVN ¢ ar\ i—ar L Ayan 1*1“N
— P JR— — _QT p—
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Using the equation that defines Ay, we can sign this expression as follows:

o= (O‘T)lagﬂr(l )(1+2s 5(0”)1T - Loor_on
L= 1—an 7k g 2 7k ar 1—apn

k
~ —

o1l — 1-—

! ATAN 4 (1 _p)) 14 %5) 6 (1o Loor_ow
anyl—any ar 2 ar 1—-ay
1—ar 7k 10} aN

> - (1+%
ar <1— 1) ( +2 T on

1—ar fk gb
> < ( +25 51 )

aT 1—aN

= [ (1457)°
1—ar

= eyt (51) >

This implies that [ depends negatively on Z. Using the steady state conditions, we can group

all steady state variables regarding their relation to Z:

does not depend on Z: q, 7™, w0, An, En, Ep

depends on Z: cr, N, L, kj, 75

may depend on Z (if ar # ay): k

The last step is to relate the steady state NFA, b to Z.

(}1)5 _ m+sz;_f_<1+‘§5)5;;
)

1 - 1
Here
- l—ar ap = l—ar an
— 1—
k £T< ar 1—aN+l< arT 1—aN>>
Il = A—Bzx
o= C—B§T<1—1 ar_an >:c
ar 1—ay
SO

. 11(1w+x Haveo (5-1)))

. l_ = _1—aT a N
- e (e (G e (15T

Sl
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Notice that the relation between b and Z again depends on relative intensities. For at most
moderate differences (which is in line with existing evidence), a higher Z implies a higher b:
higher expenditure is financed from higher financial investment income. For extreme differences,

it might go the other way, in which case physical capital income finances the extra expenditure.
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