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Summary.* In the middle of 1997 Bulgaria introduced a credible cur-
rency regime and opted for liberal external trade and capital regulations.
Since then the country's economy returned to positive growth rates but its
trade balance experienced a sharp deterioration with no signs of reversal so
far. Calibrating and simulating a neoclassical growth model | investigate
whether the current developments in the trade balance of Bulgaria could be
explained as the equilibrium response of an optimizing undercapitalized
small economy that was initially closed but in 1998 opened to trade with the
rest of the world. The simulation of the model gives qualitatively and quanti-
tatively acceptable results. According to the best-performing specification of
the model's initial factors and parameters, Bulgaria will experience its largest
trade deficit in 2005. The negative imbalance in the country's external trade
will begin to diminish in the subsequent years with a full reversal to trade sur-
plus predicted by the model for 2019. The model's results could be broadly
interpreted as supporting the view that the current negative imbalance in
Bulgaria's external trade is driven by the process of real convergence and
does not stem from worsened competitiveness of the economy.

JEL classification: E52, E61
Key words: monetary policy, macroeconomic policy, exchange rate, catching up
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adapting the codes to Bulgaria's case study and the simulation of the model in MATLAB® soft-
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1. Introduction

While being notably successful in maintaining sizable economic growth
since 1998, Bulgaria experienced a sharp deterioration in its trade balance,
which in 2004 fell to a record deficit for the whole of its post-communist his-
tory. The increasing gap between domestic demand and domestic produc-
tion for some goods and services seems to be a specific phenomenon for the
period after the introduction of a Currency Board Arrangement in mid-1997.

During the first seven years of Bulgaria’s transition to a market economy
the net trade in goods and services was moving without a distinct direction
within the range of minus 7.6 per cent and plus 5.4 per cent of the gross do-
mestic product (GDP) per year. A pattern of persistent worsening, however,
emerged after 1997, and especially since 1999, when the trade deficit went
beyond five per cent of GDP and remained above this level to reach in 2004
the unprecedented 10.3 per cent of GDP. This dynamics seems to have been
driven by a boom in consumption and investment.' Together with this, the
Bulgarian lev appreciated by more than 30 per cent in real terms in the period
1997-2003.°

The natural questions that arise are how far these developments can go
and how long they are supposed to last. Neither theorists, nor practitioners
have agreed in general on any universal quantitative indicators for external
imbalances that may signal a danger for the long-term stability of the
economy.” The answers to these questions appear to be country specific.

One way of looking for an explanation of the external imbalances in small
capital-poor economies is through the neoclassical growth paradigm. This ap-
proach is particularly appropriate for use in countries which operate a fixed
exchange rate regime since the latter implies, in line with the neoclassical
view, that changes in money supply are fully determined by the dynamics of
real economic variables. Recent applications of neoclassical growth models
to small open economies include Rebelo and Vegh (1995), Rebelo (1997),
and Burstein, Neves and Rebelo (2003), who examine the consequences for
the real economy of exchange rate based stabilization programs in countries
like Argentina, Chile, Israel, Mexico, and Uruguay. Within the neoclassical

'In the period 1998-2003, the aggregate consumption grew by 5.3 per cent on average per
year and the aggregate investment (exclusive of the change in inventories) - by 18.1 per cent on
average per year. Truly, both aggregates were subject to large fluctuations during the period but
they decidedly held on positive annual growth rates (all data from National Statistical Institute of
Bulgaria (NSI) and United Nations Economic Commission for Europe (UN ECE); see the refer-
ence list).

The reference currency is the German mark; Author’s calculations (see Section 2.4 for de-
tails).

3For more on this issue see Calvo (2000).
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framework, but from a slightly different angle, Fernandez de Cordoba and
Kehoe (2000) combine the effects of stable currency and trade liberalization
to study the behavior of some major aggregate economic indicators in Spain
after the accession of the country to the European Community in 1986. Ex-
tending their work, Bems and Jonsson (2005) investigate whether the ob-
served trade deficits in the Baltic states after the adoption of fixed exchange
rates and de facto economic liberalization in early 90s are close to the ones
implied by the theory. With its monetary reform in 1997, accompanied by
active dismantling of barriers to the external trade and capital flows, Bulgaria
offers a good avenue for application of a neoclassical growth model.

In this study I aim to show whether a plausibly parameterized neoclassical
deterministic general equilibrium model is able to explain the current devel-
opments in the trade balance of Bulgaria. If the modeled time-path of the
trade deficit after an economic liberalization in Bulgaria, which | assume to
have taken place in 1997, captures the observed dynamics, then the latter
could be thought of as the equilibrium response of an optimizing undercapi-
talized economy and should not be regarded as excessively large and posing
a danger to the sustainability of economic growth. | will treat the country as
a small, initially closed, economy that opens to trade with the rest of the
world after 1997.

The definition of “closedness/openness” is a matter of convention here
and plays a crucial role since the only shock to economy in this deterministic
set-up is the inflow of capital through external trade upon the so-called “open-
ing” or “liberalization”. In reality, Bulgaria has been quite an open economy
much before 1997 but it is also true that it became considerably more open
to foreign goods and capital flows since then with the implementation of key
administrative reforms. Thus, the terms “closedness” and “openness” should
be thought of here in their broader meaning and related more to the stages
of actual openness than to its strict economic definition.

| use the same model as the one in Bems and Jénsson (2005), with all the
extensions these authors make to the basic work of Fernandez de Cordoba
and Kehoe (2000). My choice is motivated by the close similarity in the dy-
namics of key real economic variables between Bulgaria and the Baltic states
after the introduction of a currency board regime. Namely, they are: pro-
longed deterioration of the trade balance, substantial real exchange rate ap-
preciation, impressive real output expansion, and a noticeable shift in eco-
nomic activity towards industries relying solely on domestic demand. Any
such parallel between Bulgaria and the Baltics, however, should take into ac-
count the fact that while the latter embarked on fixed exchange rates led
largely by strategic considerations in the beginning of their economic transi-
tion, the former had to introduce a “hard peg” as the only reasonable option



after the severe financial crisis in late 1996 and early 1997. Thus, although
1997 marks an obvious change in behavior of the Bulgarian economy, it
might not be indeed the best starting point for the medium- and long-term
analysis that follows. Weighing the arguments in favour of with those against
the specific role of 1997 for the model that | use here gives me enough of
confidence to accept this year as the last one in which Bulgaria could be as-
sumed to function as a closed economy.

The model is a standard dynamic general equilibrium model of a small
open economy and belongs to the broad class of the so-called dependent
economy models.* It has a traded good, a non-traded good, capital, labour,
and an investment good which augments the capital stock. In both previous
applications of the model - to Spain and to the Baltic states - it shows a good
performance in qualitative terms. The extensions of Bems and Jonsson (2005)
considerably improve its quantitative implications.

A key element of this model, putting a link between the capital flows and
the real exchange rate fluctuations, is the investment sector that employs
both traded and non-traded goods in the production of an investment good.
Brock and Turnovsky (1993) were among the first to account for the compos-
ite nature of the aggregate investment in a model economy. According to
their interpretation, the aggregate investment good should be thought of as
comprised partly of equipment (traded good) and partly of structures (non-
traded good).

The presence of specific investment technology could be rationalized in
terms of the model with the limitation that it imposes on the import of traded
goods, thus bringing the modeled trade deficit closer to the observed one.
Put differently, if the investment good consisted only of tradables, the steady-
state level of capital could have been accumulated very fast by a large im-
ported quantity of traded goods. However, since the investment good is an
amalgamation of tradables and non-tradables, there exists a natural barrier to
the import of traded goods for investment purposes, as the latter implicitly re-
quire local production of non-traded goods in a certain proportion. Moreover,
Fischer (2002) provides evidence on significant contribution to the real ex-
change rate appreciation in transition economies of - as named by him - the
“investment demand channel”. This channel, stemming from the same com-
posite structure of the aggregate investment, where equipment and structures
are complements, is found to work besides the usual supply channel, known

*As Brock and Turnovsky (1993) point, any model that includes non-traded sector and exog-
enously given world prices for the traded sector's output is a variant of the “dependent economy
model”. The first who introduced the term “dependent economy” is W.E.G. Salter in 1959.
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as the Balassa-Samuelson effect,’ in driving the prices of the non-traded
goods upwards during a transition to a higher steady-state.

The model applied by Fernandez de Cordoba and Kehoe (2000), and ex-
tended by Bems and Jonsson (2005), exhibits frictions in the factor mobility
and accounts for a time-varying risk premium in the real interest rate that the
country faces in the world financial markets.® I use the same functional forms
for the capital and the labor adjustment costs as specified by Bems and
Jonsson (2005).

There is no existing study for Bulgaria, to the best of my knowledge, focus-
ing from a general equilibrium perspective on the real side of the changes
that occurred in the economy after the introduction of a currency board ar-
rangement in mid-1997. Nenovsky and Hristov (1999) test the relationship
between monetary aggregates and real economic variables and prove that
the money supply under the currency board in Bulgaria is endogenously de-
termined by the developments in the real variables. Yotzov (2000) and
Knoester and Van der Windt (2003) both use approaches which mix the
Keynesian and the neoclassical tradition in their modeling of the economic
dynamics in Bulgaria. Chobanov and Sorsa (2004) perform econometric esti-
mation of the determinants of real effective exchange rate (REER) in Bulgaria
over the period 1997-2003 and find that there is no significant misalignment
of the Bulgarian Lev with respect to what the economic fundamentals imply.
However, these authors estimate reduced-form equations that are not derived
from a structural model of the economy. In my work | disregard any nominal
factors and examine whether a calibrated to the Bulgarian data neoclassical
growth model could produce results that broadly capture the observed dy-
namics in the economy between 1997 and 2004.

The baseline calibration of the model is found to give qualitatively accept-
able results, but it underperforms in terms of the quantitative implications.
Recalibration stemming from a downward correction of the estimated initial
stock of capital seems to improve the quantitative results while preserving the
qualitative outcomes. According to the best-performing specification of the
model's initial factors and parameters, Bulgaria will experience its largest trade
deficit in 2005. The negative imbalance in the country's external trade, how-
ever, will begin to diminish in the subsequent years and a full reversal to trade
surplus is predicted to occur in 2019.

The rest of the paper is organized as follows. In Section 2 | give a detailed

“For a comprehensive treatment of the Balassa - Samuelson effect and estimation of its pres-
ence in the transition countries see Halpern and Wyplosz (2001).

®The need for incorporating frictions in intertemporal models for a small open economy with
internationally mobile capital and perfect foresight is well-argued by Fischer (2002).



argumentation on the choice of treating 1997 as the last closed year for the
purpose of modeling and | present some stylized facts of the economic liber-
alization in Bulgaria. Section 3 introduces the model, while Section 4 deals
with its calibration to the Bulgarian data. In Section 5 | explain the results
from the performed simulations. Section 6 concludes, draws some policy les-
sons and suggests directions for further research.

2. Stylized Facts of the Economic Liberalization

In this section | present evidence on some major effects of the economic
liberalization in Bulgaria after 1997. It is important to note that the process of
liberalization was gradual and could not be entirely attributed to one single
year.

Before looking at the outcomes from the liberalization, however, | explain
why | choose 1997 as the last year in which Bulgaria should be considered as
a closed economy. The main argument in favor of this choice is the fact that
as late as the middle of 1997 Bulgaria was able to introduce a credible cur-
rency regime, which per se is a crucial prerequisite for having market-deter-
mined flows of capital and a truly complete liberalization of the capital move-
ment. The implementation of the currency board arrangement on July 1,
1997 played a central role in stabilizing the Bulgarian financial system and the
country's whole economy after the financial crisis in late-1996 and early-
1997. The “hard peg” of the Bulgarian lev to the German mark made the
business environment significantly more predictable, while the currency
board reined in the inflation and brought down the interest rates.”

The landmark events for the liberalization of trade and capital transactions
in Bulgaria were the Agreement on Accession to the CEFTA,® signed in mid-
1998, and the beginning in early 2000 of negotiations for membership in the
EU. At the same time, the legal framework was amended to enable the free
movement of goods and capital. The Law on Encouraging Foreign Invest-
ments, adopted in October 1997, the introduction of full current account
convertibility in September 1998, and the new Foreign Exchange Law,
adopted in September 1999, are but three of the major acts paving the way
of the gradual liberalization of trade and capital flows.

The privatization process in Bulgaria had its intensified development after

7 . . .
Bulgaria fixed the lev to the German mark at a rate of exchange 1:1. For a comprehensive
study of the effects of the currency board in Bulgaria see Miller (1999), and Zaimov and Hristov
(2002).
8The Central European Free Trade Agreement (CEFTA) consisting then of the Czech Republic,
Hungary, Poland, Slovakia, Slovenia and Romania.
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1997, when most of the state-owned banks and those that went bankrupt
during the financial crisis, together with some major enterprises, were sold
mainly to foreign investors. As a result, the inflow of foreign direct investment
in Bulgaria considerably increased after 1997, with an average annual value
of USD 1,152 million in the period 1998-2004 compared to an average an-
nual value of USD 234 million in the period 1992-1997.° At the same time
the share of private sector in the gross domestic product (GDP) was perma-
nently on the rise, reaching currently 66.3 per cent from a starting level of
56.7 per cent in 1997." The presence of a relatively large private sector with
competing firms is very important for the successful application of the model
since the latter is based on the assumption of perfect competition.

Taking into account all these arguments | decide to accept 1997 as the
last closed year and 1998 as the first open year for Bulgaria in terms of exter-
nal trade and capital flows. The following stylized facts of the liberalization
come into support of this choice, highlighting a difference in the behavior of
some aggregate economic indicators after 1997. Moreover, these are the
main empirical findings that | will try to explain with the model presented in
the next section.

2.1 Trade Balance Deterioration

A marked deterioration of the trade balance in Bulgaria began in 1998,
when although still positive at 0.2 per cent of GDP the net exports of goods
and services decreased by 4.4 percentage points from their 1997 level."' The
drop was even larger in 1999, when the trade balance went to a deficit of 5.8
per cent of GDP, and remained in the following years at levels higher (in ab-
solute value) than the negative 5.0 per cent of GDP. The year 2004's trade
deficit of 10.3 per cent of GDP is the highest one since the beginning in 1990
of the transition to a market economy in Bulgaria. The developments in the
trade balance for the whole period 1997-2004 are shown in Appendix B,
Figure 1.

2.2 Gross Domestic Product Expansion

The economic growth in Bulgaria returned to positive rates persistently af-
ter 1997. The recession in the early nineties (with exception of 1994 and
1995 when Bulgaria registered positive economic growth, but the latter
proved to be very unsustainable) took its worst toll on the activity in 1996
when the GDP decreased by the record 9.4 per cent, amid the roaring finan-

’Data from InvestBulgaria Agency (see the reference list).
°Data from NSI.
"Data from NSI.



cial crisis.'”” With the pegging of the national currency to the German mark
in mid-1997 and the implementation of key reforms that effectively opened
the country to external capital and trade flows, Bulgaria enjoyed stable eco-
nomic growth of over 4 per cent yearly in the period 1998-2004 (with excep-
tion of 1999 only, when the growth rate was 2.3 per cent). The dynamics in
the real GDP growth in the period 1997-2004 is depicted in Appendix B,
Figure 2.

2.3 Traded Sector Contraction

The large trade deficits observed in the period after 1997 were associated
with a notable contraction of the share of traded sector output in GDP. Here,
following a commonly applied convention in the literature on the division of
industries into traded and non-traded," I include in the traded sector agricul-
ture and fishing, mining, manufacturing, and transport and communications.
These industries consist of goods and services that have a comparatively ho-
mogenous nature across different countries and can be immediately ex-
ported or imported when the national trade borders are lifted up. All other
industries form the non-traded sector of the economy. A detailed classifica-
tion is given in Appendix B, Table 1.

Thus, as it is seen in Appendix B, Figure 3, the share of the traded sector
in GDP decreased by some 10 percentage points in the period 1997-2003,
starting from 55.4 per cent in 1997 and plunging immediately under 50 per
cent in the first open year, 1998, to reach 45.3 per cent in 2003."* The shift
in the economic activity from the traded to the non-traded sector is an antici-
pated consequence of the liberalization and is intrinsically connected to the
trade balance deterioration and the real exchange rate appreciation.

2.4 Real Exchange Rate Appreciation

The production shift towards the non-traded sector was accompanied by
an increase in the relative price of non-traded goods, which, on its part, led to
an appreciation of the real exchange rate. The actual developments in the lat-
ter are shown in Appendix B, Figure 4 (the darker curve), where | plot the real
exchange rate of the Bulgarian lev with respect to the German mark. Ger-
many is taken here and hereafter to be the reference country, representing
the rest of the world, since it is the major trading partner of Bulgaria. A sub-
stantial appreciation of more than 30 per cent for the period 1997-2003 in

"Data from UN ECE.
*For more on that see Bems and Jonsson (2005), p.11.
"Data from UN ECE.
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the German mark - Bulgarian lev real exchange rate could be seen in that
picture.

Within the model only the relative movements in the non-traded good's
price affect the real exchange rate (RER). This is a natural consequence of the
assumption that the law of one price holds for the traded goods. Formally, the

RER of the Bulgarian lev with respect to the German mark is:
Ger
RER, = NER, 5 (1)

where NER is the nominal exchange rate, expressed in Bulgarian levs per one
German mark (effectively, 1:1 for the period into consideration: 1997-2003),
and Ptce’ and PtB“’ are the aggregate price indices for Germany and Bulgaria
respectively.

Using the approach of Betts and Kehoe (2001), the RER could be decom-
posed as follows:

« the assumption that the law of one price holds for the traded goods implies
PT”" = NER,.PT"" (2)

« substituting for NER from (2) into (1) gives an equation for the real ex-
change rate, when all traded goods satisfy the law of one price and the bas-
kets of traded goods are the same in both countries:

. (pre\(porY (BYT/PTS
win~( 2 | =) Gy g

This last equation simply states that fluctuations in the real exchange rate
can be explained by changes in the relative prices of non-traded goods, since
the part of the price index P/ that is not PT/is the price index for the non-
traded goods (the superscript i stands for the country: i € {Bul, Ger}).

With this expression in hand, which will be called “the explained” (by the
model) RER, | obtain time-series for the period 1997-2003 using data from
UN ECE." As pointed by Betts and Kehoe (2001), the best price indices to
use when calculating the RER are those for gross output. Due to lack of all re-
quired data for Bulgaria | use instead value added deflators, which are good
proxies for the gross output deflators (see Betts and Kehoe, 2001). The same
procedure is performed by Fernandez de Cordoba and Kehoe (2000). Follow-
ing their steps, | derive the implied gross value added deflator for the traded
sector (comprised here of agriculture and industry, exclusive of construction
activities).'®

1;Unfortunately, data for Bulgaria for 2004 at the required level of dissagregation were not yet
available at the time of writing this paper.
'%The arithmetical procedure is explained in detail in Valev (2005), p.12.



Back to Figure 4, next to the real exchange rate (eq. 1) German mark -
Bulgarian lev for the period 1997-2003, | plot the corresponding explained
real exchange rate (eq. 3) (the lighter curve). As it is obvious from the picture,
both curves co-move strikingly well. Indeed, the correlation between RER and

RER is 0.98 for the period 1997-2003, which exceeds considerably the
numbers found for other countries in the above-mentioned empirical studies.
For example, Fernandez de Cordoba and Kehoe (2000) find correlation of
magnitude 0.56 between the actual and the explained German mark - Span-
ish peseta real exchange rate for the period 1986-1996. Betts and Kehoe
(2001), although working with gross output rather than gross value added de-
flators, find correlation of 0.82 between the actual and the explained US dol-
lar - Mexican peso real exchange rate for the period 1980-1998.

The fraction of the variation in RER that is explained by the variation in

RER - the coefficient of determination R - is equal to 0.82, which is again im-
pressively high compared to the one of 0.26 found by Fernandez de Cordoba
and Kehoe (2000) for the Spanish real exchange rate.'” The corresponding
numbers obtained by Bems and Jonsson (2005) for the Baltic states during
the 1994-2001 period are 0.43 for Latvia, 0.30 for Estonia and 0.17 for
Lithuania. However, the latter authors calculate the explained real exchange
rate by proxying the aggregate price index with CPI and the traded sector
price index with PPl for manufacturing, which according to Engel (1999) is
not a very precise approach since the measures of the traded goods prices
and those of the non-traded goods prices come from different surveys.

The interpretation of the coefficient for Bulgaria in terms of the model
with one traded and one non-traded good, is that roughly 82 per cent of the
fluctuations in the actual real exchange rate will be captured by the move-
ments in the relative price of the non-traded good, which is to be modeled
here. Seen alone, this is more than a good premise to start with. However,
caution is called for when taking this number to account for the explanatory
power of the model, since the division of the industries into traded and non-

traded in the calculation of the RER was not exactly the same as the one pre-
sented in Table 1 due to data limitations.

3. Model

This section presents the model which | will use to study the dynamics of
the Bulgarian economy after its liberalization in 1997. Bulgaria is modeled as
a small, initially closed, economy that suddenly opens to trade with the rest of

For computation of this coefficient see Valev (2005), p.13.
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the world. There is a representative consumer in this economy and five goods
in every period: traded good, non-traded good, capital, labor, and investment
good that augments the capital stock in the subsequent period. The time unit
in the model is one year.

The representative consumer solves the utility maximization problem, tak-
ing prices as given:

2 sc",+(1—a)cf‘,,%—1
max ZB @

{c,-, CneKi1:Ba } = ° (4)

such that

Cr + pi’\’zc.‘\"r + qt+lkz+1 + br+l < WtL + (1 + };B )bz +vk, Vi (5)

7t
¢, 20,Vt
cy, =20,V1¢

qr+1kf+l +br+1 2-A,Vt

b {s 0 if pZ, >0

€ R otherwise

(6)

k, b, given

Here, c, is the consumption of traded good, which is a numeraire in the
model (i.e. p,, = 1); ¢, is the consumption of non-traded good; p,, is the rela-
tive price of the non-traded good; k., is the investment in domestic capital
stock executed at the relative price of capital g,,,; b,,, is the investment in
bonds denominated in the units of the traded good, earning a net interest of
rtB, where the latter differs from the world interest rate r,* by a risk premium
of ptB; L is the endowment of labour which is inelastically supplied at a wage
w, and vk, is the income from selling the capital at the relative price v, to
firms producing traded or non-traded goods.

Importantly, g,,, is the price at which the consumer acquires capital for
period t+1 but the transaction actually takes place at the end of period t. On
the other hand, the price at which the consumer sells capital in period t to the
firms producing traded and non-traded goods is v,.

Constraint (6) states that the representative consumer can not lend to the
rest of the world if a positive risk premium is present. The wedge in the form
of a risk premium between the interest rate that the country faces in the inter-
national financial markets rtB and the prevailing world interest rate r,* has an



important role in slowing down the capital flows in the model, thus making
the adjustments more gradual and bringing them closer to the observed dy-
namics. The presence of a risk premium in the interest rates of external loans
taken from the country is economically justified for the case of Bulgaria, since
the country was not able to finance itself at the world interest rate immedi-
ately after the liberalization in 1997. The evidence on the risk premium for
Bulgaria is discussed in the next section. Here it is necessary to note that the
risk premium is an exogenous variable for the model.

The variable b,, ;, which is the net foreign asset position of the representa-
tive consumer, can take both negative and positive values. When negative, it
means that the economy borrows from the rest of the world. The last inequal-
ity in (5) effectively rules out Ponzi-games, since it implies that consumer's
assets in every period cannot be smaller than -A, for a sufficiently large A.
Changing signs, A can be viewed as an upper bound for indebtedness of the
economy.

As specified, the utility function exhibits a constant intratemporal elastic-
ity of substitution in consumption between traded and non-traded goods
1/(1-) and a constant intertemporal elasticity of substitution in consumption
1/(1-6). The consumer's preferences towards traded goods are governed by
the parameter g while the subjective discount factor is B.

The model allows two alternative specifications of the interest rate deter-
mination and the external borrowing or lending. The first one is when the
economy is closed: the interest rate rOB is determined endogenously, and
there is no external borrowing or lending b,= 0. The second one is when the
economy is open: the interest rate is equal to the exogenously given world
rate rtB = r" if the net foreign asset position is positive (b, > 0), or to the world
rate augmented by a time-varying risk premium (also exogenous here, as
mentioned above), rlB =(T+r5)(1+ ptB)—1, if the net foreign asset position is
negative (b,<0). In this study | will assume that the Bulgarian economy opens
up to trade with no initial endowment of foreign assets (or equivalently, ab-
sent of external debt), b, = 0.

The traded and the non-traded goods can be used not only for consump-
tion, but also as inputs in the investment sector. Additionally, the traded good
can be exported and imported. Thus, the total supply of traded good in the
economy is augmented by the term b, ,-b(7+ rtB) which is exactly the
economy's trade balance.

The investment good that augments the capital stock in the subsequent
period is produced under a two-factor Cobb - Douglas technology, where
the production inputs are traded and non-traded goods. The latter could be
thought of as equipment and structures respectively. Thus, the familiar law of
motion for the capital here becomes:
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where § is the depreciation rate, G and vy are parameters of the production
function in the investment sector, and x,, and x;, are the inputs respectively of
non-traded and traded good into the investment sector.

There is a perfect competition in the investment sector, and the firms take
prices p,, and q,,, as given when maximize in every period:

Y A=
max ql+1Gle‘le X~ Pni¥ (8)

{th ’ 'le}
The firms producing traded and non-traded goods operate under a
perfect competition and taking prices as given maximize their infinite
horizon profits:

max ZB‘[H%}@ Fr/(ku RN N 1)+%|(1 b)k”—w,/,‘fv,k,) (9)

where j € {T, N}, p,,

=1 (since the traded good is the numeraire), and the pro-
duction functions Fi ()

have the following form:

F“ (k”’k”’"l-f"lff*‘) A/k/t l] . (D/r (k/r’kfr—l)_LP/r (ljwljr—l) (10)
where
i

o k” 7(176)]‘/171
q)/k/sk/— = _— ”€>0 ¢>0 11
/(/ /1) 1+C[ k,H ji-1 ( )

l/t_[/r—l ’
\F//(l//sl/ﬂ):\l’ 7 Z/,,], y 20 (12)

jt=1

The function in (11) @jt(.), introduces convex costs associated with invest-
ment. The specification of @jt(.) implies that capital frictions are present in
steady state, because the costs are associated with the transformation of in-
vestment goods rather than the adjustment of the capital stock. The function
n (12), Wt(.), represents quadratic costs, related to the adjustment of the
labour force in each sector. This specification which is very similar to the one
estimated by Cooper and Willis (2003) implies that there are costs of both hir-
ing and firing of workers, and that the firm pays these costs for net hires
(fires). The term in the square brackets in (9) comes from the usual Euler
equation for the consumer's problem where U _(c,) denotes the marginal util-
ity of consumption of traded good.'®

"For more on the model description see Valev (2005).



An equilibrium for the model economy is defined as sequences of prices
{Pris WGt 0o Py cOnsumption and assets {é,,,¢,,.%,.,,b,.,}12, , sectoral produc-
tion plans (k.. and  {k,.l,}°, and inputs in the inve stment
sector {%,,,%,,}2, such that:

(i)  Given the prices p,,,W,.4,, and ¥ , the representative consumer solves
the utility maximization problem in (4).

(i)  Given the prices p,.,W,.4,, and ¥ , producers in the traded and the
non-traded sectors solve the maximization problem in (9).

(iii) Given the prices p,, and g, the firms in the investment sector solve
the maximization problem in (8).
(iv) The goods markets clear in every period. If the economy is closed in

period t, thenb, =0. If the economy is open in period t then

t+1
=+ p/ )1+ -1

(v) The factor markets clear in every period.

From the first-order conditions in (i) it is easy to obtain a no-arbitrage con-
dition for investment:

1+ ’%i)ém = ‘;m (13)

This equation simply states that the return on investment in physical capi-
tal and in bonds should be equal. Note that the prices ¢,,, and v,,, in fact re-
fer to different periods, as mentioned in the beginning of this section.

4. Calibration

In this section | explain in detail the procedures performed for calibration
of the model to the Bulgarian data. First, | present the methodology for ob-
taining an estimate of the capital stock in Bulgaria for the last closed year,
1997, and then | describe the calibration of all parameters and initial factors.

4.1 Capital Stock Estimation

The National Statistical Institute of Bulgaria (NSI) does not publish official
data on the stock of capital in the economy. To obtain a measure for the capi-
tal stock available in the last closed year, 1997, | follow the route suggested
by Bems and Jonsson (2005), where the total capital stock is the sum of fixed
tangible assets of all enterprises and the stock of residential housing. Data on
both variables could be found in the Statistical Yearbooks of NSI.
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* Fixed Tangible Assets:

Having the value in current prices for 2001 of the fixed tangible assets
(from the Statistical Yearbook 2002), | obtain the value for 1997 by a back-
ward iteration of the standard law of motion for the capital:

K =1+(1-9 K,
where K stands for the fixed tangible assets (FTA), | stands for gross fixed capi-
tal formation (GFCF), and & is the depreciation rate.

Changing the letters in accordance with the national accounts termino-

logy, and noting that 5k, =CFC, , the law of motion becomes:
FTA, = FTA_,+ GFCF, —CFC,

Series for GFCF in constant (year 2000) prices is available from the UN
ECE database, while series for CFC in current prices is taken from Eurostat.
The latter, as well as the FTA value for 2001, | convert into constant prices
with the deflator of GFCF (base year 2000). Thus, | obtain the value of FTA for
1997 in constant prices to be BGN 18, 991 million."”

* Residential housing:

The value of the dwelling stock for 1997 at current prices could be ob-
tained from the NSI Statistical Yearbook when the living floor space (in sq m)
is multiplied by the average market price per 1 sq m living floor space. Con-
verting the resulting number into constant prices (again dividing by the GFCF
deflator), | arrive at a value of BGN 46,740 million for the residential housing
(RH) in 1997.

* Capital stock:

The sum of FTA and RH for 1997 is equal to BGN 65,731 million. Several
remarks come naturally with respect to this value of the capital stock, which
I will further use for the purposes of the calibration. First, the structure of the
capital stock is very different from the ones in the Baltic states in the years
immediately before their “opening” in terms of the model, as witnessed by
Bems and Jonsson (2005). Thus, with fixed tangible assets comprising 28.9
per cent of the capital stock and residential housing taking over the remain-
ing 71.1 per cent, in 1997 Bulgaria is just the opposite of what was Estonia in
1993, when FTA were 68.6 per cent of the total capital stock and the RH only
31.4 per cent. The comparison with Germany in 1997, however, is milder,

On July 1, 1999 a denomination of the currency in Bulgaria was carried out, where 1000 old
Bulgarian levs were replaced by 1 new Bulgarian lev. Hereafter all values will be expressed in
new Bulgarian levs regardless of the year they refer to in order to make the analysis less compli-
cated.



since the FTA share in the capital stock is 51.5 per cent and the RH share-
48.5 per cent (Deutsche Bundesbank, Monthly Report, November 1998).
Possible explanation for these numbers in Bulgaria, besides the one with the
imperfection of the estimation procedure applied here, is the fact that the av-
erage market price of the living floor space might be an upward biased esti-
mator for the value of the residential housing. This is likely to be so because
the market prices for the residential housing in Bulgaria published by NSI re-
late to new-built homes each year which are likely to be more expensive than
the old existing ones. Since the new homes are just a tiny fraction of the to-
tal stock of dwellings, valuing the whole residential housing at a price that
actually relates to a very small part of it is indeed not a very precise way. Un-
fortunately, it is the only possible one with respect to the available data.

Second, with GDP of BGN 23,857 million for 1997 in constant (year
2000) prices the capital-to-output ratio in Bulgaria in that year k,/y,, is 2.76.
This number appears to be considerably higher than the capital-to-output ra-
tios for the Baltic states in the years before their opening as estimated by
Bems and Jonsson (2005), with Estonia in 1993 having a capital-to-output ra-
tio of 1.41, Latvia-1.40, and Lithuania-1.33. The number for Bulgaria comes
somewhat closer to the capital-to-output ratio of 2.07 in Spain in 1986 - the
reference year for the model of Fernandez de Cordoba and Kehoe (2000).
Again, the explanation of the number for Bulgaria might be the biased esti-
mate of the capital stock. However, it should be stressed that the backward
iteration procedure that | apply here for obtaining the value of the FTA in
1997 implicitly takes into account the official revaluation of the assets that
was carried out on December 31, 1997, in Bulgaria.20 Furthermore, in 1997
Germany had a capital-to-output ratio (defined in the same way) of 3.67,
which highlights the difference with Bulgaria in terms of capital abundance.”’
This difference is essential in explaining the observed trade deficits in Bulgaria
as a natural result from the process of capital accumulation in an undercapi-
talized economy.

Using a different methodology and accounting for the fixed intangible as-
sets, Ganev (2005) arrives at an estimate for the capital-to-output ratio in Bul-
garia for 1997 which is even above 3.5. His explanation for the comparatively
higher numbers in Bulgaria with respect to other transition countries is that in

“This revaluation was applied to all non-financial enterprises and was accompanied by full
inventory of their available assets. It resulted in increase by a factor of seven of the capital stock
for 1997, bringing it to the average market prices. (See United Nations Economic Commission
for Europe (2003) Measurement of Capital Stock in Transition Economies).

#ICalculations were done with data from Deutsche Bundesbank's Monthly Report (Novem-
ber, 1998) and Eurostat.
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the nineties the state of the Bulgarian economy implied a low efficiency of
capital in the creation of value.

4.2 Initial Factors and Parameter Values

The calibration of the model for Bulgaria is based on data from the input
- output table for 1997. | aggregate the 53 sector input - output matrix for
1997, published by the NSI of Bulgaria, into a three-sector matrix, presented
in Appendix B, Table 2. To this end | follow the classification of the industries
asin Table 1.

In calibrating the model introduced in the previous section | use the equi-
librium conditions of the model and normalize all prices to be 1in 1997, ex-
cept the rental price of the capital. The results of the baseline calibration are
presented in Appendix B, Table 3. As postulated in the previous section, the
time unit of the model is one year. | set the parameters 6=-7 and n = -1
which imply standard for the relevant literature results of intertemporal elastic-
ity of substitution in consumption, 1/(I-c ), equal to 0.5, and intratemporal
elasticity of substitution in consumption between traded and non-traded
goods 1/(1-m) also equal to 0.5.

| take Germany to represent the rest of the world in the model, so | cali-
brate the depreciation rate 6 to the German data. Using the law of motion for
the capital | obtain series for the FTA in Germany from Deutsche Bundesbank
and Eurostat databases. Series for CFC in constant prices is also available from
Eurostat. Thus, | average the value of the depreciation rate in Germany for the
period 1994-2004, according to the identity 6 = CFCt/FTA ; and obtain
6=0.0741.

A basic assumption that underlies the simulations in the next section is
that the German economy is in a steady state. Therefore, | calibrate the dis-
count factor B again to the German data, using the identity that holds only in
steady state 8= 1/(1+r*). With data on 10-year Government bond yields from
Eurostat, and CPl-based inflation rate from the Federal Statistical Office in
Germany, | obtain an average real return for the period 1994-2004,
r*=0.0371. Thus, the discount factor is = 0.9642.

| calibrate the consumption preference parameter € using the first-order
conditions from the consumer's problem. The latter yield:

= (Crw /C‘vm )HT
1+ (Crw /"w‘w )HS

where c,,and c,, are the consumption of traded and non-traded good re-
spectively which can be obtained directly from the aggregated input-output

matrix for 1997. The resulting value of €is 0.4085, showing that consumer



preferences are tilted more towards the non-traded good. In this respect the
Bulgarian economy is not any different from the Baltic states for example,
where Bems and Jonsson (2005) found the preference parameters to be
around 0.40. For Spain, the preference parameter found by Fernandez de
Cordoba and Kehoe (2000) is even below 0.30.

To calibrate the parameters of the production function in the investment
sector | use the empirical finding of Burstein, Neves and Rebelo (2004), that
on average 41 per cent of the aggregate investment expenditures in OECD
countries are allocated to traded goods. Moreover, Bems (2004) finds values
of the investment expenditure share on non-traded goods very close to this
number using a larger sample of countries, and concludes that there are no
significant differences in this respect among different regions of the world,
such as Europe, South-East Asia, Africa or Latin America. Taking this evidence,
| set y=0.41. Using the first-order conditions for the investment sector it is
straightforward to obtain the value of the shift parameter G:

Go— L
v A=y

Plugging the value for yone can get G =1.9677.

| take the capital frictions parameters' values from Bems and Jonsson
(2005), and | motivate this choice with the similarity of Bilgaria and the Bal-
tic countries in terms of capital regimes. With the introduction of a currency
board arrangement in 1997, Bulgaria opted for liberal capital regulations as
much as the Baltic states did in 1993-1994. Bems and Jonsson (2005) use
value of 1.22 for the convex component of the capital frictions  and set the
level parameter ¢ to 1 in their baseline simulations.

In calibration of the production functions for traded and non-traded
goods, | normalize the total output in the last closed year to 100 and obtain
the proportions of traded and non-traded output from the input - output ma-
trix for 1997. To obtain values for the initial production factors and the pro-
duction functions parameters | solve a system of eight equations stemming
from the firstorder conditions of the model for the steady state of the Bulgar-
ian economy in autarky. In calculating the income share of capital per sector
| follow an approach suggested by Gollin {2002). The whole procedure is de-
scribed in detail in Appendix A.

The next step is the calibration of the level parameter y for the labor ad-
justment costs. In their study, Bems and Jénsson (2005) set the value of v so
that the maximum net job creation in the model matches the highest rates of
job creation per sectors observed in the actual data. Since data on employ-
ment at the necessary level of dissagregation for Bulgaria were freely avail-
able from NSI only for the short period of 2000-2003, | can not perform the
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same procedure without knowledge of the actual labour dynamics in the first
two years of the liberalization. However, looking at the Bulgarian data one
can observe that the largest net job creation in the mentioned period was
2.17 per cent, and it happened to be in the non-traded sector. Similar pattern
is present in the Baltic states although the growth rates there are strictly
higher (caution is called for in this comparison because of the missing data
for 1998 and 1999). Thus, | take the parameter that Bems and Jonsson (2005)
obtain for Lithuania, y= 30.07, since the maximum net job creation rate re-
ported there comes closest to the one observed in Bulgaria.

Finally, | calibrate an interest rate risk premium for Bulgaria. In a standard
set-up, the risk premium is derived from:

(I+5)=(1+pH(A+15)
that is

- G
1+7

where (1 +r, %) is the gross real interest rate faced by the consumers in Bul-
garia on forelgn currency denominated loans and (1 + r, ) is the world (the
German here) gross real interest rate. To obtain series for the risk premium,
pt , | take the annualized effective real interest rate on short- term (up to one
year) loans in euro to the non-financial enterprises in Bulgaria r, % and in Ger-
many r . The interest rates on foreign currency loans in Bulgarla are the rel-
evant ones for the purpose of estimation here since using them any local cur-
rency risk will be eliminated. Moreover, loans to enterprises should be taken
into account as more representative than those to the Government, because
the share of private non-guaranteed debt in the gross external debt of Bul-
garia has been steadily on the rise in the last six years, while the public exter-
nal debt significantly decreased due to the active management strategy of the
Bulgarian Government, especially in the period 2001-2004. lllustration of
these developments is given in Appendix B, Table 4.

Data on interest rates for the period 1998-2004 in Bulgaria are obtained
from the Bulgarian National Bank website. Interest rates data for Germany are
available from the Eurostat database. Annual CPl-based inflation rates for Ger-
many were used when calculating the real interest rates in both countries. It
must be mentioned, however, that the German data were subjected to a
methodological change in 2003 which makes the comparison between the
two subsets - 1998-2002 and 2003-2004 - in the German interest rate se-
ries very difficult if not impossible.”” To deal with this problem I restrict the

*See Deutsche Bundesbank (2004) Monthly Report (January).



period for calculation of the real interest rate risk premium to 1998-2002. To-
gether with this | assume that the risk premium in the Bulgarian interest rates
with respect to the German ones will reach zero in 2007 - the year in which
it is expected Bulgaria to join the European Union (EU). Thus, | let the esti-
mated for 2002 risk premium decline linearly in the following years to 2007.*
The obtained risk premium per year is presented in Appendix B, Table 5, to-
gether with the risk-free German real interest rate (mirroring the world real
interest rate here) and the resulting real interest rate for the model. In calcu-
lating the latter | make use of the identity:

i’ =+p/ )14 -1

Figure 5 in Appendix B shows the dynamics of the real interest rate in the
model. In the next section | present the results from simulation of the cali-
brated to Bulgarian data model.

5. Simulations

In this section | explain how the neoclassical growth model, introduced in
Section 3 and calibrated to Bulgarian data in Section 4, performs in simula-
tions. As postulated before, Bulgaria is regarded as a closed economy in 1997
which opens to trade with the rest of the world in 1998. A major simplifying
assumption in this version of the “dependent economy” model is that the
country operates the same technology over time. The latter means that the
production functions' parameters A, o, where je{T,N}, as well as G and 1, are
time-invariant constants. Thus, no sﬁoéks to productivity are allowed for here,
and the economic growth is driven solely by capital inflows.

Furthermore, this model, similarly to the ones briefly reviewed in Section 1, does
not distinguish on the sources of financing the trade deficit. Rather, it as-
sumes that only borrowing in the world financial markets covers the negative
imbalance in the country's external trade. Therefore, no role is assigned for
the foreign direct investment which in reality might account for a large part of
the trade deficit financing. Table 6 in Appendix B provides data on the ratio
between foreign direct investment and trade deficit in Bulgaria for the period
1999-2004. In four of these six years the inflow of FDI is larger than the nega-
tive imbalance in the external trade. However, this is not to say that all of the
imported goods and services in excess of the exported ones are covered by
FDI. Rather, the part of trade deficit that consists of investment goods might
be related to this equity financing, as opposed to the consumer goods whose

“Similar approach is undertaken by Bems and Jonsson (2005) when computing the risk pre-
mia for the Baltic states in the four years immediately before the EU accession of the countries.
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import is typically financed by borrowing. | will come back to this point in the
concluding section, but for now it is important to note that the model focuses
on the implications for the economy from the process of accumulation of pro-
ductive capital, while the question of how this accumulation is financed re-
mains a side issue.

5.1 Results from the Baseline Calibration

Figure 6 in Appendix B compares the time paths of trade balance, real
GDP growth, share of traded sector in GDP, and real exchange rate, as pro-
duced from the baseline-calibrated model, to the observed dynamics of these
economic aggregates, previously shown in Figures 1 through 4. Apparently,
the model is able to capture the directions in which all variables move in the
period after 1997.

The divergent ways in which the modeled and the actual real exchange
rates go after year 2000 should come as no surprise here, since even en-
hanced with additional friction as the risk premium, the model fails to capture
entirely the persistence in the actual appreciation. Instead, it predicts higher
initial appreciation of the real exchange rate with a quick twist of the direc-
tion towards depreciation from the third model period ahead. Nevertheless,
the real exchange rate in the model remains appreciated in medium term.

The produced shrinkage of the traded sector, and respectively expansion
of the non-traded sector (relatively to the GDP), appears to be larger than the
observed one. Bems and Jonsson (2005) find similar discrepancy in the mag-
nitudes for Latvia and Lithuania in their simulations of the model. Despite the
match between both time-series is very far from perfect, qualitatively their dy-
namics is the same. Thus, the model proves that the optimal reaction of the
Bulgarian economy to the liberalization of trade and capital flows is to initially
import traded goods and specialize in production of non-traded goods.”*

The contraction of real GDP in the first open period might also be consid-
ered as a standard implication, given its presence for all of the three model
Baltic economies in the work of Bems and Jonsson (2005). These authors ex-
plain the result as coming from costly factor reallocation in response to the
liberalization. Certainly, the effect is not present in the actual data for Bul-
garia. Passing this initial adjustment, the model begins producing growth of
the real GDP but the rates are very modest in comparison to the observed
ones.

*As pointed by Fernandez de Cordoba and Kehoe (2000), and Bems and Jonsson (2005), in
absence of frictions in the model, the optimal response of the economy would be to fully spe-
cialize in production of non-traded goods in the first open period.



The biggest flaw, both in qualitative and quantitative terms, in the perfor-
mance of the baseline-calibrated model, however, is the predicted time-path
of trade balance. As it is evident from Figure 6, the trade balance in the first
two open periods is positive (i.e. in surplus) at almost five per cent and one
per cent of GDP respectively, which means that the representative agent
lends capital to the rest of the world. This violates constraint (6)** although it
matches qualitatively the actual data for 1998, when a small trade surplus was
present. Definitely, no resemblance is in place for 1999, when the first large
trade deficit after 1997 was observed in reality. From a general point of view
the model economy here looks initially as a capital-rich country that opti-
mizes in a position of lender. This is hardly to be the case of Bulgaria given
the level of its economic development in 1997. It might well be a result from
calibration of the model at unrealistically high initial stock of capital.

5.2 Sensitivity Analysis

As suggested in Section 4.2, the estimate of capital stock in Bulgaria for
1997 is likely to be upward biased, because of potentially higher average mar-
ket price of the residential housing. To see how the modeled time paths of
the key economic variables of interest here will react to a decrease in the
value of initial capital, | perform a sensitivity analysis with respect to the ini-
tial capital stock. In essence, | decrease the initial capital-to-output ratio by 10
per cent, 15 per cent, and 20 per cent, recalibrate the model's factors and
parameters accordingly, simulate the model again, and compare each set of
simulation results to the observed data. Summary of the outcomes is given
in Appendix B, Table 7. The prediction of the baseline calibration, where capi-
tal-to-output ratio is 2.76, is that the minimum trade balance (maximum trade
deficit) for Bulgaria will occur in 2006 at about minus eight per cent of the
GDP. As discussed above, the baseline calibration fails to capture well the dy-
namics of the trade balance in Bulgaria since 1997.

When decreasing the initial estimate for the capital-to-output ratio one
can observe that the model generally produces lower trade balance (higher
trade deficit), higher real GDP growth, larger initial drop in the traded sector
share in GDP, and a higher initial appreciation of the real exchange rate. Thus,
while there is a sizable improvement in the results for trade deficit and eco-
nomic growth, as compared to the baseline-calibration ones, there is also a

25Technically, the model solution is found without imposing constraint (6) on the first step.
Then, the results for the net foreign asset position in all time-periods before r~ =r * are judged
upon the conditions in (6). Since when p‘B >0 constraint (6) binds, positive values o br should be
ruled out as implausible, but not suboptimal. In other words, constraint (6) is not part of the ini-
tial optimization program but enters the problem in the next stage.
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worsening in the results for traded sector contraction and real exchange rate
appreciation. Careful investigation of model's performance with each of the
three, lower than the baseline one, capital-to-output ratios shows that best
working for the purpose of capturing the observed dynamics in all variables
simultaneously is the specification with capital-to-output ratio of 2.346 (i.e., a
decrease of 15 per cent in the initial estimate). The medium-term results from
the simulation of the model, recalibrated at k/y,= 2.346, are shown in Ap-
pendix B, Figure 7.

The best performing recalibration, whose parameters and initial factors |
present in Appendix B, Table 8, predicts the minimum trade balance for Bul-
garia to occur in 2005 at minus 10.5 per cent of GDP. The match between
the modeled and the actual time path of the trade deficit is considerably bet-
ter than the one obtained in the baseline case and in all of the other specifi-
cations tested. At the same time, the gap between the modeled and the ac-
tual economic growth is narrowed with no change in the directions of move-
ment. Qualitatively, the traded sector share and the real exchange rate keep
the same fit as in the baseline case with minor worsening of the magnitudes
of quantitative deviation between the model and the actual data.

The long-term implications of the model, simulated with the best-perform-
ing (in medium-term) recalibration, are shown in Appendix B, Figure 8, where
| plot the time paths of trade balance, real exchange rate and capital-to-output
ratio. The model predicts the reversal of trade imbalances from negative to
positive numbers to occur in 2019, while in 2012 the real exchange rate will
begin to depreciate. In the year of trade balance reversal the capital-to-output
ratio in Bulgaria is expected to be 3.69, according to the model's projections.

The intuitive meaning of these long-term patterns is the following: being a
capital-poor economy that opens to trade with the rest of the world in 1998,
Bulgaria starts accumulating productive capital through borrowing abroad
and running deficits in its external trade; at the same time the economic ac-
tivity shifts towards the relatively scarce, only home-produced, non-traded
good (since the traded good could be readily imported); the latter is accom-
panied by a rise in the non-traded good's price, because of its increased de-
mand for investment purposes (remember the specific composite investment
technology in the model) resulting in sustained real exchange rate apprecia-
tion; when capital stock reaches its steady state (long-term equilibrium) level,
the country starts repaying its debt (becomes a net payer to the rest of the
world), while running surpluses in its external trade; this goes together with a
shift (in relative terms) in economic activity back to the traded sector, de-
crease in the price of the non-traded good, and consequently - a real ex-
change rate depreciation.



It is important to note that the trade balance reverses at capital-to-output
ratio of 3.69, which is roughly the same as the one in Germany in 1997, as
reported in Section 4.1. To elaborate more, the model predicts that by 2019
Bulgaria will be able to achieve convergence in relative terms to Germany's
steady state as of 1997. It also implies that despite being overestimated, the
baseline value of initial capital stock is not very far away from the “true” one.
In the next section | elaborate more on the model's implications, discuss its
limitations, and sketch some lines for further research.

6. Conclusion

In this study | examined whether a plausibly parameterized neoclassical
growth model is able to account for the observed dynamics in the Bulgarian
economy after an introduction of a credible currency regime in mid-1997 and
a policy shift towards more liberal external trade and capital regulations. | was
particularly interested in model's predictions for the trade balance in Bulgaria,
as the latter experienced a sharp deterioration since 1997, accompanied by
a sustained real exchange rate appreciation, with no signs of reversal so far.
The baseline-calibration of the model to Bulgarian data produced acceptable
results on qualitative grounds, but failed to replicate quantitatively the actual
data on trade balance, real GDP growth, share of traded in total output, and
real exchange rate.

Recalibration at slightly lower than the baseline capital-to-output ratio im-
proved considerably the match between modeled and observed time-paths
of the trade balance and the economic growth, while preserving the qualita-
tive results for the other two variables. According to the best performing in
simulations specification of the model's initial factors and parameters, Bul-
garia will experience its highest trade deficit in 2005 at 10.5 per cent of GDP,
and a full reversal to a trade surplus will be in place in 2019. At that time, the
Bulgarian economy will have accumulated its long-term equilibrium stock of
capital at 3.69 to the output, which means that Bulgaria will have converged
in real terms to the state of Germany's economy in 1997.

The main lesson from this numerical exercise can be summarized as fol-
lows: if the neoclassical framework is suitable for investigation of the develop-
ments in Bulgaria since 1997, then the observed trade deficit dynamics is the
equilibrium response of an optimizing undercapitalized economy. Put differ-
ently, the increasing negative imbalance in the external trade of Bulgaria is in
line with the theory predictions and does not result from excessive spending
on the part of the economic agents, neither comes from worsened competi-
tiveness of the economy due to the fixed exchange rate that it operates. An
important policy implication might be that measures for correction of the cur-
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rent imbalances in Bulgaria are not necessary. As Sachs (1981, p. 263) notes,
in general the economic and political thinking is “caught up in the mercantil-
ist idea that deficits reflect overspending and therefore require adjustment”.
However, the partial equilibrium approach to the external trade, focusing only
on the relations between import and export, might often be misleading if
used as foundation for policy-making. Elaborating more on that with the pre-
scribed dose of caution for the model's limitations, the results of this study
come into support to those of Chobanov and Sorsa (2004), who find that the
real exchange rate appreciation in Bulgaria is driven by the process of real
convergence and the widening current account deficit is not due to problems
with competitiveness.

The model's results point that reversal in trade and capital flows in Bulgaria
will occur about 15 years from now, while a moderate depreciation of the
real exchange rate is expected to begin in 8 years. All these developments
will imply a gradual shift of economic activity from the non-traded back to the
traded sector. The anticipated sectoral readjustment draws another important
policy lesson here: the factor markets should be flexible enough to enable
smooth reallocation of resources. Thus, from a policy perspective, measures
towards enhancing the flexibility of Bulgarian labor market will definitely
prove beneficial in medium- and long-term.*

Any serious consideration of the model's predictions must take into ac-
count the limitations that were imposed on its construction. As mentioned in
Section 5, the productivity is held constant here, which is a necessary simpli-
fication to isolate the effects of capital flows on the performance of economy.
However, since initial capital inflows reverse in long-term, so does the eco-
nomic growth. This will not be the case if there is another source of growth
for the economy such as the advance in technology. Typically, transition
countries exhibit tangible productivity growth as new technologies replace in-
herited ones from the past of the central-plan economy. Importantly, with no
productivity growth in this model there is no role for the Balassa - Samuelson
effect which implies on its own a real exchange rate appreciation during the
catching-up process. Had it been allowed for here, the model would have
produced a more sustained appreciation of the real exchange rate, thus cap-
turing better the actual data.

Given that the model does not distinguish on the sources of financing the
trade deficit, the net foreign asset position of the country in the model differs
significantly from the actual one for Bulgaria in terms of structure. While fi-

26Comprehensive discussion and empirical investigation on the labor market flexibility in Bul-
garia could be found in Nenovsky and Koleva (2001).



nancing of the trade deficit in the model comes entirely from borrowing
abroad, in reality a great deal of net imports is covered by foreign direct in-
vestment (FDI) flows, as discussed in Section 5. Indeed, to the extent that FDI
is a non-debt creating capital inflow the future repayment needs of the coun-
try might not be as big as those implied by the model. Equivalently, the trade
surpluses after 2019 might be smaller than the modeled ones. To account for
the FDI role in the model is an appealing but difficult objective, since this
type of capital inflow has an exogenous nature - it depends on a myriad of
factors that is hard to control for, such as the investors' sentiment towards the
country (and often the region in which the country is located), the country's
business environment (in legal, political, and social terms), etc. Last but not
least, FDI also entails repayment on the part of the country in long-term, tak-
ing form of repatriated profit or intra company loan amortization, which ulti-
mately does affect the external balance.””

This study might be extended in future along several lines. First, a broader
sensitivity analysis, applied to all exogenously taken parameters, could be car-
ried out in order to identify the robustness of the obtained results. Second, al-
lowing for growth in productivity might improve model's predictions with re-
spect to the economic growth and the real exchange rate appreciation. Third,
the assumption of zero net foreign asset position in Bulgaria in 1997 is a very
strong one, as the country entered the currency board regime at very high
public external debt-to-GDP ratio. Although, as mentioned in Section 4.2, the
fall in public external debt since 1997 was due to discretionary management
on the part of Bulgarian government, and the rise of private external debt
might be a better indicator for the real dynamics in the economy after its as-
sumed opening in 1998, a carefully calibrated initial endowment of external
debt will probably help the model resemble better the specifics of the Bulgar-
ian case study.

“For more on this issue see Zanghieri (2004), with special focus on Bulgaria given by Interna-
tional Monetary Fund (2004) Country Report No.4/177.
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APPENDIX A: Calibration of the Production Functions

In this appendix, | explain in greater details the calibration of the produc-
tion functions for traded and non-traded goods. In brief, the purpose is to find
the production functions' parameters A, A,, o, @, and the initial factors k;,,
Ky 1o and [,

In the autarky steady state (the last year before liberalization), the output
in each of the sectors is:

No/

00 T
Yro = Ark;x(r)l;oar _H6 : kry (A. 1)
1+§
Yo = Akl _%8 Ky (A.2)

The last term in both equations relates to the cost of transformation of in-
vestment goods into capital. Following Bems and Jonsson (2005), | use here
the fact that in equilibrium the capital in each sector must earn its marginal
product, i.e.:

YroXy = (O Ak s+ Z Yy, (A.3)

IwoXy = (y Aukssy e+ Z )y (A. 4)

1 :
where Z:%dﬁ (l (I+n)- ]comes from the investment transformation

C
+
costs, while X and X, are the income shares of capital and are obtained from
the actual data
To calculate the income shares of capital, | follow one of the approaches
suggested by Gollin (2002, p. 468), where:

0s, +¢fe,

jt i S
o0s, +mix, +wl, +cfc,

for je{T, N}, and t denoting the year. Here os stands for the operating surplus
(the net business income of the incorporated enterprises), mix stands for the
mixed income (the operating surplus of the private non-incorporated enter-

28Equanons (A. 2) and (A. 3) follow from the first-order condition with respect to capital in the
producer's problem in Section 3, if one uses the no-arbitrage condition (13) in Section 3, and
noting that the price of capital g is 1, replaces (r by S)k with Y X



prises), wl stands for the compensation of employees, and cfc is the consump-
tion of fixed capital. As Gollin (2002) points out, in order to get income
shares right one needs to distinguish strictly between the business income of
the incorporated and the non-incorporated enterprises. It is more proper for
the income of the latter group, consisting of self-employed people, to be cat-
egorized as labour income, since their businesses tend to be more labour in-
tensive.

The input - output matrix for Bulgaria in 1997 provides information only
on the combined os/mix component of the gross value added in the
economy. Data on the division within os/mix are available in the NSI Statisti-
cal Yearbooks for the period 1997-2001. Using these data | compute the in-
come shares of capital, according to the above formula, for each year and per
both sectors - traded and non-traded. The average value of X, for the period
is 0.3372 with a standard deviation of 0.0619, while the average value of X,
is 0.5302 with a standard deviation of 0.0343. Although more varying, the in-
come share of capital in the traded sector is in line with the findings of Gollin
(2002) for a large sample of countries, as well as with those of Bems and
Jonsson (2005) for the Baltic states. The higher income share of the capital in
the non-traded sector, however, appears to be a specific feature of the Bulgar-
ian economy, and could be easily explained by the great share of the imputed
rent for the owner occupied residential housing. | use in my calibration the
averages of the income shares of capital, computed for 1997-2001, in order
to avoid the problem with the higher volatility of X;, and to approximate bet-
ter the technologies used in the analyzed period. Note, however, that X; is ex-
pected to be lower than o in any of the sectors, because of the capital fric-
tions that are present in the model.

The equilibrium conditions insist on equalization of the returns to capital
and labour across the sectors:

OVI'ATk?(I)4 ]lT;)(xT = G‘i\‘ AN kliz)il Il.‘\:(? ! (A 5)
(=) A kil =1 (A.6)
(1—(11\, )AAk(\Lr; l;(;\ =1 (A 7)

where the right hand sides of the last two equations are simply the normal-
ized to 1 initial wages in the model. The condition for clearing the market for
capital states is:
ky =Ky + Ky (A. 8)
Thus, the eight equations in (A.1) - (A.8) are solved in a system to ob-
tain the parameters and initial factors for the model. The values for y;, and
Yxo are taken directly from the input - output matrix for 1997 and scaled
according to the adopted normalization y, = 100. More concretely,
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Vo = (9 049/15 747)100 = 57.4649, and y,,, = 100 - 57.4649 =
42.5351. All results are listed in Appendix B, Table 3.

As a final point, it deserves noting that the non-traded sector is more capi-
tal intensive in Bulgaria than the traded sector, i.e. o >o... This comes in con-
trast to the standard textbook assumption (Obstfeld and Rogoff (1996),
Fischer (2002), that the export technology (the traded sector) relies relatively
more on capital than the non-tradables technology. However, the results for
Bulgaria are in line with those for Spain and the Baltic states, where
Fernandez de Cordoba and Kehoe (2000), and Bems and Jonsson (2005) re-
spectively, also find that the non-traded sector is more capital intensive than
the traded sector.



APPENDIX B: Tables and Figures

CLASSIFICATION OF INDUSTRIES INTO TRADED AND
NON-TRADED SECTORS

Table 1

Traded industries

Non-traded industries

Agriculture/Fishing

Mining

Manufacturing
Transport/Communications

Electricity, gas and water supply
Construction

Wholesale/Retail trade

Hotel and restaurant services
Financial intermediation

Real estate/Renting

Education

Health and social work

Public administration and defense/
Compulsory social security
Other service activities

Table 2

AGGREGATED INPUT-OUTPUT MATRIX FOR BULGARIA, 1997
(million Bulgarian levs [new?*])

* See Section 4.1, footnote 19 for reference.

Expenditures

1 2 1+2 C+G | X  C+G+I+X | Total
1 9,005 2,810 11,815 5,586 -159 8,276 13,703 | 25,518
2 2,045 1,817 3,861 6,722 960 1,402 9,084 | 12,945
1+2 11,050 4627 15676 12,308 801 9,678 22,787 | 38,463
-g wl 3,195 2,691 5,886 5,886
g rk 5,480 3,957 9,437 9,437
& |cfe 686 471 1,157 1,157
rk (net) | 4,794 3,486 8,280 8,280
T 374 50 424 424
whtrk+T | 9,049 6,698 15,747 15,747
M 5,420 1,620 7,040 7,040

Total 25,518 12,945 38,463 12,308 801 9,678 22,787

Source: Derived from “Input - Output Tables: 1996, 1997”, National Statistical Institute of
Republic of Bulgaria (2002).
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1 traded sectors (agriculture/fishing, mining, manufacturing, transport/

communications)
2 non-traded sectors (others except services not for sale)
wl compensation of employees
rk business income (gross operating surplus/mixed income), of which:
cfc consumption of fixed capital

rk (net) net business income (net operating surplus/mixed income)
taxes and transfers

M imports
C+G  private plus government consumption
I investment (gross capital formation)
X exports
Table 3
BASELINE CALIBRATION OF THE MODEL FOR BULGARIA
Initial Factors Parameters
Yo 100.0000 L 55.7673 A, 1.0018 n -1.0000
Yoo 57.4649 Ly 37.0232 Ay 0.7142 ¢ 0.4085
Yo 42.5351 Ly, 18.7441 o 03625 & 0.0741
k, 276.0000 Oy 0.5666 B 0.9642
o 127.5510 Y 0.4100 ¢ 1.2200
Ky 148.4494 G 1.9677 ¢ 1.0000
c -1.0000 v 30.0700
Table 4

EXTERNAL DEBT (PERCENTAGE OF GDP)

1999 2000 2001 2002 2003 2004

Gross External Debt 89.2 86.9 78.6 65.1 60.5 63.0
Public Sector External Debt  77.2 72.2 63.8 48.2 40.1 33.1
Private Sector External Debt 11.9 14.7 14.7 17.0 20.4 30.0

Source: Bulgarian National Bank (the numbers in the last two rows do not add up exactly to the
corresponding number in the second row due to roundings in reporting).
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Table 7

SENSITIVITY ANALYSIS WITH RESPECT TO THE INITIAL CAPITAL
STOCK

Initial capital stock Minimum trade balance Year of reversal

percentage of the estimate k)y,  percentage of GDP  year

100 2.760 7.98 2006 2021
90 2.484 9.61 2005 2019
85 2.346 10.50 2005 2019
80 2.208 11.50 2004 2018
Table 8
BEST PERFORMING RECALIBRATION OF THE MODEL FOR
BULGARIA
Initial Factors Parameters
Yo 100.0000 L 56.1129 AT 1.0623 n -1.0000
Yo 57.4649 /m 37.1829 Ax 0.7859 £ 0.4085
Yao 42,5351 l, 189300 o 03588 &  0.0741
ko 234.60000 oy 0.5612 B 0.9642
kTo 108.4180 b4 0.4100 ¢ 1.2200
kNO 126.1820 G 1.9677 ¢ 1.0000
o -1.0000 "4 30.0700
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