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SummAry*. The paper develops a small-scale dynamic stochastic general equilibrium model (DSGE)
of the Bulgarian economy along the lines of the New Open Economy Macroeconomics. Our small
open economy produces traded and non-traded goods and both sectors face hybrid inflation dynam-
ics and capital adjustment costs. We incorporate the currency board mechanism and cover the bal-
ance of payments explicitly. The law of one price holds in the tradable sector implying that under flex-
ible output prices, the terms of trade adjust in a way such that the external relative price of tradables
remains constant.

Policy simulations are used to investigate the impact of changes in the economic environment to
which transition economies and Bulgaria in particular are currently exposed to. We explore the effects
of a Balassa-Samuelson (BS) type shock for sectoral and overall inflation and discuss current account
sustainability and implications for the internal real exchange rate. We find that under the currency
board the BS effect is not as persistent as found for accession countries under a fixed exchange rate in
related research. Inflationary pressures arising from real-catch up processes seem therefore not to pre-
vent compliance with the Maastricht inflation criterion.

We further analyse the impact of lump-sum government expenditures on the trade balance and the
current account. Fiscal policies under the currency board put upward pressures on the sector-specific
inflation rates and tend to yield short-run trade balance surpluses. However, intertemporal wealth ef-
fects dominate causing overall current account deficits and losses in foreign reserves. The model is
solved using Uhlig’s toolkit.

"This paper was written during a research stay at the Bulgarian National Bank in July and August
2006. The author would like to thank the BNB for the financial grant as well as all members of the Eco-
nomic Research and Projection Directorate for their invaluable support. Jochen Blessing, Department
of Economics, Freie Universitat Berlin, e-mail: jochen.blessing@web.de



1 Introduction

The political integration of Bulgaria into the European Union is scheduled for January 2007
and the road to adopting the Euro is on the horizon. The restructuring of the Bulgarian
economy from planned to market-based is still incomplete but recent economic developments
are promising. Bulgaria has fared fairly well since installment of the currency board in 1997
which has helped to attain low infhtion and macroeconomic stability. Infhtion has declined
from over 1000 percent to less than 5 percent today and real economic growth has been robust
since then ranging between 4 to 6 percent.! Prudent fiscal and debt management policies in
recent times ensure that the balance of payments is sustainable in the future and bring down
external debt.

Whereas macroeconomic management is well on track in Bulgaria there is an often voiced
concern for Euro-accession countries under fixed or heavily managed exchange rates that infh-
tionary supply-side pressures might prevent soon compliance with the infhtion criterion and
delay ERM II entry. Under the automatic currency board the choice of stabilisation policies
is limited to the fiscal stance and contractionary policies might be needed in order to cope
with these pressures. On the other hand, the ongoing restructuring of the Bulgarian economy
towards a market-based economy will still need expansionary fiscal policies directed towards
infrastructure investments and the like that put demand-side pressures on the infhtion rate.

The framework proposed here illustrates these upward pressures on domestic consumer price
infhtion (cpi) by both supply and demand side phenomena within the framework of the New
Open Economy Macroeconomics. Our small open economy produces traded and non-traded
goods and features sector specific hybrid infhtion dynamics as well as capital adjustment costs.
In particular, we incorporate the currency board mechanism and cover the balance of payments
explicitly. We also investigate the economic consequences for the real exchange rate whether
government spending falls on home-tradables or home services. For the ease of exposition the
law of one price holds in the tradables goods production, in other words the foreign (EMU)
frms cannot price-discriminate across the border. This assumption is heroic given the latest
estimations of exchange rate pass-through in Bulgaria (see Dimitrova (2006), forthcoming). The
exchange rate pass-through to overall infhtion is found to be around 0.3 and the second stage
of the pass-through effect defined as the elasticity of domestic prices to international prices is
0.27. The assumption of full pass-through from foreign tradables infhtion to the domestic one
can still be justified by the role of our model serving as a benchmark framework.

We proceed as follows. Section 2 discusses the related literature and 3 sets out the macroeco-
nomic framework along the lines of the New Open Economy Macroeconomics (NOEM). Section
4 analyses the long-run equilibrium of the economy and section 5 describes the calibration to
the Bulgarian data. Under 6 we provide responses of economic key variables following shocks
in productivity and fiscal spending. Conclusions follow.

2 A New Open Economy Macroeconomics framework

Under the automatic currency board mechanism, the domestic base money is fully backed by the
stock of foreign reserve holdings which removes any discretionary monetary policy power from
the central bank. The mechanism establishes a direct link between the balance of payments
evolvements and the domestic money supply. A balance of payments deficit causes automatic
contraction in reserve money and therefore contracts domestic credit and vice versa. Modelling
the currency board mechanism in general equilibrium models has so far not found widespread
attention and models adapted to the Bulgarian case are rarely available. A general equilibrium
model of the trade balance dynamics in Bulgaria is developed in Valev (2005) within a neoclas-
sical growth model and hence abstracting from nominal rigidities. Desquilbet and Nenovsky

See Sorsa (2002) for an overview of recent economic developments in Bulgaria.
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(2003) discuss the stability of the currency board in the conditions of self-fulfiling exchange
rate crisis within a money in utility framework. The latter model does not feature different
production sectors and the authors acknowledge that inclusion of the latter would seriously
affect infhtion and real exchange rate dynamics.

We construct a model which is richer in structure than the above mentioned models and we
follow the NOEM literature in methodology. The NOEM comprises macroeconomic frameworks
with explicit microfoundations that incorporate some sort of price and/or wage rigidity which
causes prices and monetary developments to inflience the real economic environment. The
basic structure of the model is closest to Natalucci and Ravenna (2003). Henriksson (2005),
Benigno and Thoenissen (2003), as well as Bokil (2005) are other main infliences. Whereas
Natalucci and Ravenna (2003) only allow for forward-looking infhtion dynamics we also allow
for backward looking price setting which altogether generates hybrid, or "humped-shaped"
impulse-responses of infhtion. Hybrid infhtionary performance can be thought of as a proxy
of the slow restructuring of frms within the Bulgarian economy. Our model takes into account
that for a suffi cient studying of business cycle dynamics in transition economies, investment and
capital have to be incorporated in the model.

We integrate the currency board mechanism and model the balance of payments explicitly.
We therefore obtain a direct link between the stock of foreign reserves holdings and domestic
base money supply. To highlight the character of this contribution as a first step of modelling
the currency board within the NOEM we refrain from any features that break the automation in
the currency board mechanism. Our central bank has no possibility of infliencing the domestic
base money by any means. There is no monetisation of government debt, as the fiscal stance
has to be in balance every period.

Bulgaria$ currency board actually features non-automatic elements that cut the direct link
between the balance of payments and domestic money supply (see Miller (1999) for the empiri-
cal evidence). Namely, there exists the requirement of commercial banks to maintain reserves in
the central bank. Further, Nenovsky and Hristov (2002) argue that the inclusion of government
fiscal reserves in the liability side of a currency board (i.e. covering them with international
reserves) creates a discretionary channel of monetary policy transmission in Bulgaria. Govern-
ment revenue and expenditure policies therefore directly impact the reserve money and, hence,
the money supply. The model developed so far can therefore serve as the benchmark frame-
work against which to judge outcomes of discretionary monetary policy possibilities under the
Bulgarian currency board.

3 The model: building blocks

3.1 Households
3.1.1 Preferences and Decision Problem

The small open economy is inhabited by a continuum of households that reside on the interval
[0,1]. In any period, a household j receives utility from consuming the consumption index C
which is a composite of non-traded goods consumption CNJ and tradable goods consumption
¢TI, ¢TI consists of home produced tradable goods consumption C},‘t and foreign produced

tradable goods consumption Ciﬂyt. The household derives utility from liquidity services provided

by holding real money balances J‘gg . Utility from holding money balances is not covered by bond

holdings which provide indirect utility through the income they generate. The household has
disutility —V (L) by giving up leisure for supplying labour to firms in the tradable sector T




and non-tradable sector N. Each household maximises the following life-time utility function

0 = B S5O + NG - V) o

which is additively separable in the per-period functions U, N, and V.> We assume the following
functional forms which are concave in their arguments as in Natalucci and Ravenna (2003) and
Bokil (2005)

U(Ccd) = Inc? (2)
N = iy )
vy - o) ()

(2) implies that the agent is risk-averse and that the intertemporal elasticity of substitution and
the intratemporal relative risk aversion coincide and are equal to unity. x denotes the utility

scale parameter for real money balances Igf and 9 is the respective parameter for total labour

supply of household j, L5, k> 1 denots labour supply elasticity.
Labour supply of household j is mobile within the country and hence across the sectors and
perfectly substitutable between H and N

L3 =Dy + Ly, (5)

Lgv  denote hours worked in the IV sector and LJI.{‘ s denote hours worked in the H sector. We
assume that the intratemporal elasticity of substitution between traded goods T and non-traded
goods N is equal to one. We then obtain that preferences about total consumption are of the
Cobb-Douglas form ) )
(G (C )
Tyl

Tradable consumption C%« 5 is divided between home produced goods H and foreign tradable
goods F'

(6)

o Ch ) .
Tys — Vll(l _ V)l—u
where again the intratemporal elasticity of substitution between home produced H and foreign
produced tradables F' equals one. The latter ensures that the Law of One Price (LOP) will
hold in the tradable sector. The non-tradable consumption basket is defmed as the aggregate
consumption over all non-tradables produced at home

j v p=1 p
Chia =] (o) F ali* .

The consumption based price index (CPI) Ps results from minimising total expenditures of
houschold j for obtaining 1 unit of the consumption index C? over the arguments C}, , and CJ.

P_,; = (PT,S)’Y(PN,S)liﬂY (9)

2 Additive separability ensures that each marginal utility/disutility in one of the arguments does not depend
on the respective other arguments.
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By the same procedure we obtain the tradables price index

Prs = (Pp,s)"(Prs)' ™" (10)
and analogously

1 1
Py, = [/O (pns(2))! 7PV dz] 0N (11)

3.1.2 Optimality conditions

The budget constraint for household j in nominal terms reads
, . . . 1 1 o o
B;-I,t—l + Sth?,z—l +Qf + M} + /0 H?V,z(z)dz + /0 HJH,t(Z)dZ + WI]-I,tLg-I,t + sz\ﬁtL?v,t (12)

+Py RNV + PR K

Bl, SiB

> PG+ T, + M)+ PMH I PPN TN 4 Tt i
t

The household receives income from interest payments on home zero coupon bonds BJI;LL—l
and foreign zero coupon bonds StB{w_l, lump-sum transfers from the government Qﬁ , from
money holdings ]V[tj_l and profits of frms. She receives factor income from supplying labour
to firms in the H and N sector Wil,tLél,t + WJ{/,tLgv,t and renting out capital PN,f,Riv JKZY{ +
Py, tRH J K, HJ . The revenues are used to finance total consumption and investment expenditures
Pth + PLI HILH’j + PLI’NILN’j7 pay lump-sum taxes T, carry money to the next period ]LIZ, and
purchase domestic and foreign bonds. As the private sector issues the bonds we can think of
Bil 5 and B , as corporate bonds issued by the household-owned firms. Note that if B
household j 1s a net debtor/issuer of the home bond. As the government does not have an
objective function and the balance is part of the households balance, we can interpret the home
corporate bond similarly as a bond issued by the government. As the intertemporal utility
function U] given by (1) has the usual property of local non-satiation as it is concave in its
arguments and additively separable in per period utilities, effi ciency requires that the budget
constraint (12) will hold with equality.

i} denotes the nominal world interest rate at which domestic agents can buy/sell foreign
assets. ¢ is comprised of the world interest rate plus a risk premium increasing in net real
foreign liabilities to be introduced below. 4; is the domestic nominal short rate. Home house-
holds possess the H and N frms and decide on investment spending and capital adjustment.
Household j therefore has to take into account the law of accumulation of capital in the H and
N sectors when deciding on the optimum capital stock K} and period investment I, J = H, N.
Capital accumulation therefore follows

KN = q)( KL+ (1= 0K, (13)
Ky
7

Kl = (4 T+ (1= 0K (14)
Ky

Capital accumulation incurs concave adjustment costs ' > 0 > &”.

We end up with the following optimality conditions. Consumption between traded and
non-traded goods is given by

Crs _ 7 Pns

CN,S 1- s P, T,s

(15)



and analogously for the choice between home produced and foreign produced tradables basket

CH,s v Sf/P;',s v St
Crs 1—v Pys 1—vPpg

(16)

where S; denotes the nominal exchange rate (assumed to be fix). As the economy is small it
cannot affect world prices and takes the foreign price level Pf as given. We normalised the
latter to 1.> The intertemporal consumption/savings decision is guided by the Euler equation

P,
Pryy

A = BEAG (1 +1ir) ] 1n)

where /\tc = (C'tj)’1 is the marginal utility of total consumption. Hence

1 1 B
— =0BE]— (1 +1 18
& =Pl iR (19

The assumed form for utility out of total consumption implies that utility from consumption is
additively separable in H, N, F' consumption. We then obtain that the Euler equations for the
non-tradable and home-produced tradables consumption are

1 1 PN
—— = BE|— (4] (19)
wa C?V,L+1 PH-I

1 1 pPH .
—— = BE[ L (1+ 1) (20)
CHJ CH,L+1 t+1

Further, the household decides on her total supply of labour according to

Oy, + Dy 0f = 2 (21)
t

which says that the household provides labour up to the point where the marginal rate of
substitution between consumption and leisure equals the real wage in terms of total consumption
units. We have used the fact that due to mobility of labour between the sectors and the perfect
substitutability of providing labour in the traded versus non-traded sector, nominal wages have
to be the same in both sectors WH = W}N = W;. The trade-off between real money balances
and total consumption is determined by

M} P
e

t+1 Pt+1

By using the Euler equation (17) we obtain the money demand equation

G
e 22
2 1+ (22)

which states that the marginal rate of substitution between real money balances for consump-
tion equals the discounted payoff on bond earnings which accrue in period ¢t 4+ 1. Payoffs are
discounted by using the stochastic discount factor derived from (18).

In order to obtain an effi cient investment and physical capital allocation, the household
maximises utility with respect to the constraints (13) and (14) as well as the real household

3We could alternatively assume that the foreign price level follows a stable exogenous stochastic process.
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()

balance. Investment in the non-traded sector should therefore be guided by

plN Pu.s
C t Qt = 5Ef[/\sc+1 2 = Rq+1] (23)
Pz1+1¥ I I ]t]il
+5Et[ t+1p QL+1]{[‘I)[KN] @’ [KN] KN +(1-9)}

where we have aggregated over all households. Q," denotes Tobing Q in the non-traded sector
defned as the market value of capital over its replacement cost. Analogously we obtain for the
H sector

. _ ¢ Prst1
Q = BB P, Rs+1] (24)
c PtI-f—Ili It I I
08N ~ P 1 5)

Capital compared to labour is immobile between the sectors within the country, i.e. ex-post
rental rates of equipment in the H and N given by Ry, and Ry s can differ. Hence there is no
ex-post rental price equalisation. In long-run equilibrium however, rental prices will equalise as
is shown in section 4.

3.1.3 Private Sector Balance

The budget constraint for household j in nominal terms is given by (12). Aggregating over all
home agents j € [0,1] at home we obtain the private sector balance:

Brt-1+StBpi1+Qy+M;_ 1+HN¢+HH,1,+WH,tLH,t+WN,tLN,t
+PuRFK | + Py RYKY

B S:B
= PriCry+ PnCny+ Ty + My + PtI’HItH + Pf,I’NItN 4+ 2 Lt

T+i 144

(25)

We have used the fact that all households make same optimum decisions as the representa-
tive/average household, as they face the same set of constraints and preferences (elasticities).
Hence C = Cry and fo d] = fo Crydj = Cry, and so on for the other variables. Note

that only in the closed economy we would have that fol B;I, ,dj = 0, as the domestic asset market
would have to clear in the domestic economy and there would be no possibility of holding home
bonds abroad. Here we have that By s + By ; =0 or By,s = —Bj; ., where Bj; ; denote home
bonds held at foreign. ’ '

3.2 Firms in the non-traded and traded goods sector
3.2.1 Domestic Production and Decision Problem

Both sectors are populated by a continuum of monopolistically competitive firms residing in
the interval [0, 1]. Imperfect substitutability of produced goods allows for price-setting power of
firms over their product. Due to their negligible size they cannot inflience the overall aggregate

price level of the respective sector and take it as given. In the setup considered here we assume
that domestic frms are wholly owned by home households and all profits are distributed to

domestic residents in the form of dividends.*

4We will relax this assumption in a follow up paper for the traded-goods sector when we introduce foreign
direct investment (FDI) which serves as an intermediate good in tradable goods production.



Each fim z € [0,1] in the tradable sector combines capital K2 ;(z) and labour Ly s(2)
according to the Cobb-Douglas production function

Yu,s(2) = Af(Z)(Kf{l(Z))””(L,s(Z))l’"" (26)

where K ,(2) = fo KM (2)dj and Ly o(z) = fo J(2)dj. AH(z) = AF is total factor
productivity in the tradable sector to be the same for all ﬁrms and follows an exogenous AR(1)
stochastic process. Cost minimisation yields the standard factor demands

W H yms(2)
MCI(1— = 27
P o ( QH)LH’S(Z) (27)
RE — MCH yH,S(Z) 28
5 s H KHﬁs—l(Z) ( )

and analogously in the non-traded sector

Ws _ N _ yNS‘(Z)

P = MCN(1 - ay) e (29)
RY = MCVNayPNaG) 30
s SQNKH,SA(Z) (30)

where MC; denotes real marginal cost in the respective sector J = H, N. Note that in both
sectors, firms base their labour demand on the real wage obtained by defhting the nominal
wage by the sector-specific aggregate price levels Py s and Py s, respectively.

Labour supply is steered by the consumption based real wage which can be seen from (21).
Finally, the labour market clears at all dates

o .
= /0 (L, + Ly Jdj = LY = Ly

where for the sector-specific labour supplies

Li‘{,s = /0 L;I,S(z)dz
. 1 .
L?V,s = /0 Lgv,s(z)dz

3.2.2 Calvo-Pricing in the H and N sector

We go through the reasoning for the traded sector only. Results for the non-traded goods sector
are derived analogously. As a monopolistic competitor, each firm in the traded goods sector
has to take into account the demand for its good. It can only sell more by lowering its price.
Demand for good z consists of consumption and investment demand of any household j given

¥ ¢ o(2); i 4(2), 7 € [0,1], government demand gsr,5(2), and foreign demand ¢}y (2) (exports)

re) = (PCyoney
, Prs ,

i?—],s(z) _ (pggz(z))fpn]i[’s
,5
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—_
Mo

« * pH-S(z)/SS(Z) — *
Cslz PuCY = (2 PHC
1,5(2) P ) s = ( Pi1s/Ss ) H,s
s\Z)\—
gnaz) = (),
H,s

We have used that the law of one price holds for each firm in the tradable sector py ((z) =
PH,s(2)/ss(2) which requires that the price elasticities of domestic and foreign demand con-
cerning tradables are equal, pj; = py. Further sy(z) = S i.e. the nominal exchange rate is
to be given for any home producer and therefore in aggregate Py, = Pps/Ss and eventually
c}{,s(z) = (I)Hﬁ*f))”’fi Clr - Aggregating over all households and noting that they are alike con-
cerning preferences and constraints we obtain the overall domestic private sector consumption
and investment demand for good z

onae) = [ i = Py ey,

! pH,s(2) PH
| et = ey

Firm z sets the price such that output yg(2) meets overall demand

im,s(2)

yue(z) = (pII’JI‘I(f)) PH(Cryg + Chry + G + I g) (31)
yale) = POy, (32)
Hyt

where we have set the date s = ¢.

The objective of the frm in each sector is to maximise the expected discounted fbw of future
profits. We assume Calvo (1983) pricing in the sense that each firm faces an exogenous and
fixed probability in the traded sector (1 —60p) and (1 — fy) in the non-traded sector of being
able to reset prices in any period. When re-setting the price of the product it has to take into
account that the price has to remain optimal, given that there will be no resetting possibility
till period ¢ + s. The decision problem of the traded sector firm can then be stated as follows

oo
pHt(2) H
ES (0y)A ; J(2) = MCH .
{plilily%)} Lg( 1)* As st Prrs Y ,t+s(2) Crisymi+s(2)}

Z), _

st yms(z) = (l%“) PHY H tts
Ht+s

st pHTt(l—pH) - (1_gH)(pg{)(l—nm_,_ngg;f{f)

The later condition states that at each point in time the home-traded price level is a weighted
average of prices chosen by firms that re-set prices in ¢ and those that could not. A5 =
Et[ﬂs(cé—ts)’l] denotes the stochastic discount factor used for evaluating the expected future
profit streams by the frm at date ¢. Optimal price setting by firm z then becomes

_ Piiss
pDH,t(Z) _ _Pu By 32 0(0u8)* (Crs) 1N[Ct1:{s( Bt )pHYIIf+9 (33)
Pry ra—1 E Z:o:o(9Hﬁ)5(Ct+5)71(Pg'TT)pH_1YH,z+s




3.3 Hybrid Infhtion dynamics

Inertia in the price level dynamics is introduced by assuming that there is a share of wy firms in
the H sector and a share of wy firms in the NV sector as well as of wp firms in the foreign country
which are backward looking as in Gali and Gertler (1999). They are backward-looking in the
sense that they have to use last period$ optimally set prices and the change in the aggregate
price level as informational sources when resetting prices. For the H sector the price set by a
backward looking firm is therefore
b oo PHi-1
Py PH’t’lPH - (34)

)

The aggregate price level in the tradable sector then evolves according to
L X 1
_ . e
Py = [(1— 0Pl 4 eHPHfj;] o (35)
(1 — 0p) is the exogenous probability that a firm can re-set prices in ¢ which is then split
between frms that optimise and those that do not when selecting a new output price. Analogous

relationships hold in the N sector and for tradables production at foreign. P;j , is an index of
newly (optimally) set prices by forward- and backward looking firms

1
Py = [ = wm) PRy o Py PO (36)

PZ% , contains newly set prices of all firms that re-set prices in ¢, be they forward- (optimising)
or backward- (non-optimising) looking. Log-linearising the above three indices around P; yields

Plﬁ,t = pﬁkl + THt-1— THt
pue = (1—-6n) Pﬁ.t +O0upH-1
P, = (—wm)pl, +wnpl,

Analogous relationships hold in the N sector. After log-linearisation we end up with the fol-
lowing sector-specific hybrid infhtion dynamics

e = Nymme—1 -+ Nicmen + )\LEtﬂ'H,Hl (37)

TNt = )\ZI)Vﬂ'N,Lfl + )\K’,’CmcmL + )\]fVEtﬂ'N,H»l (38)

: . b w (1= 1-05)(1-0u8 o

The deep parameters are Ay, = 9H+WH(;J*HSH(1*/B))’ A = (A=wn)(1-01)(1=015) w:(I{l(eH+19{p)1(5)+£IH )7 )\H7t =
%)\Ij{at and analogously for the N sector. For the share of backward looking firms wg,wy — 0

we obtain the forward-looking New Keynesian Phillips curves.?

3.4 Central Bank

The central bank receives income from seigniorage earnings M; — M;_1 when issuing base money
M, and interest earnings on one period foreign discount bonds Stht,1~ The monetary authority
is not allowed to purchase/sell bonds denominated in home currency, in other words domestic
credit has to be fully covered by the stock of foreign reserves. Therefore, the monetary base
M; as well as the short run domestic interest rate i; are endogenous and cannot be inﬁler}ced.
Revenues are used to purchase Bﬁt units of foreign pure discount bond which cost % in
home currency and mature at beginning of period ¢ + 1. The central bank balance thorléforo

?For a detailed derivation of the hybrid infation dynamics please refer e.g. to Holmsberg (2006).
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I~

reads

) SﬁBg‘.t C
]\/[t — ]\/It71 = Zt — Zt7] -+ it Z* — StBF/‘,tfl + vt (39)
t

BgL denotes the quantity of nominal pure discount bonds held by the central bank that are
issued at end of ¢ and pay out 1 unit of foreign currency at the beginning of ¢ + 1. Changes
in foreign reserves holdings Z; — Z;_ arising from movements ig the balance of payments are
included on the asset side (right hand side) of the balance. é{fﬁ’*
foreign assets of the central bank. v; > 0 are nominal net transfters of the central bank to the
government after bond purchases and money supply changes are accomplished. As v; has no
sign restriction, transfers can go either way and so this variable resembles the possibility that
the government can deposit revenues in the central bank (which are liabilities to the central
bank and have to be fully covered by foreign reserve holdings). Hence there is theoretically a
way of financing of government deficits by monetisation. As our model does not feature public
debt and the fiscal stance is to be balanced every period this channel of discretionary monetary
policy is closed. We see that one way of fmancing foreign bond purchases is by period ¢ lump
sum taxation of the government.

Under the automatic currency board domestic base money M; at any point in time is fully
backed by foreign reserve holdings

— 8BS, | are net nominal

Zy > My

where effi ciency requires that
Zy = My (40)

which yields the result that at any point in time the stock of currencies and coins in circulation
evolves according to
My =M+ Zy — Zy (41)

(40) is the "policy rule" of the central bank under the currency board and closes the model.’
The domestic base money supply adjusts mechanically to balance of payments deficits/surpluses
and the central bank cannot sterilise this impact as it would be possible under a fixed exchange
rate system (by changing home reserves in the opposite direction). We further see from (39) that

S¢BS
the rule implies that Stht—l = % + v¢. Solving the latter forward we obtain
4 t
T T s1 1
Bfy 1= (Il +—)Bfrs+ e
o= (86 + S )5
t—1
with [] 1 _&“ = 1. Ruling out Ponzi-schemes, i.e. imposing the condition that the initial central
LI

bank assets have to be redeemed sooner or later requires

T
: 1 C
Tlffgo(l—[t ﬁ)BF,T =0
5=
The initial asset position is therefore (ex post”) sustainable if
O s—1 1

Blg,t—l = Z(H 1+i;f

s=t J=t

Vs

Ss

)

SUnder an independent central bank, (40) would be replaced by an interest rate setting rule/infhtion targeting
rule.
"Le. after all values have realised and expectation operators can be omitted.



Hence an initial net asset position in deficit has to be matched by the present discounted value
of all future government transfers to be positive (v; < 0) and vice versa.

3.5 Government

In our benchmark model, government consumption "goes into the ocean" in the sense that it
does not provide any utility to households. Further, revenues are not used to cure ineffi ciencies
in the economy, i.e. there is no offsetting of ineffi ciencies in equilibrium output caused by pricing
power of monopolistically competitive firms. Under this assumption the government balance is
given by

Ti+vi = PaiGrys + PGy + Qt (42)

Expenditures cover government purchases on home produced tradables Py ;Gp; and non-
tradables Py Gy as well as lump sum transfers Q; = fol Qidj to households (social benefits).
Further we have assumed that government expenditures on the tradable good only fall on home
produce. Lump sum taxation T} = fol T/dj and transfers from the central bank captured by v
serve as source of financing.

Again we restrain from the acknowledged fact, that the design of the Bulgarian currency
board entails, whether intentionally or not, the possibility that the government conducts mon-
etary policy through its deposits in the liability side of the issue department covered by v; in
our model. So far, there is no policy rule in the model other than to immediately spend what is
earned from lump sum taxation and interest income on foreign-currency denominated bonds.®

3.6 Foreign Sector

3.6.1 TUncovered Interest Parity

Maximising expected utility (1) with respect to {Bp, Br;} in the private sector balance (25)
yields the uncovered interest parity condition

P, SH»]

Et[%ﬁlpt;{(uz’f,)f(1+ii) 5 =0

C
Using that from the Euler equation (18) we get Et[/\tcﬂ %] = ﬁ and simplifying

0 = B (i) - (1405
T OB+ 40y t ts,
(1414) = (1+z';)EtS;“ (43)
t

In our model UIP holds up to a risk premium. The interest rate at which home household can
borrow/lend internationally (for which the UIP holds) and the exogenous world interest rate
are linked by

(14 i) = L+ 7)ol (44)

where £

7 denote net real foreign assets (% >= 0) and net real foreign liabilities (% < 0),
respectively. Equation (44) ensures the stationarity of the economy when exposed to temporary
shocks, e.g. a world interest rate shock.” We further assume that in the (initial) equilibrium
the interest rates converge which requires that ¢[—%] = 1. Therefore the risk premium is 0 in

steady state and all short run rates in the model equalise.

5Note that seignorage earnings cannot be spent as under the currency board they mechanically feed into
changes in foreig reserves holdings, as (41) makes clear.
?See also Schmitt-Grohe and Uribe (2003) for this point.
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3.6.2 Terms of Trade and the Internal Real Exchange Rate

By definition the consumption based internal real exchange rate in levels is given by the domestic
currency price of one unit of the tradables basket in units of non-tradables
_ Pry

Py

Q (45)
The terms of trade are given by the relative price of imported goods in terms of home produced

tradables
_ Pry S

T, — —
! Py Pmy

(46)

Q¢ and T} can be used to show how changes in the external competitiveness affect domestic real
marginal cost in each sector. From (27) and (29) we directly obtain

Pyi (1 —ay) MCE Yy, LY
Pyy (1—any)MCNYy, LH

(47)

or
T} (1—ag) MCH Yy, LY

Qt (1 - aN) ]V[Cgv L{I YN,t

(48)

A temporary/permanent real depreciation (an increase in @) - ceteris paribus - decreases real
marginal cost in the tradable sector. The same effect can be attained by an improvement (a
decrease) in the terms of trade 7;. Furthermore, an increase in the productivity of labour in
the traded sector causes a real appreciation in @; / a deterioration (an increase) in the terms
of trade.

Our model entails the Balassa-Samuelson effect which can be seen from log-linearising (47)
around a zero infhtion steady state

yre — W+ mefl +pry=ynge — 1 +me +pay

An increase in labour productivity in the traded-goods sector yp;— 17 will lead to an increase
in real marginal cost in the non-traded sector leading to higher infhtion in the non-traded goods
sector. The latter can be seen from the hybrid Phillips-curve given by (38). Furthermore, we
can write the CPI price level (9) as

P = 5(Q)" (T ™ (49)

from which it follows that cet. par. a depreciation of the real exchange rate (a rise in @Q; for
the share of tradables v < 0.5) or a deterioration of the terms of trade decreases the price level
and vice versa.

3.6.3 Current Account

In an open economy framework, the difference between total income and domestic consumption
is defined as the current account. To obtain total income, we write the resource constraints of
the home economy in nominal terms

PpiYuy = PuiCui+ Puiln:+ PuiGre+ PaiChy
PniYne = PniCng+ Pnilng + PGy



In our framework, investment and final output in a sector face the same price elasticities of
demand and hence have the same equilibrium price PtI’N[tN = PNIYN and PtI’HItH =PHATA10
Further note that Pr;Cr; = Py Cu + PpiCri. To obtain the current account, we add up
(25), (42), (39) and take into account that aggregate equilibrium profits in both sectors are

Opy = PuyYuy— WaeLme — P REKE,
Tyy = PngYng— WaeLng — PyyRNKY

Hence

Bii—1+8Bri1+ M1 + Ty + v+Q, + S$: B,y + My — My

+PuYr: + Pni YNy
= PyCuys+ PriCri+ Pusd + Py Guy + PyiCni + PraIl + PniGri + T
SiBrt S,BE

Brt Fit
: Ly 27
Tti " 14i T ige O

+op + Qp + My +

We eventually obtain

BH,t—1+StBF,t—1+Sszci‘tt,1+PH,tC;{,t

BH4,L+StBF,L Sth,z

= PpCr
B T T T T

+Z1—Z1-1

The nominal current account is then the left hand side of the following equation

By  Si(Bri+ Bf,)
1+1i, 1+

Biy—1+SBri-1+8:B%,_+NX,= +Z1—Z11 (50)

where NX; = Py C}; ,— PrCr, denotes the nominal trade balance expressed in home currency.
On the left hand side we have that the current account is comprised of factor income on bonds
bought at the end of period t — 1 and paid out at the beginning of ¢ as well as net trade.
3.6.4 Balance of payments

The Balance of Payments (BOP) is defned as
BOP,=CA+FA —ZZ; =0
After rearranging (50) we obtain the nominal balance of payments:

BOP, (51)
Bu,  Si(Bri+ Bf,)
1+ iy 144}

= BH,t71+StBF,t71+Sf,B§t,1+NXt+(* )= (Zi — Z4—1) =0

where C' A; denotes the current account, F'A; denotes the financial account and ZZ; denotes the
foreign reserves/exchange balance. ZZ; — F'A; equals the change in the net asset position of the
economy which is equal to the current account. A (temporary) BOP surplus BOP; > 0 induced
by a current account surplus (an increase in net exports/net factor income) or a financial account
deficit (a net capital export) implies that there is a +ve change in net assets. Then there must
be a net increase in the foreign reserves balance, ZZ; > 0 which under the currency board
translates into an increase in domestic base money supply. Analogously, net capital imports

10A follow up paper relaxes this assumption, in order to study FDI as intermediate good of production, see
also Natalucci and Ravenna (2003).
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(+ve FDI infbws) cause foreign reserve infbws and have a expansionary impact on domestic
money supply. We see this mechanism directly by employing the policy rule (40)

BOP, =CA; +FA = My — My

Bt St(BF,t*Bg,t)
Tri T 1%
period ¢ which mature at beginning of period t+ 1. In our case net nominal foreign assets equal
the -ve financial account F; = —F Ay, as the full principal of last period$ bond purchases is
paid out as interest income and therefore only enters the current, but not the financial account.
Use the UIP given by (43) to obtain

Denote net nominal foreign assets by F; = ie assets acquired at the end of

B o B S Si(Brpy+ B%,) EySeiq
LT 0FDESa (+i) EiSm
F _ BH,t—ISt—l +St—1(BF,t—1 + Bg‘,tfl)Etflst
T GBS (It i_) B Sy
B
F(1+4,) ;t_ll g Bii-1+Ei18Bpi1+Ei 1885,

As returns on period ¢ — 1 bond holdings are paid out at beginning of period ¢ when S; has
realised, we can drop expectations!!

- S
Ft,l(l + ’LL_l)isL Ll = BH,L_1+StBF,l—1+StB§‘,L—1

Rewrite the balance of payments (51) to obtain the evolvement of nominal net foreign assets

Sy

F(1+14f_,) 5.

+NXy—Fy=2Z—Z4

" Sy
F = (1+Zt—1)s F 1+ NXy — (Ze — Ze—1)

F, = (1+ iL_l)FL_1+NXL —(Zy — Zy—1) (52)

where we have that if F; > 0, home country has a positive net foreign asset position to abroad
and vice versa. We can rewrite the nominal fimancial foreign asset position given by (52) to
obtain a condition for the intertemporal solvency of the home country. We defhte by the CPI
price index to obtain the real BOP in period ¢

F, Fi1 P NX Zy Zyq Py
i:(1+it71)tltl+ t Lt 1P
P P B B P P Py
1441 i
F = F NX] —(Z] — —— 53
t Ty 1+ NXT = (Z 1+m) (53)
Solving forward yields the condition
1+1 1 - A
Fra = ST O - o - V) (54)

s=t j=t

where we have ruled out Ponzi-schemes. The intertemporal net asset position gives guidance
for the intertemporal sustainability of current account deficits under the currency board. If

"'We have not fixed the nominal exchange rate S; in this section to allow for comparing our results with the
results under a small open economy under a fbxible rate.



the economy is initially (in the initial steady state at date ¢ — 1) a net borrower from abroad,
ie. F; < 0 it needs to sell real foreign reserves and/or attain net real trade surpluses. This
condition accounts for the fact that the economy - as typical under the economic transition
process - maintains a current account deficit for some period as it does not need to be fulfilled
every period. The condition only states that the presented discounted income fbw from selling
reserves/increases in net-trade have in sum to be positive and large enough to pay off initial
net liabilities to abroad.

4 The Steady State

The steady state describes the long-run deterministic equilibrium of the economy where all
prices are fexible and optimum decisions of households and frms are guided by relative prices
only. In order to show that the long-run equilibrium is stationary and unique, we explain all
the (ratios of) endogenous and state variables by exogenous parameters only.

4.1 Pricing Decision of Firms and Steady State Price Levels

In steady state, all prices are fbxible and therefore the price-resetting probability for forward-
looking frms is 1 — 0y = 1 — 0y = 1. We obtain steady state values by omitting the time
subscript from the variables. From (34) - (36) directly follows that

-
Py = P;j

Plugging in (36)

(Ph) " —wm) = (1w ()
PIbI = PII;

which coincides with the result if there would be no backward-looking firms at all, ie wgy = 0.
The analogous result is obtained for the N sector.

With monopolistically competitive firms, the steady state does however not yield the first
best outcome. Market power causes equilibrium prices to be above those of the competitive
outcome where all firms are price takers which can be seen from

Py (2) PH H H

EE = 1= Mot > MC 55
Py pr—1 (55)

i (2) PN N N

= = 1=—-MC" >MC 56
Py pn —1 (56)

where /71/11{1 > 1 and pfil > 1 are the sector-specific Lerner-indices of monopoly power and
indicate the mark-up charged over real marginal cost. As the price elasticities of demand 1 < pg,
pn < 00, frms receive a mark-up over real marginal costs. For pp, pyy — oo we would obtain
the competitive "first-best" result in both sectors where output prices refect real marginal cost.

We further assume - without loss of generality - that Py = Py = S = W = 1.12 We earlier
assumed that P, = 1 and by the LOP Py, = % Hence Pj = Pr =1 and py(2) = pQ(2) =1
for all firms z. Steady state price indices are then given by

Pr = (Pm)'(Pp)™" =1
P = (Pr)(Py)' 7 =1

2Note that fixing prices at any other arbitrary level would be in line with a zero infhtion rate steady state.
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4.2 The Real Sector

We obtain from the Euler equation given by (17) that subjective and market discounting are
linked by
1-p

-7 (57)
We further find that capital accumulation in steady state is
N IR
K" = <I>(KN)K +(1-0)K
H I H H
K" = <I>(K”)K +(1-0)K
IN
5= Bliy)
IH
0 = @(ﬁ)

For the functional form of ® we assume as in Gali et al. (2004) that ®(4) = ¢ from which follows
that ®'(6) = 1 and that § = KH = K “=. From the latter we see that in long-run equilibrium the
share of new investment to physical capital just equals the depreciation rate of existing capital
in order to leave the capital stock of the economy constant. Nominal and real rate of returns
are linked by

B pw 8

1-p(1=0) ~1-p(1-0)
As both sectors face the same depreciation rate ¢ of real capital, real returns on physical capital
have to equalise in steady state. From the resource constraint in the tradable sector

(141d)= RN

C K G C3
[t R fulatc BT A
Yy Yo Yy Y

By the factor demands for physical capital (28) and (30) we obtain the capital output ratios

K 1 1-p8(1-46
HDH _ (7 ﬁ( ) PH )—1 (58)
vH an B py—1
Ky 1 1-8(1-6) py -
v = (! (59)
Y an B pr—1

where we used that firms’real marginal costs in steady state is ’7’;—;1 and 2 ﬁ_l respectively.

Hence steady state investment/capital ratios are the same in both sectors. From the labour
demands given by (27) and (29) we recover the labour shares

Lu 1 PH 1
- = 60
v = et (60)
Ly 1 PN -1

- 61
VN G anom -1 (61)

From aggregate supply in the economy we obtain the capital-labour ratio in both sectors

H
B My (L Py
L L l—apgpy—1
K - (ﬁ)ﬁz( L
LN N l-anpy—1



where we have aggregated over the average firm$ production and used that by assumption
AH = AN — 1. The steady state consumption shares % and %\’ are uniquely determined by

exogenous variables and parameters which follows from

Cu 1 1-p(1-96) pu Gu  Cf
1 = Hyp(——F—= +o+ A
YH (()zH ﬂ PH — 1) YH YH
1 1-8(1-46 Cy,
Cn _ 175(7LP7H)—1 Gu H (62)
Yu amg B pa—1 Yy Yy
C 1-9 G
N 1,5(7LP7N -1_ >IN (63)
Yn ay B py — 1 Yy
where the government shares ?,” ?,N and the export quota YH are set exogenously.
4.3 Current Account and Balance of Payments
In (51) we obtained the balance of payments and that in steady state
By S(Bp+ B¢ )
By+SBp+SBGANX + (——L 22 2F TR Z-7Z) =0 64
H+SBp+S5BE+ Jr(1+z ) ) (64)
B B B = —NX 65
1+i H+1+*(1”+ 7) (65)

From the risk premium equation (44) follows that ¢[F] = 1. Hence in steady state home
households can borrow at the world interest rate

=7
and all nominal interest rates equalise, i = i* = 7*. Then steady state net financial assets can

be written as .

1+
We can express this steady state relationship in terms of units of the home produced tradable
output

(By + Br + Bf) = -NX

7* (BH+BF+Bg) ( )
1+ Yy
Real net financial assets equal nominal net financial assets in steady state and can be obtained
by omitting all time subscripts from (53)
NX (-

- 7T<0 (66)

Cb

The latter equation implies that if the steady state financial assets F' are -ve they have to be
offset by a +ve net trade balance N X in order to yield a balanced net financial asset account in
long-run equilibrium and vice versa.'® Then the steady state reserves to asset ratio % has to be
-ve as well. In other words in steady state the current account has to be balanced. Otherwise
we would have indeterminacy of the long-run equilibrium.

1¥We could have also imposed long-run equilibrium on (54) to obtain the same steady state relationship.
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5 Calibration

We calibrate our model for quarterly data.'* Regarding preferences, household$ discount factor
is set to 8 = 0.99 implying a quarterly zero infhtion steady state interest rate of %100% =1.01%
and an effective annual interest rate of 4.1%. We set the Frisch elasticity of labour supply é to
1 as in Natalucci and Ravenna (2003). Following Valev (2005) who relies on data from the 1997
Bulgarian input-output matrix we assume that preferences are tilted towards the non-traded
good leading to a share of non-traded or service consumption of 1 — v = 0.4085. For the share
of home produced goods in the tradables basket we set v = 0.52 as in Natalucci and Ravenna
(2003) who estimated the latter for the Czech economy. For the labour supplies to each sector
we assume that [T\ = % =0.5.

As becomes visible of the log-linearised model to be shown in the appendix, dynamics
depend on the initial asset position of the economy. From the External Sectors Indicators of the
Balance of Payments statistics of the BNB we obtain the BNB foreign reserves to asset ratio.'®
We average the ratio for the time span 1999 — 2003 which yields % = —0.9 as the steady state
value. Further, net external debt to GDP averaged over the same time span is 33.1%. In
the absence of specific data we assume that home produced tradable GDP amounts to half of

total GDP from which we can proxy that YL” is equal to —0.6. We set exports as share of net

trade % to 3/2, thereby departing largely from the empirical average Bulgarian value given

by —3.4 for the considered time span. Employing the value taken from the data would induce
non-stationarity in the model, i.e. there would be no to return to the initial steady state after
temporary shocks.!0 We set the time-invariant risk premium given by ¢ equal to 5 percent.

Concerning domestic production, the quarterly depreciation rate of physical capital is set to
the standard value of = 0.025. As in Natalucci and Ravenna (2003) the elasticity of Tobing Q
with respect to the investment-capital ratio is 0.5 in both production sectors. We assume that
home tradable production technology is twice as capital intensive as in the non-traded sector,
ie. ag =0.67 and ay = 0.33.

The price setting-probabilities 6y, g and the share of backward looking frms wy, wy
determine the characteristics of the infhtion dynamics in the respective sector. Estimates of
sector-specific hybrid infhtion dynamics for Bulgaria are absent so far. We use - not-sector
specific - estimates from Lendvai (2005) for the case of Hungary, which serve as a proxy for
infhtion dynamics in transition economies. The author finds the share of backward looking
frms to be in the interval of [0.3,0.55], hence we set wy = wy = 0.4. Therefore, the share
of forward-looking frms dominates in both sectors. The estimated probability in any period
that a firm cannot reset its price is in the interval between 0.45 to 0.6, hence we assume
On = 0 = 0.55 to be reasonable values. The setting implies that the average duration of price
contracts - which is a measure of the nominal rigidity in each sector - for the non-traded sector
becomes DV = 17;1\[ ﬁ = 3.7 quarters, the same in the traded goods sector. In other words,
it takes around one year for prices to adjust to new information.

Estimates of equilibrium mark-ups in Bulgarian manufacturing sectors for the time-span
1995 — 2001 are provided in Dobrinsky et al. (2004). We extract an average value around
1.2 and assume that the mark-up is same for both sectors. In other words, frms charge in
equilibrium prices which are 20% above real marginal cost. From (55) and (56) we then obtain
the price elasticities of demand py = py = 6.

Government consumption is set to 10 percent of sector-specific output.

! The detailed set of the calibrated parameters can be obtained from appendix A on page 26.

'>BNB reserve assets (in mio Euro) / net external debt (in mio Euro), see BNB (2006).

1®These assumptions have some implications for other shares in the external sector in long-run equilibrium.
From (66) follows that the current account NX + ¢F has to be balanced in steady state which requires % =

Y
81 E — 0.0061. For $i = 3/2 we obtain that S = SiL XX — 20,0061 = 0.0092.



6 Economic Policy analyses

6.1 The Balassa-Samuelson effect under the Currency Board

The Balassa-Samuelson (BS) hypothesis suggests that higher factor productivity in tradables
than non-tradables production - typical for the catch-up process - will contribute to an increase
of infhtion in non-tradables. 7 Under the currency board, the nominal exchange rate cannot
adjust to absorb the pressure on the real exchange rate induced by the rise in traded-goods
productivity causing domestic overall infhtion rate to increase. To construct the BS-effect we
assume that tradable factor productivity in the tradable sector Ap; grows in excess of Ay,
till it reaches its steady state value Ay = 1. Non-traded sector productivity remains at its
steady state value Ay = 1 throughout. For an autocorrelation coeffi cient in the total factor
productivity process of py, = 0.85 we attain that after approximately 24 quarters, or 6 years
Ap will have returned to its steady state value.'®

Impulse responses to a shock in tfp home tradables
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Figure 1: Real Sector

Figures 1 to 3 illustrate developments in the real, fmancial, and external sector following the
BS shock. From 1 we see that there is persistent higher growth of real output in the tradable
sector. The humped-shaped response can be attributed to the presence of costs in changing
the initial stock of capital. The improved effi ciency of frms in the traded-goods sector coupled
with fixed output demand due to the price rigidity results in initially less labour demand in the
tradable sector. The higher productivity reduces real marginal cost in the tradable sector and it
is profitable for firms which are able to reset prices to lower prices in order to sell more causing
a drop in tradable infhtion. Higher productivity allows for higher real wages in the H sector
and due to labour mobility across the sectors real wages in the N sector will increase as well.
The latter can only be accomplished by higher fnal goods prices in the non-tradable sector
generating the initial surge in nontradable infhtion. This effect becomes visible from figure 2
where the response in infhtion is humped-shaped due to the presence of backward-looking firms
in the N sector that cannot adjust price-setting immediately.

1T Average productivity growth from 1999 — 2005 in Bulgaria was 5.70 for the tradables and 1.18 for the
non-tradable sector (see Dimitrova 2006, forthcoming).

18 As in (Natalucci and Ravenna, 2003, ) no other shock affects the economy in subsequent periods and the
initial shock at ¢ = 0 generates the entire dynamics.
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Figure 2: Financial sector

As increases in non-tradable infhtion outweigh initial decreases in home-tradable infhtion,
there is a net increase in CPI infhtion. The impact of the BS shock on CPI infhtion is not
that pronounced and starts dying out after 2 years as movements in H and N infhtion rates
start compensating for each other. The effect of the productivity gain in the H sector on the
real exchange rate is more pronounced leading to a large persistent appreciation illustrated in
figure 3. The result that the effect on the REER is way more persistent than on the domestic
infhtion rates can be explained by the increase in tradable consumption caused by higher
tradable output.'?
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Figure 3: External Sector

"Note that the REER can be written as ¢ = cn, — cr,¢. Following the BS-shock there is a persistent surge
in tradable consumption.
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The productivity shock improves the financial sector sentiment given by Tobing Q in the
respective sectors which becomes clear from figure 2. The improvement in the domestic financial
market climate by the surge in the market value of capital over its replacement costs in the H
sector improves the net asset position of the economy. The balance of payment turns temporarily
into surplus by the respective increase in the net fimancial wealth as can be seen from figure 3.
The accumulation of real foreign reserves causes a domestic monetary expansion which increases
holdings of real cash balances and decreases the short-run interest rate, further contributing
to the increase in total consumption. As there is a positive change in net foreign reserves, the
current account is in surplus and wealth effects from factor income dominate the visible decrease
in the real trade balance.

Concerning compliance with the EU Accession Requirements, we obtain that for the given
calibration there would be no harm done by the BS effect regarding the fulfillment of the
Maastricht infhtion rate and short-term interest rate criteria. Our model therefore gives some
intuition for the empirically acknowledged fact that the contribution of the BS effect to domestic
infhtion is not essential (see Dimitrova 2006 for the empirical evidence). In related research,
Natalucci and Ravenna (2003) find that non-currency board fixed exchange rate accession coun-
tries that are exposed to a BS type shock face high infhtion in the non-tradable sector that
pushes CPI infhtion up, well beyond the Maastricht limit. We therefore obtain evidence that
infhtionary and interest rate perfomance under the currency board is superior to the fixed
exchange rate regime. However, without a richer fiscal side featuring the possibility of fiscal
deficits and the build-up of government debt we cannot draw any further conclusions from our
structural framework relating to this point.

6.2 Real Convergence and the Real Exchange Rate in the Long-Run

In order to investigate long-run sustainability issues we expose our model to a permanent TFP
shock in the H sector. From figure 4 we see that in the long-run, the internal real exchange rate
appreciation is pronounced. The relative price of non-tradables increases by around 7% in the
long run and is accompanied by a transitory and decreasing improvement in the real net fmancial
asset position. Households therefore increase their tradable and non-tradable consumption by
around 7% and 4% respectively by de-accumulating their lifetime wealth. Eventually, higher
overall consumption at steady state stems solemnly from higher steady state output made
possible by higher factor productivity in the H sector.

6.3 Fiscal Policies and the Trade Balance

Turning to the demand side we investigate the impact of a transitory increase in government
spending in the N and H sector, respectively. The standard fex-price RBC closed-economy
framework predicts a decline in total consumption in response to a rise in government spending.
Ricardian consumers consume out of life-time wealth and they smooth away income fhictuations
caused by the initial surge in government spending. This result is also visible in our sticky-price
open economy model as becomes clear from figures 5 and 6. We further can extract the impact
of government spending on the real net foreign asset position of the economy.

Turning to figure 5 we see that a temporary fiscal policy shock increases home tradable
infhtion and appreciates the terms of trade causing a loss in external competitiveness. The
higher infhtion triggered by demand side pressures contracts the real domestic base money
supply which under the currency board mechanism leads to a one-for-one loss in real reserve
holdings. De-accumulation in reserves results in a deterioration of the intertemporal foreign
asset position. Households foresee their loss in life-time wealth and smooth the effect away by
initially decreasing total consumption. Following the shock, home tradable output increases
and as domestic absorbtion by households decreases, a positive net trade balance builds up.2’

20The impulse response of sector-specific output and total consumption is omitted from both graphs to enhance
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Figure 6: External sector after a persistent increase in government non-tradable consumption

As there is an overall loss in reserves, the intertemporal loss in net wealth of the economy
dominates.

Turning to figure 6, we see that mainly the same qualitative conclusions arise if government
expenditures fall on services, i.e. N consumption. The single main difference lies in the develop-
ment in the real exchange rate. The initial surge in spending causes an increase in non-tradable
infhtion and hence to a rise in the relative price of non-tradables. We see that the real exchange
rate appreciation is less persistent than the development in the home non-tradable infhtion. It
hence turns out that government expenditures that fall on non-traded goods rather than traded
goods contribute to the worsening in external competitiveness triggered by the BS effect.

7 Conclusions

The paper investigated the transmission of productivity and fiscal shocks under the currency
board mechanism within a New Open Economy Macroeconomic model calibrated to the Bul-
garian economy. We found that infhtionary pressures resulting from real catch-up processes
will not have an persistent impact on overall CPI infhtion and will therefore not prevent com-
pliance with the Maastricht infhtion criterion. Nevertheless a persistent appreciation in the
real exchange rate is visible. Fiscal spending in either sector has a positive short run impact
on the trade balance but still leads to current account deficits due to the long-run worsening of
the net foreign asset position. When fiscal spending falls on the traded (non-traded) goods, a
lasting real depreciation (appreciation) of the real exchange rate shows up.

For a full assessment of the readiness of the Bulgarian economy for soon ERM II and Euro-
area accession entry more work needs to be done on the fiscal sector of the model which might
affect the transmission of shocks. Introduction of a proportion of non-Ricardian households
who consume out of current instead of permanent income can lead to different results regarding
the effects of fiscal spending. Monetary stabilisation policies made possible by drawing from
government deposits in the central bank have to be investigated. The current results might also
be challenged if different degrees of pass-through of foreign to domestic infhtion are introduced.

clarity of the exposition.
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Eventually, the role of foreign direct investment as intermediate good in tradable goods produc-
tion has to be studied. Nevertheless the model set up here can serve as a first step towards a
fuller treatment of analysing Bulgaria$ rapprochement to the Euro-zone within the framework
of the New Open Economy Macroeconomics.

Technical Appendices
A Calibration

Parameters calibrated for Quarterly Data

Description Parameter  Value Source

risk premium f 0.05

share of home-trad in trad basket 14 0.52 Natalucci and Ravenna (2003)
share of trad in consum basket ol 0.5915 Valev (2005)

inverse of elasticity of labour supply K 2 Natalucci and Ravenna (2003)
depreciation rate of physical capital ) 0.025 RBC

demand elasticity of H consumption PH 6 Dobrinsky et al. (2004)
demand elasticity of N consumption PN 6 Dobrinsky et al. (2004)
households discount factor [5 0.99 RBC

share of capital in home trad production (051 0.67 Natalucci and Ravenna (2003)
share of capital in non-trad production N 0.33 Natalucci and Ravenna (2003)
elasticity of investment-capital ratio 7 0.5 Natalucci and Ravenna (2003)
share of backw-looking firms in H sector wH 0.4 Lendvai (2005)

share of backw-looking firms in IV sector N 0.4 Lendvai (2005)

price resetting probability in H sector 1- 91{ 0.45 Lendvai (2005)

price resetting probability in N sector 1- 91\[ 0.45 Lendvai (2005)

ut. scale parameter real money balances X 0.005 Henriksson (2005)

steady state ratio reserves to assets % -0.9 BNB (2006)

steady st share of labour supply in H sector Lf:’ 0.5

steady st share govt H consumption )G/J 0.1 Natalucci and Ravenna (2003)
steady st share govt IV consumption é 0.1 Natalucci and Ravenna (2003)
steady st share exports to net trade balance ]%Ji;( 3/2

coeffi cientH productivity process Pyy {0.857 1} Natalucci and Ravenna (2003)
coeffi cient/N productivity process Pyy {0.87 1} Natalucci and Ravenna (2003)
coeffi cientH tradables govt. consumption PGy {0.43, 1} Natalucci and Ravenna (2003)
coeffi cient/N non-trad govt. consumption PG N {0437 1} Natalucci and Ravenna (2003)
coeffi cient external demand process pC;«_I {03, 1}

coeffi cient EMU interest rate process Pi* {097 1} Natalucci and Ravenna (2003)



Implied Steady State Values

Description Parameter Value

Home Consumption to Output H sector ({/—; 0.49324
Home Consumption to Output N sector % 0.70414
Investment to Output H sector {,—Z 0.39766
Investment to Output N sector {,—N 0.19586
steady state mark-up H sector (%)*1 1.2

steady state mark-up N sector (p;’—;)’l 1.2

Capital to Output ratio H sector = 15.906
Capital to Output ratio N sector Iy{ﬂg 7.8345
Exports to home produced goods ﬁ 0.0091

B Exogenous stochastic processes

For sector specific total factor productivity (TFP) of the H sector we assume
Amy = explpy, ami-1 + €y

Analogously for the N sector TFP
ANy = explpy, ani—1 + €vy.i

Government demand comes from

Gui = explpg, a0y -1+ €cy.t)
Gy eXP[Pay aGy -1 T EGy 1]

And external demand follows
Cliy = explpcy acy, -1 + £ciy 4l

The error terms in each process have log-normal nid(0,1) distributions.

C The log-linearised model

The log-linearised model is given by the following set of equations, where we have already used
that under the currency board s; = 0 at all dates. We can reduce the number of variables by
substituting out all price level variables, i.e. cpi price level p;, home traded price level py ¢, non-
traded price level py; as well as traded goods price level pr;. Note that Eypsr1 —

analogously for H, N and T.
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Non-Expectational Equations
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Expectational equations
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Exogenous stochastic processes

Ewagiv1 = py,am: + Eeyy i1
Eiani1 = pyyang + Eeyy 41
Eiguniy1 = pau9nt+ EBiecy t41

Eigniv1 = poyIne + Eeay
Bt = poyCay+ Eiecy i
Etif+1 = Pttt Etfi*,t+1
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