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7 Appendix

7.1 Model Equilibrium Conditions

Household The solution to the household decision problem gives the following
first order conditions (FOCs) for J = N,H:

λCt = βEt

½
λCt+1 (1 + it)

Pt

Pt+1

¾
(12)

where λCt =
Dt

Ct
is the marginal utility of total consumption and (1 + it) =

1
vt
;

Et

½
λCt+1

Pt

Pt+1

∙
(1 + it)− (1 + i∗t )

et+1
et

¸¾
= 0 (13)
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where QJ
t is Tobin’s Q and is defined as Q

J
t =

h
Φ0
³

IJt
KJ
t−1

´i−1
;

IJN,t =
γn

1− γn

µ
PT,t

PN,t

¶ρn

IJT,t ; IJH,t =
γh

1− γh

µ
PF,t

PH,t

¶ρh

IJF,t (17)

Firms Cost minimization for the non-tradable production sector implies:

WN
t

PN,t
=MCN

t (z) [1− αn]
YN,t(z)

LN
t (z)

(18)

RN
t =MCN

t (z)αn
YN,t(z)

KN
t−1(z)

(19)

Given the first order conditions (18), (19), the aggregate demand schedule,

YN,t(z) =
h
PN,t(z)

PN,t

i−(
(CN,t + IHN,t + INN,t), and market clearing conditions, firm
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z profit maximization implies the log-linear first order condition πN,t = λmcNt +

βEtπN,t+1 where λ =
(1−ϑ)(1−βϑ)

ϑ
.

Cost minimization for the tradable production sector gives the factor demands:
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= (1− αh) (γv)

1
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¶ 1
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(20)
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ρv

VH,t

KH
t−1

µ
YH,t

VH,t

¶ 1
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(21)

PM,t

PH,t
= (1− γv)

1
ρv

µ
YH,t

XM,t

¶ 1
ρv

(22)

where PM,t is the domestic currency price of the imported intermediate good.

Market Clearing The resource constraint in the non-tradable and domestic
tradable sectors is given by

YN,t = (CN,t + INN,t + IHN,t)

Z 1

0

∙
PN,t(z)

PN,t

¸−(
dz (23)

YH,t = ABH,t + C∗H,t (24)

ABH,t = CH,t + INH,t + IHH,t (25)

where ABH,t is domestic absorption and C∗H,t are net exports of the H good. The
trade balance, expressed in units of good H, can be written as

NXH,t = C∗H,t −
etP

∗
F,t

PH,t
XF,t −

PM,t

PH,t
XM,t (26)

where XF,t =
R 1
0
YF,t(z)dz. Assuming that domestic bonds are in zero net supply,

the current account (in nominal terms) reads as13

etB
∗
t =

¡
1 + i∗t−1

¢
etB

∗
t−1 + PH,tNXH,t (28)

Finally, labor market clearing requires Ld
t = LN

t + LH
t = Ls

t .

13Following Schmitt-Grohe and Uribe [45], the nominal interest rate at which
households can borrow internationally is given by the exogenous world interest
rate ı̃∗ plus a premium, which is assumed to be increasing in the real value of the
country’s stock of foreign debt:

(1 + i∗t ) = (1 + ı̃∗t )g(−BH,t) (27)
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7.2 Parameterization

The quarterly discount factor β is set equal to 0.99, which implies a steady-state
real world interest rate of 4 percent in a steady state with zero inflation. The
elasticity of labor supply is set equal to 1

2
, and the ratio of average hours worked

relative to total hours equal to 1
3
. The elasticity of substitution between tradable

and non-tradable goods in the consumption and investment index, ρn, is set equal
to 0.5 as in Stockman and Tesar [47]. We assume that the foreign and domestic
goods in the tradable consumption index are closer substitutes, setting ρh=1.5.

The aggregate consumption (and investment) index parameter γn is equal to
0.4. This implies that the steady-state share of non-tradable goods in total con-
sumption is 63 percent. This value is comparable with the data on GDP by origin
in the Czech Republic, one of the new EU member states with the highest GDP
per capita. Note that the share of non-tradable goods in CPI data is typically
smaller: This share, in fact, excludes a large part of GDP consumed by the gov-
ernment sector. Lipinska [36] reports that the weight of non-tradable goods in the
CPI of the new EU member states ranges from 37 percent (Estonia) to 49 percent
(Slovenia) over the 2000-05 period, and is 51 percent for EU-15. Data on GDP by
origin in emerging markets suggest values close to the model parameterization.14

The share of the domestically produced tradable good H in the tradable good
consumption composite is set to 0.8, implying C/Y equal to 47 percent.

We assume there are no capital adjustment costs in steady state. The elasticity
of Tobin’s Q with respect to the investment-capital ratio is taken to be 0.5. The
quarterly depreciation rate of capital, δ, is assigned the conventional value of 0.025.
Following Cooks and Devereux [11] the tradable sector is assumed to be more
capital-intensive than the non-tradable sector, with αh = 0.67 and αn = 0.33.
The elasticity of substitution ρv between the imported intermediate good XM,t

and domestic value added VH,t is set equal to 0.5.
The share of domestic value added in the tradable good production function,

γv, is such that in a balanced-trade steady state the ratio of imports to GDP is

where BH,t =
etB∗t
PH,t

and g(·) is a positive, increasing function. Eq. (27) ensures
the stationarity of the model. The endogenous risk premium in equation (27) is
parameterized so that for a 10 percent increase in the ratio of net foreign debt to
steady-state GDP, the interest rate at which domestic agents can borrow abroad
increases by 0.4 percent, a conservative figure for emerging markets.

14We assume 20 percent of domestic non-tradable output is absorbed by the
government sector in steady state.
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60 percent. Among the new EU member states, this share ranges from 35 percent
(Poland) to 86 percent (Estonia) (Lipinska [36], ECB [25]). The speed of price-
adjustment in the non-tradable sector is assumed to be slower than in the US, and
on the upper end of estimates for European countries reported by Clarida et al.
[10]. The unconditional probability (1−ϑ) of adjusting prices in any period is set
equal to 0.2. With larger values, CPI inflation would be too volatile, given that the
share of non-tradable consumption goods–whose price cannot be adjusted in every
period–is about two-thirds. The steady-state mark-up in the non-tradable sector
is set equal to 10 percent, consistent with macroeconomic evidence for OECD
countries. In the baseline model, we assume full pass through for all traded goods.
In the LCP case,the markup and the price-adjustment speed in the consumption
good import sector are assumed identical to the non-traded good sector.

The exogenous stochastic processes for the total factor productivity shock in
the tradable and non-tradable good sector, the household preference shifter, the
foreign-currency price of the tradable goods H and F and the imported interme-
diate input, and the foreign interest rate follow an AR(1) specification in logs:

aHt = ρaHa
H
t−1 + εaH ,t

aNt = ρaNa
N
t−1 + εaN ,t

dt = ρddt−1 + εd,t

p∗H,t = ρpHp
∗
H,t−1 + εpH ,t

p∗F,t = ρpF p
∗
F,t−1 + εpF ,t

p∗M,t = ρpMp
∗
M,t−1 + εpM ,t

i∗t = ρi∗i
∗
t−1 + εi∗,t

where εj,t is normally distributed with variance σ2εj . The productivity shock
innovation volatility is set in both sectors equal to σa = 0.008 with ρa = 0.95.
These values are in line with the international business cycle literature, and close
to the ones in Gali and Monacelli [27] and Monacelli [38], and to the average
estimate in Kollman [32] for UK, Japan, Germany over the 1973-1994 sample.
The coefficients for the unobservable preference shock process dt are left as free
parameters, and are adjusted to ensure sufficient volatility in domestic output.
We set ρd = 0.85 and σd = 0.009. These values are larger than those in Laxton
and Pesenti [35] (ρd = 0.7 and σd = 0.004) and similar to the values reported
by Monacelli [38]. To parameterize the process for the foreign interest rate we
use Eurostat data on the average money market rate in the EU-15, resulting in
estimates of ρi∗ = 0.95 and σi∗ = 0.001. The exogenous innovation εi,t in the
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monetary policy rule follows an i.i.d. process, and its standard deviation is set
at σi = 0.001, a low value that reflects the evidence on the small role played
by non-systematic monetary policy in business cycle fluctuations in a number of
countries.

To parameterize the stochastic process for the foreign prices we use data for a
fast growing accession country, the Czech Republic, over the period 1994-2002. The
time series for p∗j , j = F,M, is obtained from detrended import commodity price
indices converted in units of foreign currency (euro) using the Nominal Effective
Exchange Rate . To aggregate the price indices by commodity, we classify Crude
Materials excluding Fuels, Mineral Fuels and Related Products, Chemicals and Re-
lated Products, Manufactured Good, 50% of Miscellaneous Manufactured Articles
as intermediate goods; Machinery and Transport Equipment as capital goods; Food
and Live Animals, Beverages and Tobacco, Animal and Vegetable Oils, and 50% of
Miscellaneous manufactured articles as consumption goods. Because in our model
the foreign tradable good F is part of both the investment and the consumption
basket, we assume that p∗F is an aggregate of capital and consumption good price
indices. The weights for the foreign intermediate and consumption goods’ price
indices are the 1997-2006 average Commodity Composition of Imports as reported
by IMF [28], the Czech Statistical Office, and the Czech National Bank (July 2006
data). p∗H is obtained from the aggregate export price index converted in units of
foreign currency using the Nominal Effective Exchange Rate.

7.3 DSGE Model Solution Algorithm. Moments and Welfare Com-
putation

The DSGE model is solved by taking first- and second-order approximations
around the deterministic steady state using the Dynare set of routines. Moments
in frontier graphs are computed for 500 simulations of a 40-quarters path. The
probability boundaries are computed using a Gaussian distribution. The proba-
bility level for the variance boundaries indicated in the figures 4 to 6 is an upper
bound in the Balassa-Samuelson case. The Balassa-Samuelson shock generates
a persistent drop (appreciation) in the real exchange rate PT/PN . Therefore the
distribution of CPI inflation (exchange rate) has a positive (negative) skew relative
to the standard case, and more probability mass for values of the variable above
(below) the average.

In the welfare calculation the paper assumes that the expected path of produc-
tivity growth belongs to the information set when agents are choosing the optimal
plan. To this end, we use the FORECAST Dynare instruction, which adds to
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the list of state variables future values of the deterministic productivity growth
path in the tradable good sector (see Juillard [34]). The horizon over which the
excess productivity growth in the tradable-good sector is expected is limited to 50
quarters to avoid explosive paths under some parameterizations. The possibility
of explosive paths when simulating DSGE models solved using higher-order ap-
proximation is a well known problem (see Kim, Kim, Schaumburg, and Sims [30]
for a discussion). Under model parameterizations stable in long simulations, the
welfare results are not significantly affected by the forecast horizon.
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Figure 1: Solid: GDP per worker relative to Euro-area GDP per worker. Relative
GDP per worker is normalized to one in base year 1996. Dashed: real exchange
rate against the Euro (ratio of the domestic Harmonized CPI to the European
Monetary Union CPI evaluated in domestic currency). Source: IMF-IFS,

Eurostat, Haver.
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Figure 2: Impulse response function to a persistent productivity growth shock in
the domestic tradable good production sector. Productivity grows by 30% over a

10-year period. Instrument rule coefficients in inflation targeting policy :
ωπ = 2, ωe = 0, χ = 0.8. Time measured in years.
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Figure 3: Impulse response function to 1% drop in the annualized foreign interest
rate risk-premium . The shock follows an AR(1) process with autocorrelation

coefficient equal to 0.95. Instrument rule coefficients in inflation targeting policy:
ωπ = 2, ωe = 0, χ = 0.8. Time measured in years.
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Figure 4: Inflation/exchange rate volatility trade-off for baseline
parameterization (see Table 1). Monetary policy rule:

it = χit−1 + (1− χ)(ωππt + ωeet). Coefficient values: ωπ = 3.5, χ = 0.8, ωe varies
between 700 (corresponding to σe = 0) and 0.001 (corresponding to σe = 2.2).
Two intermediate values for ωe marked in chart. Tradable sector productivity
follows an AR(1) process. Thin lines show probability boundaries. Points to the
left or below the α-probability boundary are combinations (σπ, σe) such that the
probability of the realization ξ in any quarter, Pr(ξ), is larger than α. The

Technical Appendix reports the exogenous shocks parameters.
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Figure 5: Inflation/exchange rate volatility trade-off for baseline
parameterization (see Table 1). Monetary policy rule:

it = χit−1 + (1− χ)(ωππt + ωeet). Coefficient values: ωπ = 3.5, χ = 0.8, ωe varies
between 700 (corresponding to σe = 0) and 0.001 (corresponding to σe = 4.4).
Two intermediate values for ωe marked in chart. Tradable sector productivity
grows on average by 2.65% per year (30% over a 10-year period). For each level
of σπ the exchange rate probability boundary (thin lines) plots the level of σe
such that the probability in any quarter of exchange rate realizations falling in
the [−15%,+15%] and [−2.25%,+2.25%] interval with respect to the target
(initial steady state) is 95%. For each level of σe the inflation probability
boundary plots the level of σπ such that the probability in any quarter of a
smaller than 1% differential relative to foreign inflation is 95%. Probability

boundaries assume that any rule generating a given value for σe [σπ] implies the
same value for E0(π) [E0(e)] as the policy rule used to build the volatility

trade-off. Moments obtained averaging 500 samples of length equal to 10 years.
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Figure 6: Conditional welfare loss λ relative to the best-performing policy for the
instrument rule: it = χit−1 + (1− χ)(ωππt + ωeet) with coefficient

values ωπ = 3.5, χ = 0.8, ωe varying between 700 and 0.001. Policy rules are
indexed by the implied exchange rate volatility. Best-performing rule: ωe = 0.001.
Welfare loss computed as the percentage λ of expected consumption stream

conditional on the best-performing policy that the household would be willing to
give up to be indifferent between the best-performing and the alternative policy.
Indicated in the plot is the implied nominal exchange rate volatility of policy

rules such that the probability of the realization ξ in any quarter, Pr(ξ), is larger
than 95%. Probability computed for the baseline parameterization.
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