





References

1]

Arratibel, O., Rodriguez-Palenzuela, D. and Thimann, C., (2002), ’Inflation
dynamics and dual inflation in accession countries: a New Keynesian perspec-
tive’, ECB Working Paper 132.

Balassa, B., (1964), 'The purchasing power parity doctrine: a reappraisal’,
Journal of Political Economy, 72: 684-596.

Begg, D., Eichengreen, B., Halpern, L., von Hagen, J., and Wyplosz, C.,
(2003), ’Sustainable regimes of capital movements in accession countries’,
CEPR Policy Paper No. 10.

Benigno,G., and Benigno, P., (2003), 'Price Stability in Open Economies’,
Review of Economic Studies, 70: 743-764.

Buiter, W. and Grafe, C., (2002), ’Anchor, float or abandon ship: exchange
rate regimes for accession countries”, Banca Nazionale del Lavoro Quarterly
Review 55:111-142.

Calvo, G., (1983), 'Staggered prices in a utility-maximizing framework’, Jour-
nal of Monetary Economics 12: 383-398.

Canzoneri, M., Cumby, R. and Diba, B., (1999), ”Relative labor productivity
and the real exchange rate in the long run: evidence for a panel of OECD
countries”, Journal of International Economics, 47: 245-266.

Canzoneri, M., Cumby, R., Diba, B. and Eudey G., (2002), ”Productivity
trends in Europe: Implications for real exchange rates, real interest rates and
inflation”, Review of International Economics 10:497-516.

Cihak, M. and Holub, T., (2001), ’Convergence in relative prices and inflation
in central and eastern Europe’, IMF WP 01/124.

Clarida, R., Gali, J. and Gertler, M., (2003), 'Erratum to European Inflation
Dyanmics’, Furopean Economic Review 47: 759-761.

Cook, D. and Devereux, M., (2006), ’Accounting for the East Asian crisis: a
quantitative model of capital outflows in a small open economy’, Journal of
Money, Credit, and Banking 38:721-749.

23



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Coricelli, F., Bostjan, J. and Masten, 1., (2003), "Exchange Rate pass through
in candidate countries’, CEPR Discussion Paper 3894..

Corsetti, G., Dedola, L. and Leduc, S., (2005), 'DSGE models of high ex-
change rate volatility and low pass-through’, CEPR, Discussion Paper 5377.

Crucini, M., Telmer, C. and Zachariadis, M., (2005), "Understanding Euro-
pean Real Exchange Rates’, American Economic Review 95(3): 724-738.

Csajbok, A. and Csermely, A., (2002), 'Adopting the euro in Hungary: ex-
pected costs, benefits and timing’, National Bank of Hungary Occasional
Papers 24.

Darvas, Z. and Szapary, G., (2004), 'Business cycle synchronization in the
Enlarged EU: Comovements in the new and old members’;, MNB Working
Paper 2004/1.

De Broek, M. and Slok, T., (2006), ’Interpreting real exchange rate move-
ments in transition countries’, Journal of International Economics 68:368-383.

De Gregorio, J., Giovannini, A. and Wolf, H., (1994), ’International evi-
dence on tradables and non-tradable inflation’, European Economic Review
38: 1225-1244.

Devereux, M., (2001), "Monetary policy, exchange rate flexibility and ex-
change rate pass-through’, in Revisiting the Case for Flexible Exchange Rate,
Bank of Canada.

- (2003), A macroeconomic analysis of EU accession under alternative mon-
etary policies’, Journal of Common Market Studies 41:941-964.

Devereux, M. and Engle, Charles, (2002), "Exchange Rate Pass-Through, Ex-
change Rate Volatility, and Exchange Rate Disconnect’, Journal of Monetary
Economics 49: 913-940.

Devereux, M. and Lane, P., (2006), 'Exchange rates and monetary policy in
emerging market economies’, Economic Journal 116:478-506.

Egert, B., (2002), 'Estimating the impact of the Balassa-Samuelson effect on
inflation and the real exchange rate during the transition’, Economic Systems
26: 1-16.

24



[24]

[25]

[20]

-, Drine, 1., Lommatzsch, K. and Rault, C., (2006), "The Balassa-Samuelson
effect in Central and Eastern Europe: mith or reality?’, Journal of Compar-
ative Economics 31:552-572.

European Central Bank, (2004), 'The Acceding Countries Strategies towards
ERM II and the Adoption of the Euro: an Analytical Review’, ECB Occa-
sional Papers 10.

Fischer, C., (2004), 'Real currency appreciation in accession countries:
Balassa-Samuelson and Investment demand’, Review of World Economics
140:179-210.

Gali, J. and Monacelli, T., (2005), "Monetary policy and exchange rate volatil-
ity in a small open economy’, Review of Economic Studies 72, 3.

IMF (2006), ”Statistical Appendix”, Czech Republic Country Report.

Ito, T., Isard, P. and Symansky S., (1999), 'Economic Growth and Real
Exchange Rate: An Overview of the Balassa-Samuelson Hypothesis in Asia’,
in Ito, T. and Krueger, A. O., eds., Changes in Exchange Rates in Rapidly
Developing Countries: Theory, Practice, and Policy Issues, Chicago: The
University of Chicago Press.

Kim, J., S. Kim, E. Schaumburg, and C.A. Sims (2005), “Calculating and Us-
ing Second Order Accurate Solutions of Discrete Time Dynamic Equilibrium
Models”, Mimeo, Princeton University.

Kollman, R., (2001), 'The exchange rate in a dynamic-optimizing business
cycle model with nominal rigidities: a quantitative investigation’, Journal of
International Economics 55: 243-262.

-, (2002), "Monetary policy rules in the open economy: effects on welfare and
business cycle’, Journal of Monetary Economics 49, 989-1015.

-, (2004), Monetary policy rules in an interdependent world’, CEPR Discus-
sion Paper 4012.

Juillard, M., (2006), "Policy change and DSGE models’, mimeo, University
Paris 8.

Laxton, D. and Pesenti, P., (2003), "Monetary Rules for Small, Open, Emerg-
ing Economies’, Journal of Monetary Economics 50: 1109-1146.

25



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Lipinska, A., (2006), 'The Maastricht convergence criteria and optimal mon-
etary policy for the EMU accession countries’, mimeo, Universitat Autonoma
de Barcelona.

Mihaljek, D., (2004), 'The Balassa-Samuelson Effect in central Europe: a
disaggregated analysis’, Comparative Economic Studies 46:63-94.

Monacelli, T., (2004), ’Into the Mussa Puzzle: Monetary Policy Regimes and
the Real Exchange Rate in a Small Open Economy’, Journal of International
Economics, 62, 191-217.

-, (2005), "Monetary Policy in a Low Pass-Through Environment’, Journal
of Money Credit and Banking, 37, 1047-1066..

Neumeyer, P. and Perri, F., (2005), 'Business cycles in emerging markets: the
role of interest rates’, Journal of Monetary Economics 52: 345-380.

Obstfeld, M. and Rogoff, K., (2000), 'New directions for stochastic open
economy models’, Journal of International Economics, 50: 117-153.

Pelkmans, J., Gros, D. and Ferrer, J., (2000), 'Long run economic aspects of
the European Union Eastern enlargement’, Netherlands Scientific Council for
Government Policy, Working Document W109.

Rogers, J., (2001), "Price level convergence, relative prices, and inflation in
Europe’, Board of Governors of the Federal Reserve System, IFDP No. 699.

Rogers, J., (2006), "Monetary Union, price level convergence, and inflation:
how close is Europe to the United States?’, Journal of Monetary Economics,
forthcoming.

Schmitt-Grohe, S. and Uribe, M., (2001), ’Stabilization policy and the costs
of dollarization’, Journal of Money, Credit, and Banking 33: 482-509.

-, (2004), Optimal operational monetary policy in the Christiano-
Eichenbaum-Evans model of the US business cycle’, NBER WP 10724.

Stockman, A. and Tesar, L., (1995), " Tastes and technology in a two country
model of the business cycle’, American Economic Review 85: 168-185.

26



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:

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

—0
Yni(z) = [PNT’EZ)] (Cny + If, + Iy,), and market clearing conditions, firm
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z profit maximization implies the log-linear first order condition 7y ; = )\mc,fv +

BET N +4+1 where A = w'

Cost minimization for the tradable production sector gives the factor demands:

1
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where Py, 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

N H TP N t<2) e
Vo= Ce+ I+ 1) [ | 522 e (23)
0 Nt
YH,t - ABH,t —|— C;I,t (24)
ABpy = Cuy + Iff  + If], (25)

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

NXpy=Chy, — = X (26)

where Xp; = fol YF,t(z)dz. Assuming that domestic bonds are in zero net supply,

the current account (in nominal terms) reads as'?

eth = (1 + Z”tkil) eth:l + PHJgNXH’t (28)

Finally, labor market clearing requires LY = LY + L = L2,

BFollowing Schmitt-Grohe and Uribe [45], the nominal interest rate at which
households can borrow internationally is given by the exogenous world interest
rate 7* plus a premium, which is assumed to be increasing in the real value of the
country’s stock of foreign debt:

(1 +4) = (L+7)9(—Ba) (27)
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7.2 Parameterization

The quarterly discount factor (3 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 %, and the ratio of average hours worked
relative to total hours equal to % The elasticity of substitution between tradable
and non-tradable goods in the consumption and investment index, p,,, 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 p,=1.5.

The aggregate consumption (and investment) index parameter 7,, 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.'*
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, d, 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 oy, = 0.67 and «,, = 0.33.
The elasticity of substitution p, between the imported intermediate good X,
and domestic value added Vi, is set equal to 0.5.

The share of domestic value added in the tradable good production function,
Yy, is such that in a balanced-trade steady state the ratio of imports to GDP is

where By = 355{ 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.

29



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 — 1) 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:

af = paHaﬁl + ot
Giv = pawaﬁl + EaN t
di = pgdi—1 + cay
p};{,t = ppHp}{,tfl + Eput
p},t = ppr},tfl Tt Eppit
p;J,t = PpMp*Mt—l T Epusyt
Z: = P Z':,I + 61'*7,5

2
£j°

where ¢;; is normally distributed with variance o . The productivity shock
innovation volatility is set in both sectors equal to o, = 0.008 with p, = 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 d; are left as free
parameters, and are adjusted to ensure sufficient volatility in domestic output.
We set p; = 0.85 and o4 = 0.009. These values are larger than those in Laxton
and Pesenti [35] (p; = 0.7 and 04 = 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 p = 0.95 and o+ = 0.001. The exogenous innovation €;; in the
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monetary policy rule follows an i.i.d. process, and its standard deviation is set
at 0; = 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 = 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}. 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). pj; 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 Pr/Py. 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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Table 1: Moments and steady state ratios under alternative parameterizations

Standard Deviation %

Output

Consumption

Inflation CPI

Inflation - non tradable good
Inflation - tradable good

Net exports

Nominal exchange rate

Output

Consumption

Inflation CPI

Inflation - non tradable good
Inflation - tradable good

Net exports

Steady State Ratios

Imports/Output

Consumption-non tradable good/

Total Consumption

Investment-non tradable good/ Total

Investment
Output-non tradable good/
Total Output

Baseline
Pn=0.5
v,~0.65
¥n=0.4

LCP p,=0.9 1,=0.3 y,=0.55

Flexible exchange rates

2.34
2,77
0.72
0.65
1.32
2.59
8.02

2,25 272 3.98 2.25
271 312 3.85 2.69
066 0.86 0.88 0.70
064 0.56 0.81 0.70
112 1.34 1.72 1.33
254 252 3.00 2.57
7.80 9.07 9.86 7.86

Pegged exchange rates

2.7
3.02
0.68
0.59
1.34
2.29

60%

63%

68%

56%

275 295 4.51 2.64
3.06 317 414 2.98
066 0.84 0.87 0.62
059 0.52 093 0.60
1.25 1.34 1.34 1.34
226 234 247 2.28

60% 76% 123% 50%

63% 45% 63% 74%

68% 50% 68% 78%

56% 38% 39% 69%

Note: All series are logged (with the exception of inflation rates and net exports) and
Hodrick-Prescott filtered. The net export variable is the Hodrick-Prescott filtered ratio
to real output. Inflation rates are quarterly values. LCP indicates Local Currency
Pricing for the imported consumption (¢ and investment (I good. p, is elasticity of
substitution between tradable and non- tradable goods. v, is share of domestic value
added in tradable good domestic output. vy, is share of non-tradable good in
consumption and investment aggregate basket.
exchange rate case: i(t)=0.8*[i(t-1)] + 0.2*[n(t)+0.4*y(t)+0.1e(t)].
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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-IF'S,

Eurostat, Haver.
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Figure 2: Impulse response function to a persistent productivity growth shock in
10-year period. Instrument rule coefficients in inflation targeting policy :

the domestic tradable good production sector. Productivity grows by

0,x = 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:

0, x = 0.8. Time measured in years.

Wr =2, We
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Standard Deviation (CPI inflation)

0.9

0.8

0.7

standard case

| Pr(-2.2%%<e<+2.25%)=%% -
Pr(-15%<e<+15%)=95

Pr(rccpi-rc* Cpi<l%)=95°/o

|

1 2 3 4 5 6 7
Standard Deviation (Namind Exchange Rate)

Figure 4: Inflation/exchange rate volatility trade-off for baseline
parameterization (see Table 1). Monetary policy rule:
it = Xit—1 + (1 — x)(wami + weey). Coefficient values: w, = 3.5, x = 0.8, w, varies
between 700 (corresponding to . = 0) and 0.001 (corresponding to o, = 2.2).
Two intermediate values for w. marked in chart. Tradable sector productivity
follows an AR(1) process. Thin lines show probability boundaries. Points to the
left or below the a-probability boundary are combinations (o, 0.) such that the
probability of the realization £ in any quarter, Pr(¢), is larger than a. The
Technical Appendix reports the exogenous shocks parameters.
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Standard Deviation (CPI inflation)
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excess productivity growth case
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Figure 5: Inflation/exchange rate volatility trade-off for baseline
parameterization (see Table 1). Monetary policy rule:
it = Xit—1 + (1 — X)(wamy + weey). Coefficient values: w, = 3.5, x = 0.8, w, varies
between 700 (corresponding to o, = 0) and 0.001 (corresponding to o, = 4.4).
Two intermediate values for w, marked in chart. Tradable sector productivity
grows on average by 2.65% per year (30% over a 10-year period). For each level
of o the exchange rate probability boundary (thin lines) plots the level of o,
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 o the inflation probability
boundary plots the level of o, 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 o [0;] implies the
same value for Ey(m) [Ep(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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Relative Welfare Loss A

e o cess productivity growth case

Standard Deviation (Nominal Exchange Rate)

Figure 6: Conditional welfare loss A relative to the best-performing policy for the
instrument rule: i; = xi;—1 + (1 — x)(wam¢ + weey) with coefficient
values w; = 3.5, x = 0.8, w, varying between 700 and 0.001. Policy rules are
indexed by the implied exchange rate volatility. Best-performing rule: w. = 0.001.
Welfare loss computed as the percentage A 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 £ in any quarter, Pr(¢), is larger
than 95%. Probability computed for the baseline parameterization.
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