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The Role of Inflation Differentials in Regional Adjustment: 
Evidence from the United States 

By Ivo J. M. Arnold, Breukelen, and Clemens J. M. Kool, Utrecht* 

I. Introduction 

The European Central Bank (ECB) looks at average economic condi-
tions in the euro-area as a whole and stresses its lack of instruments to 
fine-tune its policies to cyclical differences between EMU members, in-
cluding differences in inflation rates. Nevertheless, regional differences 
in inflation rates within a monetary union exist and are a potential 
cause of concern for monetary authorities. A recent ECB paper (ECB, 
2003) argues that a euro area wide monetary policy must consider the 
size, persistence and determinants of differences in inflation rates. It spe-
cifically mentions the possibility that high inflation in some regions 
might push inflation rates towards deflationary levels elsewhere, which 
in the presence of downward nominal rigidity might have adverse eco-
nomic and eventually even political consequences. Therefore, according 
to the ECB (2003, p. 6) "the ECB's monetary policy strategy attributes a 
secondary role to inflation differentials when calibrating the safety 
margin for admissible inflation in the euro area". 

The existence of regional differences in inflation rates may imply that 
the common monetary policy is too lax for some countries but too tight 
for others. Alternatively, regional inflation differentials might just be the 
results of differences in productivity growth. This is the well-known Ba-
lassa-Samuelson effect. A full discussion of the potential sources of re-
gional inflation differentials is provided in Alberola (2000), who makes a 
distinction between a benign view of inflation differentials when caused 
by productivity-related convergence and a more worrying view when in-
flation differentials result from structural rigidities. Duarte and Wolman 

* We thank an anonymous referee, participants at the November 29-30, 2002 
meeting of the European Monetary Forum at Maastricht University and Roel 
Beetsma, Franc Klaassen and other participants at a March 6, 2003 seminar at the 
University of Amsterdam for helpful comments and suggestions. 
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The Role of Inflation Differentials in Regional Adjustment 63 

(2002) have recently shown that productivity shocks can account for a 
significant portion of inflation variation across European countries. Em-
pirical evidence of the size and persistence of inflation differentials is 
provided by Cecchetti, Mark and Sonora (2000) for United States cities, 
by Rogers (2001) and Berk and Swank (2002) for European countries and 
by Alberola and Marqués (1999) for Spanish provinces. All studies con-
clude that relative price levels between regions converge at a surpris-
ingly slow rate; in case of the US cities the half-life of convergence is 
approximately 9 years. 

After the start of Economic and Monetary Union (EMU), the cross-
country variation in the inflation rates of member states has in any case 
not fallen quickly, as Table 1 shows. In the run-up to EMU, all countries 
except Greece fulfilled the inflation criterion of the Maastricht Treaty; 
no country (except Greece) had an inflation rate higher than 1.5 percen-
tage points above the mean inflation rate of the three members with the 
lowest inflation. In each year since 1999, three or more countries have 
failed to fulfill the Maastricht criterion, as the decrease in Greek infla-
tion has been more than offset by increases in Dutch, Irish and Portu-
guese inflation rates. A comparison with the United States may be useful 
here. Applying the Maastricht criterion to GDP deflators for nine US 
districts showed that over the period 1978-2000 one or more districts 
regularly failed the Maastricht criterion. Fast inflation convergence in a 
monetary union therefore cannot be taken for granted. 

In this paper we argue that regional inflation differentials within a 
monetary union are playing an important role in the natural adjustment 
towards a new equilibrium following asymmetric shocks or the asym-
metric transmission of symmetric shocks. Rather than investigating the 
sources of regional price differences or their speed of convergence, we 
examine how regional inflation differentials are transmitted through 
the national and European economies and contribute to the adjustment 
mechanism within a monetary union. 

On the basis of the early EMU experience, little empirical conclusions 
can be drawn about the role of regional inflation differentials. We there-
fore focus our attention on the US. Using disaggregated data we empiri-
cally examine the role of regional inflation differentials in the adjust-
ment mechanism towards convergence. We are especially interested in 
two specific channels in the monetary transmission mechanism within a 
monetary union, each of which may hamper the cyclical convergence be-
tween member states. First, we emphasize the perverse - i.e. pro-cyclical 
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64 Ivo J. M. Arnold and Clemens J. M. Kool 

Table 1 
Recent Inflation Divergence in the EMU 

annual inflation rates (%) 1997 1998 1999 2000 2001 2002 

Austria 1.2 0.8 0.5 2 2.3 1.7 

Belgium 1.5 0.9 1.1 2.7 2.4 1.6 

Finland 1.2 1.4 1.3 3 2.7 2.0 

France 1.3 0.7 0.6 1.8 1.8 1.9 

Germany 1.5 0.6 0.6 2.1 2.4 1.3 

Greece 5.4 4.5 2.1 2.9 3.7 3.9 

Ireland 1.2 2.1 2.5 5.3 4 4.7 

Italy 1.9 2 1.7 2.6 2.3 2.6 

Luxembourg 1.4 1 1 3.8 2.4 2.1 

Netherlands 1.9 1.8 2 2.3 5.1 3.9 

Portugal 1.9 2.2 2.2 2.8 4.4 3.7 

Spain 1.9 1.8 2.2 3.5 3.2 3.6 

Euro Area 1.6 1.1 1.1 2.3 2.5 2.3 

Average of lowest 3 1.2 0.7 0.6 2.0 2.1 1.5 

# countries with an inflation 
higher than 1.5 points above 
average of lowest 3 1 1 4 3 4 5 

Source: Eurostat, HCIP inflation. 

- operation of the real interest rate channel in a monetary union. 
Second, we examine how wealth effects via regional housing markets 
may compound this pro-cyclicality. We finally examine to what extent 
the real exchange rate channel neutralizes these pro-cyclical factors. 

Our evidence suggests that an increase in regional inflation in the 
short run induces procyclical effects on economic activity through lower 
real interest rates and higher real housing wealth. Initially, these effects 
dominate the anticyclical effect of the real exchange rate appreciation 
caused by higher regional inflation. After three to four years, the real 
exchange rate effect dominates and accounts for longer run convergence. 

The set up of the paper is as follows. In section II., we review the lit-
erature on the role of inflation differentials in a monetary union and pre-
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The Role of Inflation Differentials in Regional Adjustment 65 

sent a small model. In section III., the data are described. We present 
preliminary statistics and an empirical modification of the theoretical 
model. In section IV. we present and discuss empirical evidence, while 
section V. summarizes and concludes. 

II. The Role of Regional Inflation Differentials 

Our starting point is the case where a country (or state) has its own 
monetary policy. We assume that the monetary authorities conduct an 
interest rate policy, as is usual nowadays. The nominal interest rate will 
then be increased in the presence of a positive output gap and (too) high 
inflationary expectations, according to some version of the Taylor-rule. 
This has the following two effects. First, for a given inflation rate the 
real interest rate increases. By way of a range of potential transmission 
channels - including an effect on asset prices - this will lead to a reduc-
tion of economic growth over time, a decrease in the output gap and a 
reduction in inflationary expectations. Second, the appreciation of the 
domestic currency in nominal and real terms will worsen a country's 
competitiveness and reduce its net exports. Here, the real interest rate 
channel and the real exchange rate channel reinforce each other in cool-
ing down the economy.1 

The following small macroeconomic model, based on Goodhart and 
Hofmann (2000) and strongly related to Svensson (1997), Smets (1997) 
and Ball (1998), serves to illustrate the role of interest rates and other 
financial variables in the process of monetary transmission. We note that 
in contrast to more recent New Keynesian models (see e.g. Clarida, Gali 
and Gertler (1999)) this model is backward-looking and thus valid as an 
approximation only. 

(1) yt+1 = OilVt ~ OL2{it - 7rt) + a3qt + a4ht + rjt+1 

(2) 7Tt+i = 7Tt + Pyt + £t+1 

The extended IS curve in equation (1) relates the output gap (y) to its 
own lagged value, the lagged ex-post real rate of interest, defined as the 
nominal interest rate (i) minus inflation (IT) and the lagged values of two 

1 Note that the efficiency in the financial markets will ensure a prompt 
response of interest and exchange rates to changes in monetary policy. In case of 
fixed exchange rates a country's room to manoeuvre is obviously more limited, but 
not necessarily zero. 
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66 Ivo J. M. Arnold and Clemens J. M. Kool 

other financial variables, the real exchange rate (q) and real housing 
wealth (h). Equation (2) is an aggregate supply curve, relating inflation 
to lagged inflation and the lagged output gap. Goodhart and Hofmann 
(2000) close the model with a loss function of the central bank. When 
central banks target inflation and minimize their intertemporal loss 
function, they should directly react to financial variables if these affect 
the output gap (i.e. if a3 ^ 0 or q4 ^ 0). Assuming that central bankers 
have knowledge about the relationship between financial variables and 
the real rate of interest, Goodhart and Hofmann (2000) derive an optimal 
monetary policy reaction function as a weighted average of the interest 
rate and asset prices. Needless to say, the centralization of policymaking 
precludes deriving a reaction function for regions within a monetary 
union. 

After a country joins a monetary union - or a fixed exchange rate 
regime for that matter the real interest rate channel changes face. The 
central bank of the monetary union conducts the same type of monetary 
policy using an interest rate rule. The determinants of the nominal inter-
est rate are now the output gap and the expected inflation in the union 
as a whole. Asymmetric shocks within the monetary union may cause 
divergences between business cycles and inflation patterns in the 
member states. In the neutral case where the area-wide output gap is 
zero and expected inflation for the union is sufficiently low, the mone-
tary authorities will have no reason to change the nominal interest rate. 
A member country which at that time enjoys a business cycle upturn 
(relative to the union) will have an above-average economic growth rate, 
output gap and inflation rate. Depending on the degree of inflation per-
sistence, residents will also have higher inflationary expectations. With a 
uniform nominal interest rate, the domestic real interest rate will be 
lower than in the rest of the union.2 Lower real interest rates discourage 
savings and stimulate consumption and investment. Now, the real inter-
est rate channel no longer acts as a brake on the cycle but instead ac-
celerates regional economic developments.3 Note that within a monetary 
union, regional real interest rate differentials are exclusively caused by 
regional inflation differentials, not by differences in nominal interest 
rates. 

2 These are ex post real interest rates. The same applies to ex ante real interest 
rates as long as some persistence in inflation differentials induces differentials in 
inflationary expectations. 

3 This mechanism is akin to the Walters critique of pegged exchange rates in 
the presence of diverging inflation rates, see Walters (1990). 
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The Role of Inflation Differentials in Regional Adjustment 67 

Within the union, the real exchange rate channel remains intact. A 
booming regional economy still leads to a real appreciation, not via 
changes in the nominal exchange rate but via a change in relative prices 
between the domestic economy and the rest of the union. Again, the 
regional inflation differentials take care of the adjustment process. The 
elimination of adjustment through the nominal exchange rate will, how-
ever, reduce the size and speed with which the real exchange rate ad-
justs. 

Finally, regional inflation differentials may lead to direct or indirect 
wealth effects with macro-economic implications. The direct channel 
works through the effect of inflation on nominal asset prices for e.g. 
stocks and real estate. Indirectly, inflation may induce changes in wealth 
through its effect on real interest rates. The deregulation of financial 
markets in recent decades and the strong cyclical movements in asset 
prices in several countries have led to a stronger emphasis on the macro-
economic importance of assets prices (see e.g. IMF (2000, 2003), Cec-
chetti, Genberg, Lipsky and Wadhwani (2000) and Goodhart and Hof-
mann (2000)). Case, Quigley and Shiller (2001) report empirical evidence 
that housing prices have a stronger relationship with the business cycle 
than stock prices.4 At the regional level, this may lead to a lengthening 
and amplification of the business cycle. A booming regional economy 
with high growth and inflation rates and low real interest rates may lead 
to an increase in both nominal and real housing prices. Such an increase 
in home-owners wealth stimulates consumption through balance sheet 
effects. Comparing Europe to the US, we note that the relatively low 
labor mobility in Europe reduces arbitrage between national European 
housing markets. Divergences in regional housing wealth are therefore 
more likely to occur within Europe. 

For our analysis, we need to augment the above two-equation model 
with an equation describing the dynamics of the real housing wealth 
variable. Recall that Goodhart and Hofmann (2000) assume that central 
banks know about the relationship between the real interest rate and 
other financial variables and exploit this knowledge to set any combina-
tion of interest rates, exchange rates and other asset prices according to 
the optimal reaction function. At the regional level, however, deviations 
of these variables from the union-wide level cannot be controlled by the 
central bank. While the dynamics of the real exchange rate will logically 
follow from the aggregate supply curve, real housing wealth needs a 

4 But see Ludwig and Sloek (2002) for an opposing view. 
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separate equation. The empirical real estate literature commonly uses 
income and the real interest rate as the key macroeconomic factors 
which impact on real housing wealth, see e.g. Kenny (1999) and Baffoe-
Bonnie (1998): 

(3) ht+i = ht + jyt + 6(it - ?rt) + vt+1 

We end up with a small three-equation model showing the interaction 
between regional inflation, economic growth and housing markets. In the 
remainder, we use the three-equation model as the underlying bench-
mark framework in the empirical analysis. The next section discusses the 
exact empirical specifications of equations (1) to (3) in more detail. 

III. Data and Empirical Specifications 

The empirical analysis employs regional data from the United States to 
quantitatively examine the effect of inflation differentials on regional 
growth rates within an existing monetary union. For all 51 US states, 
annual series for nominal and real regional Gross State Product (GSP) 
are available from the Bureau of Economic Analysis for the period 1977-
2000.5 As regional measures for the output gap are unavailable, we in-
stead use real regional GSP in deviation from the rest of the US as our 
measure of regional economic activity. This variable, denoted yi-us, is de-
fined as lOOx the logarithm of real GSP in region i divided by real GSP 
in the rest of the US (excluding region i). From real and nominal GSP 
we can derive a regional GSP-deflator. Regional inflation (denoted 7^) is 
measured as the first difference of the logarithm of the regional GSP-
deflator (xlOO). A region's inflation differential with the rest of the US is 
denoted iri-us.t- The real exchange rate {qi-us,t) equals the logarithm of 
the GSP-deflator in region i relative to the GSP-deflator for the rest of 
the US (excluding region i) (xlOO). The regional real interest rate (de-
noted r^t) is the difference between the average nominal interest rate on 
one-year Treasury bills (it) and 7rijt. The real interest rate differential 
with the rest of the US is denoted Ti-us.t• Since the nominal interest rate 
inside a monetary union is same for each region, the regional real inter-
est differential equals minus the regional inflation differential (-ni-us,t)-

In our regional analysis both ri_us.t and qi-us,t are driven by 7ri-us.t, 
because nominal interest rates and nominal exchange rates play no role. 
This could lead to an identification problem. Note, however, that a tem-

5 See www.bea.gov. 
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The Role of Inflation Differentials in Regional Adjustment 69 

porary (one-time) increase in the regional inflation differential leads to a 
temporary lowering of ri_USit but to a permanent increase in qi-us,t• Note 
also that the impact of the two effects on economic activity should have 
a different sign. We use these distinctions to identify the different effects 
of the real interest rate and real exchange rate channels on regional eco-
nomic activity. 

Nominal regional housing wealth (Hi t) is defined as the product of the 
regional owner-occupied housing stock times the regional housing price, 
cf. Case, Quigley and Shiller (2001). The owner occupied housing stock 
by state is available from the US Bureau of the Census.6 As these data 
are measured once in a decade, we have linearly interpolated them to 
arrive at an annual time series. The median nominal housing price for 
single-family previously occupied homes is available by state from the 
Mortgage Interest Rate Survey published by the Federal Housing Fi-
nance Board.7 We combined the housing prices for the year 2000 with 
annual averages of the regional housing price indices from the Office of 
Federal Housing Enterprise Oversight (OFHEO), which go back to 1975.8 

Nominal regional housing wealth is deflated by the regional GSP defla-
tor to arrive at the real regional housing wealth (hiA). However, using the 
level of this variable creates the problem that structural differences be-
tween regional housing markets unrelated to the business cycle patterns 
which we are focusing on, may distort our results. Such structural differ-
ences could be due to location, urbanization and the composition of the 
housing stock. Because of this, we will use lOOx the log difference of 
nominal and real regional housing wealth (respectively denoted AHi t 

and Ahi t). For both measures, we define a differential versus the rest of 
the US, respectively denoted AHi_us.t and Ahi-US,f In practice, these 
variables are very strongly correlated with changes in the OFHEO regio-
nal housing price indices, as price rather than volume effects dominate 
year-on-year changes in housing wealth.9 

Finally, we include an oil price variable as a proxy for possible supply 
shocks in the regional aggregate supply curve given by equation (2). We 
hypothesize that an energy shock will affect energy-producing and 
energy-consuming regions in the US very differently. The variable p0u, t is 
constructed as 10Ox the logarithm of the Producer Price Index for 

6 See www.census.gov. 
7 See www.fhfb.gov. 
8 See www.ofheo.gov. 
9 This also implies that the interpolation of the housing stock data will have 

little effect on the results. 
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Energy and Fuels relative to the US GDP deflator. We do not include 
technology-related supply shocks because we assume that different re-
gions of a well-integrated and well-developed area like the US would be 
affected similarly by such shocks. 

Figures 1 and 2 give an impression of the variation in regional infla-
tion rates and growth rates in real housing wealth within the US. Each 
year shows the minimum, maximum and median across all 51 states, as 
well as the 10th and 90th percentiles. The variation in regional inflation 
varies through time, with peaks at the start of the 1980s, in 1986 and 
again in 2000. In all cases this coincided with high energy price volatility 
influencing the GDP deflators of energy-producing states (e.g. Alaska 
and Texas). The difference between the 10th and 90th percentiles, which 
is less sensitive to oil price related outliers, fluctuated between 2 and 6% 
in the 1978-1986 period, after which it decreased to 0.5-2% in the period 
1987-1997. In recent years, it has again increased somewhat to a range of 
2-2.5%. Figure 2 shows the regional variation in the growth of real hous-
ing wealth to be much higher than the variation in regional inflation 
rates, which conforms with prior notions of more limited arbitrage be-
tween regionally segmented housing markets. The cross-sectional varia-
tion has decreased in the 1990s. The most recent years seem to indicate 
that the convergence during the 1990s may be a temporary phenomenon: 
between 1997 and 2000 the difference between the 10th and 90th percen-
tiles increased from 4.4 to almost 11 percentage points. But even this di-
vergence is modest when we compare it to the EMU, where in 1998 the 
difference between the minimum and maximum nominal housing price 
growth rates across member states equaled 20 percentage points (ECB 
(2000)). 

We will turn next to the issue of stationarity. Applying the Im, Pesaran 
and Shin (1997) (IPS) panel unit root test, we could reject the null 
hypothesis of non-stationarity for Ahi_us,t and ri_us,t-1, but not for yi-us 
and qi-us- The results for the IPS t-bar statistic are respectively -2.63, 
-2.85, -1.51 and -1.21 with a 5% critical value of -1.73 (for N = 50 and 
T=20). As it is well known, with a relatively short sample period the 
power of unit root tests is limited. For example, using the Kwiatkowski-
Phillips-Schmidt-Shin (1992) unit root test on the individual time series 
we could not reject stationarity of yi-us for 23 out of 52 states. Apart 
from the results of the unit root test statistics, it is theoretically not at 
all obvious that y and q should be non-stationary, as all of our variables 
are defined in deviation from the rest of the US. We will proceed in a 
pragmatic way, by estimating our main equation - the extended IS equa-
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The Role of Inflation Differentials in Regional Adjustment 73 

tion - in both a levels and a first difference version. The residuals of the 
levels regressions will be checked for a unit root using the IPS-test. Re-
garding the aggregate supply relationship, we find that ni-us.t basically 
follows an autoregressive pattern with only a very limited role for other 
variables. For real housing wealth we use first differences for reasons 
discussed above. 

Based on the above considerations, we specify modified forms of equa-
tions (1) to (3) to estimate empirically. As our empirical analysis focuses 
on regional economic divergences from the rest of the monetary union, 
all regional variables are defined relative to the rest of the US.10 Similar 
to Goodhart and Hofmann (2000), we estimate the each equation (IS, ag-
gregate supply and housing wealth) separately in a panel context. For 
the IS equation, we arrive at the following: 

( l a ) yt-us.t+i = « o . i + aiy i-us.t + « 2 r i-us.t + &zqi-us.t + a4Ahi-us.t 

(lb) Ayi-us.t+i = + c*iA yi-us.t + a2Ari-us.t + ^i-us.t + a^A2hi-us.t 

Equations (la) and (lb) model regional economic activity (in deviation 
from the rest of the US) in respectively log levels and growth rates. In 
the levels regression, r^us and qi-us are used to estimate the strength of 
the real interest rate and the real exchange rate channel, while Ahi-us 
measures the strength of the wealth channel. For the first difference re-
gressions, we difference all variables, including Ahi-us.11 Equations (la) 
and (lb) also allow for autocorrelation in the dependent variable. The oil 
price variable is excluded from the specification as supply shocks are 
transmitted via the aggregate supply curve. Equation (2a) below is based 
on the aggregate supply relationship, which has been expanded by allow-
ing for an effect of growth in regional nominal housing wealth on re-
gional price levels and inflation rates. 

( 2 a ) Ki-us.t+i = Po.i + &7T i-us.t + &A yi-us.t + faAHi-us.t + PtA&PoiLt+i + Ps.i&Poiu 

As discussed above, our aim is not to explain cross-state differences in 
real housing wealth, which would require a set of variables able to ac-
count for structural factors influencing regional housing markets. There-

10 Alternatively, we could have refrained from taking differences vis-a-vis the 
US and have included time dummy variables instead, to account for nation-wide 
movements in the variables. This alternative approach yielded very similar results. 

11 We also estimated (lb) including Ahi-us instead A2hi-US. This led to a some-
what higher coefficient on A hi-us- Apart from that, results were similar. 
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fore, equation (3a) is estimated in first differences. Again, supply shocks 
are excluded.12 

(3a) A hi_us,t+\ = 7o a + 71 Ahi-r/s.t + 72A yi-us.t + 73 n-us. t 

We now turn to the discussion of the empirical findings. 

IV. Empirical Results 

The results of a panel estimation of equations (la) and (b) are reported 
in Table 2. We have used weighted least squares with cross-section 
weights to reduce the effects of cross-sectional heteroskedasticity. We 
also include fixed effects. The levels regression includes an AR(1) term to 
account for residual correlation. After the inclusion of lagged growth 
rates, the estimation period is reduced to 22 years (1979-2000) for the 
levels regression and 21 years for the first difference regression, which 
for 51 states brings the total number of observations to respectively 1122 
and 1071. Due to the panel nature of our data, we have estimated (each 
variant of) the IS equation separately from the other two equations. 

For the levels regression, Table 2 shows that all variables have the cor-
rect sign and are significant at a 5% level. An increase in the real hous-
ing wealth growth differential by one percentage point increases yi-us by 
0.158 percentage point one year later. A one percentage point increase in 
the regional inflation differential leads to an appreciation of the real ex-
change rate. This results in a relatively small reduction of yi-us of 0.063 
in the next year. The increase in the regional inflation differential also 
reduces the real interest rate differential, leading to a much stronger re-
sponse on Ayi-us of 0.486 percentage point in the following year. Apply-
ing the IPS t-bar test on the residuals of the levels regression yields a 
test statistic of -3.14 (with a 5% critical value of -1.73 for N=50 and 
T=20), implying that the residuals do not contain a unit root. Our results 
for equation (la) corroborate Goodhart and Hofmann's (2000) findings 
for international country data. They find a significant effect of real inter-
est rates and real property prices on national output gaps, but fail to 
find an important role for the real exchange rate. 

Within a one year time horizon, the pro-cyclical real interest rate effect 
thus clearly dominates the anti-cyclical real exchange rate channel. The 

12 Estimation of the IS equation and the real housing wealth equation with cur-
rent and lagged growth rates of the oil price included yielded qualitatively similar 
results. 
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Table 2 

Regional Divergences in Real GSP 

Equation: (la) 
Vi-US.t+l 

(lb) 
Ayi-us.t+i 

Vi-us.t 0.917* A;Vi-us . t 0.347* 
(85.58) (11.73) 

Ahi-us.t 0.158* A2hi-us.t 0.090* 
(11.01) (5.92) 

n-us.t -0.486* -0.267* 
(7.26) (3.18) 

Qi-us,t -0.063* 0.167 
(2.52) (1.77) 

AR(1) 0.219 
(6.23) 

Weighted statistics: 

adj. R2 0.999 0.327 

p-value F-statistic 0.000 0.000 

DW statistic 1.99 2.14 

# observations 1122 1071 

IPS t-bar -3.14* 

Note: Annual data: 1977-2000. GLS panel estimation with cross section weights, fixed effects and White 
heteroscedasticity-consistent standard errors; t-values in parentheses; IPS t-bar is the Im, Pesaran and Shin 
test statistic for a unit root in the residuals. Fixed effects are not reported. 
* significant at a 5 % significance level. 

longer-term dynamics, however, will be different, as regional inflation 
pressures influence the real exchange rate through the level (recall that 
qi equals the logarithm of the quotient of the regional and national defla-
tors) whereas the real interest rate is influenced via the growth rate. 
Therefore, one-time shocks to the regional inflation differential perma-
nently affect qi t but temporarily affect Vi-us,t• In addition, the wealth 
channel will play a more important role beyond the one year horizon. We 
will elaborate on the longer term dynamics below. 

Results for the first difference regression (lb) are somewhat weaker. 
The coefficients for real housing wealth and the real interest rate are 
lower but still significant. The change in the real exchange rate (71 \-us.t) , 

while still insignificant at a 5% level, is now of the wrong sign. The 
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identification problem could be responsible for this, as the change in the 
real exchange rate equals minus the real interest rate differential. As 
noted by Goodhart and Hofmann (2000), in empirical research Ay is al-
ternately regressed on r or Ar, implying that the positive sign of iu-us.t 
could just be the impact of r on Ay. Because of this complication we will 
proceed using the estimates from equation (la) in our simulation exercise 
below. 

Table 3 presents the estimation results for equation (2a) and (3a). Re-
garding equation (2a), the dominant effect on 7ri-us,t is its own lagged 
value. The state-specific influence of the energy price variables explains 
a large proportion of the variability in regional inflation differentials.13 

The coefficients of AHi-US,t-i and Ayi-us.t-i are significant at a 5% level. 
However, the coefficient of Ayi-us.t-\ is of the wrong sign.14 Regarding 
equation (3a), all variables have the anticipated sign and are significant 
at a 5% level. Combining equations (la) and (3a) shows how the mutual 
reinforcement of economic growth and housing prices leads to a pro-
cyclical effect, whereby higher regional economic growth induces a boom 
in the local housing market, which in turn increases regional growth 
through wealth effects. A higher real interest rate reduces real housing 
price growth by around 0.373 percentage point. This effect is highly sig-
nificant. 

We now turn to a simulation exercise whereby we expose the estimated 
equations to an inflation shock. This analysis is subject to the important 
caveat that our inflation shock has not been identified as either a supply 
or a demand shock. Thus, we change regional inflation ceteris paribus 
all contemporaneous variables and thereby abstract from the negative or 
positive contemporaneous correlation between price and output follow-
ing respectively a supply or demand shock.15 For an individual US 
region, it will obviously matter much whether it is hit by a supply or 
demand shock. Below, however, we focus only on the effect of higher 
regional inflation via real interest rates, the real exchange rate and the 
housing market. Hartley and Whitt (2003) provide a literature overview 
of the decomposition of GDP shocks in to supply and demand shocks. 
They conclude that permanent demand shocks have been the dominant 

13 The adjusted R2 climbed from 0.31 to 0.64 after the inclusion of the energy 
price variables. 

14 Substituting a regional measure of the output gap, measured using the 
Hodrick-Prescott filter, did not lead to a change in sign. 

15 Part of the supply shocks work through oil prices which are included in 
equation (2a). 
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Table 3 
Regional Divergences in Inflation and Real Housing Wealth Growth 

Equation: (2a) 
Ki-US,t+1 

(3a) 
Ahi-us.t+i 

Ki-US.t 0.287* Ahi-us.t 0.530* 
(7.72) (20.22) 

AHi-us.t 0.015* A;Vi-us.t 0.442* 
(5.75) (10.31) 

-0.030* n-us.t -0.373* 
(4.15) (3.53) 

Apoil.t+l included1 

APoil.t included1" 

Weighted statistics: 

adj. R2 0.644 0.479 

p-value F-statistic 0.000 0.000 

DW statistic 2.17 1.929 

# observations 1122 1122 

Note: Annual data: 1977-2000. GLS panel estimation with cross section weights, fixed effects and White 
heteroscedasticity-consistent standard errors; t-values in parentheses. Fixed effects are not reported. 
* significant at a 5% significance level. 
t Cross-section specific coefficients and t-values are not reported. 

source of variance in output growth in the US, although a consensus on 
this is lacking in this literature and results are sensitive to the methodol-
ogy which is used. When, as Hartley and Whitt (2003) claim, demand 
shocks dominate US output growth, the contemporaneous correlation be-
tween price and output might further amplify the regional business cycle 
via e. g. the housing market equation. We leave this issue unexplored. 

Based on the point estimates of the coefficients from equations (la), 
(2a) and (3a), we have simulated the effect of a positive one-off one stan-
dard deviation shock to the regional inflation differential (which over 
the sample period equals 1.50%) on the regional growth differential, the 
real exchange rate, the real interest rate differential and the differential 
in real housing wealth growth. Box 1 lists the relationships. We have 
started from a position where no variable deviated from the national 
average. We also assume the absence of any energy price shocks. 
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Box 1: Model Used for Simulation 

Vi-US,t+1 = OMlyi-us.t-OASGrt-usj- 0.063gi_I/Slt + 0.158A/ii_l7Sit 

Ki-US,t+1 = 0.2877ri_I7S.t- 0.030Ai/i_l,Sit + 0.015AHi-us.t 

Ahi-us, t+i = 0.530A hi-us.t + 0.442A y{_ •us.t — 0.373Ti-us.t 
Qi-us,t+1 = Qi-US,t + Ki-US,t+1 
ri-US,t+1 = — Ki-US, t+1 

AHi-us.t+i = Ahi-us,t+i + Ki-us.t+i 

Through equation (2a) the inflation shock has an autoregressive effect. 
Figure 3 shows that the inflation shock has a permanent effect on the 
real exchange rate and a temporary effect on the real interest rate, the 
growth in real housing wealth and real GSP growth. Note that the real 
interest rate effect decreases much more quickly than the housing wealth 
effect, which results from the mutual reinforcement between of real eco-
nomic growth and housing wealth growth. In year four, the real regional 
growth rate changes sign. From then on the pro-cyclical variables 
(lagged real growth, the real interest rate channel and the wealth chan-
nel) no longer outweigh the counter-cyclical real exchange rate channel. 
The long-run effect of the regional inflation shock to real regional eco-
nomic growth is zero. Figure 4, however, shows that there is a permanent 
effect on the level of output {yi-us,t), corresponding to the permanent 
effect on the real exchange rate. Figure 4 also shows how the explana-
tory variables in equation (la) contribute to this. In constructing Figure 
4, we have attributed the effect of the lagged endogenous variable to the 
real interest rate, the real exchange rate and the real housing wealth 
growth variables, using the coefficients in equation (la). During the first 
year, the direct positive effect of a lower regional real interest rate dom-
inates the negative effect on the real exchange rate. The real interest rate 
effect continues to play a role through the lagged endogenous variable. 
However, whereas the interest rate effect starts to dampen relatively 
quickly, the cumulative effect of the real exchange rate appreciation is 
lasting. From year three onwards, the effects of lagged real housing price 
growth kicks in. Note that this partial analysis abstracts from any stabi-
lizing effects of national monetary policy through the nominal interest 
rate or indirectly through economic growth in the rest of the US. 
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It is tempting to relate these findings to what has happened in Euro-
pean countries during their brief stay in the EMU. In The Netherlands, 
for example, above-average inflation rates (due to, among others, a fiscal 
policy shock) resulted in low real interest rates and contributed to the 
boom in the housing market. Right now, the impact of the cumulative 
worsening in the Dutch competitive position is being felt. This experience 
seems to fit our findings very well. In summary, while regional inflation 
shocks may lead to short-term exuberance, they may result in a long-
term headache. 

In the current economic climate, monetary authorities probably worry 
more about deflationary tendencies than about inflation shocks. In prin-
ciple, the symmetrical set up of our model makes it straightforward to 
infer the consequences of a regional deflationary shock. Higher regional 
real interest rates will discourage consumption and investment, stimulate 
savings and slow down local housing markets. Over time, the improve-
ment in the competitive position versus the rest of the monetary union 
should lead to convergence. We recognize, however, that the presence of 
nominal debt and downward nominal wage rigidity may complicate mat-
ters. The worsening of the balance sheets of households, firms and finan-
cial institutions as a result of a debt-deflation may increase bankruptcies 
and disrupt financial intermediation, while downward wage rigidity 
might aggravate the output response. 

We have tested for asymmetrical effects of the real interest rate vari-
able in equations (la) and (3a) and of the real exchange rate variable in 
equation (la). The results in Table 4 show that the output equation dis-
plays no statistically significant asymmetric effects. In equation (3a), 
however, real housing wealth growth does show an interesting significant 
asymmetrical effect. The effect of a lower real interest rate due to posi-
tive regional inflation is low and insignificant compared to the strong 
and significant response of real housing wealth growth to a higher real 
interest rate due to deflation. So deflation may jeopardize the stability of 
regional housing markets. To avoid these potential asymmetrical effects, 
the central bank of the monetary union would be wise to target a union-
wide inflation rate high enough to facilitate regional adjustment at 
below-average but positive inflation rates. 
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Table 4 
Asymmetric Effects 

Equation: (la) 
Vi-US,t+1 

(3a) 
Ah>i-us,t+i 

coefficient r^us,t coefficient n-us.t 

with positive inflation shock -0.568* 
(4.87) 

with positive inflation shock -0.086 
(0.51) 

with negative inflation shock -0.400* 
(3.68) 

with negative inflation shock -0.667* 
(4.30) 

Wald test (p-value) 0.35 Wald test (p-value) 0.023* 

coefficient qt-us.t 

with positive inflation shock -0.051* 
(1.62) 

with negative inflation shock -0.076* 
(2.64) 

Wald test (p-value) 0.44 

Note: This table reports possible asymmetric effects of the real interest rate and the real exchange rate in 
equations (la) and (3a). The p-value of the Wald statistic indicates whether the difference between the coeffi-
cients under positive or negative inflation shocks is statistically significant. 
* significant at a 5% significance level. 

V. Conclusions 

Within a monetary union, regional inflation differentials lead to a com-
petition between the real interest channel and the real exchange rate chan-
nel in the transmission of regional shocks. This has implications for the 
length and vehemence of regional business cycles. This paper tries to quan-
tify how these forces work against each other in the United States. Our 
estimates indicate that, following an increase in regional inflation, in the 
short run the pro-cyclical effect through the real interest rate and wealth 
channels is strongest, but that after a period of about 3-4 years the cumu-
lative worsening of the competitive position asserts its influence. Regional 
cycles in the housing market have a clear pro-cyclical effect and are, on 
their part, affected by real regional interest rates and real growth. 

We close by cautioning against the extrapolation of our findings to 
Europe. Nevertheless, we expect that the time it will take the real ex-
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change rate channel to dominate the real interest rate and wealth chan-
nels will be even longer in Europe, as the U S economy is more flexible 
and better integrated than the European economy and segmentation in 
regional housing markets is stronger in Europe than in the United 
States. We conclude that in a monetary union, the real exchange rate has 
a hard time competing with the real interest rate and wealth channels; 
as a result, the length and amplitude of regional business cycles may in-
crease. As effective policy instruments at the regional level are scarce in 
a monetary union, this observation points to the need for improving the 
functioning and integration of product, labor, financial and housing mar-
kets in Europe. 
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Summary 

The Role of Inflation Differentials in Regional Adjustment: 
Evidence from the United States 

Within a monetary union, regional inflation differentials lead to a competition 
between the real interest rate and wealth channels on the one hand and the real 
exchange rate channel on the other hand in the transmission of regional shocks. 
This may have implications for the length and vehemence of regional business 
cycles. This paper tries to quantify how these forces work against each other using 
regional data for the United States. Our estimates indicate that, following an in-
crease in the regional inflation rate, in the short run the pro-cyclical effect 
through the real interest rate and wealth channels is strongest. After a period of 
about 3-4 years the cumulative worsening of the competitive position asserts its 
influence. Regional cycles in the housing market have a clear pro-cyclical effect 
and are, on their part, affected by regional real interest rates and real growth. 
(JEL E58) 

Zusammenfassung 

Die Rolle unterschiedlicher Inflationsraten bei der regionalen Anpassung: 
Beweise aus den Vereinigten Staaten 

In einer Währungsunion führen unterschiedliche regionale Inflationsraten bei 
der Transmission regionaler Schocks zu einem Wettbewerb zwischen dem realen 
Zinssatz und Vermögenskanälen einerseits und dem realen Wechselkurskanal an-
dererseits. Dies kann Implikationen für die Länge und Vehemenz regionaler Kon-
junkturzyklen haben. In diesem Beitrag wird unter Verwendung regionaler Daten 
für die Vereinigten Staaten versucht zu quantifizieren, wie diese Kräfte gegen-
einander arbeiten. Unsere Schätzungen zeigen, dass im Gefolge eines Anstiegs der 
regionalen Inflationsrate die durch den realen Zinssatz und durch Vermögens-
kanäle ausgelöste prozyklische Wirkung kurzfristig am stärksten ist. Nach einem 
Zeitraum von ca. drei bis vier Jahren zeigt die kumulative Verschlechterung der 
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Wettbewerbsposition Wirkung. Regionale Zyklen auf dem Wohnungsmarkt haben 
eine klar prozyklische Wirkung und unterliegen ihrerseits den Auswirkungen re-
gionaler realer Zinssätze und des realen Wirtschaftswachstums. 

Résumé 

Le rôle des différences d'inflation dans l'ajustement régional: 
évidence en provenance des Etats-Unis 

Dans une union monétaire, les différences régionales d'inflation conduisent à 
une compétition entre le taux d'intérêt réel et les canaux de richesse d'un côté et 
le canal du taux de change réel de l'autre côté dans la transmission de chocs ré-
gionaux. Ceci peut influencer la longueur et la véhémence des fluctuations con-
joncturelles régionales. Cet article tente de quantifier ces forces pour déterminer 
comment elles jouent les unes contre les autres en utilisant des données régionales 
pour les Etats-Unis. Selon l'estimation des auteurs, suite à un accroissement du 
taux d'inflation régional, l'effet pro-cyclique à court terme à travers le taux 
d'intérêt réel et les canaux de richesse est le plus fort. Après une période 
d'environ 3 à 4 ans, la détérioration cumulative de la position compétitive affirme 
son influence. Les fluctuations régionales sur le marché du logement ont un effet 
clair pro-cyclique et sont, à leur tour, affectés par les taux d'intérêt régionaux 
réels et la croissance réelle. 
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