


parity hypotheses is rejected for all nine countries in our sample, and that uncovered interest parity

and purchasing power parity individually also are rejected for almost all countries. It is therefore

critical to distinguish between different sources of shocks, a finding that again is consistent with

the predicitions of the new open economy macroeconomics literature, for example Bergin (2006).

While for space reasons we do not document so in elaborate detail, these results are robust

to considerations such as modification of our lag length selection criteria (our default results are

based on Schwarz Bayesian Criterion based lag orders) as well as the addition of dummy variables

to account for the monetary policy change for some of the European countries in 1999, and to

account for German re-unification in 1990. The results are furthermore robust to using a broader

commodity price index (rather than spot oil prices) as a common factor in the GVECM.

Finally, as can be seen from Figure 10, the GVAR/GVECM based results indicate that in re-

sponse to a contractionary monetary policy shock in the countries other than the United States,22

in virtually all cases either the bilateral and effective real U.S. Dollar exchange rates either depre-

ciate significantly for a period of between three and 18 months (Canada, Germany, New Zealand,

and the United Kingdom), or exhibit no significant reaction.

7 Model Comparisons and Counterfactual Analysis

Clearly, the Eichenbaum and Evans (1995) specification and our GVECM specification differ beyond

considering bilateral (two-country) versus multilateral (multi-country) settings in several other

aspects also:

(i) data sets: relative to Eichenbaum and Evans (1995), we have an extended data set available;

(ii) variable specification: our GVECM includes a larger number of foreign variables than accounted

for by Eichenbaum and Evans (1995);

(iii) cointegrating relations: Eichenbaum and Evans (1995) use a level VAR, while our GVECM

imposes restrictions implied by empirically supported cointegrating relations;

(iv) monetary policy shock identification: our GVECM exploits a combination of long- and short-

run restrictions for identification purposes, whereas Eichenbaum and Evans (1995) identify mon-

etary policy shocks based on short-run restrictions imposing a recursive ordering of the model

variables (the Cholesky decomposition).

Therefore, in order to explore the reasons underlying the remarkable differences between our

empirical findings of Section 6 and those of Eichenbaum and Evans (1995), we conduct a step-by-

step “counterfactual analysis”.

In the first step of this counterfactual analysis, we use our sample from January 1978 to De-

cember 2006 to replicate Eichenbaum and Evans (1995), namely, we estimate a bilateral VAR
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for the U.S. versus Germany, containing seven variables,
(
yt Pt y∗t R∗t FFRt nbrxt qt

)
,

where yt denotes U.S. real industrial production, Pt the U.S. consumer price index, y∗t German real

industrial production, R∗t German short-term interest rates, FFRt the federal funds rate as the

U.S. monetary policy indicator, nbrxt the ratio between U.S. non-borrowed reserves and U.S. total

reserves, and qt the bilateral real exchange rate between the U.S. Dollar and the Deutsche Mark.

The lag order is chosen to be six in order to be consistent with Eichenbaum and Evans (1995). The

U.S. monetary policy shock is identified using the Cholesky decomposition of the variables (ordered

as above), which implies that the Federal Reserve sets the federal funds rate taking into account

the lagged values of all variables as well as the current value of U.S. industrial production, the U.S.

consumer prices, German industrial production, and German short-term interest rates. To facili-

tate comparison with Eichenbaum and Evans (1995), the U.S. monetary policy shock throughout

our counterfactual analysis in this Section is set to 50 basis points, rather than to one standard

deviation, as it was for Figures 3 to 8, Figure 9 (iii) and Figure 10. Figure 11a shows that when

incorporating more recent data than Eichenbaum and Evans (1995) could, the peak of the real U.S.

Dollar/Deutsche Mark exchange rate impulse response occurs about 10 months after the shock,

and thus the delay of overshooting is shorter than found by Eichenbaum and Evans (1995). The

federal funds rate and German short-term interest rates behave similarly as in Eichenbaum and

Evans (1995), and a significant instantaneous deviation of about 0.8 percent from uncovered in-

terest parity is observed, with significance of this conditional uncovered interest parity deviation

holding for up to nine months. Overall, therefore, while the results in the extended sample suggest

a less pronounced delayed exchange rate overshooting puzzle than in the original Eichenbaum and

Evans (1995) sample, both the delayed exchange rate overshooting puzzle and the forward premium

puzzle are not addressed by updating of the Eichenbaum and Evans (1995) sample.

Our next step is to investigate how the key empirical results would change if rather than using

German variables we used weighted foreign variables for the U.S. (as well as the full sample of data),

within the VAR framework of Eichenbaum and Evans (1995). Therefore, we adapt the Eichenbaum

and Evans (1995) VAR specification to contain the same domestic and foreign variables as we use

in the U.S. portion of our GVAR: We consider a VAR with the endogenous variables vector
(
yt Pt y∗t P ∗t FFRt Rt R∗t Q∗t

)
. (7.1)

(Note that the starred variables now again denote the weighted sums of the corresponding U.S.

variables across all eight countries in our panel foreign to the U.S., instead of referring to one

specific foreign country (Germany in the previous step of our counterfactual analysis).) Compared

to Eichenbaum and Evans (1995), we add the foreign consumer price index and the U.S. short-term

interest rate Rt, replace the real bilateral U.S. Dollar versus Deutsche Mark exchange rate with

the nominal effective U.S. Dollar exchange rate (Q∗t rather than qt), and drop the ratio between

U.S. non-borrowed reserves and U.S. total reserves, nbrxt. We continue to keep the Cholesky
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decomposition based identification scheme of Eichenbaum and Evans (1995), with the variable

ordering as noted in Equation (7.1)). While this is not a truly multilateral specification yet,

it captures a larger number of foreign variables than the original Eichenbaum and Evans (1995)

specification, and may address issues of potentially peculiar results for specific country pairs. Figure

11b provides the impulse responses. The nominal and real effective U.S. Dollar exchange rates

still display delayed overshooting, with the peak of the appreciation of the U.S. Dollar occurring

approximately 24 to 30 months after the federal funds rate shock. The forward premium exhibits an

approximately 0.4 percent deviation from uncovered interest parity right after the U.S. monetary

policy shock, before the forward premium returns to zero within about 12 months. Augmenting

the bilateral VAR of Eichenbaum and Evans (1995) to capture all variables entering the United

States component of our GVECM thus still resolves neither the delayed exchange rate overshooting

puzzle nor the forward premium puzzle.

The third step of our counterfactual analysis is to move from the VAR setting to the truly

multilateral GVAR setting, specifying separate models for all nine countries in our panel. For

each country we consider the five domestic variables
(
yit Pit Rmit Rit Qit

)
, and the four

weighted foreign variables
(
y∗it P ∗it R∗it Q∗it

)
. The U.S. monetary policy shock is identified in

the United States portion of the GVAR using a Wold ordering, and is then incorporated into the

global solution. In this analysis, only the order of the domestic variables matters, and we order

these as yit, Pit, R
m
it , Rit, and Qit. A major difference in empirical results that we obtain for the

Cholesky decomposition-based GVAR as compared to the models considered in the first two steps

of our counterfactual analysis is that after a U.S. monetary policy shock, the German short-term

interest rate displays no significant response (see Figure 11c). The non-GVAR setting appears to

overstate the response of German interest rates to U.S. monetary policy shocks. In addition, the

federal funds rate falls back to its original levels within 14 months, a shorter adjustment phase

than in the bilateral models. The peak responses of the U.S. Dollar nominal and real effective

exchange rates occur in the second month after the U.S. monetary policy shock, but except for

the first two months these responses are insignificant, and for all months of very small magnitude.

The contemporaneous effective forward premium’s response is about −0.3 percent, the deviations

from uncovered interest parity now being smaller and less persistent than for the bilateral models,

with significant responses occurring only for the first four or so months. Figure 11d reports results

for the impulse responses implied by this set-up for bilateral U.S. Dollar versus Deutsche Mark

nominal and real exchange rates, as well as bilateral forward premia between the United States

and Germany. The peak of the overshooting for the bilateral rates occurs with a significant delay

of about 12 months only. The forward premium is significant in favor of U.S. bonds for about

nine months. Overall, therefore, working with a multilateral GVAR model without considering

long-run cointegration based monetary policy shock identification, there still is evidence for the
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delayed exchange rate overshooting and forward premium puzzles. The lack of significance of the

U.S. Dollar nominal and real effective exchange rate impulse responses cast, however, doubt on the

set-up of a GVAR with the U.S. monetary policy shock being identified on the basis of a Cholesky

decomposition.

In the fourth step of our counterfactual analysis, we capture the long-run cointegrating relations

of our GVECM set-up, but still use the Cholesky decomposition based monetary policy shock

identification of the previous steps of our counterfactual analysis. The results are displayed in

Figures 11e and 11f. As for the GVAR results, the German short-term interest rate does not

display a significant reaction to the U.S. monetary policy shock. The U.S. Dollar effective nominal

and real exchange rates show small short-term appreciation, and then depreciate. For the U.S.

Dollar versus Deutsche Mark bilateral nominal and real exchange rates implied by this set-up,

we observe a similar small short-run appreciation. The forward premium impulse responses, both

measured as effective forward premia for the United States and as bilateral forward premia for the

United States relative to Germany, indicate forward premia in favor of U.S. bonds for about four

months. The mostly insignificant nominal and real depreciation of the U.S. Dollar in response to

a contractionary U.S. monetary policy shock obtained in the GVECM setting of this step suggests

that the Cholesky decomposition based shock identification is rather problematic when applied to

a model containing long-run restrictions.

For the fifth step of our counterfactual analysis, we then move to our GVECM set-up with

identification restrictions similar to those in Sections 5 and 6, namely cointegration-based long-

run restrictions augmented by as few short-run identification restrictions as necessary, but now -

unlike in Sections 5 and 6 - we impose cross-country orthogonality of the monetary policy shocks.

As Figure 11g shows, for the impulse responses for the nominal and real effective U.S. Dollar

exchange rates this yields very similar results as we had obtained in Section 6. (The impulse

responses in Figures 11i and 11j are obtained using our methodology of Sections 5 and 6, except

that they are plotted for a U.S. contractionary monetary policy shock of 50 basis points, as in the

previous steps of the counterfactual analysis in this Section.) Also, the impulse response for the

effective U.S. forward premium is very similar to the one we had obtained in Section 6. While there

are quantitative differences for the bilateral exchange rate and forward premium responses across

the two settings of cross-country orthogonality of the monetary policy shocks being imposed/not

imposed, and the results are stronger when cross-country orthogonality of the monetary policy

shocks is not imposed (which also is our prefered specification), for the analysis involving effective

rates assumptions regarding the presence of cross-country correlation of shocks abroad with U.S.

monetary policy shocks clearly are not a factor for the results.

Overall, the findings of our counterfactual analysis strongly suggest that both (i) our accounting

for multilateral (rather than just bilateral) cross-country adjustment in response to monetary policy
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shocks, and (ii) our taking advantage of the identifying restrictions for monetary policy shocks

implied by long-run relations between the macroeconomic variables under consideration, are of

critical relevance in us being able to provide evidence that there is neither a delayed exchange rate

overshooting puzzle nor a forward premium puzzle in the adjustment of U.S. Dollar nominal and

real exchange rates and forward premia in response to U.S. monetary policy shocks.

8 Conclusion

In this paper we have re-considered the effects of monetary policy shocks on exchange rates and

forward premia. In the recent empirical literature these effects have been described as puzzling, in

that they would include delayed overshooting of the exchange rate as well as persistent deviations

from uncovered interest parity. We have constructed an empirical model that in particular (i) allows

for simultaneous multi-country adjustments in response to monetary policy shocks, and (ii) takes

advantage of the identifying restrictions for monetary policy shocks implied by long-run relations

between the macroeconomic variables under consideration. Using monthly data from 1978 to 2006

for a panel of nine industrial economies (Australia, Canada, France, Germany, Italy, Japan, New

Zealand, United Kingdom, and the United States), we have found that U.S. Dollar effective and

bilateral real exchange rates appreciate almost on impact after a contractionary U.S. monetary

policy shock, and that there is no delay in the overshooting of the U.S. Dollar. Furthermore, there

is no persistent significant forward premium and the price puzzle is at most weakly present. These

results are consistent with the real exchange rate effects of monetary policy shocks in sticky price

open economy macroeconomic models, though the results of this paper also suggest that the latter

models should be specified so as to capture simultaneous multi-country adjustments to shocks.
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Appendix A: Data Definitions and Sources 

The following are the data definitions and sources for the variables used in the empirical analysis of the paper: 

Variable Description Source Notes 

y Index of real industrial 
production 

International Financial 
Statistics (IFS) 

The series for Australia, France, the United Kingdom and the United 
States were not available in seasonally adjusted form from the IFS, 
and were seasonally adjusted by the authors. 

P Index of consumer 
prices

IFS The price series for Australia and New Zealand involve authors’ 
interpolation from quarterly series. 

Q Trade-weighted 
effective nominal 
exchange rates 

IFS and OECD The effective exchange rates were computed by the authors 
combining bilateral nominal exchange rates from the IFS with bilateral 
import and export data for the sample of nine countries from the 
OECD. The effective exchange rates are not the multilateral effective 
nominal exchange rates reported in the IFS. 

P
o Spot world market oil 

price
Federal Reserve Bank 
of St. Louis 

P
c Commodity price 

index (agricultural raw 
materials) 

International Monetary 
Fund

Variable: R
m Description Source

Australia Official cash rate Australian Reserve Bank 

Canada Bank of Canada overnight rate IFS 

France Until December 1998: overnight money market rate; from January 1999: EONIA IFS 

Germany Until December 1998: overnight money market rate; from January 1999: EONIA IFS 

Italy Until December 1998: overnight money market rate; from January 1999: EONIA IFS 

Japan Overnight call rate IFS 

New Zealand Until December 1998: discount rate; from January 1999: official cash rate IFS 

United Kingdom Official bank rate Bank of England 

United States Federal funds rate IFS 

Variable: R
s Description Source Notes

Australia Treasury bill rate / 90 days 
bank bill rate 

IFS Until May 2002: treasury bill rate; from June 2002: 90 days bank bill 
rate (no observations on treasury bill rate). 

Canada Treasury bill rate IFS  

France Treasury bill rate / EU 
refinancing rate 

IFS Until September 2004: treasury bill rate; from October 2004: EU 
refinancing rate (no observations on treasury bill rate). 

Germany Treasury bill rate IFS  

Italy Treasury bill rate IFS  

Japan 2 months treasury bill rate / 
89-90 days domestic 
certificate rate 

Bank of Japan Until December 1995: 2 months treasury bill rate; from January 
1996: 89-90 days domestic certificate rate. 

New Zealand New issue 3 months bill rate / 
90 days bank bill rate 

IFS / Reserve Bank 
of New Zealand 

Until December 1984: new issue 3 months bill rate; from January 
1985: 90 days bank bill rate (no observations on 3 months bill rate). 

United Kingdom 3 months treasury bill rate Bank of England  

United States Treasury bill rate IFS  



Appendix B: Cointegrating Relations for the United States, and Tests for Long-Run Uncovered 
Interest and Purchasing Power Parity for All Countries 

Cointegrating Vectors for the United States Component of the GVECM 

Cointegrating 
Relation #1 

( )* * * *

1 1 1 1 1 1 1 1 1 1 1
0.01 1.00 0.00 0.00 2.79 1.89 0.53  3.92 9.18 1.13 0.45 0.18 ~ 0 ;

m s o c

t t t t t t t t t t t
t y P R R Q y P R Q P P I

− − − − − − − − − − −
+ + + − − + − + − + +

Cointegrating 
Relation #2

( )* * * *

1 1 1 1 1 1 1 1 1 1 1
0.01 0.00 1.00 0.00 0.56 0.81 0.22  0.76 3.12 0.41 0.12 0.05 ~ 0 ;

m s o c

t t t t t t t t t t t
t y P R R Q y P R Q P P I

− − − − − − − − − − −
− + + + − + − + − + − −

Cointegrating 
Relation #3

( )* * * *

1 1 1 1 1 1 1 1 1 1 1
0.00 0.00 0.00 1.00 1.20 0.21 0.11  0.40 0.73 0.11 0.02 0.01 ~ 0 .

m s o c

t t t t t t t t t t tt y P R R Q y P R Q P P I
− − − − − − − − − − −

+ + + − + − + − + − −

The cointegrating relations are identified using Johansen's normalization procedure.

Tests for Long-Run Uncovered Interest and Purchasing Power Parity 

 Australia Canada France Germany Italy Japan 
New 

Zealand
United 

Kingdom
United 
States

Uncovered Interest 
Parity

0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Purchasing Power Parity 0.00 0.00 0.00 0.00 0.00 0.07 1.00 0.00 0.00 

Uncovered Interest and 
Purchasing Power Parity 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

The reported p-values are for likelihood ratio tests of the overidentifying restrictions on the cointegrating relations implied by Uncovered Interest and Purchasing Power 
Parity. 
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Figure 2: Key Results of Eichenbaum and Evans (1995)
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Figure 3: Impulse Response Functions for Monetary Policy Indicator in Response to 

One-Standard Error U.S. Monetary Policy Shock

0 10 20 30 40 50 60
-0.2

0

0.2

0.4

0.6

Months

P
e
rc

e
n
t

AUS

0 10 20 30 40 50 60
-0.2

0

0.2

0.4

0.6

Months

P
e
rc

e
n
t

CAN

0 10 20 30 40 50 60
-0.2

0

0.2

0.4

0.6

Months

P
e
rc

e
n
t

FRA

0 10 20 30 40 50 60
-0.2

0

0.2

0.4

0.6

Months

P
e
rc

e
n
t

DEU

0 10 20 30 40 50 60
-0.2

0

0.2

0.4

0.6

Months

P
e
rc

e
n
t

ITA

0 10 20 30 40 50 60
-0.2

0

0.2

0.4

0.6

Months

P
e
rc

e
n
t

JPN

0 10 20 30 40 50 60
-0.2

0

0.2

0.4

0.6

Months

P
e
rc

e
n
t

NZL

0 10 20 30 40 50 60
-0.2

0

0.2

0.4

0.6

Months

P
e
rc

e
n
t

GBR

0 10 20 30 40 50 60
-0.2

0

0.2

0.4

0.6

Months

P
e
rc

e
n
t

USA



Figure 4: Impulse Response Functions for Short-Term Interest Rate Differential in 

Response to One-Standard Deviation U.S. Monetary Policy Shock
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Figure 5a: Impulse Response Functions for Nominal Effective Exchange Rates in 

Response to One-Standard Deviation U.S. Monetary Policy Shock
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Figure 5b: Impulse Response Function for U.S. Dollar Nominal Effective Exchange 

Rate in Response to One-Standard Deviation U.S. Monetary Policy Shock
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Figure 6a: Impulse Response Functions for Real Effective Exchange Rates in 

Response to One-Standard Deviation U.S. Monetary Policy Shock
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Figure 6b: Impulse Response Function for U.S. Dollar Real Effective Exchange Rate 

in Response to One-Standard Deviation U.S. Monetary Policy Shock
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Figure 7a: Impulse Response Functions for Effective Forward Premia in 

Response to One-Standard Deviation U.S. Monetary Policy Shock
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Figure 7b: Impulse Response Function for U.S. Effective Forward Premium in 

Response to One-Standard Deviation U.S. Monetary Policy Shock
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Figure 8: Impulse Response Functions for Prices in Response to One-Standard 

Deviation U.S. Monetary Policy Shock
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Figure 9: Comparison of Some Key Results
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Figure 10: Impulse Response Function for U.S. Dollar Real Effective and Bilateral Exchange 

Rates in Response to One-Standard Deviation Foreign Monetary Policy Shocks
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Figure 11a: Comparison of Results through "Counterfactual Analysis"

Step 1: Eichenbaum and Evans (1995) Specification for Extended Data Set

qUSD/DM
/USD DM

Q

0 10 20 30 40 50 60
-2,5

-2

-1,5

-1

-0,5

0

0,5

Months

P
e
rc

e
n
t

0 10 20 30 40 50 60
-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Months

P
e
rc

e
n
t

0 10 20 30 40 50 60
-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Months

P
e
rc

e
n
t

0 10 20 30 40 50 60
-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

Months

P
e
rc

e
n
t

0 10 20 30 40 50 60
-2,5

-2

-1,5

-1

-0,5

0

0,5

Months

P
e
rc

e
n
t

FFR R
DEU /USA DEU

FFR

Figure 11b: Comparison of Results through "Counterfactual Analysis"

Step 2: Augmenting Eichenbaum and Evans (1995) Specification to Capture this Paper's

Specification of Domestic and Foreign Variables
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Figure 11c: Comparison of Results through "Counterfactual Analysis"

Step 3: Considering a GVAR Specification (Same Variables as in GVECM, Cholesky

Decomposition Based Shock Identification) – Effective Exchange Rates and Forward Premium
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Figure 11d: Comparison of Results through "Counterfactual Analysis"

Step 3: Considering a GVAR Specification (Same Variables as in GVECM, Cholesky

Decomposition Based Shock Identification) – Bilateral Exchange Rates and Forward Premium
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Figure 11e: Comparison of Results through "Counterfactual Analysis"

Step 4: GVECM Specification (Cholesky Decomposition Based Shock Identification) –

Effective Exchange Rates and Forward Premium

0 10 20 30 40 50 60
-2.5

-2

-1.5

-1

-0.5

0

0.5

Months

P
e
rc

e
n
t

0 10 20 30 40 50 60
-2.5

-2

-1.5

-1

-0.5

0

0.5

Months

P
e
rc

e
n
t

0 10 20 30 40 50 60
-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

Months

P
e
rc

e
n
t

0 10 20 30 40 50 60
-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Months

P
e
rc

e
n
t

0 10 20 30 40 50 60
-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Months

P
e
rc

e
n
t

R
DEU

qUSD/DM

FFR

Figure 11f: Comparison of Results through "Counterfactual Analysis"

Step 4: GVECM Specification (Cholesky Decomposition Based Shock Identification) –

Bilateral Exchange Rates and Forward Premium

/USD DM
Q

0 10 20 30 40 50 60
-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Months

P
e
rc

e
n
t

0 10 20 30 40 50 60
-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Months

P
e
rc

e
n
t

0 10 20 30 40 50 60
-2.5

-2

-1.5

-1

-0.5

0

0.5

Months

P
e
rc

e
n
t

0 10 20 30 40 50 60
-2.5

-2

-1.5

-1

-0.5

0

0.5

Months

P
e
rc

e
n
t

0 10 20 30 40 50 60
-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

Months

P
e
rc

e
n
t

R
DEU /USA DEU



FFR

qUSD (effective) QUSD (effective)

(effective)
USAξ

Figure 11g: Comparison of Results through "Counterfactual Analysis"

Step 5: GVECM Specification (Cross-Country Orthogonality of U.S. Monetary Policy 

Shocks) – Effective Exchange Rates and Forward Premium
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Figure 11h: Comparison of Results through "Counterfactual Analysis"

Step 5: GVECM Specification (Cross-Country Orthogonality of U.S. Monetary Policy 

Shocks) – Bilateral Exchange Rates and Forward Premium
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Figure 11i: Comparison of Results through "Counterfactual Analysis"

Step 6: GVECM Specification – Effective Exchange Rates and Forward Premium
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Figure 11j: Comparison of Results through "Counterfactual Analysis"

Step 6: GVECM Specification – Bilateral Exchange Rates and Forward Premium
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