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Abstract

Several macroeconomic models developed in the early 1966s designed and estimated as
open economy models. By and large, policy experiments witigése models support the conclu-
sion that it is optimal for monetary policy to respond vetttdito exchange rate fluctuations, see,
for instance, Coenen and Wieland (2002). It is not clear idrethis conclusion holds true in the
latest generation of open economy models designed at tbatrks for policy analysis. Building
on an approach by Levin, Wieland, and Williams (2003) we mire a loss function of inflation
variation, output gap variation and interest rate varraiod compute the optimal reaction of the
central bank to inflation, output gap and a measure of theamgdrate. We find that the results in
Coenen and Wieland (2002) also hold in open economy DSGE Iswadth two exceptions. The
small open economy model of the swedish central bank estrat the swedish economy and
the model of the International Monetary Fund calibrated oro@area and data from the Czech
Republic show significant improvements in welfare, if thatcal bank responds to the exchange
rate. We also find that the change in the nominal exchangésrateerall the preferred exchange
rate measure in terms of loss improvements.
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1 Introduction

Recently, tremendous progress has been made in the desgptimial policies in dynamic macro
models, with the focus shifting to fully microfounded gealezquilibrium models. Yet, little effort

has been made to contrast both the predictions and the ealpialidity of this class of models with

those of macroeconomic models developed in the early 1989sand large, policy experiments
within the latter models support the conclusion that it isirapl for monetary policy to respond
very little to exchange rate fluctuations, see, for instai@eenen and Wieland (2002). It is not
clear whether this conclusion holds true in the latest gaiwr of multi-country models designed in
institutions like the Swedish Riksbank or the Internatioda@netary Fund among others for policy
analyis and forecasting.

There is a wide literature dealing with optimal monetary @pin open economies. In the classical
view the policy problem of the central bank was thought todeeriorphic in a closed economy model
or an open economy model. Clarida, Gél’l’gnd Gertler (2001) show that an open economy DSGE
model can be characterized by a New Keynesian Phillips Carvé\ggregate Demand Curve and a
Taylor Rule and that it is optimal for a central bank to reaatidbmestic inflation (PPI inflation) and
domestic GDP only to stabilize inflation and output dynamilsis result called divine coincidence
only holds under certain conditions. Paoli (2009) pointstbat three prerequisites are needed for
this divine coincidence. First, markup shocks are absentoredhe steady state level of output
is efficient. This can be ensured through a proper governmésidsuif monopolistic competition
is present in the firms market. And finally the trade elasticgyads the intertemporal elasticity of
substitution. With this parameter constellation in plaweincome and substitution effect of a change
in relative prices on domestic output cancel each other Bata and Monacelli (2008) emphasize
the importance of home bias in consumption. They find that ifst@re of domestic intermediate
goods in the final consumption basket outweights the sharmpbited goods this is a sufficient
condition for inducing the monetary policy maker of an opear@my to deviate from a strategy of
strict markup stabilization and contemplate some degreaaiange rate stabilization. In the case of
real country-specific shocks and sticky prices a flexible emgbhaate regime is preferable, following
Devereux and Engel (2003), in order to allow relative pricedamestic and foreign goods to adjust
to neutralize the country specific shocks, the so called Fraedpmnescription. On the other hand, a
fixed exchange rate regime can be favourable if one countkg lastable currency and therefore can
gain credibility by fixing its currency to a country with stafprices.

Adolfson (2007) shows the importance of the exchange rate fmough into import prices for
monetary policy in open economies. She optimizes the pasmet a monetary policy rule given a
loss function including the variance of inflation and outpud &inds it optimal for the central bank to
react to consumer price inflation instead of producer pritiation if the exchange rate pass through



into import prices is incomplete. But according to her resiilis not welfare improving to react to
the exchange rate independent of the degree of exchangpasdethrough and the measure of the
exchange rate. Corsetti, Dedola, and Leduc (2010) in the Ibtaotidof Monetary Economics also
point out the importance of producer currency pricing, Whitduce a high degree of exchange rate
pass through, for the isomorphism in open and closed eca®onWith local currency pricing the
exchange rate cannot adjust to correct potential misakgmsnin relative prices across countries. Ad-
ditionally they show that incomplete asset markets ancakfbeg the lack of insurance across countries
breaks down the isomorphism.

Complementary to the studies above some papers do a paaitahgsis and investigate whether
central banks adjusted their policy instrument with respemovements in the exchange rate. Lubik
and Schorfheide (2007) estimate a small open economy DSGEI witleBayesian techniques on
Canadian, Australian, UK and New Zealand data and estimatsm@rmothers the parameter on the
nominal exchange rate in the monetary policy rule. They find tthe central banks of the UK and
Canada increased the policy rate slightly after a depiieaiaif the currency and vice versa but the
central banks of Australia and New Zealand did not. AnaloyoDsng (2008) did the exercise for
the four countries but allowing the real interest rate inrtiadel to be endogenous and pass through
of exchange rate movements into import prices to be incomplé/ith these adjustments he finds
that only the central bank of New Zealand was not reactingg¢aehl exchange rate. The backward-
lookingness of the New Zealand economy and different shacteei sample period could be a reason
for this result.

In this report we compute optimal monetary policy experitadsy minimizing a loss function of
inflation variation, output gap variation and interest ragation, building on an approach by Levin
et al. (2003), and computing the optimal reaction of the redtanks policy rate to inflation, output
gap and a measure of the exchange rate. We account for moomtainty by using a large set of
different macroeconomic models, which vary in terms of sstene models are small open economy
models and some are multi country models-, country datg, dhe estimated on, and frictions. To
facilitate the analysis we are using the macroeconomic thade, which was designed to perform
such model comparison exercises and which hosts a varietaofoeconomic modelsThereby we
want to analyse if an adjustment of the monetary policy imagnt to the exchange rate helps the
central bank to improve domestic welfare given by inflatiod antput variance. Or in other words
is the exchange rate a good predictor for inflation and outadakility in the different models?

The remainder of this report proceeds as follows. Section Rigee a brief overview of the
properties of the six different macroeconomic models weagegn the analysis. Section 3 explains
the optimization problem for monetary policy. Section 4 eams in detail the optimization results for

1The macroeconomic model archive is described in more detail in Wiglnik, Mueller, Schmidt, and Wolters (2011).



different specifications of the loss function, the instruteiie and different exchange rate measures.
Section 5 concludes.

2 The models

We consider a wide range of macroeconomic models in the sisalywhich vary in terms of size,
microfoundation or country they represent. Four modelsobuihe six models are New-Keynesian
DSGE models, which assume forward-looking behavior of inils and firms and some form of
price rigidity. They are also microfounded in the sense thatrhodel equations are derived from
optimization decisions of representative households antsfirThe first model of IMF researchers
Laxton and Pesenti (2003), we will refer to as "Small IMF modeitjudes two countries, the euro
area and the Czech republic. Its parameters are calibratbdavtificial pre-EMU data. We will
optimize the parameters of the policy rule for the Euro arehthe Czech republic and report the
results separately. The second model was developed by chsesat the European Commission and
is described in Ratto, Roeger, and in’t Veld (2009). We rédeit as the "EU-Quest" model. This
model is estimated with quarterly euro area data from 198tb@D06Q1 thereby including a large
part of EMU history. The third model was derived by researcfrers the Swedish Riksbank. Itis a
small open economy model of the euro area and estimated waitedtan techniques on euro area data
from 1970Q1-2002Q4. The derivation and estimation is deedrin Adolfson, Laséen, Lindé, and
Villani (2007) and we will call it "SR-EU model". The last DSGE nalds also brought forward by
the Swedish Riksbank. Is has a similar model structure thafiSR-EU model" and was estimated
on Swedish data from 1980Q1-2007Q3. We will refer to it as BR-Sweden modeP.

The two other models are multi-country models. The Taylor rada G7 model. Households
and firms are assumed to be forward-looking and are formirign@texpectations, but Ricardian
equivalence is not enforced. It is also New-Keynesian irstrese that is has sticky prices and wages
through staggered price and wage contracts. The multi-cpunbddel is estimated on data up to
19932 We will perform optimal monetary policy experiments for 8 in this model. The second
multi-country is a model of the US, Japan and EU called "CW 20@@8leff with similar model
features than the Taylor model. It is described in Coenervdiethnd (2002). Wie will optimize the
parameters of the policy rule for the US, but the results hisld for the EU.

2See Adolfson, Laséen, Lindé, and Svensson (2008) for more detettee model and the estimation.
3See Taylor (1993) for more information.



3 The optimization problem

In this section we set-up the optimization problem of thaqyoinaker. We assume that the policy
maker wants to minimize variations in prices and wants tbikta the economy. He also wants to
adjust the policy rate slowly. The loss functidgrhas the form

L =Var(r)+ A\Var(y) + xVar(Ai) (1)

where Var(.) stands for the unconditional variancéyr Q4-Q4 inflation,y for the output gap and:
for the change in the annualized interest rate. We use tipeibgép measure derived by the authors of
the models and used as output gap measure in the originatamgmpelicy rules. In all models except
the "EU-Quest" model the output gap is defined as the deviafiontput from its trend in percent.
A andy indicate the weight the policy maker places on reducing wipriability and interest rate
variability relative to inflation variability. When the lo$snction of the central bank is derived from
the households utility function in models with microfoutida, the weight on output stabilization
varies with the structure of the model and the deep paramelberefore we will consider 3 different
values of) in the analysis namelyx = (0,0.5,1). We will also vary the weight the policy maker
places on the stabilization of the interest rate= (0.5, 1), which reflects different preferences of
policy makers on the speed of adjusting the policy rate.

Given the different structure of the economies in the mazmnemic models, we optimize the
parameters of the instrument rule in (2) to minimize the galfithe loss function of the policy maker
in (1):

it = pir—1+ (L= p)(r" +m) + a(m — 7°) + Byt + Brye—1 + v (2)

wherer* denotes the natural real rate of interest ariche inflation target of the central bank, if
defined in the modelsz,; stands for the respective exchange rate measure, we wylldeaing the
analysis. More precisely we will use the real exchange thege¢change in the nominal exchange rate
and the change in the real exchange rate as candidategifothe analysis, expresses the degree
of interest rate smoothing anrd 3, 5, andy measure how much the policy rate reacts with respect
to inflation, contemporaneous output gap, lagged output gdjree exchange rate.

4 Is it optimal for monetary policy to respond to the exchange rate?

In the following section we present the optimization resutir various specifications of the loss
function, the instrument rule and the exchange rate measie start in the next subsection by
optimizing a five parameter rule, given by (2). Thereafter hawsthe optimization results for a four
parameter rule, wherg, = 0 and in the last subsection we will abstract from interes satoothing
and will also sep = 0.



4.1 The five parameter rule

Table (1) shows the baseline optimization results withoueachange rate responsg = 0) to
compare it with the subsequent results. One can see thaiptiimal to adjust the interest rate very
slowly. Thep coefficient is close to one or slightly above one in all modeld #or all weights §)

on the output gap variability in the loss function. Althoutile degree of interest rate smoothing is
slightly higher in DSGE models than in the Taylor model or thl 2003 model.

Table 1: Optimized rules without exchange rate response
Model A P « I5; 51 L

0O 098 0.26 0.57 -0.54 0.40
Small IMF model 0.5 108 0.15 100 -0.96 0.87
1 1.09 0.16 152 -145 1.26
0O 097 062 0.73 -065 224
Small IMF Czechmodel 0.5 1.02 0.56 190 -1.75 4.06
1 1.05 050 265 -2.49 5.62
0O 1.03 112 0.11 -0.11 o0.40
EU-Quest model 0.5 1.03 097 045 -0.29 1.80
1 103 0.88 0.73 -047 3.04
0O 1.03 0.72 -0.03 0.01 0.23
SR-EU model 05 1.08 0.12 1.70 -1.73 2.66
1 106 0.09 260 -2.63 4721
O 1.01 080 0.16 -0.14 1.43
SR-Sweden model 0.5 1.03 056 1.02 -091 4.94
1 104 034 160 -1.48 7.53
O 098 051 0.09 0.02 1.68
Taylor model 05 096 032 041 0.18 5.83
1 095 024 060 0.26 8.79
0O 093 0.69 0.10 -0.04 1.01
CW 2003 model 0.5 092 049 0.71 -0.40 3.28
1 0.89 052 098 -0.47 4.70

Notes: For each model and each value of the preference parametes table
indicates the optimal coefficient values (,3,51) in a four parameter instrument
rule without a reaction of the interest rate to an exchange rate measlye-a.5.

The coefficient on Q4-Q4 inflatiom varies across the models. In the Small IMF model it is

lowest with a value 00.26 in the scenario with no weight on output gap variability£0), whereas
in the EU Quest model it is optimal for monetary policy to havight monetary stance ard= 1.12.
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There is also a lot of variation in the parameters on the combeameous and lagged ouput gap. The
coefficient on the former is almost zero in all models exceghefSmall IMF model and the Small
IMF Czech model in the scenario with = 0. Not surprisingly the optimal coefficient on inflation
in the policy rule decreases and the coefficients on the ogiuitincrease with a higher weight on
output variability in the loss function. Interestingly &ISGE models seem to prefer output growth
in the policy rule. The coefficient on the lagged output gay (s of almost equal size but shows a
negative sign as opposed to the coefficient on the contempauaroutput gap. This does not hold in
the Taylor model or the CW 2003 model.

Table 2: Optimized rules with response to the real exchange rate

Model A p Q@ I5; 51 0 L
0 097 025 050 -0.48 0.00 0.40
Small IMF model 05 1.04 0.14 0.85 -0.81 0.00 0.87

1 108 015 143 -136 0.00 1.26

0O 093 055 035 -0.29 0.03 2.23
Small IMF Czechmodel 0.5 099 053 1.67 -155 0.02 4.06
1 104 048 254 -2.39 0.01 5.62

0O 103 112 0.11 -0.11 0.00 0.40
EU-Quest model 05 103 096 045 -0.29 0.00 1.80
1 103 087 0.73 -046 0.00 3.04

0 103 0.73 -0.03 0.02 0.00 0.23
SR-EU model 05 108 0.12 170 -1.73 0.00 2.66
1 106 0.09 259 -2.63 0.00 4.21

0O 100 0.65 -0.01 0.00 0.04 1.27
SR-Sweden model 05 101 047 082 -0.74 0.03 4.81
1 102 029 140 -129 0.02 7.39

0O 098 051 0.09 0.02 0.00 168
Taylor model 05 09 032 041 0.18 0.00 5.83
1 09 024 060 0.26 0.00 8.79

0 093 069 010 -0.04 0.00 101
CW 2003 model 05 093 051 0.72 -0.39 0.01 3.28
1 090 056 098 -042 0.01 4.70

Notes: For each model and each value of the preference paramdiertable indicates the
optimal coefficient values «,3,51,7) in a five parameter instrument rule apd= 0.5.

If one compares the findings in table (1) with the one in table \i&here we include the real



exchange rate in the policy rule, all the findings in the formadte still hold. One can also see that
the result of Coenen and Wieland (2002) still holds for alatilsmodels. The coefficent is zero in
four out of six models in all scenarios and furthermore idetg the real exchange rate in the policy
rule does not lead to any welfare improvements. The two eiagpare the Small IMF Czech model,
where~ is slighly positive and there is a small decrease in the lndglae SR-Sweden model, where
the welfare improvement is more pronounced.

Table 3: Optimized rules with response to the change in the nominal exchatege r

Model A P ! Ié] b1 vy L
0O 098 026 056 -053 0.00 0.40
Small IMF model 0.5 1.07 0.14 095 -0.90 0.00 0.87

1 109 0.16 152 -145 0.00 1.26

0 097 063 079 -0.71 -0.01 224
Small IMF Czechmodel 0.5 1.02 0.63 231 -2.16 -0.07 4.04
1 105 059 328 -3.10 -0.09 5.57

0 103 113 0.11 -0.11 0.01 0.40
EU-Quest model 0.5 103 097 045 -0.29 0.00 1.80
1 104 085 0.72 -047 -0.01 3.04

0 103 0.72 -0.04 0.02 0.01 0.23
SR-EU model 05 108 0.12 171 -1.75 0.01 2.66
1 106 008 260 -264 0.01 421

O 108 0.78 0.07 -004 0.22 1.28
SR-Sweden model 05 1.08 036 099 -091 0.25 471
1 1.07 0.16 149 -142 025 7.13

0O 098 051 0.09 0.02 0.00 1.68
Taylor model 05 096 032 041 0.18 0.00 5.83
1 095 024 060 0.27 0.00 8.79

Notes: For each model and each value of the preference paraxmdiertable indicates the
optimal coefficient values( «,3,/31,7) in a five parameter instrument rule agd= 0.5.

If one uses in table (3) the change in the nominal exchangdmatead of the real exchange rate
in the policy rule, the same picture emerges. But the coefiima the exchange rate is higher and
also the welfare improvements in the Small IMF Czech model 8RedSweden model are higher
compared to the baseline results, if there is some weightigpubgap variability in the loss function.
By how much does the economy’s welfare improve in the SR-Sweumgel, if the swedish central
bank would also take the change in the nominal exchangentt@ccount when adjusting the policy



rate? We find that the loss decreases between 5-11%, whiceahée.

Table (4) contains the optimization results, if we inclutie thange in real exchange rate in
the policy rule. We only report the findings for the Small IMF €zenodel and the two Swedish
Riksbank models due to no changes in the results for the atioelels. Again the results are very
similar to the ones in the former tables. The Small IMF Czechehedems to slightly prefer this
exchange rate measure, whereas in the SR-Sweden model tlaeewsiprovements are highest for

the change in the nominal exchange rate in the policy rule.

Table 4: Optimized rules with response to the change in the real exchaage ra

Model A p ! B

B1 Y L

0 097 0.63 0.83

Small IMF Czech model 0.5 1.02 0.62 2.41
1 1.05 059 344

0 103 0.72 -0.03
SR-EU model 0.5 108 012 171
1 106 0.09 261

0 107 0.82 0.06

SR-Sweden model 0.5 1.07 0.43 0.96

1 105 020 141

-0.75 -0.02 2.24
-2.27 -0.08 4.03
-3.26 -0.11 5.56

0.02 0.00 0.23
-1.74 0.01 2.66
-2.64 001 421

-0.03 0.20 1.29
-0.88 0.23 4.74
-1.35 0.27 7.16

Notes: For each model and each value of the preference paraxméiertable indicates the
optimal coefficient values( «,3,51,7) in a five parameter instrument rule agd= 0.5.

Higher weight on interest rate variability in the loss fuioet



Table 5: Optimized rules with higher weight on interest rate variability
Model A p e I6; 51 vy L
0 099 043 061 -055 -0.01 244
Small IMF Czech model 0.5 1.03 0.44 155 -1.44 -0.05 4.24
1 105 042 220 -2.07 -0.07 5.80

0O 104 051 0.02 -0.03 0.00 0.25
SR-EU model 0.5 108 0.07v 121 -1.24 0.01 269
1 106 006 195 -198 0.01 4.27

0 1.08 056 0.07 -005 0.17 147
SR-Sweden model 05 1.08 0.32 0.68 -0.60 0.21 4.92

1 107 014 1.05 -0.97 0.22 7.45
Notes: For each model and each value of the preference paramdiertable indicates the

optimal coefficient values «,3,51,7) in a five parameter instrument rule with the change
in the nominal exchange rate as exchange rate measung antl

How do the findings change if the policy maker prefers to keepirikerest rate more stable and
places more weight on interest rate variability in the lagsction (¢ = 1)? We provide the results
in table (5). Not surprisingly this leads to slightly moreddrest rate smoothing across all models
and scenarios and the coefficients on inflation and the outgutigerease. But also the policy rate
reacts less to exchange rate movements. In other words libg praker adjusts the policy rate leds.

Different inflation measure in the loss function

In the analysis before we used Q4-Q4 inflation in the loss fanctHow do the results change if
we use annualized quarterly inflation instead? One wouldaxpdigher variability of annualized
quarterly inflation compared to Q4-Q4 inflation after shocks tdua lower persistence in this measure
and therefore more pronounced adjustments of the polieywih respect to movements in inflation,
which translates into a higher coefficienf)(on inflation in the policy rule.

*We also computed the optimization results for the other scenarios in thig reittoa higher weight on interest vari-
ability in the loss function¥ = 1). But the findings are similar to the case with a lower weight and we foundahe
pattern that interest rate smoothing is slightly higher and the reaction to thevatiables slightly lower in this case.
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Table 6: Optimized rules with annualized inflation in the loss function
Model A p o I6; 51 ~y L
0O 095 0.78 057 -047 0.01 9.50
Small IMF Czech model 0.5 0.98 0.78 2.08 -1.90 -0.05 11.40
1 103 070 321 -299 -0.08 13.01

0 107 111 -0.10 0.08 0.00 0.46
SR-EU model 05 108 013 173 -1.76 0.01 3.04
1 106 009 261 -265 0.01 462

0 1.11 1.03 0.03 0.00 0.17 4.03
SR-Sweden model 05 109 062 093 -0.80 0.21 7.73

1 108 024 145 -1.36 0.24 1041
Notes: For each model and each value of the preference paramdiertable indicates the

optimal coefficient values( o, 5,51 ,7) in a five parameter instrument rule with the change
in the nominal exchange rate as exchange rate measure anl5.

This in confirmed by the optimization results in table (6). Thefticient on inflation increases
significantly compared to the results in table (3), but theepttoefficients including the coefficient
on the exchange rate stay more or less constant.

4.2 The four parameter rule

In this subsection we set the parameter on the lagged ousipuiegual to zero, when optimizing the
other coefficients of the policy rule. The results are displiapetable (7).
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Table 7: Optimized rules with response to the real exchange rate

Model A P o Ié; vy L
0O 0.85 020 0.00 0.00 0.40
Small IMF model 05 100 0.04 0.01 0.00 0.88

1 099 004 0.02 0.00 1.28

0O 091 051 0.04 0.04 223
Small IMF Czech model 0.5 0.89 046 0.09 0.05 4.21
1 089 043 0.12 0.06 6.03

0O 1.03 1.09 0.00 0.00 0.40
EU-Quest model 05 1.02 0.97 0.18 0.00 1.81
1 1.03 092 0.32 0.00 3.07

0 103 0.74 -0.01 0.00 0.23
SR-EU model 05 1.09 -0.02 -0.02 0.00 2.87
1 108 -0.01 -0.03 0.00 4.84

0O 1.00 065 -0.01 0.04 1.27
SR-Sweden model 05 098 050 0.11 0.04 4.98
1 100 040 020 0.04 7.92

0 098 052 011 0.00 1.68
Taylor model 05 097 035 053 0.00 5.92
1 097 027 075 0.00 8.95

0O 093 067 005 0.00 101
CW 2003 model 05 089 060 0.39 0.01 3.33

1 084 071 070 0.01 475
Notes: For each model and each value of the preference paramedtes table

indicates the optimal coefficient values, (,3,7) in a four parameter instrument
rule andy = 0.5.

One can see that in all DSGE models the value of the coefficienh@mutput gapf) drops
significantly and even turns negative like in the SR-EU modelcivibonfirms the finding that these
models seem to support output growth instead of the outguirgthe policy rule. When one looks
on the exchange rate coefficient, there is not much of a diftereAlthough in the Small IMF Czech
model it is higher and also the welfare improvement incréaghis scenario compared to the five
parameter rule.
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Table 8: Optimized rules with response to the change of the nominal exchatage

Model A P o Ié; vy L
0O 0.85 020 0.00 0.00 0.40
Small IMF model 05 102 0.03 0.01 0.00 0.88

1 101 0.04 0.02 0.00 1.29

0 093 053 0.07 0.02 227
Small IMF Czech model 0.5 0.92 049 0.13 0.02 4.32
1 093 046 0.18 0.03 6.18

0O 1.03 1.09 0.00 0.00 0.40
EU-Quest model 05 1.02 098 0.19 0.00 181
1 1.03 092 0.32 0.00 3.07

0 103 0.74 -0.01 0.00 0.23
SR-EU model 05 1.09 -0.02 -0.02 0.00 2.87
1 108 -0.01 -0.03 0.00 4.85

0O 1.08 0.77 0.03 0.22 1.28
SR-Sweden model 05 1.07 042 014 0.25 495
1 108 022 0.18 0.25 7.86

0O 098 052 011 0.00 1.68
Taylor model 05 097 035 053 0.00 5.92

1 097 027 076 0.00 8.95
Notes: For each model and each value of the preference parametes table

indicates the optimal coefficient values, ¢,3,v) in a four parameter instrument
rule andy = 0.5.

We also optimized a policy rule with the change in the nom@xahange rate instead of the real
exchange rate in a four parameter rule and show the resuiblie (8). The same picture emerges
like in the case of a five parameter rule. The SR-Sweden modetetims to prefer the change in
the nominal exchange rate as exchange rate measure at lfmsbme weight on output variability
in the loss function but in the Small IMF Czech model the findihgriges. In the case of the four
parameter rule this model seems to prefer the real exchatg@rthe policy rule.

Risk premium
The two models of the Swedish Riksbank and the model of thenatenal Monetary Fund

capture movements of the nominal exchange rate, which dréusoto changes in the fundamentals
i.e. the interest rate differential or net foreign assettposs by an autocorrelated risk premium shock.
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To see how the policy rule changes if the central bank resptmithe risk premium shock directly, we
optimize policy rules including lagged Q4-Q4 inflation, tlagded output gap and the risk premium
shock and compare the findings to an equivalent rule with thegd in the nominal exchange rate,
which seems to be the preferable exchange rate measureagivéoss function. Table (9) contains
the comparison.

Table 9: Comparison of change in the nominal exchange rate and risk pneémtbe policy rule
Model A P el I5; ~ L
Change in nominal exchange rate
0 092 050 0.07 0.03 238
Small IMF Czech model 0.5 0.91 046 0.13 0.04 4.46
1 094 041 0.18 0.05 6.35

0O 1.08 0.76 0.03 0.21 1.28
SR-Sweden model 0.5 1.07 043 0.14 0.24 4.99
1 108 0.23 0.18 0.25 7.96
Risk premium shock
0O 0.79 048 0.02 -0.14 2.25
Small IMF Czech model 0.5 0.74 0.47 0.05 -0.18 4.19
1 071 048 0.07 -0.21 597

0O 09 0.76 0.02 025 1.37
SR-Sweden model 05 094 064 0.16 0.20 5.23

1 097 056 029 015 8.34
Notes: For each model and each value of the preference paramétés table in-
dicates the optimal coefficient valugs ,/3,7) in a four parameter instrument rule,

whereq indicate the coefficient on lagged Q4-Q4 inflation ahthe coefficient on
lagged output gap and = 0.5.

We find the rule with a direct response to the risk premium shodominate the one including the
nominal exchange rate in the Small IMF Czech model. The lossedses between 5-6% compared
to the scenario with the change in the nominal exchangemdkteipolicy rule. But this does not hold
in the SR-Sweden model. Here the loss in the case with the chianige nominal exchange rate is
between 4-6% lower than with a direct response to the risinjpna shock.

4.3 The three parameter rule

Now we also set the parameter on the lagged interest patequal to zero and optimize three pa-
rameter rules. We start again by looking on a policy rule,oitincludes the real exchange rate as
exchange rate measure. The results are displayed in table (10
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Table 10: Optimized rules with response to the real exchange rate

Model A o B ~y L
0 1.00 -0.05 0.00 0.52
Small IMF model 05 100 -0.04 0.00 1.01

1 100 -0.02 0.00 1.46

0O 151 -0.05 0.00 4.22
Small IMF Czechmodel 0.5 159 0.04 0.01 6.16
1 166 0.13 0.03 7.99

0 457 051 0.00 2.05
EU-Quest model 05 462 085 0.00 3.39
1 450 115 0.00 4.66

0 331 016 0.00 1.07
SR-EU model 05 336 053 0.02 512
1 363 093 0.05 8.83

0O 232 -030 053 311
SR-Sweden model 05 230 0.07 048 6.73
1 232 047 051 9.83

0 301 023 001 521
Taylor model 05 330 054 0.00 11.43
1 345 0.78 0.00 16.83

0 273 -053 0.09 1.56
CW 2003 model 0.5 3.21 1.07 0.22 3.87

1 352 218 039 5.36
Notes: For each model and each value of the preference parak)é¢hes

table indicates the optimal coefficient values/,~) in a three parameter
instrument rule angt = 0.5.

The results show a very loose optimal monetary stance in thdl 8Wtlamodel with a coeffcient
on inflation of roughly 1. On the other hand the optimal respoofsthe central bank with respect
to inflation in the EU-Quest model is very tough. It increasesitiierest rate by around 4.5% if
inflation increases by 1 %. We can also see significant welfgoeanwements in the SR-Sweden model
compared to the case without exchange rate measure in tiog pde. The loss decreases between
9-21% depending on the weight on the output gap varianceeifos function. The CW 2003 model
shows suprising results, too. Contrary to the cases wittreést rate smoothing, optimal monetary
policy suggests a considerable reaction to the real exehatg and an welfare improvement between
6-7% compared to baseline.
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Table 11: Optimized rules with response to the change in the nominal excratage

Model A e I6; ~ L
0 1.00 -0.05 0.00 0.52
Small IMF model 0.5 100 -0.04 0.00 1.01

1 100 -0.02 0.00 1.46

0 151 -0.05 -0.01 4.22
Small IMF Czech model 0.5 158 0.04 -0.02 6.15
1 164 0.13 -0.02 7.99

0 468 057 005 204
EU-Quest model 05 464 092 0.06 3.37
1 458 124 0.07 4.63

0 332 016 0.02 1.07
SR-EU model 05 334 054 0.03 513
1 360 094 0.03 8.85

0 323 -011 1.10 3.31
SR-Sweden model 05 299 041 0.8 7.03
1 3.00 099 0.84 10.26

0 300 023 0.01 522
Taylor model 05 329 055 0.01 1140
1 345 080 0.02 16.77

Notes: For each model and each value of the preference paraketes
table indicates the optimal coefficient values/,y) in a three parameter
instrument rule angt = 0.5.

Finally we look at the three parameter rule including the geaim the nominal exchange rate
in table (11). The findings are slightly different than in theeavith the real exchange rate in the
policy rule. For the EU-Quest model for example we find somearse to the exchange rate in
the policy rule and some welfare improvements in this casecohtrary to the case with interest
rate smoothing, the welfare improvements in the Small IMFaBzaodel are negligible and the real
exchange rate dominates the change in the nominal exchategas exchange rate measure in the
SR-Sweden model.

5 Conclusion

Building on an approach by Levin et al. (2003) we minimize alasction of inflation variation,
output gap variation and interest rate variation and comghg optimal reaction of the central bank
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to inflation, output gap and a measure of the exchange rate iife@rent macroeconomic models,
which vary in terms of size, countries they represent artidns they include. Thereby we account
for model uncertainty. We find that the result in Coenen andaiiat(2002) still holds for the majority
of models we examined but not for all. Only two models, the SRe@&m model of the Swedish
Riksbank, estimated on Swedish data, and the Small IMF Czedelpderived by Researchers of the
International Monetary Fund and calibrated on Czech datay shsignificant reaction of the policy
rate to the exchange rate and significant welfare improvesn¥®vi also showed that the change in the
nominal exchange rate is the most preferred exchange ratsuresin the SR-Sweden model in terms
of loss improvements, if there is interest rate smoothirggent. In the Small IMF Czech model the
findings are more ambiguous and the real exchange rate cambiealimg the change in the nominal
exchange rate as preferred exchange rate measure dependheyscenario. Additionally we found
that in the case of no interest rate smoothing other modedgtie CW 2003 model or the EU-Quest
model show significant reactions to the exchange rate anéwsedthprovements.

For further research it would be interesting to see whidifrs in the models or parameter values
drive these different results. We can infer from the findimgthis report that especially models, which
are estimated or calibrated on data from small open ecomsolike2e Sweden or the Czech Republic
can generate welfare improvements through a reaction qfdhiey rate to the exchange rate.
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