
Optimal Simple Money Rules in a Small Open Economy 

with Information Uncertainty and Measurement Error 

By 

Deming Luo 

B.A. and M.A. Nanjing University, China 

A thesis submitted to the Faculty of Graduate Studies and Research in partial 

fulfillment of the requirement for the degree of 

Doctor of Philosophy 

In the Department of Economics 

CARLETON UNIVERSITY 

Ottawa, Ontario 

November 2008 

Copyright © 2008, Deming Luo 

All rights reserved. This work may not be reproduced 

in whole or in part, by photocopying or other means without 

permission of the author 



1*1 Library and 
Archives Canada 

Published Heritage 
Branch 

395 Wellington Street 
Ottawa ON K1A0N4 
Canada 

Bibliotheque et 
Archives Canada 

Direction du 
Patrimoine de I'edition 

395, rue Wellington 
Ottawa ON K1A0N4 
Canada 

Your file Votre reference 
ISBN: 978-0-494-47482-2 
Our file Notre reference 
ISBN: 978-0-494-47482-2 

NOTICE: 
The author has granted a non
exclusive license allowing Library 
and Archives Canada to reproduce, 
publish, archive, preserve, conserve, 
communicate to the public by 
telecommunication or on the Internet, 
loan, distribute and sell theses 
worldwide, for commercial or non
commercial purposes, in microform, 
paper, electronic and/or any other 
formats. 

AVIS: 
L'auteur a accorde une licence non exclusive 
permettant a la Bibliotheque et Archives 
Canada de reproduire, publier, archiver, 
sauvegarder, conserver, transmettre au public 
par telecommunication ou par Plntemet, prefer, 
distribuer et vendre des theses partout dans 
le monde, a des fins commerciales ou autres, 
sur support microforme, papier, electronique 
et/ou autres formats. 

The author retains copyright 
ownership and moral rights in 
this thesis. Neither the thesis 
nor substantial extracts from it 
may be printed or otherwise 
reproduced without the author's 
permission. 

L'auteur conserve la propriete du droit d'auteur 
et des droits moraux qui protege cette these. 
Ni la these ni des extraits substantiels de 
celle-ci ne doivent etre imprimes ou autrement 
reproduits sans son autorisation. 

In compliance with the Canadian 
Privacy Act some supporting 
forms may have been removed 
from this thesis. 

Conformement a la loi canadienne 
sur la protection de la vie privee, 
quelques formulaires secondaires 
ont ete enleves de cette these. 

While these forms may be included 
in the document page count, 
their removal does not represent 
any loss of content from the 
thesis. 

Canada 

Bien que ces formulaires 
aient inclus dans la pagination, 
il n'y aura aucun contenu manquant. 



Abstract 

The central focus of this thesis is whether or not the exchange rate or some other 

dimension of the external side of the economy should form an integral part of the 

monetary rule of a small open economy (SOE) in which the central bank faces data 

deficiencies and individuals encounter measurement error. It does so in the context of a 

SOE model that features two of the most important empirical characteristics associated 

with SOEs—incomplete exchange rate pass-through and incomplete asset markets. After 

calibrating the implied dynamic stochastic general equilibrium (DSGE) model and 

deriving the loss function used by the monetary authority from the utility function of the 

representative household, I first examine what monetary policy rule would perform best 

if the monetary authority used the reaction coefficients that are typically adopted in the 

literature. Under a number of different information scenarios, the model's simulations 

suggest that the rule most often advocated for the closed economy case—the Taylor rule-

also works best for this SOE. The thesis then goes on to consider whether the Taylor rule 

continues to perform best when the reaction coefficients in the money rule are derived 

optimally. For the same information cases as discussed earlier, the model's simulations 

now indicate that some reflection of the external environment facing the SOE—either the 

real exchange rate gap and/or the law of one price gap—always will improve monetary 

policy performance. The significance of this is not just that external factors should form a 

part of a money rule but that policy makers should be careful in simply using coefficients 

that have been found helpful in other parts of the literature. 
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In the course of this discovery, the thesis also uncovers a number of other 

important regularities, suggesting, for example, an important information role for interest 

rate smoothing. In addition, the welfare gain from including interest rate smoothing 

and/or the real exchange rate or law of one price gap in the policy rule increases more in 

those cases where the monetary authority has less current and/or less reliable information. 

Finally we find that the introduction of measurement error (for both private agents and 

the monetary authority) leaves the ranking of optimal money rules unaltered while 

introducing a new feature-the optimal weight placed on indicators that can be observed 

only with noise is now smaller than otherwise. 
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Chapter 1 

Introduction 

1.1 The Problem Defined 

In this thesis I am interested in the properties of optimal simple monetary policy 

rules that can be adopted by a small open economy. Hence I begin by defining what is 

meant by a simple policy rule. A simple policy rule is a feedback rule in which a policy 

instrument, such as a short-term interest rate, is made to respond linearly to a set of 

endogenous variables, such as the deviation of inflation from its targeted value or the 

output gap. In a now classic paper, Taylor (1993) proposed that US monetary policy, 

during the period 1987 - 1992 of relatively stable inflation and growth rates, should be 

characterized by one such rule, in particular, 

it =/'* +xt +Q.5(xt-x*) + 0.5yt, (1.1) 

where /'(represents the U.S. federal funds rate, the intercept i*denotes the "equilibrium" 

real funds rate (set equal to 2 percent), # tis the rate of inflation over the previous four 

quarters, ;r*is the target inflation rate (set equal to 2 percent), andj>(is the percent 

deviation of real GDP from its target. The rule implies that if both the inflation rate and 

the real GDP are on target, the federal funds rate would equal 4 percent, or 2 percent in 

real terms. Otherwise the federal funds rate would be raised when inflation exceeded its 

target and in the presence of a real output gap. Equation (1.1) soon became well known 

as 'the Taylor rule'. Following Taylor's (1993) pioneering work, a large and growing 
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literature has developed on the relevance of the Taylor and other simple policy rules (see 

Taylor 1999, for example). A large number of studies in monetary policy now show that 

simple feedback money rules, especially of the Taylor type, work well in simulated 

economic models to deliver low inflation rates and output stability in the presence of 

monetary and real shocks. Similarly, many empirical studies report that Taylor policy 

specifications can describe the actual behavior of central banks in several countries.1 

Perhaps because of its original application to the U.S. economy, the analyses of 

alternative simple policy rules were typically undertaken in a closed economy context. 

However, it wasn't long before economists began to ask whether a Taylor type monetary 

policy rule would still be efficient as a guideline for conducting monetary policy in an 

open economy setting. In the small open economy literature, a number of simple 

monetary policy rules have been investigated in a number of different modeling contexts, 

but a consensus conclusion has not yet been reached. That is, the literature has not yet 

resolved whether the Taylor rule is a desirable monetary policy rule for an open economy 

and/or whether the exchange rate should form part of the rule. Should the latter prove 

positive, a further unresolved issue is how should the policy instrument change in 

response to the exchange rate? 

In surveying the current open economy literature on monetary policy, the 

following papers are illustrative of the wide variety of different conclusions that have 

been offered with respect to different policy rules. For example, using a backward-

looking open economy model with sticky prices, Ball (1999) argues that a money rule 

that includes the real exchange rate will be optimal when compared to either simple 

1 See, for example, Rotemberg and Woodford (1999), Rudebusch and Svensson (1999), Clarida, Gali and 
Gertler (1998,2000). 
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inflation targeting or the use of the Taylor rule, unless the latter are modified in important 

ways.2 In a dynamic stochastic forward-looking general equilibrium model with the 

incomplete exchange rate pass-through, Monacelli (2003) finds that optimal commitment 

(relative to discretion) will entail smoothing deviations from the law of one price and 

hence requires more stable nominal and real exchange rates. Using a two-country model, 

Benigno and Benigno (2000) and Weerapana (2000) report substantial (world) welfare 

improvement when an exchange rate term is incorporated into the policy rule. Similarly, 

Smets and Wouters (2002) argue that an exclusive focus on the stabilization of domestic 

price inflation is no longer optimal when import prices are sticky and exchange rate pass-

through is gradual and Malik (2005) demonstrates that the welfare-enhancing policy 

implies a "dirty floating" under domestic inflation targeting when incomplete and 

imperfect asset markets are introduced to the model. 

On the other hand, Clarida, Gali, and Gertler (2001), Aoki (2001), Gali and 

Monacelli (2002), find that the policy problem for the small open economy in which the 

households are allowed to share consumption risk internationally and exchange rate pass-

through is complete is essentially identical to the policy problem faced by the closed 

economy. Hence the closed economy rule will remain optimal if combined with flexible 

exchange rates. A similar result is obtained by Clarida, Gali, and Gertler (2002) when the 

analysis is extended to a two-country setting. They conclude that central banks need only 

adjust the interest rate in response to domestic inflation when the economy is 

characterized by a Nash equilibrium, while under a cooperative equilibrium, interest rates 

should respond to foreign inflation as well. In either case, flexible exchange rates are 

2 For robustness, Ball (1999) considers the six rules, distinguished mainly by the size of their reaction 
coefficients and lagged interest rate terms. 
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desirable. Moreover, when exchange rate pass-through is incomplete, Dib (2003) shows 

that the optimal policy problem for a small open economy is isomorphic to that for a 

closed economy, but Kollmann (2002), Batini, Harrison, and Millard (2003), Leitemo and 

Soderstrom (2005), and Adolfson (2007) all find that welfare performance is improved 

only marginally by incorporating an exchange rate term into the policy rule. Using a 

multi-country model with complete exchange rate pass-through, Taylor (1999) simulates 

a policy rule for the European Central Bank interest rate that includes the exchange rate 

as well as output and inflation, and finds that the policy outcomes are mixed. In some 

countries (France and Italy), a policy rule that includes the exchange rate leads to better 

performance, but in others (Germany) produces poorer performance. In closely related 

work, Devereux and Engel (2003) show that the impact of alternative exchange rate 

regimes on the policy performance is closely related to the pricing strategy employed in 

setting prices of import goods. In particular, when prices are pre-set in the currency of the 

producer (denoted producer currency pricing, PCP), floating exchange rates are optimal 

in the presence of country specific real shocks. However, when prices are pre-set in the 

consumer's currency (denoted local currency pricing, LCP), there is no benefit to 

exchange rate flexibility. In a small emerging economy, Choudhri (2005) finds that the 

relative performance of the alternative rules depends on the social welfare criterion used 

for assessing different policy rules and on the type of shock that the economy 

experiences.3 

3 Choudhri argues that the loss function used to evaluate different monetary policy rules should also include 
exchange rate variability if there is fear of a floating exchange rate within the emerging economy. 
Variability of the interest rate may also be of concern, especially if financial institutions are vulnerable. 
However the traditional criterion does not include these terms. 
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In this thesis I evaluate the relative performance of a series of different simple 

monetary policy rules applied to a small open economy. The objective is to discover a set 

of regularities that describe the optimal properties or characteristics of a simple optimal 

money rule for a small open economy in which the central bank faces data information 

uncertainty. The small open economy developed here is distinctive in that it incorporates 

Calvo pricing with indexation (to induce sticky domestic prices) together with incomplete 

exchange rate pass-through (because of quadratic costs of import price adjustment) and 

finally incomplete asset markets. With a domestic economy of this type and facing a 

number of domestic and external shocks, the economy is assumed to have a welfare 

maximizing central bank that can choose across a number of potential money rules for 

interest rate setting. Five simple rules are considered both with and without interest rate 

smoothing. Rule 1 is the most comprehensive rule, corresponding to the case where the 

monetary authority sets the short-term interest rate in response to changes in the inflation 

rate, the real GDP output gap, the real exchange rate gap, and the law of one price gap. 

This we call the comprehensive rule (C). Dropping the law of one price gap from Rule 1 

gives us Rule 2, called the real exchange rate rule (ER). For comparative purposes, we 

replace the real exchange rate term in Rule 2 with the law of one price gap. This becomes 

Rule 3, the exchange rate pass-through rule (PT). Rule 4 has no openness component and 

corresponds to the Taylor rule (TR). Rule 5 further supposes that the monetary policy 

authority chooses to focus exclusively on inflation. This we call inflation targeting (IT). 4 

4 The terminology used here differs somewhat from that used by Svensson (2000). Svensson links 
"targeting" to the monetary authority's objective. Hence when stabilizing inflation around the inflation rate 
target is the only objective for monetary policy, Svensson calls this strict inflation targeting. When there 
are additional objectives for monetary policy, for instance stabilizing output as well, monetary policy is 
called flexible inflation targeting. 
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As suggested above, an important policy issue in which I am interested is what 

has been called policy inertia. For a closed economy, Aoki (2003) has shown that optimal 

policy will involve the lagged interest rate, where the degree of interest-rate smoothing 

depends on the degree of demand shock persistence. In addition, actual monetary policy 

in the United States and elsewhere seems to involve some degree of interest-rate 

smoothing. For example, Clarida et al (2000) estimate the degree of interest-rate 

smoothing at 0.68 for pre-Volcker period, and 0.79 for Volcker-Greenspan era. Across 

six different quarterly U.S. data samples (differing in their definition of output gap), 

Kozicki (1999) reports a range for the degree of interest-rate smoothing is from 0.75 to 

0.82, while across 16 different quarterly samples of U.S. data (differing in output gap, 

inflation, and sample period definition), Amato and Laubach (1999) report a range of the 

degree of interest-rate smoothing from 0.78 to 0.92. Since most of studies are based on a 

closed model of a (largely) closed economy, it is of interest to ask whether optimal 

monetary policy will still involve interest rate smoothing when the economy is open. 

A third issue addressed in the thesis is which measure of inflation should be the 

target of the policy maker. In a closed economy there will be no difference between 

domestic output and consumer price inflation. Hence it won't matter whether the central 

bank targets inflation measured in terms of the GDP deflator, the producer price index 

(PPI), or the consumer price index (CPI). However, because in an open economy the CPI 

includes import as well as domestic output prices, the answer is not straightforward. In 

practice, it appears that most countries that have adopted explicit inflation-targeting have 

targeted CPI inflation (or a close variant). Table 1.1 presents evidence of current practice. 

In academic policy research, however, Clarida et al. (2001) and Aoki (2001) have argued 



7 

that it is domestic output price inflation that should be targeted, while Adolfson (2007) 

argues that policy in response to CPI inflation will be optimal. Finally, Huang and Liu 

(2005) find that a hybrid rule under which the short-term interest rate responds to the CPI 

inflation and PPI inflation results in a welfare level close to the optimum, whereas policy 

rules ignore PPI inflation can result in a significant welfare loss. In this thesis I will re

examine this issue at length. 

Table 1.1 Inflation targeting in some countries 

Countries 

Australia 

Canada 

Finland 

Israel 

New Zealand 

Spain 

Sweden 

UK 

Year adopted 

1993 

1991 

1993 

1991 

1988 

1994 

1993 

1992 

Target variable 

CPI (after 1988) 

CPI (excluding food, energy and taxes) 

CPI (excluding taxes, housing, and interest) 

CPI 

CPI (excluding taxes and interest) 

CPI 

CPI 

Retail price index (excluding interest) 

Source: Bernanke et al. (1999), Huang and Liu (2005). 

A fourth issue considered is what should be the relevant criteria for measuring 

the relative performance of different simple policy rules; that is, what is the appropriate 

loss function? In the current literature, the standard criterion employed to evaluate 

monetary policy is to assume a loss function that is an increasing function of the levels of 

variance in inflation and the output gap.5 Often this is given the form, Lt = FI,2 + Axt
2, 

5 Corsetti and Pesenti (2005) argue that the policy objective can be written in an equivalent form as 
deviations from the levels arising under flexible prices. A similar welfare criterion is also adopted by 
Choudhri (2005). 
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where the parameter^ > 0 denotes the relative weight that the central bank places on 

output stabilization and inflation is measured in terms of domestic output prices (see 

Aoki, 2003, for example). When the analysis is extended to an open economy, inflation 

is often measured by the CPI (see Monacelli, 2003, and Adolfson, 2007). 

In relation to this loss function, several questions can be raised. First of all, what 

is the appropriate value to set for the parameter X. In the literature, X is often set equal to 

0.5. While such a specification is plausible, with the value of X assigned arbitrarily, it is 

ultimately ad hoc. Later in the thesis I ask what difference is made when we set X 

optimally. The second question is whether the measure of inflation used should be CPI or 

domestic output price inflation. And the last question is whether this form of the loss 

function is appropriate for the small open economy. Adolfson (2007) argues that such a 

loss function is suitable for an open economy with incomplete exchange rate pass-

through, since the relative price distortion arising from sticky domestic and import prices 

can be taken into account by stabilizing CPI inflation. Smets and Wouters (2002) find 

that the social cost of relative price variability is minimized by a weighted average of 

domestic price inflation and import price inflation. Using a quadratic approximation of 

the average utility, Benigno (2004) shows that a weighted mean of the two regional 

inflation rates in an optimal currency area is the appropriate objective for monetary 

policy, given nominal rigidities in both regions. On the other hand, Malik (2005), 

Kirsanova, Leith, and Wern-Lewis (2006) all find that the loss function for an open 

economy will involve more terms. Because the welfare criterion (loss function) plays a 

crucial role in determining the optimized reaction coefficients when assessing alternative 

simple monetary policy rules, we need to clarify the above questions. 
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The fifth issue on which this thesis focuses is whether the simple money rule 

depends upon the information available to the central bank. That is, in the presence of 

price stickiness, money is non-neutral so that monetary policy can affect efficiency. The 

efficiency of the monetary policy, however, is a function of its design and this, in turn, is 

affected by the reliability and accuracy of information used in its formation. Generally 

speaking, policymakers face two types of information problems: (1) uncertainty about the 

true structure of the economy; and (2) uncertainty about the true values of such 

macroeconomic variables as GDP, the GDP deflator, the Wicksellian natural interest rate, 

and the natural level of output, etc. One approach to answering the first is to search for 

monetary policy rules that work well across a wide range of structural models, see Levin 

et al. (1997). In the face of uncertainty about the true value of macroeconomic variables, 

policymakers design optimal strategies to extract information from noisy signals, see 

Aoki (2003), Orphanides (2003), and Svensson and Woodford (2003). It is worth 

emphasizing that data uncertainty issue can be mitigated by information extracting 

procedures but often cannot be completely resolved. Thus generally the policy maker will 

always face information uncertainty in deciding on its monetary policy. Given the 

generality of this condition, the specific question I raise is whether and how the policy 

rule that optimizes social welfare changes as a function of the information set available to 

the policy maker. 

Finally, the targeted level of output often used to measure the output gap is its 

steady state value while the inflation target is often taken to be a simple constant (often 

set at zero). Similarly, the real interest rate (the Wicksellian real interest rate) used in the 

policy rule is often simplified to be some constant value, such as 2 percent (Taylor 1993). 
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In the model of chapter 2, however, we argue that the targeted level of real output should 

be given by the output level that would arise under perfectly flexible prices (in a model 

where subsidies/taxes correct for monopoly distortion). This also implies that in an 

economy exposed to both domestic and external shocks, neither the inflation rate nor the 

interest rate under the perfectly prices would be fixed, instead changing as the economy 

is hit by different shocks. The question is then, given that the central bank wishes to 

minimize the domestic welfare distortions that arise under sticky prices, what are the 

implications for policy when the central bank targets the Wicksellian natural rate and its 

changing inflation target. 

1.2 Methodological Underpinning 

As Walsh (2003) and others have argued, the standard Keynesian approach to 

monetary policy analysis prior to the early 1990s combined the assumption of nominal 

price rigidity with a simple structure for linking the quantity of money to aggregate 

spending. This linkage often used a simple quantity theory equation in which nominal 

demand was set equal to nominal supply (as in traditional IS-LM analysis) with a random 

disturbance included. Although this approach has proved useful in addressing a wide 

range of monetary policy issues, its theoretical foundations were weak and unmotivated. 

To address this issue a new type of the model is developed and popularized by Yun 

(1996), Goodfriend and King (1997), Rotemberg and Woodford (1995, 1997), McCallum 

and Nelson (1999), Clarida, Gali, and Gertler (1999), Svensson and Woodford (1999), 

Woodford (1999, 2003), among others. The new model is now built on the optimizing 
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behavior of economic agents and is often referred to as new Keynesianism, which has 

become the workhorse of Keynesian monetary policy analysis. 

A similar innovation occurred in open economy macroeconomics. Traditionally, 

the analysis of monetary policy in an open economy was based on the static framework 

developed by Mundell (1963) and Fleming (1962) and made dynamic by Dornbusch 

(1976). As such it is often referred to as the Mundell-Fleming-Dornbusch model. Just 

like the IS-LM framework used in the closed economy setting, the Mundell-Fleming-

Dornbusch model played an important role in the analysis of the open economy. 

However, it had similar drawbacks. One salient weakness was that its aggregate 

macroeconomic relationships were specified directly rather than derived from 

assumptions about the optimizing behavior of individual and firms. As a result, the model 

was of limited use for conducting alternative monetary policy analysis since it was unable 

to link aggregate outcomes back to the welfare of the agents in the model. The motivation 

to re-develop microfoundations to overcome this drawback led an area of economics 

widely described as "new open economy macroeconomics" (henceforth NOEM). The 

following features are normally captured by a NOEM model: economic behavior based 

on optimization, sticky prices and/or wages in at least some sectors of the economy, the 

incorporation of stochastic shocks, and the evaluation of monetary policy based on 

households' utility. The seminal work in this area is Obstfeld and Rogoff (1995a, 1996). 

In their classic book (1996) a two-country model is used in which all of these features are 

included. Other important contributions include Betts and Devereux (1997, 1998), 

Kollmann (1997, 1999, 2002), Gali and Monacelli (2002), Ghironi (1999), Svensson 

(2000), Benigno and Benigno (2000), Chad, Kehoe and McGrattan (2000), Smets and 
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Wouters (2000), Clarida, Gali, and Gertler (2001), Corsetti and Pesenti (2001, 2005), 

Choudhri, Faruqee, and Hakura (2005), Sutherland (2005), among many others.6 

This is the spirit in which I develop the dynamic stochastic general equilibrium 

open economy model that forms the basis of this thesis. The model solves the 

representative household and firm optimization problems facing sticky prices and 

stochastic shocks as the foundation of aggregate expenditure and supply relations. 

Alternative policy rules for the central bank in this economy are then evaluated relative to 

the potential welfare gains that could be realized by these representative agents. 

1.3 Basic Features and Contributions 

The starting point for my small open economy analysis is Gali and Monacelli (2002). 

Following them I assume that the world economy consists of two parts: a home economy 

and foreign one, the latter called the rest of the world. Compared to the rest of the world, 

the home economy is assumed to be small so that developments there have no impact on 

the rest of the world. A representative household in the home economy is modeled as 

maximizing its expected utility by purchasing both home produced and imported goods 

for consumption financed by its supply of specialized labor and the profit from its 

ownership of domestic firms. A typical firm is assumed to hire specialized labor to 

produce differentiated domestic goods that are used for domestic consumption and 

export, and to set its prices of domestic goods by using Calvo's (1983) pricing 

6 Some of the literature on NOEM can be found on http://www.geocities.com/brian m doyle/opeahtml 
which is a New Open Economy Macroeconomics homepage, created and maintained by Brian Doyle, and 
on the web site, http://w\vw.geocities.com/monetarvrules/mpoe.htin. which is about Monetary Policy Rules 
in Open Economies, created and maintained by Gianluca Benigno, Pierpaolo Benigno, and Fabio Ghironi. 
In addition, Lane (2001) and Bowman and Doyle (2003) provide good surveys on NOEM. 

http://www.geocities.com/brian
http://w/vw.geocities.com/monetarvrules/mpoe.htin
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specification. From this I obtain two key equations of motion by log-linearizing 

movements about the equilibrium conditions for the small open economy: the first is the 

new Keynesian Phillips curve and the second is the IS curve. The government's behavior 

is not modeled explicitly except to collect lump-sum taxes and subsidize firms (to offset 

monopolistic power) and to facilitate money transfers to households. The monetary 

authority is to set the short-term interest rate consistent with maintaining a zero expected 

rate of inflation. 

While Gali and Monacelli (2002) deliver a model that is well specified and 

solvable, the implications of their model for optimal monetary policy are dependent on 

the assumption of a number of strong conditions that do away with important features of 

the real world. The following is a list of special features that distinguish my analysis from 

that of Gali and Monacelli, features and contribution can be assessed relative to Gali and 

Monacelli's results for optimal monetary policy. 

(1) Incomplete exchange rate pass-through. Gali and Monacelli (2002) assume that 

the law of one price holds for individual goods at all times (both for import and export 

goods), which implies that the exchange rate pass-through is complete. This conflicts 

with well-established empirical facts. For example, Goldberg and Kentter (1997) find 

that the fraction by which changes in the exchange rate are passed-through to internal 

import prices is typically around 0.5 for one year. Similarly, Campa and Goldberg 

(2002) test the simple versions of the LCP and PCP hypotheses for complete pass-

through to import prices and find that both hypotheses are rejected for most countries in 

their sample of OECD countries.7 To incorporate this feature into my model, I assume 

7 Some extensive theoretical and empirical surveys can be found in Rogoff (1996), Engel (1993, 2002), 
Rogers and Jenkins (1996), and Choudhri et al. (2005). 
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that there are no transportation costs or trade barriers between the small open economy 

and the rest of the world so that the law of one price holds when imported goods arrived 

at domestic docks. However, in setting the domestic currency price for imported goods, 

importers face quadratic adjustment costs that generate deviations from the law of one 

price in the short run. In the export market, however, I assume that the law of one price 

continues to hold. 

(2) Incomplete asset markets. As argued by Obstfeld and Rogoff (1995b, 1996), the 

assumption of complete asset markets is not realistic in a model with imperfections and 

rigidities in its goods markets because with nominal rigidities monetary policy will affect 

real variables including the current account. The fact that current account imbalances 

have increased steadily in the rich countries over the past 20 years (Blanchard, 2007), 

implies that asset markets are not complete in practice either. In the literature, however, 

many economists make this unrealistic assumption for the sake of simplicity and 

convenience (see Chad et al., 2000, Clarida et al., 2001, and Gali and Monacelli, 2002, 

for example). In doing so the interaction of current account dynamics with inflation, 

output, and other important macroeconomic variables is shut down. To restore this 

channel, I assume that the representative household has access to a one-period risk-free 

domestic bond and a risky foreign bond. The foreign bond is assumed to be denominated 

in the foreign currency and traded freely internationally subject to a risk premium which 

depends on both the net foreign asset position of domestic economy and a time varying 

shock to the risk premium. The inclusion of either of these two features (incomplete 

exchange rate pass-through and incomplete asset markets) leads monetary policy analysis 
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for an open economy to be fundamentally different from that involved in a closed 

economy setting. 

(3) Real balances. Real money balances are often omitted from the household's 

utility function as in Gali and Monacelli (2002) and now the omission of a motivation for 

money holdings has gradually become a fashion in the NOEM literature (see Woodford, 

2003). In part this is because interest rate setting by the central bank makes the money 

supply endogenous and in part because that the impact of money on household utility is 

assumed to be very small so that its presence can be neglected. In chapter three we show 

that if real balances are omitted, then the interest rate will not appear in the loss function 

that is derived from household utility. This, in turn, implies that the central bank will be 

less constrained in adjusting its short-term interest rate to bring other targeted variables 

back into line and so more tolerant of volatility in the interest rate. This hypothesis, 

however, does not get much support from actual central bank behavior since central 

banks are observed to behave cautiously in changing interest rates. To help account for 

this phenomenon (in addition to motivating money's use in the economy) I incorporate 

real money balances into the household's utility function. As we will see, the inclusion of 

real balances results in one more term than usual (the interest rate) appearing in the loss 

function. 

(4) Price indexation. Price stickiness in my model (as in many others) is 

incorporated by assuming the firms face Calvo's price-setting mechanism. This gives rise 

to a new Keynesian Phillips curve characterized by the absence of inflation inertia. To 

capture the inflation inertia often observed across countries I introduce price indexation 

into the model following Christano et al. (2001). The basic idea is that a firm will either 
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receive a signal to change its price and will do so optimally, or it will not, in which case it 

follows a simple price indexation rule to automatically update its price. This automatic 

adjustment mechanism is also applied to importers. 

(5) Targeted gaps. The model in Chapter 2 is written in terms of the relevant 

welfare measures—the gaps arising between actual and flexible price (socially optimal) 

values. In our setup, then, two basic types of distortions from the social optimum are built 

in. The first arises from monopolistic (rather than perfect) competition and the second 

arises from sticky prices. This gives rise to several types of efficiency gaps. For example, 

the gap between (the logarithm of) actual and steady state output can be decomposed 

into: (1) the gap between the competitive (efficient) level of steady state output and the 

steady state level of output, defined as x*=ln(F*/F), where Y* denotes that the 

efficient level of output that would arise in absence of monopoly distortion and any 

shocks, and Y denotes the steady state level of output arising from the economy in 

absence of shocks and the distortion arising from prices stickiness but with the distortion 

from the market power owned by the firm; (2) the gap between (the logarithm of) the 

natural level of output and the steady state level of output, defined as xf = ln(Yt
f IY), 

where Yt
f denotes the natural level of output that would arise under complete price 

flexibility; (3) the gap between (the logarithm of) actual and steady state output, defined 

as xt" =ln(7 (/7); and (4) the gap between actual and the flexible price output level, 

defined as xt =ln(Yt/Y)-ln(Yt
f/Y) = ln(Yt/Yt

f). The relationship among these 

concepts is illustrated in Figure 1.1. 
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The targeted |—| 
policy output gap 

Y 

The actual level 

of the output gap 

The efficient level 
of the output gap 

The natural level 

of the output gap 

Y 

Figure 1.1 the output gaps 

A natural question that arises is which gap should be targeted by the policy 

maker? In my analysis, the first distortion is dealt with through an optimal output 

subsidy, therefore, the eliminating the monopoly distortion in this way means that x* is 

zero, while the second is fixed by using monetary policy. As Woodford (2003) and others 

have argued, the distortion that should be corrected by policy is measured by the gap 

between the actual level and the level that would arise under perfectly flexible prices, that 

is, xt is the output gap that policy should target. This is in contrast to what is often used, 

xt
a, the gap between actual output and its steady state value. To emphasize the 

importance of this point for policy we write the variables of the model in terms of the 

gaps that arise between their actual level and the level that would arise under perfectly 

flexible prices. 

(6) Two inflation measures. As discussed the above, which type of inflation should 

be targeted is still open. To address this issue the model is written in terms of both 

domestic output price inflation and CPI inflation. Policy evaluation proceeds on the same 

basis. 
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(7) Loss function. As discussed earlier, the loss function employed to assess 

alternative monetary policies is often arbitrarily specified and lacks appropriate 

microfoundations. Hence although such a loss function seems to work, why it works 

seems to bewilder economists. In relation to this problem, Rotemberg and Woodford 

(1999) and Woodford (2003) have done pioneering research to show that a second-order 

Taylor series expansion of the representative household's utility function results in a loss 

function that has exactly the same form as that commonly used in the literature. The 

difference is that the value of X is now defined in terms of the structural parameters of 

the model rather than simply assigned. Following Rotemberg and Woodford (1999) I 

derive in Chapter 3 the loss function for the small open economy incorporating all the 

special model features described above. 

(8) The information available to the policy maker. In many of the models 

developed to analyze policy, the central bank or monetary authority uses the 

contemporaneous values generated by the model to invoke optimal policy. However, in 

the real world the central bank often has insufficient information to observe or calculate 

the true value of the variables needed to formulate optimal policy. To reflect these 

circumstances, four information cases are considered. The first shows that when the 

central bank can access "full information", i.e., all relevant contemporaneous variables 

(such as GDP and the price index), can be observed, and all necessary unobservable 

variables (such as Wicksellian natural interest rate and the natural level of output) can be 

calculated. This serves as our benchmark full information case. Next we assume that the 

central bank can observe the current value of all observable variables, but cannot get 

enough information to compute accurately the unobservable variables and hence must use 
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steady state values instead. The third case assumes that the central bank knows all 

variables, but only with a period lag. The last case assumes that all observable variables 

can be known accurately but also with a lag, and all unobservable variables cannot be 

computed accurately but must use their steady state values instead. The different 

information cases are used to analyze if and how optimal simple monetary policy changes 

with the withdrawal of accurate information. 

Note that as in Aoki (2003) and Svensson and Woodford (2004), the information 

structure I adopt involves an important asymmetry.8 Specifically, private agents as a 

group (individuals and firms) possess more information than does the policy maker. For 

convenience, I have abstracted any information uncertainty facing private agents by 

assuming that they have complete knowledge about the state of the economy affecting 

them individually. It follows that the central bank cannot possess more information about 

the state of the economy than does the collectivity of private agents, but why should it 

possess less? One set of reasons for why current information is not fully utilized by the 

central bank emphasizes the cost of collecting and evaluating timely individual 

information. In general, individual production and consumption decisions made by firms 

and households are not as dependent on aggregate data as is the policy decision of the 

central bank. Each firm, for example, needs to know only its private production cost and 

the prices of close substitutes for the good it produces, but it does not typically need to 

know all industry prices. Moreover, the individual private agent has no private incentive 

to transmit the information it posses to the central bank (nor could the central bank 

8 Aoki (2003) and Svensson and Woodford (2004) use measurement error to distinguish between private 
and public decision makers. My structure emphasizes the absence rather than the uncertainty of 
information. The case of symmetric uncertain information is considered by Svensson and Woodford 
(2003). There both the central bank and the private agents have access to the same partial information. 
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process the receipt of all that individual information costlessly). Hence while each 

individual firm has more information about the supply shock impacting it than does the 

central bank, the firm is motivated to act only in relation to its private benefit and cost 

rather than the social equivalent and in acting on this basis produces market signals that 

compact the different forms of relevant information available to each agent. The cost of 

interpreting the information transmitted by private individuals through markets may then 

result in the central bank having more aggregate information than any single agent, but 

having less accurate information than private agents have collectively in their possession. 

It is the costs of accessing all the relevant information held by individual private agents 

that results in the central bank having less accurate information. 

(9) Observational mistakes in interpreting the information available to individuals 

and firms. In Chapters 2, 4, 5 and 6, we examine how the central bank adapts to ever 

greater degrees of data deficiency, while implicitly private agents access information 

perfectly. In Chapter 7 we reverse this information structure. First private agents are 

assumed to observe current aggregate domestic and import good price levels with 

measurement error, whereas the monetary authority is assumed to measure these 

variables without error. The analysis then considers how the money rule responds when 

the measurement issue is extended to the central bank. 

It will be noted that some of features listed above (but not all) have been modeled 

in more restricted contexts by other authors. For example, Monacelli (2003) incorporates 

incomplete exchange rate pass-through into his analysis, while Malik (2005) considers 

the impact of incomplete asset markets on simple policy rule performance. In the most 

recent literature, Dib (2003), Ambler, Dib, and Rebei (2004), Adolfson (2007) all present 
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more simplified models that incorporate both incomplete exchange rate pass-though and 

incomplete asset markets. Moreover, Dib (2003) and Ambler et al. (2004) question only 

the policy performance of a modified Taylor rule in terms of an estimated model of a 

small open economy, while Adolfson (2007) focuses on the impact of different degrees of 

exchange rate pass-through on a subset of simple optimal rules. In none of these cases 

are the authors interested in how the performance of different simple money rules 

respond to changes in the information set held by the central bank. This relative 

performance of money rules under different information settings is the central concern of 

my analysis. In the chapters below I will show that when the information availability 

issue is ignored, what is for us Case 1, the marginal welfare gain from incorporating 

external considerations such as the exchange rate is quite small. However, when as the 

information on which the central bank becomes less current, as in Cases 2, 3, and 4, the 

marginal welfare gain of including these factors is increased significantly. 

It is important to also emphasize that a concern with information availability is 

only one dimension that differentiates my analysis from others in the same tradition, such 

as Dib (2003) and Adolfson (2007). Among the most important features that separate my 

thesis from others are: first, writing the model, the loss function and the policy rules all in 

terms of the appropriate "policy gap" rather than "gap between actual and steady state 

level";9 second, evaluating the alternative policy rules using a welfare criteria derived 

from the representative household's utility function;10 and third, none of the other authors 

motivate money use in their analysis. In relation to the last point, money's use in our 

model is motivated through the incorporation of real balances in the household's utility 

9 Malik (2005) does write its model and the policy rule in terms of "policy gap". 
10 Dib (2003), Malik (2005), and Adolfson (2007) all use ad hoc loss functions. 
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function.11 Because of this the loss function has one more term, that is, the variance of 

interest rate. This provides a theoretical reason for why interest-rate smoothing should 

appear in the money rule (see Chapter 6). 

1.4 Structure of the Thesis 

The thesis is organized in the following manner. In Chapter 2,1 develop and solve 

a forward-looking general equilibrium model of a small open economy. The model is 

characterized by the price rigidities and indexation, incomplete exchange rate pass-

through, incomplete asset markets, and four types of shocks. The model is then log-

linearized about its steady state and structured into the form of a dynamic stochastic 

general equilibrium model. 

Two points need particular emphasis. The first is related to what can be achieved 

by monetary policy. In many early models, particularly those that focused exclusively on 

demand side shocks, the use of an interest rate to regulate aggregate demand could 

simultaneously reduce both the inflation and output gaps. In this sense there was no need 

to tradeoff inflation and output in the choice of an optimal policy. Setting the appropriate 

Wicksellian interest rate could reduce welfare losses to zero. However, in models that 

also incorporated supply side shocks, such as in papers by Clarida et al (1999, 2001), the 

presence of a cost-push shock required the policy maker to choose between inflation and 

output variability and so face a policy tradeoff in minimizing welfare loss. In such cases 

the weights placed on inflation and output in the loss function matter. In my analysis 

framework, while no cost-push inflation is built explicitly into the analysis, the model 

11 This feature is modeled in Dib (2003) in a bit different way. Actually, the form of the household's utility 
function is different from mine. 
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does contain productivity shocks to the supply side. Moreover, the economy is subject to 

two types of external shocks in the presence of both incomplete price pass through and 

incomplete asset markets. As the impulse response analysis in Chapter 4 will show, the 

presence of these factors prevents the central bank from being able to eliminate all 

welfare loss even in Case 1. Hence the presence of multiple distortions means that the 

central bank cannot hit its all targets simultaneously by adjusting the short-term interest 

rate. This is further compounded by the lack of relevant information. The result is that 

the Wicksellian natural rate may not be able to capture all necessary information required 

to eliminate all gaps so that the weighting of policy goals becomes an important part of 

the optimal solution. 

The second point is the linear-quadratic nature of the optimization problem. 

Typically in the economic literature, an optimal control problem is solved in a linear-

quadratic framework, that is, with a linear model and a quadratic welfare loss function 

(Chow, 1975). Following in this convention, the model I set up in Chapter 2 is written in 

this form.12 However, it has also been shown that for welfare evaluation with DSGE 

models, first-order approximations about the equilibrium condition may be inadequate. 

For example, Kim and Kim (2003) provide a simple example of a model in which welfare 

appears higher under autarky than under complete markets, because the first-order 

approximation does not account for the effects of the second order terms on the welfare.13 

Woodford (2001), however, describes several conditions under which first-order 

12 Another motivation for writing the model linearly is that I want to derive explicitly those variables that 
arise under perfectly flexible prices, e.g., the Wicksellian natural interest rate and natural level of output. 
13 For a more general discussion, see Kim et al. (2003). 
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approximations in DSGE models are adequate for evaluating monetary policy. These 

conditions hold in my model so that the conclusions obtained below should be reliable. 14 

Chapter 3 is devoted to the derivation of the appropriate welfare loss function for 

this small open economy. As mentioned above, the loss function is derived from the 

household utility function in the spirit of Rotemberg and Woodford (1999). Two versions 

of that loss function are presented. The first is a linear combination of four variables: 

inflation, the output gap, the real exchange rate, and the law of one price gap. This is 

derived by following the established practice of suppressing the presence of real money 

balances in the household's utility function (see Woodford, 2003). When real balances 

are accounted for in the household's utility function, a second loss function can be 

derived. Compared with the first, there is one additional term in the loss function that 

wasn't there before—the short-term interest rate. Note that the real exchange rate can be 

replaced in the loss function by the terms of trade, but cannot be substituted out of the 

loss function by combining it with other existing terms to narrow down the loss function. 

Similarly, the law of one price gap cannot be rewritten in a form that allows it to 

disappear from the loss function. 

Chapters 2 and 3 provide the foundation for monetary policy analysis. Specific 

monetary policy analysis starts in Chapter 4. Because the model is analytically complex, 

I follow current convention and calibrate the structural parameters of the model to 

conduct a quantitative simulation of the response of the economy to its real shocks and 

14 The conditions proposed by Woodford are as follows. (1) The distortion due to market power is 
sufficiently small. (2) The average rate of inflation is low. (3) The form we choose to express our 
approximate loss function should be employed properly. These three conditions are held in our analysis. 
First of all an output subsidy is imposed to fix the distortion arising from the firm's market power. 
Therefore the distortion due to market power is zero in principle. Second, the target inflation rate is 
assumed to be zero. Finally, following Rotemberg and Woodford (1999), Woodford (2003), I use the 
appropriately form to express the approximate loss function. 
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monetary policy alternatives. The focus of Chapter 4 is given the reaction coefficients 

typically used in the literature, what simple monetary policy rules work best in 

minimizing welfare losses. This question is considered for four different information 

settings. For each information set available to the central bank, I compare the outcome 

from using five different simple policy rules with and without interest-rate smoothing. 

Then to shed light on the difference that would be made by targeting inflation measured 

in domestic output rather than in consumer prices, I compare each rule for the two 

versions of the model. In addition, I compare the use of a constant inflation target with a 

period by period varying inflation target. Finally, I also compare inflation forecast to non-

forecast rules. 

Perhaps the most interesting finding of Chapter 4 is that across the different 

money rules and information cases the Taylor rule works the best. This is consistent with 

findings of Clarida et al (2001) and others. However, since the reaction coefficients in the 

policy rule are ad hoc (simply picked from the literature), a natural question raised is 

whether the same result will hold when the reaction coefficients are solved for optimally. 

This leads to Chapters 5 and 6. Chapter 5 answers the question of what is the fully 

optimal monetary policy rule given the model and loss function laid out in Chapters 2 and 

3. The fully optimal policy rule is solved under commitment. It is solved using the 

approach proposed by Blanchard and Kahn (1980) and extended by Klein (2000), Sims 

(2001), and others. 

Given that the cost of implementing the fully optimal rule is prohibitive, I turn in 

Chapter 6, to reinvestigate choice among simple policy rules but by using the optimized 

value of the reaction coefficients in the money policy rule. It is important to note here 
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that all simple rules are sub-optimal in the sense that some coefficient values are 

arbitrarily set equal to zero. In chapter 6, then, I redo most of the tests undertaken in 

Chapter 4 while solving simultaneously for the optimal reaction coefficients to be used 

by the central bank. The analysis begins by examining optimal simple policy rules with 

partial interest-rate smoothing with the coefficient on the lagged interest rate set at 0.8. 

This starting point is chosen because of its consistency with the empirical evidence15 and 

because of its widespread use in the current literature (see Taylor, 1999, Adolfson, 2007, 

for example) makes for easier comparison of my results with others. All other reaction 

coefficients are solved optimally. From this beginning point I then relax this assumption 

and let the coefficient on the lagged interest rate be determined optimally. After 

examining this set of optimal simple rules under interest-rate smoothing, I examine the 

optimal simple policy rules without interest-rate smoothing. Finally, to assess whether 

some of the tentative hypotheses advanced to explain these results have validity or 

reliability, various robustness tests and experiments are conducted. 

In the previous chapters it was assumed that only the central bank faced a 

significant data deficiency when making its optimal policy decision. Private agents—both 

individuals and firms—were assumed to have perfect information in making their optimal 

choices. In the last chapter, we reverse this scenario by assuming that central bank has 

access to perfect information, while private agents can observe the current period 

domestic and import price levels only with error. The question of interest is whether this 

change in the asymmetry of information affects the properties of the optimal simple 

policy rules for a small open economy. This requires the re-derivation of the model to 

incorporate measurement error, but employs the same loss function as used in previous 

15 It is supported by theoretical studies as well, see Aoki 2003. 
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chapters to allow for the evaluation of the relative performance of the same five 

alternative optimal simple policy rules. This measurement issue is then extended to the 

monetary authority. 

1.5 Conclusions 

At present the Taylor rule is the monetary policy rule most often advocated in the 

literature, even for the case of a small open economy subject to external shocks. It was 

also the money rule that performed best in our small open economy model when the 

reaction coefficients assigned were the values most often used in the literature. However, 

the conjecture that the Taylor rule would continue to perform best when the reaction 

coefficients are found optimally has proved misleading if not entirely wrong. In our 

model, it is always optimal to augment the Taylor rule with some factor that allows for 

the incorporation of relevant external complications — in our case either the exchange 

rate gap or the law of one price gap, although in some situations the marginal welfare 

gain from incorporating the exchange rate in some form is small. This finding is robust 

across our four cases of different information availability. As discussed earlier, Ball 

(1999), Monacelli (2003), and Malik (2005) have all derived similar conclusion but based 

on narrower theoretical foundation. For example, Ball's conclusion is obtained within a 

backward-looking model, while Monacelli's monetary policy arises only in the context of 

a low exchange rate pass-through environment. Finally, Malik's monetary policy 

outcome is not optimal since the reaction coefficients in the policy rule are based on the 

literature rather than found optimally. 
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The choice of the index in which to measure the inflation rate target has been 

another interesting policy question. While it appears that most inflation-targeting central 

banks have chosen to measure the rate of inflation in terms of some version of the CPI, 

our analysis finds that despite the appearance of the consumer price index as an important 

variable within the model, a central bank that bases its policy rule on domestic output 

prices will normally perform better overall than if it focuses on a consumer price index. 

This policy prescription is not unique to this model but has been also found by Clarida et 

al (2001).16 As such our analysis reinforces this policy prescription. 

Third, the addition of the lagged interest rate to an optimal simple policy rule 

typically enhances the level of social welfare and hence policy performance. The reason 

why this is the case was explored at length and appears to be for a combination of reasons 

- an ability to capture information missed in other policy instruments, the fact that 

welfare depends directly in interest rate variability, and as a way of establishing and 

maintaining commitment. Perhaps most controversially, we find in section 6.3 that the 

optimized value of the coefficient on the lagged interest rate is greater than one. This is 

consistent with the findings of authors such as Rotemberg and Woodford (1999), but 

completely different from the empirical estimates usually used in the literature (most 

often ranging between 0.7 and 0.9). To the extent that my model captures some of the 

more important features of small open economies, it would imply that the central banks 

of these economies have been too timid in practice. 

Fourth, our analysis suggests that the marginal welfare gain from incorporating 

foreign exchange considerations and/or lagged interest rates falls as the relevant 

16 Clarida et al. find that the central bank should target domestic inflation and allow the exchange rate to 
float when there is perfect exchange rate pass-through. 
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information available to the policy maker improves. This is perhaps our most relevant 

policy finding. It suggests that as a practical proposition, the less well developed is the 

statistical information available to a small open economy, the larger will be the gain from 

including some measure of the size of the external shock facing the economy and/or 

lagged interest rates in the monetary policy rule. Such a finding could not be observed in 

studies in which information availability is not considered as a relevant policy problem 

(as inMonacelli 2003, Adolfson 2007). 

Fifth, the introduction of measurement error increases the degree of 

incompleteness in the information available to the monetary authority and hence 

increases welfare loss. Nevertheless, regardless of whether that information loss arises in 

relation to private agents or policymakers, it does not alter the relative efficiency of the 

alternative policy rules. In our analysis of the impact of measurement error, the 

comprehensive policy rule is always at the top of the list of optimal money rules, while 

the inflation targeting rule always appears at the bottom. 

Finally, in terms of the coefficients within the policy rule, the optimal weight that 

is placed on indicators that can be observed only with noise receives less weight than 

otherwise. An increase in an indicator's noise strictly reduces its policy weight. However, 

in a dynamic forward-looking general equilibrium model all endogenous variables 

interact. Therefore as long as one variable contains noise, the noise in that variable will 

be transmitted to others via individual expectations and market interaction within general 

equilibrium. Hence the optimal weight assigned to these contaminated indicators will also 

tend to fall. Because the degree of interaction depends upon the specific model, the 

relative weighting can decrease or increase depending upon specific circumstance. 



Chapter 2 

A Small Open Economy Model with 

Incomplete Exchange Rate Pass-through 

Suppose that the world economy consists of two parts: a home economy and a 

foreign one, the latter called the rest of the world. Compared to the rest of the world, the 

home economy is assumed to be small so that developments there have little impact on 

the rest of the world. This implies that policy makers deciding on domestic monetary 

policy can take foreign variables, such as foreign output, prices, inflation rates, and 

interest rates as given or as exogenous stochastic variables. 

The model we use to analyze monetary policy in this context is a variant of the 

dynamic New Keynesian model applied to a small open economy such as Canada (see 

Gali and Monacelli, 2002). The model consists of a representative household who 

purchases both home produced and imported goods for consumption from its supply of 

specialized labor and the profits from its ownership share of domestic firms. Households 

are also assumed to be able to reallocate consumption over time by accessing a one-

period risk-free (non-contingent) domestic bond and a risky foreign bond. The foreign 

bond is assumed to be denominated in the foreign currency and traded freely 

internationally subject to a risk premium which depends on both the net foreign asset 

position of domestic economy and a time-varying shock to the risk premium (Adolfson, 

2005). 

30 
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The model assumes a large number of identical firms that hire specialized labor 

to produce differentiated domestic goods that are used for both domestic consumption 

and export. For simplicity we assume that there is no capital accumulation and there are 

no intermediate goods. The labor market is assumed to be competitive with flexible 

wages but each domestic producer is assumed to be a monopolistic competitor setting 

prices by using Calvo's (1983) pricing specification. We assume that there are no 

transportation costs or trade barriers between the small open economy and the rest of the 

world so that the law of one price holds when imported goods cross the domestic border. 

However, in setting the domestic currency price for these differentiated goods, importers 

face quadratic adjustment costs that will generate deviations from the law of one price in 

the short run. In the literature this is described as incomplete exchange rate pass-through. 

For simplicity we assume that the law of one price holds for domestic exporters. 

In our setup, the monetary authority is assumed to maximize community welfare 

by choosing as its policy instrument the short-term interest rate. The policy instrument is 

used to correct distortions arising in the model from stochastic real shocks impacting on 

the model in the presence of sticky prices. The secondary distortion that results from the 

presence of monopolistic competition in the model is dealt with separately through an 

optimal output subsidy. Aside from these tax/transfer activities, government behavior is 

not modeled explicitly. 

2.1 The Representative Household 

The small open economy consists of a continuum of households indexed by 

/' G [0,1]. The representative household seeks to maximize the expected value of the 
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discounted sum of time separable utilities subject to an intertemporal budget constraint. 

Suppose then that total expected utility can be denoted as 

r M ^ 

t=0 

U0=E0^uC,-^,Nt,Xlt 
V P, J 

(2.1) 

where /?e(o,l) is the subjective discount factor, Ct, denotes a composite bundle of 

consumption goods, Mt IPt is the level of real money balances held by the household, 

and Nt is the proportion of household time devoted to the labor market (so that \-Nt is 

the proportion of time enjoyed as leisure by the representative household). Following 

Woodford (2003), we assume that each of the differentiated goods is produced with a 

specialized type of labor and that the representative household supplies each type of 

specialized labor. In this case, Nt = \ Nt (i)di, where Nt (/') is the quantity of labor of 
Jo 

type i supplied by the household.17 

While the household derives utility from consumption, holding real money 

balances, and taking leisure, the presence of an exogenous disturbance %xt in the utility 

function implies that household utility is subject to a stochastic taste shock. This is given 

more specific form through the per-period utility function 

f M 
c,-±,Nt,Xlt =-^cr + 

V ' P, 

X\t r*\-er , 1 
f-Kf \ 

1-cr \-g 

M 

KP.J 

i - f 
1 fi 

l + ju 
l(NtQ))UMdi. (2.2) 

Here 1/cr denotes the intertemporal elasticity of substitution in consumption, \lg 

is the interest elasticity of money demand. \x is the elasticity of marginal disutility with 

This implies that the import sector uses no labor, merely re-pricing goods imported from abroad. 
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respect to labor supply18. The shock to the utility function makes the consumption weight 

in the utility function stochastic. Hence a change in%u represents a preference shock to 

consumption, where %xt is assumed to follow the first-order autoregressive process given 

by 

In# l t = A I n # , « + * ! , , (2-3) 

and where 0 < px < 1 and the error term, sxt, is normally distributed with zero mean and 

standard deviation a,. 

Composite consumption, Q , is assumed to consist of a bundle of domestic and 

foreign produced goods, that is, 

Ct 

tj-l 1 rj-l 

(l-a)nCZ + a»CF«t 

7-1 

(2.4) 

where CHt and CFJ are, respectively, consumption bundles of domestic and imported 

foreign goods. 77 > 0 is the elasticity of substitution between domestic and foreign goods 

and a denotes the steady-state share of import goods in household total consumption. 

Following Dixit and Stiglitz (1977), we assume that CHt andCFt are constant elasticity of 

substitution aggregators defined, respectively, as 

r = 
0-1 

j* 0 C H , t (0* di (2.5) 

and CFt £cF 4oo e ct (2.6) 

Note that 1 / jU denotes the elasticity of labor supply with respect to real wage. 
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where CHt{i) represents the household's consumption of the domestically produced 

good i, and CFt(z) represents the household's consumption of imported good z. We use 

9 to denote the elasticity of substitution within each category of composite goods, CHt 

and Cpt, and assume that 6 > 1. 

The problem faced by the representative household is to choose the values for 

Ct, Mt/Pt, and Nt(i) such, that lifetime utility in (2.1) is maximized. To that end the 

household can be viewed first as minimizing the cost of purchasing CHt{i) regardless of 

the level of CHt that is decided upon. More formally this household choice problem is to 

Min^PHt(i)CH>t(i)di, 

subject to 

£cKt(o*df 
e~\ 

>c H,t' 

where PHt (/) is the set of prices applicable to the domestic goods. Letting \ t be the 

Lagrangian multiplier on the constraint, the Lagrangian function can be written as 

£ = j^(0Q,,0># + 4 c £cH, t(0 e di 

The first order condition for good i,CHt(i), is 

PH,t(i)~\t JoCH,t(0 e di 
H U 0 ' = 0 . (2.7) 

Plugging (2.5) into (2.7), and rearranging, we obtain 
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CBM = 
v 4 J 

r (2.8) 

Substituting (2.8) back into (2.5) and solving for X^t, we get 

K- WMVdi = P, H,t • (2.9) 

That is, the Lagrangian multiplier, \ t , is equal to the domestic goods price index, PH, 

Plugging (2.9) into (2.8), the demand for domestic good i can now be rewritten as 

(2.10) Q,,(0 = (%%*Cff,( 
H,t 

Similarly, the demand for the imported good z, Cp t (z), can be shown to be 

CFAZ) 

rPEA^ 
P c F,t> (2.11) 

where PFt (z) is the price of import good z, and the import price index, PF t, is defined as 

PF,t = foPFAzTedz (2.12) 

Analogously, we can derive the demand for the bundle of domestic produced 

goods, CHt, and import goods, CFt, by minimizing their purchase cost 

\PHJCHJ +PFitCFJ) subject to equation (2.4). Specifically, the representative household 

problem is to 

^PH,tCHJ+PKtCFJ), 

subject to 
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7-1 1 7-I 

{l-aYvCl +a»CFl 
>H 

>ct. (2.13) 

The first order condition forC^ ( in this internal minimum is 

.H,t ~ "mt 

17-I 1 7-1 

(l-a)~nClt + a*CF't 
7-1 

{\-aYnC2, (2.1.4) 

where A2f is the Lagrangian multiplier on the constraint in (2.13). The first order 

condition for CFJ can be written similarly as 

"FA ~ ^2 

7-1 1 7-1 
_ 1 

(l-a)HC£t + a"CF"t (a)liC~F* . (2.15) 

The two first order conditions (2.14) and (2.15) can be further simplified to become 

(P V 
(2.16) 

CF,t = a 

(P„A F,t 

V ^2t J 

-1 

c. (2.17) 

Finally, substituting (2.16) and (2.17) back into (2.4), we find 

A2t=[{\-a)P^+aP^ . 

It implies that A2t =Pt so that i^to replace X2t in (2.16) and (2.17), we obtain the 

following demand functions, 

p„.r 
cH,t=^-ai-Jf- Ct , (2.18) 

CFt = a FA 

v ^ y 
Ct, (2.19) 

file://{/-aYnC2
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where Pt is the consumer price index defined as 

P,=fa-<*)P£!+<*£$. (2.20) 

Turning next to the household's budget constraint, the representative household 

is viewed as entering period t with a set of financial assets. These include its claim on 

the profits arising in domestic firms (including imports), its initial nominal money 

holdings, and a portfolio consisting of its initial holdings of a risk free domestic bond and 

a foreign bond denominated in units of the foreign country's currency. We assume that 

only the foreign bond can be traded internationally. Because the household cannot insure 

himself from all risks financial asset markets are incomplete and the domestic household 

is assumed to have to pay a premium on its foreign borrowing that depends directly on 

the size of its net foreign asset position, NFAt. It then follows that because the 

household can accumulate or decumulate foreign assets in any period, there can arise 

differences between the income earned and level of consumption expenditures in 

period?. Hence in real terms, the representative household's budget constraint can be 

written as, 

l+ Pt
+ PtRt

 + PX exp(-bNFAt +]nX2t)
 + Pt 

11 11 x t 11 x t 11 

where Mt is the level of money holdings chosen for the end of period t. Bt and Bt are 

the country specific values in period t +1 dollars of one period domestic and foreign 

bonds chosen to be held at the end of period t. Rt and R* denote, respectively, the gross 

nominal domestic and the risk free foreign (world) interest rate arising between t and 
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t + l. Following Benigno (2001) and Adolfson (2007), we define Qxn{-bNFAt +ln^ 2 () 

as the risk premium that the representative household must pay to borrow on world 

markets, a premium that increases in the size of the net foreign debt held by the 

representative household, and b is a constant that governs the size of the risk premium.19 

Because that premium is subject to a period specific shock, %2t, the time dependent risk 

premium will produce temporary departures from uncovered interest parity in the short 

run. Here NFAt =stB* IPt is the domestic value of net foreign assets held by the 

household, st is the nominal exchange rate, defined as the price of foreign currency (in 

terms of domestic currency), and%2t is the shock to the risk premium. Analogous 

toXu,X-u is defined as 

In Xit = Piln X2,t-x + sit, (2-2 2) 

where p2<0 and s2t is white noise. 

In (2.21) the representative household is modeled as receiving a nominal wage 

rate for each unit of type / labor provided, Wt(i). The household is also assumed to own 

a representative share of all firms producing domestic goods so that the nominal value of 

dividend income (profits) received from firm /' is equal to Dt(i) in period t By 

assumption the representative household is also assumed to own a representative share of 

the profits (losses) made on each differentiated import good z, profits of J Dt(z)dzlPt 

in period t. Finally, the household is subject to a lump-sum tax levied by the government 

19 Having the risk premium depend on the level of net foreign borrowing allows the model to equate 
differences that may arise between the household's subjective rate of time preference and the risk free 
world interest rate. 
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Tt at the start of period t just sufficient to cover the output subsidies made by the 

government (to induce efficient levels of domestic and import output). 

Finally, to simplify the analysis, we assume that there is no other government 

spending on final goods so that any seigniorage on money creation will be rebated to 

households in the form of a lump-sum tax, T, and all output subsidies paid to offset firm 

markups are funded through lump-sum taxes. Hence in our economy, the government 

budget constraint is, 

tPt7t + rMPKtCFJ = Mt -Mt_x + Tt, (2.23) 

where t and xM are subsidy rates motivated in greater detail later. Thus rPtYt denotes 

the subsidy paid by the government to domestic producers in period t; TMPFtCFt denotes 

the subsidy paid by the government to importers; andMt -Mt_x represents the 

seigniorage revenue arising from money creation. Note that seigniorage need not be 

positive. 

The representative household then chooses Ct,Nt(i), Mt,Bt and J9,*to 

maximize lifetime utility given in (2.1) subject to the flow budget constraints given in 

(2.21). Dynamic programming is used to solve the household's problem where the value 

function underlying the household's decision problem is defined as 

V{(ot) =Max Z, \t /~i\-a 

1 - C 7 cr + 
i OkO 

w KP,J 

1-? 

+ 0EtV(pM) . (2.24) 

In this model the two potentially different subsidy rates will end up being equal. 
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Notice that the income derived from labor and dividend payments will depend 

upon the household's current period choice of labor supply and hence is separated from 

household's initial wealth cot. The state variable for period t, <at, is then defined as 

Mt_! 2?M etBt_' 
cot =—LL + -JJ- + -P P P 

Updating at one period, we obtain 

C0M = 1 1 . 

P P P 

Let ^ be the Lagrangian multiplier associated with the flow budget constraint. 

Thus the maximization in (2.24) is subject to the budget constraint in (2.21). The first 

order conditions for an internal optimum for Ct, Nt (/'), Mt, Bt, B* and mt are then 

x»cr=i '3f ' 

NtHY=K 
K P< J 

P P * p i w'+i '+ p 

^ EV(0M)-^- = O 
p i wt+l \ t+is p n 

rt+\ rtIKi 

E V (n "i ^st6t _ Q 

PM
 f ^ M) PtR^M-bNFAt+\nXlt) ' 

Updating the first order conditions for Ctand at one period and using all the first 

order conditions above, we obtain the following expressions, 
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f r> \ 

cr=mA 
\pMy 

r „ \ x u+\ 

VXu 
c t+l (2.25) 

Cr=Wt exp(-bNFAt+inz2t)Et 

r _ v n A 
't+\ 

v st j V^+i J 

fx, ^ lt+1 

v X\t j 
C M-l (2.26) 

KPtJ 
Xu^t 

R. 

Nt(iY _Wt(i) 

xucr pt 

(2.27) 

(2.28) 

Rt=Rt exp(-bNFAt+lnX2t) •t+\ (2.29) 

Equation (2.25) is the Euler condition, representing the household's optimal 

intertemporal allocation of consumption given domestic nominal interest rate and price 

levels arising in the two time periods. It can also be written as 

XltCfaipEtxXMCM~a= Rt /(l + Etzt+1), 

which states that the marginal rate of substitution between consumption at t and t +1 is 

equal to the real marginal rate of transformation in "production"— that is, the real return 

available when using domestic bonds to transfer consumption between t and t + l. Here 

the inflation rate is written in terms of the consumer price index, nM, and defined as 

nM = (PM -Pt)l Pt. Similarly (2.26) is another version of the Euler condition, 

XuCt-
a I {3EtXxMCM°=R; <ixV(-bNFAt+\nx2t)l{l + Etxt+l), 

where optimal intertemporal consumption requires the marginal rate of substitution 

between consumption at t and t +1 is equal to the real marginal rate of transformation in 

"production" when using foreign bonds to transfer consumption between t and t + l. 
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Note that the risk premium term ex\>(-bNFAt + In%2t) appears here because of our 

assumption of incomplete asset markets. 

Equation (2.29), the well-known uncovered interest parity condition, is the 

implication of (2.25) and (2.26) holding simultaneously. Compared to the usual 

uncovered interest parity condition, (2.29) has one more term—the risk premium—that 

guarantees that asset market returns converge when the asset markets are incomplete. 

Equation (2.27) represents the household's optimal money holding condition. 

This sets the marginal rate of substitution between real money balances and consumption 

equal to the opportunity cost of holding money (the money rate of interest)21. Equation 

(2.28) represents the intratemporal optimality condition between leisure and 

consumption, requiring the marginal rate of substitution between leisure and consumption 

to be set equal to the real wage. We will later demonstrate that because all firms have the 

same technology and hire the same types of labor inputs from competitive labor markets, 

the wage rate will be identical across all labor types so that the index i can be dropped 

from the wage rate in (2.28). Using that common wage rate, Wt, (2.28) can be written as 

y Ca P 

In addition to these first order conditions and the model's initial conditions, the 

following transversality conditions must hold, 

Ximt^P%tmt = 0, l i m ^ ' V B , / ^ =0, 

21 Because the return on the bond, it+x = Rt -1, is paid in period t+1 rather than in period t, the return 

needs to be discounted to the time of choice in period t, i.e. divided by Rt. 
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and Yimt^PiMstB;IPt{R^M-bNFAt+\nx2t)) = 0 , (2.31) 

where mt =Mtl Pt is the level of real money balances. 

2.2 The Rest of the World 

To solve the domestic firm's optimization problem, it is first necessary to derive 

the demand for domestically produced goods arising from those consumers located in the 

rest of the world. To do this, we assume that the representative household in the rest of 

the world has the same preferences as domestic households. With this, we derive the 

following equations for foreign consumers (that are analogous to those derived earlier for 

home consumers), 

c ; , ^ ) = ( % ^ V c F ; , (2.32) 
F,t 

c ; , (o= (%^) "x ; , (2.33) 

whereCFJ (z)andCHt (/') denote, respectively, the demand for foreign produced good z 

and good i imported from the small open economy by foreign households. CFt and 

CHt are the corresponding levels of the two composite consumption goods. Note that a 

star has been used to denote a foreign variable. For these variables, we find 

p * V 7 

c;,=(i-«1^- C, , (2.34) 

fpH;x" 

KPt J 

Ct , (2.35) 
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where a denotes the share of home exported goods in foreign total consumption. 

Following Gali and Monacelli (2002), we assume that the rest of the world economy is 

much bigger in size than the home economy so that a is negligible. Then treating a as 

approximately zero, the foreign economy essentially becomes a closed economy with 

* # 

Ct « Yt . In this case, equation (2.35) can be rewritten as 

CH,t=a 
(P *Xn 

rH,t 

P* , 

Yt . (2.36) 

Given our assumptions on preferences, the Euler equation for foreign households 

can be written in terms that are analogous to that derived for domestic consumption [in 

(2.25)] as 

ic:r=m'w(P* 'PM'XZM Ix:){cM*y, 

where R* is the gross return realized on bonds denominated in foreign currency. Recall 

that we assumed that the home countries domestic bonds cannot be traded internationally. 

Hence foreign households will hold only foreign bonds so that only this Euler equation is 

relevant to foreign households. For simplicity we assume that foreign households 

experience the same shock to their consumption, that is, %xt = Xu > m e n w e c a n rewrite 

the above equation to be 

(Ct*r = m*)E<(P: 'PM'XZM /*uXC*i V • (2-37) 

2.3 Firm Behavior 

To model the supply side of our economy we assume that there is a continuum of 

firms indexed by ie[0,l] in the small open economy. All firms use the same technology 
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to produce a similar but differentiated good. The common technology incorporates 

constant return to scale (for simplicity, capital is ignored) and is written as, 

Yt(i) = AtNt(i), (2.38) 

whereNt(i) is the aggregate quantity of the labor employed by firm i and^ is an 

exogenous technology shock common to all firms. The shock is assumed to follow an 

AR (1) process, 

\nAt=pAlnAt^+sAt, (2.39) 

where 0 < pA < 1, ande^ is a white noise disturbance that is assumed to be normally 

distributed, serially uncorrelated, with zero mean and standard deviation oA-

Firm /' is assumed to hire labor in a competitive labor market but to be the sole 

seller of its differentiated product. This makes each firm a price taker in the input market 

and a price setter in its output market. The existence of market power, however, 

complicates our analysis because we eventually wish to evaluate the welfare 

consequences of alternative monetary policy rules through their effects on the 

representative household's utility function. Doing so requires the use of a linear 

approximation (to the utility function) that is valid only in the neighborhood of the social 

optimum (see Woodford, 2003). Hence to offset the distortion arising under 

monopolistic competition, we assume that the government uses a production subsidy ( r ) 

set in such a way that in the steady state the net markup is zero (see Rotemberg and 

Woodford, 1997 and 1999, and Smets and Wouters, 2002).22 

22 Despite using a subsidy that is optimal from the point of view of the steady state subsidy rate, some 
overall distortion may arise period to period due to fact that the distortions arising from tax incidence and 
market power may be dependent on the size of the shocks realized each period. This period-specific 
distortion is assumed to be of second order. 
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The firm then chooses the employment level, Nt (i), and the selling price, P#,(/), 

that will maximize its expected profits subject to its production technology and demand 

function. With the ability to recontract in the labor market each period, firm i will choose 

the quantity of Nt (/) each period that minimizes the input cost of producing any level of 

output. That is, 

mm 
Nt(i) 

p Nt Q) + (pH,t (j){Yt ( 0 - AtNt (/)), (2.40) 

where the Lagrangian multiplier becomes,q>Hf (i), the firm's real marginal cost of 

production (inclusive of the subsidy). The first order condition for Nt(i) is then 

g>H>t{i) = Wt{i)l AtPH t. Notice that because all firms exhibit the same constant returns to 

scale technology, the real marginal cost for each firm is the same and is independent of 

its individual output level. This, together with equal availability of labor supplies and 

perfectly competitive labor markets, means that we can rewrite the first order condition 

without each firm specific index and derive the following representation of each firm's 

marginal cost, 

W 
V*'=-7j- ( 2 4 1 ) 

Turning next to the firm's optimal pricing decision, we add price stickiness by 

following Calvo (1983), as later adapted for price indexation by Christiano et al. (2001)23. 

23 Christiano et al. (2001) consider two specifications for how indexation can affect the firm that cannot 
reset its price each period. The first specification has Pit = IIP; M , where IT is the steady state, gross 
inflation rate (see also Erceg, Henderson and Levin, 2000 and Yun, 1996). Christiano et al refer to this case 
as static price updating. The second specification setsPrt = I I M P i i M a n d is called dynamic price 
updating. The latter specification is motivated in part by claims that the former does not generate sufficient 
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In Calvo's model, a random fraction, l - o , of all firms will receive each period a signal 

that allows them to adjust their price. The remaining fraction,©, must keep their 

previously set price fixed. Christiano et al (2001) modify this to allow the fraction, a>, 

who cannot reset their price this period to index it to last period's inflation rate. We 

assume that the degree to which these firms can index their price is 8. 

Under this price setting strategy, firm i with the opportunity to set a new price this 

period will choose the price that solves the following maximization problem, 

max £ m kEt (Qu+k )[(1 + z)Pn
H t (XHJk f Yt+k (/) - <pHMkPH,t+kYt+k (/)], (2.42) 

ptr,t0) k^0 

subject to its demand function, Yt+k (i) = CHJ+k (i) + C*Ht+k (i), Here the stochastic discount 

factor,QtMk, given in (2.25) as pkEt(Pt I P^JXink I'Xu\CtJCt)~
a, is used to compute 

the real value in period t of a unit of a good produced in period t + k. 

The solution to (2.42) is the new price, i^,(z), that will be chosen by firm /' when 

it gets the opportunity to adjust its price. Since all firms face the same cost and demand 

conditions, each will pick the same new price so that we can drop the individual subscript 

/ and writeP^t(i) = P^t. In addition, we use(XHtf.)
5to stand for the price indexation 

P P P P 
rule whereX H #=—^-—^—^^- -JLiLsL for k>\, otherwise,XHA = 1 and 

where 5 e [o,l] denotes the degree of price indexation. Thus when 8 = 1, all firms' 

prices are fully indexed and when 8 = 0, no prices are indexed. 

inertia in inflation (see Fuhrer and Moore, 1995, and Gali and Gertler, 1999). We adopt the second 
specification. 
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Using (2.10) and (2.33) and incorporating price indexation, the demand functions 

for each Yt+k (i) can be written as a function of aggregate domestic output. That is 

yt+k(o= P 
\ rH,t+k J 

l+k, (2.43) 

whQrePHt+k(i) = P£t(i)XHtk -PHJ-^H^
 w * m probability wk' and where aggregate 

output Yt+k = CHJ+k 
+ ^H,t+k • 

Substituting (2.43) into (2.42), and then differentiating (2.42) with respect to P^t 

gives the following first order condition for an internal optimum, 

P" e \^t A f r _ f ( 0 P ) Zt+k^t+k ^ t+k "t+k PH,t+k ^H,tk PH.I 

X0-W + T). 

t+k (2.44) 
^t / ,k-t (®P) Zt+k^t+k * t+k "t+k "n,t+k X-H,tk 

Equation (2.44) implies that the new nominal price picked by firm / in period t 

will be a markup, 0/(0-1), over expected future nominal marginal cost. Because the 

firm is forward looking (given the previous pricing decisions made by the firm's rivals as 

embodied inPH(_j), optimal price setting requires an inflation forecast and a set of 

predetermined prices to inform the firm's current price decision. 

In the special case where a = 0, all firms can adjust their price each period. This 

implies that prices are perfectly flexible so that (2.44) collapses to 

P" f n \ 
H,t 

3r, 
e 

WHA • 
.(0-rKi+r), 

In each period each firm sets its new money price so that its relative price is equal 

to a constant markup (inclusive of the subsidy) over its real marginal cost. This is 
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standard optimizing behavior under the monopolistic competition. Under the assumption 

that the optimal subsidy is chosen by the government, t = [&1(9 -1 ) ] -1 so that 

^tit^B,t ~ ^ff,f»*e' P ric e equals marginal cost. 

Applying the optimal subsidy to the general case we find 

„ „ _ t2-tk=r&P' %t+k^t+k *t+k"t+k ' "a,t+k ^H,tk <PlJ,t+k ,- . . . 

H,t ~ ETX (<DBY-{ v C ~aY P ~XP ^X ^ ' 
' Z-4k=t ^V) At+k^t+k 1t+krHk rH,Hk ^H,tk 

2.4 Import Pricing Behavior 

In a small open economy when assets markets are incomplete and inhabitants 

cannot insure themselves perfectly from foreign shocks, the exchange rate (nominal, real 

or both) becomes an important endogenous variable and one that the monetary authority 

may need to take into account when setting policy. To understand the exchange rate's 

impact on the open economy one needs to know exactly how changes in the exchange 

rate will affect the domestic price of imports, that is, how exchange rate changes pass-

through into domestic prices. In the literature there are two extreme hypotheses. First, 

foreign producers (exporters) could set their export good price optimally in terms of their 

own (foreign) currency and then simply translate set the small open economy price into 

domestic currency by the exchange rate. Here the import good price in the domestic 

market is set as PFt(z) = stPFf(z). This is called producer currency pricing (PCP) and 

implies that the exchange rate elasticity is one and exchange rate pass-through is 

complete in the short run. On the other hand, foreign producers could set their export 

good price directly in terms domestic currency in relation to the demand conditions faced 
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there. This is called local currency pricing, LCP, (or pricing to market, PTM,) and 

implies that in the short run, the elasticity of the foreign export good price with respect to 

the exchange rate will be zero. 

Note that while the degree of exchange rate pass-through into domestic price is to 

some extent related to pricing method used by the firm, it is not the only factor. Another 

key determinant of the degree of exchange rate pass through is whether there are costs of 

adjustment that lead to sticky prices in the destination market. For example, even if the 

foreign exporter used PCP in setting its price, but the domestic economy had a bylaw 

requiring all firms (domestic or foreign firms) to keep their prices fixed for one entire 

period, then the elasticity of the import price with respect to the exchange rate in the short 

run would be zero rather than one under PCP. Similarly if the foreign exporter used LCP 

to set its price, but the domestic economy required all firms to reset their price each 

period, then the elasticity of price with respect to the exchange rate in the short run would 

be one rather than zero even under LCP pricing. This is because the foreign firm will set 

its price ex ante to satisfy the law of one price even when using LCP. In this sense it is 

misleading to directly relate PCP and LCP to the exchange rate pass-through without 

recognizing the imposition of additional conditions.24 Strictly speaking, PCP in 

combination with local currency flexible prices results in complete exchange rate pass-

through, while LCP in combination with local currency price stickiness is needed to 

generate incomplete (zero in the limit) exchange rate pass-through (see Lane, 2001). As 

Lane (2001) argues that because local-currency sticky prices or destination market rigidities are a key 
ingredient in incomplete pass-through, LCP is a mislabeling since LCP refers strictly to the ability of firms 
to choose optimally different prices for different markets. However, the term is now commonly used in the 
literature. 
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might be expected, the empirical evidence suggests that actual exchange rate pass 

through will fall somewhere between zero and one.25 

To model incomplete pass-through, we consider a representative importer who 

imports a representative differentiated import good z at the cost stPFt (z). The importer 

is then allowed to change the domestic price if it wishes, but can do so only by incurring 

a quadratic adjustment cost. Following Rotemburg (1982) and Laxton and Pesenti (2003), 

the adjustment cost (per dollar sold) is defined as 

V 

w 2 

PFy(z)/PF,_l(z) i (2.46) 

where coM > 0, scales the magnitude of the price adjustment cost as a function of its rate 

of change. In (2.46), the adjustment cost rises as the importer's specific inflation rate 

rises relative to some fraction, 5, of the past inflation rate experienced by the import 

good sector as a whole. Here the S allows for some quasi-automatic price adjustment 

process equivalent to the feature of indexation allowed for under Calvo pricing. In terms 

of its contribution to the analysis, the 8 allows the model to capture the nominal inertia 

appearing empirically in inflation dynamics.26 Lastly, just as was the case for domestic 

25 See Goldberg and Knetter (1997) who find that the degree of pass-through in international prices over a 
year is typically around 0.5. Campa and Goldberg (2002) estimate exchange rate pass-through for a range 
of OECD countries using the simple versions of PCP and LCP hypothesis and find that degree of pass-
through is less than one but greater than zero in the short run and becomes complete only in the long-run. 
Choudhri et al (2005) develop a small economy model that nests PCP and LCP as special cases and 
estimate the degree of exchange rate pass-through for five price indexes for non-U. S. G-countries. They 
find that exchange rate pass-through to consumer prices and wages is low in the short run and near zero in 
the first quarter. The pass-through to export and import prices is larger but still incomplete in the short rua 
The first quarter values range from about a fourth for export prices to roughly a half for import prices. 
26 The adjustment cost can be specified differently. For example, a variant of this specification relates 
changes in the importer's price inflation rate to a steady state gross inflation rate, IT > 1 instead of the last 
period of inflation rate, ACM t = coMX [PF t (z) ITIPF M (z) - 1 ) / 2 , and alternative versions add both 
the steady state II and the lagged inflation rate to the quadratic adjustment cost term, 
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goods, the fact that the importer has market power means that the government will set an 

optimal subsidy, rM, to induce the efficient level of output. Then because we have 

assumed that the elasticities of substitution among each variety of domestic and import 

goods are both equal to#, the optimal subsidy rates will also be equal. That is, 

T = TM =1/ (0-1) . 

Hence facing this price adjustment cost, the representative importer will set its 

price PFt"(z) by solving the following maximization problem subject to the downward 

sloping demand function that it faces, 

maxii,2^Qt,t+k |0 + TM)^F,t+k (z) ~ st^F,t+k (z)<pF,t+k (z) ~ dCMt+kPKt+kCF>t+k, 
k=0 

where 

QvO) = p r 
^F,t • 

The first order condition for PF" (z) is 

(l-fll + ̂ / % ^ cF,+e 
FJ ) 

P 
*A,>) c F,t 

CO M 
P,,XZ)'PF^) t 

W ' "F,t-2 ) 

+ &M0 

= 0 

P, Xx, (+1 rc w 
"t+\ Xu 

t+\ 

V Ct J 

PF^VPFM [ 

(p IP y 
V F,t ' FJ-\ / 

F,t 

P C 
** F,t^F,t 

PF^VJPFA^2 

(P jp y~ 
V F,t-\ ' ± F,t-2 I 

P C 
1 F,M F,t+\ 

ACM, = coux(PFt(z)IUPF^(z)-1)2 /2 + coM2{[PFJ(z)IPF^(z)]f(PF^ IPFJ_2) -1)2 /2. 

See Ireland 2001 and 2003 for details. 
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Note that our use of a representative importer implies that all retailers will be 

identical and hence make exactly same decision in a symmetric equilibrium. The 

following relationship must then hold in equilibrium, PF t(z) = PFt. Using this, the first 

order condition above simplifies to 

( i - * X i + 0 + ^ % ^ - m M 

+ ®MP 
Pt Xi,, 

n F,t 

(nF,J I(n^H) 
n F,t 

t+l 

"t+\ Xu 

c N-l 

KC*J 

^ c 
, (2.47) 

F,t+\ 

c 
= 0 

where n ^ , = PF t IPPt_x denotes the gross inflation rate of import prices and where 

symmetry again produces YlFt{z) = Tlpt. In the special case where mM = 0 , (2.47) 

collapses to 

6 
(! + *M )PF,t (2) = ^—'stPF,t (z) a"d implies PFt (z) = stPFt (z), (2.48) 

when the optimal subsidy is set. 

2.5 Steady State Equilibrium 

The steady-state equilibrium is the equilibrium that will arise in the absence of all 

shocks when all prices are completely flexible and when the exogenous variables, 

including foreign output, price and interest rate are given as constants (or change at a 

given constant rate). Here we focus on the special case of a steady-state inflation rate of 

zero. Given that the government imposes optimal output subsidies and in the absence of 

any other distortions, our steady-state will correspond to a social optimum. It is about 

these optimal steady state values that we log-linearize the model to describe its motion 
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out of equilibrium. To designate the steady state value of a variable, we use a bar over the 

variable and drop the time subscript. 

In the steady state, all variables such as consumption, output, real balances, etc., 

must satisfy: the first-order conditions for the representative household; the profit-

maximizing conditions for the firm and importers; the various budget constraints faced by 

the household, firm and government; and the market clearing conditions. 

Beginning with the government budget constraint in (2.23), a zero inflation steady 

state implies that the money stock will be constant in the steady state. Using our earlier 

finding that T = rm, (2.23) can now be rewritten as TPY + TPFCF—M-M + T or 

tPY + TPFCF - T . The subsidy paid to firms and importers in the steady state exactly 

equals the lump-sum tax revenue collected from household. 

Next we turn to the representative household's budget constraint in (2.21) and 

express it in the steady state as 

PC +M + (l/(\ + J))B +sB"([/(l + r)Qxp(-bNFA + l n ^ 2 ) ) + f 

= J' N(i)W(i)di + f D(i)di + J1 D (z) dz +M+B+sB* 

where l + i-R21, and l + i*=R*. Integrating over all individuals and simplifying, 

yields 

PC-PJ = (I/(1 + T))B + TPHY + TPFCF -T 
-*,H _i ^ H x " (2.49) 

- sB (l /(l + i ) exv(-bNFA + In%2))+ sB . 

It will be shown shortly that in the steady state the interest rate / will equal (1 - /?) / B. 
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where we have simplified (2.49), using the condition that the use of government subsidies 

to induce production efficiency implies that price equals marginal cost in the steady state 

so that 

l^NWmjdi = {[pH(i)Y(i)di]di = PHY, with 

^D(i)di = rPHY, and ^D(z)dz = iPFCF. 

Equation (2.49) can be further simplified by noting first that the government 

budget constraint implies that rPY +TPFCF -T = 0. Next since domestic bonds cannot 

be traded internationally, B = 0 in the steady state.28 Finally, with the same production 

technology Pt, PHt, and PFt all become equal in the steady state so that the steady state 

values of the terms of trade, st, the nominal exchange rate, et, and the real exchange 

rate, qt, are all equal to one. Using all these conditions, (2.49) then reduces to 

P(C - F) = -sB*(l/(l + T)exv(-bNFA))+ sB* (2.50) 

where In x2 - 0 • 

If we use EX to represent exports and IM imports, the national income identity for 

any small open economy can be written as Y = C +1+ G + EX - IM. Because our 

model has neither investment, / , nor government expenditure, G, the identity reduces in 

our case toY-C = EX-IM = CA, where CA denotes the size of the current account 

andCA > 0 implies that the CA is in surplus. When the country sells more to the rest of 

the world than it purchases, the home country will accumulate assets from the rest of the 

world. By assumption, our domestic households do not hold foreign currencies, so the 

28 Even more strongly, since households behave identically, net domestic bonds must be zero each period 
so that Bt = 0. 
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capital account deficit that is required to offset the current account surplus corresponds to 

the domestic country's accumulation of foreign bonds. It follows, then, that (2.50) 

reflects the steady state version of the balance of payments condition that must hold for 

this economy at each point time. 

From (2.50) it is apparent that for C = Y, NFAt must be zero in the steady state. 

At present, however, the analysis does not seem to have enough structure to require either 

C = Y or NFA = 0. In the paragraph below we illustrate how the earlier modeling 

assumptions do imply the additional constraints needed to generate this special steady 

state result. 

In the steady state, consumption must remain constant. Therefore, from the Euler 

condition in (2.25) for the household's optimal intertemporal allocation of consumption, 

we see that in the steady state C~a =/?(l + ?')(l/l + ;f)C~0', where %-\. Because our 

steady state is one in which W - 0, the steady state value of the nominal (and real) 

interest rate then becomes /' =(1-/?) / /? or R=l/j3. That is, without capital in the 

model, the steady state rate of interest is determined by time preference alone. Next, if 

we use the Euler equation for the rest of the world (from (2.37)), we can see that in its 

zero inflation steady state that i* =Q.-0*)/0* or R* -\lfi*. If we now use the 

alternative domestic Euler equation from (2.26) that permits domestic households to 

borrow and lend the foreign bond, we obtain the steady state relationship, 

exp(-bNFA) = l/0*. This illustrates that if 0* =1, then NFA=0; otherwise 

NFA •£ 0. Lastly if we link together the steady state versions of the three Euler 

equations immediately above, we can also see that if/? = /?*, then R = \l/? = 1//?* =R*, 
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and NFA = 0. It follows that our earlier assumption that foreign households have the 

same utility function as domestic households (except for the domestic taste shock) 

imposes jB = jB* and so implies NFA = 0 and hence C = Y as a steady state condition. 

Otherwise, the position of NFB in the steady state will be positive or negative depending 

on whether we begin with R -II p greater or less thani?* =\l/?*. The assumption 

that/? = /?* is made for convenience so that NFAt = 0 in the steady state. 

The optimality condition for money holdings relative to consumption in (2.27) 

can now be written for the steady state as m~? = C~a(/' /1 + z"). Using / = (1 - /?)/(3 this 

implies that 

m=?L= ——Ya . (2.51) 

Equation (2.51) states that real money balances in steady state are positively 

related to the steady-state output level and negatively related to the opportunity cost of 

holding money. Note that while money is neutral in the steady state, M and P are not 

separately determined by (2.51). Given one, the other is determined. 

The steady state condition for the optimal leisure and consumption tradeoff is 

given by equation (2.28), that is, N(i)p /C~a =W(i)lP. Then using 

Yt =Yt(i){PHt(i)/PHtJ in the production function we can obtain 

N(i) ^yPnii)/' PH) YI A = Y IA , where the latter equality arises since all firms will pick 

the same price in the steady state so thatPH (i) = PH. Next we can use (2.41) to get 

lpH (i)A = W(i)l PH. As argued before the index i can be dropped from the real marginal 
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cost, i.e., (pH{i) = q>H, since all firms face identical production functions and market 

conditions. Then using (2.45) which will hold in the steady state, real marginal cost can 

be written as lpH = [(1 + T)(0- V)I6\PH" IPH). Given our assumptions about the form of 

the productivity shock, A = \. Combining all these relationships, the intratemporal 

optimality condition for leisure and consumption in the steady state can be written as 

C 
/ ' f V 

v4y P I 9 

fn » V n A 

\PH J K? J 

Using C =Y, A=\, and PH" =PH = P , it can be further to become 

Y = 
'(l + t)(9-l) 

9 
a+/j 

(2.52) 

Equation (2.52) indicates that output level in steady state is affected by the 

following factors. First, increases in the degree of producer market power would decrease 

output further below the competitive level. That is, absent subsidies, the socially optimal 

level is approached only as 9 goes to infinity. Second, in our model the steady state 

output is affected by the size of the output subsidy received by firms. When % is set 

optimally so that (l + r%9-l)/9 = 1, the subsidy counters fully the degree of monopoly 

power existing in the steady state and the level of output in steady state equals 1. Finally, 

steady state output is also affected by the elasticity of marginal disutility of labor, ft, and 

the intertemporal elasticity of substitution in consumption, Ma. Invoking the 

assumption of the optimal subsidy made earlier, we find that 7 = 1 . 
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2.6 The New Keynesian Phillips Curve 

Returning to equation (2,44), we must now recognize that only the fraction 1 - a of 

all firms have the opportunity to set a new price decision at time t. The remainders have 

their previous price indexed to the inflation rate. This means that the domestic price level 

index will evolve according to the following indexation rule, 

PB"=Q-*MJ'*+*P**y~ 
r p \s(l-0) 

p 

Dividing this by '(PH t) , we obtain 

l = ( l - 0 ) 
rH,t 

P + 0) 

\so-0) 
-* H,l-l 

P 
r P ^ 

rH,t 

P 

Defining Gt=P^t/PHt and log-linearizing this relative price around the zero 

inflation rate steady-state, we derive the following expression, 

(\-0){G)^Gt = ^ ^ ^ 0 1 ^ - ^ 1 ^ ) , 

where Gt stands for the log deviation ofGt from its steady-state value, G , i.e., 

Gt = logG, IG . Since G = 1 and IT = 1 under the zero steady state inflation condition, 

this expression can be simplified to 

(D 
(2.53) 

where flHt = l o g ( n ^ /n)=-logn f f i ( = \og(PH tIPH ,,_•) = PHJ -•?*.,_, is log deviation of 

gross inflation rate from its steady state. To approximate (2.44) around the zero inflation 

steady state, we first rewrite (2.44) as 

file:///so-0
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E^impf Xt+kC-t:jMGt 
fR,Y(P, 

k=0 

t+k H,t+k 

V PH,t J 
\XH,tk) 

M\-9) 

e 
(0-l)(l-r) '& 

£(ZW^XXt 

rn v V n V+1 
(2.54) 

t+k 

KP< J 

H,t+k 

P 
V rH,t J 

V^H,tk) 
se 

<Pm t+k 

Then first log-linearizing the left-hand side of (2.54) around the steady-state values, we 

obtain 

*=0 

PY(K <v yo-e) E&ioP)1XC^YG ±~ \^-\{xH) 
KPJ VPH 

1 + Zt+k - oCt+k + Yt+k +Gt- {Pt+k - Pt) 

+e{K,t+k ~pH,)+8{\-e){pH^ -PH,_)_ 

Next log-linearizing the right-hand side of (2.54) similarly yields 

9 

(0-1)0-*) 'f 
Et±(oPfxC-f{^\ X{^\\xBY"q>E 

P • H 

"i+*«* ~oct+k +ft+k ~(Pt+k -p)+(e+\){pHt+k ~PHJ) 

-W(PHj+k-X-PH,t-l)+t>H ,t+k 

Equating the above two equations, and canceling the terms that appear on both sides 

gives 

Gt -<SrVM +PHJ ={\-wP)Et±{®P)k{vHMk +PHJ+k -SP^). 
<t=o 

This equation can be rewritten as 

Gt ~ 5PHJ^ + PH,t = (1 - affirm + PBJt - 5PB^)+ *P{GM ~ 5PH,t + PH,M) 

Substituting (2.53) into it, one obtains the New Keynesian Phillip's curve, 

tl"'=\h~sK-'+Ttl5E'tl-"-+ri'-' (2.55) 
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where y = — — . Note that g>H, is marginal cost defined in terms of the price 

index PHJ that corresponds to the bundle of domestically produced goods. 

Equation (2.55) indicates that (the log deviation of) domestic inflation depends 

on both past and expected future inflation rates and the current real marginal cost.29 The 

latter is itself a function of output, foreign output, productivity shock, and the preference 

shock to the disutility of work. When indexation is not possible so that£ = 0, the current 

Phillips curve reverts to the purely forward-looking Phillips curve standard in the 

literature, in which current inflation depends only on expected future inflation and current 

real marginal cost so that domestic inflation is independent of its history. Then as 8 rises 

above zero to approach one, the weight given to past inflation rises and the weight given 

to expected future inflation falls. In this sense, the degree of indexation determines how 

backward looking the inflation process is. Finally, the effect of the real marginal cost on 

inflation mainly depends on the degree of price stickiness. In the extreme case where the 

price is completely fixed, i.e., a = 1, then y = Oand current real marginal cost has no 

effect on the current inflation rate at all. 

If we now log-linearize import prices in (2.47) around their steady state value, we 

find that the inflation rate adjustment process for import good prices has the same general 

form as that derived for domestic good price inflation above. That is, 

Equation (2.57) is written in terms of the log deviation from the steady state, but since the steady state 

rate of inflation is assumed to be equal to zero, TlH •= 7VHt — \PH, - PHJ-\ )l PHJ-X
 a n ( l 

YVH M = 7UH t_x etc. Note that when the steady state rate of inflation is not zero, the log deviation is not 

the same thing as the actual inflation rate. 
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ft^ = TT^^ +JL-EtTlFMl +-±±-fet +PF; -pj. (2.56) 
l + po l + po a>M(l + po) 

Note that the lagged term, n F W , appears because our specification of the 

adjustment cost incorporates the past inflation rate. Hence when 5 = 0, the adjustment 

cost becomes ACM>t = ©M(PF((z)/JPFM(z)-l)2/2 and the lagged inflation term will 

disappear. Finally, the last term in (2.56) captures incomplete pass-through as the log 

deviation of (the domestic price equivalent of) the world price from the actual domestic 

price of imports. Following Monacelli (2003), we call this the law of one price gap. If we 

then define *P( = stPFt /PFJ so that x¥t = st +PF>t ~Pp,t> t n e n (2-56) can be rewritten as 

8 B - 0 - 1 -
nF=-^—UFtl+—^—EtUFM+ — Wt. (2.57) 

FJ i+ps FJ~l \+pd f F'M &M(\+ps) ' y J 

2.7 The IS Equation 

To derive the IS equation we begin with the market clearing condition in the goods 

markets. Because part of the output produced by domestic firms is allocated to the home 

consumers and part is exported to the rest of the world, the condition for market clearing 

in good market i is Yt(i) = CHt(i) + C*Ht(i). Applying (2.10), (2.18), (2.33) and (2.36), 

Yt(i) can be written as 

Yt(j) p o-«x^Lrcf+a,(%rc; 
Pt etPt 

(2.58) 

Equation (2.58) expresses Yt(i) as a function of Ct and C*, where we have used 

the assumption that domestic exporters use producer currency pricing (PCP) so that in 
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foreign currency the law of one price holds, that is, PH t (i) - stPH t (/')* • To further 

simplify (2.58) we next use the definition,7, = \^(Yt(i))
{e~x)iedi 

ei{e-\) 

. Plugging (2.58) 

into this definition of Yt yields 

Yt = (i-«x^rc(+a'(%)-'c; 
p, stPt 

P 
\ rH,t J 

di (2.59) 

Applying the definition of PHt, that is, PHt = {PHM~edi 
1/(1-0) 

equation 

(2.59) can be written as 30 

Yt=(l-a) 
yPt J 

Ct+a 
f PH,t ' 

\etfj 
Q*. (2.60) 

As was the case for the domestic economy, the consumer price index in the rest of 

the world is defined as i ? =[( l -a*X^. , ) 1 - 7 +a\P*tf-'
!fKl~~',\ Next recall that we 

have assumed that a*»0 so that P* = P^t and multiplying by st, we find 

etP* = stPpt. Using this in (2.60) allows Yt to be written in terms of domestic prices 

alone. If we then use the definition of the terms of trade, st -PFjIPHt, to simplify 

equation (2.60), the following expression is obtained, 

Yt=(l-a) 
(v V 

H,t 

KZ J 
Ct+a(sXyc;. 

Log-linearizing this equation around the steady state, withPHi =Pt, st = 1, and *¥t = 1 

we obtain 

30 Comparing equations (2.60) and (2.58) we see that Yt = Yt {i)\PH t {i)IPHt J 

file:///etfj
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Yt={\-a\rj{Pt - £ r , ) + C , ] + 4 & + f & + C/ ) , (2.61) 

where to derive (2.61) used the balanced trade condition that holds in the steady state, so 

thattf*C * = aC , and also the condition that the law of one price holds in the steady state 

for import goods. Since the consumer price index is defined as 

Pt - [(l - a)P^n
t •+ cxPp'f J , if log-linearizing it around the steady state with 

p
H,t = PF,t w e find 

Pt-PBJt=mt. (2.62) 

Plugging (2.62) into (2.61) yields 

Yt=(l- a)Ct + atj(2 - a)st + arj% + aCf\ (2.63) 

Next, we know that the real exchange rate can be written as 

F P* s P * P 
Ht Pt Pt ' ' Pt 

and log-linearizing this about its steady state yields, 

qt=st+%+PHit-Pt. 

Plugging (2.62) into this gives 

qt=%+(l-a)st. (2.64) 

Equation (2.64) shows that there are two reasons for the log deviation of the real 

exchange rate from its steady state value in which purchasing power parity will hold: the 

first is incomplete exchange rate pass-through~the log deviation of import goods price 

from the law of one price, Wt; and the second is the difference in consumption 

commodity baskets between the home economy and the rest of the world. This deviation 

is eliminated only when a = 1, which implies that the small open economy is completely 
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open and domestic households consume exactly the same goods as foreign consumers. 

Rewriting (2.64) in terms of st, 

$,=—-($,-%,). (2.65) 

Substituting (2.65) into (2.63), using C* »Y*, yields 

t, = (l-*fc + ™>£j!>l -^-% +at;, (2.66) 
1-of \-a 

or rewritten slightly differently, 

1 f arj(2-a)* [ ay ^ a_ 

\-a ' (1-or)2 q' (l-a)2 ' \-a 
Lt = ; — Z Y t —7,—ZITlt + 7i—irr™ ~;—ZY t • ( 2 6 7 ) 

Equation (2.67) shows that the log deviation of consumption from its steady state 

is positively related to the log deviation of domestic output and negatively related to the 

log deviation of foreign output. In addition, a rise in the log deviation of the real 

exchange rate (a depreciation of the home currency) decreases the log deviation of 

domestic consumption. Similarly a rise in the gap of the law of one price increases the 

log deviation of domestic consumption. Note that when a = 0 (meaning the home 

economy is a closed economy), the log deviation of consumption from its steady state is 

completely explained by the log deviation of output. 

Recall from (2.25) that the first order condition for consumption intertemporally is 

Ct
a=pRtEt{PtIPM^cu+Jx\t)Pt^a- Log-linearizing this around the zero inflation 

steady state results in Ct = EtCt+l -(l/a^Rt -EtTlt+1 )-{\la)Et^X\t+\ • Then using (2.67) 

to eliminate Ct yields the goods market or IS relationship 
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a \-a . (2.68) 

+ ^ ^ ^ A T / + 1 - a E f A C - i - i l ^ ^ u . . 

From (2.62) and (2.64) we derive the following expression, 

n,+1 = i W , + {a /(l - a))AqM - (a /(l - aj)A%+l, (2.69) 

and using (2.69) to replace TiM we can rewrite (2.68) in terms of producer prices to 

obtain 

f, =EfM -l=«fe -£,nw)-g [ O T ? ( 2-Q : );a-"£,AjM 
a(l~a) . (2.70) 

a{\ -a) a 

Equation (2.70) then states that the log deviation of the domestic output from its 

steady state depends upon the following six factors. First, it depends positively on the 

future expected (log) deviation of domestic output. Second, it depends negatively on the 

deviation of the real interest rate from its steady state value. Third, it depends negatively 

on the expected change in the log deviation of the real exchange rate from its steady state 

value. The fourth factor arises from the fact the law of one price does not hold for 

imported goods in the short run. Thus an expected increase in the gap of the law of one 

price affects domestic output positively. Fifth, as a small open economy, the demand for 

domestic output is affected by the world economy. Finally, log deviation of the domestic 

output can be affected by shocks changing the preference weighting given to future 

versus present consumption. This effect is positive for contemporaneous temporary 

shocks to consumption. 
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2.8 The LM Equation 

For convenience, we rewrite (2.27) as (mt)~
?Rt =C~axlt(Rt

 _ 0 ' w n e r e 

mt = Mt IPt. Then evaluating it in steady state yields 

(m)'R = Cax(R-l). (2.71) 

Log-linearizing (2.27) around this steady-state we obtain 

{m)-<R^-gmt+Rt) 

= C^R%l{l-oCt+Rt+ziyC^x^-aCt+xu) 

Using (2.71) first to eliminate the l's from the equation and reorganizing common terms 

yields 

m-<R{-ght +Rt)=C°xXR-ll-oCt +xu)+C^xM- (2-72) 

Then using (2.71) again in (2.72) to divide out common terms, we obtain 

mt = {\lg){aC-{\l{R-\))Rt - £ , ] . (2.73) 

Next using (2.67) to substitute for Ct in (2.73) gives us 

m, Y. —-r-—xR. ^-qt 

g{\-a) rfl-/?) g{\-af 

g(\-af g $Q-cc) 

where m, =Mt-Pt and where J - (1 - P)I/? and R = \ + J = \l fi. Equation (2.74) then 

indicates that the log deviation of real money demand from its steady state varies directly 

with the corresponding deviations in domestic output and the size of the gap in the law of 

one price and inversely with the corresponding deviations in the domestic interest rate, 

the real exchange rate, the preference shock to consumption, and foreign output. 
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2.9 The evolution of the Real Exchange Rate and Net Foreign Assets 

The dynamic process describing the movement of the real exchange rate can be 

derived from "the consumption risk sharing condition"31, obtained by equating the 

domestic consumption Euler equation in (2.26) with the foreign consumption Euler 

equation in (2.37).32 After simplifying, "the consumption risk-sharing condition" can be 

written as 

f O -a 

V C , 
exp(-bNFAt+In x2t)Et 

(„ \( r * \ 
it+\ 

\Vt j 

ct 

\CM j 
(2.75) 

As discussed earlier, the steady state value of the net foreign asset can be a 

positive, negative number, or zero depending upon the assumptions about steady state 

values of the domestic and world interest rate. In our work we have used the assumption 

that P = p* to derive R = R*md NFA = 0. Nevertheless, a steady state value of zero for 

net foreign assets creates a difficulty for log-linearization. Hence to avoid the problem of 

dividing by a steady state value of zero, we first totally differentiate (2.75) around the 

steady state value,33 and then rearrange terms to obtain 

CM - C , = -(qM -qt) + CM* -C; -~NFAt - I f 2 , (2.76) 
a a a 

where NFAt is treated as a variable so that dNFAt = NFAt - NFA = NFAt, and the 

following conditions have been used: CM/Ct=\, Ct+l ICt = 1 , qMlqt~\, 

31 Note that the domestic household's consumption risks are not really shared with the foreign households 
since the financial markets are assumed to be incomplete. 
^Alternatively the dynamics of the real exchange rate can be derived from (2.29), the uncovered interest 
parity condition. Totally differentiating (2.29) around the steady state we find 

qt =EtqM - ( l - a ) ( A -EtUHM) + (l-a)(R; -EtflM*) 

+ a(% - Et%,) - (1 - a)bNFAt + (1 - a)x2t 
331 would like to thank Malin Adolfson who introduced me to this method for solving this problem. 
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Xu+i l~X\t -1 •> an& Xit -1. Next using (2.67), and Ct - Yt in (2.76) to eliminate Ct and 

Ct yields 

4t = ^ + i + , <Xt ~ EtYM ) ^ — ^ (7, - £,7(+1 ) 
0 0 

2 2 » ( 2 7 7 ) 

^ <p <p 

where ^ = [a(2 - ar)(o"77 -1) +1]. Equation (2.77) tells us that the deviation of the real 

exchange rate from its steady state value increases directly with its expected future value. 

Secondly, positive current deviations in domestic and foreign output (relative to 

expected) change the real exchange rate in the opposite direction. Thirdly, import price 

stickiness also leads the real exchange rate to deviate from its steady state value. Here the 

stickier is the current price of imports, the larger is the deviation in the real exchange rate. 

Incomplete asset markets also affect real exchange rates with foreign asset accumulation 

reducing the deviation in the real exchange rate. Finally, the consumption taste shock and 

the shock to the risk premium will also produce opposing deviations in the real exchange 

rate from its steady state value. 

Next we derive the equation of motion for net foreign assets. With incomplete 

pass-through and imperfect asset markets, domestic consumption will rarely equal its 

production and the current account balance not always equal zero. Nevertheless, a 

country's current account balance must equal the change in its net holding of foreign 

assets, that is, 

n * 

PHtYt-PtCt=— ^ etBt* . (2.78) 
Rt exp(-bNFAt+lnx2t) 

Dividing both sides of (2.78) by Pt and using the definition of NFAt gives us 
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—Yt ~Ct=— NFAt ~NFAt xPt x IPt 

P, R;exp(-bNFAt+\n%2t) 

Totally differentiating it about its steady state values (to again avoid the problem of 

dividing by zero) yields 

P P2 H P ' ' R 
J^-Y-=^PHY+^M-dYt-dCt ==^P^-dNFAt_1P/P 

where the zero steady state value of NFAt has been used again. Rewriting it by applying 

other steady state conditions specifying earlier we obtain 

4 , -p
t +t -C* =NFAt/R*-NFAt_K 

From (2.62) and (2.64) we obtain PHt -Pt = (a /(l - a)y¥t -(al(\-a))qt. Using this 

and (2.67) we have 

0NFAt -NFA^ = - -% -qt+7t 

(1-a) (1-a) 

{(\-a) (1-a)2 (1-a)2 (1-a) J 

where 0 = IIR*. Collecting common terms and rearranging it yields 

NFAt = ±NFAt x °—ft + ^(2-cc) + a-l] 
0 M 00.-a) ' 0(1-af 

a(Tj + a-l)x^ [ a ^« 

0(1-a)2 ( 0(1-a) ' 

From equation (2.79) we see that the net foreign asset position is positively related 

to its previous (lagged) value, which implies that the country's net foreign asset position 

will be characterized by positive persistence. In addition, the log deviation of the 

domestic output has a negative effect on the net foreign asset position. It initially seemed 

puzzling. However to understand full effect of output in the equation, we must examine 
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the effect of the real exchange rate through equation (2,77). There we find that the log 

deviation of the real exchange rate is positively related to the output. Hence when we 

substitute (2.77) back into (2.79), the combined effect of a positive deviation in domestic 

output if found to be positive in its overall effect on the net foreign asset position. The 

same argument is applicable to foreign output but in the opposite direction. As expected, 

the real exchange rate effect itself is positively related to the net foreign asset position. 

The reason is that when the real exchange rate goes up, (domestic currency depreciates), 

imported goods become more expensive relative to the domestic goods and expenditure 

switching into domestic goods occurs. The law of one price gap, *F(, works in the 

opposite direction. The bigger that gap, the greater the demand for imported goods and 

hence the smaller will be the net foreign assets accumulated. 

2.10 Rewriting the Equations of Motion in terms of Efficiency Gaps 

Until now the Phillips's curve equation, the IS, the LM, the real exchange rate, and 

net foreign asset relationships have all been derived in terms of the log deviation of actual 

from steady state levels. In this section we transform these measures into perhaps a more 

familiar forms by rewriting them in terms of the efficiency gaps attributable to the 

difference between the actual outcomes and the outcomes arising under fully flexible 

prices and complete asset markets (to be defined more precisely below). We begin by 

first log-linearizing (2.41) around its steady-state value to obtain 

<pHj=Wt-Pt+Pt-PHJ-At. (2.80) 

Similarly, log-linearizing (2.30) around its steady state values, we obtain 
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Wt-Pt=pNt+oCt-xlt. (2.81) 

Plugging (2.81) into (2.80) yields 

$HJt =A+oCt -Xu +Pt -PBJt ~At. (2.82) 

Applying Pt - PHt - (a /(l - a))qt - (a/(l - a ) ) ^ , equation (2.82) can be written as 

q>H, = tfft +aCt -zu +(a/(l-a))qt - (a /(l -a))%- At. (2.83) 

Notice next that Yt(i)-AtNt(i). Dividing each firm's production function by Yt, and 

taking integral with respect to i over the unit interval of firms, we obtain 

since each firm faces the same productivity shock. Then applying TV, = \ Nt(i)di and 
Jo 

cross multiplying, this expression can be rewritten as 

' A Jo V 

Gali and Monacelli (2002) have shown that variations in log J (Yt(i)/Yt)di around 

the perfect foresight steady state are of second order. Thus up to a first order 

approximation, this implies the following aggregate relationship 

Nt=Yt-At. (2.84) 

Substituting (2.84) back into (2.83), together with (2.67), the following expression can 

be derived for cpHt, 
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l-a l-a 

1 - ar/Cl-a) „ or?? - a T>*V 

[l-a (l-a)2 ' ( l - a ) 2 ' (l-a) l ) 

Collecting common terms and rearranging it we have 

_ jii + a - jua * <f> + a-l« 

l ' a ( 1 - a ) . (2.85) 

(l-a) l-a 

Note that when output prices are completely flexible, exchange rate pass-through 

is complete, the optimal subsidy is paid, and the marginal product of labor is constant 

each period and equal toAt, \\\sa.(pHt = WtIPH>tAt = l s o that real marginal cost is 

constant and the log deviation of real marginal cost is zero (i.e., q)Ht = 0). Hence setting 

q>Ht = 0 in (2.85), the log deviation of output from its steady state value when prices are 

completely flexible, Yt
f, can be solved for as 

£/• (b + a-l * f a<7 ** 
7 / = q/ + Yt 

(jU + a-jua)(l-a) /U + a-jua 
, (l + ju)(l-a) * l-a , 

+ ; A + ; Zu 

ju + a-jua ju + a-jua 

where #/wil l be defined more precisely below34. First subtracting and then adding 

((// + a - /Ja)l(l - a))f/ to (2.85) and using (2.86), we obtain 

, _ / / + g - / / g (/> + a-l f a(aT? + a-l)^ 
VHJ-—: X'~T, Twrft ) + — 7 T — 7 ~ 2 — T * > (z%7) 

l-a (1-or) (1-^r) 

34 Substituting qf into (2.86) yields ff = ^ - H f* + ^1 + ^At +—4—% . 
0jU + (T (f>JJ + G (fru + O 
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where xt =Yt -Yf is our definition of the output gap and(#, -qt
f)is our definition of the 

real exchange rate gap.35 Note that when asset markets are complete and import prices 

exhibit no price stickiness, the deviation of the real marginal cost could be written in 

terms of the output gap alone (since the real exchange rate gap is proportional to the 

output gap). Our introduction of sticky import prices and incomplete asset markets then 

means that deviations in real marginal cost are now attributable to three problems rather 

than one. Plugging (2.87) back into (2.55), we can then rewrite the Phillips Curve in 

terms of these gaps as, 

y(d> + a-l) ,„ „ / . yaiarj + a -1) .- , 
(2.88) 

(I-a)2 N" " ' {\-ay 

This then is the Phillips curve for a zero inflation rate steady state written in terms of the 

output gap, the real exchange rate gap, and exchange rate pass-through~the gap in import 

prices from the law of one price. This version of the Phillips's curve uses inflation 

defined in terms of the rate of change of domestic good prices.36 

Alternatively, the Phillips Curve can be derived in terms of consumer prices. 

From the definition of the domestic consumer price index, consumer price inflation 

35 Note that we are following Woodford (2003) in defining xt rather than Yt as the output gap. Since 

Yt = l o g 7 , - l o g 7 and f/ = l o g f / - l o g F , Xt = logF, - l o g F / . This is the distortion in 
output arising only from the fact that domestic output prices and import good prices are sticky. 
36 Substituting (2.85) into (2.55) yields 

ft = S ft | P Ell i r(j* + 0-Ma)f 
H,t l + j g s H,t-l 1 + J3S t H.M l _ a 

(1-or) (1-or) l _ Q r 

This is the Phillips curve written in terms of the log deviations of the domestic inflation, output, the real 
exchange rate, etc. from their steady state values. 
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equals ft, = (l-a)flHt +aflKt. Then substituting first (2.57) for ftK(then (2.88) for 

flHt yields 

n, 1 + J38 

y((f> + a -1) 

8 B 
ut~i + 7~7^EtUM +y(ju + cr- MUX 1 + J38 

ya{pr\ + a -1) a{0 -1) 

V (1-or) a>u(l + 0S) 

(2.89) 

% 

Equation (2.89) is then the Phillips curve written in terms of the consumer price 

37 index. Next, we can use (2.86) to rewrite the IS curve in (2.70) in terms of the same 

gaps as 

Xt ~^tXM 
\-a 

(Rt-EtflH^)+EtAYM
J 

a(l -a) o-(l-or) 

-OCEMM — — E A Z I M ^—-EMtJ-

t+\ ' (2.90) 

a c r ( l - a ) 

where ̂  + a -1 = a[crr/(2 - a) + a -1]. Then, following Woodford (2003) and others, we 

can use (2.90) to derive what is called the Wicksellian natural interest rate. Here we 

define the Wicksellian rate rH/ && the real rate of interest that would arise under 

perfectly flexible domestic and import price (so that the law of one price holds for import 

good). Hence from (2.90) we can set xt = xM = 0 and AqM = Aqt+/ and AWM = 0 

37 Alternatively we can write the Phillips curve as 

ft 5 J\ B _ - , - y(d> + a-l) „ 
n,_, +—^EtnM +y(ju + a-jua)Yt - ^ Lqt Lt-\ 

+ 

1 \ + p8~l~l 1 + J3S 

ya{ar) + a -1) a(0 -1) 

\-a 

\-a o>M{l + PS)_ 
*¥t - yaaYt - y{\ + //)(1 - a)A, - y(l - a)%lt 
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and solve for RHt -EtT\.HMX as the log deviation of the Wicksellian natural interest rate 

from its steady state value. That is, 

f f --Z-EAY f-0 + OC~1EAa f ——£ A7* -EAY 
\-a (1-or) 1-or 

Using q/ equation first in it we obtain 

r f-~EAY f + CT{4>~X)EAY* -EAy 
<t> <P 

and then substituting (2.86) we have 

<pjU + cr (pju + a tpju + a 
rH,t - —7 \Py - Wt ~ ±__. _ (1 - A* M + ^ , _U - A « B , (2.91) 

where £,A7W* = (j>y -1)7,*, £,Mf+1 = (#, -1 )4 , and £tA£M+1 = ( A -l)zu have been 

used. Adding then subtracting ((1 - a) / cr)rH/ from (2.91) into (2.90) we find 

xt ~ ^txt+\ VV _ A n f f ( + 1
 _rfr,< / 

° (2 92) 

cr(l — cr) cr(l-ar) 

Here the Wicksellian real rate and the IS equation itself are defined in relation to 

inflation rates in domestic good prices. As with the Phillips's curve, we can also express 

the IS equation and corresponding Wicksellian rate in terms of consumer prices. That is, 

using (2.86) in (2.68) we obtain 

*t =Et*M -\Rt -EtUM)-^- —Et{AqM -AqM
f) 

l-a a \-a 

And again using the Wicksellian real rate (defined for consumer prices) we find 
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•"•f ^t*t+i 
\-a (Rt-EtflM-r/) 

I-a I-a 

, (2.93) 

where ff is again the log deviation of Wicksellian natural interest rate corresponding to 

completely flexible domestic output and import prices from the steady state. 

pf- a F A Y f a(7T?(2-a) F A S / ao- p. .$• F A~ rt -7-—A A J t+ i T T — 7 ^ ~ L A ( 1 M ~Z &tAiM -&tAZiM > 

A / ; where aa?j(2 -a) = <p-(l-a) . Applying qt into it gives 

if = ̂ l ^ £ , A t / • ^ - O - ' ^ A f r -£,Ai„+,, '* ^ <l> 

f 

and then using Yt equation we obtain 

f/ 
a2(l-a){\-4>) 0a-(\-a)a 

tf&M + a) 
a(l-a)(l + /j) 

<P 
(py-w: 

0JU + CT 
(1 - ^ )4 + ̂  (1 - A Xfc, 

<pjU + <7 

(2.94) 

To derive the real exchange rate under the perfectly flexible prices and complete 

asset markets we appeal to the consumption risk sharing condition, that is, equation 

(2.75). 

C. 
, c , = E. ^ 

\Vt j (2.95) 

Note that when asset markets are complete, the rate of gross return of assets is state 

contingent, EtQtM, which is equal to Rt where, following Gali and Monacelli (2002), 

the gross risk premium is set to one, that is, exp(-bNFAt +\nx2t) - 1- Moreover, under 
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the assumption of complete asset markets, the uncovered interest parity (UIRP) 

condition, Rt = R*st I et+l, must hold. Solving (2.95) recursively for Ct yields, 

C?=qt{CtyEt 

f c a ^ 
w+1 \ C 

(2.96) 

where k c [0, oo]. Under the assumption of complete asset markets, both domestic and 

foreign households consumption risks can be completely insured through contingent 

claims. Without loss of generality, then, we can assume that 

Etifr+k71clt+k(Pt+kY)= a* Ia • Using it in (2.96) and then log-linearizing gives 

aCt=qt+aCt\ (2.97) 

Plugging the goods market clearing condition (2.67) into (2.97) we obtain 

<y j} aari(2-a), aa T>* , T>* 

\-a ' (l-af \-a 

where conditions, % - 0, and Ct = Yt have been used. Rearranging it yields 

*/ cr(l-a) - / «* 
9, = . (XS ~Yt ) 

9 

Substituting Yt equation into it gives 

, f _ a{a - l)(g + fj)$* g ( l - or)(l + ju) * a{\ - a) , 
<p/j + cr <p/u + cr pju + a 

where qf denotes the real exchange rate under completely flexible prices and complete 

asset markets. Then the real exchange rate equation (2.77) can be rewritten in term of its 

efficiency gap as 
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4t ~k! =Et(qM -qM
f)+a\ a)(xt -EtxM) 

i • ( 2 " > 

Next, we can rewrite the LM equation (2.74) in terms of these gaps. Note that 

from our analytical framework, the real balance equation determines real balances 

recursively given the equilibrium values of output, the interest rate, the real exchange 

rate, the law of one price gap, the foreign output, and the demand shock. It follows that 

the log deviation of the real balances associated with the flexible prices and complete 

asset markets from its steady state value can be defined as 

~ f & v f P r" f rr f\ 

g ^ a ) ({l-P) . (2.100) 
aarj(2 - a) „ / aa ~* 1 „ 
$(i-ay ? ( i - a ) g 

Note that RHt -ft +TLHa, where ft denotes the real interest rate. Subtracting (2.100) 

from (2.74) yields 

mt-mH/ 
«0-«) <&-/» (21Q1) 

aaT](2-a)( A gar/ « 
${\-ay g(i-a) 

Note that mH/\$ defined in terms of r f f/and tlH/. When the model is expressed in 

terms of consumer prices, Tlt, then we need to modify (2.100) to be 

m/ = 7/ —J1-—AT, +11/) 
bK ' bV H' . (2.102) 

aaTj(2-a),f aa ^ . 1 , 
$(l-ay g(l-a) g 

Correspondingly (2.101) is modified to be 
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mt-m; = xt—^—ARt-r: - 1 1 / ) 
1-a) ' g(l-{Jy l l ( ' *v 7 *v rf . (2.103) 

aenj(2-a)(A , A aor) * 

Finally, the net foreign asset position equation (2.79) can be rewritten in terms of the 

output gap as 

NFA. = —NFAt. x. + - ^ '—- -a, 
' 0 M 0(1-a) ' 0(1-a)2 

afy + a-l)^, a ff \ a Y* 
, (2,104) 

0(1-af ' 0(1-a) ' 0(1-a)' 

Equation (2.104) is written in terms of the output gap. However, the assumption 

of under complete asset markets and flexible prices, the current account in equation 

(2.78) is always balanced (zero) and assets are neither accumulated nor decumulated.38 

That is, since under complete asset markets, contingent claims are realized as a function 

of the shocks hitting the system without a change in net wealth, 

NFA/ = 0 . (2.105) 

Hence (2.104) can also be used to describe the log deviation of net foreign assets from its 

flexible price, complete asset market value. 

Equations (2.88) (or (2.89)), (2.92) (or (2.93)), (2.99), (2.103), and (2.104) are 

then the five basic expressions needed to describe the dynamics of our small open 

38 NFAt = 0 does not mean that net exports, \NX)t are zero (only that the current account is balanced 

each period). Since NXt = PH tYt - PtCt, we can solve for the time path 

NX/ = {a[tj(2 - a) + a -1] / 0(1 - a)2 )q/ - a 10(1 - CC){Y/ -Y*) which will equal the flow 
realization of period specific contingent claims arising under complete asset markets. 
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economy.39 They represent five of the six pillars needed to represent both the equilibrium 

conditions of a well-specified general equilibrium system and the movements of the 

system's endogenous variables about that equilibrium. Implicitly there are eight variables 

contained in these five equations: the output gap, the consumer price index inflation, the 

nominal interest rate, the money supply, the real exchange rate, the net foreign asset 

position, the law of one price gap, and the foreign output. To close the model, three more 

equations are needed. One of these will be the monetary policy equation that specifies 

either an interest rate policy or a money supply process. Before introducing this, 

however, we first complete the remaining parts of the model by developing the exchange 

rate pass-through equation or the law of one price gap and then defining the process that 

describes the evolution of foreign output. 

Beginning with exchange rate pass-through, we know from our earlier discussion 

of sticky import prices t h a t ^ =st + P* -PFit. Then using the definition of the real 

exchange rate, et=qt+Pt-Pt, to eliminates, in this equation yields 

Yt=qt+Pt-PFt. Hence rewriting the exchange rate pass-through relation in terms of 

inflation rates, we find 

%=%_,+qt-qt_l+fLt-flKt . (2.106) 

With monetary policy specified in terms of an interest rate rule and an inflation target of zero, money 
supply is determined endogenously by the LM curve (equation) and the price level implicit in the inflation 
target. 
40 The depreciation of currency is written as Aet — qt — qt-\ + ( 1 - Oc)tiH t — (1 - a)tlF t, or 

A£, =qt- &_, + ft, - (1 - a)tl*. 
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Next using equation (2,69), flt =flHt+(a/Q.-~aj)Aqt -(a/Q.-a))&!¥t, in (2.106) to 

A 

eliminate IT t gives 

Vt=Vt_x+(\-a)flH!t-{\-a)TlFtt+qt-qt_x . (2.107) 

Lastly, in a small open economy, foreign output is exogenous. Here we specify it 

in the form of a stochastic shock facing the small open economy. In particular, foreign 

output is assumed to follow an AR (1) process, 

]nY;=py]nY„'+8„ , (2.108) 

where £yis a white nose process with a zero mean and a constant standard error ay. 

With the exchange rate pass through equation derived in terms of deviations from the law 

of one price and foreign output defined we have seven of our eight relationships. We 

now close the model by defining a general form for the monetary policy rule. 

2.11 The Interest Rate Reaction Function 

In the money literature, economists have used either the supply of money or the 

rate of interest to target the assumed zero inflation steady state of the model. Either way 

closes the model by placing the missing exogenous instrumental variable under the 

control of the monetary authority. Recently, however, there has been an increasing trend 

towards the adoption of the short-term interest rate as the relevant central bank control 

variable. Control of the time path of a short-term nominal interest rate, it is argued, 

reflects more closely the actual conduct of monetary policy as practiced by central banks 

such as the U.S. Federal Reserve, the European Central Bank, and the Bank of Canada. 

We continue in this tradition by assuming that in our model the monetary authority 
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explicitly chooses the nominal interest rate as its policy instrument. This implies the 

supply of money will be determined endogenously through the LM equation. 

As Woodford (2003) has argued, the central issue facing monetary policy theory is 

to provide principles that can be used to select a desirable rule for a central bank when 

setting the interest rate as its operating target. One early example of such an optimal 

monetary policy rule set in terms of an interest rate is due to Wicksell (1898, 1907). 

Woodford argues (2003, p. 38) that Wicksell's proposal can be represented 

mathematically as a commitment by the central bank to set its operating target ;,as 

it =/' +$ppt, where Ms the nominal interest rate, ptis the log of some general price 

index (the one that policy aims to stabilize) and <f>p is a positive response coefficient, and 

is greater than one.41 

Taylor (1993) provides a more contemporary example. According to what has 

become the Taylor rule, the interest rate should be set equal to a constant (corresponding 

to the steady state real rate plus the targeted rate of inflation) plus a linear function of the 

gap between current and targeted inflation and the gap between actual and potential 

output. That is, / ,=/ '+ $n \7tt - ft
Urset)+<t>y [yt - yt

p), where nt is the rate of inflation (the 

change in the log GDP deflator over the previous four quarters), nUx%et is the targeted 

rate of inflation, yt is log of actual output, and yt
p is log "potential" output. Similar to^ , 

$„ and (py are two response coefficients (with^ = <py- 0.5, see Taylor, 1993). Following 

Taylor, researchers (see Taylor, 1999) have proposed many variants of this monetary 

For a more detailed discussion, see Woodford (2003), chapter 1. 
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policy rule, including adding such things as interest-rate smoothing and using forecasted 

rather than contemporary values, 

In our small open economy model, inefficiency arises and welfare falls because 

contemporary shocks are not incorporated into the price setting behavior adopted by 

monopolistically competitive domestic producers and foreign good importers in the 

presence of incomplete asset markets. Hence because of incomplete asst markets and 

sticky prices, actual outcomes differ from the efficient levels that would arise under 

flexible prices. Monetary policy is then designed to use the available information on 

these gaps to set the interest rate to counter the effects of sticky prices. For this reason, 

monetary policy can be described as setting an interest rate as a function of the gaps 

arising between the interest rate, level of output, inflation rate, the real exchange rate, and 

the law of one price gap and the levels these values that would take under complete asset 

markets and perfectly flexible prices. 

From this perspective, then, we can describe a general monetary policy rule that 

could be applied to a number of different information and policy objective cases. One 

such example would be: 

• target / / _ target V » / target \ 

/, = ( 1 - 0 ) / \ / \ +&rlt-k • (2.109) 

where the efficiency gaps targeted by monetary policy can be defined either in terms of 

actual, expected, contemporary or forecasted variables (i.e., j > 0). Following Clarida, 

Gali, and Gertler (1997, 1998), we also include an interest rate smoothing term (k > 0) to 

allow the policy rule to account for the degree of persistence often found in the data and 

also present in our model (due to indexation and the particular form of the adjustment 
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cost in import prices). The formulation also allows recognition that the specific gaps 

being targeted will depend upon the information available to the central bank as well as 

on the objectives ascribed to policy makers. 

Finally, because our model is derived in terms of variables reflecting the log 

deviation from the steady state, it is convenient to rewrite the general policy rule in terms 

of these deviations. Adopting the use of gross interest rates, (2.109) becomes 

A=(w,J + £ ^ . ( 2 . 1 1 0 ) 

When the policy rule is expressed in terms of consumer rather than producer prices, 

(2.110) is modified to become 

A=(i-<y + <f>rRt„k. (2.111) 

In this model, the central bank exists to maximize the utility of its households. 

This implies that in the presence of shocks and Calvo pricing, the central bank will use its 

ability to set interest rates to alter aggregate demand whenever sticky prices lead actual 

output to diverge from its flexible price value and so close the welfare reducing output 

gap. Hence the question arises, what does the central bank do when prices are fully 

flexible and intervention is not required? The question of particular interest is what will 

be the value of actual inflation each period when prices are fully flexible and asset 

markets are complete? More particularly, what meaning should we attach to TlH/ or 

f l / in this analysis? 
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Had we assumed a monetary policy rule that treated the money supply as 

exogenous, money prices would typically vary each period in response to the model's 

shocks and hence the actual inflation rate would be expected to change from period to 

period about its steady state value of zero (as output responds to maintain its period 

specific optimal value). This is because the different shocks would typically change both 

the equilibrium real rate of interest and level of aggregate output. Then because the 

demand for money is a function of both output and the nominal (and real) interest rate, 

the real demand for money will change across equilibria. With the nominal supply of 

money fixed, money prices would need to change to allow the real stock of money to 

adjust and restore equilibrium in the money market. 

However, the central bank is not modeled as controlling the nominal supply of 

money in our analysis. Rather we follow the current literature in assuming that the 

central bank will adopt an interest rate rule and let the supply of money adjust 

endogenously. Nevertheless it is important to see that if the central bank continues to set 

the interest rate to maintain its commitment to the steady state zero rate of inflation, a 

particular strategy must be followed to achieve this zero inflation rate outcome. That is, 

even though when prices are free to vary and relative price flexibility is itself sufficient to 

keep the economy at its full employment level each period without central bank 

intervention, the central bank needs to preserve its targeted zero rate of inflation by 

'following the market' in setting its money and real rate of interest and accommodating 

all changes in the demand for nominal money. The question that remains is if it does so, 

will the aggregate price level stay fixed or will it vary each period? 
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It turns out that to maintain a steady state rate of inflation at zero, the central 

bank has two choices; it can target a zero rate of inflation each and every period, or it can 

target a constant price level. The former would be achieved by 'following the market ' 

and setting the Wicksellian natural rate of interest in each period. The implication of 

following this approach, however, is that random period shocks will produce period by 

period changes in the price level that result in the measured rate of inflation departing 

from zero each period. Under inflation targeting, these period specific departures are not 

corrected in pursuing the zero inflation rate target in the following period. However, 

because the random shocks have zero mean, the law of large numbers implies that a zero 

inflation targeting strategy over the long run would preserve the average rate of inflation 

at zero and a constant price level over the long run.42 

Alternatively, the central bank could target a constant price level. This strategy 

differs from the previous discussion of targeting a zero inflation rate in that the random 

period specific departures of the actual or measured rate of inflation from zero are 

reversed rather than ignored. For our purposes, the key difference is that central bank's 

interest rate would need to depart from the Wicksellian natural rate each period to 

compensate for the random departures from the fixed price target. Under full 

information, or to the extent that current shocks to the price level could be recognized or 

anticipated, the Wicksellian rate would deliberately depart from the Wicksellian rate to 

preserve price level constancy this period to achieve the goal of ITH/ or 11/ = 0 each 

42 Another way of putting this is that setting the Wicksellian rate each period does preserve a zero rate of 
inflation each period but also produces a period-specific transitory effect on the price level needed to 
respond to the period-specific change in the Wicksellian natural rate of interest Then because this 
transitory effect is response to a "real" period-specific effect, it should not be countered by policy. Then 
because all random real shocks to the price level have zero mean, the period-specific shocks will be strictly 
transitory and offset each other over the long run to preserve price level constancy in the long run. 
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period. Only under flexible prices and with full information would we expect that the 

price level could be held constant and hence the flexible price zero inflation rate 

achieved. 

In the work that follows, we take the former route and assume that the central 

bank adopts zero inflation rate targeting. This is interpreted as meaning that with 

sufficient information the central bank would target the Wicksellian rate each period and 

so tolerate period specific variations in the price level and actual rate of inflation when 

pursuing its zero inflation rate target. The question that remains what will n f f >/ or Ht 

be in such circumstances? 

As discussed earlier (see section 2.3), with perfectly flexible prices and 

monopolistic competition in the small open economy, the representative firm, /', will set 

its price using the standard markup formula, 

PH/(i) = ~-lMCt(i), (2.112) 

where PH/(i) is the nominal price set by firm /', 0/(0-1) is the markup, andMC,(J)is 

the firm's nominal marginal cost. When the government uses an output subsidy to 

completely offset firm's market power (as it does in our model), the firm will set its price 

equal to its nominal marginal cost. In a symmetric equilibrium, with economy wide 

competitive factor markets, (2.112) becomes 

P„ / = MCt =MC„ (2.113) 
*•' (0- l ) ( l + r) 

where 01(0 -1)(1 + r) = 1. Lagging (2.113) one period and dividing it back into (2.113) 

and then log-linearizing the result, we obtain 
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f [ f f / = MCt - MCt_x = AMC, . (2.114) 

Equation (2.114) indicates that the inflation rate that would prevail in the absence 

of price stickiness will equal the rate of change in its nominal marginal cost. Then using 

(2.41) in (2.114) we can begin to attribute the departures in the actual inflation rate from 

zero to the shocks underlying shocks the changes in marginal cost, that is, 

n H / = (ft -Pt+Z-A,)- (ftM - PM + PM - 4-i) 

W.-PJ-W^-PJ+UZ-AA,. 

Substituting (2.81) first in (2.115), and then using (2.84) and (2.67) yields 

(2.115) 

ft f = ft f + ti + o-tia*f acrri(2-a) ,f 5 , aa -
it : — qt - fJAt- xxt-- 1. \-a (I-aY 

ju + a-juo^- f aar](2-a), f r . aa ~ 
*' ' - Ht-i H^t-x Mt-\ ,. ^lt-\ 

\-a 
•t-\ 

(\-aY (I-a) 

0-or) \ 

-M 
(2.116) 

Next we can write ft/ in terms of flH/ by using the fact that ft, = (1 - oc)tlHt + atlFt, 

to initially derive its flexible price version as 

nt
f=(l-a)UH/+aflF/. (2.117) 

Then using the result that under complete asset markets and completely flexible 

import good prices, the law of one price must hold for import goods so that ftF / = 0. 

Using this result first in (2.117), and then substituting that result into (2.116) yields 

n H,t 
a 

ju + a-•<r-Ma(?f $ A acr?](2 - a) ( f f\ 
I-a (I-a) 

.(i+4i -K)-ixu -z^h-^z-tr; -V) 
(l-a) 

. (2.118) 
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Note that since n H / i s a function only of the differences in flexible price 

deviations from the steady-state and or differences in exogenous shocks directly, the 

evolution of inflation is dependent only upon the period specific shocks impacting the 

model with its expected value (and mean value through time) equaling zero. 

Alternatively we could have used (2.117) to solve for the rate of inflation under 

flexible prices in terms of consumer prices, 11/ , rather than domestic prices and so 

derive, 

n / = l ^ 
a 

jil + G--G-iiaUf - f\ aat]{2-a)f, f , f\ 

•o+nte -4,)-fe -^h^f?; -t;) 
(l-a) 

. (2.119) 

With this final modification, all of the equations required to describe the small 

open economy have been derived. To solve the model in terms of a given initial domestic 

output price level, we need to use the following eight equations: (2.57), (2.88), (2.92), 

(2.101), (2.104), (2.107), and (2.110). To derive the model based on a given consumer 

price level, we need to use (2.57), (2.89), (2.93), (2.99), (2.103), (2.104), (2.106), and 

(2.111). In addition, we need equations (2.3), (2.22), (2.39), and (2.108) which describe 

the exogenous shocks that impact the model. 



Chapter 3 

The Loss Function for a Small Open Economy 

Most often in the current money literature, the central bank is assumed to operate 

to minimize the expected value of a loss function that is quadratic in two terms: the 

inflation rate and the output gap. Often this is given the form, Lt = tlt
2 + Axt

2, where the 

parameter^ >0 denotes the relative weight that the central bank places on output 

stabilization.43 While such a specification is plausible, it is ultimately ad hoc, especially 

when the value of /lis assigned arbitrarily. More fundamentally, when the policy 

maker's objective is to improve the efficiency of the economic system for the 

representative household, the loss function measuring the cost of avoidable market 

inefficiencies should be derived from the representative household's utility function. 

Here Rotemberg and Woodford (1999) and Woodford (2003) have done pioneering 

research and have shown that by taking a second-order Taylor series expansion of the 

representative household's utility function, it is possible to derive a loss function that has 

exactly the same form as that commonly used in the literature except that the value of A 

is now defined in terms of the structural parameters of the model rather than simply 

assigned. 

The central bank's objective function can be alternatively specified to maximize the expected value of 

Ut = Axt -TIt (see Barro and Gordon , 1983) or to minimize Lt = IT, + Xlxt +X1(it - / M ) 

where it is the short-term interest rate (see Rudebusch and Svensson, 1999). 

91 
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Rotemberg and Woodford's loss function has also been extended to the open 

economy where relative prices, such as the nominal exchange rate, the terms of trade, and 

the real exchange rate, become important new endogenous variables. It is then of interest 

to know whether these variables and/or their departure from their flexible price 

alternative should be of concern to policy makers. Gali and Monacelli (2002) show that 

the policy maker's objective function in an open economy is isomorphic to the closed 

economy, a condition that also implies that the flexible exchange rates are the desirable 

policy alternative. A similar conclusion is obtained by Clarida et al (2001, 2002). It is 

important to note, however, that the conclusion that the small open economy's loss 

function need not explicitly include the exchange rate is derived only after invoking a 

number of special assumptions. For example, Gali and Monacelli assume specifically that 

the intertemporal elasticity of substitution in consumption, 1/cr, is one (that is, takes log 

utility form); the elasticity of substitution between domestic and foreign goods, TJ, is also 

equal to one; and the household is assumed to have access to a complete set of contingent 

asset markets. However, Kirsanova et al (2006) show that by explicitly introducing 

shocks into the international risk sharing condition makes the small open economy's loss 

function no longer isomorphic to the closed economy and introduces the terms of trade as 

a new term in the loss function. Similarly, De Paoli (2006) assumes that there is a home 

bias in consumption and, as in Sutherland (2002), finds that including the exchange rate 

as part of the stabilization goals of monetary policy can be welfare improving from the 

small open economy point of view. 

Note that in the early literature cited above two assumptions were commonly 

imposed: financial markets were assumed to be complete and the degree of exchange rate 
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pass-through was assumed to be one (see Gali and Monacelli, 2002, Clarida et al, 2001). 

These two assumptions greatly simplify the analysis. Hence it can be shown that under 

the assumption of complete asset markets, consumption gaps and terms of trade gaps (or 

the real exchange rate gaps) move proportionately with the output gap, and so the output 

gap can replace the terms of trade gaps in the policy maker's objective function (Clarida 

et al, 2001). However, while these assumptions are analytically convenient, the empirical 

evidence supports neither. First, because agents can access only a partial set of asset 

markets, consumption risk cannot be insured completely. In addition, as we have seen 

earlier, that the degree of exchange rate pass-through is not zero, but neither is it one. In 

this chapter we relax both of these assumptions and examine their effect on the policy 

maker's objective function. An additional contribution involves our incorporation of real 

money balances. Often the role of real balances is ignored in the literature by assuming 

that its empirical contribution to the analysis will be very small, however, our analysis 

fully incorporates the analytic role of real balances into the loss function. 

The chapter proceeds as follows. Section 3.1 introduces the general framework 

used to derive the loss function. We begin in section 3.2 with the consumption 

component of the utility function and add, in section 3.3, the leisure component of the 

utility function. Section 3.4 combines the separate parts and in section 3.5 shows how 

inflation is incorporated into the loss function. Section 3.6 pauses to consider what 

difference our special assumptions of incomplete asset markets and incomplete pass-

through have made to the form of the loss function most often used in the literature. 

Section 3.7 then adds the role of real balances in the representative household's utility 
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function to the loss function. Section 3.8 concludes by focusing on the overall 

differences that arise in our loss function as compared to the more traditional version. 

3.1 The Basic Framework 

The utility-based loss function derived here extends the analysis of Rotemberg 

and Woodford (1999) and Woodford (2003) to the open economy under incomplete asset 

markets and incomplete pass-through as defined in Chapter 2. The basic idea is to take a 

second-order Taylor series approximation of the representative household's utility 

function, the welfare measure, around the steady state values of the stationary variables 

that affect utility. The representative household seeks to maximize the expected value of 

a discounted sum of period contributions to utility of the form 

E0 (3.1) 

where p is the discount factor, and the period utility function is given by 

tfr=«(C,;£)+«[-*-;£ \-lv(nt(i);Zt)di , (3.2) 

where Ct denotes the Dixit-Stiglitz consumption aggregate, £t represents exogenous 

stochastic disturbances to utility, M,/P fthe level of real money balances, and nt(i) is 

the supply of labour of type i. Following Woodford (2003), we assume that each of the 

differentiated goods, indexed by /' over the unit interval, uses a specialized labour input 

in its production. Labour type / is used to produce differentiated good /', and the 

representative household is assumed to supply all types of labour simultaneously. The 

production function is specified as 
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yt(i) = Atf(nt(i)), (3.3) 

where At is time varying exogenous technology factor, and / is an increasing, concave 

function. We first assume that the change in utility coming from changes in real balances 

will be small so that we can ignore the term u{Mt/Pt;^t), and introduce it into the 

analysis later on. Then using (3.3), we can rewrite (3.2) as 

Ut=u(Ct^t)-lv(yt(iy,l)ii, (3.4) 

where v\yt(i);£,t) is the indirect utility function, defined as 

v{yMl)=Ar\ytWA)\t), (3-5) 

where E,t includes productivity shocks as well as exogenous disturbances to the direct 

utility function. 

We are now going to approximate in turn each term on the right-hand side of (3.4) 

by taking its second-order Taylor series expansion. For convenience, we introduce the 

following notation. For any variable^, let X be its steady state value, Xt
f be the level 

of the variable under flexible prices (which will also be efficient under our assumption 

that the government uses an optimal subsidy to offset monopoly power), and 

Xt = Xt -Xbe the deviation of Xt around its steady state value. Let Xt = ln(Xt IX) be 

the log deviation of Xt around its steady state value. Taking the antilog of Xt, we obtain 

eii.pXt -XtIX. Using a second order Taylor series 

approximation, exp Xt = 1 + Xt + — Xt
2. Thus we have the following expression that will 

be used throughout the following linearizations, 
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Xt-X*X\ 
• , i - . > 
xt+-xt 

2 j 
(3.6) 

3. 2 The Approximation of u(Ct;£;t) 

We begin with the first term on the right of (3.4), u(Ct;^t), the level of individual 

utility derived from consumption. This can be approximated around the steady state as 

ii(C,;^)«ii(C;l)+«„(C;lXc t - c ) + « , ( C ; l ) f c -\)^uccif;\\ct -cj 

+ uc,{C;llC( - C f e - l ) + l ^ ( C ; 0 f e - l ) 2 + o ^ | f ) 

where the steady state value of shocks gt is set to one, and o | ^ | j denotes that all terms 

are of third order or higher order. Applying (3.6) to it, it can be rewritten as 

«(C,;6)«if(C;l)+iicC 
1 » . \ 

ct+-ct
2 

v 2 J + «, 
* 1 * 

V 2 

1 1 A V 
+-«„C'IC,+-C,' 

A r 1 TTlA 1 ̂  2 Y ? 1 ?2 

+ -ueSC\Ct+-Ct j[£t+-{t 

^ 1 ' - L 2
V 1 

+—w « £ + -£' + 4ir) 
w(C;l)+wcC 

r . x . > 
t 2 + w. ^ + ^ t

2 +V C C 2 Q 2 + C / + - Q 
v - y v 2 " i ; 2 * I * ' 4 , 

+ -uciC\Ct+-Ct %+-us ^+|/+If;j+4|3) 

w„c^c f +-

v 2 y z, y 

i+^clc/+^c (}+/i>+4f|3) 

(3.7) 

where terms involving C/ and £/ for /' > 2 and terms such as C, ijt , and C,£t are 

ignored. The term, ti.p., denotes terms independent of policy. 

Let us define 

cr = 
uY 

(3.8) 
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as the coefficient of relative risk aversion, and define 

^ = — 4 = 6 . (3.9) 

Plugging (3.8) and (3.9) into (3.7), we obtain 

Note that in the steady state the small open economy has zero net exports. This 

implies that C =Y . Under the assumption of incomplete financial markets and imperfect 

exchange rate pass-through, the following goods market clearing condition was derived 

in Chapter 2, 

1 f ay(2-a)« | ar\ ^ a_ 
\-a f {l-af (I-a)2 ' \-a C, = ̂ -Yt - U'J^ ? qt +-^-T% - —zt; (3.11) 

where qt denotes the real exchange rate, and *¥t, the law of one price gap, which is 

defined as *¥t -stPFt I PFjt, and Ct is the foreign consumption, which is equal to Yt , 

the foreign output. Using both the domestic and foreign consumption Euler equations , 

we obtain 

r , exp(-bNFAt+ln%2t)Et 
ft+\ 

r ^* \ C, 
\ct+\ j \ It A 

where following Benigno (2001) and Adolfson (2007), exp(-bNFAt + ln;r2f)is the risk 

premium that the representative household must pay to borrow on world markets-

increasing in the size of the net foreign debt held by the representative household— and 

whereMs a constant governing the size of the risk premium. Here NFAt -etBt IPt is 

the domestic value of net foreign assets held by the household, et is the nominal 
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exchange rate, defined as the price of foreign currency (in terms of domestic currency), 

andz2t i s t n e shock to the risk premium. Log-linearizing it and then solving Ct iterated 

forward yields 

C, =-qt +Ct" + *-NFAt +±%2t + Et[-NFAt+x + ±%2t+i 
o o , o o o 

+ -NFAM + -z2t+2 +••• + -NFAt+k +-x2t+k 
o o o o 

a 

Then because the small open economy experiences balanced trade in the steady 

state, aCM
a = a*qt+kCt+k , where a and a* denotes the steady-state share of imported 

goods in domestic and foreign household total consumption, respectively. Hence as time 

goes to infinity, i.e.,£-»oo, we have Ct+k -(l/a)qt+k -Ct+k*. In addition, the 

expectation of the log deviation of shock %2t+k at time t is zero. Using these conditions 

we have 

t=-qt+Ct +-Xit 
a a 

+ -Et[NFA1 +NFAM + NFAt+2 +... + NFAt+k] 
a 

Next recall that the net foreign asset position, NFAt, is stationary about zero. This then 

implies that the summation to infinity over all expectations of NFAHk is zero for k > 0. 

Using this condition, we find 

Ct=-qt+C;+-Z2t. (3.12) 
a G 
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Finally, solving (3.12) for C/and substituting the result in (3.11) yields 44 

Ct=Yt-Qqt+^-Wt+^x2t, (3.13) 
\-a a 

where 0 = (^ + cif-l)/cr(l-a)and <j> =1 + a(l -a\crrj -1 ) . Substituting (3.13) into 

(3.10), and using Y to replace C , yields 

u{Ct;€t)»ueY-

a+o*,,) Yt-&qt+—^-X+-z2t 

+tJ.P.+4sf) 

+io-CT) 
1-ar cr 

Collecting common terms, we obtain 

u(Ct;€,)~ueY-

(l+abu)Yt+-(l~cT)Yt
2 

-(l + abu)[-®qt+^-%] 
\-a 

1 v2 ~ 2 
+ ̂ (l-a)[0^/ + 

J-a, 
%2] 

+ (l-c7)[-0F f̂ + ̂ -Yt% +-Ytz2t 
\-a a 

-Q^qt%-G*qtX2t +^--%Z2t] 
\-a <J \-<x a 

(3.14) 

Comparing (3.14) with Woodford's (2003) closed economy case, a few new terms 

have appeared. These include in particular, the real exchange rate and the law of one 

price gap. This implies that in the open economy the consumption component of utility 

will depend not only on the deviation of domestic output production from its steady state 

44 Note that under the assumptions of complete asset markets and perfect exchange rate pass-through we 
would have Ct =Yt- &qt. 
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but also on the deviation in the relative price differences between the domestic economy 

and the foreign one. 

3.3 The Approximation of j v[yt{i);£'tpi 

Next we take the second-order Taylor expansion of v[yt(i);i;t) around the steady 

state values of y and £ = 1. 

v(v , (0 ; f i )«vte i )+v>^ 

+ V iyt (0 - y% -1)+ \vu [l -1)2 + o[||||3) 
, (3.15) 

Using (3.6), (3.15) becomes 

/ 
v(yt (i); £ ) « v (y;l)+vy J j>, (/) + - yt (i) 

1 * , . > ' 

1 1 ',-\2 

V y 
+ v i 

+ rvwrh ' t(0+-^(0 

2 # 

y 
+ W JUO + ̂ JUO'Yfi+^fi2] , (3-16) 

1 K l ) 
1 •) 

£ + 2^ I + °1^ 

Ignore terms involving j)/ for / > 2 and term j)t
2£f and yt£t

2, (3.16) can be simplified 

as 

v(y»(0;#>W,(0+^t(0
2J+^wa(y((0)2 

+ WM0£+'AP- + <> F 

v ^ JU0+: 
' v ^ 

V vy J 
yt(i)

2 +^£tyt(i) 
vy 

, (3-17) 

+ t.i.p. + o\M 
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where t.i.p. include three terms, v(y;0), vJt, and v ,, which are independent of 

monetary policy. Let us define 

v„ yy — 

Vy 

(3.18) 

as the elasticity of real marginal cost with respect to own output y, and define 

u2t ~ —h t 
V V yy-? 

Substituting (3.18) and (3.19) into (3.17), obtain 

(3.19) 

v(y t <!)'>£t)»vyy m+\ yy — 
V t-

= vyy\ 

i+—y 

yt (/) + - ( l + ju)yt (0
2 - Mb2t)>t 0) 

yt(}f+^jt(j) + ti.p. + o\ M 
(3.20) 

+ tip.+o\M 

In optimizing, the household equates its marginal rate of substitution between 

leisure and consumption to the real wage. In our small open economy this implies that 

vy(yt(i)llVue(Ct;l) = Wt/Pt =WtPB,IPtPBJt=<pHJtPBJtIPt, 

where <pHj denotes the real marginal cost of production, Pt, the consumer price index, 

and PHt, the producer price index45. In the presence of monopolistic competition, 

however, 

v(yt(i);l)/uc(Ct;0 = (0-l)<pH,tPH,t l9Pt, 

where 61{0 -1) is the markup arising as the result of producer market power. In Chapter 

2 we assumed that the government used a production subsidy r to correct the distortion 

The productivity shock At is included in v (yt (i); £t). 
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arising from the firm's monopolistic competition. The subsidy r is set in such a way that 

the steady-state net markup is zero, that is, (0 -1)(1 + r) 16 = 1. Using this we have 

vy(yt(i);l)!uc(Cat) = ** A » /P< • (3 2 1> 

In the steady-state (3.21) collapses to vy/ua =1. Using this relationship in (3.20), we 

obtain 

v ( y ( ( i ) ; £ ) « u c / ( l - ^ ) y t ( i ) + i ( l + A/)yt(0
3 + t.i.p. + o\M 

Integrating it over the differentiated goods /' yields 

j/U(/");£)# * UA (l- jub2t)Etyt(j) +-(l + Ju)Etyt(j)
2 + t.i.p. + o\ M 

ucy 

{l-Ub2t)Etyt(i) + ±(l + JulEtyt(i))
2 

+ -(l + //)var(p((0) 
+ t.i,p. + o \M 

. (3.22) 

where the relationship Etyt(i)
2 =(Etyt(i))

2 + var(j>f (/)) has been used. To relate 

individual firm output to the aggregate Dixit-Stiglitz index 7f, note that 

Yt = J jy((/) " <# . This can be rewritten as Yt e -\ yt{i) e di. Then, dividing Y 

into both sides of it yields 

0-1 

(LV 
fl^ - • P-2 3» 

Taking the natural logarithms of (3.23), 

e-i 
6 

fv\ 
In 

V J 
toW'*. (3-24) 
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By definition Yt = ln(f, IY), (3.24) becomes 

9-\ i^lnffM) 
' Jo F 

9-1 

di . (3.25) 
0. J ( \ Y 

Using the definition again, yt(i) = \n{yt(i)/Y), and taking the antilog, 

yt(i)IY = expyt{i). Raising this expression to the power (& -1)18 generates 

K Y J 
= exp 

f9-\^ 
v 0 j 

'e-i^2 

\ e j 
yt{if. (3.26) 

Integrating the /' goods over the unit interval results in 

8-1 

0 - l „ . , . . l f # - l V 

W ) 2 

0 
\2 "i 

AC)2 .*• 

e 21 0 

(3.27) 

Taking the log on (3.27) obtain 

l„f'| 
Jo 

'ML 
. Y 

9-1 . 

di«In 
0-1 „ , ... l f # - l V 

1 + £J>, (/) + - , 
<9 21 0 

,A. / i \ 2 
£(.y*(0 

lr^-iV 
e 

Etyt(jf 

9 lEtyt(i)+
l-{^\ [Myt(i))+(EtyM] 

9 

e E'm+2 

21 0 J 

e 
var fe(0) 

v p ; 

(3.28) 

where last equality is obtained after ignoring the term (Etyt (i))2 since it is very small. 

Combining (3.28) with (3.25) yields 

Yt~Etm + \ v 6 j 
var,(j>t(z)), (3.29) 
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and after substituting (3.29) into (3.22), we obtain 

iv{yt(i);£t)diKUcy 

(l-A^-^var,fe(0) 
2 8 
\e-\ &(0) 

+ - ( l + //)vai; (£(/)) 

+ 7./'./?. + c> £ (3.30) 

Finally after collecting common terms, and ignoring terms such as Yt var,.(j>t), 

(var.j>,(/))2,and / ^ a -—— var,(j>t) , (3.30)becomes 
.2 c? y 

£v(yf(0;S)fi*Mc> 
( l - ^6 a ) f ,+ i ( l + ̂ a 

+ - ( l + //)var,.(j>f(0) 
v 2 

+ t.i.p. + o [M (3.31) 

3.4 Combining the Linear Approximations of u(Ct;i;t) with j v(yt(f);^)# 

The linear approximation of (3.4) then requires the combining of (3.14) with (3.31), i.e., 

Ut=u(Ct&)-lv(yt<ftl)* 

(l + abu)Yt +U\-a)Yt
2 -(l + abu)[-®qt + - ^ M r , ] 

2 \-a 

nuYi + ±(l-a)[®2qt
2 + 

' ar/ ^ 
\\-aj 

%2] + (l-a)[-&Ytqt+-^-YtWt 

\-a 

a \-a a l-acr 

ucy 

( 1 - ^ ^ + 1 ( 1 + ^ ; 

+ - ( l + //)variCPt(/)) 
V 2 

> 

+ t.i.p. + o\M 

Collecting terms yields 

file:////-aj
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Ut=u{Ct;l)-lv(yt(fytl)£ 

(ablt + jub2t )Yt - - (ji + a)Yt
 2 - - (l + ju) var, (yt (/)) 

uj 
- (1 + obn)[-Qqt + - ^ - % ] +1(1 - a ) [ 0 2 ^ 2 + 

1-or 2 

^ \ 2 

at] %1 

+ (l-a)[-®Ytqt +^-Yt% +^ftz2t-&^Lqt% 
\-a a \-a 

a l-aa 

+ ti.p. + o\ M 

and taking the term -~{a + ju) out of the curled bracket, we obtain 

Ut*--(ji + o)ucY\ 

+ ti.p. + o\ 

Yt - 2—-—f-^Lyt ?-var; (yt (i)) 
ju + a 

1~°" r^\2- 2 
[®2qt + 

ju + a 
r \ 2 
1 an } ^l2 

+ 

ju + er 

an -

^] - 2 i±^[ -0^ 
vl-ary ju + a 

%] 
l-a 

ju + a l-a a 

„ an „ ~, „ a: * . 0:77 a,-, ~ n 

\-a a l-aa 

(3.32) 

Equation (3.32) indicates that the representative household's welfare is adversely 

affected by the log deviation of output from its steady state, the variance of firms' 

output, var, yt(i), the deviation of the real exchange rate, and the law of one price gap. In 

order to gain more insight into the elements of welfare that can be affected by the central 

bank, it is more useful to characterize welfare losses in terms of the deviation in output 
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from the equilibrium that would arise under flexible rather than sticky prices. To do so 

again note that in the flexible price equilibrium (under monopolistic competition with an 

optimal subsidy), the marginal product of labour will always equal the marginal rate of 

substitution between leisure and consumption. In the analysis framework (a small open 

economy) used earlier in the thesis this implies 

v y C y t ; & ) = ^ L - ( 3 3 3 ) 

where the real marginal cost of production, 7pHjt, is a constant, so that yt equals the 

flexible price output level Yt
f satisfying (3.33). Taking the first-order Taylor series 

expansion of (3.34), we have 

Ptvy<y$+Ptv„(Y/ -F)+ Ptvyl% -1)+ vy0;lXP, ~Pt) 

= PH,tuc(f;\)+PH,ucXct -c)+TB,u^t - 1 ) + I I C ( C ; I X P W -PB,) ' 

Dividing both sides of (3.34) by Pt\yy(y;l)] = PH,tuc(C;l) yields 

v... —* Vyfit Ucc -~ _ UcJt 
JOLYY/ +-4^ = ^CCt+^^ + PHJ-Pt . (3.35) 
Vy Vy U„ U, 

Applying (3.8), (3.9), (3.13), (3.18), (3.19), and the condition C =Y, (3.35) can be 

rewritten as 

- / UY/ -fJb2t =-o-' 
Of n>" f arl m / a -

\-a a (I-a) 
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Note that under the assumptions of perfectly flexible prices and complete asset 

markets, ¥ / = 0, and %2t = 0. Collecting common terms and rearranging it to solve for 

y / 4 6 

yf =d>U+t&;l ., Y l q/ . (3.36) 
a + /j (a + /S)Q. - a) 

We now turn back to (3.32). Note that the first two terms in the curled bracket of (3.32) 

can be written as by subtracting and adding 2 - 1 ~f q/ 
"\ 

{(a + //)(! -a) 
Yt, 

J 

Yt-2\ 4+A+ 
G + jU (<7 + JU)(1 - a) 

qt \Yt+2\ :1' 
(a + ju)(l-a) 

\Yt . (3.37) 
J 

Using (3.36), we can write (3.37) as Yt
2 -2Y/Yt +2 

and subtracting some more terms, we finally obtain 

<f>-\ 
(<T + ju)(l-a) 

Ytqt . After adding 

xt +2| 
* - l 

(a + ju)(l-a). 
f cvf\l Ytqt

J-(Y/)\ (3.38) 

wherex t = Yt -Y; . Using (3.38) to replace the first two terms in the curled bracket of 

(3.32) gives 

46 Recall that the representative household's period utility function is specified as 

C ^ N z 
\ 

sClt /"Tl-O" 

cr+: 
1 

rM^ 
i - f 

-±-l{Nt(i)f
Mdi 

1 + uJO 

and production function is given by equation (3.3). Using (3.9) and (3.19) we have obxt = Xu > anc^ 

fjb2t = (1 + Ju)At. Applying these conditions into (3.36) gives 

Y r •1 . / l + ju -. l + u * 

(a + ju)(l -a) G + jU er + /j' 
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Ut»-±(*±fi)uj\ 

x / + - ^ v a i ; &(/)) +2 
f 

cr + jj, 

* - l 

(a + ju)(l-a) 
w 

2 £ 2 
\®2q; + 

arj 
% 2 ] 

(3.39) 

. 1 + abxt r _ * ocr] ^,, 
-2 ^[ -©4,+~-¥J 

/Z + CT 1-or 

/ / + <T 1-Qf <T 

\-a a \-aa 

+ tlp, + o[y 

The approximation of the representative household's utility when both 

consumption and leisure are included is given in (3.39). Two points are worth 

mentioning. First, the representative household's utility is affected by only a few distinct 

factors: the output gap, the dispersion of output levels across sectors, and the real 

exchange rate. Second, in the small open economy relative prices, such as the nominal 

exchange rate, real exchange rate and the terms of trade, really matter. 

3.5 Tying the Vart{yt{i)) to the Inflation Rate 

From earlier thesis work, we have shown that demand for good /' can be expressed as 

3\(0: 
p 

(3.40) 

Dividing (3.40) by Y and taking natural logarithms, 

MO l n ^ = l n ^ - ^ ( l n ^ ( / ) - l n P ^ ) . (3.41) 

Then by definition, we can rewrite (3.41) as 



109 

and taking the variance over /' with respect to good /', we obtain 

vai;.pt(O = 02var>/>Hi ,(O . (3.42) 

Substituting (3.42) into (3.39) yields 

i _ 

\-a (xtf + - ^ - 0 2 var, lnpHj(i)-^^[&qt
2 

+ 
( ccrj ^ 

a + ju ju + cr 

V l - a y 

1-C 

,# + cr 1 —cif 

// + cr 1-or (7 

•Qr-t-qX ~®-qtX2t +T^ %X2t] 
\-a a \-aa 

+ 2 
•-1 

U<7 + //)(!-<*) J 
itf / 

. (3.43) 

+ 7 i./?. + o| 

Define PH>t - Et InpHt(i), and A, = var;. \npH t(i). Since var ; P f f > M = 0 , we can write 

At=yw^npHt(i)-PHt^) 

^EXlnpv^O-P^J-lEXlnPvAO-P^)]2 • (3.44) 

= Ei (ln />H .* (0 - PH,t-\ J - (Eiln PHJ ( 0 - Pn.t-1 )2 

By Calvo price setting specification, (3.44) can be written as 

A, = ®Ei (ln p H ^ ( 0 - PHJ_X )2 + (l - ®)(ln pHf - PHJ_, j 

•felnPH.^O-^.w)2 
, (3.45) 

where PH/is the new price set at time t by the fraction 1 - co of firms. Given that 

EflnpH tQ) = (l - W^PH,"
 +

 MPHJ-I • Subtracting PH trJi on both sides yields 



EMpHt{i)-PHt_x =(l-a)%npHt" -P f f > M) . 

This gives us 

{^PH/ -PH^-^-{Et\npHJ(i)-PH^) . (3.46) 

Substituting (3.46) into (3.45) yields . 

A, - fi>£.(ln PH^AO-KJ-I)2 +-Z r ( £
;

l n P H Af) ~ P~H ,t-i)2 

{l-<a ) 
- ( # > P „ ,t(i) ~ P~H j-ij 

= (o var. (in pHJt_x (i) - PH^ )+0)[Ei (in pff >M (i) - J^ - i ) ] 2 

+ 7^-feln^(/)-Pff,M)2 

Simplifying it yields 

^=coAt_l+7-^(nHa)
2 . (3.47) 

( 1 - 0 ) 

Given (3.47), the present value of Af+] can be written as 

0 I * \2 

( 1 - 0 ) 

Similarly, the present value of A,+, is 0'At+i = co/3' At +-, r/?' \flH t+iJ as /' 
( 1 - 0 ) 

infinity. Summing the A,+I. from i = 0 to infinity, we obtain 

At+J3AM+J32AM+- + fiiA 
t+i 

= 0AM + - — n H i ( +oopAt +-—pHHM 
1 - 0 1 - 0 

+ (0j3
2AM+^/32UHJ+2

2+-
1 - 0 

+ a>0'AM_1+-2-0,iLBtM
2 

1 - 0 

Collecting common terms, obtain 
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Etf^At+i = — — A,. +T S- ^EtYj3'flH 

00 

= 7 sz sEtYPfi-HtJ + tiP-
(i-o»Xi-^) 6 

(3.48) 

0 
since AM is independent of policy. 

I-®/? 

3.6 The Period Loss Function without the Real Balances 

From (3.43), the present discounted value of the utility of the representative 

household as 

" 1 — 

Et^j3iUM*--(iu + cj)ucY 
j=0 * 

E^f? 
1=0 

2 , l + ft a2 xM +—^02 var,. InpB (t + i) 
ju + er 

l-<7 

ju + a' 
mj+ 

f OCT}^ 
¥ 21 

/ i + cr 1-or // + C7 1-csr 

jU + cr \-a a 

\-a a l-aa 
r 

+ 2 
•1 

(ju + a)(l-a)^ 
Yt+igt / 

+ t.i.p. + o\M (3.49) 

Since qt and Wt are stationary processes, expectations over them are zero, thus 

2 ^ OCT} ** 

the term Et[©qM ^/+,-] c a n be dropped from (3.49). To write (3.49) in 
ju+a \-cc 
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terms of gaps we first use (3.48) to substitute for E^fi1 varf lapHtt(t + i) m t 0 (3-49), 
t=0 

(T — 1 
and then add and subtract terms, such as 2 ©2&+*&+/> this gives 

ju + a 

00 1 — 

!=0 

<=0 

(ju + a): Ki + 
a(l + //)6>2 

nHJ+(a-m2Qgt 

+ 
^ ar] ^ 

v l - a y 
%J ] + 2(cr - l)[-®xMQgM + ̂ - xM\ 

\-a 

\-a \-a 

Et±^\ + 2^^-[xMz2M -®QgMZ2M +^L%tZ2M] 
a \-a 

+ 2 
Acr(^-l) + (cr-l)(^ + ar - l )^ 

a(l-cc) 
'^M^'+i 

f 

J 

•2(or-l) 

yJ\££t+iMt+i ^ -, Lt+ilt+i 

-Q-^L^qJ-®2QgMqJ 

+ t.i.p. + o\ | 
(3.50) 

where the condition abu - %u has been used, and QgM = qM - q. SI J 

t+i • 

As is well known, in the case of a closed economy, a loss function derived from 

the household utility function can be derived solely in terms of two gaps, the output gap 

xt and the inflation gap, flHt -flH /where I I H / i s set to zero (see, e.g., Woodford, 

1999). Here we can obtain exactly the same function from (3.50) by imposing that a = 0. 

Note that when a = 0, <f> = 1 and 0 = 0. Here we get 
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CO 1 

!=0 ^ 

n l (I-OX1-^) J 

+ /././?. + of M\ 

In addition, Gali and Monacelli (2002) use a special form for the utility function to derive 

their loss function for a small open economy. Assuming log utility, which implies in our 

case that a -1 and also assuming that the elasticity of substitution between domestic and 

foreign goods is one, i.e., rj = l, and that both asset markets and exchange rate pass-

through are complete, they find that the policy maker's objective function in a small open 

economy can also be written in terms of these two gaps, and is therefore isomorphic to 

the closed economy case.47 If we apply all these assumptions to our analysis, we find 

that^ = l, ® = a/(l-a), Wt =0 , and^1( =0 so that (3.50) collapses to (3.51) and 

replicates Gali and Monacelli's (2002) result. Note, however, that when even a 

preference shock, %u> is included in the analysis, the isomorphic conclusion no longer 

holds. This is because one more term appears in the policy maker's objective function.48 

That is, 

00 1 — 

ElTl0'uM~-Ui+ti)uer 

E^P 
r=0 

xt+i + 
aO2 

<\-aft-aP) n H,t+> 

+-
2a 

{ (! + //)(!-«) 
(SMSM )X \t+i 

+ ti.p. + o\ £ 

In comparison with our work, they also ignore the preference shock, X\t • 
48 Kirsanova et al (2006) argue that this isomorphism holds even if they generalized Gali and Monacelli 
(2005) to include preference and international risk sharing shocks. 
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Finally, we note that it can also be shown that the assumption of complete 

financial markets results in the real exchange rate gap moving proportionately with the 

output gap through the relationship, qt -q/ =(cr(l-a)/</>)xt. Applying this in our 

context we obtain 

00 -I 

1=0 

£,I/?' 
i=0 

co62 

XM 

+ -

+ 
(I" 

2a<7 

-m){\- -G>P) 

, ^t+.iZlt+i-

n H,t+i 

\ + t.i.p. + o\M 

(3.52) 

In this sense, Equation (3.52) shows that the real exchange rate need not explicitly enter 

the policy maker's objective function. It also implies that under complete asset markets, a 

flexible exchange rate regime is desirable even if the policy maker's objective function in 

a small open economy is not isomorphic to the closed economy case. 

We can now see that by relaxing the strong conditions imposed by Gali and 

Monacelli (2002), as in (3.50), that the policy maker's objective function can no longer 

simply be written as quadratic terms in the output gap and inflation and a cross product 

term. It will involve more quadratic and cross terms. The first new quadratic term 

included in the policy maker's objective function is the real exchange rate. As mentioned 

above, the output gap moves proportionately with the real exchange rate gap only under 

the assumption of complete asset markets when the real exchange rate gap can be 

rewritten into the coefficient of the output gap. However, allowing for incomplete asset 

markets means that domestic households' consumption risks cannot be shared with their 

counterparts in the rest of the world. This can be seen in (3.13). It follows that the real 

exchange rate gap cannot be replaced by or incorporated within other gap terms and 
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instead becomes a truly independent target for the policy maker's objective function. The 

same thing arises because of the assumption of incomplete pass through. Separate costs 

of adjustment in import prices imply the presence of an additional quadratic term 

representing the law of one price gap. 

In addition to the quadratic terms, a more general analysis adds several cross 

product terms to the analysis that we denote by c.pt. These involve the output gap, the 

real exchange rate gap, the law of one price gap, and net foreign assets. Moreover, the 

objective function also contains a number of terms that linearly combine the various gaps 

and exogenous shocks. Following Kirsanova et al (2006), these terms can be described as 

"linear in policy" denoted as li.p. In these cases, f/ (or q/) depart from their efficient 

steady-state values when shocks occur and social welfare is changed if output levels or 

the real exchange rate departs its flexible price equilibrium. The effects of these "linear 

in policy" terms on social welfare are ambiguous, however, because the gaps sometimes 

move in the same direction as ff (or q/) and sometimes in the opposite direction, 

depending on the particular shocks that hit the economy. As Kirsanova et al (2006) 

emphasized, these "linear in policy" terms are important because they imply that in a 

small open economy it might not be optimal for policy to aim to reproduce the flexile 

price equilibrium. This point has also been noted by Benigno and Benigno (2003) among 

others. 

While the cross product and linear policy terms all affect social welfare, the overall 

effect is ambiguous because the signs of these terms are not same and because different 

shocks have different effects on output gaps, the real exchange rate gaps, and the law of 
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one price gaps. Thus the overall net effect of c.p.t. and li.p. on the social welfare might 

be quite small. 

With this background, we rewrite equation (3.50) as 

n, 
I + c.p.t, + l.t,p 

+ W + ^ f i ? « 2 + « t ,
J 

i=0 1=0 

+ t.i.p. + o\ M 

(3.53) 

where 

1 co&^l + fi) f 

\-(JI + &) 

22=(a-l)0 : 

CO 0*(l + f) ' 

4=(<r-l) \\-a) w02(l +JJ) 

The period loss function prior to including real money balances can then be written as 

Lx = varll^, +Alvaxxt +A2Qgt + A3
x¥t) + c.p.t. + l.i.p.t. (3.54) 

where var. stands for the variance operator. 

3.7 The Period Loss Function with the Real Balances 

We now introduce real balances into the analysis where for convenience, we write 

real balances as mt = Mt IPt. Following the same linearization procedure as we used 

before, u(M11'Pt\£t) can be expanded as 
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i 

u(mt; £ ) = u(m;\)+um(m;tymt -m)+u?(m;l)^t -\)+-umm(fff;ij{mt -mf 

+ nmi(m-\Xmt -m\ft - l ) + ±««(™;lX£ - l ) 2 +o{\£\f) 

(3.55) 

Using the formula (3.6), equation (3.55) can be written as 

u(mt^t) = u(m;l) + umm 
f \ ^ \ (s 1 - N 

mt +—m 
1 2 

+ u. 
\ l J 

+ -ummm-

+ um4m 

( i V 
mt +—m 

2 

(3.56) 

mt +—m 
2 

1 ~,Ys 1 CT\ 1 f? I P2^ 
l+-zl +-uJ €,+-€, 

A 2 y 2 V 2 j 
+ ok) 

where terms u(m;l), ««, and u.,12 are independent of policy, and terms involved 

A 2 
m( for / > 3 and mt !gt can be ignored, thus we rewrite it as 

«&»*;&) = w « w 
' „ 1 *. 

v 2 
1 _ 2 -

t
2 +umimmjt + t.i.p. + o\\g() 

M„/W 

/ 

mt + — 
2 

\ 
1 + ^sa-m 

1 2 * * H £ A 

+ t. >-p-+<kst) 
(3.57) 

We may define g l = m
=, which is the intertemporal elasticity of substitution 

u m 
mm 

in real balance, therefore g represents the coefficient of relative risk aversion, and 

V b3t ^ £ ( . Applying this notation to (3.57) yields 
u m 

mm 

u{mt;g-t) = umm ™,+-(l-s)™t2+$b3tm, + t.i.p. + °far) (3.58) 
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Next multiply and divide the right side of (3.58) by ucY, then define 

& = ummlucY (which measures the interest cost of real balances as a fraction of the 

value of individual consumption expenditure), to write (3.58) as 

ti(mti€t) = ueYm m t+-(l-g)mt
2+gb3tmt + tlp. + o{\t() (3.59) 

Since the log deviation of real balances from its steady state, mt, is a stationary process 

and because bSt = 0 under our specification of the representative household's utility 

function, the term involving mt drops out of (3.59) to give us 

u{mt;Q = ucYw -{\-g\mt -m/f +{\-g\mt-m/)mt
f 

(3.60) 

From earlier thesis work, we derived the condition mt = (1/ g)[oC - (/? 1(1- fi))Rt ~zh 

Substituting (3.13) into it yields 

• - - / M A - ^ + ^ V , - 1 * , , ^ , (3 61) m, = —Yt 

where Rt is the log deviation of the gross nominal interest rate from its steady state 

value. The log deviation of the real balance prevailing under flexible prices and complete 

asset markets from its steady-state value, m/ can be defined as 

m/=-tf P 

Then subtracting (3.62) from (3.61) yields 

£f 0®„f 1 
-<?t 

G 
Xu- (3.62) 

S dl-P) $ f ( l - « ) £ 

/% ^ f (7 

m, -m: - —x, 
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where Rgt = Rt -Rt
f. Substitute (3.63) into (3.60) yields 

u(mt;€t) = ucYm 

+ ti.p. + ok) 

;(w] 
+——L-%+-z2t 

g(l-a) g 

+ {i-g\m-mf)m 

•• ueY a-(l-g] 

+ t.i.p. + o\\g-() 

rf-T xt
2 + fl v 

+ 
aarj 

\2 

Rgt + — Qgt 

I <r J 
T,2 + c.p.t. + l.i.p.t. 

(3.64) 

Note that because the utility function in (3.2) is additive rather than multiplicative, (3.64) 

can simply be combined with (3.50), to obtain49 

1 
E^fiV^^-uJ 

i=0 

EtZF 

(ju + a)xM
2 + 

(l-oXl-flj/O 
n H,t+i 

1V-\2 f n V 

+ OJ(S--1) 
f 

+ 

xt+i2 + 
0 

(1-A 
acq 

&-<*). 

£ 

¥., 

%<+,2 + (—T fe 

+ (c7 - l ) [0 2 ^ + , 2 + 
l-a) 

yM
2] + c.p.t. + U.p. 

+ t.i.p, + o\M 

(3.65) 

Collecting common terms gives 

Alternatively equation (3.60) can be directly combined with (3.50), then the variance of the real balance 
gap rather than the interest rate gap becomes an additional term in the welfare function. 
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The comprehensive period loss function that incorporates real money balances can then 

be written as 

L2 - varIlH t + <f)x varxt + <p2 varQgt 

+ <fi3 varY, + <f>A v&rRgt + cp.t. + U.p. 
(3.67) 

When we compare (3.67) with (3.54), we see that one additional term appears in 

the objective function once real money balances are incorporated into the analysis.50 The 

new term is the variance in the nominal interest rate gap, <t>4Rgt
2. Intuitively, it arises 

because in our analysis, the level of real money balances is the residual endogenous 

1 This abstracts from the fact that some of the coefficients will also have changed. 
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variable, determined by the nominal interest rate in combination with output and 

inflation. Hence given the real demand for money, any increased variation in the nominal 

interest rate will increase the variation in household's real balance holdings and so 

decrease its welfare level. 

Before leaving this topic it is important to note that the standard period loss 

function used in the literature is usually assumed to be a weighted sum of only two 

•IS- j , 

arguments: the squared variances of inflation around its target level II and the output 

gap, that is, 

L = var(tlHt -fl*) + avarxt, (3.68) 

where II is often assumed to be zero, and a takes a value somewhere between 0 and 1. 

One such value given to a is 0.5 (see Svensson, 2000). However, when we use the 

calibrated parameter values that will be adopted for simulation purposes in the following 

chapter, the calibrated weight to be placed on the output gap from our utility function can 

be calculated to be approximately 0.0025. While this weight may seem quite small, it is 

worth noting that finding of a small weight for the output gap in the loss function is not 

specific to our model, but rather typical of the weightings found in other studies where 

the loss function has been derived from the representative household's utility function. 

For example, using the calibrated parameter values adopted by Rotemberg and Woodford 

(1999), the weight that is placed on the output gap in their loss function is 0.00298. 

Similarly, Gali and Monacelli (2002) find that their value for a is equal to 0.0027. 
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3.8 Concluding Remarks 

Following the methodology of Rotemberg and Woodford (1999) and Woodford 

(2003) we have derived in this chapter the policy maker's objective function in our small 

open economy by linearizing the representative household's utility function to the second 

order. Under the assumptions of incomplete asset markets and imperfect exchange rate 

pass-through the objective function even the real counterpart to our model will contains 

at least four key terms: the inflation rate, the output gap, the law of one price gap, and the 

net foreign asset position. In addition, once we account for the appearance of real 

balances in the household utility function, the nominal interest rate gap becomes the key 

fifth term. Finally, as we have seen, the objective function in a small open economy will 

be isomorphic to the closed economy case only under very special conditions that are not 

present in our model. Rather in our small open economy model, the loss function will 

differ considerably from its closed economy counterpart. 



Chapter 4 

Calibration and Simulation Analysis 

The solution to the model represented by the set of simultaneous equations in 

Chapter 2 is too complicated to work with analytically in a tractable way. Hence we 

follow the literature in setting up a quantitative dynamic stochastic general equilibrium 

model to evaluate alternative monetary policy rules based on the model's simulated 

results. To set up this model we use the calculating routines of DYNARE, a stochastic 

simulation program written to work with MATLAB. 51 To that end we first calibrate the 

structural parameters of the model, then illustrate the working of the model with respect 

to one representative case. At that stage we add the welfare loss function developed in 

Chapter 3 as our basis for evaluating the simulated outcomes of the model for a number 

of different monetary policy rules. 

4.1 Calibration 

To use simulation techniques we needed to adopt specific values for the key 

parameters of the model and, to the extent that it was possible, these parameter values 

were chosen from the set of empirical estimates reported in the literature. In most cases, 

the parameter values used in our calibration are close to the mean of the available set of 

Dynare is available online and is the combined result of research efforts carried out at CEPREMAP by a 
group of individuals that have included: Jean-Pierre Laffargue, Raouf Boucekkine, Fabrice Collard and 
particularly, Michel Juillard. 

123 



124 

estimates, described in more detail below. The final parameter values used in our 

simulations appear in summary form in Table 4.1. 

To begin, we adopt the value of 0.99 for the subjective discount factor, /?. This 

is now a common choice for researchers and yields an annual value for the steady state 

real rate of interest of four percent. There is much less agreement on the other 

parameters of the model, however. If we start by describing the outcomes available for 

the parameters of the utility function we find, for example, that for coefficient on the 

consumption bundle, the literature has generated a variety of estimates of the 

intertemporal elasticity of substitution, 1/cr. Using U.S. data, Rotemberg and Woodford 

(1997) estimateato be 0.16, whereas Casares (2001), using euro area data and a 

structural consumption equation, finds an estimate of a as 1.25. In our analysis, we 

adopt the overall verdict given by Blanchard and Fischer in their standard text (1989) that 

the empirical literature as a whole yields an elasticity of substitution that is relatively 

small, lying at or below unity and so choose a calibration value for a of 1.2 (implying an 

elasticity of substitution of 0.83). 

The second utility function parameter, g, relates to the utility value generated by 

real balances. Here we use the estimate by Chari et al (2002) of 2.5. In the analysis, g, 

is the inverse of the interest rate elasticity of money demand and a value of 2.5 implies a 

(negative) interest elasticity of 0.4.52 The third parameter of our utility function, ju, is set 

equal to 3. This corresponds to a labor supply elasticity of 1/3 and lies roughly midway 

McCallum and Nelson (1999) report the estimate of the interest elasticity of money demand of 0.15 (with 
a standard error of 0.018) using an instrumental variables approach based on US sample quarterly data from 
1955:1-1996:4. 
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between the low estimate of 0.05 found by Smets and Wouters (2000) and the higher 

estimate of 0.47 found Rotemberg and Woodford (1997). 

We turn next to the elasticity of substitution among the differentiated goods in 

the aggregate consumption bundle corresponding to the markup in the model. Martins et 

al. (1996) estimate the average markup in the manufacturing sector to be around 1.2 for 

most OECD countries over the period 1980-92, while authors such as Morrison (1994) 

and Domowitz et al. (1988) suggest that a range between 1.2 and 1.7 may be plausible. 

Here we set the markup as 1.2. This requires a value for 8 equal to 6. 

In terms of the special coefficients that define our small open economy, we 

choose a calibration value for the elasticity of substitution between domestic goods and 

foreign goods, TJ, of 1.2. This is roughly the mean value of the estimates of this 

parameter given in the literature. For example, Ambler et al. (2003, 2004) report the 

estimated value of t] to be 0.5962 based on Canadian data. This is close to the calibrated 

value of 0.6 used by McCallum and Nelson (2001). Kollmann (2002) also uses value of 

0.6 for this parameter. He justifies this calibration as being approximately equal to the 

median value estimated by Hooper and Marquez (1995). On the other hand, more recent 

authors such as Chari et al. (2002) and Smets and Wouters (2002) set the elasticity of 

substitution between domestic and foreign goods at 1.5 and Choudhri et al. (2003) 

calibrate this parameter as 5 53. 

In a small open economy such as Canada, the import to GDP ratio is around 0.4. 

We take this as our value for a, the share of consumption devoted to the foreign goods. 

The degree of price stickiness, m, is set at 0.75. Smets and Wouters (2002) estimated the 

53 Choudhri (2005) sets r] to be 2 instead of 5. 
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degree to which prices are indexed to past inflation and find 8 « 0, that is, find very little 

evidence of indexation. For this reason we adopt for our simulations the value 5 = 0.1. 

The parameter on the import price adjustment cost function aM is set equal to 400 and 

b, which governs the size of the risk premium, is set equal to 0.01. 

There are four shocks in our model. As was the case for many of the previous 

parameters, estimates of the standard deviations of the innovations in these stochastic 

processes have varied widely in magnitude across the literature. For example, using 

quarterly HP-filtered data over the sample period 1963:1-2002:4, Gali and Monacelli 

(2005) fit anAR(\) process to (log) labor productivity in Canada to find that the standard 

deviation of labor productivity shock aA of 0.0071 and a persistence value for the 

shock, pA, of 0.66. Ambler et al. (2004) use quarterly Canadian data from 1981:3-2002:4 

to report estimates of aA = 0.0204, and pA, 0.8797. Ireland (2001) reports estimates of 

aA as 0.0159 and pA as 0.9203 using 1959-1979 U.S. data; and <JA as 0.0082 and pA 

as 0.9564 using 1979-1998 U.S. data. In our simulations we set the standard deviation of 

the productivity shock at aA - 0.0098, and pA = 0.9. The aggregate demand (taste) 

shock is set as ax =0.0351, and px = 0.90,54 Similarly we set the parameters of our risk 

premium shock at cr2 = 0.005, and p2 = 0.5. Finally for the foreign output shock, we set 

54 Ireland (2001) obtains the estimates: Ox =0,0306 and px =0.9399 using U.S. 1959-1979 data; 

ando", = 0.0351and px = 0.8920 using U.S. 1979-1998 data. 
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55 cr „ to be 0.0060, and p * to be 0.88. The final values chosen are summarized in Table 

4.1 below. 

Table 4.1 The Parameter Values Chosen to Calibrate the Model 

Parameters Values Parameters Values 
Utility 

P 
a 

S 

V 

Shares 

a 

b 

5 

co,. 

0.99 

1.2 

2.5 

3.0 

0.4 

0.01 

0.1 
0.75 
400 

Shocks 

PA 

A 

Pt 

Py* 

°A 

°\ 
°2 

°> 
Substitution Elasticities 

n 
e 

0.85 

0.90 

0.50 

0.85 

0.0098 

0.0351 

0.0050 

0.0070 

1.2 
6 

In the simulations to be done below we are interested in comparing both the 

performance of the model's key variables in relation to each other and across time, and 

the aggregate welfare consequences of the outcomes under different sets of monetary 

policy rules. All rules involve setting the current interest rate in response to different 

performance indicators and with different intensities for the response coefficients. For 

comparative purposes, we will allow the monetary authority access to different 

information sets (described as different cases below) and consider the consequences for 

five different monetary policy rules, as summarized in Table 4.2 below. 

55 Ambler et al. (2004) report the value of G y * = 0.0066, and py<f, 0.8280. Gali and Monacelli (2005) 

53:1-2002:4 GDP data to es 

py* = 0.86. 

use (log) U.S. 1963:1-2002:4 GDP data to estimatecr^, and py*, and find that ay* = 0.0078 and 
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Rule 1 is called for convenience the comprehensive rule (sometimes called the 

baseline rule). Traditionally the monetary authority in a closed economy is described as 

setting a short-term interest rate in response to changes in the inflation rate and the real 

GDP output gap. However as we have seen from the model, in a small open economy the 

real exchange rate will also be an important endogenous variable and it is natural to ask 

whether the central bank should react to the real exchange rate when setting its short-term 

interest rate. In addition, under the assumption of incomplete exchange rate pass-through 

we have a law of one price gap introduced into the model to which the monetary 

authority may respond. Hence our baseline monetary policy rule is defined to include 

both of these open economy gaps. 

From our earlier derivations in Chapter 2, however, we know that the law of one 

price gap is a function of both the real exchange rate and the inflation rate, so that the 

weighting given to these separate effects may over-weigh the importance of the law of 

one price gap when the monetary authority reacts explicitly to both the real exchange rate 

and the law of one price gap. Hence we ask whether the comprehensive rule can be 

improved when the monetary authority responds only to the real exchange rate. This we 

call Rule 2, the real exchange rate rule. For comparative purposes, then, we replace the 

real exchange rate term in the money rule with the law of one price gap. This becomes 

Rule 3, the exchange rate pass-through monetary policy rule. 

Even though the model describes a small open economy, it is of interest to ask 

what will happen if the monetary authority completely ignores its openness and thus uses 

neither the real exchange rate nor the law of one price gap in setting its operating rule. 

This gives our fourth rule, the Taylor rule. Rule 5 further supposes that the monetary 
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policy authority chooses to drop the real output gap to focus exclusively on inflation. 

This we call simply Inflation Targeting.56 

As shown earlier, the actual inflation rate that arises when all prices are perfectly 

flexible and asset prices are fully complete, TIff / , is not zero each period (even though 

its average rate is zero). Hence it is of interest to examine the consequences of having the 

monetary authority respond to the inflation rate gap (flHt -fiH/)rather than justft^, 

(where flH/is implicitly assumed to be zero). This means that the above set of five 

rules can be repeated using the inflation rate gap rather than simply the inflation rate. In 

addition, it has become of independent interest to ask what will happen if the monetary 

authority chooses to smooth the variation in the interest rate it sets and so allow policy to 

react to lagged interest rates. Here the smoothing response coefficient, <fir, is chosen to 

stabilize interest rates and so meet the criteria 0 < (j>r < 1. The larger is this response 

coefficient, the more smoothing will be imparted to interest rate policy. It follows that 

each of the five rules can be modified by attaching interest rate smoothing. 

It is important to recognize that while the domestic output rate of inflation and 

the consumer price rate of inflation in a closed economy are the same, they will differ in a 

small open economy model when the relative price of domestic and foreign goods 

56 In the literature, the expression "targeting variable 7Ct" or "having a target level it for a variable ltt" 
has two meanings. The first meaning is to use all relevant available information to bring the target variable 
in line with the target, or precisely to minimize some loss function over expected future deviations of the 
target variable from the target level. As defined in Svensson (1999), "strict" inflation targeting refers to the 
situation where only inflation enters the loss function, while "flexible" inflation targeting allows other goal 
variables, such as the output gap. According to the second meaning, "targeting" or "targets" imply a 
particular information restriction for the instrument rule, namely, that the instrument must only depend on 
the gap between the target variable and the target level. Here we use the second meaning (see Rudebusch 
and Svensson, 1999). Note that inflation targeting is also described as a framework for monetary policy 
rather than a rule. Historically, New Zealand became the first country in 1990 to adopt formal inflation 
targeting. Since then an increasing number of countries have adopted it in one form or another. 
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changes and particularly when import prices are sticky. It follows that policy outcomes 

will be different depending on which price index the monetary authority chooses to 

stabilize. For this reason we are interested in seeing what difference it makes when the 

two different measures of inflation are used to set monetary policy and to evaluate 

through the loss function which measure of inflation makes the better measure for the 

monetary authority.57 Using the CPI measure of inflation to replace the domestic output 

price inflation in each of the five rules above gives us a second set of five different policy 

rule combinations. 

For the remainder of this chapter we follow one strand of the literature by 

adopting specific values for the response coefficients, in our case the values: <f>„ =0.5, 

<f>x - 0.5, $q - 0.3, <pw = 0.3, and ^r = 0.8,58 This is done to allow our model and its 

predictions for monetary policy performance to be compared to some of the standard 

models presented in the literature (see Rotemberg and Woodford, 1999, and Adolf son, 

2005). In terms of the first two values Taylor (1993, 1997) suggests that the value for 

the inflation response coefficient as 1.5 and the value for the response coefficient on the 

output gap of 0.5.59 [Note that our specification of the inflation response coefficient as 

0.5 is equivalent to that of Taylor since our nominal interest rate target in the first term 

Note that all inflation-targeting central banks have chosen to measure the rate of inflation by reference to 
some version of the consumer price index, often a version of the index that excludes certain volatile 
components in order to focus on "core' inflation (see Bernanke et al., 1999). On the other hand, Gali and 
Monacelli (2005) find that the welfare losses by using the domestic inflation-based Taylor rule and the CPI 
inflation-based Taylor rule, respectively, are very similar. 
58 In the following chapter we use the welfare function to solve for optimal simple policy rules by 
endogenizing the reaction coefficients. 
59 The Taylor principle argues that the short-term interest rate should be adjusted more than one-for-one in 
response to increases in inflation. Otherwise, the real rate of interest implied will fall and hence generate 
rather than restrain inflation, leading the inflation rate to become unstable. However, Bullatd and Mitra 
(2002) argue that while <j>n > 1 is sufficient to satisfy the Taylor principle, values of <j)n < 1 can restrain 

inflation if the monetary authority compensates by choosing a sufficiently large value of ^.or (/) . 
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has already been adjusted for expected inflation]. Next, even though Ambler et al. (2003) 

estimate a relatively low value of <pq = 0.0525, we assign a somewhat higher value to 

ensure that the openness feature of the model is reflected quantitatively. Finally we note 

that when in our baseline rule we use both the exchange rate and law of one price gap, a 

smaller coefficient size was used for both to avoid over-weighing openness and inducing 

policy instability. 

Table 4.2 Monetary Policy Rules 

Rule Policy Description ^ ^ ^ fo ^ 

1 Comprehensive rule (C) 05 05 0.15* 0.15* 0 

2 Real exchange rate rule (EX) 0.5 0.5 0.3 0 0 

3 Exchange rate pass-through (PT) 0.5 0.5 0 0.3 0 

4 Taylor rale (TR) 0.5 0.5 0 0 0 

5 Inflation rate targeting (IT) 0.5 0 0 0 0 

* A smaller response coefficient is used to avoid the problem of policy oveneaction. 

4.2 Impulse Responses of Key Variables to Shocks 

Before presenting our evaluation of the different policy rules, we illustrate the 

working of the simulation model for a representative case. Hence in Figures 4.1 and 4.2 

we present the response over 40 quarters of some of the model's important endogenous 

variables to an impulse from two of the model's four shocks: a productivity shock and a 

risk premium shock60 The results are presented for Rule 1, our baseline policy rule with 

The illustrations for the other two shocks are similar to the productivity shock and the risk premium 
shock, thus are omitted here. 
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interest-rate smoothing (when inflation is measured in terms of domestic output inflation 

rates).61 

The productivity shocksAt affects output directly through^in the production 

function. Figure 4.1 shows that the GDP rises immediately when the economy is hit by 

the positive productivity shock and this income effect, in turn, increases household 

consumption (but less than in proportion due to consumption smoothing). Note that under 

the comprehensive monetary policy rule, actual and flexible output both change in the 

same direction but with different magnitudes so that the output gap, measured as the log 

deviation between the two, changes. It is sticky prices in the model that produces this 

difference, here keeping actual output from increasing as much as it would under the 

perfectly flexible prices. Hence the output gap becomes negative. Given our parameter 

values, higher household income leads to a decrease in the supply of labor, a result that is 

often found in the literature. For example, using a long-run identifying assumption in his 

vector autoregression model, Gali (1999) found that a shock to productivity is also 

associated with an initial decline in work effort and Choudhri (2005) uses a similarly 

signed labor supply effect. Following the positive technology shock, aggregate supply 

rises more than aggregate demand so that prices tend to fall. Hence to stabilize prices and 

close the output gap, the interest rate is reduced. On the other side, the tendency for 

prices to fall promotes the export of goods. This affects the nominal exchange rate, now 

jumping to a higher value before falling back to its initial level, an overshooting of its 

final value. With domestic prices declining and the currency depreciating, the real 

exchange rate is driven up. Net foreign assets are first accumulated as exports exceed 

61 The impulse response functions vary somewhat when alternative policy rules are adopted by the 
monetary authority but have roughly the same overall form. 
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imports, reaching at a maximum after about 10 quarters, then the buildup in assets is 

slowly decumulated, gradually returning to its steady state value. The change in the 

exchange rate also results in a change in import prices, however because of the constraint 

implied by quadratic adjustment costs, importers do not raise their prices in the same 

proportion as the exchange rate, therefore a positive law of price gap is created. Finally, 

the response of real money balances to the productivity shock is similar to output but 

smaller in scale. The rise in output and fall in interest rates increases the real demand for 

money. This slowly falls back to its starting value as all other variables return to their 

steady state values. 

Figure 4.1 Impulse responses to a productivity shock under rule 1 in Case 1 
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The dynamic impulse responses of the same set of endogenous variables to a risk 

premium shock are exhibited in Figure 4.3. In this case the risk premium shock is 

incorporated into the model via the uncovered interest parity condition. Here a positive 

risk premium shock pushes the domestic interest rate up and induces currency 

depreciation. This in turn boosts production and employment by increasing foreign 

demand for domestic output. In our analysis the foreign price is exogenous so that a 

positive law of one price gap is created as the currency depreciates. Hence with rising 

interest rates and both domestic and import prices rising, households do not increase 

consumption, instead choosing to accumulate net foreign assets. 

Figure 4.2 Impulse responses to a risk premium shock under rule 1 in case 1 
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4.3 The Welfare Consequences of Alternative Policy Rules: Contemporaneous 

Response 

In this section we use the dynamic simulation results to evaluate the welfare 

implications of our five alternative monetary policy rules for the loss function derived as 

equation (3.67) of Chapter 3. The question that we are most interested in answering is 

how the different monetary rules perform relative to each other when the information set 

available to the monetary authority changes. More explicitly, in the cases considered 

below, the monetary authority is assumed to possess less and less accurate knowledge of 

the key gaps facing the economy, while the public is still assumed to have full 

information on the variables need to make their individually optimal decisions. Hence in 

the sections below we consider four different information regimes, with each successive 

regime incorporating less and less relevant information. In each case we ask how the 

information available to the monetary authority affects the ranking of the alternative 

monetary rules in relation to the model's set of shocks. In such a manner we isolate the 

monetary policy rule that in each case minimizes the loss function conditional on the 

specific information available to a central bank when making its decision on the nominal 

interest rate. We begin by considering the case where the central bank has sufficient 

information to able to target accurately the relevant efficiency gaps arising from the 

inability of private agents to react costlessly to current shocks. Then we consider how the 

desirability of each rule changes as we subtract information on the nature of the shocks 

hitting the model and the monetary authority is forced to use less accurate information in 

the implementing of its policy rule. 

Case 1: Full information 
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In Case 1, we assume that the central bank is fully knowledgeable in the sense that 

it has access to all the information needed to observe or derive the contemporary gaps 

that arise between the flexible and sticky price versions of each targeted policy variable. 

Hence given this information, the monetary authority knows or can calculate what the 

interest rate would be in the absence of sticky prices. Traditionally, this has been called 

the Wicksellian 'natural' rate of interest, iwt. The log deviation of the gross Wicksellian 

interest rate, Rwt =l + iwt, from its steady state level, R = 1 +/' has already appeared in 

our analysis as fH/ and hence this will be used as the first term in the money rule in 

equation (2.100) above. Similarly, with full information the monetary authority will also 

target an inflation rate that would prevail in the absence of price rigidities TlHy , and the 

output level that would arise under flexible prices, f/. Finally, the monetary authority 

would also have the information needed to determine the real exchange rate, qt , that 

would arise in the absence of price rigidities and conditional on world output. Thus under 

the full information assumption, the interest rate reaction function that will frame our 

discussion of monetary policy can be written as 

£=(W,) + *A.,. (4-1) 

where the variables, rHt
J , Yt , and qt , are defined in terms of the model in Chapter 2 

(see equations (2.91), (2.86), and (2.98)) and the values of parameters <f>n, </>f, <f>x, <j>q, 

and $j, as given in Table 4.2. By assumption we have *F/ = 0. Similarly equation 

(2.101) can be written as 
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A=(Wr) 
rt

f
+flt+<Pn{flt-fl{)+<t>x(Yt-ft

f) 

+ &&-§{) + &>% 
+ <f>rRt_v (4.2) 

where r / i s defined in terms of the model in Chapter 2 (see equation (2.94)). 

We turn then to evaluate the relative performance of the alternative policy rules in 

terms of the welfare loss function derived in Chapter 3 from the household's utility 

function. The policy rules we consider and the values of the response coefficients are set 

out in Table 4.2. Once again, Case 1 assumes that the monetary authority has sufficient 

information to determine the flexible price values of the model's endogenous variables so 

that it is able to target monetary policy at the gap between these values and their actual 

sticky price outcomes. 

Tables 4.3 through Table 4.10 present the welfare outcomes for our five 

alternative policy rules under Case 1 involving full current information. Each row of the 

table presents first the standard deviations for each of the key inefficiency gaps in the 

model followed by the calculated welfare loss associated with that particular monetary 

policy rule. A scanning of the data presented in Table 4.3 reveals the following. First of 

all, the performance of each money rule is different in virtually all gap dimensions. 

Second, unlike closed economy or even small open economy models with only one 

reason for having prices depart from their efficient flexible price level (say, for example, 

due to Calvo pricing), knowledge of the Wicksellian interest rate does not allow policy to 

replicate the flexible price outcome. Hence while policy choices can reduce the welfare 

loss it cannot drive that loss to zero. Third, the first three rules that involve the exchange 

rate in one form or another, all generate smaller variations in the real exchange rate and 

the law of one price gap, but induce larger fluctuations in inflation, the output gap and the 
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interest rate, thus all result in welfare losses that are greater than the losses arising under 

rules that omit some response to the exchange rate or law of one price gap. By contrast, 

even though the Taylor rule causes larger fluctuations in the real exchange rate and law 

of one price gap, it does generate the smallest variation in inflation and the output gap 

among all five rules, therefore resulting in the smallest welfare loss.62 Finally, compared 

to the Taylor rule, inflation-targeting not only results in a larger deviation in the output 

gap, but also a larger deviation in inflation, resulting in a larger overall welfare loss. This 

implies that the output gap is an important policy targeting variable. 

Table 4.3 

Case 1: Simple rules with domestic output prices 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Standard Deviation 

n*, 
0.0191 

0.0156 

0.0241 

0.0096 

0.0124 

*t 

0.0310 

0.0245 

0.0372 

0.0242 

0.0328 

RHg,t 

0.0281 

0.0288 

0.0279 

0.0212 

0.0186 

4g; 

0.0767 

0.0841 

0.0721 

0.1109 

0.1169 

% 

0.1695 

0.1933 

0.1516 

0.2392 

0.2336 

Welfare Loss 

4.402le-004 

3.2225e-004 

6.5572e-004 

1.3969e-004 

1.933le-004 

* whereRHgt = Rt - fB/, and qgt = qt- q\ 

Table 4.4 illustrates how the standard deviations of the endogenous gaps in the 

model change when the policy maker adds an interest-rate smoothing term to its policy 

rule. Here, surprisingly, the standard deviation of the interest rate remains roughly the 

same and in some cases is larger than it would have been under non-interest-rate 

smoothing policy rules. Moreover, the addition of the interest-rate smoothing term to the 

62 Note that this ranking is not independent of the size of the response coefficients chosen for the analysis. 
The reader is cautioned to defer judgment on the optimal rule until Chapter 5 where response coefficients 
are endogenized. 
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policy rule also generates larger standard deviations among the other targeted variables. 

Compared to the first three rules, the change in the standard deviations of targeting 

variables under last two are very significant. For example, the standard deviations of 

inflation under rule 4 are increased from 0.0096 to 0.0202, and the standard deviations of 

the output gap are increased from 0.0242 to 0.0399. The following two salient features, 

therefore, can be summarized from Table 4.4. First, the rules that involve interest rate 

smoothing now result in standard deviations and welfare losses that are in each case 

larger than under the corresponding money rule without interest rate smoothing. Second, 

the relative pattern of rule performance is completely different from that appearing in 

Table 4.3. The first two rules that involve the exchange rate now result in smaller 

variations in the key efficiency gaps and hence result in lower welfare losses. The rules 

that do not involve the exchange rate tend to produce larger welfare losses. 

Table 4.4 

Case 1: Simple rules with interest rate smoothing 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Standard Deviation 

nff,t 

0.0193 

0.0161 

0.0236 

0.0202 

0.0250 

xt 

0.0396 

0.0358 

0.0438 

0.0399 

0.0486 

RHS,t 

0.0280 

0.0283 

0.0278 

0.0311 

0.0361 

%t 

0.0961 

0.1049 

0.0903 

0.1300 

0.1348 

0.1917 

0.2164 

0.1732 

0.2602 

0.2555 

Welfare Loss 

4.5000e-004 

3.3855e-004 

6.3366e-004 

5.0534e-004 

7.5391e-004 

In Table 4.3 and 4.4 we have assumed that the monetary authority targets a zero 

rate for the inflation rate of domestic output (implicitly assuming that the fully flexible 

price inflation rate would be zero). Hence the monetary authority responds only to the 
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variation in the inflation rate and other variable gaps. Now we relax this assumption and 

allow the monetary authority to respond to the inflation rate gap rather than the rate itself. 

These comparative performance results are summarized in Tables 4.5 and 4.6 (where 4.6 

adopts interest rate smoothing). Roughly speaking, the general pattern of policy 

performance is somewhat different from the case in which the monetary authority 

responds only to the inflation rate alone (see Tables 4.3 and 4.4). Three features are worth 

mentioning. First, policy response to the gap does not behave as might have been 

expected. Not only is variation in the inflation rate larger, but the rule also results in 

larger deviations for each of the other variables, especially the output gap and the interest 

rate gap, resulting in a larger welfare loss. For instance, the smallest welfare loss when 

the monetary authority responds to the inflation gap is 6.3034e-004, which is 3.5 times 

larger than that arising in the case in which the monetary authority responds to the 

inflation rate, that is, 1.3969e-004. Second, a consequence of larger variations in the 

inflation rate gap and output gap is that the performances of the Taylor and inflation 

targeting rules are now worse than the first two rules involving the exchange rate. This is 

similar to the outcome when the policy maker responds to the inflation rate under 

interest-rate smoothing (in Table 4.4) but opposite to when the policy maker simply 

responds to the inflation rate without the interest-rate smoothing (see Table 4.3). Finally, 

comparing Table 4.5 with Table 4.6, we see that the introduction of interest rate 

smoothing now does improve the performance of virtually all policy rules. However, 

compared to Table 4.3 where the policy maker simply uses the inflation rate target 

(without smoothing) the result is still inferior. 
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Table 4.5 

Case 1: Inflation gaps measured in domestic output prices 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Standard Deviation 

n f f , 
0.0209 

0.0211 

0.0247 

0.0284 

0.0261 

xt 

0.0515 

0.0454 

0.0575 

0.0453 

0.0602 

RHg,t 

0.0456 

0.0499 

0.0434 

0.0592 

0.0683 

%t 

0.0723 

0.0807 

0.0684 

0.1113 

0.1173 

X 
0.1642 

0.1945 

0.1425 

0.2542 

0.2469 

Welfare Loss 

6.3034e-004 

6.7465e-004 

7.873 le-004 

0.0011 

0.0011 

Table 4.6 

Case 1: Domestic inflation gaps with interest-rate smoothing 

Policy 

Rule 

1 ( Q 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Standard Deviation 

n*, 
0.0208 

0.0185 

0.0250 

0.0218 

0.0236 

xt 

0.0465 

0.0407 

0.0520 

0.0407 

0.0512 

Rns,t 

0.0281 

0.0296 

0.0275 

0.0321 

0.0346 

V*.* 

0.0879 

0.0964 

0.0832 

0.1206 

0.1221 

% 

0.1788 

0.2058 

0.1592 

0.2511 

0.2374 

Welfare loss 

5.1156e-004 

4.2861e-004 

7.0167e-004 

5.7762e-004 

6.7600e-004 

We turn next to the question of what difference it makes whether the monetary 

authority utilizes domestic output prices or consumer prices in its interest rate setting 

rule. Hence we replicate the twenty cases (rules) reported in Tables 4.3 through 4.6 for 

the use by the monetary authority of CPI inflation (in Tables 4.7 and 4.8) and the CPI 

inflation gap (in Tables 4.9 and 4.10). By examining the results set out below, several 

commonalities can be observed: 
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First, of the five rules in Table 4.7 where the monetary authority targets the 

inflation rate (without smoothing) the Taylor rule again results in the smallest welfare 

loss. This is consistent with the best policy finding in Table 4.3 where the policy maker 

responded to the inflation rated measured in terms of domestic output prices. 

Second, compared to Table 4.3 one can see that the standard deviations in the real 

exchange rate and the law of one price gap in Table 4.7 are smaller, while the deviations 

in the inflation, the output gap and the interest rate are larger, ending up with a larger 

overall welfare loss. In some sense this should not be surprising. That is, the CPI measure 

of inflation already incorporates part of the direct effect of an exchange rate change via 

its effect on import prices, even though the degree of exchange rate pass-through is 

incomplete in our model due to the import prices stickiness. By contrast, the use of 

domestic output price inflation does not include this direct effect, only the indirect effect 

that is transferred through expenditure switching effect on the aggregate demand. Hence 

we should expect smaller variations in the real exchange rate and the law of one price 

under consumer price measure of inflation. 

Third, if the policy outcomes across monetary rules when responding to the CPI 

inflation rate (see Tables 4.7 and 4.8) are compared to when the monetary authority 

responds to the CPI inflation gap (see Tables 4.9 and 4.10) it is typically the gap that 

results in better performance. This is the exact opposite of our findings when the measure 

of inflation rate and inflation gap involved only domestic output prices. 

Finally, if we compare the results in Table 4,8 with those in Table 4.7 and the 

results in Table 4.10 with those in Table 4.9, we see that interest rate smoothing does not 

enhance best policy performance even though policy performance is improved a bit under 
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the first three rules that involve the exchange rate. This coincides to some extent with 

our findings for the use of domestic output price (as found in Tables 4.4). 

Table 4.7 

Case 1: The monetary authority responds to CPI inflation rates 

Policy Rule 

1 ( Q 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Standard Deviation 

n*, 
0.0288 

0.0241 

0.0333 

0.0194 

0.0351 

*t 

0.0435 

0.0359 

0.0504 

0.0344 

0.5250 

R * 
1 gj 

0.0328 

0.0336 

0.0318 

0.0319 

0.0335 

<**.t 

0.0669 

0.0708 

0.0655 

0.0946 

0.1040 

% 

0.1368 

0.1571 

0.1216 

0.1859 

0.1669 

Welfare loss 

9.3149e-004 

6.8661e-004 

0.0012 

4.7335e-004 

0.0013 

* Note that Rgt = Rt~ ft 

Table 4.8 

Case 1: Inflation measured in terms of CPI and interest rate smoothing 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Standard Deviation 

Kt 
0.0268 

0.0221 

0.0311 

0.0242 

0.0359 

xt 

0.0476 

0.0422 

0.0528 

0.0440 

0.0580 

Rg,t 

0.0331 

0.0337 

0.0323 

0.0402 

0.0457 

4u 

0.0874 

0.0934 

0.0842 

0.1136 

0.1183 

% 

0.1634 

0.1843 

0.1472 

0.2141 

0.1989 

Welfare loss 

8.2403e-004 

5.9727e-004 

0.0011 

7.3888e-004 

0.0015 

Table 4.9 

Case 1: Inflation gaps measured in CPI 

Policy Rule 

1 (C) 

Standard Deviation 

n f f . 
0.0281 

x, 

0.0547 

Rg; 

0.0308 

<ig,t 

0.0641 

% 

0.1327 

Welfare loss 

8.8304e-004 
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2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

0.0240 

0.0327 

0.0171 

0.0258 

0.0469 

0.0617 

0.0448 

0.0650 

0.0326 

0.0299 

0.0293 

0.3220 

0.0678 

0.0639 

0.0912 

0.0991 

0.1570 

0.1152 

0.1921 

0.1683 

6.7818e-004 

0.0012 

3.7752e-004 

7.7156e-004 

Table 4.10 

Case 1: CPI inflation gaps and interest rate smoothing 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Standard Deviation 

n*, 
0.0273 

0.0227 

0.0319 

0.0228 

0.0340 

xt 

0.0525 

0.0461 

0.0583 

0.0465 

0.0625 

* , , 

0.0286 

0.0291 

0.0280 

0.0338 

0.0386 

1*.* 

0.0831 

0.0884 

0.0807 

0.1076 

0.1114 

A 

0.1551 

0.1773 

0.1389 

0.2070 

0.1858 

Welfare loss 

8.2744e-004 

5.9914e-004 

0.0011 

6.3135e-004 

0.0013 

Given these observations, the following generalizations are advanced for the case 

in which the monetary authority has access to full contemporaneous information: 

First, in our model the Taylor rule always performs better than if the monetary 

policy rule is augmented by some form of the exchange rate, irrespective of which 

particular version of the model used.63 What is important to note here is that this 

conclusion arises despite the more general nature of the loss function (derived in Chapter 

3) used in this analysis that is not standard for the literature. That is, most often the 

welfare loss is evaluated in terms of a loss function that incorporates only variations of 

the inflation rate and the output gap (see Rotemberg and Woodford, 1999, Adolfson, 

2005) and here the Taylor Rule is frequently found to perform best. However, our 

63 In the literature it is an open issue how exchange rate should be taken into account in formulating 
monetary policy (see Ball, 1999, Svensson, 2000, and Taylor, 2001). 
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measure incorporates all the arguments in the utility function and hence incorporates 

dimensions not always considered. Even here we have found the Taylor Rule to perform 

best. Hence the speculation in the literature that the Taylor Rule may work well even for 

small open economies may be more robust than was previously appreciated.64 

Second, when the monetary authority has access to sufficient contemporaneous 

information to determine the flexible price values of the model's endogenous variables, 

the adoption of interest rate smoothing only detracts from the power of monetary policy. 

That is, while interest-rate smoothing does in some situations decrease the variation in 

interest rates, they also increase the variance of all other variables, i.e., the inflation rate, 

the output gap, the real exchange rate, and the law of one price gap. Given access to the 

appropriate contemporaneous information, the result of interest rate smoothing is to move 

these variables away from their appropriate flexible price values and so decrease the 

overall level of welfare experienced by households in the community. Hence if the 

central bank had sufficient information, it would be neither necessary nor desirable for 

the central bank to respond to lagged interest rates. 

Third, when the monetary authority maintains a long run steady state rate of 

inflation of zero, whether the monetary authority can improve performance by targeting 

the inflation gap rather than the inflation rate is ambiguous. For our model, the variance 

in inflation and other variables becomes larger when the policy maker reacts to the 

inflation gap using output prices as the measure of inflation, but becomes smaller when 

the policy maker uses a consumer price measure and reacts to the inflation gap. 

If we narrow our welfare criterion to this smaller set of variables and evaluate our alternative policy 
rules, we can still find that the Taylor rule works better in most situations. 
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Fourth, while policy response to CPI measure of inflation lowers the variation in 

real exchange rates and the law of one price gap, it also increases the variance of 

inflation, the output gap, and the interest rate. In our model this results in a larger welfare 

loss compared to the case in which policy maker responds to a domestic output price 

measure. While this finding is of important policy significance, this ranking is dependent 

on the weights assigned to the separate terms in the policy function, weights that have 

been assigned on the basis of values often chosen in the literature (rather than solved 

endogenously). Hence it will be of interest to see if this ranking is maintained when the 

response coefficients are solved endogenously in Chapter 5. 

Finally, what will become more apparent as we move through the following cases 

is that the Wicksellian interest rate, rHf, is the crucial piece of information needed to 

make monetary policy more effective.65 Even though the use of the Wicksellian interest 

rate cannot completely stabilize inflation and the output gap, an easy substitute for the 

Wicksellian interest rate is not readily available. In the cases below, we show that once 

fH/ becomes unavailable, the substitution of another interest rate target for fHt
f 

dramatically increases the variance of the model's endogenous variables rise and results 

in large household welfare falls losses. 

Case 2: Comparative performance when monetary policy can use only 

contemporaneous departures from steady state values 

Case 1 assumes that an extraordinary amount of timely information is available to 

the central bank. In order to estimate Yt , for example, the central bank needs accurate 

65 In what follows we will see that the level of output arising from the perfect flexible prices, Yt , is also a 

piece of important information needed make the monetary policy more effective. 
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information on the realization of three out of the four shocks that affect the model.66 The 

requirements for extracting this information perfectly from the contemporaneous 

information available are too stringent to expect to be satisfied. One possibility that we 

will explore later is that the monetary authority can observe or infer only part of each 

shock implying that Yt
f and q/ can be determined only imperfectly. Suppose however, 

that the best that the monetary authority can do is determine the steady state values of all 

variables in the system. In this case, equation (4.1), the general form of the monetary 

policy rule using domestic output price inflation becomes 

and the corresponding equation using consumer prices can be rewritten as 

Rt = (W r)[i% +*A +At + <f>qV< +**%]+tXi (4-4) 

where the hats over the variables represent the log-deviation of the variable from its 

steady state value rather than the gap between flexible and sticky price outcomes.67 

The comparative performance of the policy rules for Case 2 is summarized in 

Tables 4.11 through 4.14. In general terms, the dynamic impulse responses of the 

model's key endogenous variables to the model's shocks and the relative rankings under 

the alternative policy rules in Case 2 are considerably different from those found in Case 

1. The following are some of the most important differences that emerged in Case 2. 

We begin by ignoring temporarily the interest rate smoothing results to focus on 

the set of standard monetary policy rules in Table 4.11. Observing statistics listed in 

66 The risk premium shock does not affect the output arising under the perfectly flexible prices and 
complete asset markets. 
67 The simulation results associated with alternative rules in Case 2 when CPI inflation is used are roughly 
similar to those obtained in Case 1, they are placed in Appendix 4A.1. Similarly we put the results when 
CPI prices are used in Cases 3 and 4 in Appendix 4A.2 and 4A.3, respectively. 
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Table 4.11, we see that the first three rules that involve the openness of the economy and 

some measure of the exchange rate generally work very well in comparison with the 

Taylor and inflation targeting rules. This is opposite to what we discovered in Case 1. As 

might be expected, the need to use less relevant information means that the standard 

deviations of all variables under all alternative policy rules in Case 2 are larger than those 

in Case 1. This in turn implies that the welfare losses are all larger. For example, 

compared the smallest welfare loss in Table 4.11 to the one in Table 4.3, the former is 

38.4 times larger than the later one. In this case, then, the ability to incorporate more 

instruments into the policy rule allows the monetary authority to improve on overall 

performance. 

Second, when we compare the three quasi-exchange rate rules, the standard 

deviations of all key endogenous variables under Rule 3 are all smaller and hence 

household welfare higher under Rule 3 than under the two other rules. This is completely 

different from our finding in Case 1. There the standard deviations in Rule 2 were always 

smaller than those under Rules 1 and 3, and the level of welfare correspondingly higher. 

Third, the standard deviations for the real exchange rate and law of one price gap 

were always larger under the Taylor rule in Case 1 than those corresponding to the first 

three rules, while the standard deviations of the inflation, output gap and interest rate 

under the Taylor rule in Case 1 were all smaller. This resulted in the Taylor rule having 

the smaller welfare loss. In Case 2, however, even though the Taylor rule results in a 

smaller standard deviation for the output gap, the Taylor rule induces larger variations for 

all other variables relative to the first three exchange rate oriented rules. This implies that 

even if we used the conventional loss function (which incorporates only the inflation rate 
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and the output gap) to evaluate the alternative policy rules, the Taylor rule cannot be 

recommended. Moreover, Case 2 shows that targeting only the inflation rate in Rule 5 

now dominates the Taylor rule. Inflation targeting yields only a slightly larger standard 

deviation for inflation and the output gap in comparison to Rules 1 and 3 and hence 

results in only a slightly lower level of welfare. 

Table 4.11 

Case 2: Targeting inflation measured in domestic output prices 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Standard Deviation 

nff,( 

0.0884 

0.1127 

0.0729 

0.1435 

0.1023 

xt 

0.0767 

0.0805 

0.0732 

0.0672 

0.0423 

**Hg.t 

0.0584 

0.0815 

0.0450 

0.1206 

0.0874 

1z,t 

0.1567 

0.2021 

0.1278 

0.2560 

0.2188 

* , 

0.2628 

0.3583 

0.2047 

0.4902 

0.4569 

Welfare 

loss 

0.0081 

0.0133 

0.0055 

0.0219 

0.0112 

When we now add interest rate smoothing to the policy mix (compare Table 4.12 

with Table 4.11), the one overwhelming conclusion is that the addition of interest rate 

smoothing to all the other monetary rules improves performance. Compared to the 

outcomes under non-interest rate smoothing in Table 4.11, welfare losses can be reduced 

from approximately 11% (in Rule 3) to 36% (under Rule 5). However, while interest rate 

smoothing improves all levels of performance, it does not affect relative performance. 68 

Among the interest-rate smoothing rules, Rule 3 once again yields the best performance 

result. 

68 McCallum and Nelson (1999) derive a similar conclusion. They find that an interest rate smoothing term 
in the Taylor rule helps to reduce the variability of inflation and output gap for given values of the policy 
response parameters, while also reducing Rt variability. This finding holds for both variants of their model 

(with Calvo-Rotemberg pricing and the P-bar price adjustment relation). 
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Table 4.12 

Case 2: Inflation measured in domestic output prices and interest rate smoothing 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Standard Deviation 

n*, 
0.0829 

0.1031 

0.0693 

0.1199 

0.0841 

xt 

0.0947 

0.1050 

0.0871 

0.1100 

0.1047 

RHS,t 

0.0396 

0.0520 

0.0328 

0.0679 

0.0210 

<l8,t 

0.1551 

0.1895 

0.1329 

0.2255 

0.2329 

A 

% 

0.2385 

0.3072 

0.1975 

0.3897 

0.4456 

Welfare 

loss 

0.0070 

0.0109 

0.0049 

0.0148 

0.0072 

4.4 Comparative Performance when Data Availability Allows only Lagged 

Response 

The information that the monetary authority needs to make its policy decision can 

be classified into two categories: one category is observations on where the economic 

system is now, such as the current level of nominal and real GDP; the other is the 

unobservable variables that need to be inferred or estimated, such as the Wicksellian 

interest rate and flexible price output. In the previous sections we allowed the monetary 

authority to access all current-period information and for policy to respond immediately 

to the setting of short-term interest rates. The problem posed in Case 2 was that there was 

the flexible price variables in the targeted gaps could not be calculated from the 

information available. In this section we follow Taylor (1999) and many others, to argue 

that policymakers may not even have accurate information on the current state of the 

system when they make their interest rate decision. That is, in general it is unreasonable 

to expect that policymakers can access all needed information with no time lag. The 

aggregate information needed takes time to collect and process, and the time and effort 
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needed to collect and process unobservable conceptual information would take even 

longer, perhaps even being impossible to collect. Moreover, even when the relevant 

information is collected, policymakers still need time to decide on an appropriate 

response to that information. Finally, as McCallum and Nelson (1999) have argued, there 

is considerable uncertainty regarding the realized value of real GDP even at the end of 

the quarter in actual economies. In this sense, the policy rule specified by Taylor (1993) 

is not fully operational.69 In this section we assume that the monetary authority must 

respond in setting its interest rate today only to lagged information (which we assume is 

accurate). The specific question we are interested in is, does having to use lagged 

information affect the ranking of the monetary policy rules already considered? 

Case 3: Policy response under lagged information 

Case 3 differs from Case 1 in that the monetary authority can now access all 

relevant information accurately but only after a one period lag. In Cases 1 and 2, 

monetary policy could be based on observed current variables and policy was 

implemented contemporaneously. In Case 3 we assume that because of lagged 

information and/or transmission lags, the monetary authority must use a forward-looking 

perspective. And, as Keynes (1923) wryly observed, "If we wait until a price movement 

is actually afoot before applying remedial measures, we may be too late!" In the first 

instance, the monetary authority may use what is implicitly dated older information as if 

it were current. However, it is perhaps more likely that the monetary authority will use 

69 Taylor (1999, pl2) argues that a lagged version of his policy rule, e.g., it - <t>n7tt_x + $xyt_x + <l>Jt-\, 

where /', denotes the short-term interest rate, is any more realistic than the contemporaneous version, 

it =(j>nnt+ <pxyt + <j>rit^x, because policymakers will always have some current period information 

available when they make interest rate decisions. 
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that information to form a forecast of what inflation is likely to be when monetary policy 

comes into effect. In our current model this means the authority makes a forecast of what 

the unobserved current inflation rate is now when policy is implemented (without a lag). 

This gives us one additional monetary policy rule. Hence we call Rule 6, a strict inflation 

forecast targeting rule (SIF), where in this case the output gap does not show up in the 

rule. Batini and Haldane (1999) argue that this rule is output encompassing since the 

targeting horizon and feedback parameter can, in principle, secure a degree of output 

smoothing. On the other hand, Clarida et al. (1998, 2000) take explicit account of the 

output gap objective and find this forwarding looking rule fits recent monetary policy 

history quite well. Hence following Clarida et al. (1998, 2000) we obtain Rule 7 by 

adding the term the output gap into Rule 6, we call it an inflation-forecast Taylor rule 

(IFTR). 

For Case 3, then, the general form of monetary policy rules becomes, 

A=(l-*,) 
H,t+j\t &H,t-\ 

+ <f>rRt_2,(4.5) 

where the values of response coefficients once again are given in Table 4.2. 

Tables 4.13 through 4.16 report the standard deviations and welfare losses 

associated with the corresponding policy rules conducted by the monetary authority 

under the information constraints of Case 3. Specifically, Table 4.13 assumes that the 

monetary authority makes its current response to lagged information using the domestic 

output-price measure of inflation and without interest rate smoothing. The solutions in 

Table 4.13 the following special features. First, comparing the first three exchange rate 

related rules with the remaining four non-exchange rate related rules, we see that the 
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exchange rate rules yield larger welfare losses. Second, among these four non-exchange 

rate rules, the Taylor rule generates the smallest variance for inflation and the output gap 

and hence the smallest overall level of welfare loss despite having a higher standard 

deviation for the interest rate. Third, a comparison of Rule 7 to Rule 4 shows that 

inflation-forecast-based Taylor rule does not improve the outcome relative to its simple 

counterpart (Rule 4, the Taylor rule) and the same conclusion can be drawn for inflation 

targeting by comparing the outcome of Rule 6 to that of Rule 5. 

What is perhaps surprising is that the findings reproduced in these tables are still 

not new, again repeating the general pattern found in Case 1 (and to some extent, Case 2). 

The obvious exception is that variances of the variables are now all larger and the levels 

of welfare realized somewhat lower. For example, the smallest welfare loss yielded by 

Rule 4 in Table 4.13 is 2.3807e-004, while in Table 4.3 is 1.3969e-004. Here the lack of 

information can be blamed with poorer information resulting in a 70% larger welfare 

loss. In both Cases 2 and 3 there are information shortfalls. However, when the 

performance outcomes of Table 4.13 are compared to their counterpart in Table 4.11, the 

overall policy performance in Case 3 turns out to be much better than that in Case 2. 

This suggests that there is less relevant information lost and hence better performance 

outcomes achieved when older 'actual' information is used than when we simply 

substitute the steady state values for the flexible price alternative in the policy rule. 
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Table 4.13 

Case 3: Policy uses domestic output price inflation 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

6 (SIF) 

7 (IFTR) 

Standard Deviation 

nB, 
0.0187 

0.0145 

0.0237 

0.0096 

0.0139 

0.0190 

0.0120 

xt 

0.0385 

0.0340 

0.0433 

0.0332 

0.0390 

0.0429 

0.0337 

RBg,t 

0.0476 

0.0481 

0.0475 

0.0393 

0.0348 

0.0370 

0.0392 

4s,t 

0.0844 

0.0917 

0.0797 

0.1158 

0.1206 

0,1257 

0.1171 

% 

0.1757 

0.1987 

0.1582 

0.2410 

0.2357 

0.2389 

0.2429 

Welfare loss 

5.5732e-004 

4.2217e-004 

7.6888e-004 

2.3807e-004 

3.1060e-004 

4.9344e-004 

2.8941e-004 

Table 4.14 shows the results when interest-rate smoothing is again added to each 

of the monetary policy rules used in Table 4.13. In this case, however, the first three 

exchange rate rules now generate the smaller variable variances and hence realize higher 

welfare levels (in direct contrast to Table 4.13). Second, when we compare Table 4.14 to 

4.13, we see that interest rate smoothing does not improve the policy performance at all 

and this result extends to the other interest rate smoothing case shown in Tables 4.16. 

This finding, robust across all policy rules in Case 3 is a bit surprisingly, since in Case 2 

interest-rate smoothing did help improve policy performance. One possible interpretation 

of this result, similar to that given for the general superiority of Case 3 outcomes over 

Case 2, is that even though both cases have an information shortfall (relative to complete 

information), the information in the variables used in Case 3 is more informative than 

that used in Case 2 for combating the gaps between actual and flexible price outcomes. In 

this reading of the results, the separate information contained in using the lagged values 

of the Wicksellian natural rate, the flexible level of output, Y/ , and the flexible real 



157 

exchange rate, q/, are more helpful for closing the various gaps than the information 

that can be gained by using an aggregated version of this information in the lagged 

70 

interest rate. 

Table 4.14 

Case 3: The domestic inflation with interest-rate smoothing 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

6 (SIF) 

7 (IFTR) 

Standard Deviation 

n*, 
0.0240 

0.0227 

0.0268 

0.0298 

0.0338 

0.0385 

0.0337 

xt 

0.0499 

0.0479 

0.0528 

0.0505 

0.0584 

0.0628 

0.0521 

RHg,t 

0.0435 

0.0441 

0.0430 

0.0468 

0.0495 

0.0543 

0.0504 

%.t 

0.1121 

0.1216 

0.1059 

0.1431 

0.1464 

0.1528 

0.1480 

\ 

0.2123 

0.2372 

0.1938 

0.2773 

0.2717 

0.2802 

0.2863 

Welfare loss 

7.5497e-004 

6.9963e-004 

8.9334e-004 

0.0011 

0.0014 

0.0018 

0.0014 

Tables 4.15 and 4.16 summarize the simulation results when the policy maker 

responds to the inflation gap rather than the inflation rate itself. Comparing these results 

with those in Tables 4.13 and 4.14, it can be seen that targeting the lagged inflation gap 

rather than the lagged rate of inflation does not reduce the variances of the key variables 

nor increase welfare levels. 

Our results also show that use by the monetary authority of the one-period lagged interest rate instead of 
the two-period lagged interest rate as used here does not affect this conclusion. 
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Table 4.15 

Case 3: Targeting the domestic output inflation gap 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

6 (SIF) 

7 (IFTR) 

Standard Deviation 

n f f, 
0.0227 

0.0214 

0.0267 

0.0237 

0.0233 

0.0209 

0.0225 

x, 

0.0589 

0.0541 

0.0638 

0.0515 

0.0614 

0.0423 

0.0338 

RHg,t 

0.0754 

0.0786 

0.0739 

0.0752 

0.0688 

0.0362 

0.0422 

%,t 

0.0805 

0.0875 

0.0773 

0.1099 

0.1096 

0.1404 

0.1306 

% 

0.1641 

0.1913 

0.1444 

0.2374 

0.2182 

0.2821 

0.2795 

Welfare loss 

0.0010 

0.0010 

0.0012 

0.0011 

9.7658e-004 

5.663 le-004 

6.7530e-004 

Table 4.16 

Case 3: Domestic output inflation gap with interest rate smoothing 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

6 (SIF) 

7 (IFTR) 

Standard Deviation 

ft*, 
0.0245 

0.0230 

0.0276 

0.0287 

0.0318 

0.0378 

0.0415 

xt 

0.0540 

0.0505 

0.0579 

0.0506 

0.0590 

0.0564 

0.0674 

RHS,t 

0.0495 

0.0508 

0.0488 

0.0512 

0.0509 

0.0494 

0.0527 

4z* 

0.1057 

0.1146 

0.1003 

0.1352 

0.1362 

0.1662 

0.1773 

% 

0.2002 

0.2262 

0.1813 

0.2665 

0.2545 

0.3266 

0.3363 

Welfare loss 

8.2907e-004 

7.6960e-004 

9.8485e-004 

0.0011 

0.0013 

0.0017 

0.0020 

Case 4: Monetary policy when the monetary authority can use only lagged 

departures from steady state values 

In case 3 we assumed that the monetary authority can access both observable 

variables, such as TlHt^, and unobservable variables, such as the Wicksellian natural 
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rate, with a one period lag. However, while it may be reasonable to assume that the 

policy maker can obtain all observable information with some lag, it is unlikely that the 

policy maker may have enough information to calculate the unobservable variables even 

if it had sufficient time. If this is true, then the policy maker cannot calculate the flexible 

price values and must respond in setting its interest rate only to lagged observable 

information. This gives us Case 4, which is very close to case 2 but uses Il f f )M, Yt_x, 

97-1 > ^t-i> anc* Rt~ii0 replace TlH t, Yt, qt, *?,, andRt in the general policy form (4.5). 

Hence the policy response function in (4.5) will be modified to, 

kt = ( i -<0[n f f , M +&n H > M +<f>fnH,t+jlt +&r,_, +^qqtA +<h%1\+<t>rRt„2 (4.6) 

The simulation results associated with alternative policy rules based on equation 

(4.6) are summarized in Tables 4.17 and 4.18. Examining them we see that the general 

pattern of the policy performance corresponding to each rule replicates the findings in 

Case 2. For instance, Rule 3 where the policy maker responds to the law of one price gap 

again achieves the best welfare performance in all two situations (Tables 4.17 and 4.18). 

Similarly, the performance of monetary policy rule improves under interest-rate 

smoothing rules as compared to the same cases without interest rate smoothing. One 

unexpected result is that the size of the welfare losses incurred in Case 4 is almost same 

as the losses incurred in Case 2—suggesting that the important information loss is in the 

inability to calculate the flexible price values rather than the loss of current realized 

values. Overall, the smallest welfare loss arising in Case 4 is 0.005, generated by Rule 3 

when the monetary authority uses the domestic output-price measure of inflation together 

with interest rate smoothing. In Case 2, the smallest welfare loss is 0.0049. 
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Table 4.17 

Case 4: Inflation measured in domestic output prices 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

6 (SIF) 

7 (IF) 

Standard Deviation 

n*, 
0.0844 

0.1064 

0.0701 

0.1284 

0.0843 

0.1184 

0.1757 

xt 

0.0858 

0.0925 

0,0806 

0.0862 

0.0695 

0.0770 

0.0995 

K-Hgjt 

0.0699 

0.0880 

0.0601 

0.1109 

0.0745 

0.0915 

0.1420 

<l« 

0.1547 

0.1948 

0.1290 

0.2347 

0.1995 

0.2482 

0.3119 

% 

0.2505 

0.3343 

0.1994 

0.4343 

0.4141 

0.5164 

0.5944 

Welfare loss 

0.0076 

0.0120 

0.0053 

0.0176 

0.0076 

0.0148 

0.0310 

Table 4.18 

Case 4: Lagged domestic output inflation with interest rate smoothing 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

6 (SIF) 

7 (IF) 

Standard Deviation 

nff,( 

0.0823 

0.1010 

0.0694 

0.1149 

0.0877 

0.1220 

0.1454 

*t 

0.1056 

0.1188 

0.0964 

0.1303 

0.1343 

0.1770 

0.1623 

RHg,t 

0.0505 

0.0582 

0.0464 

0.0654 

0.0356 

0.0346 

0.0712 

^ 

0.1611 

0.1914 

0.1419 

0.2248 

0.2601 

0.3323 

0.2811 

% 

0.2381 

0.2944 

0.2057 

0.3641 

0.4703 

0.5913 

0.4613 

Welfare loss 

0.0070 

0.0105 

0.0050 

0.0136 

0.0079 

0.0151 

0.0217 

4.5 Concluding Remarks 

In this chapter we compared the simulated outcomes of a set of monetary policy 

rules for the special case where the reaction coefficients used in the policy rule were the 

ones that have typically been used in the literature. Beginning from the case of full 
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contemporaneous information, we took information away from the monetary authority 

and looked at how the performance of our alternative monetary policy rules performed on 

this basis. In terms of these experiments, the following hypotheses seem to be warranted. 

First, the information available to the monetary authority in setting its policy rule 

really does matter. On the one hand, the amount of information not only affects the level 

of welfare achieved by the policy, but affects which policy rule will likely perform best. 

As one would expect, the more information the monetary authority can access the larger 

will the welfare gain be to monetary policy. For example, the monetary authority has 

access to the most relevant information in Case 1 and the least information in Case 4. 

Correspondingly, we find the smallest welfare loss in Case 1, that is, 1.3969e-004, and 

the smallest loss in Case 4, that is, 0.0050. In addition, the amount of information 

available influences the performance of each rule. Consider, for example, the situation in 

which the policy maker uses domestic output prices to measure inflation and doesn't 

adopt interest rate smoothing. For this situation, we see either when all relevant 

information is readily available (Case 1) or available with a one period lag (Case 3), then 

the Taylor rule (Rule 4) is the monetary policy rule that generates the smallest expected 

welfare loss. On the other hand, when the information available is insufficient to allow 

the flexible price values to be calculated either in the present (Case 2) or even with a one 

period lag (Case 4) it is the monetary policy rule using the incomplete pass gap (Rule 3) 

that works best. 

Second, for the literature as a whole whether the exchange rate needs to be in the 

monetary policy rule or not is still an open question. Unfortunately, our analysis does not 

provide a clear cut answer. Whether the use of the exchange rate in the monetary policy 
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rule improves performance outcomes depends upon several factors, in particular, the 

information set available to the policy maker and whether interest rate smoothing is to be 

included. In the cases we have considered that do not use interest rate smoothing, the 

simulation results indicate that only in Cases 2 and 4 does one of the exchange rate 

augmenting rules produce minimum variances in the model's key efficiency gaps and 

hence provide for the best enhancement of social welfare. In Cases 1 and 3, the Taylor 

rule (excluding open economy considerations) performs best. However when the 

monetary authority considers interest rate smoothing as part of its policy rule, in each of 

the four cases, at least one of the exchange rate augmenting rules (Rules 2 and 3) will 

perform best. 

Third, the effect of interest-rate smoothing on policy performance is ambiguous. 

The simulations from Cases 1 and 3 show that the addition of an interest rate smoothing 

term reduces monetary policy performance by introducing additional volatility into the 

key variables and dramatically reducing potential social welfare. Particularly for the 

inflation rate and output gap under the Taylor rule, their respective standard deviations 

rise from 0.0096 and 0.0242 in Case 1 (see Table 4.3) to 0.0202 and 0.0399 (see Table 

4.4) after the interest-rate smoothing is incorporated. On the other hand, the interest rate 

smoothing does unambiguously improve the policy performance in Cases 2 and 4. This 

persistent pattern suggests that it is only when stationary state values are used to target 

monetary policy that the lagged interest rate allows some part of the persistence 

characteristics of the models shocks to be incorporated into the performance rule and so 

improve welfare. Along the same lines, it may be that because the lagged interest rate 

incorporates these concerns in a somewhat cruder (more aggregated) way that the use of 
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either the contemporary or the lagged values of the flexible price variables directly can 

better incorporate the disaggregated aspects of persistence and so improve overall 

performance. In this sense, the adoption of interest rate smoothing would then require 

policy to use a less informative statistic that would, in turn, reduce rather than enhance 

policy performance. This would be consistent with the general idea that the role of 

interest rate smoothing in monetary policy increases with the amount of current relevant 

information lost to the policy maker. 

Fourth, while domestic output inflation is identical to CPI inflation in a closed 

economy, the two measures differ for a small open economy. The question then arises 

whether the policy maker should be directed to respond to domestic output-price or CPI 

inflation. Our simulation results imply that when the policy maker uses reaction 

coefficient close to those typically used in the literature that the monetary authority 

should respond to the variation in domestic output price inflation rather than CPI 

inflation. 

Fifth, in the current literature the inflation rate and the inflation rate gap are 

conflated, implying that the inflation rate that arises under perfectly flexible prices is 

always zero. Our analysis suggests that this assumption is incorrect and our simulations 

imply that this approximation is not always appropriate. In particular, our simulations 

find that when the monetary authority uses the domestic output price measure of inflation 

and targets monetary policy on the inflation rate gap rather than the inflation rate, the 

performance of monetary policy will fall. On the other hand, when the monetary 

authority uses the CPI inflation measure, then targeting the inflation rate gap does 

improve somewhat monetary policy relative to inflation rate targeting. 



164 

Finally, in the case where the monetary authority has access to accurate 

information only with a one period lag, we find that neither of our two inflation forecast 

rules enhances social welfare relative to the monetary authority's use of the lagged policy 

variables themselves. This is an unexpected finding and one that we will be interested in 

pursuing as we move to more a more general setting for our policy rules. 

Before concluding this chapter we should reinforce the starting observation that all 

these conclusions on the relative strength of different monetary policy rules are highly 

conditional. This is because the policy response coefficients used in the simulations 

above, while typical of those used in the literature, are not necessarily optimal for each 

specific policy rule, the model developed and/or the information structure assumed. 

Hence while the coefficients used are not completely arbitrary, the conclusions with 

respect to which policy rule works best may well change when we move to adopt 

"optimal" policy response coefficients in the chapter that follows. However, given the 

widespread use in practice of reaction coefficients close to these assumed values, this 

analysis does suggest caution in simply adopting simple monetary rules such as strict 

inflation targeting and/or the Taylor rule. Nor does it seem wise to simply assume that all 

small open economies should incorporate some form of an exchange rate term. Because 

even these conclusions are of immediate policy interest, it will be interesting to see if 

even these suggestions survive into the setting of "optimal" reaction coefficients. 
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Appendix to Chapter 4 

A4.1 Simple policy rules in Case 2 where the monetary authority cannot calculate 

the fully flexible price values need for the appropriate gaps 

Tables A4.1 and A4.2 summarize the simulation results for when the monetary 

authority targets inflation in terms of the consumer price measure of inflation. When we 

look across these tables, we see that Rule 3 again produces the smallest variance for the 

key endogenous variables and therefore results in the smallest welfare loss across the set 

of money rules. In addition, the use of interest rate smoothing produces better policy 

performance for each monetary policy rule. Hence the results for consumer prices are 

consistent with the results obtained for the domestic output price measure of inflation 

(Tables 4.11 and 4.12) and hence reinforce the generality of these findings. Finally, if we 

compare the welfare results for the use of consumer prices in Tables A4.1 and A4.2 with 

the results when producer prices are used in Tables 4.11 and 4.12, we find that both the 

standard deviations of the key variables and the welfare losses are somewhat larger for 

consumer prices. This is the same result as the one we found for the case of full 

contemporaneous information in Case 1. Hence in the case when the monetary authority 

cannot calculate or observe the flexible price levels consistent with efficiency, the 

recurring dominance of producer prices reinforces the earlier case made for the use of 

domestic output prices (over consumer prices) in the monetary rule. 
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Table A4.1 
Case 2: consumer prices (CPI) used to measure inflation rates 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Standard Deviation 

% j 

0.0918 

0.1157 

0.0765 

0.1479 

0.1086 

*t 

0.0962 

0.1044 

0.0898 

0.1012 

0.0689 

Rg,t 

0.0579 

0.0792 

0.0452 

0.1149 

0.0722 

%* 

0.1588 

0.2055 

0.1295 

0.2764 

0.2419 

* 
* , 

0.2459 

0.3425 

0.1886 

0.5069 

0.5033 

Welfare 

loss 

0.0088 

0.0140 

0.0061 

0.0231 

0.0123 

Table A4.2 
Case 2: CPI inflation with interest rate smoothing 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Standard Deviation 

n*, 
0.0859 

0.1058 

0.0724 

0.1216 

0.0868 

xt 

0.1071 

0.1202 

0.0976 

0.1297 

0.1205 

Rg,< 

0.0435 

0.0540 

0.0372 

0.0654 

0.0210 

qgj 

0.1587 

0.1948 

0.1354 

0.2348 

0.2453 

X 
0.2299 

0.3000 

0.1883 

0.3873 

0.4546 

Welfare 

loss 

0.0076 

0.0115 

0.0054 

0.0152 

0.0076 

A4.2 Simple policy rules in Case 3 where the monetary authority can access full 

information only with a one period lag 

Tables A4.3 through A4.6 record the simulation results for our four separate sub

cases when the monetary authority uses the consumer price (CPI) measure of inflation in 

the case where the monetary authority can access relevant information with a one period 

lag. Compared to the use of domestic output prices in Table 4.13 through 4.16, the CPI 

results in Tables A4.3 through A4.6 do not add much new information. The important 



exception is that it now doesn't appear to matter for policy performance whether the 

inflation rate or the inflation rate gap is targeted. In some cases, the use of the inflation 

rate gap improves monetary policy performance quite a bit in comparison with using just 

the inflation rate. This is especially the case for the inflation forecast Taylor rule, Rule 7. 

Table A4.3 
Case 3: Consumer prices used to measure inflation 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

6 (SIF) 

7 (IFTR) 

Standard Deviation 

&HJ 

0.0279 

0.0229 

0.0326 

0.0186 

0.0329 

0.0435 

0.0227 

xt 

0.0476 

0.0414 

0.0535 

0.0393 

0.0528 

0.0626 

0.0415 

R
g< 

0.0489 

0.0494 

0.0484 

0.0440 

0.0428 

0.0450 

0.0452 

*** 

0.0747 

0.0789 

0.0729 

0.0999 

0.1067 

0.1126 

0.0995 

t 
0.1442 

0,1639 

0.1293 

0.1922 

0.1759 

0.1681 

0.1860 

Welfare loss 

9.9807e-004 

7.4762e-004 

0.0013 

5.2542e-004 

0.0013 

0.0021 

7.0446e-004 

Table A4.4 
Case 3: CPI measure of inflation with interest rate smoothing 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

6 (SIF) 

7 (IFTR) 

Standard Deviation 

n f f , 
0.0293 

0.0262 

0.0327 

0.0317 

0.04.10 

0.0470 

0.0351 

x, 

0.0549 

0.0511 

0.0588 

0.0518 

0.0641 

0.0681 

0.0522 

** 

0.0467 

0.0475 

0.0460 

0.0526 

0.0561 

0.0599 

0.0577 

qg.t 

0.1043 

0.1110 

0.1003 

0.1268 

0.1295 

0.1321 

0.1284 

% 

0.1873 

0.2082 

0.1717 

0.2346 

0.2195 

0.2180 

0.2367 

Welfare loss 

0.0011 

8.9774e-004 

0.0013 

0.0013 

0.0020 

0.0025 

0.0015 
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Table A4.5 
Case 3: The CPI measure of the inflation gap 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

6 (SIF) 

7 (IFTR) 

Standard Deviation 

n*, 
0.0289 

0.0244 

0.0336 

0.0184 

0.0303 

0.0323 

0.0162 

xt 

0.0589 

0.0524 

0.0651 

0.0496 

0.0673 

0.0545 

0.0378 

R* 

0.0567 

0.0578 

0.0563 

0.0500 

0.0453 

0.0425 

0.0432 

4g.t 

0.0719 

0.0752 

0.0715 

0.0936 

0.0990 

0.1101 

0.1033 

% 

0.1357 

0.1579 

0.1.196 

0.1866 

0.1595 

0.1802 

0.2036 

Welfare loss 

0.0011 

9.0060e-004 

0.0014 

5.6990e-004 

0.0011 

0.0012 

4.3591e-004 

Table A4.6 
Case 3: The CPI measure of the inflation gap and interest rate smoothing 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

6 (SIF) 

7 (IFTR) 

Standard Deviation 

n*, 
0.0297 

0.0263 

0.0333 

0.0306 

0,0401 

0.0405 

0.0325 

xt 

0.0578 

0.0532 

0.0622 

0.0531 

0.0666 

0.0629 

0.0508 

Rs,< 

0.0470 

0.0478 

0.0464 

0.0511 

0.0535 

0.0591 

0.0547 

48.t 

0.1007 

0.1069 

0.0973 

0.1221 

0.1243 

0.1372 

0.1355 

% 

0.1796 

0.2011 

0.1638 

0.2272 

0.2083 

0.2396 

0.2564 

Welfare loss 

0.0011 

9.0572e-004 

0.0013 

0.0012 

0.0019 

0.0020 

0.0013 

A4. 3 Simple policy rules in Case 4 where the monetary authority must use steady 

state values 

Tables A4.7 and A4.8 list the simulation results when the policy maker targets 

inflation measured in CPI prices in Case 4. 
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Table A4.7 
Case 4: The use of steady state values with a CPI inflation measure 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

6 (SIF) 

7 (IF) 

Standard Deviation 

ft*, 
0.0881 

0.1096 

0.0739 

0.1315 

0.0881 

0.1211 

0.1707 

xt 

0.1011 

0.1110 

0.0936 

0.1113 

0.0853 

0.1085 

0.1343 

*» 

0.0669 

0.0837 

0.0578 

0.1040 

0.0621 

0.0665 

0.1229 

%, 

0.1571 

0.1988 

0.1306 

0.2494 

0.2181 

0.2795 

0.3228 

% 

0.2368 

0.3224 

0.1854 

0.4424 

0.4392 

0.5578 

0.5864 

Welfare loss 

0.0082 

0.0127 

0.0058 

0.0183 

0.0081 

0.0151 

0.0306 

Table A4.8 
Case 4: steady state values, a CPI inflation measure, and interest rate smoothing 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

6 (SIF) 

7 (IF) 

Standard Deviation 

K, 
0.0849 

0.1036 

0.0720 

0.1170 

0.0908 

0.1160 

0.1397 

*t 

0.1138 

0.1288 

0.1033 

0.1426 

0.1441 

0.1766 

0.1672 

R* 

0.0527 

0.0594 

0.0488 

0.0656 

0.0421 

0.0430 

0.0695 

%,t 

0.1644 

0.1964 

0.1440 

0.2321 

0.2691 

0.3240 

0.2755 

% 

0.2334 

0.2917 

0.1998 

0.3640 

0.4772 

0.5686 

0.4385 

Welfare loss 

0.0075 

0.0111 

0.0054 

0.0141 

0.0085 

0.0137 

0.0200 



Chapter 5 

Fully Optimal Monetary Policy Rules for the Small Open Economy 

5.1. The Mathematics of Optimal Policy Rules 

In most economic problems, agents (such as policy makers, individuals, or firms) 

are modeled as maximizing an objective function subject to various types of constraints. 

In an inter-temporal setting, such problems are often solved using optimal control theory, 

an approach developed by Pontryagin and his associates in the late 1950s (see Pontryagin 

1962). Dynamic programming, developed by Bellman also in the late 1950s, is an 

alternative popular method used to deal with this problem (Bellman, 1957). In many 

applications, however, Chow (1975, 1997) has shown that the Lagrangian method is 

computationally more efficient and more accurate than dynamic programming methods. 

From this literature it is well known that in a linear-quadratic framework in which 

there are no forward-looking variables, optimal policy may be expressed as a time-

invariant feedback rule (a closed-loop form policy). For example, consider our problem 

in which a benevolent monetary authority chooses an optimal policy, Rt, to maximize a 

time separable social objective function depending on the state variables Xt. This can be 

written formally as 

maxfe[„ E0f\xt<QlXt+Rt<Q2R] (5.1) 

subject to a set of equations that describe the dynamic evolution of the state variables, 

XM=AXt+BRt+VM. (5.2) 
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Following the standard procedure for solving these types of dynamic optimization 

problems,71 the optimal policy can be rewritten as 

Rt = -\Q2 +B'KB\xFKAXt (5.3) 

where 

K = Qx + A'[K - KB(Q2 + B< KB)~1B?K.\L. (5.4) 

Here (5.4) is known as the matrix Riccati equation, and Kcan be solved for iteratively. 

The optimal policy described by this solution has the following properties (see 

Currie and Levine, 1993, pp.9). First, providing the future is not discounted too heavily, 

the optimal rule will stabilize the endogenous variables. Second, the optimal rule will be 

linear in the entire state vector. Third, the optimal rule will be independent of the initial 

state of the system. Fourth, when the uncertainty is introduced into the model, the optimal 

rule will remain the same as that in the deterministic problem and will be independent of 

the covariance matrix of the white noise disturbances. This is the certainty equivalence 

property. Lastly, the optimal rule will be time consistent. The optimal rule described at 

time t > 0 is simply a continuation of the rule chosen at time t = 0. Neither 

deterministically nor under uncertainty will the optimal rule depend upon the current state 

of the system. 

In current economic analysis, models containing only backward-looking variables 

are increasingly rare. This is because future outcomes typically affect the incentives 

facing agents today. In relation to policy, this implies that rational economic agents can 

be expected to anticipate the consequences of current and future policy when choosing 

their behavior today and this in turn needs to be anticipated by policy makers. Hence in 

71 The standard procedures used to solve this dynamic optimization problem are described in Chow (1975, 
1997) and inBertesekas (1976). 
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analyses where economic agents are assumed to be rational, economic behavior is now 

modeled as forward-looking. Since the early 1990s a number of new analytical 

frameworks have been developed on this basis, often referred as new Keynesian or new 

Classical approaches, both of which are consistent with optimizing behavior by private 

agents who form expectations of future events under rational expectations. The resulting 

models then incorporate forward-looking variables. 

If we introduce rational expectations in relation to the future values of the state 

variables and hence allow the effects of forward-looking variables into equation (5.2), 

above, the model can now be expressed as 

AlEtXM=A2Xt+BlRt+VM. (5.5) 

Just as was the case for models with backward-looking variables, numerical solution 

methods have been developed to solve forward-looking rational expectations models.72 

One important solution method has been proposed by Blanchard and Kahn (1980). Their 

key points are as follows: first, distinguish variables by whether they are predetermined 

or non-predetermined. This modifies (5.5) in the following way 

= A ~
Xv' 

_X2,t _ 

where Xlt is a «jXl vector of variables predetermined at time t, X2t is a 

n2 xl variables non-predetermined at time t, and A = Ax~
lA2. Next, A is transformed 

into a Jordan canonical form, A~C~lJC, where the diagonal elements of J , i.e., the 

eigenvalues of A, are ordered by their increasing absolute value, ./is then further 

72 For example, Calvo (1978), Blanchard and Kahn (1980), Kydland and Prescott (1982), Currie and Levine 
(1982, 1987, 1993), McCallum (1983, 1998), Backus and Driffill (1986), King and Watson (1998, 2002), 
Binder and Pesaran (1995, 1996), Klein (2000), Sims (2001), Uhlig (1999), Soderlind (1999), and Dennis 
(2004). 
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decomposed into J = 
J, 0 

0 y , 
, where the partition in J has all the eigenvalues that are 

on or inside the unit circle in Jh, a ^ x H j matrix, and all eigenvalues that are outside the 

unit circle are in J2, a n2 x n2 matrix. Third, define the auxiliary variables 

X, 
Y 2,t 

= c X 
2,t 

, and premultiplying both sides of (5.6) by Cand using A = C XJC, 

(5.6) then becomes 

Y 

FY 

Jx 0 

0 J , 
'i,i 

'2,( 

+CA;1VM (5-7) 

Finally, (5.7) presents the following types of solutions. If n2 =n2, that is, if the number 

of eigenvalues of A outside the unit circle is equal to the number of non-predetermined 

variables, then there exists a unique solution. Otherwise, (5.7) either has no solution 

(»2 > n2) or has many solutions (n2 <n2). 

One limitation of Blanchard and Kahn's numerical solution method is that it 

requires the matrix Ax to be invertible, which implies that static (intratemporal) 

equilibrium conditions should be excluded from the dynamic relationships, equation 

(5.5). however, Sims (2001), King and Watson (1998, 2002), and Klein (2000) have 

extended Blanchard and Kahn's numerical method (1980) to allow for Ax singularities by 

using the complex generalized Schur form or QZ decomposition to find the solutions. 

Blanchard and Kahn's numerical method and its extensions are based on matrix 

decomposition. Alternatively, McCallum (1983, 1998), Binder and Pesaran (1995, 1996), 

and Uhlig (1999) among others, use an undetermined coefficients approach to solve 

recursive stochastic linear systems. The general procedure under this method consists of 
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the following steps. First, find all the necessary equations characterizing the equilibrium 

of the system. Next, log-linearize all these equations. Third, postulate a recursive 

equilibrium law of motion, which is to write all variables as linear functions of a vector 

of endogenous variables and exogenous variables. And finally solve it via the method of 

undetermined coefficients. 

Mathematically speaking, solving the recursive equilibrium law of motion 

through the undetermined coefficients approach involves a matrix quadratic equation. 

Uhlig (1999) shows that this matrix quadratic equation can be solved by either turning it 

into a generalized eigenvalue and eigenvector problem or using the QZ decomposition. 

From this perspective, then, there is no essential difference between Blanchard and 

Kahn's method and the undetermined coefficients approach. 

The rest of chapter is organized as follows. In section 5.2 I follow Soderlind 

(1999), who develops a number of useful methods and algorithms based on Blanchard 

and Kahn (1980), Sims (2001) and Klein (2000) to solve the rational expectations model 

and find the optimal policy rule under commitment. Section 5.3, the last section, offers 

my concluding remarks. 

5.2. A Fully Optimal Monetary Policy Rule under Commitment 

To find the fully optimal monetary policy rule under commitment, a monetary 

authority is assumed to choose its policy instrument to maximize a welfare function (or 

minimize the associated loss function) based on household utility, subject to the dynamic 

stochastic evolution of the underlying economy. In our analysis, that mathematical 
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framework of the dynamic stochastic small open economy model was derived in Chapter 

2. After some algebra manipulation the key equations can be rewritten as follows.73 

The new Keynesian Phillips curve is 

wnerer f f l - ——— ,rH2 - ———, rH3 - - , rB4-— — , ma 
1 + pS 1 +fid I-a Q-a) 

_ ya(arj + a -1) 
H5~ (I-a)2 • 

The import goods price equation is 

ilFt = JrF 1 l lF (_4 + rF2h,tl\.Ft+l +rPT}T?t . (,->•") 

WherePFl = — , PF2 =——_? a n (} pp3 -
l + pd PA 1+J3S *' oM(l + jBS) 

The IS equation is 

xt ~^txt+\ ~XlKgt ~ X2^A^n,t+\ ~ ^ 3 4 ^ F , ( + I + X4htqgt+l 

- x5qg,t + x62t + x7zlt - xsf* 

a a a 

_<p + a-l-a(crr} + a-l) _^ + a-l-a(arj+a-l) _a((77j+a-l)(l+ju) 
X4 _ - - 3 Xs - - - , A6 - - • 

<y(l-a) a(l-a) (p/u+a 

a(aTf + a-l)n . Y _a(crr/ + a-l)(a + ju) 
~2 K1~P\)> •*-* - i ; x6=(i-pA),x7=^:'S(i-Pl), x%=^//7'iAu"wd-^). 

The real exchange rate equation is 

73 There are two versions of the model: One is expressed in terms of the domestic output price inflation, and 
another is written in terms of CPI inflation. Here we focus on the former version. In order to write the 

model in state-space form, some of equations have been modified. In addition, note that qgt — qt—qt , 

R =R -f f 

g,t IVt 'H,t • 
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Qi%,t=QiEtctg,M +QM -EtxM)-Q4nHM +Q5nFM 

- Q.NFA, - Q7%2t -0,2,- Qjtu + Qj: 
(5.11) 

Where Qx = (j>-aarj), Q2 = {(f>-aarj), Q3 = cr(l-a), Q4 = aarjQ. - a)., 

Q5=a<rrfr-a), 06=Z>(l-a)2, G 7 =(l -a) 2 , & 
orcr2^(l-a)(l + //) 

0-/>,), 

a=^^(i-A). a.=^%#^W 
0jU + <J <pJU + <7 

The net foreign asset position equation is 

NFAt = JV1JVK4,., -.#**, +JV,*, -N4% +N.A, + N6Xu -N7Yt (5.12) 

Where # .= —, iV2 = — - — , 
Qr[n(2-or) + ar-ll , r a(w + a - l ) 

m-ar 0(1-<*f ' 

„ _ orcr[̂ (2 - or) + a -1](1 + /J) - a<f>(l + //) _ aa[Tj(2 - or) + a -1] - ar̂  (1 + ju) 
P(\-a)(<f>v+a) Pil-aMfi + 6) 

N7 = 
acx[r](2 - a) + a - l](cr + ju) + acr(l -<jj) a 

P{\-dMi+o) 0Q.-a) 

The law of one price gap equation is 

% = ¥ M + (1 - flf)nHit - (1 - a)flF>f + qga - qgM 

+ Hl(At-At^ + H2(lt -XuJ-H&'-fJ) 
(5.13) 

where Hx = ^ ' a ^ + ^ , ff2 = "<*-"> , H, = ^ - " X ^ / * ) . 

Equations (5.8) through (5.13) plus four shocks can be written compactly as 

A 
^ U + l 

J^fx2,t+\_ 
= /4 , 

X" 
_ ^ 2 , 7 _ 

+ BRt + 
g,t 

SM 

L°2 J 
(5.14) 

where X u is an 12x1 column vector of predetermined variables defined as 
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X\j ~\-A-f,%\ti%Zf>*t 5 A- l ' X\t-\' -*f-1 ! " f f H ' W ? « , H ' ^ 4 - l > C M J • 

Where the X1>0 are all givens. X2t, on the other hand, is an 4x1 column vector of non-

predetermined variables defined as 

Rgt, in (5.14) is the gap between the short-term interest rate and the Wicksellian natural 

rate and is the policy instrument. sM is an 12x1 column vector of innovations to the 

economic system and 02 is an 4x1 zero column vector. Lastly,^, and A2 are 16x16 

matrices, and B an 16 x 1 column vector of the structural parameters, all of which are 

assumed to be constants. 

Note that (5.14) can be further rewritten compactly as 

AxXM=A2Xt+BRgj+VM (5.15) 

where Xt+l=[Xu+1,EtXXM]\ Xt =[Xlt,X2t]', and VM =[fit+1,04xI]', where The 

monetary authority's objective function derived in Chapter 3 is, 

E^/TU^-OEOILP1 

(=0 f=0 + A%2 + ^ A / +cp.t. + l.i.p. 
\ + t.i.p. + o\M 

which can be equivalently rewritten as a loss function 

WL0 = Eoft0
tfc'QlXt +Rg/Q2Rj, (5.16) 

(=0 

where Qx is a 16 x 16 matrix, and Q2 =<pA. 

To find the optimal policy, then, the monetary authority needs to set up and solve 

the following Lagrangian function, 
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L = E0&\/3ixt<Q}Xt +Rg;Q2Rj-2(3MXt+MxM ~^Xt -BRgJ -VtA, (5.17) 

where At+l = [AlM,EtX2m]\ and \M is a 12x1 column vector, and X2t+l is a 

4x1 column vector. After simple algebraic manipulation, the first-order conditions with 

respect toA,+1, R t, and X,, respectively, can be expressed as 

A,XM=A2Xt+BRgy+Vt g,t ' ' M (5.18) 

PFZM=-Q2Rg, (5.19) 

/?4'A+1=-a^+4'A (5.20) 

where Xt - [\t,X2J]'. Writing equations (5.18), (5.19), and (5.20) in the state-space form 

we obtain 

A 0 1 u16xl 

" M 6 " l x l 

^16x16 ^16x1 

0 16x16 

BE 
X, t+i 

R g,t+i 

"t+i 

B 0 16x16 

0 1x16 -Ql 0lxl6 

• a o16xl A : 

\xt~ 
^ 

|_V 
+ 

~vt+l~ 
0.xl 

_°16x._ 

(5.21) 

The following is simply an application of Soderlind's (1999) algorithm. First, 

taking expectations of (5.21) conditional on the information set in t, then using 

definitions of Xt and Xt to rearrange variables in the order [Xxt,A2t,X2t,Rgt,\ty. The 

coefficient matrices are reordered accordingly. The reason for this rearrangement is that 

the initial conditions for predetermined variables, X, 0 are known by assumption while 

the non-predetermined variables, X21, can be chosen freely in the initial period. 

However, the costate variables associated with these non-predetermined variables (i.e., 

the shadow prices or Lagrangian multipliers) in the initial period, A2 0, must be equal to 
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zero. Hence the A,21 are known, while costate variables associated with predetermined 

variables, \ t , are unknowns (see Currie and Levine, 1993, pp.102). 

If we define kt = [Xlt, X2>t ]' and ht = [X2t,Rgt,Zl>t ]', we can then write (5.21) as 

GEt t 

'k 
i+\ 

-HM. 

= D 
~k~ 

t 

A. 
(5.22) 

where new matrices G and D are obtained by rearranging coefficient matrices in the 

order [Xu,A2t,X2t,Rgt,Alt]'based on (5.21). Unfortunately, the matrix G is singular, 

hence the algorithm proposed in Blanchard and Kahn (1980) cannot be used here. 

However, Sims (2001) and Klein (2000) show how the generalized Schur decomposition 

can be applied in this situation. Following the standard Schur decomposition procedure 

(see Golub and Van Loan, 1989), we obtain 

G = QSZH and D = QTZH (5.23) 

where S and Tare upper triangular matrices, Q and Zare unitary, that is, 

QHQ = ZB Z = 1, QH is the transpose of the complex conjugate of Q, and ZH is the 

transpose of the complex conjugate of Z. Applying (5.23) in (5.22) yields 

QSZHEt 
"t+\ 

h t+\ 

= QTZH (5.24) 

Consider the transformation 

ut 
= ZH 

h 
(5.25) 

Using (5.25) in (5.24) and then premultiplying both sides of the result of (5.24) gives 

SE\ 
>t+i 

'M 

= n 
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This in turn can be written as 

o s„ 
>M 

u w 

T T 
ss su 

0 T„, 
(5.26) 

Assuming that Tm and Sm are invertible, the lower block of (5.26) can be solved 

iteratively forward for ut to give 

Ut - Tuu SUuUt+l - \Auu $uu J Ut ( 5 . 2 7 ) 

By construction, the eigenvalues of the matrix Suu~ Tm are all greater than one. 

It can be further shown that the eigenvalues of the inverse of matrix Sm"lTuu, that is, 

Tm~lSuu, must be less than one (see Simon and Blume, 1994, pp.585). Furthermore, the 

33x33 matrix Tm'lSm is diagonalizable because Tm"xSm has a set of 33 linearly 

independent eigenvectors. This means we can write TUU^SUU as 

P~l[Tuu-
lSuu]P = diag[dud2,...di] (5.28) 

where P is the eigenvector matrix, dx, d2, and dt are eigenvalues of the matrix 

TU~XSUU. (5.28) can be written as 

P -l[Tm -lSm]mP = diag[dl \d2 - , „ 4 ' ] (5.29) 

Since by construction the eigenvalues di <1 , where /" =33, [Tuu~
1«S,

m]c0 is approaching 

zero. Thus from (5.27) we have ut = 0. Intuitively when the model involves both the 

backward-looking and forward-looking variables, to avoid having the system explode, the 

forward looking variables must jump to the unique non-explosive solution. 

Given that ut = 0 and S^ is invertible, solving the upper block of (5.26) for sm 

yields 
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Etst+\ ~ bss lss
st (5.30) 

Now turn back to (5.25), premultiply both sides of (5.25) by Z, and then 

partition Zconformably with yti ut, to obtain 

K 
^ks ^ku 

7 7 Ut 

'to 

'to 

(5.31) 

where the second equality has used the condition ut = 0 , Solving kt from (5.31) we 

obtain 

*t ~ ^ksSt (5.32) 

From (5.14) we have XhM -EtXXM =sM, and Backus and Driffill (1986) 

show that X2 r+l - EtX2>M = 02. Combining these two expressions gives 

X\,M 

_^2,t+l _ 

~Et t 

X\,M 

_^2,t+l _ 

St+l 

_°2 . 
(5.33) 

Using the definition kt and (5.32), (5.33) can be expressed as 

^teV^M-l ^tSt+\): 
u+\ (5.34) 

Applying (5.30) in (5.34) gives 

^ksSt+l ~~ ̂ ks^ss *ssSt + 
' (+1 (5.35) 

Assume that Zh is invertible, we can rewrite (5.32) to be st - Zks kt. Using it in (5.35) 

we have 

t - 7 K ~XT 7 lk + 
"7+1 — ^ks^ss 1ssl-ks "-( T 

't+t (5.36) 



182 

Using the definition kt again in (5.36) we obtain 

X i,/+i 

"2,f-H 

7 V AT 7 ~l 

^ks°ss 1ss£jks 

'Xu 
+ 

't+1 (5.37) 

Solving fyfrom (5.31) we have ht - Zhsst, and using (5.32) in it yields 

"t — ̂ hs^ks *t • (5.38) 

Finally, applying the definitions of kt and ht in (5.38) we obtain 

X2,t 

7 7 
-1 X \,t 

X. 2 / 

(5.39) 

The solution to the model described by equations (5.15) and (5.16) is then given 

by equations (5.37) and (5.39), which determine how the economy in question evolves in 

the equilibrium. To obtain the fully optimal policy under commitment, let us first define 

- i 
C^ZyJZ^ , and partition C conformably with X2t, Rgt, \ t , X u and/l2,. We can 

then write (5.39) as 

X2,t 

R
g,< 

c c 
* - l l *-12 

c c 
*-21 v - 2 2 

c c 
*-31 "-32 

X, 1,* 

*2,« 

(5.40) 

where Cn is a 4x12 matrix, C12, a 4x4 matrix, C21, 1x12 row vector, C22, a 

1x4 row vector, C31, a 12 x 12matrix, and C32, a 12 x 4 matrix. From (5.40) we find the 

fully optimal policy fbri?g t, which is a function of the predetermined variables, Xlt and 

costate variables associated with the non-predetermined variables, X21. Specifically, 

R
g,t ~ C2iXu + C22XU. (5.41) 
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where 74 

C21 = [-0.0353,-0.0149,-0.0195,0.0965,0.0227, 

0.0057,-0.0238,0.04410.0018,0.0397,0.0015,-0.0397] 

and C22 =[-0.4602,-0.0080,-3.7786,0-0213]. 

The welfare loss incurred when the monetary authority sets its policy following (5.41) 

can be calculated by applying (5.37) and (5.40) into (5.16). From (5.40) we obtain 

L-^vJ-lQi C\i\ -j (5.42) 

Applying (5.42) in Xt = [XU ' ,X2 /] 'gives 

* < = 
X Xt 

I 12x12 0 12x4 

c 
^ 1 2 , 

X 
u 

I 
Xt J 

And (5.41) can be rewritten to be 

•Kg.t = Is- 21 ^ 2 2 J -
lA2t 

Then using (5.43) and (5.44) in (5.16) yields 

(5.43) 

(5.44) 

WL0=E0^fi' 
t=0 

Kt 

+ 

•EoXfr 
t=0 

XU 

K,t 
N 

Xu' 

/ ' 0 ' 
112x12 "12X4 

. ^ 1 1 ^ 1 2 

c 

a -̂  12x12 ^12x4 

c c 12 X,t 

' 21 

^ 2 2 
Itj21^21 ^ 2 2 . 

X 

A, 
(5.45) 

where N 
I ' 0 ' 
J 12x12 u 12x4 

* - l l *-12 

a -'12x12 "12x4 

l^i 1 ^ 1 12 
+ 

C ' 
^ 2 1 

c 22 
QiY^2\ ^ 2 2 ] 

Note that C21 and C22 are calculated by using the Matlab program provided by Paul Soderlind. 
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For convenience and simplicity we rewrite (5.37) as 

^,M=Mx1J+VM, (5.46) 

where xxt+x = [XU+X',A2J+X<] and M = Z^j'TJ.^• Substituting (5.46) into (5.45) 

first and then expand the result of (5.45), we have 

WL0 = E0[xX0'NxX0 + J3xxx'Nxxx + J32xX2'Nxx2 + - + ^xIO0Wx l0o] 

= E0[xxo'Nxxo + fi(MxX0 + VJN(MxX0 + VX) 

+ j32(M2xl0 +MVX +V2yN(M2xl0 +MVX +V2) 

+ j33(M3x10 + M2VX +MVX + VJN(M3xX0 +M2VX +MVX + V3 ) + •••] 

= E0[xl0'NxX0 + jB(xX0<M'NMxx0+xx0'M>NVx + Vx'NMx]0 + VX
,NVX) 

+ j32(xl0
,Ma NM2xx0 + Vx'M'NM2xx0+V2'NM2xX0+xX0'M'2 NMVX (5.48) 

+ VX'M' NMVX + V2' NMVX + xxo 'M'2 NV2 + Vx 'M' NV2+V2'NV2) 

+ /?3(x10*M'3 NM3xm+Vx'M
,2NM3xx0 + V2'M'NM3xX() + V3'NM3xw 

+ xX0>M,3NM2Vx+Vx\M<2 NM2VX + V2'M'NM2VX + V3'NM2VX 

+ xxo 'M'3 NMV2 + Vx 'M'2 NMV2 + V2 'M'NMV2 + V3'NMV2 

+ xxo 'M'3 NV3 + Vx 'M'2 NV3 +V2'M'NV3+ V3 'NV3) + ~ •] 

By assumption and construction, Et(VM) = 0, and Cov(VMVt+j) = 0 for i * j . Taking 

expectations on (5.48) we obtain 

WL0 =xx0<NxX0+J3(xX0'M'NMxX0 +E0VX'NVX) 

+ f?2(xX0'M'2 NM2xX0 +E0VX<M<NMVX + E0V2'NV2) 

+ j33(xxo'M'3 NM3xX0 +E0VX'M'2 NM2VX +E0V2'M'NMV2 + E0V3'NV3) + •••] 

Collecting and rearranging terms it can be written as 

yyL0 — xxo 

^ OO \ f 00 

2>7M" NM' xl0 +0EovA £/?'Af" NM' 
\ 1=0 J V !=o 
f 00 > f 

Vx 

+ j32E0V2'\^j3iM'iNMi 

J=0 

V2+jB3E0V3 

J U=o 
v3+-

(5.49) 

Let V = £ & M 1 NMl, then (5.49) becomes 
i=0 
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WL0=xloVx,0+j3E0V1'W,+/]2E0V2<W2+j33E0V3'Wi+- (5.50) 

Since 0 < /? < 1, we have 

WL0=x10'Vxl0+^-tr(Vi:) (5.51) 

where tr denotes trace, and Sis a 16x16 variance matrix. 75 For our problem, the 

resulting welfare loss under the fully optimal policy (5.41) under commitment is 

0.1508.76 

5.3 Concluding Remarks 

In a backward-looking framework, optimal monetary policies are found 

conventionally using techniques of optimal control, however when forward-looking 

variables are involved, newer numerical algorithms, such as those of Blanchard and Kahn 

(1980) should be employed. In such cases, the fully optimal monetary policy under 

commitment will be a function of all the predetermined variables and associated costate 

variables. While the fully optimal rule delivers the maximum welfare gain from policy, it 

V is found using the following steps. First, using the fixed-point theorem we have 

00 00 

jBM'VM = £/? 'M" NMl = £/?'A/" NMl -^°M'° NM° =V -N, 
1=1 !=0 

this gives us V = N + /?M' VM . Next, using vec operator to get vec(V) 

vec{V) = vec{N) + vec(j3M' VM) = vec(N) + (M'®j3M')vec(V), 

so that vec(V) = vec(N)l[I -(M'®/?M')]. Finally, reshape vec(V) to obtain matrix V. 
76 The welfare loss obtained here is not directly comparable to the results obtained in chapter 4. First, the 
computation packages used are different. Second, the welfare loss calculated here is expected total loss, 
while Chapter 4 calculates only current period welfare loss. Third, for technical reasons, the actual welfare 

E t I _*\ 9 9 2 2 2 I 

P yLlHt +(f>iXt +<f>2clst +^3*^-1 +^4-^g,( J, which is 
slightly different from the objective function derived in Chapter 3 and used in Chapter 4. 
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is also very difficult to apply in practice. This is because the complexity of the economic 

system makes acquiring all the relevant information needed impractical. Thus while 

simple optimal rule cannot minimize welfare losses compared to fully optimal rules when 

all relevant information is available, its absence may allow simple optimal rules to 

perform better in practice. That is, simple optimal rules are valued for their simplicity 

and transparency, and for the fact that they economize on information. This combination 

has made their use both practical and attractive. The optimal simple policy rules are 

investigated in Chapter 6. 



Chapter 6 

The Role of Openness Considerations in Optimal Simple Monetary 

Policy Rules 

6.1. Optimal Simple Rules 

In principle it is possible for a monetary authority that can feasibly pre-commit to 

calculate the fully optimal policy rule given in (5.41). However, in practice the fully 

optimal rule is too complicated to be implemented economically. Three reasons for this 

stand out. First of all, to implement the fully optimal rule the monetary authority must be 

aware of all of the relevant variables in an economic system and distinguish between 

those that are predetermined and those that are not (since the optimal policy responds 

only to predetermined variables). Second, given the ability to distinguish all the relevant 

predetermined variables, policy maker must identify their actual values. In our case there 

are 16 predetermined variables, which implies that the policy maker needs to identify all 

four current period shocks, three shocks with one period lag, five endogenous variables 

with one period lag, and four costate variables. The shocks themselves are not directly 

observable and the costate variables are purely conceptual, introduced by the policy 

maker in order to solve the minimization problem and hence are unobservable as well. To 

extract the relevant information required to identify these variables requires a huge 

amount of knowledge of the operation of the economic system, making it virtually 

impossible to identify all relevant information accurately. Finally, communication 

becomes critical when the monetary authority must maintain the commitment needed to 

187 
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implement fully optimal policy. To both create and maintain credibility in the eyes of the 

public, the monetary authority needs to provide accurate timely information about the 

economy at large and its likely evolution through time. Provision of reliability needed for 

credibility becomes difficult when the policy maker has difficulty estimating the 

necessary but unobservable present and future variables. 

It follows that in a world where information is costly, optimal simple rules may be 

efficient and this, in turn, allows us to use the convenience of their calculation and 

application in practice.77 Assume then that the monetary authority can precommit to a 

simple policy rule of the form Rt - -FXt, where Rt is the policy instrument, F is a 

1 x n row vector constrained to be sparse in some specified way which depends upon the 

policy maker's preferences. The optimal simple rule will solve for the values of F that 

minimize the loss function given by (5.16) subject to the economic system denoted by 

(5.14). 

To find optimal simple rules, we first substitute Rt - -FXt in (5.14)78 and obtain 

A EX. f"-2,t+l 
= (A-SF) 

X«' 
Y 

_ 2 . ' . 

+ &t+l 

_°a . 
(6.1) 

Next, taking expectations conditional information set in period t, and letting 

kt = Xu, and ht = X2t, we then have the same type of problem as in (5.22), but with 

G - Ax, and D = A2 -BF . Assume that F is appropriately set and the matrices Tuu, Suu, 

Our presentation of the mechanics of simple optimal rules follows the work of Currie and Levine (1993). 

! Equation (5.15) is modified to be Ax jLtX2M^ 
= A2 

~Xu' 

_X2J _ 
+ BRt + 

A _ 
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Sss, and Zks are all invertible, then the solution to (6.1) is analogous to (5.37) and (5.39), 

that is, 

fc,+i 1 = Z*SK-%ZS [Xht ]+ [eM ] (6.2) 

[x2,\=ZhsZb
x\xit] (6.3) 

and the welfare loss can be calculated by using (5.51) given F. 

Note that thus far the optimal values of F have not been calculated. To find the 

optimized values, we need to use a non-linear optimization algorithm from one of the 

advanced econometric or computational software programs such as Matlab or Dynare. In 

our case, the optimized reaction coefficients and associated welfare losses were obtained 

using Matlab. The sizes of shocks are enlarged compared to Chapter 4. We set the 

standard deviation of the productivity shock at aA - 0.098, and pA = 0.9 . The aggregate 

demand (taste) shock is set as erx = 0.351, and /?, = 0.9. Similarly we set the parameters 

of our risk premium shock at a2 = 0.05, and p2 = 0.5. Finally for the foreign output 

shock, we set (jy„ to be 0.07, and py» to be 0.85. Hence the welfare losses reported 

below are not comparable directly with the results reported in Chapter 4. 

6.2. Inertial Simple Optimal Rules 

It is worth re-emphasizing that when an economy is hit by shocks, the rate of 

inflation and other economic variables deviate not only from their steady state value but 

from the perfectly flexible price level associated with temporary market clearing. It is in 

response to this observed departure from the flexible price value that the policy maker 

adjusts its policy instrument, the short-term interest rate, to bring the observed variables 
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back into line with their designated targets. However, given the persistence in the 

underlying shocks to these variables and their interaction through time and incomplete 

information available to the policy maker, optimal policy often consists of a series of 

small adjustments in the same direction through time rather than a single immediate 

jump. This outcome, one that is typically observed in the data, is called monetary policy 

inertia (Woodford, 2002) and is most often mimicked in the policy rule through the use of 

a lagged interest rate. This introduces what is called interest-rate smoothing. Because we 

(and many others) find that smoothing rules perform better than rules without smoothing, 

we begin our comparative analysis of optimal simple rules in our small open economy by 

adopting interest-rate smoothing. At a later stage, the interest-rate smoothing term is 

dropped so that we can see how these optimal simple rules perform without the effect of 

smoothing. As we will see, in some cases the difference is significant, while in others the 

difference is only minor. 

The general form of the Optimal simple rule interest-rate smoothing when written 

in terms of domestic output prices can be expressed as79 

A = fa? + 4*%,, + fat + fag,t + « + fat-x • (6-4> 

Here we begin by setting $r equal to 0.8. This is the value typically used in empirical 

studies (see Clarida et. al., 2000). The case 0 < (/>r < 1 generates interest rate inertia as the 

79 The general form differs slightly from that defined in Chapter 2 and used in Chapter 4. The reason for 
this departure is because as Rotemberg and Woodford (1999) argue, that there is no any reason to restrict 
attention to the case 0 < <j>r < 1, although only in that case the policy rule can be described as involving 
partial adjustment toward to a "target" interest rate dependent on current output and inflation. In section 6.3 
we find that the optimized value of (j)r is greater than one. Finally if <$)r is a constant then we can rewrite the 
policy rule in the general form used previous chapters. In that case, the values of the optimized reaction 
coefficients, such as <fin, are found using the formula^ = <j)M * / ( l — <l>r), where<j)n * is the statistic 

currently reported in the tables above. For example when^ r = 0.8 ,<j)nfor Rule 1 in Table 6.1. becomes 

5.741 instead of 1.1482. The welfare loss remains the same. 
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policy maker adjusts only partially the short-term interest rate to the target rate defined in 

terms of the relevant sticky to flexible price gaps. 

The optimized reaction coefficients and their associated welfare losses 

corresponding to the five simple monetary policy rules are reported in Tables 6.1 through 

6.5,80 where Rule 1 is our most comprehensive rule corresponding to the case where the 

monetary authority sets the short-term interest rate in response to changes in the inflation 

rate, the real GDP output gap, the real exchange rate gap, and the law of one price gap. 

This we call the comprehensive rule (C). Dropping the law of one price gap from Rule 1 

gives us Rule 2, called the real exchange rate rule (ER). For comparative purposes, we 

replace the real exchange rate term in Rule 2 with the law of one price gap. This becomes 

Rule 3, the exchange rate pass-through monetary policy rule (PT). Rule 4 has no 

openness component, called more usually the Taylor rule (TR). Rule 5 further supposes 

that the monetary policy authority chooses to drop the real output gap to focus 

exclusively on inflation. This we call Inflation Targeting (IT). 

The five tables from 6.1 through 6.5 then correspond to two sets of four different 

information scenarios. Tables 6.1 and 6.2 correspond to the case where the central bank 

can observe all contemporaneous variables and calculate the appropriate flexible price 

value. Table 6.3 corresponds to the information case where the central bank can observe 

contemporaneous variables but cannot calculate the appropriate flexible price values (and 

so must substitute the steady state value for the flexible price value). Table 6.4 

corresponds to the case where the central bank can observe and calculate flexible price 

values only with a one period lag. Table 6.5 corresponds to the case where the model's 

variables can be observed only with a lag and where the flexible price values cannot be 

80 The alternative five simple monetary policy rules are defined more folly in Chapter 4. 
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calculated at all. Hence the four different information scenarios correspond to optimal 

policy making with successively less current and/or relevant information. Finally, the 

two different sets of results correspond to the cases where the central bank targets 

inflation measured first in terms of domestic output prices (Tables 6.1, 6.3, 6.4 and 6.5) 

and then in terms of consumer prices (Table 6.2).81 

If we begin by discussing the results presented in Table 6.1, where the central 

bank is assumed to be able to observe and calculate all necessary information (Case 1), 

the following general results can be noted. 

First, the three optimal simple rules that involve the exchange rate in some form 

(Rules 1-3) perform best, each working at least as well as the Taylor Rule. Then of the 

three exchange rate rules, the comprehensive rule performs best, outperforming the 

Taylor rule. It should be noted that this outcome is now completely different from that 

arising in Chapter 4 where the Taylor rule always yielded the smallest welfare loss. In 

that chapter, however, the reaction coefficients were simply imposed on the analysis from 

the values typically employed in the literature rather than optimized. If one briefly scans 

the remaining four tables, it can be seen that the significance of including rather than 

excluding the exchange rate in the monetary policy rule continues to hold for all four 

information cases across all versions of the model. 

The simulation results in Cases 2, 3, and 4 corresponding to the monetary authority measuring inflation 
rate using CPI prices are not presented, as did in Chapter 4, instead they are presented in Appendix A6.1. 
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Table 6.1 

Case 1: Partially optimal simple rules and domestic output prices 

Rt =</>Jlt + & n f f j , +</>xxt +<f>qqgt +fa,wt +o .8^ M . 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

<PW 

0.4439 

0.4920 

0.4860 

0.4903 

0.5276 

& 

1.1482 

1.3348 

1.3553 

1.3460 

1.4830 

*, 

-0.0311 

0.0204 

0.0228 

0.0229 

0 

h 
0.1023 

0.0046 

0 

0 

0 

** 

-0.0542 

0 

-0.0037 

0 

0 

Welfare Loss 

0.1598 

0.1608 

0.1608 

0.1608 

0.1610 

The second point is that the marginal welfare gain from incorporating some 

element of the exchange rate into the policy rule is small for the current case where 

information is "perfect". For example, the ratio between the smallest welfare loss (Rule 

1) and the largest one (Rule 5) in Table 1 is 0.9925. If we compare just those rules that 

involve the exchange rate and the Taylor rule (Rule 4), the ratio becomes even smaller. 

For example, the ratio of Rule 1 to Rule 4 is 0.9938. Furthermore, if we compare Rules 2 

and 3 to 4, the ratio becomes 1, In other words, the inclusion of some forms of the 

exchange rate into the policy rule (as in Rules 2 and 3) does not improve the welfare at all 

relative to the Taylor. This is consistent with the findings of Adolfson (2007) who argues 

on this basis that the improvement social welfare from incorporating an exchange rate 

term into an otherwise fully optimized policy rule will be practically zero, irrespective of 

the degree of the exchange rate pass-through. In response to this challenge, however, 

several points need to be emphasized. First, the conclusion that adding the exchange rate 

into the policy rule does not enhance the social welfare holds only under relatively strong 
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conditions. For example, even in the current case some forms of exchange rate use have 

resulted in welfare improvement. More significantly, however, Adolfson takes neither the 

lack of information nor its uncertainty into account. As we will see below, when the 

central bank is given access to less and less accurate current information for deciding 

upon policy, the inclusion of the exchange rate in the policy rule is always the welfare 

enhancing.82 In some cases it will produce relatively large increases in welfare. 

The third general finding that arises first in Table 6.1 is that the size of the 

optimized inflation coefficients, <f>n, are much larger than the other reaction coefficients. 

This result is typical of both ours and others findings and not at all unexpected. That is, 

given the calibrated values of the loss function derived from the model's utility function, 

the parameter values used in calibrating lead the policy maker to place a much higher 

weight on inflation in comparison with the other terms in the loss function. For example, 

given our calibrated values (and the re-scaling of the model so that the weight placed on 

the inflation rate is 1), the corresponding weights put on the other loss function gaps are: 

0.0025 for the output gap; 0.00022 for the real exchange rate gap; and 0.0885 for the 

interest rate gap. Therefore to minimize the welfare loss the central bank must react 

strongly to inflation. This asymmetric weighting is also found in Rotemberg and 

Woodford (1999), for example. They report optimal values for the reaction coefficients 

corresponding to a Taylor rule with interest-rate smoothing of 1.22, 0.06, and 1.28, 

respectively, while without the interest-rate smoothing term, the optimal values found are 

2.88 and 0.02, respectively. It can also be shown in our model, for example, that by 

82 We should add a note of caution in that the arbitrary specificity of the utility function chosen for the 
analysis means that the welfare implications are better interpreted as ordinal indicators rather than cardinal 
measures. That is, the analysis is a better indicator of policies that are better or worse rather than as an 
indicator of exactly how much better or worse each policy is. 
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increasing the weights in the utility function given to the output gap, the real exchange 

rate gap, and the interest rate gap to 0.05, 0.05, and 0.5, respectively, that the optimal 

parameter values on the output gap and the Wicksellian natural rate corresponding to the 

Taylor rule (Rule 4) are increased to 0.2943 and 0.7174, respectively, while the reaction 

coefficient associated with the inflation rate decreases to 1.0291. 

The fourth new finding is that the signs of the optimized reaction coefficients are 

not always positive, except for inflation. This is also similar to findings reported in 

Rotemberg and Woodford (1999). While such findings seem counter-intuitive, the likely 

explanation for the occasional negative coefficient is that when the shocks to the 

economy result in a positive output gap and higher inflation, the optimal inflation 

reaction coefficient is so large that it produces an overshooting of the interest rate relative 

to the output gap, hence requiring a perverse response to the output gap to minimize the 

loss function. Some support for this interpretation is given when for these perverse cases 

we change the weighting of the loss function. For example, if we use the revised re-

weighting of the loss function reported immediately above, the optimized reaction 

coefficients corresponding to Rule 1 are found to result in the following rule 

Rt =0.8J?M +0.81?Ht, + 1 . 1 7 1 1 ^ + 0 . 0 9 ^ + 0 . 3 7 ^ - 0 . 1 9 ^ , 

where the sign of optimized coefficient on the output gap now is positive instead of 

negative. Note that the welfare losses reported in Table 6.1 are all global minima. Then if 

we require the <f>x in Rule 1 to be positive (as above), the equilibrium is still found to be 

determinate but will yield a larger welfare loss. In this case, the welfare loss becomes 

0.1615. 
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Lastly, as one would expect, the welfare losses arising under the optimized 

reaction coefficients are much smaller than their counterpart when the reaction 

coefficients were simply assigned. The smallest welfare loss in Table 6.1 is 0.1598, while 

using the assigned values of Chapter 4 the corresponding welfare loss is 0.2468.83 Using 

these welfare measures cardinally, the results imply that using the optimized values for 

reaction coefficients will result in the welfare losses being reduced by 54%. 

Table 6,1 reports the optimized reaction coefficients and the welfare losses 

associated with five different monetary policy rules when the monetary authority targets 

the inflation rate measured in terms of domestic output prices. Tables 6.2 reports the 

results for the same five money rules but requires the monetary authority to target 

inflation measured in terms of CPI prices.84 An examination of Table 6.2 shows that 

generally speaking, the findings observed in Table 6.1 are repeated. The important 

difference is that the welfare losses reported in Table 6.2 are larger than those arising in 

Table 6.1. This is consistent what we found in Chapter 4. Hence whether we use the 

reaction coefficients typically used in the literature or their optimized values for our 

model, the results imply that the monetary authority of a small open economy should 

focus on stabilizing inflation rates measured in domestic output prices rather than 

consumer prices. Note also that in this case the first three policy rules that involve the 

exchange rate (Rules 1-3) are strictly superior to the Taylor rule (Rule 4). The loss ratios 

between Rule 1 and Rule 4, Rule 2 and Rule 4, Rule 3 and Rule 4 are all less than one, 

0.9846, 0.9989, and 0.9951, respectively, whereas in Table 6.1 the welfare losses for 

Rules 2 and 3 were the same as the loss that arose under the Taylor rule. 

83 Note that the welfare loss (0.2468) is calculated by using the enlarged sizes of shocks and Matlab. 
84 Once again the difference in the two measures of inflation is that consumer price inflation incorporates 
the domestic prices of imported goods. 



197 

Table 6.2 

Case 1: Partially optimal simple rules and CPI prices 

Rt =<f>wrf +<f>nflt +<f>xxt +0qqgt +ch% +0.SRt_,. 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

rt. 
0.3506 

0.4466 

0.4171 

0.4701 

0.5071 

4 
0.8356 

1.2250 

1.1676 

1.2363 

1.3578 

<t>x 

-0.0397 

0.0314 

0.0205 

0.0199 

0 

** 

0.1.161 

-0.0189 

0 

0 

0 

** 

-0.0705 

0 

-0.0179 

0 

0 

Welfare Loss 

0.1791 

0.1817 

0.1810 

0.1819 

0.1820 

The cases reported in Tables 6.1 and 6.2 assume that the policy maker possesses an 

information set that includes all relevant contemporaneous variables, that is, that the 

monetary authority can observe all contemporaneous market variables and has sufficient 

information to calculate all the flexible price values required to implement the money 

rule. In Case 2 we remove information from the monetary authority by assuming that the 

ability to observe contemporaneous market values is insufficient to determine the flexible 

price values required to determine the targeted gaps in the money rules. Hence Table 6.3 

reports the results for the five monetary rules when the policy maker must replace the 

Wicksellian natural interest rate and the other unobserved flexible price variables in the 

money rules with their steady state values. 

As one would expect, a comparison of the welfare losses in Table 6.3 with those 

reported for the same measure of inflation in Table 6.1 shows that the welfare losses in 

Table 6.3 are always bigger than those in Table 6.1. A similar result obtains when we 

compare Table A6.1 (see Appendix A6.1) to Table 6.2. This is consistent with what we 
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saw in Chapter 4. That is, the less information that is available to the authority making 

the policy decision, the larger will be the resulting welfare loss (the smaller the welfare 

gain that can be made from pursuing monetary policy optimally). 

But while the overall welfare losses are all larger, the same pattern of welfare 

losses continues to arise across the five different monetary rules. In particular, the three 

exchange rate rules now always dominate the Taylor and Inflation Targeting money 

rules. Within the set of different exchange rate rules, there is some variation. For 

example, in Table 6.3 Rules 1 and 3 generate equally good welfare outcomes. This 

should not be entirely surprising since in Case 2, Rules 1 and 3 are almost identical.85 

Table 6.3 

Case 2: Partially optimal simple rules and domestic output prices 

Rt = faflHJ + faft + faqt + ^ + 0 M . , 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

4 
7.6458 

7.8389 

7.6229 

7.7623 

10.6935 

A 
0.1583 

0.2052 

0.1517 

0.1733 

0 

*, 

-0.0125 

-0.0811 

0 

0 

0 

<V 
-0.0576 

0 

-0.0624 

0 

0 

Welfare Loss 

0.1888 

0.1889 

0.1888 

0.1890 

0.1944 

Finally, we note that the results for the optimal monetary rules in Table 6.3 also 

generate reaction coefficient values for the exchange rate and the law of one price that are 

85 In Case 2 when the model is expressed in terms of domestic output prices, Rule 1 can be rewritten as 

Rt = [fa + (1 - «)fa]UHJ - (1 - a)faflFjt + faft + (<f>q + fa)qt - faqt_x + fa%_x + fak,_x. 

and Rule 3 is 

Rt = [fa + (1 - a)faJlHt - (1 - a)faflpt + faft + faqt - faqt_x + fa%: + fak^ . 
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often negative. In part, it may be that because these negative coefficients arise in those 

cases where the inflation reaction coefficient is quite large that the interest rate is 

overshooting with respect to the exchange rate and so requires perverse exchange rate 

adjustments to preserve determinacy. It also suggest, however, that sign (as well as the 

size) of the reaction coefficients may be affected not only by the loss function chosen but 

also by the information set assumed available to the policy maker. 

In Tables 6.4 and 6.5 we repeat the procedure followed in Tables 6.1 and 6.3, 

except for the information that is assumed to be available to the policy maker. In Tables 

6.1 to 6.3, we assumed that the policy maker could access current period information on 

market variables, while in Tables 6.4 and 6.5 we assume that the monetary authority can 

observe or access market values only with a one period lag. Case 3 follows Case 1 in 

assuming that the monetary authority can use its market information to calculate the 

flexible price values (but with a one period lag), while Case 4 follows Case 2 in assuming 

that the monetary authority cannot calculate the flexible price values and must use steady 

states values. 

Broadly speaking, the removal of contemporaneous information does not change 

the basic ranking of monetary policy rules observed in Tables 6.1 - 6.3. That is, in all 

these Tables at least one of the three exchange rate rules dominates the Taylor and/or 

Inflation Targeting money rule. The results then reinforce the earlier suggestion that for 

a small open economy some incorporation of external constraints on the economy in the 

exchange rate rule will dominate money rules that focus only on the traditional "closed" 

economy features of the money rule. 
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However, while the general pattern of results may remain the same, three 

observations are worth pointing out. First, as expected, the withdrawal of information 

from the monetary authority increases the overall welfare loss. Comparing directly 

comparable tables, such as Tables 6.4 and 6.1, we see that the minimum welfare losses in 

Tables 6.4 and 6.5 are all larger than found in Tables 6.1 through 6.3. Using our numbers 

to compare the outcomes under Case 3 to Case 1 as an example, the ability of a central 

bank to access current period information would result in the welfare improvement of 

1.19% compared to the result obtained when continuing to use the same information but 

with a one period lag. 

Second, it is interesting to note that the welfare losses in Case 3 are all 

significantly smaller than those found for Case 2. Note, for example, that the welfare loss 

arising from the use of Rule 1 in Case 3 (see Table 6.4) is 0.1617, while being 0.1888 in 

Case 2 (see Table 6.3). The former is only 85.65% of the latter while the same ratio for 

the Taylor rule is 85.82%. The same result can be seen in relation to Tables A6.2 and 

A6.3 (see Appendix A6.1) in which the policy maker uses the CPI measure of inflation. 

This general finding is of particular interest because it suggests that the ability to use 

flexible price values in the money rule (even if that information is old) can dominate the 

ability to access more current information but use steady state values in the policy rule. 

Implicitly, even though Case 3 assumes that the central bank uses one period lagged 

information, the amount of information it has access to in using flexible price values 
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incorporates more relevant information than does the use of current information in Case 

2.86 This outcome is also consistent with the findings from Chapter 4, 

Finally, as would be expected, the welfare loss in Case 4 is the largest of all four 

cases considered here. This is the case where the monetary authority unambiguously has 

the least amount of information. 

Table 6.4 

Case 3: Partially optimal simple rules and domestic output prices 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

K 
0.5307 

0.5813 

0.5727 

0.5763 

0.5896 

** 

1.4317 

1.5925 

1.6103 

1.6076 

1.6525 

4 
-0.0411 

0.0015 

0.0054 

0.0055 

0 

A 
0.0925 

0.0079 

0 

0 

0 

K 
-0.0475 

0 

-0.0020 

0 

0 

Welfare Loss 

0.1617 

0.1622 

0.1622 

0.1.622 

0.1623 

Table 6.5 

Case 4: Partially optimal simple rules and domestic output prices 

Rt =<t>AH,t-i +*Xi +Mt-i + « - , + 0 . 8 ^ 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

Optimized reaction coefficients 

** 

3.5134 

3.5598 

3.5061 

k 
0.0635 

0.1331 

0.0552 

** 

-0.0167 

-0.1268 

0 

<J>¥ 

-0.0834 

0 

-0.0899 

Welfare Loss 

0.1955 

0.1966 

0.1955 

86 We will show below that when (f>r is optimized instead of simply setting it to be 0.8 here, the finding 

will be modified. 
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4 (TR) 

5 (IT) 

3.5071 

4.2006 

0.0879 

0 

0 

0 

0 

0 

0.1981 

0.2030 

A summary of our findings thus far leads to the following tentative conclusions. 

First, in a small open economy where asset markets are not perfect and where the degree 

of exchange rate pass through is incomplete, the exchange rate is an important 

endogenous variable that the policy maker should incorporate into its policy rule. Doing 

so will lower welfare losses. Second, the conclusion that the exchange rate (or exchange 

rate pass through) should be part of the money rule could not be reached by using the 

traditional (but essentially arbitrary) reaction coefficients (as shown in Chapter 4). This 

reinforces the case for using optimal reaction coefficients in the analysis. Third, while it 

is not surprising that the better is the information used by the policy maker, the larger will 

be the welfare gain associated with using monetary policy optimally, what is interesting 

is that the better the information accessible to the policy maker, the less will be the 

marginal welfare gain from incorporating the exchange rate into the policy rule. Our 

analysis then suggests that the use of the exchange rate in the policy rule will be more 

valuable to those small open economy monetary authorities with less good information 

on the current state of their economy. Finally, when considering the choice of the price 

index to be used as the measure of inflation in the monetary rule, our analysis suggests 

that the central bank should measure inflation in terms of domestic output prices. 

6.3 Optimal Smoothing Rules 

Strictly speaking the "optimal simple rules" presented in Tables 6.1 through 6.5 are 

optimal only in a restricted sense since the reaction coefficient on the interest rate 
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smoothing term was assigned as <pr = 0.8. Our reason for beginning by imposing that 

restriction on the money rules is that most estimates of (j)r fall in a small range about 0.8. 

For example, Clarida et al (2000) find that the estimate of <pr is 0.68 for pre-Volcker 

period, and 0.79 for Volcker-Greenspan era. Across six different quarterly U.S. data 

samples (differing in their definition of output gap), Kozicki (1999) reports a range for 

0rfrom 0.75 to 0.82, while across 16 different quarterly samples of U.S. data (differing in 

output gap, inflation, and sample period definition), Amato and Laubach (1999) report a 

range of ^.from 0.78 to 0.92. However, even though our chosen value falls in the middle 

of these findings, it is interesting to ask how the optimal simple policy rules respond to 

the lifting of that restriction. 

To investigate the consequences of allowing the coefficient of interest rate 

smoothing term to be determined through the minimization process, we redo the analysis 

of Tables 6.1, 6.3, 6.4, and 6.5 letting <f>r be a variable instead of imposing it as a 

constant.87 The results of this re-optimizing process are presented in Tables 6.6 through 

6.9. Because the results of endogenizing interest rate smoothing are similar across the 

cases, we restrict specific comment to the observations that can be seen in Table 6.6. 

That is, to save on space we present only the results for the different information cases when the 
monetary authority responds to inflation rates measured in terms of domestic output prices. The 
corresponding cases where the monetary authority uses consumer prices are broadly similar. 
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Table 6.6 

Case 1: Fully optimal inertial simple rules 

A =4J£t+&nff>, +&xt +<f>qqg, +<f>y% +M-v 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

K 
-0.0570 

(0) 

0.0725 

(0) 

-0.0657 

(0) 

0.0691 

(0) 

0.0609 

(0) 

4 
2.1011 

(2.0456) 

1.9345 

(2.0073) 

2.1143 

(2.0625) 

2.0736 

(2.1472) 

2.1932 

(2.2534) 

TX 

0.0107 

(0.008) 

-0.0077 

(-0.0092) 

0.0125 

(0.0126) 

0.0115 

(0.011) 

0 

*, 

0.0036 

(0.0089) 

0.0392 

(0.0412) 

0 

0 

0 

K 
0.0302 

(0.0245) 

0 

0.0324 

(0.0289) 

0 

0 

*r 

1.9290 

(1.8246) 

1.6606 

(1.7857) 

1.9464 

(1.8304) 

1.6583 

(1.7767) 

1.7155 

(1.818) 

Welfare 

Loss 

0.1586 

(0.1586) 

0.1587 

(0.1587) 

0.1586 

(0.1586) 

0.1589 

(0.1589) 

0.1589 

(0.1589) 

* Note that the values in parenthesis are the optimized reaction coefficients and welfare loss yielded by the 
same rule when ^wis set equal to zero. 

First and the most interesting observation is our finding that the optimized value of 

<f>r is completely different from the one reported in the literature and the value used in 

section 6.2. Here we find the optimized coefficient is greater than one rather than less 

than one. This implies that the monetary policy process is not stable for all given initial 

values of the interest rate. As Rotemberg and Woodford (1999) point out, however, the 

interesting feature is that the "explosive" monetary rule does not produce explosive 

'equilibria'. Rather, the explosive nature of the rule implies that the interest rate set must 

jump to a value that preserves the expected equilibrium value of the interest rate. That is, 

intuitively, the prospect of an exponential increase in real rate leads to a substantial 
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reduction in expected future aggregate demand through the aggregate demand function, 

which in turn induces firm to cut prices today. That decline in prices ensures that the 

interest rate need not rise but instead converge on its equilibrium value. 

The second change is that the absolute values of the optimized coefficient on the 

Wicksellian natural rate <f>w become much smaller when the coefficients on the lagged 

interest rate <f>r are optimized. They were much larger, around 0.5, when<f>r was set equal 

to 0.8. This suggests that there might be some degree of substitutability in how the two 

forms of interest rate appear in the money rule—the optimized values of the coefficients 

on the Wicksellian natural rate versus the optimized value the lagged interest rate 

coefficient. To test whether there is a trade-off arising between the Wicksellian rate and 

the lagged interest rate in the money rule, we experiment with different values in terms of 

Rule 2. Table 6.6 currently shows that the optimized values of (f>w and <pr are 0.0725, and 

1.6606, respectively. Suppose now that that we simply decrease <f>r and set it at 1.2. Re-

optimization over the other values in the rule results the optimized value of <j>v increasing 

to 0.284. Next, Table 6.1 has shown that when <pr was set at 0.8, tf>w becomes 0.4920, and 

when we decrease ^.even further to 0.2, 0W now jumps to 1.572. Finally, Table 6.10 

shows that <f>w further jumps to 3.128 when <f>r is set to be zero. This exercise is 

consistent with the hypothesis that the lagged interest rate term performs some of the 

same functions as the Wicksellian natural rate in the money rule. 

A third observation arising when Table 6.6 is examined in conjunction with Table 

6.7 is that when the lagged interest rate coefficient is optimized, difference in policy 

performance for each of the different monetary policy rules in Cases 1 and 2 is negligible 
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despite the information loss arising in the second case. There appear to be two important 

reasons for this particular finding. First to the extent that the optimized lagged interest 

rate substitutes for the Wicksellian rate, the elimination of the Wicksellian rate in Case 2 

should have relatively little effect on the overall outcome. This prediction, arising from 

the observation in point two above, can be tested by imposing a zero coefficient on the 

Wicksellian rate in Table 6.6 and then re-optimizing. The results of doing this are 

reported as the second line (in parentheses) of each row in Table 6.6. As the table shows, 

the removal of the Wicksellian natural rate term does not change the size of the welfare 

loss for each money rule. The second difference that arises between Cases 1 and 2 is in 

the use of flexible price output and law of one price gap in Case 1 versus the use of the 

deviation from the steady state in Case 2. Then because the weights in the loss function 

ascribed to these two dimensions are quite small, the overall change in the welfare loss 

from using steady state values versus flexible price values is negligible. This latter point 

can be confirmed by increasing the weights placed on the output gap and the law of one 

price gap in the loss function. Doing so does now produce a larger deadweight loss for 

each money rule. 

Fourth, the incorporation of optimal interest rate smoothing reduces even further 

the marginal welfare differences arising across the five different monetary policy rules. 

What this means for our earlier policy conclusion is that while optimal policy should still 

include some form of exchange rate consideration, the marginal gain from doing so is 

now considerably smaller. For example, the ratio of the welfare losses yielded by Rule 1, 

the smallest welfare loss, compared to the Taylor rule (Rule 4) in Table 6.6 is 0.9981; 

compared to Rule 2 and Rule 4 is 0.9987, and the ratio of Rule 3 to Rule 4 is exactly the 
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same as the ratio of Rule 1 to Rule 4. This result may not be that surprising. Below we 

will show that when we compare non-inertia policy rules to rules with interest rate 

smoothing, the policy rules with inertia always perform better. However, the marginal 

welfare gain is largest when any form of interest rate smoothing is adopted. The 

marginal gain then becomes smaller as the policy maker moves from an arbitrary reaction 

coefficient to one that is optimize. This mirrors our finding that the gain in the 

performance of the money rule increases at a decreasing rate as the policy maker access 

more and more information relevant to their policy making decision. 

Finally, as we would expect, the welfare losses arising when the optimized 

coefficient is used (in Tables 6.6 through 6.9) are all smaller than those found when the 

'traditional sized' smoothing rule is adopted (in Tables 6.1 through 6.5). For example, 

when the welfare losses summarized in Table 6.6 are compared directly to those listed for 

the same information case in Table 6.1, we find welfare gains across the five rules 

ranging from 0.9% to 1.4%. 

The results for the remaining information cases are presented below for 

comparison. In general, they simply reinforce the points made above. However, there is 

one new finding of interest~the welfare losses in Case 2 (see Table 6.7) are now smaller 

(rather than larger, see Tables 6.3 and 6.4) than those arising in Case 3 (see Table 6.8). 

This implies that even though the monetary authority in Case 2 is constrained to use 

steady state values in its targeted gaps, the use of an optimized (rather than arbitrary) 

coefficient for the lagged interest rate more than offsets the ability to use lagged flexible 

price values in the money rule. This finding, however, is again somewhat conditional on 

the loss function used. It can be shown, for example, that by increasing the utility weights 
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given to the output gap, the real exchange rate gap, and the interest rate gap to 0.05, 0.05, 

and 0.5, respectively, as we did earlier, yield welfare losses for Case 2 that are larger than 

those in Case 3 and also larger than those generated in Case 1. The welfare losses in 

Rule 2 from using the new weights in the loss function in Cases 1 to 3 are 1.0388, 1.0714, 

and 1.0633, respectively. 

Table 6.7 

Case 2: Fully optimal inertial simple rules and domestic output prices 

Rt =&nH>, +4>jt +&qqt +^% +#A-i-

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

<t>n 

2.0541 

2.0807 

2.1000 

2.2281 

2.2534 

A 
-0.0015 

-0.0143 

0.0077 

0.0024 

0 

*« 

0.0184 

0.0385 

0 

0 

0 

K 
0.0257 

0 

0.0327 

0 

0 

*, 

1.8238 

1.7888 

1.8374 

1.8026 

1.8180 

Welfare 

Loss 

0.1586 

0.1587 

0.1586 

0.1589 

0.1589 

Table 6.8 

Case 3: Fully optimal inertial simple rules and domestic output prices 

A = ^/ff.M +&n H i M +&XM + ^ i M +<f>y%l +<f>A-V 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

TV! 

0.4367 

0.3450 

0.3295 

0.3687 

0.3746 

*, 

1.5505 

1.6785 

1.7321 

1.7285 

1.7613 

A 
-0.0296 

-0.0078 

0.0043 

0.0037 

0 

A 
0.0673 

0.0240 

0 

0 

0 

** 

-0.0297 

0 

0.0095 

0 

0 

*r 

1.0040 

1.2157 

1.2500 

1.1589 

1.8887 

Welfare 

Loss 

0.1616 

0.1617 

0.1618 

0.1618 

0.1618 
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Table 6.9 

Case 4: Fully optimal inertial simple rules and domestic output prices 

Rt = & n f f , _ , +<l>xYt-x +<l>St-x +<f>v%-i +<MLi -

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

*, 

1.8047 

1.8221 

1.8344 

1.9116 

1.9247 

k 
-0.0024 

-0.0122 

0.0054 

0.0014 

0 

*, 

0.0158 

0.0311 

0 

0 

0 

^ 

0.0197 

0 

0.0255 

0 

0 

*r 

1.7923 

1.7573 

1.8006 

1.7523 

1.7613 

Welfare 

Loss 

0.1620 

0.1621 

0.1621 

0.1623 

0.1623 

6.4 Non-Inertial Optimal Simple Rules 

As mentioned above, central bank behavior is usually modeled as sluggish, 

exhibiting interest rate inertia. However, not everyone agrees. Rudebusch (2002), for 

example, argues that if financial markets can be assumed to process information 

efficiently, then evidence from the term structure implies that empirical policy rules 

displaying substantial partial adjustment will be misspecified. Hence if we take 

Rudebusch's position on this issue, it is of interest to know what the optimal simple 

monetary policy rule would be in the absence of interest rate smoothing. From a different 

perspective, Chapter 4 suggested that the addition of an interest-rate smoothing term into 

a simple monetary policy rules will deliver superior policy performance in some cases. 

However, in that chapter the reaction coefficients were simply taken from values used in 

the literature rather than optimized. Hence a natural question is whether the introduction 

of an interest-rate smoothing term into an otherwise simple optimal money rule will still 

produce higher levels of social welfare? To answer that question we need to find the non-
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inertial optimized simple rules and their associated welfare losses and then compare them 

to the simple optimal rules with inertia found in Sections 6.2 and 6.3. 

To that end, we redo the analysis of Tables 6.1 through Table 6.5 by dropping the 

interest-rate smoothing term from each of the monetary rules. The optimized reaction 

coefficients and welfare losses associated with each rule are reported in Tables 6.10 

through 6.14. Broadly speaking, an examination of these results allows two important 

sets of conclusions to be illustrated. First, by looking at the size of the welfare losses, 

most of the findings with respect to the relative strength of the alternative simple 

monetary rules found in Tables 6.1 to 6.9 will continue to hold. Second, however, a 

number of new observations arise. Our analysis proceeds by discussing explicitly only 

those cases that use domestic output prices.88 

Table 6.10 

Case 1: Non-inertial optimal simple rules and domestic prices 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

K 
1.8590 

3.1280 

2.7212 

3.1698 

3.2723 

<t>n 

5.0801 

11.2058 

9.4060 

10.8912 

11.5622 

K 
-0.0730 

0.2115 

0.1144 

0.1169 

0 

0.2825 

-0.1538 

0 

0 

0 

K 
-0.2127 

0 

-0.1065 

0 

0 

Welfare Loss 

0.1719 

0.1724 

0.1722 

0.1727 

0.1729 

Table 6.11 and other three tables (Table 6A.4, 6A.5 and 6A.6 are presented in Appendix 6A.2) 
correspond to the four information cases when the policy maker uses CPI inflation and are included for 
comparison. Their findings are broadly similar. Note also that the welfare losses in these cases are 
typically larger than their domestic price counterparts. 
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Table 6.11 

Case 1: Non-inertial optimal simple rules and CPI prices 

Rt =<fijf +&f[ , +jxxt +jqqgJ +</>w% 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

K 
1.6624 

2.7067 

2.2758 

3.6136 

3.1090 

*. 

4.7558 

10.5384 

8.5680 

13.9177 

12.5820 

4 
-0.0142 

0.5676 

0.3068 

0.4489 

0 

*, 

0.4171 

-0.3610 

0 

0 

0 

** 

-03772 

0 

-0.2551 

0 

0 

Welfare Loss 

0.1975 

0.1995 

0.1982 

0.2007 

0.2038 

Consider first how Table 6.10 compares to either Table 6.1 or Table 6.6 (cases that 

are the same except for the removal of the lagged interest rate term from the policy rule). 

By examining the expected welfare losses under the different policy rules, we easily see 

that our key earlier observation continues to hold. That is, monetary policy rules that 

involve the exchange rate in some form yield smaller welfare losses than the rules that 

exclude such external considerations. In addition, of the three exchange rate rules, the 

comprehensive rule once again works best. This pattern of outcomes can be seen in all 

the tables, from 6.10 to 6.14. It is also important to note that the marginal welfare gain 

from incorporating an exchange rate effect into the non-inertial optimal policy rule is 

non-negligible. Unlike the interest rate smoothing results, each of the three exchange rate 

cases dominates the Taylor and Inflation Targeting rules. This reinforces our general 

theme that a small open economy should incorporate some representation of the exchange 

rate into its money rule. 
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Second, by comparing the welfare losses reported in Tables 6.10 to those in Table 

6.1, we see that the welfare losses reported in Table 6.10 are much larger. For example, 

the smallest welfare loss yielded by Rule 1 in Table 6.10 is 0.1719 versus 0.1598 in Table 

6.1. The former is 1.076 times the later. This finding also holds when we compare the 

welfare losses in Tables 6.11 to 6.2, and in all other relevant table comparisons. Hence 

the addition of the interest-rate smoothing term to the optimal simple policy rule 

produces superior policy performance across all our four information cases and the two 

different inflation rate versions of the model. This contrasts with the earlier analysis of 

Chapter 4, where the addition of interest-rate smoothing delivered better policy 

performances only in Cases 2 and 4 where the monetary authority was constrained to use 

steady state values. In Cases 1 and 3, where flexible price values could be used, interest 

rate smoothing made things worse. While our optimized coefficient cases always support 

the choice of an exchange rate effect in the money rule, the combination of these 

observations suggests the following generalization. If the policy maker has access to less 

information, in our case as the policy maker moves from Case 1 through Case 4, the 

efficiency case for augmenting any simple monetary policy rule with interest-rate 

smoothing is strengthened. That is, whether the reaction coefficients are optimized or 

not, the money rule will perform better with interest rate smoothing the less good is 

information held by the monetary authority. Conversely, as more relevant information is 

acquired by the policy maker (as we move towards Case 1), the incorporation interest-

rate smoothing into a simple policy rule produces less benefit and may in some 

circumstances actually reduce policy performance (see Chapter 4, for example). 
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This latter point becomes our third important finding. That is, the more accurate 

is the information that the policy maker can obtain, the less is the gain in policy 

efficiency from interest-rate smoothing. While this point may seem obvious, it is nice to 

have it confirmed formally within the model. For example, consider the situation in 

which the policy maker targets the domestic output price inflation. In this case, the 

welfare loss is 0.2376 under Rule 1 without interest-rate smoothing in Case 4 (see Table 

6.14), while with partially interest rate smoothing it becomes 0.1955 (see Table 6.5). 

Hence adding interest-rate smoothing into the optimal simple rule increases (decreases) 

welfare (the welfare loss) by 21.5%. On the other hand, when the monetary authority has 

its most relevant information (corresponding to Case 1), the addition of interest rate 

smoothing increases welfare only by 7.6% under Rule 1. The corresponding reductions 

for the intermediate Cases 2 and 3 are 1.3% and 1.8%, respectively. Note that Tables 6.1 

through 6.5 the reaction coefficients are not fully optimized since the coefficient on the 

lagged interest rate is arbitrarily set equal to 0.8. Using statistics reported in Table 6.6 

through 6.9 in which the all reaction coefficients are optimized, the corresponding 

reductions under Rule 1 for four cases (Cases 1 through 4) are 8.4%, 20.6%, 1.9%, and 

46.7%, respectively. 

Fourth, in Table 6.1 we first noticed the result that the optimized reaction 

coefficients for inflation were always larger than the other optimized coefficients. This 

feature appears again but magnified much further once interest rate smoothing has been 

removed. For example, in Table 6.1, the values of grange from 1.15 to 1.48, while in 

Table 6.10, the smallest value of ^ i s 5.08 and the largest 11.56. A similar result can be 

observed in relation to the coefficients on the Wicksellian natural rate, ^w. They are all 
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now greater than one and much larger than those observed in Table 6.1 and the other 

tables. The intuition for this finding is similar to that given earlier when the fully 

optimized coefficient on the lagged interest rate, <j)r, exceeded one. When the inflation 

rate rises due to a shock, for example, the central bank needs to increase its short-term 

interest rate significantly to bring down the expected future aggregate demand 

sufficiently to leads firms today to start cutting prices. 

Turning next to Case 2 in Table 6.12, we see that the welfare losses associated with 

each rule are much larger than those reported in Table 6.10. This is consistent with the 

finding when the policy rule had interest rate smoothing. However, since there is less 

information in Case 2 than in Case 1, the central bank that hopes to reduce welfare losses 

needs to react strongly to the current deviation in inflation since the marginal gain from 

reacting is becoming smaller and smaller. For example, to bring down the welfare loss 

associated with the Taylor rule to 0.1942, ^ needs to jump 50, and to bring down to 

0.1921,^ must jump to 200. Finally, to reach the minimized welfare loss (0.1914), <j>n 

needs to dramatically jump to 1.2544e+06. 

When comparing Case 2 with Case 1, the key missing piece of information is the 

Wicksellian natural rate. Suppose then that we introduce it back into Case 2 and set 

<pw =1.1. Given the other conditions, the welfare loss yielded by the Taylor rule decrease 

from 0,1913 to 0.1859 and the optimized reaction coefficients on inflation and the 

deviation of output become 3.2116 and 0.0427, respectively. In contrast, if we just get 

the output gap back, it will deteriorate the social welfare (0.1944), and also requires the 

central bank in response to the variation in inflation very strongly. In the previous section 

we have seen that the effect of the missing of the Wicksellian natural rate on the social 
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welfare can be offset completely by augmenting the lagged interest rate into the policy 

rule. 

Table 6.12 

Case 2: Non-inertial optimal simple rules and domestic output prices 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

*** 

10 

10 

10 

10 

10 

A 
0.2938 

0.2609 

0.3136 

0.2954 

0 

** 

0.0403 

0.0926 

0 

0 

0 

K 
0.0458 

0 

0.0617 

0 

0 

Welfare Loss ** 

0.2103 (0.1913) 

0.2103(0.1913) 

0.2103(0.1913) 

0.2104(0.1914) 

0.2179(0.1944) 

* Here </>M = 10 is set arbitrarily rather than optimized. The optimized reaction coefficients and the 
associated welfare losses are obtained given this constraint imposed. 
** The numbers in parentheses denote the minimized welfare losses when $n is optimized as well. 

Finally, let us consider Tables 6.13 and 6.14. Here the policy maker responds to 

information with a one period lag. Compared to Cases 1 and 2, Cases 3 and 4 present the 

policy maker with less information on which to decide the short-term interest rate. On 

this basis, Case 4 is expected to generate larger welfare losses than those in Case 2. This 

is confirmed by comparing the welfare losses reported in Table 6.14 to those reported in 

Table 6.12. Similarly, we would expect the welfare losses in Case 3 to be larger than 

those in Case 1. This was the result when interest rate smoothing was part of the policy 

rule (see the preceding section). However, in the current case, the outcome is completely 

opposite. Now the smallest welfare loss, 0.1646, arises in Case 3 (see the first row of 

Table 6.13), whereas its corresponding value in Case 1 is 0.1719 (see the first row of 
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Table 6.10). On the surface, this result is counterintuitive. However, given the 

importance of the lagged interest rate in the policy rule found earlier, finding that the 

lagged Wicksellian interest rate reduces welfare losses when there is no interest rate 

smoothing may not be too surprising. That is, this finding may simply mean that when 

the policy maker that doesn't use a lagged interest rate in the policy rule, the role played 

by the lagged interest rate in the money rule may be successfully substituted for by the 

adoption of the lagged Wicksellian natural rate (r /> M) a function not picked up then the 

current period rate ( r / ( ) is used in isolation. 

To test this hypothesis we first use r / M to replace f[t in the policy rule without 

the interest-rate smoothing (Case 1) and see whether the welfare loss decreases or 

increases. Here a decrease in the size of the welfare loss would be consistent with our 

hypothesis, otherwise the hypothesis is contradicted. Secondly we substitute r / ( for 

r/jt_! in the Case 3 policy rule without the interest-rate smoothing. 'In this case, an 

increase in the size of the welfare loss is consistent with this hypothesis. The findings for 

both experiments are consistent with our hypothesis. Using r / w to replace r^t in the 

comprehensive rule and the Taylor rule without interest-rate smoothing in Case 1, the 

welfare losses are decreased from 0.1719 and 0.1727 to 0.1552 and 0.1557, respectively. 

Conversely, when we substitute f/( for r / M in the comprehensive rule and the Taylor 

rule without the interest-rate smoothing in Case 3, the welfare losses rise from 0.1646 and 

0.1676 to 0.1801 and 0.1857, respectively. Finally, note that if our hypothesis holds and 

the Wicksellian gap is a superior target to the steady state gap, then not only should the 

lagged Wicksellian natural rate be able to replace the lagged interest rate, but it also 
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should work better than the lagged interest rate in the policy rule. We test this latter 

hypothesis by adding r / M into the comprehensive rule without interest rate smoothing 

in Case 1 and generate a welfare loss of 0.1551. However the welfare loss yielded by the 

comprehensive rule with inertia in Case 1 was 0.1586 (see the first row of Table 6.6). 

This implies that using r ^ to replaceRtA has increased social welfare by 2.2%. 

Table 6.13 

Case 3: Non-inertial optimal simple rules and domestic output prices 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

TV/ 

1.0936 

1.4923 

1.4481 

1.5208 

1.4931 

4r 
1.5615 

2.9743 

2.8938 

3.0011 

2.8999 

** 

-0.1381 

-0.0117 

-0.0206 

-0.0245 

0 

K 
0.2588 

-0.0196 

0 

0 

0 

K 
-0.1483 

0 

-0.0211 

0 

0 

Welfare Loss 

0.1646 

0.1675 

0.1671 

0.1676 

0.1676 

Table 6.14 

Case 4: Non-inertial optimal simple rules and domestic output prices 

A =#AH*-I +<t>Jt-i +t&-i +</>*%i 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

4 
10.2087 

9.2452 

10.0351 

7.1149 

7.9879 

A 
0.1488 

0.4359 

0.0318 

0.1618 

0 

*, 

-0.2375 

-0.7003 

0 

0 

0 

K 
-0.3889 

0 

-0.4801 

0 

0 

Welfare Loss 

0.2376 

0.2409 

0.2380 

0.2495 

0.2537 
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6.5. Robustness Analysis 

In Section 6.2 we highlighted two key findings of our analysis: first, the more 

relevant was the information incorporated in the policy decision, the larger was the 

welfare gain associated with using monetary policy optimally; and second, that in our 

small open economy, the exchange rate was an important endogenous variable whose 

incorporation into the policy rule improved the economy's performance. These outcomes 

were also found in Sections 6.3 and 6.4. In this section we examine the robustness of 

these findings as a basis for conclusions respecting the policy performance in small open 

economies such as ours. 

One feature of our findings that could be seen as undermining confidence in the 

robustness of our exchange rate inclusion conclusion is the tendency, first observable in 

Table 6.1, for the welfare loss to decrease as additional variables are incorporated into the 

policy rule. This feature is observed in the other tables as well. This suggests the 

following counter hypothesis. Perhaps the reason that the comprehensive rule (Rule 1) 

results in a smallest welfare loss is simply because adding more variables will always 

improve the performance of a rule rather than because the exchange rate is itself an 

important targeting variable for the policy rule.89 Such a possibility suggests the 

following test: if the "more variables better outcome" hypothesis is true, then the addition 

of one or more 'significant' variables into the policy rule should yield an even smaller 

welfare loss. 

89 Adolfson (2007) raises a similar point. He points out that if the policy rule is excessively simple (i.e., is 
suboptimal) then the inclusion of any additional state variable is likely to yield an improvement in the rule. 
However, optimization of the reaction coefficients reduces the sub-optimality of the simple rule, which 
partly mitigates such a problem. 
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To test this hypothesis, we first add "consumption" to Rule 1 in Case 1 when the 

monetary authority uses domestic output prices to target the inflation rate with the partial 

interest-rate smoothing (Table 6.1, row 1). In that case the welfare loss associated with 

the revised optimal policy rule was 0.1598. Second if we instead add "labor" to Rule 1, 

the welfare loss is also found to be 0.1598. In both cases the welfare result is exactly the 

same as the welfare loss arising in their absence. Hence the simple inclusion of 

additional variables in the policy rule does not bring down the welfare loss further as 

would be expected. Similar tests were conducted for the cases where the monetary 

authority uses CPI prices to target the inflation rate. This set of findings gives us greater 

confidence that the reason that the comprehensive rule yields better policy performance is 

that the incorporation of the exchange rate and the law of one price gap into the policy 

rule incorporates more relevant information. 

To further test this hypothesis, we re-optimize after taking the real exchange rate 

and the law of one price gap out of the policy rule and substituting "consumption" or 

"labor supply" in their place. Should these substitutions improve the performance of 

policy, our information hypothesis would be contradicted. We begin by replacing the 

real exchange rate in Case 1 Rule 1 with "consumption" in the policy rule and then doing 

the same for the law of one price gap. Our simulation results show that using 

"consumption" to replace either the real exchange rate or the law of price gap yields a 

larger welfare loss. Their respective values found were to be 0.1603 and 0.1603, larger 

than the 0.1598 the welfare loss for the comprehensive Rule 1 reported in Table 6.1. 

Next, we use "labor" to replace the real exchange rate and the law of one price gap in 

Rule 1 and obtain the similar results. Here the welfare losses associated with each test are 
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0.1608 and 0.1608, respectively; both larger than the original 0.1598 loss arising under 

Rule 1 in Case 1. Finally, using both "consumption" and "labor" to replace the real 

exchange rate and the law of one price gap in Rule 1 improves performance (on their 

separate use) but also yields a larger over welfare loss, 0.1601, compared to the 

comprehensive rule. Lastly, the exact same tests were repeated for the cases where the 

policy maker targets the inflation rate in terms of CPI prices with similar outcomes.90 

Together these findings are strongly consistent with our interpretation of the information 

content of the openness variables—the real exchange and the law of one price gap—for 

the effectiveness of the money rule. As such, these findings increase our confidence in 

this interpretation of our results. 

In our small economy model external considerations influence domestic outcomes 

in two ways: first through the assumption of incomplete capital markets and second 

through the law of one price gap. While the former forms part of the structure of the 

model, it has no one simple parameter by which the intensity of incompleteness can be 

adjusted. In this sense, the latter external complication is more susceptible to 

manipulation. In particular, the law of one price gap affects welfare via incomplete 

exchange rate pass-through, which in turn arises from the assumption that the importers 

face quadratic adjustment costs in setting prices in the domestic currency. In terms of the 

specification adopted, the parameter ®M scales the magnitude of import price adjustment 

costs such that the degree of exchange rate pass-through increases as coM decreases. 

When 0Mis set equal to zero, the degree of exchange rate pass-through is 100 percent, 

90 Similar results were obtained when the coefficient on the lagged interest rate was optimized instead of 
when, as above, the coefficient was assigned the value of 0.8. Finally using the programs of Dynare 
resulted in the same set of findings as when the programs were written in Matlab. 
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which implies that the law of one price gap will be zero. In this case, adding to the policy 

rule the law of one price gap would not be expected to enhance the social welfare. 

Similarly since the size of the distortion in the real exchange rate is positively related to 

the law of one price gap, the marginal welfare gain from incorporating the real exchange 

rate into the policy rule should also fall as aM decreases, but because the real exchange 

rate is just partially related to the law of one price gap, therefore the marginal welfare 

gain from incorporating the real exchange rate will be expected to be less significant than 

those from Rules 1 and 3 as aM varies . 

To test this implication of the analysis, we vary the parameter <oM between 400, 

which represents a low degree of exchange rate pass-through, and 1, representing a high 

degree of the exchange rate pass-through.91 The welfare losses WL associated with the 

corresponding optimized simple rules and the relative welfare losses are presented in 

Tables 6.15 and 6.16. Table 6.15 shows that in relative terms the marginal social welfare 

gain from incorporating the exchange rate and/or the law of one price gap into the Taylor 

Rule is large when the degree of the exchange rate pass-through is low, while the gain is 

small under a high degree of the exchange rate pass-through. This is for the case where 

the policy maker responds to inflation measured in CPI prices. The same observation, 

however, does not appear as easily in Table 6.16, where the policymaker is assumed to 

react to the domestic output prices. We note that import prices are not in the measure of 

inflation targeted in this case and, in addition, conjecture that the interaction between 

incomplete pass-through rate and incomplete asset markets may play some role in this 

difference. 

91 In terms of Adolfson (2007) estimation, the degree of the exchange rate pass-through is about 10% when 

G)M = 400, and 70% when d)M = 1. 
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Table 6.15 

Case 1: The degree of exchange rate pass-through and CPI prices 

coM = 400 

0 M = 1 O O 

aM =50 

* > M = 2 5 

0 M = 1 O 

^ M = l 

Rulel 

WLX 

0.1975 

0.2038 

0.2059 

0.2066 

0.2037 

0.1968 

WLJWL4 

0.9841 

0.9869 

0.9932 

0.9995 

0.9985 

1 

Rule 2 

WL2 

0.1995 

0.2062 

0.2072 

0.2067 

0.2040 

0.1968 

WL2IWL4 

0.9940 

0.9985 

0.9995 

1 

1 

1 

Rule 3 

WL3 

0.1982 

0.2044 

02061 

0.2066 

0.2038 

0.1968 

WL3IWL4 

0.9875 

0.9898 

0.9942 

0.9990 

0.9990 

1 

Rule 4 

WL4 

0.2007 

0.2065 

0.2073 

0.2067 

0.2040 

0.1968 

Table 6.16 

Case 1: The degree of exchange rate pass-through and domestic output prices 

®u = 400 

o M = 5 0 

® M = 2 5 

®M =10 

® M = 1 

Rule 1 

Why 

0.1719 

0.1727 

0.1732 

0.1731 

0.1709 

WLJWL4 

0.9954 

0.9971 

0.9994 

0.9988 

0.9884 

Rule 2 

WL2 

0.1724 

0.1732 

0.1733 

0.1733 

0.1729 

WL2IWL4 

0.9983 

1 

1 

1 

1 

Rule 3 

WL3 

0.1722 

0.1728 

0.1732 

0.1731 

0.1709 

WL3/WL4 

0.9971 

0.9977 

0.9994 

0.9988 

0.9884 

Rule 4 

WL4 

0.1727 

0.1732 

0.1733 

0.1733 

0.1729 

As mentioned above, there is no one parameter by which we can vary the 

incompleteness of capital markets. However, the risk premium that the representative 

household must pay to borrow on world markets due to incomplete capital markets is 

variable and can be affected by the size of the shock to the risk premium, its net foreign 
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asset position at the time of the shock, and the constant, b, which governs the size of the 

risk premium.92 Suppose then that while other conditions remain fixed, we let the size of 

the shock to the risk premium increase. Then since the larger the shock to the risk 

premium, the greater will be the effect of incomplete capital markets on the model 

leading to the larger the size of the welfare loss associated with that distortion. It then 

follows that the marginal gain from incorporating one of the external gaps into the money 

rule should increase as the size of shock to the risk premium increases.93 

To test this implication, we redo Tables 6.15 and 6.16 for different sized shocks to 

the risk premium. The welfare losses WL associated with the corresponding optimized 

simple rules and the relative welfare losses are presented in Tables 6.17 and 6.18. 

Scanning Table 6.17 we see that the marginal welfare gains from adding one of the 

external gaps to the policy rules become more significant as the size of shock to the risk 

premium increases. For example, in Case 1 whens2, = 0.052, the relative gain associated 

with using the exchange rate in Rule 2 compared to the Taylor rule is 1/0.994 = 1.006, 

while it becomes 1/0.8131 = 1.23 when the size of the shock rises toe,, =12 . Similar 

observations can be made with respect to Table 6.18. 

•2t 

92 The risk premium is defined in Chapter 3 as exp(—bNFAt + In Xit) • *n ̂ s sense, capital markets are 
complete when the risk premium is one. 
93 Cecchetti et al. (2000) show that financial disturbances may cause the exchange rate to have destabilizing 
effects that should be mitigated by monetary policy, while Adolfson (2007) does not support it. 
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Table 6.17 

Case 1: The size of the risk premium shock and CPI prices 

Risk 

premium 

shock 

s2t = 0.052 

s2t=0.l2 

s2t=0.52 

*» = I2 

Rulel 

WLX 

0.1975 

0.2128 

0.7030 

2.1933 

WLX1WL4 

0.9841 

0.9668 

0.8346 

0.8041 

Rule 2 

WL2 

0.1955 

02158 

0.7103 

2.2179 

WL2IWL4 

0.9940 

0.9805 

0.8524 

0.8131 

Rule 3 

WL3 

0.1982 

0.2137 

0.7054 

2.2566 

WL3/WL4 

0.9875 

0.9709 

0.8465 

0.8273 

Rule 4 

WL4 

0.2007 

0.2201 

0.8333 

2.7277 

Table 6.18 

Case 1: The size of the risk premium shock and domestic output prices 

Risk 

premium 

shock 

s2t = 0.052 

s 2 ,=0.1 2 

s 2 t =0.5 2 

« 2 , = 1 2 

Rule 1 

WLy 

0.1719 

0.1833 

0.5381 

1.6441 

WLJWL4 

0.9954 

0.9897 

0.9236 

0.9047 

Rule 2 

WL2 

0.1724 

0.1840 

0.5656 

1.6705 

WL2IWLA 

0.9983 

0.9935 

0.9708 

0.9192 

Rule 3 

WL3 

0.1722 

0.1836 

0.5447 

1.6702 

WL, IWL4 

0.9971 

0.9914 

0.9349 

0.9191 

Rule 4 

WL4 

0.1727 

0.1852 

0.5826 

1.8173 

In Sections 6.2 and 6.4 we have shown that adding interest-rate smoothing term into 

optimal simple rules, broadly speaking, gives rise to better policy performance. One key 

question raised by this finding is why do simple feedback policy rules produce better 

policy performance with a lagged interest rate than without? Goodfriend (1991) argues 

that output and prices do not respond to daily fluctuations in short run interest rates, but 

rather to variations in the long-term interest rate. Hence to better achieve its stabilization 
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goals, the central bank should try to affect these longer term rates. However, because 

long rates are determined by the market's expectation of future short run rates, an 

effective response to inflationary pressures requires the central bank to communicate a 

credible commitment to a changed future path of short rates. One straightforward way to 

do this, he argues, is for the central bank to establish a reputation for maintaining interest 

rates at a higher level for some period of time once they are raised, that is, follow an 

initial interest-rate change with further changes in the same direction. Such a policy, if 

understood by the private sector, offers the prospect of a more significant central bank 

policy effect upon aggregate demand without generating excessively volatile short-term 

interest rates. 

Goodfriend's argument here is based on two key factors: forward-looking agents in 

an economic system and a central bank's ability to use commitment to an optimal policy 

rule to produce a better policy outcome than can be attained through optimization under 

discretion. However, while these two factors provide important reasons for expecting the 

success achieved by interest rate smoothing in our model, they may not capture all the 

reasons for that success. Here we explore two additional hypotheses for why in this 

model the addition of interest-rate smoothing to a simple optimal rule may deliver 

superior policy performance. 

First of all it is often argued that the addition of the lagged interest rates may 

increase the relevant information available to the policy maker. To see whether this effect 

is present in our model, we calculate the relative welfare loss between each 

corresponding optimal simple policy rule with interest-rate smoothing and the policy rule 

without smoothing by using data from Table 6.6-6.9 and 6.10, 6.12, 6.13, and 6.14. The 
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result is presented in Table 6.19, where WLS is used to denote the welfare loss associated 

with correspond optimal simple policy rule with interest-rate smoothing, and WLN, the 

welfare loss without smoothing. Examining Table 6.19 we see that the improvement in 

performance of interest rate smoothing becomes larger in cases with less information in 

the model. As a general rule, the exception is Case 3. However, as was discussed earlier 

in section 6.4, the reason that the marginal welfare gain in Case 3 is smaller than that 

arising in Cases 1 and 2 is that in Case 3 at least part of the role played by the lagged 

interest rate Rt_x in money rule is replaced by the presence of the lagged Wicksellian 

natural rate, r / M . Therefore it is because of the special appearance of the 'lagged' 

Wicksellian interest rate that the marginal welfare gain from adding the interest-rate 

smoothing term is smaller. Similar observations are found when the policy maker 

responds to the inflation measured in terms of the CPI. 

As a final point it is worth noting that in this small open economy model, the 

information available to the policy maker is insufficient to eliminate all welfare losses 

even in Case 1 where the central bank is assumed to be able to observe all 

contemporaneous market values. Hence even in that case, the combination of sticky 

prices, incomplete asset markets, and incomplete exchange rate pass allows interest-rate 

smoothing to improve policy performance.94 

In an earlier version of this thesis, a small open economy model with complete exchange rate pass-
through and complete asset markets. In that case the central bank that could access all contemporaneous 
information could calculate perfectly the contemporary value of the Wicksellian natural rate that when used 
resulted domestic prices becoming completely stabilized and the output gap eliminated. In this case the 
welfare loss could be driven to zero. In this case, however, requiring the monetary authority to use interest-
rate smoothing as an additional term in the policy rule reduced policy performance. This is consistent with 
our suggestion that it is only when there is information missing to the policy maker that the lagged interest 
rate add to policy performance and lower welfare losses. 
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Table 6.19 

The welfare gains from incorporating the lagged interest rate 

Information 

cases 

Case 1 

Case 2 

Case 3 

Case 4 

WLSIWLN* 

Rule 1 (C) 

0.9226 

0.8291 

0.9818 

0.6818 

Rule 2 (EX) 

0.9205 

0.8296 

0.9654 

0.6730 

Rule 3 (PT) 

0.9210 

0.8291 

0.9682 

0.6811 

Rule 4 (TR) 

0.9201 

0.8306 

0.9654 

0.6505 

Rule 5 (IT) 

0.9119 

0.8174 

0.9654 

0.6397 

A completely different reason why interest rate smoothing works to improve 

welfare performance in our analysis is because the central bank seeks to smooth interest 

rates as an entirely separate policy goal, that is, in addition to its inflation and output gap 

objectives. Here it is important to recognize that in the literature generally, it is necessary 

to add the squared change in the interest rate term (Rt - i ? M ) 2 arbitrarily into a standard 

loss function to derive results that mimic central bank interest rate smoothing behavior 

(see, for example, Rudebusch and Svensson, 1999; and Rudebusch, 2002). In our model, 

however, interest rate variability arises as a separate argument in the linearization of the 

welfare function because of the presence of the real money balances in the utility 

function.95 The importance of the real balance effect for interest rate smoothing can be 

found in simulations that indicate that when the weight on the interest gap in the loss 

function is reduced to zero, interest-rate smoothing policy rules cannot always deliver 

superior policy performance. In some cases, the addition of interest rate smoothing now 

has no affect. For example, in Case 1 the welfare loss under Rule 2 when the central bank 

95 This suggests that the current practice of ignoring a motivation for money use in models of this type (by 
leaving money balances out of the utility function, for example) does have a cost when it comes to 
implementing the analysis. 
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targets the domestic output price is 0.0048, while it is also 0.0048 after adding smoothing 

term. Similarly, the welfare losses remain identical under Rule 2 when the central bank 

responds to the CPI price. Similar results can be found for Cases 3 and 4. 

Our simulations for the other information cases suggest a few other points that 

deserve mention. First, when the constraint on the variation in interest rate gap is 

removed from the loss function (as done above), the value of the optimized reaction 

coefficient on inflation becomes much larger than when the constraint was there. This 

shows not only a re-weighting of the policy targets but also that a concern with interest 

rate variability does not now constrain the central bank from reacting more strongly to 

innovations impacting the economy. The monetary authority becomes more aggressive. 

Second, when the simple rules are not optimized, the interest-rate smoothing rules can 

still deliver better performance. This again suggests an information role for lagged 

interest rates. That is, to the extent the monetary authority foregoes the gain available 

from optimization, there is a potential gain that the use of lagged interest rates may allow 

being realized. This is most apparent in Cases 3 and 4. There the policy rules with 

inertia always generate better policy performance outcomes even when the simple rules 

are not optimized. 

A final reason given for why interest rate smoothing improves the performance 

of a simple optimal rule is because it allows for the capture of the persistence of shocks. 

Aoki (2003), for example, argues that the reason why a optimal simple rule should 

involve a lagged interest rate term is because it is optimal for the central bank to respond 

to the persistence of economic shocks impacting the economy. In his model, then, the 

degree of interest-rate smoothing depends directly on the degree of persistence of demand 
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shocks. This implies that if no persistence arose in the model, then policy performance 

could not be improved by adding lagged interest rate term into the optimal simple policy 

rule. To test whether this hypothesis is applicable to our analysis, we re-simulated the 

model for the case of no persistence to see whether welfare losses would still fall with 

interest rate smoothing? In our framework, there are four shocks, each of which follows 

an AR (1) process with persistence. In addition, the presence of price indexation leads 

any inflation rate shock to persist to some extent. Hence to shut off the persistence of the 

model, we setpA = px = p2 = py = £ = Q. The test results show the opposite. First, 

optimal simple rules with interest-rate smoothing still produce better welfare outcomes; 

but even more interestingly, the less persistence there is in the model, the larger the 

welfare loss and the larger (rather than smaller) welfare gain from using the interest rate 

smoothing. That is, while there appear to be more than one reason for why interest rate 

smoothing produces better policy performance in our analysis, one of those reasons is not 

that it allows for the better incorporation of the model's persistence in the money rule. 

6.6. Concluding Remarks 

At present the Taylor rule is the monetary policy rule most often advocated in the 

literature, even for the case of a small open economy subject to external shocks. It was 

also the money rule that performed best in our small open economy model when the 

reaction coefficients were simply assigned as the values most often used in the literature. 

However, the conjecture that the Taylor rule will continue to perform best when the 

reaction coefficients are found optimally has proved misleading if not entirely wrong. In 

our model, it is always optimal to augment the Taylor rule with some factor that allows 
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for the incorporation of external complications — in our case either the exchange rate gap 

and/or the law of one price gap. This finding is robust across our four different cases of 

information availability. 

The choice of the appropriate price level and/or inflation rate to target has been 

another interesting policy question. While it appears that most inflation-targeting central 

banks have chosen to measure the rate of inflation in terms of some version of the CPI, 

our analysis finds that despite the appearance of the consumer price index is an important 

variable within the model, a central bank that bases its policy rule on domestic output 

prices will normally perform better overall than if it focuses on a consumer price index. 

This policy prescription is not unique to this model but has been also found by Clarida et 

al (2001)96. As such our analysis reinforces this policy prescription. 

Third, the addition of the lagged interest rate to an optimal simple policy rules 

typically enhances the level of social welfare and hence policy performance. The reason 

why this is the case was explored at length and appears to be for a combination of reasons 

- its implicit ability to capture information missed in other policy instruments, the fact 

that welfare depends directly in interest rate variability, and as a way of establishing and 

maintaining commitment. Perhaps most controversially, we find in section 6.3 that the 

optimized value of the coefficient on the lagged interest rate is greater than one. This is 

completely different from the empirical estimate usually found in the literature where 

they most often range between 0.7 and 0.9. To the extent that this model captures some 

of the more important features of small open economies, it would imply that the central 

banks of these economies have been too timid in practice. 

96 Clarida et al. find that the central bank should target domestic inflation and allow the exchange rate to 
float when there is perfect exchange rate pass-through. 
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Finally, our analysis suggests that the marginal welfare gain from incorporating 

foreign exchange considerations and/or lagged interest rates falls as the relevant 

information available to the policy maker improves. This is perhaps our most practical 

policy finding. It suggests that as a practical proposition, the less well developed is the 

statistical information available to a small open economy, the larger will be the gain from 

including some measure of the size of the external shock facing the economy and/or 

lagged interest rates in the monetary policy rale. 
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Appendix to Chapter 6 

A6.1 Partially optimal simple policy rules with inertia 

Tables A6.1 through A6.3 summarized the simulation results in Cases 2, 3, and 4 

when alternative partially optimal simple money rules are applied. And note that here 

inflation targeted by the monetary authority is measured in CPI prices. 

Table A6.1 

Case 2: Partially optimal inertial simple rules using CPI prices 

Rt=tA + 4>Jt + <f>qqt + « +0.8it, 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

*n 

6.9719 

7.9511 

7.1138 

7.7745 

14.9898 

* , 

0.1513 

0.3260 

0.1851 

0.2574 

0 

' , 

0.0616 

-0.1645 

0 

0 

0 

K 
-0.2031 

0 

-0.1817 

0 

0 

Welfare Loss 

0.2111 

0.2124 

0.2112 

0.2128 

0.2207 

Table A6.2 

Case 3: Partially optimal inertial simple rules using CPI prices 

Rt=<l>JL + 0 A _ , +<f>xxt_l +<pqqgt.l +<K^t-i +0.8i?M 

Policy 

Rule 

1 (C) 

Optimized reaction coefficients 

<i>w 

0.5613 

*n 

1.3725 

A 

-0.0752 

+, 
0.1137 

K 
-0.0703 

Welfare Loss 

0.1797 
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2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

0.7053 

0,6419 

0.7268 

0.06022 

1.9798 

1.8591 

1.9875 

1.6035 

-0.0266 

-0.0304 

-0.0358 

0 

-0.015 

0 

0 

0 

0 

-0.0191 

0 

0 

0.1808 

0.1805 

0.1809 

0.1811 

Table A6.3 

Case 4: Partially optimal inertial simple rules using CPI prices 

Rt = ^ n M +^7M +#qq„ + ^%l+0.SRt_, 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

*. 

3.3381 

3.5157 

3.3547 

3.4118 

4.9415 

** 

0.0614 

0.1928 

0.0721 

0.1283 

0 

** 

0.0213 

-0.1752 

0 

0 

0 

K 
-0.1557 

0 

-0.1479 

0 

0 

Welfare Loss 

0.2163 

0.2204 

0.2163 

0.2229 

0.2336 

A6. 2 Non-inertial optimal rules 

Table A6.4 through A6.6 report the simulation results when non-inertial optimal 

simple policy rules are employed in Cases 2, 3 and 4, respectively. Again, the CPI prices 

are used here. 

Table A6.4 

Case 2: Optimal non-inertial simple money rules in CPI prices 

Policy Rule 

1 (C) 

Optimized reaction coefficients 

4* 
10 

A 
0.3174 

*, 

0.1879 

** 

-0.1369 

Welfare Loss ** 

0.2354 (0.2140) 
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2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

10 

10 

10 

10 

0.4028 

0.4100 

0.4269 

0 

0.0624 

0 

0 

0 

-0.0617 

0 

0.2356 (0.2146) 

0.2356(0.2141) 

0.2357(0.2151) 

0.2516(0.2219) 

Note that the interpretation of notation * and ** is the same as Table 6.12. 

Table A6.5 

Case 3: Optimal non-inertial simple rules in CPI prices 

Rt = <f>Jt-i+<f>A-i +Axt-i +<f>q<ig,t-i +^t-i 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

^ 

1.3302 

1.7992 

1.6605 

2.0056 

2.0087 

4 
2.7548 

4.5004 

4.1599 

4.6856 

4.6838 

k 
-0.2706 

0.0090 

-0.0761 

-0.0717 

0 

+* 
0.3612 

-0.1437 

0 

0 

0 

4>v 

-0.2603 

0 

-0.0994 

0 

0 

Welfare Loss 

0.1866 

0.1899 

0.1884 

0.1915 

0.1919 

Table A6.6 

Case 4: Optimal non-inertial simple rules in CPI prices 

Policy Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

& 

20.8317 

14.6945 

20.4254 

8.8330 

11.2924 

A 
0.2012 

0.9500 

0.0857 

0.0994 

0 

K 
-0.2328 

-1.4281 

0 

0 

0 

K 
-1.3779 

0 

-1.4488 

0 

0 

Welfare Loss 

0.2484 

0.2580 

0.2485 

0.2706 

0.2790 



Chapter 7 

Optimal simple monetary policy rules when households observe 

aggregate prices with error 

7.1 Introduction 

In the previous chapters we assumed that only the central bank faced a significant 

data deficiency when making its optimal policy decision. Private agents~both 

individuals and firms—were assumed to have perfect information in making their optimal 

choices. Our case for exploring the consequences of this asymmetry was that the 

decisions of private agents were somewhat less dependent on aggregate data than were 

the policy decisions of central government agencies such as the central bank. The 

problem, of course, is that private agents do need to know aggregate data to make their 

optimal consumption/production choices. For example, the firm needs to know the 

aggregate price level in order to set the appropriate (relative) price under Calvo pricing 

and knowledge of the current inflation rate is needed to adjust the current nominal price 

to indexation. In doing so, private individuals and firms share with the central bank the 

problem that aggregate indicators are not instantly available and, even when they are 

available with delay, such data are recognized to be preliminary and subject to later 

revision. 

Hence from a conceptual point of view both private agents and the central bank 

encounter similar types of information problems and, if we take into account the superior 

information processing capabilities of the central bank, the policy maker may even have a 

235 
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comparative advantage in adapting to information constraints. It is then of interest to ask 

how our case for the incorporation of external considerations in optimal simple monetary 

policy rules is influenced by information issues that confront private agents. In 

particular, does the existence of individual measurement error weaken or strengthen the 

case for such rules. 

Some cases of information uncertainty faced by private agents and/or 

policymakers have already been examined in the literature. For example, Orphanides and 

Williams (2005a, b) examine the performance and robustness of monetary policy rules in 

a macroeconomic model where the economy undergoes structural change and where both 

private agents and policymakers must relearn the true structure of the economy. Private 

agents then rely on adaptive learning to form expectations and update their beliefs based 

on incoming data. Policymakers employing an interest rate rule to maintain price 

stability and to minimize fluctuations of unemployment around its natural rate use a 

simple constant gain method to update their knowledge of the natural rate based on the 

observed rates of unemployment and ex post real interest rates. They find that efficient 

policies that take account of private learning and misperception of natural rates call for 

more aggressive response to inflation that would be optimal under perfect knowledge. 

In the context of transitory rather than structural shocks, Svensson and Woodford 

(2003), following Backus and Driffill (1986) and Currie and Levine (1993), demonstrate 

that in the presence of forward-looking variables and symmetric partial information, the 

monetary policy response to the optimal estimates of the current output gap is the 

fundamentally the same as under certainty, that is, the certainty equivalence condition 
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holds. Furthermore, the separation principle also applies in such an environment.97 They 

also show analytically that the optimal weight put on noisy indicator will depend upon 

the degree of uncertainty. In particular, when the degree of noise in the indicator of 

potential output is large, the optimal weight placed on the reaction coefficient of that 

indicator becomes small. This is slightly different from Orphanides' finding (2000). 

Orphanides argues that in such cases it is better to disregard uncertain data on the output 

gap in favour of placing greater reliance on inflation. 

In a later extension of the earlier work discussed above, Svensson and Woodford 

(2004) show that when the private sector has more information than the policymaker, 

certainty equivalence still continues to hold when determining the optimal reaction 

function in state-space form, but not when the reaction function is in integrative form. In 

addition, the separation principle no longer holds. This is because the estimated state of 

the economy is no longer independent of the policy optimization process. 

In this chapter we consider the consequences for optimal simple monetary policy 

rules of private agents having less than perfect price information (and often less accurate 

information than policymakers). Specifically, we begin by assuming that private agents 

can observe accurately their own individual price, the level of output, exchange and 

interest rates; but can observe the current aggregate levels of domestic and import prices 

only with error. Because all Calvo price setters are identical, measurement error is 

assumed to arise not as a consequence of structural change (as in Orphanides and 

97 It is well known that in the presence of partial information and there are no forward looking variables a 
linear model with a quadratic loss function is characterized by certainty equivalence. That is, the optimal 
policy is the same whether the state of the economy is fully observable (full information), or whether policy 
responds to an efficient estimate of the state vector rather than to its actual value. In addition, a separation 
principle applies. That is, the selection of the optimal policy (the optimization problem) and the estimation 
of the current state of the economy (the estimation or signal extraction problem) can be treated as separate 
problems. For more detail, see Chow (1975). 
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Williams) but in response to transitory relative price shocks specific to each individual 

product that net out in the aggregate but create obstacles to accurate aggregate price 

measurement in the short run. In this context we examine how optimal simple policy 

rules change and assess whether the optimal coefficients in each policy rule require either 

a weakening/strengthening of response or a substitution away from noisy indicators to 

those that can be measured more accurately. To initiate this discussion we first assume 

that policymakers can fully access current information when making their policy 

decision. Hence we begin with an information structure that is explicitly asymmetric. In 

the later sections of the chapter, we consider the implications of both private agents and 

the monetary authority encountering the same measurement problem. What is of interest 

throughout is whether the optimal simple money rule continues to require some form of 

external measure in the optimal rule. 

The rest of the chapter is organized as follows. The section 2 re-derives the model 

to incorporate measurement error. In section 3, we illustrate and discuss the simulation 

results that will follow these adjustments for policy rules with and without interest rate 

smoothing. Section 4 extends the measurement issue to the monetary authority. The last 

section presents concluding remarks. 

7.2 The Model of a Small Open Economy with Private Measurement Error 

The analytic framework in this extension remains fundamentally unchanged from 

earlier chapters except for the revised information structure. Hence to briefly review its 

central features, the world economy is made up of two regions: a domestic economy and 

a foreign one where the domestic economy is assumed to be so small that it has no impact 
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on the foreign one. The domestic economy is represented by a representative household 

and a large number of identical firms. The government behavior is not modeled 

explicitly, except to collect taxes and transfer tax revenues to private agents (to offset 

monopolistic production). Households consume both domestic goods and imported goods 

by supplying labor in markets that are assumed to be perfectly competitive. Households 

are also assumed to be able to allocate consumption over time by accessing a one-period 

risk-free domestic bond and a risky foreign bond denominated in foreign currency. Asset 

markets are incomplete. Firms produce differentiated goods under monopolistic 

competition and price rigidities arise because firms set domestic good prices using 

Calvo's (1983) pricing specification and set imported good prices subject to quadratic 

adjustment costs—the latter leading to incomplete exchange rate pass-through. The 

inefficiency caused by monopolistic competition is offset by an optimal subsidy paid to 

firms, while inefficiency arising from sticky prices is addressed by policy makers through 

monetary policy.98 Foreign agents are modeled as identical to their domestic 

counterparts. 

What is new to the analysis is that individuals and firms are assumed to observe 

some variables with error. Specifically, private agents are assumed to be able to observe 

their level of output, the exchange rate, and the interest rate accurately, but can observe 

the current period domestic price level PHt and the current period import goods prices 

In the previous analysis there was no need to distinguish between a competitive maiket outcome under 
price clearing and economic efficiency. Private and social costs coincide once the monopoly distortion is 
removed. With measurement error, however, there is some ambiguity about which private outcome 
represents the efficient outcome. In what follows we assume that since utility is based on what households 
observe the real value of their money holdings to be (rather than on the actual level of their money 
holdings), then the efficient level of output will be the competitive market clearing outcome conditional on 
the price levels observed by the households. That is, the monetary authority is not expected to correct for 
the mistake that households make when observing aggregate prices. 
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PF t only with error. We motivate this form of measurement error in the following way. 

In our multi-market economy, individual producers are assumed to observe all past prices 

plus the prices they set this period costlessly. On the other hand, the current prices being 

set in other spot markets are assumed to be costly to observe such that accurate aggregate 

information becomes available only with delay. In previous chapters, this short run 

information cost introduced no measurement problem since all agents setting prices were 

identical and this knowledge implied accurate knowledge of the behavior of all other 

price setters. Each price setter could deduce accurately the aggregate price level arising 

each period by simple projection of their own choice. Hence to generate a short run 

measurement problem, we now assume that each firm is subject to a firm-specific shock, 

a relative shock arising in addition to the four aggregate shocks that already impact the 

model. Hence knowledge that the relative shock will be unique to the particular firm 

keeps the Calvo price setter from being able to project equal price adjustment to all other 

current price setters. In this way, Calvo pricing will result in a distribution of newly set 

prices that will reflect somewhat the relative shock arising in that market. It then follows 

that because information is costly to collect in the short run, any agency designed to 

estimate aggregate short run information from a sample of firm price settings and/or 

individual firms formulating a measure of the aggregate price level on the basis of the 

short run prices they encounter are likely to include random measurement error. Thus 

despite the fact that aggregation over all firm prices will result in an aggregate price level 

that will exclude the relative demand shock, the inability to observe all relative prices 

costlessly means that measurement error will creep into price setting behavior. The same 
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situation is assumed to arise in the markets for foreign goods leading to the index of 

foreign prices also being observed with error. 

The aggregate prices observed are denoted as PHf and PFt° respectively. 

Because the measurement error exists only in the current period, households and firms 

observe historical prices accurately. This implies that PHJ^° - PH,t-k
 and PFJ-IC = ^v-t 

for k>\. On the other hand, the policy maker is assumed to be able to access all 

information accurately. In this sense the initial model involves asymmetric 

information." 

As before, the representative household maximizes the expected value of the 

discounted sum of time separable utilities 

U^E^P'i 
(=0 

%u -c}-a+- 1 
1 - C T w 

Mi 
, p° 1+ uJ0 (7.1) 

subject to an intertemporal budget constraint 

n Mt Bt *A 
-+-P; P;>Rt P;R;exv(-bNFA;+\n%2t) Pt° 

1 fl 1 fl 1 fl M, _, Bf, s,Bt 

p 
-lNtm®* + ±lDtMi + ±[DW + ^ + ^ + ^ 

p» p u p^ 
1 t L t ' t 

(7-2) 

where notation is the same as in Chapter 2, except that the consumer price index Pt 

observed by households is defined as 

P? =\l-aXPl^+cciP^t^. (7.3) 

99 This raises the question why the monetary authority does not simply pass this its superior information 
along to households and firms. The assumed inability to do so in our analysis implies the existence of 
credibility or timing (cost) issues in the transmission of reliable timely information to individuals. Hence at 
the time, individuals believe that they see the aggregate price level accurately and recognize their error with 
a one period lag. 
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Similarly, the observed value of net foreign assets, NFAt° - stBt /Pt°. 

Solving the household's revised utility maximization problem we obtain the 

following first order conditions, 

f n o A 

cr=mtEt 
Xu+\ 

X\t J 
CM ° , (7.4) 

Cr = PR; exp(-bNFAt° +\n%2t)Et 

(~ V D» V „ A 
•t+i 

**) 

P. 

,P , 
Xi t+\ 

\Xu 
ct+r 

rMy? 

KKJ 
'XuCt 

R, 
(7.6) 

(7.5) 

Nt
M Wt 

7 CU P° 
(7.7) 

Rt=Rt exp(-bNFAt°+\nx2ty °M-1 (7.8) 

Turning to the supply side of the economy, each (identical) firm first solves the 

following cost minimization problem by choosing labor input given a certain level of 

output, 

mm 
N,(i) P ° 

Nt (0 + <PH,t (j){Yt (0 - AtNt (0) • (7.9) 

This results in the firm's marginal costfunction^ t(i) = Wt(i)/AtPHt°, Assuming a 

competitive (observable) labor market, this condition can be rewritten as 

q>Ht =Wtl A,PBt°. The firm then sets its price using Calvo pricing with indexation. The 

privately optimal price becomes, 
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Compared to the domestic producer, the representative importer can change its 

price, but only subject to a quadratic adjustment cost. The importer then sets its price 

PFt (z) by solving the following maximization problem, 

max£,]T $Qtt+k [(1 + rM)PF,+k(z) - stPFJ+k*(z)}:Ft+k(z) - ACM l (711) 
t=o 

where 

c,a{zy 
i p ° i 
V F-t J 

CFf and ACM, & M PF,t(z)IPF,^{z) 

(PF,tJiPPJY 
- 1 

Solving the problem and log-linearizing the relevant first-order conditions we 

obtain the following equations that describe the small open economy model with 

measurement errors. 
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n„, = snw + J3EX,M - mF/ +—•*,, (7.13) 
0 . 

(7.14) 
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(7.15) 

(7-16) 

(7.17) 

Here equation (7.12) is the revised New Keynesian Phillips curve while equation 

(7.13) describes the new equation of motion for import price inflation. The new equation 

for aggregate demand is expressed in equation (7.14). The last three equations then 

represent the revised versions of the real exchange rate equation, the net foreign asset 

position equation and the law of one price gap. By inspection it can be seen that the key 

gaps in the problem now also depend on the difference between observed and actual 

aggregate prices. Furthermore, it is easy to verify that under the conditions that 
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A A f\ A A *> 

nH,( = n H ( and lipj = HFt , the six equations are identical to their corresponding 

counterparts in Chapter 2. 

In the previous chapters we assumed that an optimal subsidy was used to offset 

the only inefficiency in the model (arising from monopolistic competition). Therefore 

the natural rate of output, Y/, the natural rate of the real exchange rate, qf, and the 

Wicksellian natural interest rate, r[t, are efficient (welfare maximizing) outcomes. 

Under the current information structure, however, there is a discrepancy between the 

price that is observed by private agents (and acted upon) and the price that clears the 

market under competitive conditions. Hence under the assumption that what matters to 

households is the (observed) price level in their utility function, the natural rate of output 

is now expressed as 

Y =• *+a~l i.'+....*+a-* M.s-<fi.w\ (ju + a- jua)(\ - a) (ju + cr- jua)(l - a) 

aiov + a-l) Lft„/-(ft„y]+—gg—? 
(ju + <7 - jua)(l -a) H + CT- jua 

ju + a- jua /u + cx~jua 

(7.18) 

where 
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\-a {t M J (l-a)2 {q' qt~l ] 

-(i+upt -At_)-(xu - * 1 H ) - T ^ T & ' - t ; ) 
(\-a) 

Previously under complete asset markets and completely flexible import prices, 

the law of one price held for import goods so that flF/ = 0. However, when import 

prices are not observed accurately by private agents, (TLpt y is not zero. Its value will 
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depend upon how PF/ is specified (explained more fully below). Similarly, the real 

exchange rate under perfectly flexible (but inaccurately measured) prices is 

4 / = £Oz£4 ( f /_ f . ) i ( 7 1 9 ) 

9 

where the F/ is as determined in (7.18). Finally, for the same definitions, the 

Wicksellian natural rate is 

?*/ = T-EAS - t^EMj - j^-EA -EAX»«- (7-20) 
I-a ( l - « ) l _ Q r 

Thus far we have only assumed that private agents observe prices with error. The 

specific form of the measurement error has not yet been defined. We now specify the 

measurement error by assuming that private agents observe aggregate prices at time t as 

equal to:100 

4,° =4,+*«*,> (7-21) 

rFt = rFt +£PFj, \l .LL) 

where PHJ (PHt) are the log deviation of observed (market clearing) prices of the 

domestic goods from its steady state value, and PFf (PFt) the log deviation of observed 

(market clearing) prices of the imported goods from its steady state value, while sPHt 

and sPFt denote measurement errors, which are assumed to be iid with a mean value of 

zero and constant variance equal to aPH and aPF . Subtracting PHt_x on both sides of 

(7.21) and PFt_x
 o n both sides of (7.22) We then obtain the following two expressions: 

100 In other contexts, this assumption has been used by Aoki (2003) and Svensson and Woodford (2003, 
2004). 
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ft*/= !**,+*«*,, (7-23) 

UF/=nF,+8PFJ. (7.24) 

Under the perfectly flexible prices, equation (7.24) can be written as 

(fiF;y=(fiFJy+SpFJ (7.25) 

To investigate the policy implications of private agents acting on prices that 

contain measurement error, we need to specify the policy instrument and the welfare 

criteria used to evaluate the alternative policies. To make our simulation results 

comparable with the work done earlier, we assume that policy maker employs the same 

set of policy instruments as it did in previous chapters. On this basis we again evaluate 

five simple rules with and without interest rate smoothing. Rule 1 is our most 

comprehensive money rule, corresponding to the case where the monetary authority sets 

the short-term interest rate in response to changes in the inflation rate, the real GDP 

output gap, the real exchange rate gap, and the law of one price gap. This we call the 

comprehensive rule (C). Dropping the law of one price gap from Rule 1 gives us Rule 2, 

called the real exchange rate rule (ER). For comparative purposes, we replace the real 

exchange rate term in Rule 2 with the law of one price gap. This becomes Rule 3, the 

exchange rate pass-through rule (PT). Rule 4 has no openness component and 

corresponds to the Taylor rule (TR). Rule 5 further supposes that the monetary policy 

authority chooses to focus exclusively on inflation. This we call inflation targeting (IT). 

101 The welfare criterion used to evaluate the alternative monetary policy is taken from 

101 The terminology used here differs somewhat from that used by Svensson (2000). Svensson links 
"targeting" to the monetary authority's objective. Hence when stabilizing inflation around the inflation rate 
target is the only objective for monetary policy, Svensson calls this strict inflation targeting. When there 
are additional objectives for monetary policy, for instance when the objective of stabilizing output is added, 
Svensson calls the resulting monetary policy rule flexible inflation targeting. 
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Chapter 3 (and reflects the utility functions of individuals). Furthermore the values of the 

structural parameters are exactly the same as in Chapter 4. Finally to keep the analysis 

simple, we assume that the two measurement errors sPHt and sPFt are identical with 

2 2 2 2 9 

aPH -(JpF and crPH =OPF =0.005 . 

7.3 Optimal Simple Policy Rules when Private Agents Observe Aggregate Price 

Levels with Error 

As mentioned in section 7.1, the main concern in this chapter is the impact on 

simple policy rules when households and firms optimize on less than accurate price 

information. To solve for these optimal rules, we first rewrite the model presented in 

preceding section compactly as 

J^t^ 2,M _ 

-A X," 
X>*. 

+ BRgt + 
-°2 . 

where Xu is a column vector of predetermined variables, and the initial values of X10 

are all givens. X2t, on the other hand, is a column vector of non-predetermined 

variables. Rgt is the gap between the current short-term interest rate and the Wicksellian 

natural rate and is the policy instrument. eM is a column vector of innovations to the 

economic system and 02 is a zero column vector. Lastly, A1 and A2 are matrices, and B 

a column vector of the structural parameters, all of which are assumed to be constants. 

Assume then that the monetary authority can precommit to a simple policy rule of 

the form Rt=-FXt, where Rt is the policy instrument, Fis a lxwrow vector 

constrained to be sparse in some specified way which depends upon the policy maker's 
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preferences and Xt = [Xu, X2t}. The optimal simple rule will then solve for the values of 

F that minimize the loss function subject to the economic system denoted by (7.26), The 

solutions are presented in Table 7.1 through 7.3. 

The optimal simple policy rules and associated welfare losses summarized in Table 

7.1 are based on the following assumption of policymaker behavior. When the economy 

is hit by shocks, key endogenous economic variables such as inflation and output are 

driven from their targeted levels (in our analysis these targets are defined in terms of their 

fully flexible price levels). The policymaker then adjusts its policy instrument (the short-

term interest rate) to bring these targeted variables back into line with their designated 

targets immediately (with no delay in response allowed). In cases where the interest rate 

adjusts only in response to the deviations of these variables from target, the policy rule is 

sometimes called a non-inertia policy rule (to distinguish it from rules that involve 

smoothing). Our general specification of this form of rule is 

R , = <t>Jlt + <t>An,t +<f>x*t+ <f>q<lg,t + <h^ , (7-27) 

where r^t and UH t are the interest and inflation rate gaps, and the output gap xt and the 

real exchange rate gap qgt are defined, respectively, to be xt-Yt- Y/, and 

In Chapter 6, our most important finding was that the first three policy rules, rules 

that incorporate either the exchange rate or the law of one price gap (or both), worked at 

least as well as, and often much better than, rules that exclude external considerations. 

This finding is observed in Table 7.1 as well. The welfare losses in the last column of the 

first three rows of Table 7.1 are all lower than the corresponding values for the Taylor 
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Rule and Inflation Targeting Rule in rows four and five. Hence our previous conclusion 

that some reflection of the external side of the economy should be incorporated into the 

policy rule is robust to this specification of measurement error. However, the similarity of 

this general finding does not mean that the asymmetric information structure has had no 

impact on the optimal simple policy rules. Rather, when we compare the results 

summarized in Table 7.1 with those in Table 7.2102 (in which private agents are assumed 

to access to perfect information), a number of features are worth discussing in more 

detail. First, note that as would be expected, noisy price signals mislead private agents 

and cause their "optimized decisions" to deviate further from the optimal choices that 

would be made when information is complete. Hence despite the actions of the central 

bank, the cost arising from noisy information is reflected in a higher welfare losses. Not 

only is the welfare loss larger under each of the money rules in Table 7.1, but the 

minimum welfare loss reported in Table 7.2 rises from 0.1719 to 0.1721 in Table 7.1. 

Second, note that the optimal coefficients are typically smaller when one compares the 

cells of Table 7.2 to the corresponding cells in Table 7.1. This coincides with the finding 

of Woodford and Svensson (2003) cited earlier, i.e., as information becomes less reliable 

(subject to greater noise) the weight placed on the reaction coefficient becomes smaller. 

Table 7.1 

Non-inertial optimal policy rules when inflation contains noise 

Policy 

Rule 

1 (C) 

2 (EX) 

Optimized reaction coefficients 

K 
1.8517 

2.9829 

* , 

5.0377 

10.4648 

<t>x 

-0.0734 

0.1979 

** 

0.2827 

-0.1385 

K 
-0.2117 

0 

Welfare Loss 

0.1721 

0.1727 

Table 7.2 is reproduced from Table 6.13, for convenience. Similarly Tables 7.4 and 7.6 are reproduced 
from Tables 6.1 and 6.9, respectively. 
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3 (PT) 

4 (TR) 

5 (IT) 

2.6372 

3.0581 

3.1399 

8.9678 

10.3410 

10.9175 

0.1116 

0.1134 

0 

0 

0 

0 

-0.0999 

0 

0 

0.1724 

0.1729 

0.1731 

Table 7.2 

Non-inertial optimal policy rules when information is complete 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

K 
1.8950 

3.1280 

2.7212 

3.1698 

3.2723 

*n 

5.0801 

11.2058 

9.4060 

10.8912 

11.5622 

4 
-0.0730 

0.2115 

0.1144 

0.1169 

0 

*« 

0.2825 

-0.1538 

0 

0 

0 

^ 

-0.2127 

0 

-0.1065 

0 

0 

Welfare Loss 

0.1719 

0.1724 

0.1722 

0.1727 

0.1729 

A second general finding in Chapter 6 was that optimal simple policy rules that 

incorporate some smoothing (inertial policy rules) tend to work better than do optimal 

policy rules without smoothing (non-inertial policy rules). It is then of interest to 

examine whether this result still holds when private agents observe aggregate price with 

error. We begin by investigating the case where the reaction coefficient on the lagged 

interest is set at 0.8. In this case the general policy form is written as 

A =</>Jit + & n H , +&*, +4qqt, +&>% +°M~i (7-28) 

These simulation results are presented in Table 7.3. When compared with those in 

7.1, we can see that welfare losses reported in Table 7.3 are significantly smaller than 

those arising in Table 7.1. The smallest welfare loss when the lagged interest rate term 

was not included in the policy rule is 0.1721 (see row 1 of Table 7.1), whereas it falls to 

0.1600 in the first row of Table 7.3. This then reinforces our Chapter 6 finding that 
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adding the lagged interest rate term into simple policy rules improves policy 

performance. Moreover, the less accurate is the information available to individuals, the 

greater will be the improvement in policy performance that can be made by adding the 

lagged interest rate term to the optimal simple policy rule. This is illustrated in Figure 

7.1 where the percentage improvement in welfare from adding interest rate smoothing is 

shown across policy rules. Label I illustrates the percentage gain in the full information 

case, where for each rule the percentage gain is calculated as follows, the welfare loss 

associated each rule reported in Table 7.4 is subtracted that reported in Table 7.2 and then 

divided by the value in Table 7.4. The same method is used to calculate values denoted 

by labels II and III, where label II represents the case in which private agents observe 

aggregate prices with error as reported in Tables 7.3 versus 7.1. Because the 

measurement error is relatively small (so that the actual improvement in the Tables is not 

easily visible in Figure 1) we use label III to denote the outcomes when a higher level of 

noise is adopted (as will be reported later in Tables 7.8 and 7.7). This better illustrate 

how increasing the noise in the problem increases the gain in policy performance that can 

be made with interest rate smoothing. 

Table 7.3 

Partially optimal inertial policy rules when inflation contains noise 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

rt. 
0.4449 

0.4926 

0.4867 

0.4951 

0.5282 

K 
1.1525 

1.3375 

1.3579 

1.3486 

1.4855 

A 
-0.0308 

0.0205 

0.0228 

0.0229 

0 

** 

0.1017 

0.0046 

0 

0 

0 

K 
-0.0539 

0 

0.0037 

0 

0 

Welfare Loss 

0.1600 

0.1610 

0.1610 

0.1610 

0.1612 
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Table 7.4 

Partially optimal inertial policy rules when information is complete 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

A, 

0.4439 

0.4920 

0.4860 

0.4903 

0.5276 

k 

1.1482 

1.3348 

1.3553 

1.3460 

1.4830 

4 

-0.0311 

0.0204 

0.0228 

0.0229 

0 

K 

0.1023 

0.0046 

0 

0 

0 

K 

-0.0542 

0 

-0.0037 

0 

0 

Welfare Loss 

0.1598 

0.1608 

0.1608 

0.1608 

0.1610 

Figure 7.1 The lagged interest rate serves to minimize the welfare loss 
in percentage 

• I 
H II 

• m 

Rulel Rule 2 Rule 3 Rule 4 Rule 5 

Two other findings deserve mention. First, note that the ranking of the optimal 

simple policy rules is retained under smoothing. Again the comprehensive rule works 

best while inflation targeting works least well. Second, the size of the reaction 

coefficient on the Wicksellian natural rate, <f>w, gets smaller when the lagged interest rate 

is formally taken into account when adjusting the current period interest rate. For 

example, the coefficients of the Wicksellian natural rate are all smaller than 0.5 in Table 
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7.3, while they are greater than 1.8 in Table 7.1. This is consistent with the findings 

observed in Chapter 6 and suggests that to some extent the lagged interest rate is a 

substitute for the Wicksellian rate in the policy rule. 

We turn next to examine fully inertial optimal simple policy rules. In this case the 

reaction coefficient on the lagged interest rate is determined optimally rather than simply 

set by the policy maker. The general policy form for this case is 

Rt =<fiA+t*nlu + fa, +<t>qqg,t +</>*% +&A-i (7-29) 

The simulation results for this case are showed in Table 7.5. Scanning it we see once 

again that the first three policy rules that incorporate the exchange rate in some form 

result in smaller welfare losses, with Rules 1 through 3 working better than Rules 4 and 

5. In the complete private information analysis of Chapter 6, we found that the 

coefficient of the lagged interest rate is greater than 1 when optimally determined and this 

observation is repeated here. When we compare the performances of two sets of inertial 

policy rules (see the welfare losses listed in Tables 7.3 and 7.5), we find, as expected, that 

the fully optimal simple policy rules work better than do their partially optimal 

alternatives. But, as also found in Chapter 6, the gain from incorporating a fully 

optimized, rather than an arbitrarily set, reaction coefficient on the lagged interest rate is 

smaller than the original gain involved from incorporating some form of the lagged 

interest rate term itself. Finally when we compare the performances of two sets of fully 

optimal policy rules with different information structures, we find the gain from fully 

optimal rules is higher under perfect information than with noise (see the welfare losses 

listed in Tables 7.5 and 7.6). The gain in performance from fully optimal smoothing 

rules fall as information becomes more incomplete. 
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Table 7.5 

Fully optimal inertial policy rules when inflation contains noise 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

rt. 
-0.0546 

0.0720 

-0.0637 

0.0687 

0.0607 

4 
2.1007 

1.9391 

2.1146 

2.0767 

2.1955 

A 
0.0105 

-0.0077 

0.0125 

0.0114 

0 

*. 

0.0039 

0.0390 

0 

0 

0 

4>v 

0.0298 

0 

0.0322 

0 

0 

*r 

1.9245 

1.6626 

1.9428 

1.6597 

1.7163 

Welfare 

Loss 

0.1588 

0.1588 

0.1588 

0.1590 

0.1591 

Table 7.6 

Fully optimal inertial policy rules when information is complete 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

4w 

-0.0570 

0.0725 

-0.0657 

0.0691 

0.0609 

4 
2.1011 

1.9345 

2.1143 

2.0736 

2.1932 

A 
0.0107 

-0.0077 

0.0125 

0.0115 

0 

K 
0.0036 

0.0392 

0 

0 

0 

K 
0.0302 

0 

0.0324 

0 

0 

I 
1.9290 

1.6606 

1.9464 

1.6583 

1.7155 

Welfare 

Loss 

0.1586 

0.1587 

0.1586 

0.1589 

0.1589 

As mentioned in introduction and discussed briefly in relation to case 1, Svensson 

and Woodford (2003) hypothesize that the optimal response to imperfectly observed 

targeting variables will be inversely related to the degree of noise in those observations. 

In the limit, an extremely noisy measure will be ignored completely in the optimal policy 

rule.103 It is then of interest to examine whether their hypothesis is confirmed under our 

measurement error information structure (where private agents observe prices with error 

See Svensson and Woodford (2003), pp. 691-720. 
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while policymakers observe the resulting prices accurately). As we have seen from 

comparing Table 7.1 with Table 7.2, the optimized reaction coefficients across all 

optimal simple policy rules are typically smaller than those presented in Table 7.2, 

especially the coefficients on inflation (our variable with error). For example, in Table 

7.1 the coefficients of inflation and the Wicksellian natural rate under Rule 1 are 5.0377 

and 1.8517, respectively, while they are 5.0811 and 1.8950 in Table 7.2. Similarly these 

two coefficients associated with Rule 2 in Table 1 are 10.4648 and 2.9829, respectively, 

while they are 11.2058 and 3.1280 in Table 7.2. In this case the results are consistent 

with the Svensson and Woodford conjecture. 

What is interesting, however, is this observation is not repeated when we compare 

Tables 7.3 and 7.4, nor is it repeated in Tables 7.5 and 7.6. In neither of these cases does 

the coefficient size fall with an increase in the noise in the variable. Hence to further test 

whether the amount of noise contained in inflation has any effect on the coefficient size, 

we increase the degree of noise contained in the measure of inflation and redo Tables 7.1, 

7.3 and 7.5, and report the results in Tables 7.7, 7.8, and 7.9, respectively. Comparing 

results in relevant Tables, we find that the same pattern of observations still holds. For 

example when we enlarge apt from 0.0052 to 0.052, the coefficients of inflation 

become much smaller under both non-inertial policy rules. The values of coefficient of 

inflation are all smaller than 5 with the maximum value 4.9 in Table 7.7, while the 

coefficients are all greater than 5 with the maximum value 10.9 in Table 7.1. On the 

other hand, the values of coefficients of inflation in Table 7.8 are all larger than those 

reported in Table 7.3 and the same ranking is maintained when we compare the values of 

coefficient of inflation reported in Table 7.9 as compared to Table 7.5. 
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Based on these findings we reach the following conclusion: the effect of a loss in 

private information on the size of the corresponding optimal coefficient in the policy 

response function will be ambiguous. In particular, it is not the case in our structure that 

the less perfect is private agents' knowledge of actual inflation, the lower will be the 

weight placed on inflation in the monetary authority's optimal response function. 

Table 7.7 

Non-Inertial optimal policy rules when inflation is observed with larger noise 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

&. 

1.9095 

1.9572 

1.9002 

1.9164 

1.9289 

k 
4.8287 

4.9809 

4.8245 

4.8677 

4.9749 

4 
-0.0433 

0.0712 

0.0848 

0.0845 

0 

K 
0.2221 

0.0217 

0 

0 

0 

<PW 

-0.1235 

0 

-0.0848 

0 

0 

Welfare Loss 

0.1931 

0.1935 

0.1936 

0.1936 

0.1939 

Table 7.8 

Partially optimal inertial policy rules when inflation contains more noise 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

K 
0.5470 

0.5558 

0.5519 

0.5557 

0.5883 

K 
1.5660 

1.5992 

1.6047 

1.5996 

1.7198 

4 
-0.0012 

0.0211 

0.0212 

0.0212 

0 

K 
0.0419 

0.0003 

0 

0 

0 

** 

-0.0237 

0 

-0.0030 

0 

0 

Welfare Loss 

0.1764 

0.1766 

0.1766 

0.1766 

0.1767 

Table 7.9 

Fully optimal inertial policy rules when inflation contains more noise 
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Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

0* 
0.0351 

0.0533 

0.0325 

0.0590 

0.0604 

& 

2.2428 

2.2598 

2.2399 

2.2897 

2.3597 

k 
0.0049 

-0.0057 

0.0102 

0.0090 

0 

** 

0.0096 

0.0283 

0 

0 

0 

^ 

0.0143 

0 

0.0187 

0 

0 

<f>r 

1.7932 

1.7651 

1.7932 

1.7296 

1.7544 

Welfare 

Loss 

0.1734 

0.1735 

0.1734 

0.1736 

0.1736 

Before we proceed to the case where both private and public agents encounter the 

same measurement error, let us summarize what we have found for the asymmetric case. 

First and foremost, our perfect private information conclusion that in a small open 

economy with price stickiness, incomplete exchange rate pass through and incomplete 

asset markets, the incorporation of some external measure into the policy rule ~ the 

exchange rate and/or the law of one price gap - will improve policy performance can be 

extended to the case of private measurement error. Orphanides and Williams (2005b) 

claim that faced with structural change policies that appear to be optimal under perfect 

knowledge can perform very poorly if implemented in an environment of imperfect 

knowledge. This conjecture is not confirmed in our framework where it is transitory 

shocks that introduce imperfect information into the problem.104 The ranking of optimal 

simple policy rules under complete information remained unchanged when measurement 

asymmetries arose between private and public agents. This is our second observation. 

The third important observation is that inertial optimal simple policy rules again perform 

better than non-inertial policy rules and fully optimal simple policy rules continue to 

perform better than do partially optimal simple policy rules. As expected, social welfare 

104 We can report here that simulations done for the case where measurement error incorporated persistence 
increased the size of the welfare loss but did not change the ordering across money rules. Hence our 
findings for the case of i.i.d. measurement errors generalize at least in this dimension. 
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is lower the more inaccurate is the aggregate price information held by private agents 

with social welfare loss positively related to the degree of noise contained in the observed 

rate of inflation. Finally, we cannot confirm for our case the Svensson and Woodford 

(2003) conjecture that the weight that should be placed on inflation in the policy rule 

should vary inversely with the accuracy of private agent's information on that variable. 

7.4 Optimal Simple Policy Rules when both Private Agents and Policymakers Face 

the Same Measurement Error 

While policymakers such as the central bank have some advantages over private 

agents in information collecting and processing, it is not unreasonable to assume that 

policymakers often face similar measurement issues when making policy. Here for 

convenience we consider the case where all agents observe current aggregate prices with 

a common error. Other indicators and historical prices can be observed accurately. Thus 

our information structure is symmetric and incomplete. Finally, to make the results 

comparable across with the asymmetric case above, we assume that the aggregate price 

levels observed by the central bank are defined as did in section 7.2. 

To investigate the effects of symmetric incomplete information on optimal simple 

policy rules and associated welfare losses we follow the preceding section and first 

examine non-interest rate (inertial) optimal simple policy rules, and then move on to 

(inertial) policy rules with interest rate smoothing. The general form of non-inertial 

policy can be expressed as 

Rt = <f>Jl + 4 0 W ° +*xxt +^qgJ +^% , (7.30) 
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where (HHt) denotes the deviation of inflation from steady state directly observed by 

policymakers. 

The simulation results for our five policy rules are presented in Table 7.10. 

Looking at the welfare loss, we see that Rule 1 works best. The welfare loss arising under 

its use is 0.1729. Performing second and third best are Rules 3 and 2; with the associated 

welfare losses arising under their use being 0.1746 and 0.1750, respectively.105 The 

Taylor rule and the Inflation Targeting rule result in the largest welfare losses, and 

therefore they are ranked at the bottom. This performance pattern across policy rules is 

once again exactly the same as that found in Chapter 6 and the previous section, which 

implies that the scale of measurement noise has not affected the relative performance of 

alternative policies. Comparing the welfare losses reported in Table 7.10 with those 

reported in Table 7.1, however, we do see that the level of performance that can be 

expected from policy has been affected by noise. For example, the smallest welfare loss 

in Table 7.10 is 0.1729, which is larger than its counterpart in Table 7.1 (0.1721). This 

leads us to the following conclusion: the accurateness of the information received by 

agents does not alter the relative ranking of alternative policy rules, but does worsen the 

overall outcome. 

Table 7.10 

Non-inertial optimal policy rules when information is symmetric 

Policy 

Rule 

1 (C) 

Optimized reaction coefficients 

<Pw 

1.2198 

K 
1.9326 

A 
-0.1342 

4, 
0.3801 

«V 
-0.2284 

Welfare Loss 

0.1729 

Note that the differences in welfare across rules and across cases stand out more strongly as the size of 
the information problem becomes bigger. This is a further example of what was demonstrated in Tables 
7.8 and 7.9. 
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2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

1.8418 

1.7471 

1.9132 

1.9307 

4.8629 

4.5358 

5.0017 

5.1543 

0.1314 

0.0995 

0.0949 

0 

-0.0573 

0 

0 

0 

0 

-0.0510 

0 

0 

0.1750 

0.1746 

0.1752 

0.1757 

Following our previous structure, we next investigate the performance of adding 

partial inertia to the previous optimal simple policy rule without smoothing. Such a 

partially inertial optimal simple policy rule can be expressed as 

Rt = A/ / , +<PA^H,t)° +fct+tqq„+t,%t +0.84,. (7.31) 

Equations (7.31) is exactly the same as equation (7.28), except that the actual 

inflation, YlHt in equation (7.28) is replaced by the rate of inflation actually 

observed(TlHt) . Scanning the results presented in Table 7.11, we see that all key 

findings extracted from Table 7.10 remain (the welfare losses across rules being smaller 

than those presented in Table 7.10). Hence once again the results show that inertial 

policy rules perform better than non-inertial policy rules. Comparing the welfare losses 

in Table 7.11 with those reported in Table 7.3, we see that even with partial interest rate 

smoothing the inability to observe aggregate price levels accurately by both individuals 

and the central bank does increase the size of welfare losses. 

Table 7.11 

Partially inertial optimal policy rules when measurement error is symmetric 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

Optimized reaction coefficients 

K 
0.4257 

0.4679 

0.4617 

4 
1.0773 

1.2412 

1.2601 

A 
-0.0288 

0.0245 

0.0268 

A 
0.1039 

0.0044 

0 

K 
-0.0549 

0 

-0.0037 

Welfare Loss 

0.1606 

0.1617 

0.1617 
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4 (TR) 

5 (IT) 

0.4659 

0.5064 

1.2509 

1,3971 

0.0269 

0 

0 

0 

0 

0 

0.1617 

0.1620 

Finally, a fully optimal inertial simple policy rule for the central bank that 

observes aggregate prices with error can be written as 

A = 4>A.+&(nH,)° +fat +*&., +<k%+<Mt, • (7.32) 

As expected, the simulation results summarized in Table 7.12 indicate that welfare losses 

can be decreased further by optimizing over the lagged interest rate. This can be seen by 

scanning the results in Table 7.12 relative to those in Table 7.11). Hence in a more 

clearly observable way, our results confirm the hypothesis that fully optimal inertial 

policy rules work better than do arbitrary inertial rules. 

Table 7.12 

Fully optimal inertial policy rules when measurement error is symmetric 

Policy 

Rule 

1 (C) 

2 (EX) 

3 (PT) 

4 (TR) 

5 (IT) 

Optimized reaction coefficients 

4. 
0.2730 

0.2072 

0.1809 

0.2252 

0.2321 

4 
1.4312 

1.5546 

1.6366 

1.6196 

1.7798 

<PX 

-0.0103 

0.0054 

0.0212 

0.0208 

0 

A 
0.0604 

0.0301 

0 

0 

0 

«V 
-0.0221 

0 

0.0132 

0 

0 

4>r 

1.1707 

1.3227 

1.3800 

1.2764 

1.3296 

Welfare 

Loss 

0.1602 

0.1603 

0.1604 

0.1605 

0.1607 

In the previous section where private agents alone observed aggregate price levels 

with error, there was not an unequivocal answer to whether the value of optimized 

reaction coefficient on inflation in the policy rule should become smaller as the noise 

contained in inflation becomes larger. It is then of interest to know if this remains true 

when the same measurement issue also faces policymakers. Comparing the size of the 
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optimized reaction coefficients, we can see that the coefficient values on inflation across 

rules appearing in Tables 7.10 though 7.12 are all smaller than the corresponding ones 

reported in Tables 7.1, 7.3 and 7.5. Hence our findings are consistent with Svensson and 

Woodford. To illustrate the differences made across our different measurement cases, we 

use the following three diagrams. In Figure 7.2 we present the three optimal inflation 

reaction coefficients for the five policy non-interest rate smoothing rules that correspond 

to the cases of no measurement error (Table 7.2 results labeled as A), private 

measurement error (Table 7.1 results labeled as B) and private and public symmetric 

measurement error (Table 7.10 results labeled as C), Figure 7.3 repeats the same basic 

structure for partial interest rate smoothing (from Tables 7.4, 7.3 and 7.11). Finally in 

Figure 7.4 we present the three coefficient values for the five different policy rules 

utilizing fully optimal interest rate smoothing (from Tables 7.6, 7.5, and 7.12). Again for 

the three coefficients; Label A represents the perfect information case in which all agents 

are able to access to accurate complete information; Label B denotes the case of 

asymmetric private measurement error modeled in section 7.3; and Label C represents the 

case where measurement error is symmetric for both private agents and the monetary 

authority. 

From Figure 7.2, we can see that for each of the five policy rules, the inflation 

coefficient in the optimal policy rule labeled B is smaller than for label A.106 But the 

same observation does not hold in Figures 7.3 and 7.4. In these figures, the weight 

placed on inflation under label B are very close to that under label A but are often larger. 

However, the picture is quite different when we compare the values represented by label 

106 This is true for Rule 1 but not apparent on the diagram because of the relatively small size of 
the measured difference. 
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C (the case in which both private agents and policymakers face measurement error issue) 

with those labeled A (no measurement error issue). The weights placed on inflation 

across rules under label C in Figure 7.2 fall dramatically less than half their value under 

label A. In Figures 7.3 and 7.4, the fall is not as dramatic, but all inflation coefficients are 

now smaller in value than those represented by label A. To the extent we compare fully 

optimal rules, the Svensson and Woodford hypothesis is confirmed by our analysis. 

Figure 7.2 Optimal coefficient values for inflation in non-inertial 
policy rules with and without measurement error 

Rulel Rule 2 Rule 3 Rule 4 Rule 5 
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Figure 7.4 Fully optimal inflation coefficients with interest 
rate smoothing, with and without measurement error 

Rulel Rule 2 Rule 3 Rule 4 Rule 5 

We have shown that optimal central bank behave is to respond more cautiously in 

the money rule to variables that are more noisy. When the noisy variable is inflation, the 

optimal response is to weigh inflation less in the policy rule. The next question to be 

asked is whether the central bank should react to other variables in the money rule in the 

same manner. For example should the Wicksellian natural rate and/or the output gap be 

treated more cautiously as well or, in contrast, should the weights be larger and monetary 

policy behave more aggressively with respect to these other indicators? Svensson and 

Woodford (2003) do not raise this issue explicitly, but from the analytical solution to 

their optimal policy rule, we see that the coefficients of the other indicators are 

independent of measurement noise and therefore will be unaffected by its size or even 

presence. 

However, the simulation results above show that with measurement error, the 

optimized values of the coefficients of the other variables in the policy rule are affected 

as well. This is illustrated for the coefficient of the Wicksellian natural rate in Figure 7.5 

(see Tables7.2, 7.1, and 7.10). As can be seen there, the optimal weights put on the 
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Wicksellian natural rate when both individuals and policy makers observe prices with 

measurement error (label C) are much smaller those arising when only individuals 

experience measurement error (label B) or neither experience measurement error (label 

A). A similar picture could be drawn for the lagged interest rate. It should be mentioned 

that optimal weights of other variables are not always decreased, under some cases they 

increase a bit. For example, the optimal weight to be put on the output gap under Rule 4 

in the symmetric case is 0.0208 (see Table 7.12), while being only 0.0115 in the perfect 

information case (see Table 7.6). 

The reason why the weights on the other variables are affected can be attributed 

to the forward-looking feature of our model and the endogenous nature of the targeted 

variables. In a forward-looking model, current period endogenous non-predetermined 

variables, such as inflation and the output gap depend on private-sector expectations of 

present and future endogenous variables and present and future policy responses. Hence 

when any one endogenous variable contains noise, that noise will be transmitted to other 

variables via private-sector expectations and market interactions. With more mistakes 

(relative to perfect information), more noise is transmitted and hence it becomes optimal 

for policymakers to act cautiously to these variables as well, Nevertheless, because all 

variables will not be contaminated by noise proportionally, some change in the relative 

weighting under optimization can be expected. 
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7.5 Concluding remarks 

The problem of how decision making should respond to the lack of fully accurate 

information is an important issue that continues to confront policymakers. In previous 

chapters we explored this issue at length for cases where policymakers were denied 

successively more information while private agents were assumed to remain fully 

informed. For this to translate into an important contribution to policy, the results would 

need to remain qualitatively unchanged when private agents possess less than complete 

information. In this chapter we explore this proposition in greater depth by assuming 

first that private agents can observe the relevant aggregate price levels only with error. 

From this analysis we can derive our first important insight, that for this case of private 

measurement error the relative ranking of optimal simple policy rules remains 

unchanged. Our conclusion that some recognition of the external side of the economy 

should be present in the money rule is more robust. A second dimension of the chapter 
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has been to explore whether these findings persist when the measurement error is made 

symmetric for policy makers. 

The main conclusions of this chapter are as follows. First, incomplete 

information in the sense of measurement error leads to welfare loss, regardless of whether 

that loss accrues to private agents or policymakers. The less accurate is the information 

available, the more welfare will suffer. In our framework the symmetric information 

structure matters primarily because it implies even less information available than in the 

asymmetric information case, and therefore results in a higher welfare loss. In relative 

terms, the fall in welfare tends to be larger when the measurement issue is experienced by 

the policy maker. Second, while information deficiency weakens policy effectiveness, it 

does not in our cases alter the relative efficiency of the alternative policy rules. In our 

analysis, the comprehensive policy rule is always at the top of the list, while the inflation 

targeting rule is always at the bottom. Thus Orphanides and Williams' (2005b) 

conjecture that policies that appear optimal under perfect knowledge perform poorly if 

implemented in an environment of imperfect knowledge is not supported by our work. 

Third, and closely related to the main contribute mentioned above is that under our 

assumptions policy rules incorporated exchange rate in some form perform better than or 

at least work as well as do the Taylor rule and the inflation targeting rule. As 

importantly, there is no change in relative ranking of optimal simple money rules whether 

the measurement error is experienced symmetrically or asymmetrically across private and 

public agents. 

In terms of the coefficients within the policy rules, the optimal weight placed on 

the indicators that can be observed only with noise receives less weight in the policy rule 
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than otherwise. An increase in noise strictly reduces policy weight. And lastly, in a 

dynamic forward-looking general equilibrium model all endogenous variables interact. 

Therefore as long as one variable contains noise, the noise in that variable will be 

transmitted to others via individual expectations and market interactions in general 

equilibrium. Hence the optimal weight assigned to these contaminated indicators will 

tend to fall, but because the degree of interaction depends upon the specific model, the 

relative weighting can decrease or increase depending upon specific circumstance. 



References 

Adolfson, Malin, 2007, "Incomplete Exchange Rate Pass-Through and Simple Monetary 

Policy Rules," Journal of International Money and Finance, (26), pp. 468-494. 

Amato, J., and T. Laubach, 1999, "The Value of Interest Rate Smoothing: How the 

Private Sector Helps the Federal Reserve." Economic Review, Federal Reserve 

Bank of Kansas City, 84, pp. 47-64. 

Ambler, Steve, Ali Dib, and Nooman Rebel, 2003, "Nominal Rigidities and Exchange 

Rate Pass-Through in a Structural Model of a Small Open Economy", Bank of 

Canada, Working Paper: No.29. 

Ambler, Steve, Ali Dib, and Nooman Rebei, 2004, "Optimal Taylor Rules in an 

Estimated Model of a Small Open Economy." Bank of Canada, Working Paper: 

No.36. 

Anderson, Brian D. O. and John B. Moore, 1979, Optimal Filtering, Prentice Hall, Inc., 

New Jersey. 

Anderson, Brian D. O. and John B. Moore, 1990, Optimal Control: Linear Quadratic 

Methods, Prentice Hall, Inc., New Jersey. 

Anderson, Gary and George Moore, 1985, "A Linear Algebraic Procedure for Solving 

Linear Perfect Foresight Models." Economics Letters, 17, pp. 247-252. 

Aoki, Kosuke, 2001, "Optimal Policy Responses to Relative-price Changes," Journal of 

Monetary Economics, 48, pp. 58-50. 

270 



271 

Aoki, Kosuke, 2002, "Optimal Commitment Policy under Noisy Information." CREI, 

Universitat Pompeu Fabra and CEPR. 

Aoki, Kosuke, 2003, "On the Optimal Monetary Policy Response to Noisy Indicators." 

Journal of Monetary Economics 50, pp. 501-523. 

Attfield, C. L. F., D. Demery and N. W. Duck, 1991, Rational Expectations in 

Macroeconomics: An introduction to Theory and Evidence. Basil Blackwell, Inc. 

Backus, D. and J. Driffill, 1986, "The Consistency of Optimal Policy in Stochastic 

Rational Expectations Models," Discussion Paper No. 124, Center for Economic 

Policy Research, London. 

Barro, R. J. and D. B. Gordon, 1983, "Rules, Discretion, and Reputation in a Model of 

Monetary Policy", Journal of Monetary Economics, 12(1), pp. 101-121. 

Batini, Nicoletta and Andrew G. Haldane, 1999, "Forwarding-Looking Rules for 

Monetary Policy," in John B. Taylor, ed., Monetary Policy Rules, Chicago: 

University of Chicago Press. 

Batini, Nicoletta, Richard Harrison, and Stephen P, Millard, 2003, "Monetary Policy 

Rules for an Open Economy," Journal of Economic Dynamics and Control, 27, 

pp. 2059-2094. 

Bellman, R., 1957, Dynamic Programming, Princeton, N. J., Princeton University Press. 

Benigno, P., 2001, "Price Stability with Imperfect Financial Integration," New York 

University, manuscript. 

Benigno, Gianluca, and Pierpaolo Benigno, 2000, "Monetary Policy Rules and the 

Exchange Rate," Bank of England, manuscript. 



272 

Benigno, Gianluca and Pierpaolo Benigno, 2003, "Price Stability in Open Economies", 

The Review of Economic Studies, vol. 70, pp. 743-765, 

Benigno, Pierpaolo, 2004, "Optimal Monetary Policy in a Currency Area," Journal of 

International Economics, 63(2), pp. 293-320. 

Bernanke, Ben S., Thomas Laubach, Frederic S. Mishkin, and Adam S. Posen, 1999, 

Inflation Targeting: Lessons from the International Experience, Princeton 

University Press, Princeton and Oxford. 

Bertsekas, Dimitri P., 1976, Dynamic Programming and Stochastic Control. Academic 

Press, New York. 

Betts, Caroline, and Michael B. Devereux, 1997, "The International Monetary Policy 

Transmission Mechanism: A Model of Real Exchange Rate Adjustment under 

Pricing to Market," University of British Columbia, manuscript. 

Betts, Caroline, and Michael B. Devereux, 1998, "The International Effects of Monetary 

Policy in a Two-Country Model," University of British Columbia, manuscript. 

Binder, Michael and M. Hashem Pesaran, 1995, "Multivariate Rational Expectations 

Models and Macroeconometric Modeling: A Review and Some New Results." In 

M. Hashem Pesaran and Mike Wickens, eds., Handbook of Applied 

Econometrics: Macroeconomics, Blackwell Publisher Ltd., Oxford, UK. 

Binder, Michael and M. Hashem Pesaran, 1996, "Multivariate Linear Rational 

Expectations Models: Characterization of the Nature of the Solutions and Their 

Fully Recursive Computation," University of Maryland, manuscript. 

Blanchard, Oliver, 2007, "Current Account Deficits in Rich Countries," IMF Staff 

Papers, 54(2), pp. 191-219. 



273 

Blanchard, Oliver J. and Stanley Fischer, 1989, Lectures on Macroeconomics, The MIT 

Press, Cambridge. 

Blanchard, Olivier Jean and Charles M. Kahn, 1980, "The solution of Linear Difference 

Models under Rational Expectations." Econometrica, 48, pp. 1305-1312. 

Bowman, David and Brian Doyle, 2003, "New Keynesian, Open Economy Models and 

Their Implications for Monetary Policy," Board of Governors of the Federal 

Reserve System, International Finance Discussion Papers No. 762, March. 

Bullard, James, and Kaushik Mitra, 2002, "Learning about Monetary Policy Rules." 

Journal of Monetary Economics, 49, pp. 1105-1129. 

Calvo, G, A., 1978, "On the Time Consistency of Optimal Policy in a Monetary 

Economy," Econometrica, 46, pp. 1411-1428. 

Campa, Jose Manuel, and Linda S. Goldberg, 2002, "Exchange Rate Pass-Through into 

Import Prices: A Macro or Micro Phenomenon?" Federal Reserve Bank of New 

York, mimeo. 

Casares, M., 2001,"Business Cycle and Monetary Policy Analysis in a Structural Stick-

price Model of the euro area". ECB Working Paper No. 49. 

Chari, V.V., Patrick J. Kehoe, and Ellen R. McGrattan, 2002, "Can Stick Price Models 

Generate Volatile and Persistent Real Exchange Rates?" Research Department 

Staff Report 277, Federal Reserve Bank of Minneapolis. 

Choudhri, Ehsan U., Hamid Faruque, and Dalia S. Hakura, 2005, "Explaining the 

Exchange Rate Pass-Through in Different Prices," Journal of International 

Economics, 65, pp. 349-374. 



274 

Choudhri, Ehsan U., 2005, "Monetary Policy in a Small Emerging Economy: Exploring 

Desirable Interest Rate Rules," Carleton University, manuscript. 

Chow, Gregory C, 1975, Analysis and Control of Dynamic Economic Systems. John 

Wiley & Sons, Inc, New York. 

Chow, Gregory C, 1997, Dynamic Economics. Oxford University Press, New York. 

Christiano, Lawrence J, Martin Eichenbaum, and Charles Evans, 2001, Nominal 

Rigidities and the Dynamic Effects of a Shock to Monetary Policy, NBER 

working paper 8403. 

Clarida, Richard, Jordi Gali and Mark Gertler, 1998, "Monetary Policy Rules in Practice: 

Some International Evidence." European Economic Review, 42, pp. 1033-67. 

Clarida, Richard, Jordi Gali, and Mark Gertler, 1999, "The Science of Monetary Policy: 

A New Keynesian Perspective," Journal of Economic Perspectives, 37(4), 

pp.147-180. 

Clarida, Richard, Jordi Gali, and Mark Gertler, 2000, "Monetary Policy Rules and 

Macroeconomic Stability: Evidence and Some Theory," Quarterly Journal of 

Economics, 115(1), February, pp. 147-180. 

Clarida, Richard, Jordi Gali, and Mark Gertler, 2001, "Optimal Monetary Policy in Open 

versus Closed Economies: An Integrated Approach," AEA Papers and 

Proceedings, Vol.91, No. 2, pp. 248-252. 

Clarida, Richard, Jordi Gali, and Mark Gertler, 2002, "A Simple Framework for 

International Monetary Policy Analysis," Journal of Monetary Economics, 49, pp. 

879-904. 



275 

Clark, Peter B,, Charles A. E. Goodhart and Haizhou Huang, 1999, "Optimal Monetary 

Policy Rules in a Rational Expectations Model of the Phillips Curve." Journal of 

Monetary Economics, 43, pp. 497-520. 

Corsetti, S., and P Pesenti, 2001, "Welfare and Macroeconomic Interdependence," 

Quarterly Journal of Economics, 116(2), pp. 421-446. 

Corsetti, Giancarlo, and Paolo Pesenti, 2005, "International Dimensions of Optimal 

Monetary Policy,' 'Journal ofMonetary Economics, 52(2), pp. 281-305. 

Cukierman, Alex, Inflation, Stagflation, Relative Prices, and Imperfect Information, 

Cambridge University Press, Cambridge. 

Currie, David and Paul Levine, 1982, "A Solution Technique for Discrete and 

Continuous Time Stochastic Dynamic Models under Rational Expectations with 

Full and Partial Information Sets," QMC PRISMpaperNo. 1. 

Currie, David and Paul Levine, 1987, "Credibility and Time Inconsistency in a Stochastic 

World," Journal of Economics, 47(3), pp. 225-252. 

Currie, David and Paul Levine, 1993, Rules, Reputation and Macroeconomic Policy 

Coordination, Cambridge University Press, Cambridge. 

De Paoli, Bianca, 2006, "Monetary Policy and Welfare in a Small Open Economy", CEP 

discussion paper NO 639. 

Devereux, Michael B. and Charles Engel, 2003, "Monetary Policy in the Open Economy 

Revisited: Price Setting and Exchange-Rate Flexibility," Review of Economic 

Studies, Vol. 70, No. 4. pp. 765-783. 

Dennis, Richard, 2004, "Solving for Optimal Simple Rules in Rational Expectations 

Models." Journal of Economic Dynamics & Control, 28, pp. 1635-1660. 



276 

Dennis, Richard, 2005, "Optimal Policy in Rational Expectations Models: New Solution 

Algorithms." Federal Reserve Bank of San Francisco, working paper 2005-09. 

Dib, Ali, 2003, "Monetary Policy in Estimated Models of Small Open and Closed 

Economies," Bank of Canada, Working Paper No. 2003-27. 

Domowitz, I., Hubbard, G., Petersen, B., 1988, "Market structure and cyclical 

fluctuations in U.S. Manufacturing", Review of Economics and Statistics 80, pp. 

55-66. 

Engel, Charles, 1993, "Real Exchange Rates and Relative Prices: An Emperical 

Investigation," Journal of Monetary Economics, 32, pp. 35-50. 

Engel, Charles, 2002, "Expenditure Switching and Exchange Rate Policy," NBER 

Macroeconomics Annual, 17, pp. 231-272. 

Erceg, Christopher, J., Dale W. Henderson, and Andrew T. Levin, 2000, "Optimal 

Monetary Policy with Staggered Wage and Price Contracts." Journal of Monetary 

Economics, 46, pp. 281-313. 

Evans, George W. and Seppo Honkapohja, 2001, Learning and Expectations in 

Macroeconomics. Princeton University Press, Princeton and Oxford. 

Fuhrer, Jeffrey C. and George R. Moore, 1995, "Inflation Persistence." Quarterly Journal 

of Economics, February, No. 440, pp. 127-159. 

Gali, Jordi, 1999, "Technology, Employment, and the Business Cycle: Do Technology 

Shocks Explain Aggregate Fluctuations?" American Economic Review, 89 (1), pp. 

249-271. 

Gali, Jordi and Mark Gertler, 1999, "Inflation Dynamics: A Structural Econometric 

Analysis." Journal of Monetary Economics, Vol. 44, No. 2, pp. 195-222. 



277 

Gali, Jordi, Mark Gertler, and D. Lopez-Salido, 2001, "European Inflation Dynamics." 

European Economic Review, 45 (7), pp. 1237-1270. 

Gali, Jordi, and Tommaso Monacelli, 2002, "Optimal Monetary Policy and Exchange 

Rate Volatility in a Small Open Economy," NBER Working Paper, No. 8905. 

Gali, Jordi and Tommaso Monacelli, 2005, "Monetary Policy and Exchange Rate 

Volatility in a Small Open Economy", Review of Economic Studies, vol. 75, pp. 

707-734. 

Gavin, Willian T., Benjamin D. Keen, and Michael R. Pakko, 2005, "The Monetary 

Instrument Matters." Federal Reserve Bank of St. Louis Review, 

September/October, Volume 87, No. 5, pp. 633-658. 

Ghironi, F., 1999, "Alternative Monetary Rules for a Small Open Economy: The Case of 

Canada," Federal Reserve Bank of New York, manuscript. 

Goldberg, Pinelopi, and Michael Knetter, 1997, "Goods Prices and Exchange Rates: 

What We Have Learned?" Journal of Economic Literature, Vol. 35, pp. 1243-92. 

Golub, G. H., Van Loan, C. F., 1983, Matrix Computations. The Johns Hopkins 

University Press, Blatimore, Maryland. 

Goodfriend, Marvin, 1991, Interest Rate Smoothing in the Conduct of Monetary Policy," 

Carnegie-Rochester Conference Series on Public Policy, Spring, pp. 7-30. 

Goodfriend, Marvin and Robert G. King, 1997, "The New Neoclassical Synthesis and the 

Role of Monetary Policy," NBER Macroeconomics Annual 1997, pp.231-283. 

Harvey, Andrew C, 1989, Forecasting, Structural Time Series Models and the Kalman 

Filter. Cambridge University Press, Cambridge. 



278 

Hooper, P. and J. Marquez, 1995, "Exchange Rates, Prices, and External Adjustment in 

the United States and Japan, in Kenen, P. ed., Understanding Interdependence, 

Princeton University Press, Princeton, pp. 107-168. 

Huang, Kevin X. D., and Zheng Liu, 2005, "Inflation Targeting: What Inflation Rate to 

Target?" Journal ofMonetary Economics, 52, pp. 1435-1462. 

Ireland, Peter, 2001, "Sticky-Price Models of the Business Cycle: Specification and 

Stability," Journal of Monetary Economics, 47(1), pp. 3-18. 

Ireland, Peter, 2004, "Technology Shock in the New Keynesian Model," NBER Working 

Paper, 10309. 

Judd, Kenneth L., 1998, Numerical Methods in Economics. The MIT Press, Cambridge, 

Massachusetts. 

Keynes, J. M., 1923, A Tract on Monetary Reform, London: Macmillan. 

Kim, J., and S. Kim, 2003, "Spurious Welfare Reversals in International Business Cycle 

Models," Journal of International Economics, 60, pp. 471-500. 

Kim, J., S. Kim, E. Schaumbeg, and C. A. Kim, 2003, "Calculating and Using Second 

Order Accurate Solutions of Discrete Time Dynamic Equilibrium Models," 

Princeton University, manuscript. 

Kirsanova, Tatiana, Campbell Leith and Simon Wren-Lewis, 2006, "Should Central 

Banks Target Consumer Prices or the Exchange Rate?" The Economic Journal, 

116, pp. 208-231. 

Klein, Paul, 2000, "Using the Generalized Schur Form to Solve a Multivariate Linear 

Rational Expectations Model." Journal of Economic Dynamic & Control, 24, pp. 

1405-1423. 



279 

Kollmann, Robert, 1997, "The Exchange Rate in a Dynamic Optimizing Current Account 

Model with Nominal Rigidities," IMF, manuscript. 

Kollmann, Robert, 1999, "Explaining International Co-movements of Output and Asset 

Returns: the Role of Money and Nominal Rigidities," IMF, manuscript. 

Kollmann, Robert, 2002a, "Monetary Policy and Exchange Rate Volatility in a Small 

Open Economy," Review of Economic Studies, 49(5), pp. 989-1015. 

Kollmann, R. 2002b, "Monetary Policy Rules in the Open Economy: Effects on Welfare 

and Business Cycles." Journal of Monetary Economics, 49, pp. 989-1015. 

Kozocki, S., 1999, "How Useful Are Taylor Rules for Monetary Policy?" Economic 

Review, Federal Reserve Bank of San Francisco, pp. 3-16. 

Kwakernaak, Huibert and Raphael Sivan, 1972, Linear Optimal Control Systems. John 

Wiley & Sons, Inc., New York. 

Kydland, F. E. and E. C. Prescott, 1982, "Time to Build and Aggregate Fluctuation," 

Econometrica, 6, pp. 1345-1370. 

Lane, Philip R., 2001, "The New Open Economy Macroeconomics: A Survey," Journal 

of International Economics, 54, pp. 235-266. 

Laxton, Douglas, and Paolo Pesenti, 2003, "Monetary Rules for Small, Open, Emerging 

Economics," Journal oj'Monetary Economics, 49, pp. 1109-46. 

Leitemo, Kai, and Ulf Soderstrom, 2005, "Simple Monetary Policy Rules and Exchange 

Rate Uncertainty," Journal of International Money and Finance, 24(3), pp. 481-

507. 

Lucas, R. E. Jr., 1972, "Expectations and the Neutrality of Money," Journal of Economic 

Theory, 4, pp. 103-24. 



280 

Lucas, R. E. Jr., 1973, "Some International Evidence on Output Inflation Tradeoff," 

American Economic Review, 63, pp. 326-35, 

Malik, Hamza AH, 2005, "Monetary-Exchange Rate Policy and Current Account 

Dynamics," Lakehead University, Canada, manuscript. 

Martins, J., Scarpetta, S., Pilat, D., 1996, "Mark-up Pricing, Market Structure and the 

Business Cycle", OECD Economic Studies 27 (II), pp. 71-106. 

McCallum, Bennett T., 1983, "On Non-uniqueness in Rational Expectations Models: An 

Attempt at Perspective." Journal of Monetary Economics, 11, pp. 139-168. 

McCallum, Bennett T., 1998, "Solutions to Linear Rational Expectations Models: A 

Compact Exposition." Economics Letters, 61, pp. 143-147. 

McCallum, Bennett T. and Edward Nelson, 1999, "An Optimizing IS-LM Specification 

for Monetary Policy and Business Cycle Analysis," Journal of Money, Credit, 

and Banking, 31(3), pp. 296-316. 

McCallum, Bennett T. and Edward Nelson, 1999, "Performance of Operational Policy 

Rules in an Estimated Semiclassical Structural Model." In John Taylor ed., 1999, 

Monetary Policy Rules. Chicago: The University of Chicago Press. 

McCallum, Bennett T. and Edward Nelson, 2001, "Monetary Policy for an Open 

Economy: An Alternative Framework with Optimizing Agents and Sticky Prices." 

Oxford Review of Economic Policy, 16, pp. 74-91. 

Miranda, Mario J., and Paul L. Fackler, 2002, Applied Computational Economics and 

Finance. The MIT Press, Cambridge, Massachusetts. 

Monacelli, Tommaso, 2003, "Monetary Policy in A Low Pass-Through Environment," 

European Central Bank, Working Paper, No. 227. 



281 

Morrison, C, 1994, "The Cyclical Nature of Markups in Canadian Manufacturing: A 

Production Theory Approach", Journal of Applied Econometrics 9 (3), pp. 269-

282. 

Obstfeld, Maurice and Kenneth Rogoff, 1995a, "Exchange Rate Dynamics Redux," 

Journal of Political Economy, 103, pp. 624-660. 

Obstfeld, Maurice and Kenneth Rogoff, 1995b, "The Intertemporal Approach to the 

Current Account," Handbook of International Economics, Vol. Ill, pp. 1731-

1799. 

Obstfeld, Maurice and Kenneth Rogoff, 1996, Foundations of International 

Macroeconomics, Cambridge, Massachusetts: The MIT Press. 

Orphanides, Athansios, 2000, "The Quest for Prosperity without Inflation," Working 

Paper No. 15, European Central Bank. 

Orphanides, Athansios and John C. Williams, 2005a, "Inflation Targeting under 

Imperfect Knowledge." Federal Reserve Board, Washington D.C., mimeo. 

Orphanides, Athansios and John C. Williams, 2005b, "Robust Monetary Policy with 

Imperfect Knowledge." Federal Reserve Board, Washington D.C., mimeo. 

Pontryagin, L. S., S. V. Boltyanskii, R. V. Gamkrelidze, and E. F. Mishchenko, 1962, 

The Mathematical Theory of Optimal Processes, New York, Wiley. 

Rao, C.Radhakrishna andM. BhaskaraRao, 1998, Matrix Algebra and Its Applications to 

Statistics and Econometrics. World Scientific Publishing Co. Pte. Ltd., Singapore. 

Rogers, John H., and Michael Jenkins, 1996, "Haircuts or Hysteresis? Sources of 

Movements in Real Exchange Rates," Journal of International Economics, 38, pp. 

339-360. 



282 

Rogoff, Kenneth, 1996, "The Purchasing Power Parity Puzzle," Journal of Economic 

Literature, 34, pp. 647-668. 

Rotemberg, Julio J. and Michael Woodford, 1999, "Interest-Rate Rules in an Estimated 

Sticky-Price Model," in John B. Taylor, ed., "Monetary Policy Rules" Chicago: 

University of Chicago Press. 

Rotemberg, Julio J. and Michael Woodford, 1995, "Dynamic General Equilibrium 

Models with Imperfectly Competitive Product Markets," in T. F. Cooley (ed.), 

Frontiers of Business Cycle Research, Princeton University Press, Princeton, pp. 

243-293. 

Rotemburg, Julio J., 1982, "Sticky Prices in the United States," Journal of Political 

Economy, 90, pp. 1187-1211. 

Rotemberg, Julio J. and Michael Woodford, 1997, "An Optimization-Based Econometric 

Framework for the Evaluation of Monetary Policy." NBER Macroeconomics 

Annual, 1997, 12, pp. 297-346. 

Rudebusch, Glenn D. and Lars E. O. Svensson, 1999, "Policy Rules for Inflation 

Targeting", in John Taylor (ed.), "Monetary Policy Rules", Chicago, University of 

Chicago Press, pp. 203-262. 

Rudebusch, Glenn D., 2002, "Term Structure Evidence on Interest Rate Smoothing and 

Monetary Policy Inertia," Journal of Monetary Economics, 49, pp. 1161-1187. 

Sargent, Thomas J., 1987', Macroeconomic Theory, Academic Press, Inc., California. 

Schott, James R., 1997, Matrix Analysis for Statistics, John Wiley & Sons, INC. 

Simon, Carl P. and Lawrence Blume, 1994, Mathematics for Economists, W. W. Norton 

& Company, Inc. New York. 



283 

Sims, Christopher A. 2001, "Solving Linear Rational Expectations Models." 

Computational Economics, 20, pp. 1-20. 

Smets, Frank, and Raf Wouters, 2000, "Optimal Monetary Policy in a Small Open 

Economy: An Application to the Euro Area," European Central Bank, manuscript. 

Smets, Frank and Raf Wouters, 2002, "Openness, Imperfect Exchange Rate Pass-

Through and Monetary Policy." Journal of Monetary Economics, 49, pp. 947-

981. 

Smets, Frank, and Raf Wouters, 2002, "An Estimated Dynamic Stochastic General 

Equilibrium Model of the Euro Area," European Central Bank, May, manuscript. 

Soderlind, Paul, 1999, "Solution and Estimation of RE Macromodels with Optimal 

Policy." European Economics Review, 43, pp. 813-823. 

Steinsson, Jon, 2002, "Optimal Monetary Policy in an Economy with Inflation 

Persistence," Harvard University, May, manuscript. 

Steinsson Jon, 2003, "Optimal Monetary Policy in an Economy with Inflation 

Persistence." Journal of Monetary Economics, 50, pp. 1425-1456. 

Sutherland, Alan, 2002, "Cost Push Shocks and the Optimal Choice of Monetary Target 

in an Open Economy", Discussion paper 27/02, Economic Research Centre of the 

Deutsche Bundesbank. 

Sutherland, Alan, 2005, "Incomplete Pass-Through and the Welfare Effects of Exchange 

Rate Variability," Journal of International Economics, 65, pp. 375-399. 

Svensson, Lars E. O., 1997, "Inflation Targeting: Some Extensions", NBER working 

paper 5962. 



284 

Svensson, Lars E. 0, and Michael Woodford, 1999, "Implementing Optimal Policy 

Through Inflation-Forecast Targeting", Princeton University, November. 

Svensson, Lars E. O., 2000, "Open Economy Inflation Targeting," Journal of 

International Economics, 50, pp. 155-183. 

Svensson, Lars E.O. and Michael Woodford, 2003, "Indicator Variables for Optimal 

Policy," Journal of Monetary Economics 50, pp. 691-720 

Svensson, Lars E.O. and Michael Woodford, 2004, "Indicator Variables for Optimal 

Policy under Asymmetric Information," Journal of Economic Dynamics & 

Control 28 pp. 661- 690. 

Taylor, John, 1993, "Discretion versus Policy Rules in Practice," Carnegie-Rochester 

Conference Series on Public Policy, 39: ppl 95-214. 

Taylor, John B., 1999a, "Robustness and Efficiency of Monetary Policy Rules as 

Guidelines for Interest Rate Setting by the European Central Bank," Journal of 

Monetary Economics, 43(3), pp. 655-679. 

Taylor, John B., (ed.), 1999b, Monetary Policy Rules, Chicago: The University of 

Chicago Press. 

Uhlig, Harald, 1999, "A Toolkit for Analyzing Nonlinear Dynamic Stochastic Models 

Easily." In Ramon Marimon and Andrew Scott, (ed.), Computational Methods for 

the Study of Dynamic Economic, Oxford University Press, Oxford. 

Walsh, Carl E., 2003, Monetary Theory and Policy, second edition, The MIT Press, 

Cambridge. 

Weerapana, A. 2000, "The Performance of Simple Monetary Policy Rules in a Large 

Open Economy," Wellesley College working Paper, No. 2000-05. 



285 

Whiteman, Charles H., 1983, Linear Rational Expectations Models: A User's Guide. 

University of Minnesota Press, Minneapolis. 

Wicksell, Knut, 1898, Interest and Rate, 1898, English translation by R. F. Kahn, 

London: Macmillan, for the Royal Economic Society, 1936. Reprinted New York: 

Augustus M. Kelly, 1962. 

Wicksell, Knut, 1907, "The Influence of the Rate of Interest Rate on Prices," Economic 

Journal, 17: pp 213-220. 

Woodford, Michael, 1996, "Control of the public debt: A Requirement for Price 

Stability?" Mimeo, Princeton University. 

Woodford, Michael, 1999, "Optimal Monetary Policy Inertia," NBER Working Paper 

No. 7261. 

Woodford, Michael, 2001a, "The Taylor Rule and Optimal Inertia." American Economic 

Review Papers and Proceedings, 91, pp. 232-237. 

Woodford, Michael, 2001b, "Inflation Stabilization and Welfare," NBER Working Paper, 

No. 8071. 

Woodford Michael, 2003 Interest and Prices: Foundations of a Theory of Monetary 

Policy Princeton, N.J., Princeton University Press, Princeton and Oxford. 

Yun, Tack, 1996, "Nominal Price Rigidity, Money Supply Endogeneity, and Business 

Cycles." Journal of Monetary Economics, Vol. 37, pp. 345-370. 


