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Abstract

This dissertation focuses on the construction of macroeconomic models that can
be used to evaluate monetary policy. The theoretical models developed for this purpose
emphasize the importance of intertemporal optimizing behaviour, the role of expectations

and nomnal price rigidities.

The first essay (chapter 2) compares the imphcations of the interest rate channel
and the cost channel (when firms’ marginal cost depends directly on the nominal interest
rate) of the monetary policy transmission mechanism under inflation and price-level
targeting regime for determining the optimal trade-otf between stabilizing inflation and
the output-gap in a forward-looking closed-economy model. In contrast to the traditional
literature. which focuses only on the interest rate channel, research presented in chapter 2
demonstrates that the demand shocks cannot be completely stabilized with inflation
targeting when the cost channel is operative: the central bank faces an inflation output-
gap stabilization trade-off. Moreover, it is shown that there are gains (in terms of reduced
expected losses for the central bank) to be made from conducting monetary policy with
commitment rather than in a discretionary fashion even if there is no intlation bias. Also.
these gains are larger n the presence of cost channel; so there is a stronger case for

commitment.



Furthermore. building on the notion that 1t 1s difficult to conduct monetary policy
with full commitment due to practical considerations, chapter 2 seeks an answer to the
question: Is it possible to replicate the results of inflation targeting under commitment
with price-level targeting under discretion? The results in chapter 2 confirm the earlier
results that it 1s possible. However, it also points out that the results need to be interpreted
carefully 1n the presence of the cost channel. In particular. the relative weight on output-
gap stabilization versus inflation stabilization needs to be appropriately adjusted in
comparing the expected value of the losses incurred in the two regimes: otherwise the

results could be different.

Chapter 2 also proposes an alternative method of calculating the implicit interest
rate rule that implements the optimal policy. Unlike the existing literature, this method
correctly depicts the inertial behaviour of optimal policy with commitment and derives
conditions that can avoid indeterminacies of output and inflation. Moreover. m the
presence of the cost channel, this method is the only correct method in the commitment

case for the sake of internal consistency of results.

The second essay (chapter 3) uses continuous-time modeling approach instead of
the more conventional discrete-time approach and compares the performance of two rule-
based targeting regimes --- price-level targeting and nominal income targeting with and
without the cost channel of monetary policy for a closed economy. Chapter 3 considers a

series of macroeconomic models with different specifications for both the aggregate
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demand side and the aggregate supply side of the economy to check for robustness of
results. It is assumed that the two targeting regimes generate the same outcome regarding
long-term inflation. Thus, the criterion for evaluating the performance of a monetary
regime is its ability to minimize the volatility in real output 1n response to aggregate

demand shocks.

The main result of chapter 3 is that the cost channel matters in the sense that the
volatility of real output increases under both price-level and nominal income targeting
when the cost channel is ncluded in the models. However, the inclusion of the cost
channel does not say much on the choice between the two regimes. It appears that
nominal income targeting performs better than price-level targeting in bringing down the
volatility of real output in almost all the specifications of the macro models used n the

analysis regardless of the cost channel.

Using the type of models analyzed in chapter 3, chapter 4 introduces open
economy considerations and looks at the performance of monetary policy (in terms of
reducing volatility in real output) under three alternative targeting regimes: exchange rate
targeting (fixed exchange rates). price-level targeting. and nominal income targeting
(both flexible exchange rate options). Although the supply-side effects of the interest rate
(the cost channel) are 1gnored, the supply-side effects of exchange rate changes (due to

the existence of intermediate imported inputs) are highlighted.
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Under these settings, chapter 4 explores the impact of an increased degree of price
flexibility on the volatility of real output. Chapter 4 finds support for Keynes’ concern
that under a flexible exchange rate regime a higher degree of price flexibility can raise
output volatility. This result is consistent with central banks that argue that their low
inflation-flexible exchange rate policy has increased contract length and so decreased the
degree of nommal price flexibility. Chapter 4 also finds support for central banks that
favour fixed exchange rates. A fixed exchange rate regime implicitly implies that the
economy 1s willing to accept structural reforms of the sort that promote flexibility in
prices to absorb the effects of shocks. Chapter 4 shows that with fixed exchange rates
output volatility indeed goes down as a result of increased price flexibility. Thus, there is

internal consistency within both views about exchange rate policy.

Chapter 5 develops a discrete-time dynamic stochastic general equilibrium model
with incomplete asset markets. nominal price rigidities and monopolistic competition to
shed light on the role of the exchange rate and its relation with current account dynamics
and domestic inflation in the formulation of monetary policy. Chapter 5 argues that the
assumption of complete asset markets 1s not realistic in a model with imperfections and
rigidities in goods market because. with nominal rigidities, monetary policy will affect
real variables including the current account. With incomplete asset markets the dynamics
of current account does matter for monetary policy because then, besides dealing with the
distortions created by monopolistic competition, the central bank needs to address the

inefficiencies caused by incomplete asset markets.
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The mam result of chapter 5 is the breakdown of a widely accepted result that
optimal monetary policy for an open economy calls for adjusting the interest rate to
completely offset demand shocks. which implies no trade-off between output volatility
and 1inflation volatility. Due to the direct effect of real exchange rate on domestic
inflation, the optimal monetary policy calls for trading-off some output volatility for less
mtlation volatility. Moreover. due to the dynamics of current account. it entails a
response to variations in the net foreign asset posttion, since this mechanism makes the

impact of the demand shock last well beyond the time interval for which prices are rigid.
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Chapter 1

Introduction

Academic thinking about monetary economics has changed drastically over the
past decade and so has the practice of monetary policy. Almost simultaneously, big
advances were made in the management of monetary policy on the one hand and in
theoretical and empirical research on monetary policy on the other hand. For example. a
consensus has grown in many countries that the central banks should primarily focus on
policies that promote long-term price stability in the economy, and that a rule-based
monetary policy is superior to discretion-based monetary policy. Many developments in
the macroeconomic theory along with actual events have led the economics profession,
academicians and policy makers alike, to embrace this ideology. The theoretical
developments have culminated in a simple framework that is based on intertemporal
optimizing behaviour, rational expectations, and temporary price rigidities and 1n which
monetary policy have both short-term or temporary output effects and long-term or
permanent price cffects. This new framework is generally referred to as the “New
Neoclassical Synthesis model” (Goodfriend and King (1997)) or the *New Keyvnesian®
model (Clarida, Gali and Gertler (1999)) and 1s widely used to assess the desirability of

alternative monetary policies.'

" For an excellent survey of recent developments and results in this area. see Gali (2003).
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This dissertation utilizes this framework to analyze different transmission
mechanisms through which monetary policy affects aggregate output and inflation. For
example. chapter 2 and 3 explore the implications of the cost channel, that 1s, when
monetary policy directly affects the cost of production of firms. Chapter 2 focuses on
deriving the optimal monetary policy under discretion and commitment and compares the
performance of two targeting regimes --- mflation targeting and price-level targeting. The
metric used for this purpose is the expected losses of the central bank. Chapter 3. instead
of deriving the optimal monetary policy. uses interest rate based monetary policy rule and
studies price-level and nominal income targeting regimes. In addition, a series of

sensitivity tests regarding the specification of the model are also considered.

Chapter 4 and 5 close the cuost channel of monetary policy and extend the analysis
to an open economy. Apart from comparing the performance of fixed versus flexible
exchange rates in terms of reduced volatility 1n real output, chapter 4 also studies the
implications of an increased degree of price flexibility on the volatility of real output.
Chapter 5 mncorporates the dynamic interaction of exchange rate, domestic inflation and
current accounts in deriving the optimal monetary policy response under discretion. Thus.
the dissertation explores a host of issues that are of interest to central banks --- the

mstitute responsible for the conduct of monetary policy.

1.1- Why a New Framework? --- Some Historical Background

In order to fully appreciate the importance ot the new framework that 1s applied to

1o
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various issues related to monetary policy in this dissertation, it is useful to understand the

historical developments™ that have led to its inception.

The dominant paradigm in macroeconomics in the 60s and early 70s that was
used to explain short-run fluctuations in aggregate output, and the role of monetary policy
in this context, was the traditional IS-LM mode]l augmented with a relationship that
depicted the gradual adjustment of prices and wages --- the Phillips curve (PC). This
reference framework contained key elements of the Keynesian approach as it assigned a
central role to demand shocks. and the gradual adjustment of wages and prices. as factors
accounting for short-term fluctuations. The model also incorporated some elements of the
Classical approach, such as neutrality of money in the long run and thus was referred to

as the “neoclassical synthesis™ by Samuelson.

The rational expectations revolution of the 70°s disturbed the consensus around
the "neoclassical synthesis™ model. It criticized the traditional IS-LM-PC framework for
lacking in microfoundations especially regarding the Phillips curve and demonstrated its
weaknesses 1n terms of evaluating alternative policy regimes that 1s popularly known as
the Lucas critique.” Also. empirical observations such as the stagflation of the 70’s and
the mability of demand management policies to achieve full employment, further called

into question the reievance of the traditional framework.

" For a detwled review. see Blanchard (2000) and Woodford (1999).
* For a detailed discussion on the crincism of the Keynesian paradigm. see Lucas and Sargent
(1979).

[FS)
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Based on the Classical assumption of perfect competition and price flexibility. an
alternative framework was developed. This model. known as Lucas™ “island model™.
relied on the assumption of imperfect information. that 1s. the inability of economic
agents to distinguish between changes in relative prices and changes in the general price
level. However, this model did not succeed due to its empirical shortcomings: it failed to

generate fluctuations of significant magnitude and persistence.

The early 80’s saw the emergence of a new paradigm --- Real Business Cycle
(RBC) theory.’ In retrospect, it can be concluded that the RBC theory has had an
unquestionable influence on the macroeconomic theory and policy. It proposed a number
of revolutionary 1deas. First, it developed a dynamic stochastic general equilibrium model
with opfimizing consumers and firms thus providing firm microfoundations for aggregate
macro relationships and a systematic way of answering Lucas critique. Second, 1t
emphasised on quantitative analysis of calibrated models. and it compared implied
statistical properties of the models with those observed in data. Third, in contrast to the
traditional approach, its focus on technological vanations as a central source of aggregate
economic fluctuations demonstrated the possibility of explaining such fluctuations
without reference to any monetary variable. Although the RBC' school may have had
permanent effects, the initial enthusiasm around its conception of fluctuations has

gradually diminished mainly due to two reasons: excessive reliance on technology shocks

* For an early contribution 1n this hiterature. see Kvdland and Prescott (1982).
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as a source of business cycles. and (contrary to empirical evidence) 1ts predictions of

meonetary neutrality.

In the late 90°s a convergence of Keynesian assumptions and RBC methodology
took place. Thus, a new framework --- “new neoclassical synthesis™ or “new Keynesian
model” has emerged. This new framework has many advantages. First, it integrates
Keynesian elements --- imperfect competition and nominal rigidities mto a dynamic
general equilibrium framework that until recently was largely associated with the Real
Business Cycle (RBC) or "new Classical” paradigm. So, the mechanism that Keynesians
regard as essential for generating short-run real effects from demand shocks is an integral
part of the structure. Second. it 1s firmly grounded 1n inter-temporal optimization. so the
desire on the part of “new Classicals™ for well-articulated micro-foundations 1s respected.
Third, with each equation being structural, the Lucas critique can be respected as the
model is applied to policy questions. Fourth, the model is conveniently analyzed at the
same level of aggregation as was common with earlier generations of policy-oriented
discussions. Fifth, it permits an exphcit utility-based welfare analysis of the

consequences of alternative monetary policies.

1.2- An Outline of the New Framework

In recent years. there has been an explosion in research that applies the type of

framework referred to as the “new Keynesian® model to analyze various aspects of
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monetary policy.S Most of this research takes as given that the central bank has an
explicit or implicit inflation target. This assumption makes the research useful to most
central bankers. The purpose of this research is then to find policy rules to guide central
banks in setting the policy instruments so as to bring the inflation rate close to the target
and keep it there in order to achieve the ultimate target of price stability, while taking

account of the short-run trade-offs that impinge on output and exchange rate variability.

A typical closed economy ‘new Keynesian' model used for monetary policy
analysis, and that serves as a benchmark in this dissertation, 1s composed of three

relationships:

First, the “new [S Curve™ relates the output gap negatively to the real interest rate,
and positively to the expected future output gap.

x,=Ex, ~oQ-Ex )+u, a >

where, x, is the gap between actual output level and the level of output under flexible
prices, i, is the nominal interest rate --- the monetary policy instrument. E 7, 1s the

future expected inflation based on information available up-until and including period t

and u, 1s the disturbance term representing demand shocks.

" Two excellent advanced-level textbook treatments on the applications of this framework are
Walsh (20032) and Woodford (2003).
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Chapter 2 derives this relationship from a dynamic general equilibrium discrete-
time model. Chapter 3 derives it in continuous-time settings. Based on the works of
Fuhrer (2000) and Amato and Laubach (2003). chapter 3 also introduces a lagged output-
gap term in the new IS function. Both these papers have pointed out that the standard
Euler equation for consumption (that gives rise to the new IS relationship) fails to capture
the dvnamics of the aggregate output. Fuhrer (2000) allows for habit persistence in
preferences maintaining the assumption of optimal consumption choice on the part of
consumers. while Amato and Laubach (2003) introduce ‘rule of thumb’ behaviour on the
part of a fraction of the households (assuming that it is costly to reoptimize every period)
with the remaining fraction of the household optimizing consumption in a usual fashion.
Chapter 4 derives the continuous-time version of the standard “new 1S” relationship and
also uses the alternative specifications mentioned above for an open economy. Chapter 5
mnvolves the assumption that all imports are consumption goods, it derive the new IS
relationship for an open economy in a general equilibrium setting. and it emphasizes the

importance of current account dynamics 1n affecting the aggregate output-gap.

The second component of the “new Neo-Classical synthesis model™ 18 the “new
Keynesian Phillips Curve™ that relates inflation positively to both the output gap and
expectations of future inflation.

n= [)‘E/;r’_] +AX, £>0,4>0

where. 7 1s the actual inflation in period t and v, 1s the disturbance term representing

supply-side or cost-push shocks.
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Chapter 2 takes this specification as a benchmark (nonetheless it formally derives
it) and introduces the direct effect of nominal interest rate on inflation by assuming that
firms need to borrow cash from banks in order to finance their wage-bills before the
receipt of sales revenues. This introduces an independent channel of monetary policy
transmission mechanism, known as the cost channel. Apart from deriving the “new
Keynesian Philiips curve” in a continuous-time framework, chapter 3 augments this basic
forward-looking inflation adjustment equation with a lagged inflation term in addition to
the cost channel. Fuhrer and Moore (1995) introduce the lagged inflation term in an ad-
hoc fashion while Mankiw and Reis (2002) suggest an alternative approach. They depart
from the assumption of sticky prices and replace it with that of sticky information.
According to their model of price adjustment firms gather and process the information
about the state of the economy slowly over time, thus, although prices are always
changing but firms are slow to update their pricing strategies in response to new
information. The motivation for doing this is the criticism of many researchers that the
basic ‘new Keynesian Phillips curve’, which is based on Calvo’s staggered price model,
generates inertia in the price level and not the inflation rate and that this is inconsistent
with the stylized facts on inflation dynamics. Chapter 4, assuming that a fraction of
imports are used as raw material in domestic production, incorporates the lagged inflation
term in an open economy continuous-time inflation adjustment equation. Chapter 5
models imports only as consumption goods and derives the baseline “new Keynesian

Phillips curve” for an open economy. As will be discussed in detail in chapter 5, the
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channel through which exchange rate movements affects domestic inflation are quite

different from the existing specifications.

The third equation in the “new Neo-Classical synthesis model™ is the description
of monetary policy behaviour. Broadly speaking, there are two approaches to modeling
the monetary policy. First is the specification of an objective function (also termed as the
loss function) that explicitly translates the behaviour of the target vanables into a welfare

measure. A widely used specification of the loss function takes the output gap x, and

inflation 7, as the target variables and takes the following general form":

I = %E{i Al +72) |

=0 2

where, « 1s the weight the central bank places on output deviations relative to inflation
fluctuations. This approach involves deriving the optimal monetary policy by minimizing
the loss function subject to the constraints imposed by the structure of the economy as
captured by the “new IS™ and the “new Keynesian Phillips curve™ relationships. Chapter
2 and chapter 5 model the behaviour of the central bank using this approach. Svensson
(1999a) has labelled this approach as a “flexible” inflation targeting regime. It 1s flexible
m the sense that the central bank is not only concerned with the deviation of inflation
from its target but also with fluctuations in the output-gap because movements in the

output-gap have a direct effect on inflation. Chapter 2 also considers an alternative

® Woodford (2002) derrves this loss function for a typical *new Keynesian model”
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targeting regime, namely, price-level targeting and chapter 5 also reports results for an

exchange rate targeting regime.

An alternative approach’ to incorporate the role of monetary policy is to specify
an interest rate based monetary policy rule.® An example of one such rule, that has gained
significant popularity in recent years, is the Taylor rule’:

i (r+ 7r)+ a, (7, —7m)+a.x, a, >0,a, >0

where, i’ is the desired nominal interest rate set by the central bank and r and 7

t
represent the long-run equilibrium values of the real interest rate and inflation

respectively. «, is the central bank’s reaction coefficient of deviation of inflation from
its target and is usually taken to be bigger than one. «,_ is the coefficient on fluctuations

in the output gap. Chapter 3 and 4 use variants of such interest rate based monetary
policy rules. In particular, they employ interest rate rules that entail a response to
movements in the price-level and nominal income. In this sense these chapters study
price-level and nominal income targeting regimes. The chapters assume that the two
targeting regimes generate the same outcome regarding long-term inflation. Thus, the
criterion for evaluating the performance of a monetary regime is its ability to minimize

the volatility in real output in response to ongoing aggregate demand shocks.

" For a critical survey of the two approaches, see Pill and Rostagno (2001)
¥ Taylor (1999) is an excellent collection of papers that apply these rules in various settings.

For critical assessment of Taylor-type interest-rate based rules, see Kozicki, (1999), Hetzel,
(2000) and Svensson, (2003).

10
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1.3- Monetary Policy Transmission Mechanisms --- An Overview'

The monetary policy instrument, for instance the short-term nominal interest rate.
affects the economy through various channels influencing various markets and variables.
Identifying these transmission mechanisms is useful and important since they determine
the main restrictions that central banks face in implementing monetary policy. Figure 1
below provides an overview of the relationship between monetary policy actions and the

various transmission mechanisms.

Figure 1: Monetary Policy Transmission Mechanisms

Central Money and Goods Sector Aggregate Oatput
Bank Asset Markets Markets Prices and Prices
Market
(P interest rate |
structure
Monetary 3
Monetary H»  and Credit — Aggregate Domestic AgyTeyate
Pohicy Actons Aggregates H» Demand —P  Goods Prices Output )
- Current 1
- Epected
Asset 1
r'y | Prices
Imported Aggregate
Fxchange ¥ Gouds Prices Prices
B Rate t—
Monetary
Polrev Ruie <
Monetary
Policy
Objectives

" For a detailed discussion and overview. see Bank of England (1999) and Tavior (2002).
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The first channel is the traditional interest rate-aggregate demand channel of
monetary policy transmission. It relies on at least two key relationships that elaborate the
link between changes in the short-term nominal interest rate that is regarded as the
monetary policy mstrument and the long-term real interest rate that ultimately affect
consumption and investment activity in an economy. First is the relationship between the
nominal nterest rate and the real interest rate and 1s explained by theories of price and/or
wage rigidities. The second is the relationship between short-term and long-term real
interest rates and 1s captured by various theories of the term structure of interest rates. It
must be noted that it is the changes in the long-term real interest rates that affect
aggregate consumption. business and residential investment and other components of
aggregate demand. However. in most macroeconomic models, including the models
employed in this dissertation, an explicit distinction between short-term and long-term
interest rates is not made: they only refer to the interest rate. The distinction between
nominal and real interest rates, however. remains crucial in explaining the effects of
monetary policy and accordingly the issue of nominal rigidities underlying this
distinction. All four chapters in this dissertation treat the interest rate-aggregate demand
channel as the main channel through which monetary policy action affects aggregate

output and prices.

The second channel of monetary policy transmission focuses on monetary and
credit aggregates. In a limited and a typical classical monetarist’s sense this channel relies

on a direct impact of the monetary aggregates on aggregate demand and prices. For
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determining long-run inflation this is still regarded as a relevant theory. However, a broad
and more recent view emphasizes credit aggregates to determine the short to medium run
effects of monetary policy. This important transmission mechanism rests on the direct
and indirect impact of interest rate changes on the balance sheet ot borrowers (and 1n
some 1nstances, balance sheet of lenders such as banks). The balance sheet plays an
important role for a firm’s ability to obtain external finance (e.g., access to bank credit).
especially when there are mformation asymmetries in the financial markets that lead to
adverse selection and moral hazard problems. The more leveraged the balance sheet of
firms (that 1s. a higher debt to equity ratio). the more important this channel becomes. A
change in monetary policy (otten reflected in changes in short-term interest rates) directly
affects the “cost of debt” or “cost of external funds” of firms, altering firms” balance sheet
positions and thus their net worth. Moreover. a change in the interest rate indirectly leads
to a change m the prices of assets held by firms affecting its collateral. Thus. changes n
monetary policy affect the investment activity (by affecting the net worth and or
collateral of firms) in an economy leading to a change in the aggregate demand and thus
aggregate output and prices. This channel is usually termed the financial accelerator

mechanism.

A closely related channel --- the bank lending channel --- focuses exclusively on
the balance sheet of banks and argues that if banks’ balance sheets are disturbed by the
monetary policy action affecting their ability to lend. then firms” cost of production (and

thus inflation) can be directly affected 1f they are taking loans from banks. [t is these
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lending and cost channels that are the focus of chapter 2 and 3 of the dissertation. Chapter
2 incorporates this cost channel in a dynamic general equilibrium setting by assuming
that firms need to borrow cash from banks to finance the wage bill before receiving the
revenues form sales. The chapter then studies its implications for optimal monetary
policy under inflation targeting and price-level targeting. Chapter 3, using the framework
of chapter 2. analyzes the cost channel in comparing the performance of a rule-based
monetary policy that implements price-level targeting regime or nominal-income

targeting regime.

The third channel of monetary policy transmission focuses on asset prices other
than the mnterest rate such as market value of securities {bonds and equities) and prices of
real estate. According to this chamnel, a policy-induced change in the nominal interest
rate affects the price of bonds and stocks that may make mvestment more or less
attractive. This relationship is often referred to as Tobin’s g and is defined as the ratio of
market value of an enterprise to the replacement value of the enterprise. Moreover. a
change in the prices of securities entails a change in wealth which can affect the
consumption of households. It is worth noting that in the baseline "new Keynesian™ model
investment (a change in the capital stock over time) is not modeled. thus making this

T
channel non-operative.

" For a general discussion on monetary policy and asset prices. see Bernanke and Gertler (1999).
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Since exchange rate is the relative price of domestic and foreign money. the
exchange rate channel depends on both domestic and foreign monetary policy conditions.
However. other things equal. a policy-induced change in the domestic interest rate affects
the exchange rate (through the interest paritv condition) that in turn affects net exports
and thus aggregate demand. Moreover, exchange rate changes lead to changes in the
domestic price of imported consumption goods and imported production inputs affecting
inflation directly. The implications of this channel are explored mn chapter 4 and 5.
Chapter 4 models imports as intermediate inputs and compares the performance of fixed
exchange rate regime with price-level and nominal income targeting under flexible
exchange rate regime. Chapter 5 models imports as consumption goods and sheds light
on the dynamic interaction of exchange rate and current accounts in the contest of an

optimal discretionary inflation targeting regime.

So far I have described how changes in the current monetary policy actions work
their way through the economy via four channels. However, the literature sometimes
identifies a separate fifth channel that 1s based on the economic agents’ expectations of
the future stance ot monetary policy. According to this ~“expectations’ channel, all
variables that are determmed in a forward-looking fashion (such as aggregate demand
and inflation) are affected by future expected monetary policy actions. The direction in
which such expectational effects work 1s hard to predict and can vary from time to tune.

But, the verv possibility of such effects contributes to the uncertainty of the impact of any

._.
n
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policy change, and increases the importance of having a credible and transparent

monetary policy regime.

1.4- An Intuitive Discussion of Results Derived in the Dissertation

To understand the mechanics of the monetary policy in a baseline “new
Keynesian' model, and thus the dissertation, suppose that the central bank 1s conducting
monetary policy in a discretionary fashion and that there is a negative demand shock that
lowers the aggregate real output and as a result also mflation. Assuming that the central
bank is abie to observe these shocks. a typical response would be to decrease the nominal
interest rate. This policy response increases the level of output through the traditional
interest rate-aggregate demand channel bringing it back at the target level of output under
flexible prices. Since inflation is positively related to output, it also increases reaching the
original level. Thus, the central bank 1s able to perfectly offset the demand shock and
faces no trade-off between stabilizing the output-gap and inflation. In the case of a cost-
push shock. the central bank does face an output-gap-inflation variability trade-off. An
adverse cost-push shock that raises mflation will be countered by raising the nominal
interest rate thus bringing inflation back at its targeted level. However, the output level

decreases. so the cost-push shock cannot be completely stabilized.

Chapter 2 analyzes the optimal monetary policy response to both demand and
cost-push shocks by incorporating the cost channel of monetary policy transmission

mechanmism in the new Keynesian model summanized above. As discussed. the cost
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channel is based on the assumption that firms need to borrow cash from financial
intermediaries or simply banks before the receipt of sales revenues to finance the wage
bill. This makes firms’ marginal cost (and thus inflation) depend directly on the interest
rate generating supply side etfects of changes in the monetary policy instrument --- the
nominal interest rate. Several researchers (¢.g.. Christiano and Eichenbaum (1997, 2001)
have emphasized on the cost channel as a powerful collaborator of the traditional interest
rate channel in the transmission of short-run effects of monetary policy. The contribution
of this chapter 1s its ability to analyze these two alternative and independent channels of

monetary policy transmission, in one unified, widely accepted "new Keynesian™ model.

An important result is that, with the cost channel operating, the central bank faces
a trade-off in stabilizing output-gap and inflation in the presence ot both demand and
cost-push shocks. Building from the previous example, suppose there is a negative
demand shock that lowers output and inflation. The central bank, using its discretion,
responds by lowering the nominal interest rate. As before. this policy increases output
that also indirectly increases inflation. However, due to the cost channel there is a direct
negative effect on inflation as well. Thus the central bank cannot completely stabilize
both output-gap and nflation; it will be better-off in trading some volatility in the output-

gap for reduced volatility in inflation.

Chapter 2 also evaluates the performance of monetary policy under commitment,

that 1s, when the central bank commits itself to following a certain rule. The debate over

17
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rules versus discretion and the role of credibility in monetary policy has a long tradition
starting from the influential works of Kydland and Prescott (1977) and Barro and Gordon
(1983). The basic insight of this literature is that if the central bank has a desire to push
the economy’s output level beyond the natural rate then discretion would only lead to
higher average imflation (generally termed as inflation bias) with no effect on output.
Commutting to a rule would eliminate the inflation bias. An interesting new insight
provided by the forward-looking ‘new Keynesian’® model is that there are gains from
commitment even in the absence of an over-ambitious output target and an inflation bias.
Clanida, Gali and Gertler (1999) refer to this inefficiency due to discretion as a
stabilization bias. It arises simply because of a lack of history dependence or mertia in the
policy actions of the central bank. Since optimal monetary policy under commitment
exhibits a considerable degree of nertia. it is superior to discretionary optimal policy.
Chapter 2 takes this result one step further and shows that the gains from commitment are
even larger in the presence of a cost channel. The intuition for this result is simple. With
monetary policy conducted under commitment, the future expected values of output-gap
and inflation affect central bank’s current behaviour as well. When the central bank
lowers the nominal interest rate to counter the effects of a negatve demand shock 1t not
only increases current output but also increases the future expected output-gap and thus
expected future inflation. The latter two outcomes have a direct effect on current
inflation. Chapter 2 shows that these direct effects of expected future output-gap and its

indirect effect via future expected intlation on current inflation are only operational in the
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presence of the cost channel and are precisely the reason why the gains from commitment

mcrease.

[t 1s standard practice in the literature on optimal monetary policy to denive the
implicit interest rate rule that implements the optimal discretionary and commitment
policy. Chapter 2 proposes an alternative method of calculating this implicit interest rate
rule. Unlike the existing literature. this method correctly depicts the inertial behaviour of
optimal policy with commitment and derives conditions that can avoid indeterminacies of
output and intlation. Moreover in the presence of cost channel. this method 1s the only

correct method in the commitment case for the sake of internal consistency of results.

Although a pre-commited monetary policy vields betier outcomes, it 15 time-
mconsistent. That is, the central bank has an incentive to deviate from 1ts announced
policy. Moreover, in practice no central bank can commit to a policy rule for all time
periods.”” Keeping in view these considerations, chapter 2 then explores the possibility of
replicating the commitment solution with inflation targeting while monetary policy is
conducted in a discretionary tashion under an alternative price-level targeting regime. As
expected. price-level targeting regime performs better in terms ot lower expected losses
tor the central bank even in the presence of the cost channel. The intuitive reason for this
1s that it depicts the inertial behaviour of the central bank which is the feature of the

commitment solution. Thus, monetary policy actions entail a more gradual response to

= “Rarely does society solve a time-inconsistency problem by rigid pre-comniit. . ...Enlightened
discretion is the rule.” Blinder (199R).
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shocks that allow the central bank to appropriately affect private sector expectations.
However, it is worth noting that this result needs to be interpreted carefully in the
presence of the cost channel. In particular, the relative weight on output-gap stabilization
versus 1nflation stabilization needs to be appropriately adjusted when comparing the
expected value of the losses incurred in the two regimes: otherwise the results can be

different.

Chaprter 3 1s similar in 1ts approach employed in chapter 2. It compares the
performance of two targeting regimes --- price-level targeting and nominal income
targeting with and without the cost channel of monetary policy for a closed economy.
However. there are some important differences. First, 1t uses continuous-time modeling
approach mstead of the more conventional discrete-time approach. Apart form the
advantage 1 terms of analytical simplicity. continuous-time models avoid the
unappealing problems regarding the model properties being dependent on small changes
m assumptions concerning information availability. Second, rather than deriving the
optimal policy chapter 3 makes use of the Taylor-type interest rate based rules which
have become quite popular in policy circles in recent years. Third. chapter 3 considers a
series of macroeconomic models with different specifications for both the aggregare
demand side and the aggregate supply side of the economy to check for robustness of
results. Fourth, instead of the nominal interest rate. the real interest rate appears 1n the
Phillips curve relationships to represent the cost channel. Fifth. the aggregate demand

shock 1s modeled as an ongoing cycle to autonomous spending depicted by a sine-curve.
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This is in contrast to the more traditional approach of treating shocks as a one time
(serially correlated) change. Sixth. it is assumed that the two targeting regimes generate
the same outcome regarding long-term inflation. Thus, the criterion for evaluating the
performance of a monetary regime is its ability to minimize the volatility in real output in

response to ongoing aggregate demand shocks,

The main result of chapter 3 is that the cost channel matters in the sense that the
volatility of real output increases under both price-level and nominal income targeting.
The intuition for this is simple. In response to an autonomous ongoing demand cycle, the
central bank adjusts the nominal interest rate to manipulate aggregate demand (and thus
the aggregate price level) in order to keep the resulting output volatility at a mimmum. In
the presence of the cost channel, however, adjustments 1n the nominal interest rate
directly affect the aggregate supply side of the model as well; thereby increasing output
volatility. As a result, with price-level targeting, the central bank would have to
manipulate the aggregate demand by a large magnitude that would ensure the
achievement of the original level of prices at the cost ot an increased volatility in output.
On the other hand, with nominal income targeting it would adjust aggregate demand just
enough to reach a targeted level of nominal income with slightly high level of prices but a
lower volatility in output. Since the metric used to evaluate the performance of a
targeting regime is the minimization of real output volatility and only demand shocks are
considered. nominal income targeting 1s preferred to price-level targeting. A somewhat

surprising result is that the inclusion of the cost channel does not say much on the choice
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between the two regimes. It appears that nominal income targeting performs better than
price-leve]l targeting in bringing down the volatility of real output in almost all the

spectifications ot the macro models used in the analysis regardless of the cost channel.

Using the type of models analyzed i chapter 3. chapter 4 introduces open
economy considerations and looks at the performance of monetary policy (in terms of
reducing volatility in real output) under three alternative targeting regimes: exchange rate
targeting (fixed exchange rates), price-level targeting. and nominal income targeting
(both flexible exchange rate options). Although the supply-side effects of the mterest rate
{the cost channel} are 1gnored. the supply-side effects of exchange rate changes (due to

the existence of intermediate imported mputs) are highlighted.

Under these settings. chapter 4 explores the impact of an increased degree ot price
flexibility on the volatility of real output. Previous analysis of this question offered mixed
conclusions especially in an open economy context. Chapter 4 finds support for Keynes’
prediction that under a flexible exchange rate regime a higher degree of price flexibility
can raise output volatility. This result is consistent with the claims of central bankers that
argue that their low inflation-flexible exchange rate policy has increased contract length
and so decreased the degree of nominal price flexibility. However, it should be noted that
this result holds only with nominal mncome targeting under flexible exchange rates: with

price-leve] targeting the volatility of real output remains unchanged.

.
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Chapter 4 also finds support for central banks that favour fixed exchange rates. By
adopting a fixed exchange rate regime, the authorities are embracing the challenge of
accepting structural reforms of the sort that promote flexibility in prices to absorb the
etfects of shocks. Chapter 4 shows that with fixed exchange rates output volatility indeed
goes down as a result of increased price flexibility. Thus, there is internal consistency
within both views about exchange rate policy. However, this result does not hold when an

alternative specification of the demand and supply side of the economy are considered

Chapter 5 develops a discrete-time dynamic stochastic general equilibrium model
with incomplete asset markets, nominal price rigidities and monopolistic competition to
shed hight on the role of exchange rate and its relation with current account dynamics in
the formulation of monetary policy. In some ways it is similar to the approach employed
in chapter 2 as it also derives the optimal monetary policy under discretion. The
important difference (apart from ignoring the cost channel and price-level targeting
regime) 1s its focus on open economy issues, in particular the dynamic relationship
between exchange rates, domestic inflation and current accounts. Two basic questions are
explored in the chapter. First. how does the overall design of monetary policy change
when we move from closed economy models to open economy models? Second. what 1s
the role of exchange rate and its dvnamic relation with the current account in formulating

monetary policy in an open economy setting”?

R
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In the recent literature, labelled as new open economy macroeconomics
(NOEM)". the dynamics of the current account do not matter for monetary policy due to
the assumption of complete asset markets in most of the research. However. chapter 3
argues that the assumption of complete asset markets 1s not realistic in a model with
imperfections and rigidities in goods market because with nominal rigidities monetary
policy will aftect real variables including the current account. With incomplete asset
markets the dynamics of current account do matter for monetary policy because then.
besides dealing with the distortions created by monopolistic competition, the central bank

needs to address the inetficiencies caused by incomplete asset markets.

Another issue, which 1s far from being settled but is explored in chapter 5, is the
role of exchange rate in the formulation of monetary policy in NOEM models. In
particular, it provides new insights on the relationship between domestic mflaon and
movements in the real exchange rate. In contrast to the traditional literature. chapter 5
shows that real exchange rate depreciation can lower domestic inflation. The key to
understand this seemingly counter-intuitive result is to note that imports are mtroduced
only as final consumption goods and that the nominal wage is completely flexible.
Consider a real depreciation. It would lead to a decrease in the overall consumption
bundle because imports are now relatively expensive. Since labour supply 1s a positive

function of consumption, it also decreases nominal wage claims. With the assumption of

" For a wealth of articles related to monetarv policy 1n open econonies a very useful website 1s
maintained by Brian Dovle http_www geocities com'monetarvrules'mpoe.htm
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sticky goods prices, real wages also go down. Falling real wages imply a lower cost of

production for domestic firms and thus results in lower domestic inflation.

The main result of the chapter is the breakdown of a widely accepted result that
optimal monetary policy for an open economy calls for adjusting the interest rate to
completely offset demand shocks, which implies no trade-off between output volatility
and inflation volatility. Chapter S shows that when exchange rate affects both aggregate
demand and inflation, adjusting the interest rate fo stabilize output in the face of a
demand shock will cause fluctuations in inflation. For example, consider a negative
demand shock that lower output-gap and thus domestic inflation. The central bank
operating under a discretionary domestic inflation targeting regime responds by lowering
the pominal interest rates which. via the interest parity condition. causes real
depreciation. Both these effects help increase the output-gap and thus inflation. However,
when real deprectation also has a direct negative etfect on domestic inflation, the central
bank faces a dilemma: 1t cannot stabilize both output-gap and inflation. Thus, the optimal

monetary policy calls for trading-otf some output volatility for less inflation volatility.

Chapter 5 also demonstrates that allowing the exchange rate to {loat in order to
stabilize the output trom demand shocks may not be a good idea. In other words. it pays-
off (in terms of reduced volatility in the key variables and reduced expected losses for the
central bank) to assign a positive weight to stabilize exchange rate in the objective

function of the central bank. The reason for this is the dynamic mnteraction between real
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exchange rate and current account and the effect of current account movements on the
aggregate demand. Thus, the dynamic relationship between current account and the
exchange rate plays a crucial role in obtaining the optimal monetary policy and in
propagating the effect of shocks. The optimal monetary policy entails a response to
variauons in the net foreign asset positions and the impact of the demand shock last well

bevond the time interval for which prices are rigid.

The remainder of the dissertation 1s orgamized as follows. Chapter 2 compares the
performance of inflation targeting and price-level targeting and derives the optimal
monetary policy in the presence of the cost channel. Chapter 3 evaluates the performance
of price-level targeting and nominal income targeting in a series of closed economy
models with the cost channel. Chapter 4 extends the framework of chapter 3 for an open
economy and sheds light on the issue of price flexibility. Chapter § derives the optimal
discretionary monetary policy while focusing on the dynamic relationship between
domestic inflation, exchange rate and current account. Chapter 6 concludes and chapter 7

briefly discusses the possible extensions of the dissertation.
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Chapter 2

The Cost Channel in the New Keynesian Model --- Comparing
Inflation Targeting and Price-level Targeting

1- Introduction

The “New Neoclassical Synthesis model” or the “New Keynesian’ model that is
based on intertemporal optimizing behaviour, rational expectations. and temporary
nominal price rigidities and that 1s widely used to assess the desirability of alternative
monetary policies has come a long way in integrating the ideas of New Keynesians with
those of New Classicals." However, it still lacks n 1ts treatment of the monetary policy
transmission mechanism. The objective of this chapter 1s to fill this gap in the literature,
at least partially, by developing a model in the tradinion of new Keynesian models that
incorporate two alternative and independent channels of monetary policy transmission
mechanism. The model 1s then used to analyze two popular monetary policy targeting

regimes --- inflation targeting and price-level targeting.

In a typical new Keynesian model. the traditional interest rate-aggregate demand
channel is used to explain the etfects of monetary policy. According to this channel, a

change in the interest rate affects the spending decisions of households and firms and thus

" Typically, New Keynesians focus on market impertections and nominal rigidities (such as price
stickiness) to generate real effects of monetary policy while new Classical emphasize on mtertemporal
optimization and micro-toundations for the aggregate macroeconomic behavior based on a flexible price
dynamic general equilibrium model.

1
R |



PhD Thesis -- Hamza Ali Malik. Department of Economics. McMaster University

operates only through the aggregate demand side of the model. An alternative channel.
that has received considerable attention in recent years. emphasizes the existence of
frictions (such as himited participation) and information asymmetries (that lead to the
problem of adverse selection and moral hazard) in the financial markets as an important
source of monetary non-neutralities. This channel 1s usually termed the credit channel
and has the potential to affect the spending decision of firms by affecting their net worth -
-- the financial accelerator mechanism, and their production decisions by affecting their
cost of production --- the bank lending channel. Thus. the broad credit channel can have
an effect on the demand side and the supply side of the model. Until recently. the credit
channel was mostly studied in flexible price models. For example, Chnstiano,
Eichanbaum and Evans, in a number of important papers have introduced the bank
lending channel in a flexible-price dynamic general equilibrium model'”. Bernanke.
Gertler and Gilchrist (1999) 15 an excellent example where the financial accelerator
mechanism 1s mcorporated in a sticky-price general equilibrium model. However, the
bank lending channel, that affects the supply side of the model, has received very lhittle

S : - . i
attention in a simple new Keyvnesian model. '

This chapter mcorporates the bank lending channel or simply the cost channel of
monetary policy (because the bank lending channel affects the cost of production of

{irms) in an otherwise standard new Keynesian model. By analyzing both the traditional

" See Christiane and Eichenbaum (1992) and Christiano. Eichanbaum and Evans (1997),

" Two exceptions are two-yet to be published- working papers: Christiano. Eichenbaum and
Evans (2001) and Walsh and Ravenna (2003).



PhD Thests — Hamza Ali Malik. Department of Economics, McMaster University

and the cost channel of monetary policy in one unified framework, 1 attempt to bridge the
gap between these two strands of literature. The model 1s then used to provide new
msights on two well-known questions in the literature on monetary policy. First. which
variable(s) should the central bank target to achieve the long-term goal of price stability?
Second, should the central bank commit to rules or tollow discretion in achieving those
targets? In recent years, a consensus has emerged that central banks should primarily
focus on policies that promote long-term price stability in the economy. and that there are
gams from credibly committing to a rule-based monetary policy regime. However, more
research needs to be done on the properties of specific intermediate targeting regimes and
the feasibility and implications of commitment. As Clarida, Gali and Gertler (1999. page
1683) conclude, “though substantial progress has heen made, our understanding of the
full practical implications of commitment for policv-muking is still ar u velatively
primitive stage. with plentv of territory that is worth exploring”. This chapter 1s one step

forward in that direction.

Distinguishing the relative importance of the traditional and the cost channel is
useful for various reasons.'’ First. it improves our understanding of the link between the
financial and real sectors of the economy. Second, it provides alternative indicators to
help gauge the stance of monetary policy and thus increases its ability to ottset particular
types of adverse shocks. Third. a clear understanding of the transmission mechanism has

the potential to give more information regarding the choice of intermediate targets.

" For a detailed discussion see Kashyap and Stein (1994)
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Moreover, several researchers like Christiano and Eichenbaum (1992). Chrstiano.
Eichenbaum and Evans (1997, 2001) and Barth and Ramey (2001) have emphasized on
the cost channel as a powerful collaborator of the traditional channel in the transmission

of short run effects of monetary policy.

Building on these observations the chapter demonstrates two results for an
nflation targeting regime.'” First, the central bank faces a trade-oft between stabilizing
mflation and the output-gap in the presence of both demand and cost-push shovks. This
result 1s different from the one reported by Clarida. Gali and Gertler (1999) in a standard
new Keynesian model. They argue that the central bank is able to perfectly off-set
demand shocks and faces an inflation and output-gap volatility tradeoff only in the
presence of cost-push shock. However. when the cost channel is operating, an mcrease 1n
the nominal interest rate to counter the effects of a positive demand shock not only
reduces the output-gap thus reducing inflation but also increases inflation directly. Thus.
the central bank is better off in trading some volatility in the output-gap for reduced
volatility in inflation. Second. the presence of cost channel increases the gains from
commitment. Moreover, the outcome of optimal commitment monetary policy 1s superior
compared to optimal discretionary policy even in the absence of a classic inflation bias'”

and even in the absence of persistence in the shock processes. Emphasizing the

™ By inflanion targeting. I mean when the central bank attempts to stabilize both output-gap and
inflation. Svensson (1999a) calls this *flexible” inflation targeting.

" The classic hiterature, in the tradition of Barro and Gordon (1983), on rules versus discretion and
the role of credibihity in monetary policy maintains that if the central bank has a desire to push the
economy s output level bevond the natural rate then discretion would only lead to higher average inflaticn
(thus the term inflation bias) with no eftect on output; credibly committing to a rule would eliminate the
inflation bias
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importance of forward-looking behaviour, the standard new Kevnesian model predicts
that the central bank only gains from commitment when the cost-push shock exhibits

some persistence (even 1f there 1s no inflation bias).

This chapter extends the analysis further by seeking an answer to the question: If
(for practical reasons) it 1s difficult to credibly commit to a monetary policy rule, 1s 1t
possible to delegate to the central bank an alternative discretionary targeting regime (a
different loss function) that would replicate the commitment solution? Woodford (1999b)
argues that this 1s possible if the central bank 1s assigned a loss function with the interest
rate as an explicit argument. Jensen (2002) has derived a similar answer in which the
central bank targets nominal income growth rate. Vestin (2000) has also reached a similar
conclusion by considering a price-level targeting regime. The intuitive explanation for
this conclusion 1s the same in all these papers: thev imply nertial behaviour in the
discretionary monetary policy that is a feature ot the commitment solution. It 1s the price-
level targeting regime that I consider as an example to highlight the importance of cost

channel of monetary policy to verify the above mentioned claims.

1.1- Comparison of Inflation Targeting and Price-level Targeting
In this sub-section, 1 first briefly highlight the differences between inflation
targeting and price-level targeting and what the literature says on their relative merits and

then report the results derived in this chapter.

|
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Inflation targeting has become extremely popular in recent vears i many
developed countries. It appeals to policy makers as a way of directly achieving goals of
price stability and 1s easily understood by the public which promotes low inflation
expectations. Moreover, inflation targeting avolds several problems arising from money-
growth targeting and exchange rate targeting --- the two targeting regimes used by
several countries in the past. In particular, it avoids the problem of velocity shocks and
allows a country to maintain an independent monetary policy. Perhaps the biggest
advantage of inflation targeting is that 1t is not necessarily an ironclad rule as 1t allows for

“constramned discretion” (Bernanke and Mishkin (1997)).

Moreover. for all practical purposes inflation targeting is forward-looking, with
monetary policy being aimed at keeping future inflation withm the defined target zone.
Under intlation targeting. a central bank does not seek to compensate for past breaches of
the inflation target. For example. 1f the inflation over-shoots the inflation target in one
period. the central bank does not seek to compensate for that by reducing inflation below
the target; it merely secks to bring inflation back to the target. Therefore, under an
inflation targeting regime “bygones are bygones™ and the central bank worries only about

the future path of inflation.
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The alternative direct method of seeking to achieve price stability is to target the
general level of prices.” Although price-level targeting is quite sumilar to inflation
targeting and it shares many of its benefits. the two regimes have a fundamental
difference. Unlike inflation targeting which is forward-looking in nature, price-level
targeting does not allow “bygones to be bygones™ More specifically, 1f there is an
unexpected increase in prices then according to price level targeting the monetary
authonty will attempt to tighten monetary policy so as to restore the price level back to
the target in order to prevent the base drift in the price level. Under inflation targeting no
action will be taken and the new level of prices would be maintained. Gavin and
Stockman (1988) show that this base drift problem under inflation targeting leads to a
higher level of uncertainty about the future price level. The central bank may miss its
inflation target by a very small percentage in some vears, but if these misses are not

offset. they will accumulate and may become quite large over a long time horizon.

Price-level targeting offers the potential benefit of delivering greater certainty of
the level of prices through time and may provide greater prospects for maintaimning price
stability in the longer run than under an inflation targeting regime. However, short-term

price volatility (and thus output volatility) may be higher under price-level targeting

*" The only country that has adopted formalized price-level targeting 1s Sweden between 1931 and
1937. Berg and Jonung (1998) argue that the price-level targeting allowed Sweden to have less deflation,
and one of the least severe depressions in that period. They suggest that price-level targeting can be used to
raise mtlation expectations m the face of deflation This 15 one of the reasons why price-level targeting 1s
suggested in Svensson (2001) as a solution for the deflation problem in Japan
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because unexpected rises in the price level will be followed by attempted reductions in

the price level.

The conventional hiterature (e.¢., Fischer (1994) and Haldane and Salmon (1995))
focus on this alleged increased output-gap volatility under price-level targeting to argue
against it. Kiley (1998) has also reached a smmilar conclusion using a new Kevnesian
Phillips curve. The reason is that price-level targeting raises output varability because
inflationary mistakes must be reversed in order to prevent base drift in the price level. and
the reversal of inflationary mistakes leads to extra output variability. However. Dittmar.
Gavin and Kydland (1999) and Svensson (1999b) have challenged this conyentional
wisdom and. employing a neo-classical Phillips curve, shown the price-level targeting 1o
be preferred over inflation targeting. Svensson (1999b) analyzes price-level targeting and
inflation targeting by endogenously deriving the price-level and inflation rules when
central banks acts under discretion and faces output persistence. He finds that price-level
targeting results not onlv 1n lower vanability in the price-level but also delvers fower

inflation variability in the presence of output persistence.

More recently, Dittmar and Gavin (2000) and Vestin (2000) have confirmed this
result using the new Keynesian Phillips curve by demonstrating that price-level targeting
provides a better inflation-output-gap variability trade-off compared to inflation targeting
with discretionary policy making regardless of the degree of importance of past levels of

output for current output. Vestin (2000} takes this line of reasoning a step further and
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proposes that the price-level target replicates the commitment solution of inflation

targeting when there 1s no persistence in the cost-push shock.

Thus, the debate over the relative benefits of inflation targeting and price-level
targeting is far from bemg settled.”’ As Mishkin (2001) has correctly pointed out. the
results i favour of or against a price level target are very model specific, especially
regarding the specification of the Phillips curve. In particular, the assumptions about
private sector’s mflation expectations entering the Phillips curve, amount of persistence
in the output gap and whether policy 1s conducted under a commitment rule or in a
discretionary fashion play important roles in determining the desirability of price level
targeting. In this chapter. 1 add one more consideration: namely. the cost channel of
monetary transmission and demonstrate that the price-level targeting is preferable to
inflation targeting as it lowers the expected value of the loss incurred by the central bank.
The framework used for this purpose is a vanant of the standard “new Keynesian™ model.
However. this comparison is conducted after appropriately adjusting the relative weight
the central bank places on output-gap stabilization and inflation stabilization. 1f this

weight 1s not adjusted then the results are different.

! For an in-depth analysis of the conditions under which price level targeting would be preferred
aver inflation targeting see Barnett and Engineer (2001).
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2- The Model

The model developed here introduces supply-side effects of interest rates or the
cost channel of monetary policy in an otherwise standard New Keynesian model widely
used for analysis of monetary policy. The basic framework employed is a variant of a
cash-in-advance model with sticky prices. There are four types of economic agents in the
economy: households. firms. the monetary authority and financtal intermediaries or
simply banks. Given their preferences, houscholds decide how much to consume the
differentiated composite consumption good. how to allocate time between leisure and
work --- the labour supply decision, and how much of their money holdings and wage
earnings should they deposit with the bank. The firms operate in a monopolistically
competitive environment and thus command some monopoly power. They also take three
decisions: how much of the differentiated good should they produce using the labour
services of the households, how much loan to take from the bank to pay the wages of the
hired workers and how to set the price for their output. Each firm sets the price of the
good it produces. but not all firms reset their price in each period. The monetary authority
1ssues money and emplovs nominal interest rates as an instrument of monetary policy to
achieve certain well-specified goals. The role of the banks is quite trivial. They recerve
deposits from the households and a cash injection from the monetary authority and lend

this amount to the firms at an interest rate set by the monetary authority.
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2.1- Households

The economy consists of a continuum of identical households. The model 1s
described in terms of a representative household making decisions in the presence of
uncertainties about the future. A typical household seeks to maximize the expected

present discounted value of utility:

-lo (BT

1y — (H
! 1+¢5J

UC,.N)= E(,iﬂ'

1=4

¢
I-1o
where 0 < 3 < 1 is the discounted rate of time preference, 'c¢' represents elasticity of

mtertemporal substitution, ‘@' is the elasticity of labour supply and £, denotes the
expectation based on the information set available at time zero. C, is the composite

consumption good, N, denotes labour supply, and £ 1s the price index for C, .

The composite consumption index. C, . consists of differentiated goods produced

by firms operating in a monopolistically competitive environment. 1 assume that
consumption is differentiated at the individual goods level. Thus. the goods consumption
index can be written as a CES aggregator of the quantities consumed of each type of

good.

-

[ et Vel
Cz :[ J-er( ]) - L{]

4

(2)

where the parameter "g’ is the elasticity of substitution within each category and is

assumed to be greater than one, Le., g >1.
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The demand functions for goods within each category can be determined by

maximizing equation (2) with respect to the total expenditure on that good. given as

i
Z, = _[P,( NC ()di. where P(j) 1s the price of the consumption good C (/). The

il

demand function that emerges from this maximization exercise is given as:

b
c%ﬂz{’;)]C, (3)

i

where P is the aggregate price index for composite good €, that satisfy the expenditure

equation expressed as Z, = PC,. The expression for P is given as:

In maximizing utility given by (1), the representative household faces two types
of constraints --- a cash-in-advance constraint and the intertemporal budget constraint.
She enters period t with some initial cash holding. M and receives her wage mcome.
W.N, as cash. From this total cash amount ( M, + ' N ) she deposits amount D, in a bank
and uses the remaining amount to purchase consumption goods PC, . Thus. her cash-n-

advance constraint can be written as:

M, <IN =D > PC (5)
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At the end of the period t, she receives from the bank the principal amount she

deposited D, . interest accrued on this amount i D, ., and her share of bank profits I1".

Moreover. she also recewves the share of profits TI' from the firms. The remaining
amount 1s carried as cash over to the next period, t+1. Thus, the intertemporal budget

constraint faced by the representative households can be written as:

M, +WN, =D, ~PC +(1+iD +T"+T1' =M, (6)

By maximizing (1) subject to the constraints (5) and (6), I can derive the

followmyg set of first order optimahity conditions:

-l ~=1c

C
= Bl +i)E, — (7
1)[ P—H
, W
Y ONE = ? (8)

Equation (7) is the standard Euler equation for the optimal intertemporal
allocation of consumption. It has the usual interpretation that at a utility maximum, the
household cannot gain from feasible shifts of consumption between period t and t+1.
Equation (8) is the mtratemporal optimality condition representing the labour supply

decision.

Moreover, the cash-in-advance constraint will be binding in equilibrium:

M +WN -D =PC (9
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2.2)- Firms

This section outlines the mechanics of monopolistic competition in a dvnamic
general equilibrium setting. Like every firm operating in a monopolistically compentive
market. each tirm in this model has to take two types of decisions --- how much output to
produce and at what prices to sell this output that would maximize profits. In doing so. a
representative firm © j * is subject to a number of constraints. First is the specitication of
the production function. Following McCallum and Nelson (1999a), I assume that there is
no capital in the economy and so the firm only employs the labour input supplied by
households to produce the differentiated consumption good consumed by the household.

CoN=ANI)) (10)

where .4, =exp(z,) and ' -, " represents aggregate technology shock specified as:

=Pt E

The second constraint 1s the demand function for these differentiated goods.
which is given by equation (3}. The third constraint introduces price stickiness by
assuming that each period some firms are unable to adjust their price. This staggered
price adjustment behaviour 1s based on Calvo (1983). Firms are assumed to face a
constant probability 1— p 1 every period to alter their price in an optimal fashion. This
probability is independent of how long their prices have been fixed and the expected

duration of price stickiness 1s 1/ 0. It is easy to verify that with a large number of firms

in the economy, the fraction of firms adjusting price optimally in a period 1s equal to the
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probability of price adjustment 1 - p; the remaining fraction of firms * p° do not adjust

their price. Thus, the parameter * p * captures the degree of nominal price rigidity.

The fourth constraint is used to incorporaie the cost channel of monetary policy. |
assume that the representative differentiated-good-producing firm needs to pay the hired
workers before recerving the revenues {from the sale of output produced. For this purpose,

1t will borrow an amount W N (/) from the bank at the interest rate i, to finance the wage

bill.

For analytical simplicity, I assume initially that all firms are able to adjust their
prices every period, that is, the third constraint is not binding yet. Then, the profit

function for a representative firm * j * can be written as

7N =P(HC (N -WN.(J)- VN () (1D

The differentiated-good-producing firm chooses P(j) and N (/) to maximize
these profits subject to the conditional demand for their variety of output given by
equation (3) and the production function given by equation (10). The expressions for

P(j)and N, (j) are given respectively as:

P(j)=——MC, (12)
-1
P+ -
and mari) e-lp (13)
P(j) ¢
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£ ‘ . L
l]: 1 is the constant mark-up and AC is the minimized nominal marginal

where
e —1

cost. F, 1s the marginal product of labour. which. given the production function 1s

sunply A, .

Note that equation (12) just depicts the relationship between the “flexible” price
chosen by all firms and the minimized marginal cost of production under monopolistic
competition; it does not say anything about prices being sticky. Combining equation (12)

and (13) I can write:

Bil+i
pe = A (14)
A4,
or in real terms as:
H(l+i
me, = ilﬂ (135)
‘ PAd

[

Note that, combining equation (13) --- equilibrium labour demand with equation
(8) --- equilibrium labour supply. using equation (10) --- the production function. and the
goods market equilibrium condition ¥, = C . 1 can denive the equilibrium level of output
produced in the economy. This equilibrium level of output represents the flexible-price

equilibrium of the economy since I have not introduced sticky prices yet in the model and

1S given as:
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(16)

In addition to technology. the flexible-price output level depends on the mark-up
(due to the presence of monopolistic competition) and the nominal interest rate (which

represents monetary policy). Thus. even if the distortion created by the monopolistic

competition is eliminated. ¥’ will not be efficient as long as i/ =0,

Now, I introduce price stickiness by assuming that price adjustment does not take
place simultaneously for ail tirms. Following Rotemberg (1987), suppose that a
representative firm ° j 7 that is allowed to change its price, set its price to mimmize the
expected present discounted value of deviations between the price it sets and the

minimized nominal marginal cost.

S P BUE(P(j) - MC,,, ) (17)

A=0

where MC, 1s the minimized nominal marginal cost. Note that there are two parts to

discounting. The first, B represents a conventional discount factor. and the second. p
reflects the fact that the firm that has not adjusted its price after * & ° periods, still has the

same price in period ¢+ & that she set in period 7. The first order condition with respect
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to P(j) gives the following optimal value denoted by P™( /) -

I == pBMC, + pfE P, (18)

Thus, the optimally chosen price in period t 1s a weighted average of nominal
marginal cost and expected value of optimal price in the future. However, following
Calvo (1983) I assume that in period t only a fraction | - p of firms set their price. The
remaining firms are stuck with the prices set in previous periods. Thus. the parameter o
1s a measure of the degree of nominal rigidity. The average price of the previous period is
the price of the fraction of firms that are unable to adjust their price this period.
Therefore. the overall aggregate price level in period t is a weighted average of current

optimally chosen and past prices. This can be written as:

i

P={p P (=) P (19)

f

where P is the price chosen by all adjusting domestic firms in period t.

“ [t 1s reasonable to set PI‘(\/) = P7 because all firms are identical except for the timing of their

price adjustment.
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2.3)- Banks
Banks operate costlessly in a competitive environment and play a trivial role in

this model. They receive deposits, D from the households and lump sum cash injection,
A, from the monetary authority. This amount is supplied/lent to firms at the nominal
interest rate, /. The demand for these loans comes from the tirms who need to finance

their wage bill. WA, . Thus. equilibrium in the loan market requires that:

WN =D +X, (20)

The bank pays (1+i)D, to households in return for their deposits and distributes

(1+i)4, to households in the form of profits.

3- Log-linearized Model

In this section, the model 1s log-linearized around the steady state. A variable in
lower case represent the log deviation with respect to the steady state. In equilibrium
firms are assumed to be symmetric and taking identical decisions. This implies that prices
are equal for each variety of good and 1s equal to the price index given by equation (4).

Thatis, P(j)=F . Also, N,(j)=N, and C (j)=C .
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3.1 - Goods Market Equilibrium --- the new IS-curve
The log-linearized version of the resource constraint of this economy. t, = can

be written as:

In order to derive an IS-type relationship that relates output level to the real
interest rate, 1 need to make use of the Euler equation for consumption. The log-
linearized version of this relationship is:

¢,=Ec  -ol —Ex.)+s, (22)

Note that in dertving equation (22), I omitted constant ferms, ignored Jensen's

inequality and used the fact that In(l +x) = x for small x. Also, I have included an
additive disturbance term s, that represents uncertainty (see, McCallum and Nelson

{1999a)}). 1t can be justified on the grounds that some non-linear terms are ignored while
linearizing the Euler equation for consumption. The disturbance term s, could also
include the taste shocks had I introduced them in the specification of the utility function
or 1t could represent the change in the government spending if it was not assumed to be
zero. My objective 1s not to pm-down the source of this shock rather to have some

disturbance term that represents the demand shocks.
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After substituting equations (22) in equation (21). 1 get a relationship that
represents equilibrium 1n the goods market --- the new IS equation:

Ry :Er.“wl __U(lz_E17r1+!)+S, (23)

Following the tradition in the recent literature on monetary policy. let x, = v, — v/

be defined as the output gap. where 1’ is defined as the level of output that arises with

perfectly flexible prices as shown in equation (16). Similarly, let »’ denote the real

mterest rate that arise in the frictionless equilibrium. Then, [ can write equation (23) as:

x,=Ex_ —oli-Ex  ~r')+s, (24)
where 1’ is defined as follows:
f 1 ) . [ l -
! :L - }E[()'H,l vig L—- ]\‘s‘ (25)
, o
v/ can be calculated by log-linearizing equation (16):

o .
‘,‘f = —— (] + ):, - l',' (26)
B O’¢[ / J
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3.2 — Inflation Adjustment Behaviour --- the new Phillips curve

The log-linearized version of equation (18) and equation (19) can be combined to

produces the following Phillips curve type relationship (see appendix | for a detailed

derivation):
m,=pPEx,  +mc, (27)
|- 1-
W'here 11/ = _(__EL_L)@
Yo,

The expression for mec, (real marginal cost) can be had by log-linearizing

equation (15).

me, =w, —p, +i, -z, (28)

Using the log-linearized version of the labour supply equation (equation 8) to

eliminate w, — p . and using equation (21) to replace ¢, with v, and the production
tunction to ehminate #,. I can rewrite the equation for mc, as:

mec, :‘L |+ o¢

]'\'I —(I+@)z +1. (29)
T
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Note that by setting, m¢, =0 1 get the same expression for v/ as given in
equation (26). Thus. by subtracting equation (26) from equation (29), mc can be

expressed n output gap form:

1+0¢ )
me, :(—ﬁ J‘\', +(i -1 (30)
[ € I

Thus. the inflation adjustment behaviour defined in equation (27) can be written

mo=pEm, + y(l——~ X, + 1/'(1‘, - 1'!’) (31

e

Consider three ad-hoc modifications to this optimally derived Phillips curve. First,
consistent with the current literature on monetary policy, I will introduce an ad-hoc cost-

push shock. v, to study the trade-off between stabilizing output-gap variability and

inflation variability faced by the monetary authority. In the standard new Keynesian
model (without the cost channel), this supply-side shock is necessary to generate a
meaningful monetary policy problem because the demand-side shocks are completely
stabilized. However, 1n this paper it is not necessary to introduce this cost-push shock
because demand shocks are not completely stabilized. However, the inclusion of the cost-
push shock would be useful for comparing the results with the baseline case. Second. a
new parameter » will be introduced. By setting its value equal to 0 or 1.1 can study the

properties of the model when the cost channel is closed and when 1t 1s operational. Third.
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the nominal interest rate under {lexible-price equilibrium. i

" will be set equal to zeto.
This 1s done for the sake of simplicity. With flexible prices, the goods market will clear
automatically and the monetary authornty does not need to alter its policy instrument ---
the nominal 1nterest rate --- to stabilize output. In this sense, the nominal interest rate can
be treated as a constant and normalized to zero. Thus, a change in monetarv policy

mstrument can be thought of as a deviation from the level of interest rate that prevailed

under flexible prices. The resulting Phillips curve is:

a, = pEx ~ AxX + R+ (32)
{1+
where 4 = | o 1
Lo

The complete model is summarized by the following four equations:

23

x=Ex _~oli—Fr ,)+u = {33
m,=PEx, + Ax KT, v (34)
u,=pu,_ +& 0<p, <1 (35
v.E=pv, e 0« p <1 (36)

The key difference between this model and the standard new Keynesian model is

the presence of nominal interest rate in equation (34) --- the Phillips curve or the inflation

= Equation (33) 1s obtamed after elimimating Ij’ from equation (24) using equation {25) and (26).

+ ¢ I
( Lz, — H‘,)wh —, . and as mentioned above 1t could concervable include
+ g o)

taste and government spending shocks.

To be precise 1, =



PhD Thesis - Hamza Ali Malik, Department of Economics. McMaster University

adjustment equation. The reason for its inclusion is the assumption that firms borrow cash
from banks to finance their wage bills. Thus, a change in the interest rate directly affects
the costs faced by firms and thus their price adjustment behaviour. Since the interest rate
1s the mstrument of monetary policy. its inclusion can be termed the cost channel of
monetary policy. Therefore, in addition to the traditional demand-side channel of
monetary policy, the model also captures the supply-side etfects of monetary policy.
With & =0, the cost channel can be closed and the model then becomes the standard new
Keynesian mode]. The next section analyzes the implications of the cost channel for
optimal monetary policy under commitment and discretion. It also highlights the
significance of the cost channel while comparing the performance of two alternative

monetary policy regimes --- inflation targeting and price-level targeting.

4)- Optimal Monetary Policv™

This section describes the behaviour of the monetary authority --- the central
bank. In simple words, the central bank uses its policy instrument {the nominal interest
rate) together with the knowledge of the economy as represented by the IS curve
(depicting the behaviour of aggregate output) and the Phillips curve (describing the
behaviour of inflation {and prices)) to achicve certain well-specified goals represented by
an objective function (also termed as the loss function) that explicitly translates the

behaviour of the target/goal variables into a welfare measure. The objective function thus

~* By optimal monetary policy I mean that, given the dvnamic general equilibrium structure. the
effects ot all sources of sub-optimality like nominal price rigidities are fully neutralized and the efficient
flexible price equilibrium allocation is restored.
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serves as a guide for the central banks to formulate monetary policy. For a new
Keynesian model. Woodford (2002) has derived this monetary policy objective function
by taking a second-order linear approximation to the utillity function of the representative
agent.” According to Woodford's specification of the loss function. the central bank
seeks to minimize the discounted sum of squared deviations of output-gap and inflation

trom their target paths.
E[‘m ﬁA( S )’ 0 (37)
L"“; x T, ‘ a > 3"

where ~« " is the weight that the central bank places on stabilizing output gap relative to

inflation. As Woodford has shown "« " depends on the deep parameters of the model

Although equation (37) is very similar to the standard quadratic loss function used
extensively in the classic time-consistency literature (pioneered by Kydland and Presscort
(1977) and Barro and Gordon (1983)) and in most recent papers (for example, Clanda.
Gali and Gertler (1999)) analyzing the properties of basic new Keynesian model, two
differences are worth noting. First, the output gap is defined as the difference in the
actual aggregate output level and the equilibrium output under flexible prices rather as
output level relative to the natural rate of output. The natural rate output typically
depends only on technology shocks and the production function parameters. However. as
evident from expression (26), the output under flexible prices depends on the utility

function parameters as well. Thus. for example, households labour supply decision will

** Rather than deriving the objective function for the model in this paper. 1 will mtuitively explamn
the differences that may arise due to the presence of cost channel and how I assume away from those
differences.

wn
1o



PhD Thesis -- Hamza Ali Malik., Department ot Economics. McMaster University

have an impact on the level of output under flexible prices. In addition. in the present
model it also depends on the instrument of monetary policy, the nominal interest rate, due
1o the presence of the cost channel. This can have important implications for policy. It
may not be optimal anymore to minimize the gap between actual output level and the

output level under flexible prices. This leads to the next point.

Second. 1t is assumed that the central bank’s target for output is equal to the
economy’s equilibrium level of output under flexible prices, that is, a target of zero

output-gap x, = 0. Unlike the traditional analysis. this assumption essentially ensures that

the central bank has no incentive to increase the economy’s output beyond this level. This
seems a little odd in the presence of monopolistic competitive firms. However, consistent
with the literature. | have assumed that government fully offsets this market power
distortion by subsidizing employment. which is financed through lump sum taxes on
households. Accordingly, it would be optimal for the central bank to eliminate the effects
of nominal price rigidities and attamn the flexible price equilibrium. This reasoning would
hold in a model without the cost channel. However. with the cost channel present. setting
x, =0 may not be consistent with keeping inflation around zero because targeting x at
zero requires a change in the interest rate which will cause inflation to move as well.
Another way to understand this point 1s to consider equation (30) ---

I+ o : - .
(M;x[ + (i, —i"). In the absence of the cost channel, setting mc, =0 would
]

me, =
o

guarantee v, =0 . With the cost channel operating. achieving x, =0 would require setting

th
(V3]
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i =1/ . But. /' is not independent of the output level under flexible prices --- 1/ . In order
1 p p ,

to get around this problem. I need to define the concept of output-gap with care. I define
it as the gap between actual output level and the output level that would prevail under
flexible prices and constant nominal interest rate. As explained above, this constant

nominal mterest rate with flexible prices is normalized to be equal to zero.

A well-known result mm the classic literature on optimal discretionary and
commitment monetary policy is that if the central bank has no incentive to increase the
economy’s level of output beyond the equilibrium flexible-price level of output then there
would be no inflation bias problem and the gains from commitment (in terms of
eliminating this bias) would essentially be zero. However, Clanida. Gali and Gertler
(1999) have argued that in a forward-looking model, such as the basic new Keynesian
model. there still may be gains from credible commitment. The reason is that in a
forward-looking model. expectations play a crucial role and discretion leads to what 1s
known as a stabilization bias. Clarida. Gali and Gertler (1999) then use this result to
propose the appointment of a conservative central banker (originally proposed by Rogoft
{1985} to reduce the average inflation bias of discretionary policy) that puts more weight
on inflation stabilization, that 1s. a smaller value of & * to reduce this stabilization bias.
The general idea here is that the outcomes of policy can be improved by assigning the
central bank an objective function that differs from the optimally derived objective
function (Walsh (1993)). A large body of literature has emerged that analyzes the impact

of alternative central bank objective functions. termed as targeting regimes. on the

N
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outcome of policy. In what follows. I focus on two of such targeting regimes. namely.
inflation targeting and price-level targeting. The loss functions corresponding to these

targeting regimes can be expressed respectively as:

1

L =—E, Z ik (a’” Ak ”;4) (Inflation Targeting) (38)
- k=0 B
1 | Sfﬂ i ( 2 2 )W : ;
and Lo==E|) pla.,x., +p., ! (Price-level Targeting) {39)
= Lk=0 ,

where. ", " 1s the weight on output stabilization relative to inflation stabilization and

"oy, is the weight on output stabilization relative to price-level stabilization.

4.1)- Inflation Targeting

This is the most popular and widely studied targeting regime. Accordingly, I willt
treat the policy outcomes under inflation targeting as a benchmark and then compare
them with the policy outcomes under price-level targeting. A similar approach was
employed by Vestin (2000). The key questions 1 seek to answer are: First. what is the
implication of the cost channel in comparing the outcomes of discretionary optimal
monetary policy and commitment optimal policy? Second, whether optimal discretionary
monetary policy under price-level targeting captures the outcome of optimal policy with
commitment under an inflation targeting regime. The main difference between Vestin's
analysis and the analysis conducted in this paper 1s the presence of the cost channel. As
will be evident below. with the presence of cost channel. the IS curve will not be

irrelevant in deriving the optimal policy and the gains from commitment will be larger.

(94
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4.1.1)- Discretionary Case

In deriving the optimal discretionary monetary policy, 1t 1s assumed that the
central bank uses nominal interest rate i, as its instrument variable. It chooses the time
path of this instrument to influence the time paths of the target vanables x, and 7. in such

a way that it minimizes equation (38) subject to the constraints on their behaviour implied
by the system of equations, (33) - {36). The solution to the constrained minimization

exercise yields the following first order conditions:

ol

— =1, -y, =0 (40)
;’TI

3],

L:(Z]T,\'I+/i(,//l—¢/:() (+1)

ox,

AL

i. =y vk —og =0 (42)

i,

.

where. "/ " and ~¢ " are the Langrangian multipliers associated with the new Phillips

curve and the new IS curve respectively.

The main difference between this model and the basic new Keynesian model 1s
evident from equation (42). In the basic new Kevynesian model (& = 0). ¢, would be zero.
This explains the reason why the new IS curve 1s usually ignored in deriving the optimal
discretionary policy. However, with the cost channel present, that is, with x=1. ¢ 1s

different from zero and the IS curve will be relevant.
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Eliminating "y, * and " ¢ "~ from the first order conditions, yields the following

optimality condition:

X o= (43)

cr),ﬂ/w\‘\J
—_— T,

Oy

Equation {43) has the usual interpretation that the central bank should contract
output by raising the interest rate whenever inflation is above target and vice versa (as
long as (g4 >y)). With » =0 the equation s exactly the same as derived in Clarida.
Gali and Gertler (1999) for optimal discretionary policy. However, the important
difterence emerges when the parameter “ x . that depicts the effect ot the cost channel of
monetary policy. is set equal to one. It 1s straight forward to verify that the response of
the central bank in trading-off fluctuations in the output for stabilization of inflation 1s
less aggressive when x =1 compared to when a =0 . Thus. the presence of cost channel
makes inflation stabilization more costly. The reason for this is that as the central bank
increases the interest rate to bring inflation down, output goes down that reduces inflation
(captured by o1) but at the same time this policy action increases inflation directly due

to the cost channel (captured by v ). The net effect. however, would be that the inflation

comes down because for all plausible parameter values the condition 4 > » holds.

To obtain a solution for the model that describes the equilibrium behaviour of 7,

and x,. first eliminate /, from equation (37) using equation (36) to get:
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7, =B+ mw)Ex, +pw/o)Ex,  +((cA-y) o), + /o +v {44)

then combine this equation with the optimality condition (43) to find the reduced form

expressions for x, and &, using the method of undetermined coefficients. The only
relevant state variables are “u, " and “v ". Thus, the trial solution takes the form:
7, = bl + oy (45)
X = e+ (46)

4

- : : ! d d o :
The solution expressions for by,.c;.. ¢}, and f); are given as follows:

by = o) (47)
i
;] ~
Cp = (48)
q>
== Q, by, (49)
fir ==Q ¢y (50)
where.
[ oh-wm)
o, (7
Oty
g, == p(f+yw)+AQ, ~ (n /o X1 -0,
and G =1=p(f+y)+ A0, - /o k- p)Q,
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Note that. in the absence of cost channel (x = 0), both b}, and ¢}, are equal to
zero. This is a standard result 1n a basic new Keynesian model meaning that demand

shock u has no effect on output-gap and inflation and thus the central bank faces no

trade-off in stabilizing the output-gap and inflation in the face of demand shocks.

However, when the cost channel 1s operating ( ¥ = 1), the demand shock #, will lead to a

trade-off between output-gap fluctuation and inflation fluctuation. Consider a positive
realization of u, . As a result. both the output-gap x and inflation 7 increase. The
central bank responds by increasing the interest rate. This lowers the output-gap and thus
inflation (through the demand channel) but it also increases inflation directly (through the
cost channel). In order to stabilize both output-gap and inflation the central must trade-off

some fluctuation in output-gap for a smaller fluctuation in inflation.

In order to draw comparisons across alternative monetary policy regimes, it would
prove convenient to evaluate the performance of a policy by calculating the unconditional
expected value of the loss function expressed i terms of variances of inflation and
output-gap. Thus, the unconditional expected value of the loss tunction given by equation

(38) can be approxiumately written as:

E(L)y=var(r,)+a,, var(x,) (50

Using expressions (47) - (50), 1 can calculate the variance expressions for

inflation and output-gap as follows:
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var(z ) = by, var(u,)+ ¢l var(v,) (52)
var(x, ) = ¢, var(u,)+ £, var(v,) (53)
where the vanances for the demand and supply shocks are given as;

]
var(u, } = ——=var(e!') (54)
DI ;

var(y, ) =

T var(e]) (55)

1

In order to learn more about the outcome of policy and its sensitivity to various
parameter values, [ use some specific parameter values to evaluate the discretionary case.
The same parameter values will then be used to evaluate the commitment case under
mflation targeting and the discretionary case under price-level targeting. Calibrating the
model in this fashion makes 1t easy to compare the properties of the model with and
without the cost channel and highlight the significance of the cost channel of monetary

policy.” The following baseline parameter values are used:

£ =0.99
o =10.60

¢ =1
A=03
»=0.1
p,=p =3

var(e') = var(g, ) =.000225

* The same methodology is used mn McCallum and Nelson (2000a) m a model with no cost
channel. They compare the expected value of the losses under discretionary policy with timeless
perspective of monetary policy.
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The value for 3 is standard implying that the time interval should be interpreted
as one quarter. ¢ 1s the elasticity of intertemporal substitution and is generally quite
small. Although the value tor the elasticity of labour supply ¢ is slightly high. however,
it 1s considered quite standard in the recent literature on monetary policy (e.g.. see Walsh
(2003a)). A is the slope parameter for the Phillips curve and 1s given as:

(1 - p)(1 - pf)(l+ o¢)

foles

. where p depicts the degree of price rigidity. Various estimates

of p put its value somewhere between (.66 and 0.80. [ have picked a value of 0.72 for
p that, combined with the values of f.o and ¢. wmply a value of approximately 0.3 for

A . The effects of the cost channel (that is, the sensitivity of inflation to nominal interest

(1-pyd=pB
0

rate changes) are captured by » that 1s given as: . Given p=0.72 . the

value for y turns out to be approximately 0.1. The results of the paper are not sensitive to

alternative parameter values

The variances for the white noise demand and cost-push shocks are taken to be
0.000225 with a persistence parameter of 0.3. Taken together these numbers imply an
annualized standard deviation of a 6% for the model economy.” The values chosen for
the variances of the shock have a direct effect on the absolute magnitude of expected

losses. but do not influence the relative magnitudes ot the losses with and without the

*" For example, standard deviation of the demand shock
= Jvar(,y = J{LA1 = (0.3 1) 0.000225 = 0.015. Muluplying this number by + gives the

annualized standard deviation of 6%

6l
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cost channel of monetary policy. As discussed below, it is the relative losses that are used
for comparison. Similarly. it 1s the relative losses that I use in comparing the losses under

discretionary and commitment policies.

Another parameter of interest is «,; in the objective (loss) function of the central
bank. It depicts the relative weight the central bank places on stabilizing output versus
stabilizing inflation. Walsh and Ravenna (2003) derives this loss function using the
method proposed by Woodford (2002) for a model with the cost channel and pins down

the parameter «,, to be a function of "deep parameters” of the model and reports 1ts value

to be approximately 0.02. 1 consider three values for this parameter that incorporate not
only Walsh and Ravenna’s (2003) value but also values reported by other papers. The
parameter & 1s set to zero if the cost channel is closed and 1 if the cost channel 1s
operating. The results are reported in table | and 2 for both demand and cost-push shocks

respectively.

It is obvious from table 1 that a demand shock implies an inflation-output-gap
stabilization tradeoff in the presence of the cost channel. Thus, the central bank incurs
positive losses in the presence of cost channel and these losses increases as the central
bank puts more weight on stabilizing output-gap. This has a simple intuitive explanation.
For example, in case of a positive demand shock that increases the output-gap and thus

inflation. the central bank responds by increasing the nominal interest rate. This lowers
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the output-gap and indirectly inflation. However. in the presence of cost channel this

policy response also directly increases inflation. If the central bank puts a higher weight

Table 1: Inflation Targeting with Discretion --- Demand shock®

Cost channel closed

Cost channel operating

(x=0) (k=1
o, =01 |a,=25] «, =10 a, =01 la, =25} a, =10
var(7, ) 0 0 0 0.055 1.145 1.451
var(x.) 0 0 0 1.241 0.416 0.033
Loss(L") 0 0 0 0.178 1.249 1.484

on stabilizing output-gap then she would (relatively) ignore this extra

inflation thus incurring some extra losses.

volatility in

Figure 1 captures this monetary policy trade-off between stabilizing inflation and

output-gap. Note that this efticiency policy frontier is only possible in case of demand

shocks when the cost channel i1s operating. Thus, the claim made by Clanda, Gali and

Gertler (1999) that the central bank will face no trade-off in case of demand shocks is

refuted by introducing the cost channel of monetary policy in a new Keyvnesian model.

¥ Reported values are multiplied by 107 1n all the tables.

(3]
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var(mr,)
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Figure 1: Efficient Policy Frontier

Table 2: Inflation Targeting with Discretion --- Cost-push shock

Cost channel closed Cost channel operating
(k=0) (k=1
a, =01 |«, =25 «, =10 a, =01 (o, =25 a, =1.0
var(z, ) 0.341 28.446 51113 2.452 51.386 05.136
var(x, ) 307.26 | 40.962 4.600 557.26 18.684 1.480
Loss(L') | 3.414 38.686 S5.714 8.025 56.057 66.617
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The importance of the cost channel of monetary policy is further highlighted in
the presence of cost-push shocks --- the losses incurred by the central bank increases for
all values of alpha. (See, table 2). With the exception of very small values of "¢, °
(approximately less than 0.05. as is evident from figure 3 below), the cost channel lowers
the volatility in output-gap at the cost of increased volatility in intlation. For example,
consider a positive cost-push shock that increases inflation. A typical response by the
central bank is to increase the nominal interest rate. This policy response creates a
negative output-gap and thus helps in lowering inflation. However, with the cost channel
present. an increase in the interest rate pushes up the inflation even further. Thus, the
central bank would be less aggressive m increasing the interest rate. This leads to a
smaller negative output-gap at the cost of higher inflation. Figures 2 and 3 compare the
volatility in inflation and output-gap with and without the cost chanrel for cost-push
shocks for all possible values ot «r;, between 0 and 1. The important point is that the cost
of discretion is higher in the presence of the cost channel of monetary policy and this

strengthens the case for optimal commutment policy even more.

var(z )

65
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Figure 2: Inflation volatility for cost-push shocks
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Figure 3: Output-gap volatility for cost-push shocks

Figures 4 and 5 compare the efficient policy frontier for cost-push shocks with
and without the cost channel. 1t is evident that the policy frontier with the cost channel
(figure 5) 1s higher than the policy frontier without the cost channel (figure 4) for all

values of alpha. Thus, 1t ts more ‘costly" to stabilize inflation and output-gap.
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Figure 4: Efficient Policy Frontier without cost channel
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Figure 5: Efficient Policy Frontier with cost channel

The Implicit Interest rate rule
The interest rate rule that implements the discretionary monetary policy can be

derived by using the optimality condition (equation 43). the solution expressions for 7,
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and x, as given by equations (45) and (46). and the IS relationship given by equation

(33). It 1s given as follows:

IS

( 4_9&__ /‘)") \1£‘7[ +( ,_I__eri’Q//(]'—/Du) +b}l/l)uQU(] ‘/'71 ) \5
op, , lo fo} op, )

With no cost channel . equation {56) reduces 10 exactly the same expression as
derived in Clarida, Gali and Gertler (1999) since b/, =0 and €, reduces to A/a
implying that the demand shocks s perfectly offset and the central bank faces a tradeoft
between stabilizing inflation and output-gap only in the presence of a cost-push shock.
Moreover. 1n response to a one percent change in the expected inflation rate. the central
bank should change the nominal interest rate by more than one percent (as evident from
the coefficient in front of the expected inflation term) so that the real interest rate 1s
affected in the ‘right” direction. This principal ensures determinacy and is called the

Taylor principle.

In the presence of the cost channel. however, the demand shock is not completely
offset as A}, = 0. Also. the response of the central bank to expected movements in the

inflation rate is less aggressive. That is. the central bank changes the nominal interest rate
by a smaller amount {still greater than one) in response to expected inflation The reason
for this. as explained above. is that now a change in the interest rate directly affects

inflation in addition to its indirect effect through output-gap.

68



PhD Thesis - Hamza Al Malik. Department of Econormics. McMaster University

An alternative method of deriving the interest rate rute is to solve the 1S
relationship (equation (33)), the Phillips curve (equation (34)) and the central bank’s

optimality condition (equation 43)) simultaneously for : .7, and x . Although in the

discretionary case there is no difference in the two methods, in case of commitment it
makes a difference as will be demonstrated shortly. Using this alternative approach, the
solution expressions for inflation and output-gap remain the same as described by
equation (45) and (46) and the expression for the implicit mterest rate rule is determined
as follows

¢, 0= p,)

v ] 4 - \ X
1’{ F B Mﬁ.&l -+ b}; /)u il{f + )~ + (‘frp‘ }\’: (57)
g o N o .

4.1.2)- Commitment Case

This section demonstrates that there are gains from commitment even in the
absence of inflation bias and that these gains are larger with the cost channel present.
Under the commitment policy. central bank seeks to minimize the loss function given in
(38) by choosing the current and future values of inflation. output-gap, and the nominal
interest rate subject to the constraints, equatton (33) -- (36). The first order conditions for

this mmmimization exercise are:

oL,

O =0 for =0 (58)

o,

oL ,

’(_a—'!“:ﬁﬂr+)8'/l/sn1*ﬂv//+0¢1~1:O for t =1 (59)
7T,
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3

L v, + g~ =0 for 1=0 (60)
O\'/

ol , . .
‘:*':Q’nﬁ",+ﬂ/‘(//; + ¢)I_] -[‘)’Qﬁ{ =0 for t =1 (61)
o,

oL .

-:’—’ =Wy, — Oof = 0 for r=0 (62)
&,

oL N )
_;L = Py, ~ Pog, =0 for 1 =21 (63)
o,

Eliminating the Langrangian multipliers, y, and ¢ , I can simplify the first order

conditions to get:

A — ¥R . )
X, = —( 4 )' , torr=0 {64)
\ Uy, )
L oA -~ yx
vo=x - L2 for 721 (63)
\ Uali

Thus, as reported by Clarida, Gali and Gertler (1999), Woodford (1999b) and
McCallum and Nelson (2000a), the optimal commitment policy entails inertial behaviour:
rather than adjusting the level of output-gap in response to fluctuations in nflation. the
commitment policy requires the adjustment in the change n the output gap to changes n
inflation. However, n the initial period. =0, the central bank behaves as 1’ it were
operating in a discretionary fashion. Thus. the commitment solution is not time-

consistent. To get around this problem Woodford (1999¢) has suggested that the central
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bank should commit to implement in each period the policy that it would have been
optimal to commut to 1f the same problem had been considered at a date far in the past.
This procedure avoids treating the current period (t = 0) as the nitial one by setting
nflation in that period as if it were one of many future periods when policy was
considered in the distant past. Woodford (1999c) labels this approach the timeless
perspective of monetary policy.” In the context of the present model. the timeless
perspective policy amount to implementing equation (65) for all time periods including
the 1mtial period. The basic idea behind this timeless perspective pre-commitment policy
is that the policymaker commits to a policy that disregards the conditions that happen to

prevail at the time in which the policy begins.

The gains from commitment with the cost channel present are easily understood
by Jooking at equation (44):

x, = (p+ wIET,, + (,VK,/U)E:.\‘IH + (( oA —yK) o) + (}/i\‘/cr)u, +v, (44)

With the cost channel operating, the future expected output gap also affects the
current inflation in addition to current output-gap and future expected inflation. The

reason the expected output-gap £ x ., directly affects current inflation 7, is because a

lower Ex,,, reduces the nominal mterest rate associated with any given current output-

s important to note that a number ot authors such as Dennis (2001a), Blake (2001) and Jensen
and McCallum (2002) have questioned the timelessness of Woodford's approach and have demonstrated
that timeless perspective policy 1s not the ttime-nvariant rule and does not n general minimizes the loss
function. This 1ssue, though important. is beyvond the scope ot the present chapter.
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gap. And since the nominal interest rate directly effects 7, because of the cost channel,

current inflation goes down. Also, Ex,,, will affect Er,, that in turn affects 7, in

1+1
addition to the usual effect. Now consider a positive demand shock that pushes up the
current output-gap and inflation. The central bank increases the nominal interest rate. As
a result current output-gap goes down also reducing inflation. With the cost channel, this
increased interest rate also increases inflation directly. Up until now the analysis is the
same as in the discretionary case. However, with commitment policy, the central bank
does not take the expectations as given, so they also affect current behaviour of inflation
and output-gap. More precisely, the expected output-gap also decreases when the central
bank increases the interest rate as long as the shock is serially correlated. This fall in the
expected output-gap will lower current inflation as explained above (using equation (44)).
Moreover, a fall in the expected output-gap will also lower future expected inflation that
also directly affects inflation. With the cost channel operating the effect of future
expected inflation on current inflation is bigger. Thus, inflation goes down by a bigger
amount --- due to a fall in the current output-gap and the expectations of a lower future
expected output-gap and inflation --- than it goes up due to an increase in the interest rate.
The direct effect of expected future output gap and its indirect effects via future expected
inflation on current inflation are only operational in the presence of the cost channel and

are precisely the reason why the gains from commitment increase.

In order to obtain the solution with optimal commitment policy (which is the

timeless perspective policy of Woodford), I combine equation (44) (the inflation
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adjustment equation after substituting for i using equation (33)) with equation (65). The

trial solution used for this purpose 1s given as:

T, = dX, b oy, (66)
¢ . v -t
X, =dpx eyt [y, (67)

The solution expressions for «,..h;;. ¢}, .d,,.¢;, and f,, are given as.

dy = (B4 aydyy + /o)y + (04 - ye)f o)), (68)

by, =B+ v Kaj ey + pbi )+ e faXd; e, + pey )+ ((0d—y/ale, + x /o) (69)

cir =By Ny £y + ey + (wfoXdy 1+ p i) + (o2 =) fo)f) v 1 (70)
dyp =1-Qay, (71)
¢ =0, by, (72)
Jir == Q¢ (73)

It 1s obvious from the above expressions that their solution would involve

multiple values for «;, and thus for all other undetermined coefficients. The solution for

a;, can be obtained by solving the following quadratic equation:

G+ g, — A =0 (74)
where

gy = (f+x)Q,, - (/o)
and g, =1+ 1+AQ, -y /o),
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The solution for equation (74) that satisfies 0 <aj, <1 (and thus 0<d} <1) is

given as:

. :—q4+\/qf+4ﬂq3 (75)

Accordingly, b;, and c;, are determined as follows. d;;,e;, and f;; can then be

determined from equations (71) — (73):

pe = 7/9) (76)
9qs
cir =1/gq (77)

where,

g=1+(B+pec)a Q. — o, )+ (((61 —-yx)[o)+(yx/o)d} + p,,))

4=1+(B+r)NarQr —p,)+ Q,7.(((0'/1~}/K)/0‘) +(yx/o)d;, + Pp))

The variance of inflation and output-gap can now be calculated using equation

(66) and (67) (see appendix II for detailed derivations):

var(rz,) = [ a’Te’(Tz(l + 'D”d”c) +b5 + —2a,7.b,,.e,.,(;pu Jvar(u,)
(I-dp)d-pdp) 1-pdir

[ aITf}Tz(1+p|'le +CICT:' +w var(v,) (78)
(1-d)(1-p,dy I-pdy
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L e“(lﬂj"’p“)var(zz,)+——-——_——-f“ (Hp‘d”)va }

var(x, ) = - - - |
(1 ”(][L/ ) 1 —‘IOuaI!T 1 ‘_"7\(1” J

(79)

Thus, the unconditional expected value of the loss function in the commitment

case, given by equation (38), can be calculated as:

E(LY' =var(z,)+a,, var(x,) (80)

Using the same parameter values mentioned above, the calibrated results of the

model for demand and cost-push shock are reported respectively in table 3 and table 4:

Table 3: Inflation Targeting with Commitment --- Demand shock

Cost channel closed Cost channel operating
(x=0) (x=1)
o, =01 la,=251 «,=10 a, =0l a,=25| a,=10
var{z,) 0 0 0 0.036 0.502 0.804
var{x, ) 0 0 0 7.90 0.453 0.074
Loss(L,) 0 0 0 0.115 0.615 0.878
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Although the cost channel leads to an inflation-output-gap volatility tradeoff,
quantitatively the effects are small. To appreciate the importance of cost channel and
gains from commitment compare the losses reported in table 1 and table 3. For example,
when o, =0.25, the expected loss decreases by almost 50% due to commitment. Thus,
these results confirm the proposition that there are gains from commitment even in the

absence of inflation bias and that these gains are larger in the presence of cost channel.

Table 4: Inflation Targeting with Commitment --- Cost-push shock

Cost channel closed Cost channel operating
(k=0) (k=1
;=01 |a;=25 |a;=10 o, =01 a,=25]| a,=1.0
var(r,) 0.377 15.367 30.375 1.607 22.537 36.082
var(x,) 274.235 | 41.491 9.361 354.606| 20.339 3.341
Loss(L)) | 3.119 25,739 39.736 3.153 27.621 39.423

Again, the impact of the cost channel on the losses of the central bank is quite
small and insignificant in the commitment case. However, this does not undermine the
result that the presence of cost channel strengthens the case for commitment. Comparing

the losses reported in table 2 and 4 reveals that the losses are lower with commitment. As
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in the case of demand shock, when «,, =0.25. the expected loss decreases by almost

50% due to commitment in case of cost-push shocks as well.

Figures 6 and 7 compare the volatility in inflation and output-gap with and
without the cost channel for cost-push shocks for all possible values of «,, between 0

and 1 when monetary policy is conducted with commitment.

A \

0 0 Odgpnalt 08 |

Figure 6: Inflation volatility for cost-push shocks

var{x,)
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Figure 7: Output-gap volatility for cost-push shocks

Figures 8 and 9 compare the efficient policy frontier for cost-push shocks with
and without the cost channel in case of commitment. As in the discretionary case. the
policy frontier with the cost channel (figure 9) is higher than the policy frontier without
the cost channel (figure 8) for all values of alpha. Thus, it is more “costly’ to stabilize
inflation and output-gap in the presence of the cost channel,

var(z )
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Figure 8: Efficient Policy Frontier without cost channel
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Figure 9: Efficient Policy Frontier with cost channel

The Implicit Interest rate rule

Following the method of Clarida. Gali and Gertler (1999). 1 can derive the interest
rate rule that mmplements the optimal pre-commitment monetary policy by writing the
central bank's optimality condition (equation (65)) one period forward. taking
expectations and sunbstituting the result in the IS relationship (equation (33)).

. |
i :{1—-%'— 1 — (81)

ag a

Two points are worth noting about equation (81). First, the coetficient associated
with expected inflation 1s less than one. Accordingly. an increase in expected inflarion
leads to a small (less than one) increase in the nominal interest rate implying that the real

mterest rate moves in the ~wrong™ direction. that is, it actually decreases. Clarida, Gali
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and Gertler (1999) argue that a rule of this type violate the Taylor principle and may lead
to indeterminacies of output and inflation. Second, the rule in equation (81) implies that
the demand shocks will be completely stabilized whether the cost channel is present or
not. This implication is inconsistent with the result derived and discussed above that the
demand shock cannot be completely stabilized in the presence of cost channel. The
reason for this inconsistency is the method of deriving equation (81). To be specific, the

following version of the optimality condition (equation (65)) is used to get equation (81):

Erxr+l =X, ~(GA_W]E1”1+I (653)
ooy,

But, it is important to note that while equation (65) implies equation (65a), the
opposite is not true. Equation (65) may not hold even if equation (65a) does. Thus, the
interest rate rule implied by equation (81) does not implement optimality condition (65).
For this reason and to confirm the possibility of indeterminacy, I use an alternative
method (described in the discretionary case) to derive the interest rate rule that

implements the optimality condition given by equation (65).

The solution method involves solving the IS relationship (equation (33)), the
Phillips curve (equation (34)) and the optimality condition --- equation (65)

simultaneously for i, 7, and x, using the following trial solutions:
K, =ApX, , + b, +epv, ‘ (66)

x( = dIchz—l + elETu/ i f‘ICTvz (67)
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s Co N L N
I =gyx  +hyu + j,v (82}

Not surprisingly. the expressions for uj;.b;,,¢;r.d};, ¢, and f;, tumns out to be
the same as defined by equations (75). (76). (77). (71), (72) and (73) respectively. The

implied interest rate rule is given as follows:

o -Q,) ) (1w (6-0, )
i = (1 - a, 82, FJL(E—#—}JXH e 2 — a2, l LR ] u,
\ o lo o oys )
Q0
+ (p‘, - a;TQ,[j AL J\*, (83)
\ 4

Equation (83) offers lot of msight in the implementation of optimal pre-
commitment monetary policy. The first important point to note is that, unhke equation
(81), it captures the inertial bebaviour of the central bank mmplied by the optimality
condition (65) as 1t entails a response to previous period’s output-gap. The second point
is that the coefficient in front of the lagged output-gap term must be positive to avoid
self-tulfilling fluctuations 1n output and inflation: current interest rate must increase 1f in
the previous period output-gap goes up. This condition 1s satisfied if (o -Q,;)>0. Itis
easy to verify that this condition may be violated for small values of «,,. Similarly.

(p‘ —aj,TQ!,) must be positive if the interest rate were to increase in response o a

positive cost-push shock. Lastly, equation (&3) confirms the previous result that the

central bank cannot completely stabilize both output-gap and inflation in response to
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demand shocks because the coefficient of u, is different from 1/c in the presence of cost

channel.

4.2)- Price-level Targeting

Assuming that in practice no central bank can commit to a policy rule for all time
periods and acknowledging at the same time that there are gains from commitment (as
demonstrated in the above section), it is a reasonable question to ask: can we delegate to
the central bank a targeting regime that would come close to replicating the commitment
solution while operating in a discretionary fashion? Vestin (2000) answers this question
in the affirmative, provided the cost-push shock is serially uncorrelated. In this section I
reconsider the question in a more general model in which demand shocks are also

relevant due to the presence of cost channel of monetary policy.

The central bank seeks to minimize the following loss function subject to the
constraints implied by equation (33)- (36):

1

L= ’?:E/[i Bk (aPTx12+k 5 pik ):| (39)
k=0

Since the loss function is in terms of the price-level rather than the inflation rate,
it would be useful to express the model in terms of price-level as well. Thus, the new IS

curve and the new inflation adjustment equation are written as follows:
X :Etle _O-(il _(Erp/+l _p/))+u1 (84)

p,"P,_1=,8(E,p,+|“p,)+ /?"x/+9,d(+vt (85)
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The only new first order condition will be with respect to the price-level; the other

two (with respect tox, and i) will be the same as in the inflation targeting case with

discretion:

oL
_"L:p,_(1+,B)(//1’O—¢1+Erl/jt+l:0 (86)

ap,

oL
%;:qu{+},1//,—¢>[ =) (87)
ox

!

%{;:V/%‘AW,ZO (88)
I

Combining these equations will give the following optimality condition describing the

behaviour of the central bank:

1 \ / e
i Kaam(hr[p’fwc),

An interesting point to note from equation (89) is that it depicts the inertial
behaviour of the central bank. which is a feature of the commitment solution implying the
possibility that if a relative weight of «,, is assigned to the central bank instead of «,, ,
the commitment solution can be replicated. However. that would be a premature
conclusion. To be concrete, T solve the mode] using the method of undetermined
coefficients with the following trial solutions:

P =P+ bprtt, Fp Y, (90)

X, =dpy Pyt eprtt, + oy, o
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Combining equation (85) (after eliminating /, using equation (84)) and equation

(89} with the trial solutions yields the tollowing identifymg restrictions:

1 )
Upy = A (1+(8+ Vg A= yx) o), + (o), d,, ) (92)
+ [+ yK

by (B +yaWapb,, + p.bo )+ (GA— ) )e,, +n/a Kby d., +pe., )+ /o)

N+ B+
i ’ \
“r :m((ﬂ+ NG, Cy +/0-.‘})7)’*((7/1“7/’{)/0)/“1 +(}/7‘-/O-XCP7(I’/’/ o) F )
= == (95)
(I+ B+l —ay)
o = botd,, —Q,.,) (9)
(1+p+m)i-p,)
oAd,., -0,
T Coildy: ) (97)
(1+ B+ mw)1-p,)
where,
0, =\or=m)
Oy,

It 1s difficult to derive an analvtical expression for umque values of these
coefficients. Thus. I resort to the calibrated version of the model and pick a solution that

satisfies O < a,, < 1.
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The variance of the price-level and output-gap can now be calculated using

equation (90) and (91) (see appendix 11 for detailed derivations):

7/

b dy.U+pan)y o 2b.d.e.,p )
var(_\-,)_—_L P e 0T Pl s ¢l 4 T |var(u, )

1 - /)uaPT /

(1= ap )= pap;) |

{ N

i ‘1;‘/({:’/ d+pa) T 2¢p0dy) Jorpy }Var(‘.t) (98)
(b—ap, Xl—p.ap) l-pap,
{ b (1+a,, 2 (l+pa, )
var(p,) = S i ¢ +a”’0")var(u,)».LL—’«—(——ﬁ‘—g’J—zvar(v,) ‘ (99)
—a;) - pa., I—pa, )

The implied variance of inflation under price-level targeting is given as follows:

’

2,0 p)
var(uf)+! <= p) Ivar(y) (100)
VI dpe W= puap; ) )

[ 2p (- )
var(z,) = 205, 0=-p,)
\(+ap )= pa,)

The unconditional expected value of the loss function with price-level targeting

can be calculated as:

E(L)" =var(p,) +a,, var(x,) (101)

It would be incorrect to compare the absolute value of this expected loss under
price-level targeting with expected loss under inflation targeting with pre-commitment

(given by equation (80)) because the relative weights in the two expressions --- ¢, and

o, ---represent different benchmarks. "« * 1s the relative weight assigned to the
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variability of output-gap compared to the variability of inflation, while «,, is the relative
weight placed on the variability of output-gap compared to the variability of the price-
level. As noted by Vestin (2000), failing to appreciate this difference may have created a
bias in favour of the free-lunch result of Svensson (1999b). However, using the
expression for variance of inflation (equation (100)) and variance of the price-level

(equation (99)), I can establish a link between o, and «,, . Taking the ratio of the two

variance expressions, I get:

var(r,) _ (1 Ay )[Zbﬁ, (I1-p,)1=a,,p,)var(u, )+2c,),(1 p. )1 —ap, p,)var(v, )] (102)
var(p,) bor(1+ aprp, )1 - aprp,) var(u,) + cor (1 +aprp, YA = aprp,)

Using equation (102) I can calculate the following loss function:
E(L)" =var(r,) + a}, var(x,) (103)
where

o (- a,,,)[zb;i,(l p )1 —=a,.p,)var(u,)+2c3,(1- p,)(1—-a,p,) var(v, )]
e bl (1+app, Y1 —app,)var,) +ci.(1+ app, )1 —app,)

Qpr

Now, the two expected losses, given by equation (80) and equation (103), can be

compared.

The calibrated values for variance of price-level, inflation and output-gap and for

the expected losses in case of demand and cost-push shocks are reported in table 5 and 6

respectively.
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In addition to the result that demand shocks matter even with price-level targeting

when the cost channel 1s operating, an important result is that the price-level targeting is

preferred over inflation targeting (except for small values of «, ). For example.

comparing the expected losses in table 5 (the last row) with those reported in table 3

reveals that the losses decreases by almost 50% when the central bank targets price-level

in a discretionary manner as compared to a pre-commitment inflation target. The only

exception to this result is when ¢, = 0.01. The difference, however, 1s negligible.

Table 5: Price-level Targeting with Discretion --- Demand shock

Cost channel closed Cost channel operating
(k =0) (x=1)
=00, =25 a,, =10 o, =01} a, =25 | a, =10
var(p,) 0 0 0 0.081 0.997 2.108
var(x,) 0 0 0 0.074 0.183 (.029
var(z,) 0 0 0 5.69 0.356 0.474
Loss(L ™" 0 0 0 0.138 1043 2.137
Loss(tL)Y™| 0 0 0 0.125 0.367 0.474
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In general, these results confirm the previous results obtained by Vestin (2000)
and Dittmar and Gavin (2000). However, it is worth noting that these authors derived this
result for a cost-push shock only; in case of demand shocks central bank is indifferent in
choosing between the two regimes. In this sense the result that price-level targeting
regime is preferred over an inflation targeting regime in the presence of a demand shock
can be considered a new result. Note that if the relative weight on inflation stability
versus output-gap stability is not appropriately adjusted, the result could be opposite ---
an inflation targeting regime would be preferred. (compare the second last row in table 5

with the expected losses in table 3).

Table 6: Price-level Targeting with Discretion --- Cost-push shock

Cost channel closed Cost channel operating
(x=0) (x=1)

o;=01 |a,=25| a,=10 o, =.01 a,=25 | ;=10
var(p,) 0.798 26.945 73.382 3.630 45.012 93.944
var(x,) 210.532 | 20.069 4.362 254.939 8.291 1.267
var(r,) 0.910 12.576 19.459 3.297 16.072 21.102
Loss(L)""| 2.903 31.962 77.744 6.179 47.084 95.21
Loss(L)"| 3.111 14.918 20.616 5.605 16.813 21.386
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As obvious from the comparison between the expected values of losses in table 6
and table 4, price-level targeting is preferred over inflation targeting except for small
values of «,, . However, it is important to recognize that this result would not hold if the
relative weight in the loss function is not appropriately adjusted. Put differently, most of
the earlier analyses (for example, Dittmar and Gavin (2000) and Svensson { ] 999b)) while
comparing the benefits of inflation targeting and price-level targeting, ignore this point.
Had 1 followed the same strategy I would have ended up concluding that intlation

targeting 1s preferabie to price-level targeting when the cost channel is introduced.

5- Concluding Remarks

Relying on the ample empirical evidence and a number of previous theoretical
flexible-price models this chapter developed a model, in the tradition of the “new
Keynesian™ literature on monetary policy. which involved the bank lending channel or
the cost channel of monetary policy. The “new Keynesian™ model has emerged as the
standard framework. because this compact structure combines three very desirable
features. First, it is firmly grounded in inter-temporal optimization, so the desire on the
part of “new Classicals™ for well-articulated micro-foundations is respected. With each
equation being structural, the Lucas critique can be respected as the model is applied to
policy questions. Second. a degree of nominal rigidity is allowed for, so the mechanism
that Keynesians regard as essential for generating short-run real effects from demand

shocks 1s an integral part of the structure. Third. the model is conveniently analyzed at
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the same level of aggregation as was common with earlier generations of policy-oriented
discussions. One of the contributions of the present chapter is that it analyzes both the
traditional and the cost channel of monetary policy in one unified framework, therefore,
embracing the strand of literature that studies only the cost channel in the folds of the

new Keynesian framework.

The model is applied to two basic questions commonly analyzed in the context of
optimal monetary policy: performance of discretionary policy versus pre-commitment
policy, and relative benefits of inflation targeting versus price-level targeting. A number
of important results emerged.

First, with the introduction of cost channel the demand shock leads to a tradeoff
between stabilizing inflation and output-gap in addition to cost-push shocks. This result is
in stark contrast compared to a widely accepted result reported by Clarida, Gali and
Gertler (1999) that only cost-push shocks generate meaningful monetary policy

problems.

Second, the gains from pre-commitment exist even in the absence of an inflation

bias and these gains are larger due to the presence of the cost channel of monetary policy

thus strengthening the case for commitment.

Third, the chapter proposes an alternative method of calculating the implicit

interest rate rule that implements the optimal monetary policy. It is shown that this
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alternative method is the correct method in the commitment case for the sake of internal
consistency of results. For example, the interest rate rule in the commitment case. when
derived using the existing approach. suggests that the demand shock is completely
stabilized even in the presence of the cost channel. However, the calibrated results
demonstrate the opposite thus implying an internal inconsistency of results. On the other

hand when the alternative method proposed in the paper is used. this problem is resolved.

Fourth, the chapter finds some support for earlier results that price-level targeting
with discretion is preferable over inflation targeting with commitment even in the
presence of the cost channel except for very small values of the preference parameter of
the central bank, However. unlike the previous work. the chapter 1s careful in comparing
the expected values of the losses incurred in the two regimes by appropriately adjusting
the relative weight on output-gap stabilization as compared to inflation stabilization.
Using the commonly employed approach gives the opposite result. In this sense the
chapter provides new insights on the 1ssue of comparing intlation targeting with price-

level targeting.
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Appendix I

The purpose of this appendix is to show in detail the derivation of the inflation

adjustment equation --- the ‘new Keynesian’ Phillips curve (equation 27).

A representative firm ¢ j’ that is allowed to change its price, set its price to

minimize the expected present discounted value of deviations between the price it sets

and the minimized nominal marginal cost.

> p*B'E,(P(j)-MC,,,)’ (Al-1)
k=0

where MC, is the minimized nominal marginal cost.

Can write equation (Al-1) as:
> ' B*E,(P}(j) - MCL, —2P())MC,,,)’
k=0

First order condition with respect to P,(j) is:

23 p*BEE,P(j) -2y p* BEMC,, =0
k=0

k=0

since E,P()) = F ()

= PR =D pBEMC,
k=0 k=0

1 o0
or B‘(J)(_—_j = pk:BkErMC1+
1-pB ; '

92




PhD Thesis — Hamza Al Mahk, Department of Economics. McMaster University

or P == pRY p BEMC,, (AL-2)
k=

Writing out the terms in equation (AI-2) and assuming that P"(j) = P". T get:
P =(1- pBYMC, + (1— pRpBEMC., + (1= pRp FTEMC _, + ...

or P =(=pBIMC, + pB(~ pPIEMC,,, + pBEMC,, + p* BEMC,....]

or P == pBMC, + pp( - pBYY. Pt FMC

h=0

But. (1-pB)Y p*B'MC.,,., = E, P}, (from equation (Al-2).

A=0
= PP =(-pAMC, + pBEF, (Al-3)

Thus is equation (18) in the chapter.

Note that the final expression for the inflation adjustment equation is in terms of

. MC , . .
real marginal cost, which is given as — or in log-linear version as: mc¢, = MC, - p,,

4
where mec, 1s the real marginal cost. Therefore, 1 replace nominal margmal cost ( MC,)

term in equation (Al-3) with real marginal cost. Accordingly, the log-linearlized version

of equation (Al-3) equation becomes:

p = (- pB)me, + p)+ pPE p., (AL-4)

The log-linearized version of equation (19) of the chapter can be written as:

p,=pp t=-pip! (AL-3)
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Writing equation (AI-5) one period forward and taking expectation of both sides, I get:
Ep.=pmp, +(1-p)E,p;,

Subtract p, from both sides

= Ep.-p =-(-p)p,+(-p)Ep;,

BUt’ Etpt-H - P, =Enxm

Y1+

= Etﬂ',” = "(] —,D)P, +(] —p)E,P,:,

or t :+| :( ]Er”rﬂ + pr
-P
Use this to eliminate £,P’, from equation (AI-4)
* 1 *
= P, :(l_pﬁ)(mct +p,)+pﬂ{(:;)E,”,+| +pl} (AI-6)

Substitute equation (AI-6) in equation (A-5):

p/ = ppl—l +(] _p)[(] ‘pﬂ)(mc/ +pt)+p18{(]—_l—p‘JEtﬂl:—1 +pl}:l

Simplifying:
[1-(-p)1-p8) - LB - p)lp, - pp,_, = (1- p)(1 - pBYyme, + pPE,x,,,

or p(p/ _pl—l):(l—p)(l_pﬁ)mcz +pﬂE1”1+I

1+1

o (p-p)= [Mp—m}n ‘BB
Yol

But’ P — P, =7,
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(1—p¥1 = pp) e
o)

= 7 :ﬁ‘{ﬂ.ﬁ\ +

t

or mo= pEmx .+ e, (AI-7)

(1- pil- pp)
0

where, y =

Equation (AlI-7) is equation (27} of the chapter.
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Appendix II

Calculation of Variances

This appendix calculates the variances of inflation and the output-gap under

inflation targeting with commitment and under price-level targeting with discretion.

A- Inflation targeting with Commitment

The model described in the chapter gives the following evolution of inflation and
the output-gap under inflation targeting with commitment:

T.=dyx, b+ oy, {All-])

X =dpx, Feu v, (AII-2)
Applving the vanance formula to equation (All-2) gives:

var(x,) = d}; var(x, )+ ej; var(u, ) + f,‘; var(v,)

+2d e, covix,_.u,) +2d;, 1), covix,_.v,)+2¢, [ coviu, . v,)

where,

cov(u, v, ) =0 (All-3)

CoVX .1, ) =covld, x,_, e, |+ 1y pu,_ +&)

frad N - ¢ e ¢ 1
=d, p,covix _..u_)+e,p, var(u,_ )+ [0, coviu,_.v,_ )

e/,’ /")n

or covix _.u, )= :
1 - (1/7‘;)14

var(u, ) (AIl-4)

Similarly.
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covix, 1) = — L var(y) (AlL-5)
. 1“‘ d‘;T:F'\
Therefore.
1 - 2 2d6 el (e! 24, 1 . B
var(x, ) = "'—"‘:“[C;T var(u, )+ f; var(v,) + ——’——('—‘(—i-’i)'—z var(u,) + J-L—’ii-ff’—&l var(v, )J
¢ ;/ 1‘(117/)1« 1'_‘1117‘/-7\
(o ad; S ady
— | . ();[ [ 1+ i/AP,, 4]var( u, } -+ ][‘[ ‘ 1+\L£%&__ ]var(v, )1
1=d;, | L V=dyp, \ I-d,p, |
C (1-dp, +2d 1 =d p, +2d:, p. |
— 1 - 6’;7(1 ([Apuj‘ ‘”p“]Var(ll,)ﬂLf,}' (]/,0\ + Ilp\' 7V3r(1”)’
L -d | t-dip, ) o d=dpn )
(14 de - y |
var(x,) = 1 : {(u ( f ) var(u, ) + ﬁi_(l_téi_lﬁ;l var(v, ) (AIl-6)
1”'({;/ L l-dn/j” 1'_({”[)y

Equation (Al1l-6) 1s equation (79) of the chapter.

To find the variance of inflation. apply the variance formula to equation (AIl-1):
var(r,) = a;’} var(x, )+ by, var(u,) + ¢;, var(v,)

I PE < . [o PR - N ) Y AC R
+ 2d by covix,_ . u,) + 2ay, ¢y covix, v )+ 2by ¢l coviu, . v)

Substituting the expressions for the covariances using equation (All1-3), (All-4) and (All-

5). and the expression for the variance of the output-gap using equation (AIl-6), 1 get:
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var(z,) = ar \:en'(l +dyp.) var(u,) + fe QA +dgp,)

- = . var(v,)
1=dj 1-d;p, I-dpyp,

2a.bi e, 280 T D
O Pu var(u,) + P,

+bS var(u + ¢ var(v ) +
IT ( 1) T ( [) l—d;Tpu l—d[CTpv

var(v,)

Simplifying,

Var(ﬂ,) = a;l—elcl_ (1 £ d/[T:Du) + bc: it 2aICTbICTeIC'I'pu jlvar(ul)

o & T c
(1-d)1-dpp,) I-dpp
Janssasdie) | o 24 S,

(l_d; Y1-dip,) 1-d;p,

}Var(v,) (AIL-7)

Equation (AII-7) is equation (78) of the chapter.

B- Price-level Targeting with Discretion
The model described in the chapter gives the following evolution of price-level
and the output-gap under price-level targeting with discretion:
P = apr Py +bprtt, +Cprv, (AII-8)

X, =dprp.y +eprtt, + fprv, (AII-9)
Applying the variance formula to equation (AII-8) gives:

var(p,) = aj; var(p,_,) + by, var(u,) + cp, var(v,)

+2ap:bpr COV(P,_y,4,) + 20 prCpp COV(P,_y,V,) + 2bprCpr COV(H,, V,)
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where,
covip _.u ) =covld,, p_s +bpu _ +cCpv o0 +8°)
= dpy P, CONp, )+ b p var(u, )+ Cppp, cOV(H, LY, )
b[’l p\z
or covip, |.u, ) = ——————var{u,) (ALI-10)
l=aprp,
Similarly,
Cpr P,
covip, v ) = ————var(v,) (All-1D
1 - al’}' /J\*
Therefore,
.
1 . . 2u, b, (b, 2a, o e, p,
var(p,)=-— by, var(u, )+ Chp var(y, )+ v—L~"-—’—-f—’£’llvar(u, )Jr_fgiﬂiJ var(y, )
1-up, F—up p, I=dprp, J

i o 2a,., 0. . 2d. |
= ; (b,',, ( i R ivar(ul )+ ¢, i e e var(v,)
b —a;, L l-dpp, ) L b -aup )
1 (1= p, +2au,p. ) c(V=ayp, +2a,p,) |
- ‘(b;-j [ App Py, =ty P, ?var(u, )+, ( Ay P, a,, P, Jvar(‘,‘ )i
1-a;, [ \ I —up o, ; \ f—ag,, p, |
1 e a+a, e (l+a,
var(p, ) = —| Urayp,) var(y, ) + oty Pl var(y, ) (All-12)
ap, L 1- Up 2, { Apr 2, )

Equation (AII-12) is equation (99) of the chapter.

To find the variance of inflation. I need to re-express the evolution of the price-

level in terms of inflation. To do this, subtract p,_, from both sides of equation (All-8):
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= x, ==(1-ap;)p,, +bu, +cv, (AII-13)
Applying the variance formula to equation (AII-13) gives:
var(r,) = (1—a,, )’ var(p,_,) + by, var(u,) + c;p var(v,) = 2(1 = a,; )b,y cov(p,_,,u,)

~2(1—=app)ecpr cov(p, 1, v,) + 2bprcpr cOV(u,,v,)

Substituting the expressions for the covariances using equation (AII-3), (AII-10) and

(AII-11), and the expression for the variance of price-level using equation (AIl-12), I get:

var(r,) = {1- al"r)2 {blz'r(l +app,) var(u,) + 012)7'(1 +aprp,)

var(v, )J +b;, var(u,)
}o= Apr Py L= AprpP.

2
1—apy

2bIZ’T(1_aP7')pu — 2012)7(1 _ap‘/')p.-

+cpp var(v,) — var(u,) var(v,)
l=ap:p, l-ap,
var(r,) = |:(1 ap )by (1+app,) B2, — 2byr (1-ap)p, Jvar(”/)
(I+ap)1-app,) (I-app,)
" {(1 ~@pr Yo (1 4 0 P,) ik 2e,, (1—a,.)p, }var(v )
PT '
(I+ap )1 —-app,) (I-app,)
Var(n,):{ 2ber (1~ p.) }var(ut)J{ 2¢,;,(1-p,) }var(v,) (AII-14)
(1+apr)(1_aprpu) (1+apr)(1'—ap7‘pv)

Equation (AII-14) is equation (100) of the chapter.
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To find the variance of the output-gap, apply the variance formula to equation
(AII-9):
var(x,) =d;, var(p, )+ cpp varu, )+ fq var(v,)

+ 2d pppr cOVIpP,_ )4 2d oy fop cOV(p,_v,) 4 2€, [rp cOVQL,L V)

Substituting the expressions for the covariances using equation (AlI-3). (AIl-10) and

(AIL-11). and the expression for the varance of the price-level using equation (AIl-12). 1

get:
i Ub: (1+a. ci(lva,, p )
var(x’): (‘13 11( Ilpu)VaT'(ll/\*;L'L—'—I"/;_)Vﬂr(vl)
l—a;, | l=ayp, 1 —up, o,
5 5 2d, e, b, 2d,, [ p
+ ey, var(u,) + i var(y,) + = O T P u)+ ZErL L S P gy )
I-a,,p, l—a,.p,
Simplifying,
b2 d: (l+a,,p . 2bod.en o |
Var(x[): 2 /7/( ”%”) +e;)l + __J_CL_‘LLE,_‘L Var(”[)
(14(1;’7 \’(1—L1P7[’)14) (1_‘(1P7/)u) B
dn+a, . 2¢.,d,, fa ) ]
. ‘H‘O( a, P, s +p£f1‘hf/if/\ var(x, ) (ATI-15)
Y —ap Y —dprp) (1-a,rp.)

Equation (All-15) is equation (98) of the chapter.
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Chapter 3

Price-level vs. Nominal Income Targeting and the Cost Channel

of Monetary Policy Transmission

1- Introduction

As discussed in the previous chapters, a consensus has grown in many countries
in recent years that central banks should primarily focus on policies that promote price
stability in the economy. and that a rule-based monetary policy is superior to discretion-
based monetary policy actions. Price stability eliminates the costs associated with
inflation (the rate of change of prices) and makes the economy more efficient. Moreover,
a rule-based monetary policy disciplines the central banks by "tying therr hands" and
ensures svstematic action. This kind of commitment leads to more transparency in the
policymaking process and increases credibility and accountability. A number of vanables
that can be (and have been) used as targets in the conduct of rule based monetary policy
to achieve the ultimate target of long-term price stability have appeared 1n the literature.
Some notable examples are: money-growth, exchange rate, nominal income. inflation

rate and the price level.
While there is broad understanding regarding the overall monetary policy
strategy, the mechanisms through which monetary policy affects the real economy are not

completely understood. For example. in chapter 2, we learned that in the presence of the
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cost channel of monetary policy, in addition to the traditional interest rate-aggregate
demand channel, demand shocks cannot be completely stabilized and there 1s a trade-off
between stabilizing inflation and output-gap. The traditional interest rate channel operates
by affecting the spending decisions of households and firms and thus works through the
aggregate demand side of the model. while the cost channel operates by atfecting the cost
of production and thus the aggregate supply side of the model. Most of the literature has,
so far. concentrated mainly on the traditional channel of monetary policy while assessing
alternative targeting regimes. However, several researchers such as Christiano and
Eichenbaum (1992), Chnistiano, Eichenbaum and Evans (1997) and Barth and Ramey
(2001) have emphasized the cost channel as a powerful collaborator in the transmission
of short run effects of monetary policy. By analyzing both the traditional and the cost
channel of monetary policy in one umfied framework. this chapter, like the previous one,

is an attempt to bridge the gap between these two strands of literature.

In the previous chapter. I have already mentioned the reasons why distinguishing
the relative importance of the traditional and the cost channel is useful®® I briefly
mention them again. First. it improves our understanding of the link between the financial
and real sectors of the economy. Second, it provides alternative indicators to help gauge
the stance of monetary policy and thus increases its ability to offset particular types of
adverse shocks. Third. a clear understanding of the transmission mechanism has the

potential to give more information regarding the choice of intermediate targets. Informed

30

For a detailed discussion see Kashvap and Stein (1994)
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by these observations. especially the last one, the objective of this chapter is to assess the
robustness of policy recommendations for a closed economy in the presence of the cost

channel of monetary policy.

Thus, in spirit, this chapter is similar to the previous chapter. However. there are
some important differences. First. it uses a continuous-time modeling approach instead of
the more conventional discrete-time approach. Apart from the advantage in terms of
analytical simphcity, continuous-time models avoid the unappealing problems regarding
the model properties being dependent on small changes in assumptions concerning
information avaiiability. I explain this point further while explaining the structure of the
model below. Second. rather than deriving the optimal policy as in chapter 2. this chapter
makes use of the Taylor-type interest rate based rules which have become quite popular
in policy circles in recent years. In particular, I study two interest rate based monetary
policy rules ~--- price-level targeting and nominal income targeting in a continuous-time
version of the "new Keynesian model™ that incorporates both the traditional interest rate
channel and the cost channel of monetary policy transmission mechanism. Third. the
chapter also studies alternative specifications for the aggregate demand side of the
economy --- the 1S-type relationship and for the aggregate supply side of the economy ---
a Phillips curve type relationship that has been proposed recently in the literature in light
of empirical considerations. Also. as explained in the last chapter, the results in favour of
or agamnst a price level target are very model specific, especially regarding the

specification of the Phillips curve. This consideration adds robustness in assessing the
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role of the cost channel. Fourth, instead of the nominal interest rate, the real interest rate
appears in the Phillips curve relationships to represent the cost channel. In chapter 2, |
assumed that firms needed to pay the hired workers before the receipt of the sales
revenues. For this purpose, they borrowed from banks at the nominal interest rate 1.
Thus, there was a payment lag involved and the relevant ‘cost of borrowing’ was
represented by the nominal mterest rate. On the other hand, in this chapter I assume that
firms borrow from banks to pay for the wage-bill before the production process begins.
Thus, there i1s a production lag involved here and the relevant "cost of borrowing’ is
represented by the real interest rate 7. Fifth. it 1s assumed that the two targeting regimes
generate the same outcome regarding long-term inflation. Thus. the criterion for
evaluating the performance of a monetary regime is 1ts ability to minimize the volatility

in real output in response to aggregate demand shocks

The main results of this chapter are that the cost channel matters in the sense that
the volatility of real output increases under both price-level and nominal income targeting
when the cost channel is included in the models. However. the inclusion of the cost
channel does not say much on the choice between the two regimes. It appears that
nominal income targeting performs better than price-level targeting in bringing down the
volatility of real output in almost all the specifications of the macro models used in the

analysis regardless of the cost channel.
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1.1- Comparison of Price-level Targeting and Nominal Income
Targeting

The relative benefits of price-level targeting and the related literature have already
been discussed in chapter 2. We leammed that the long-term price level is more certamn
under price level targeting while it mayv wander around randomly over long periods under
mnflation targeting. However. short-term price volatility (and thus output volatility) may
be higher under price-level targeting because unexpected rises in the price level will be
followed by attempted reductions in the price level. Moreover, the literature on the
relative benefits of price-level targeting 1s divided with a central role being played by the
specification of the Phillips curve. Since. unlike chapter 2, this chapter also studies
alternative specifications for the Phillips curve (and the IS relationship for that matter) in
addition to the presence of the cost channel. it has the potential to shed more light on the

issue of an appropriate targeting regime including price-level targeting.

Nominal income targeting 1s another desirable strategy for monetary policy as 1t
shares many positive features of inflation targeting. But, the most attractive feature of
nominal income targeting 1s that it 1s closely related to both real output and prices --- the
two variables that central bank seem to care about most. In addition, nominal inconie
targeting allows the monetary policy to adjust to offset disturbances to both aggregate
demand and aggregate supply. For example. in case of an adverse demand shock (that

would cause both real output and prices to go below target), policymakers would ease

monetary policy that would return nominal income (the product of real income and
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prices) to target. Similarly, an adverse supply shock results in falling real output and
rising price levels. This could pose a dilemma if central bank 1s pursuing price level
targeting. Stabilizing the price level would mean further decline in real output. Nominal
income targeting would help policy makers resolve the dilemma as it places equal

emphasis on stability of both real output and price level.”

Frankel and Chinn (1995) have shown nominal income targeting to be superior to
money-growth, exchange rate and price level targeting in a simple time-consistent model
of monetary policy. More recently, several contributions in the literature have been made
that study the stability properties of the nominal income-targeting regime. Two kev
papers in this regard are Ball (1999a) and McCallum (1997). Using a backward looking
macro model, Ball (1999a) has forcefully argued that nominal income targets are not
merely inefficient, but also disastrous: they tmply that output and inflation have infinite
variances. Svensson (1999a) replicates Ball's instability result and suggests that it is the
stylized fact that policy affects real output before inflation which Bail (1999a) builds into
his model that lies at the heart of the instability result. Challenging the negative
assessment of nominal income targeting, McCallum (1997) has shown that Ball's
instability resuit is not robust; 1t critically depends on the specification of the Phillips
curve relationship.” Using a forward-looking model McCallum demonstrates that

nominal income targeting does not generate instability. Using a Philips curve with mixed

"' The case in favour of nominal income targeting has been well documented in Hall and Mankiw
(1994),

> The 1ssue of the importance of Phillips curve or the supply side of the economy for the
performance of nominal mmcome targeting is not new: 1t has been previously highlighted by Bean (1983)
and West (1086).
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expectations. Dennis (2001b) has shown that nominal income targeting will not generate
instability as long as mflation expectations contain some forward-looking component.
More recently Rudebusch (2002), however, has shown that nominal incomc targeting
performs poorly after taking into account of the range of model and data uncertainty that

policy makers face.

It is evident from the above discussion that the case for or against price level
targeting and nominal income targeting relies critically on how inflation expectations are
formed m the Phillips curve or more generally on the specification of the model. For this
reason, | evaluate the performance of price-level targeting and nominal income targeting
1n a series of macroeconomic models with different specifications for the 1S relationship
and Phillips curve relationship. In particular. based on the works of Fuhrer (2000) and
Amato and Laubach (2003), 1 introduce a lagged output-gap term in the new IS
relationship. Both these papers have pointed out that the standard Euler equation tor
consumption (that gives rise to the new IS relationship) fails to capture the dynamics of
the aggregate output. Similarly, many researchers have criticized the basic "new
Keynesian Phillips curve’, which 1s based on Calvo’s staggered price model. on the
ground that it generates inertia in the price level and not the inflation rate and that this is
inconsistent with the stylized facts on inflation dynamics. Thus, I introduce a lagged
inflation term to the baseline Phillips curve based on the work of Fuhrer and Moore
(1995) and study the Mankiw and Reis’s (2002) Phillips curve relationship that 1s based

not on sticky prices but on sticky information. In addition. I also explore the implications
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of adding the supply side effects --- the cost channel --- of interest rates to each
specification. It has been argued in the hiterature that such effects can be significant in
evaluating the performance of monetary policy (Myatt and Scarth (2003)). These
considerations provide an additional and comprehensive contribution to the ongoing
debate between choosing an appropnate targeting regime. Thus., the analysis not only
allows for a direct comparison between price-level and nominal income targeting in a
range of macroeconomic models, but also highlights the importance of the transmission

mechanism of monetary policy.

2- The Baseline Continuous-time ‘new Keynesian’ Model

The model is defined by equations (1) through (4). These equations define
(respectively) the “new™ IS relationship (aggregate demand). the “new” Phillips curve
(aggregate supply). monetary policy. and the exogenous cycle in autonomous spending.
The definition of variables and a more detailed description of the structure are given

following the equations.

T=alr=T)+ [ (h
p=—Ay-V)+yla—a)—rxy(r—r) (2)
p+m=0 )
a =a+osin(r) (4)
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All variables except the interest rate (r) and the time index (7) are the natural
logarithms of the associated variable. Dots and bars above a variable denote
(respectively) the time derivative, and the full-equilibrium value of that variable. All
coefficients (the Greek letters) are positive. The variables are: a — autonomous spending,

p — the general price level, r — the real interest rate, and y — the level of real output.

Before discussing each equation in turn, I discuss the continuous-time
specification. Discrete-time specifications are more common, but following this practice
can involve model properties being dramatically dependent on small changes in
assumptions concerning information availability. For example, consider the original
“policy relevance” paper by Sargent and Wallace (1976). The central conclusion in this
study does not emerge if it is assumed that the information available to agents when
deciding how much to spend is the same as what is now usually assumed (that is, when
the assumption involved in McCallum and Nelson (1999a) is invoked). Also, if the
McCallum and Nelson analysis (p. 309) is reworked with the information-availability
assumption used by Sargent and Wallace, the entire undetermined coefficients solution
procedure breaks down (with restrictions on structural, not reduced form, coefficients
being called for).** A continuous-time specification precludes such unappealing problems

from developing.

33 See, Lam and Scarth (2002).
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Equation (1) 1s the "new™ IS relationship which states that the rate of change of
real output depends positively on the real interest rate and on the rate of change of
autonomous spending. The motivation for such a relationship can be appreciated by
referring to a dynamic general equilibrium macro model with optimizing economic
agents. I start with a log-linear approximation of the economy’s resource constraint:
y=ac+ fa, where "¢’ is the log of consumption expenditure. ‘¢’ is the log of the
autonomous spending. The parameters "« ' and 7 are the steady-state ratios of
household spending and autonomous spending to total real output respectively. The
Ramsey model is used to model forward-looking domestic households. 1f the
instantaneous utility function involves separable terms. log consumption and the square
of labour supply, the first-order conditions are ¢ =r-7. and (ignoring constants)
n=w-—p—c ‘n and ‘w’ denote the log of employment and the nominal wage. Equation
(1) tollows by taking the time denvative of the resource constraint and substituting in the
Euler equation for consumption. (See appendix II for details). The labour supply function
is used below. For detailed derivation and discussion. see Clarida, Gali and Gertler
(1999), McCallum and Nelson (1999), Kerr and King {1996) and Walsh (2003a). Almost
all the models being referred to are set in discrete- time with rational expectations. 1 use
a continuous-time deterministic setting so that rational expectations and perfect foresight
mean the same thing. The focus of this chapter is to exploit this tractable model of
aggregate demand with a variety of aggregate supply specifications to analyze various

monetary policies in the presence ot the cost channel of monetary policy.
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Equation (2) 1s the “new” Phillips curve that relates the rate of change ot inflation
to the output gap. autonomous-spending gap and the real rate of interest gap. This
relationship essentially captures the supply side of the economy and can be denved by
mcorporating nominal price rigidities using Calvo’s (1983) model of sluggish price
adjustment and imperfect competition a la Dixit and Stiglitz (1977) in a dynamic general
equilibrium macro model. Only proportion (1 —-7) of firms can change prices at each
point in time. Firms minimize the undiscounted present value of the squared deviations
between the log of marginal cost (mc) and price (p). Many authors have shown that
optimal bebaviour at the individual firm level leads to p = -[(1—-17)" /z](mc — p) at the
aggregate level. To represent this price-adjustment process in a format that resembles the
traditional Phillips curve. I follow King (2000) and replace real marginal cost with the
output gap (and any other term that emerges as relevant given that I have autonomous
spending and supply-side effects of interest rate in the model). In order to incorporate the
cost channel I assume that firms borrow from banks to pay for the wage-bill before the
production process begins. Thus. there is a production lag involved here and the relevant
‘cost of borrowing’ 1s represented by the real interest rate . This assumption allows me
to explicitly analyze the supply-side effects (the cost channel) of monetary policy. The
cost channel makes firms” marginal costs depend directly on the rate of interest. I assume
a standard Cobb-Douglas production function of the form ¥ = N“. Thus. m log terms.

v = 6n and the marginal product of labour. MPL, equals £1/N. Now. the marginal cost is
defined as MC =W (1+r) MPL : we can (ignoring constanis) approximate the log of real

marginal cost by mc~ p =w~p-r—1+n Equation (2) 1s then derived in three more
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steps. Use the labour supply function, the production function and the resource constraint
to eliminate (w — p), n and ¢ by substitution; define units so that, in full equilibrium, all
prices are unity (so that mc — p =0); and substitute out the deviation of real marginal
cost from its full-equilibrium value (see appendix I for details). The coefficients in (2)
have the following interpretations: 1= (1-17)*((2/8)+(/a)-1)/7, w=(1-1)B/ar,
and y=(1-7)’/r Thus parameters ‘A’, ‘y’and ‘y’ are functions of “deep”
parameters like the fraction of firms adjusting their prices, labour’s exponent in the
production function and ‘e’ and ‘ #’. The parameter ‘k ’ is introduced to capture the

cost channel of monetary transmission. By setting ¥ = 0, I can close this channel.

Equation (3) defines monetary policy and encompasses both price-level targeting,
4 =0 and nominal income targeting, x = 1. Equation (4) depicts the anticipated ongoing
cycles in exogenous spending defined by the sine curve. Since the focus of the paper is
on the role of the cost channel in affecting the volatility of output under alternative
monetary policy regimes, the simplest way to introduce fluctuations in output is to

assume that these are caused by exogenous variations in the autonomous spending.

Before analysing the model and discussing the results I briefly talk about the
parameter values that are used in calibrating the model(s) below. Consumption is 80% of
the total output, that is, a =0.8. This implies that#=0.2. The other summary
coefficients for the baseline Phillips curve relationship can be calculated by referring to

the corresponding values of the ‘deep’ parameters. For example, if labour’s exponent in
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the Cobb-Douglas production function is two-thirds (& = 0.67) and the fraction of firms
that are able to adjust thewr prices once a year is approximately one-fourth (17 =0.27),

then A =0.33. i =0.03and »=0.10 " The parameter J in equation (4) is taken as 1.

3- Analysis

In this section I derive the reduced form for real output to see how the cost
channel affects the amplitude of the cycle n y, and to see the relatve performance of
price-level and nominal mcome targeting in this regard. I explain this derivation in the
baseline case only. The reader can use similar steps to verify the results that I report for

other cases in the following sections.

First. take second time derivative of equation (3) and use the result to eliminate p
m equation 2. Also. use equation (1) to eliminate » - 7 from equation 2. The result is:

— =A== Wy yla—a)—(kyia) v+ (ki a)a (5)

Using the undetermined coetficient solution procedure as described in Chiang
(1984), the solution for output can be written as:

v = v+ Blcost)]+ C(Tsin(s)] (6)

where B and C are arbitrary constants that must be related to the underlving parameters

* In order to ensure thar my results are not dependent on particular values of these parameters. 1
have considered a range of other parameter values as well. For example. 1f we assume that the fraction ot
firms with sticky prices 15 two-thirds 0.67 rather than 0 73 than the values of all summary parameters

change accordimgly In particular. they are: 4 =0.55. 1y =0.05and ¥ = 0.18  However, the results
are not senstirve to these alternative values for various parameters
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of the model. To solve for B and C. first take the time derivatives of (6),
v =-Bsin(r)+ Ccos(t)and ¥ = —Bcos(r) - Csin(r) along with the time derivative of (4).
=0 cos(r) and then substitute these results and equation (4) and (6) in equation (5).

The resulting coefficient-identifving restrictions are:

g -0 (7)
alA+ u)
oA )+ Polry)” (8)

(Ky) +a (A+u)

The amplitude of the cycles in real output that correspond to the ongoing cycles in
autonomous spending can be examined by substituting the calibrated expressions for B

and C n equation (6)

Note that if " = 0. that is. if the cost channel 1s not operating, B = (0. Thus, only
the reduced-form parameter C represents the amplitude of the cycle in real output. It is
straightforward to verify that the amplitude of the cycle in real output decreases as u

increases, that 1s, changes from zero to one. This 1s the first main result of this chapter.

Result 1: In a baseline 'new Keynesian’ model. nominal income targeting performs

better as compared to price-level targeting in terms of reducing the volatihty of real

output in the face of demand shocks.
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To investigate the role of the cost channel. [ set x = 1. The results are reported 1n

table 1.

Table 1: Output Effects --- Baseline ‘new Keynesian’ Model

Amplitude of ongoing cycle in real output

Cost channel closed (4 =0) | Cost channel operating (x =1}

Price-level 1argeting

(u=0) 0.061 0.123

Nominal Income

targeting (p=1) 0.016 0.036

Looking at table 1, it is clear that the volatility of real output goes up in the
presence of cost channel irrespective of the monetary policy regime. This result 1s
consistent with the claims of many empirical papers like Barth and Ramey (2001) that
there are important supply side effects of monetary policy. Moreover. nominal income

targeting performs better than price-level targeting with or without the cost channel.

Result 2: In a baseline ‘new Keynesian™ model with the cost channel the volatility of

real output is larger than in a baseline ‘new Keynesian™ model without the cost channel.
However, nominal income targeting still performs better in terms of reducing the

volatility of real output.
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The intuition for this is simple. In response to an autonomous ongoing demand
cycle, the central bank adjusts the nominal nterest rate to manipulate the aggregate
demand (and thus the aggregate price level) in order to keep resulting output volatility at
a minimum. In the presence of the cost channel, however, adjustments in the real interest
rate directly affect the aggregate supply side of the model as well: thereby increasing
output volatility. As a result, with price-level targeting, the central bank would have to
manipulate the aggregate demand by a large magnitude that would ensure the
achievement of the original level of prices at the cost of an increased volatility in output.
On the other hand. with nominal income targeting 1t would adjust aggregate demand just
enough to reach a targeted level of nommal income with slightly higher level of prices
but a lower volatility in output. Since the metric used to evaluate the performance of a
largeting regime is the minimization of real output volatility, nominal income targeting is

preferred to price-level targeting.

4- Extension I: Alternative Specifications of the Phillips Curve

It has been pomted out by many researchers that ‘the new Keynesian Phillips
curve’ based on Calvo’s (1983) sticky price model generates inertia m the price level and
not the inflation rate and that this is inconsistent with stylized facts on inflation dynamics.
The empirical evidence (for example, Nelson (1998)) indicates that inflation responds
sluggishiy to economic shocks. The “new Keynesian Phillips curve’ implies that inflation
is determined by the current output gap and current expectations of future nflation.

Inflation 1s, therefore, very flexible and responds immediately to monetary policy shocks
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and hence does not accord with stylized facts. In order to capture the inflation persistence
found in the data, it s common 1o augment the basic forward-looking inflation
adjustment equation with the addition of lagged mnflation. Fuhrer and Moore (1995) is
one such example. Mankiw and Reis (2002) suggest an alternative approach. which
departs from the assumption of sticky prices and replaces it with that of sticky
informaticn. According to their model of price adjustment firms gather and process the
information about the state of the economy slowly over time. Unlike the sticky price
model. prices are always changing but firms are slow to update their pricing strategies in
response to new information. Empirical research of Gali and Gertler (1999) and Fuhrer
{1997) have generallv found that when lagged inflation is added to the basic "new
Keynesian Phillips curve’. its coefficient is statistically and economically significant.
Since the debate over the relative benefits of price-level and nominal income targeting
rests critically on the specification of the Phillips curve, it 18 a worthwhile exercise to

redo the analysis with these more general specifications for the Phillips curve.

If the weight on the lagged inflation term 1s assumed to be 0.5, then the Fuhrer
and Moore (1995) type Phillips curve can be wnitten as follows (see appendix I for a
detailed derivation):

p=-2A0r-0)+2wla-a)=2xy(r=F) (2a;
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Table 3: Output Effects --- ‘new’ IS relationship with Mankiw - Reis’

Phillips curve

Amplitude of ongoing cycle in real output

} Cost channel closed (& =0)

Cost channel operating (x =1)

Price-level targeting

(g =0) 0.080 0.352
Nominal Income
targeting (p=1) 0.072 0.081

Once again the volafility of real vutpuf increases under both price-level and

nominal mcome targeting when the cost channel i1s operating. This time the difference

between the performance of nominal income targeting regime and price-level targeting

regime is more pronounced when the cost channel is operating; nominal income targeting

performs far better in keeping the volatility of output low. Comparing the results of table

2 and 3. a point can be made (with some caution) that it 1s the structure of the model

regarding how the backward looking behaviour is mtroduced that is important and not

just the backward looking behaviour itself.
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5- Extension II: Alternative Specification of the IS Relationship

In all the three models discussed above, I have studied various specifications for
the Phiilips curve relationship combined with the “standard” Ramsey type specification of
the aggregate demand relationship or the IS curve. In this section | consider the change in
the specification of the aggregate demand relationship and then combine 1t with the three
different specitications of the Phillips curve. This exercise 1s useful in shedding more
light on the robustness of the results derived above. In particular. I introduce a lag output
term in the IS function. The motivation for doing this modification is taken from the

works of Fuhrer (2000) and Amato and Laubach (2003).

Fuhrer (2000) and Amato and Laubach (2003) have pomted out that the standard
Ramsey type Euler Equation for consumption (which gives rise to an IS-type
relationship) fails to capture the dynamics of the aggregate output. Fuhrer (2000) allow
for habit formation m preferences while maintaining the assumption of optimal
consumption choice on the part of consumers. Amate and Laubach (2003), on the other
hand, introduce the ‘rule of thumb’ behaviour on the part of a fraction of the household:
the remaining fraction of the household is able to optimize their consumption in a usual
fashion. Therr modification to the standard consumer problem is justified on the grounds
that it is costly to reoptimize every period. Both these modifications, introducing habit
persistence and incorporating ‘rule of thumb behaviour’. leads to a lagged output gap
term with some positive weight in the IS equation. Thus, it can be considered as the

*hybrid” version used by Ball (1999a) and McCallum (1997).
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If the weight on the lagged output term is taken as 0.3, then the ‘hybrid" IS
relationship can be written in continuous time as (see appendix 1I for a detailed
dertvation):

V=2a(r—r)+ 2 (1a)

The quantitative results for the calibrated version of the models that combine this
hybrid IS relationship with the three specifications of the Phillips curve discussed above

are reported in table 4, 5 and 6.

Table 4: Output Effects --- ‘hybrid’ IS with ‘new Keynesian’ Phillips

curve

Amplitude of ongoing cycle in real output

Cost channel closed (x =0) | Cost channel operating (x = 1)

Price-level targeting

(1=0) 0.061 0.226

Nominal Income

targeting (u=1) 0.015 0.039
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Table 5: Output Effects --- ‘hybrid’ IS with Fuhrer-Moore’s Phillips

curve

Amplitude of ongoing cycle in real output

Cost channel closed (& = 0)

Cost channel operating (x =1

Price-level targeting

(x=0) mfinity mnfinity
Nominal Income i
targeting (4 =1) E 0.62 0.606

Table 6: Output Effects --- ‘hybrid’ IS with Mankiw and Reis’ Phillips

curve

Amplitude of ongoing cycle in real output

Cost channel closed (1 =0)

Cost channe] operating (x =1)

Price-level targeting

(p=0) 0.080 0.111
Nominal Income
targeting (u=1) 0.070 0.101
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A stark difference between the results reported in table 2 and table 5 is that now
the volatility of output is infinite under price level targeting and much higher under
nominal income targeting in the presence of the cost channel. Moreover, the performance
of nominal income targeting regime is not much different with or without the cost
channel. Thus, the imtial results do not hold completely when an alternative specitfication
of the IS relationship is considered. This contradicts the claim made by McCallum (1997.
Page 1) that it is only the specification of the Phillips curve that is important.
~..replacement of the Ball-Svensson Phillips curve with the mentioned alternative (new
Keynesian Phillips curve) results in a model in which both output and inflation are
dvnamically stuble under nominal income targeting whether or not the IS relationship is
re-specified”. This point is strengthened even more when results of table 6 are compared
with the results of table 3. the amplitude of output is quite different under price-level

targeting in the presence of the cost channel.

6- Extension I1I: A More General Monetary Policy Rule

So far the analysis implicitly assumed that in response to the ongoing cycles in
autonomous spending the central bank adjusted its policy instrument in an infinitely
aggressive fashion. Depending on the value of parameter * 2 *. the central bank used its
one degree of freedom to focus entirely on achieving either the price-level target or the
nominal income target. This behaviour could lead to excessive volatility in the policy
instrument. Thus, while this scenario was treated as a baseline case, this section provides

a more general specification of the monetary policy rule that incorporates the aggressive
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response only as a special case. In particular, 1 replace equation (3) of the baseline case
with the following monetary policy reaction function

i=1+Q(p+ v -0) (3a)

According to this rule, the central bank adjusts the nominal interest rate above its
steady-state value whenever etther the price level is above its target (assumed to be zero.
with 2 =0), or the nominal income is above 1ts target (also assumed to be zero. with
1 =1). Thus, as before, price-level targeting is involved when g =0 and nominal
income targeting 1s considered when = 1. However, now I can consider various degrees
of ‘leaning against the wind" m both cases. For example, Q =1 depicts the case when the
central bank is conducting monetary policy m a “modest” manner. On the other hand, Q

approaching infinity would give me the baseline case when central bank responds in an

‘aggressive’ manner.

Here, 1 explain the solution procedure only in the baseline ‘new Keynesian®
mode! with the general monetary policy rule. For other cases. only the quantitative results

for the calibrated version of the model with € =1 are reported in table 7 and 8.

First, | substitute equation (3a) and the relationship » =i -~ p 1n cquation (1) to

get:

V=aQp +oyn —ap + fu (9)
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Also. 1 substuitute equation (3a) and r =i- p in equation (2) and eliminate p using
equation (9) to yield:

p=—Alv—vV)+ywla -a)—{xy/a)v+{xylia)i (1o

Now, by taking the appropriate number of time derivatives of equation (9) and

using equation (10) to eliminate p ., I get the following third order difterential equation:
Vo= =AY - V) ayAda - a)V+ (ad — K 0 v oL + Ky Y + (kyK) - ayr)a

- Ky + i (11)

As before the solution for output 1s given by equaiion (6). To solve for B and C, [
first take the time derivatives of (6). v = --Bsin(¢) -+ Ccos(fyand ¥ =—Bcos(r)— Csin(1)
and ¥ = Bsin(f) - Ccos(r)along with the time denvatives of (4), @ =o0cos(t).
a =—osin{t) and & = -0 cos(f) and then substitute these results and equation (4) and (6)

in equation (11). The resulting coefficient-identifying restrictions are:

) v/ A,
B:?’(alf@+"7ﬂ)_,_-_c (12)
A A,
(“:<‘7A1(ﬁ+a,l//_’iym) '*(i’iﬁM (13)
AT+ 45 47+ A3

where, 4, =1+ ald—-xyQ and 4, = AUA+ u) + Ky

A significantly different result emerges when the central bank conducts monetary

policy in a modest fashion (see table 7 and 8). The cost channel turns out 1o be
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msignificant in affecting the behaviour of output in all the six models. However, nominal
income targeting still performs relatively befter in companson with the price-level

targeting case. The only exception is model # 2 but the difference is negligible.

Table 7: Output Effects with a General Monetary Policy Rule --- ‘new

Keynesian’ IS relationship with the Three Specifications of the Phillips

curve
Amplitude of ongoing cycle in real output
Cost channel closed (a=0) |Cost channel operating (x = 1)

Model # 1

Price-level targeting 0190 0.195
Nominal Income targeting 0.152 0.140
Model # 2

Price-level targeting 0.084 0.068
Nominal Income targeting 0.095 0.079
Model # 3

Price-level targeting 0.192 0.197
Nominal Income targeting 0.167 0.172

Note to Table 7: Mode! 1 combines the baseline ‘new Kevnesian™ IS relationship with the baseline "new
Keynesian™ Phillips curve while model 2 and 3 combine the base line IS relationship with Fuhrer and

Moore (1995) Phillips curve and Mankiw and Reis (2002) Phillips curve respectively
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Table 8: Output Effects with a General Monetary Policy Rule ---

‘hybrid’ IS relationship with the Three Specifications of the Phillips

curve
Amplitude of ongoing cvcle in real output
Cost channel closed (x = 0)] Cost channel operating (x" =1)

Model # 4

Price-level targeting 0.251 0.240
Nominal Income targeting 0.085 0.077
Model # 5

Price-level targeting 0.241 0.247
Nominal Income targeting 0.195 0.175
Model # 6

Price-level targeting 0.341 0.352
Nominal Income targeting 0.186 0.195

Note to Table 8: Model 4 combines the hybrid IS relationship with the baseline ‘new Keynesian™ Phillips
curve while model 5 and 6 combine the hybrid IS relationship with Fuhrer and Moore (1995) Phillips curve

and Mankiw and Reis (2002) Phillips curve respectively.




PhD Thesis — Hamza Ali Malik. Department of Economics, McMaster University

7- Concluding Remarks

The chapter studied the main developments in the macroeconomic theory
regarding the specifications for the aggregate demand and aggregate supply side of the
model in the context of alternative rule-based monetary policy regimes such as price-
level targeting and nominal income targeting. In addition, it also incorporated the cost
channel of monetary policy transmission to various models of the economy. Thus. the
chapter assessed the robustness of policy recommendations for a closed economy by
comparing results in a series of macroeconomic models. The results indicate that
analvsing both the traditional and the cost channel of monetary policy in one unified
framework has been worthwhile. They confirm the results of earlier theoretical and
empirical research on the potency of supply side effects of monetary policy (the cost
channel) in effecting the real economy. Moreover. the chapter also finds strong support
for a case in favour of nominal income targeting when compared with price-level
targeting as it keeps the volatility of real output low. There is a growing literature that
studies and compares the performance of these targeting regimes and a consensus has not
been reached vet. Thus. the results of this chapter can be considered as an addition to tlhis
debate. An important point in this regard 1s that the specitication of both the demand side
and the supply side of the model are crucial while analysing various monetary policy

targeting regimes.

However. 1 agree with McCallum when he concluded while comparing the

performance of inflation targeting and nominal income targeting, “7This demonstration
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does not establish that nominal income targeting is preferable to inflation targeting or to
other rules for monetary policy. To reach such a conclusion would require an extensive
combination of theoretical and empirical analyses, conducted in a manner that gives due
emphasis to the principle of robustness to model specification, plus attention to concerns
involving policy transparency and communication with the public”. (McCallum (1997,
page 9). The point of this chapter was not to attempt any such ambitious undertaking.

However, the results can be considered as a small step in that direction.
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Appendix 1

The purpose of this appendix is to help the reader understand the derivations

mvolved in specifymg the various Phillips curve relationships in continuous-time.

A- Derivation of the Baseline ‘new Keyvnesian’ Continuous-time Phillips

Curve with the Cost Channel

As derived in chapter 2. the baseline ‘new Keynesian® discrete-time Phillips curve

can be written as:
{ )

+| e |mc (AI-1)
\

Note that [ have set the discount factor S equal to 1 for simplicity. (1 —r) represent the
proportion of firms that can change prices at each point 1n time and mc, 1s the real

marginal cost.

Given the labour supply tunction --- w — p, =n, + .. the production function ---
v, =6h . the real marginal cost --- mc =w —p +r —yv +n and the economy’s
resource constraint --- v = -+ fa, . 1 can write the Phillips curve (equation (Al-1) as
(see chapter 3, page 112-113 for details):

mo=Ex  + Ay - ;) - y(a, ~ ;) + K - ;) (AI-2)
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where parameters A,y and yp are function of deep parameters and are defined in the

chapter. The parameter & is mtroduced to capture the cost channel of monetary policy

transmission. By setting » = 0, I can close this channel.

To express equation (Al-2) in continuous-time. define E,7,,, -~ 7, = and drop

141
the time-subscript t.

= 7 ==Ay “;)+l//((l ~a)y=ry(r—r)

Since &, = p, - p,_,. candefine 7 = p.

e p=-Ay- }_') +y(a- a)- Ky(r - ;) (Al-3)

Equation (Al-3) is equation (2) of the chapter

B- Derivation of the Fuhrer-Moore’s Continuous-time Phillips Curve

with the Cost Channel

In the baseline ‘new Keynesian' Phillips curve inflation is entirely forward-
looking. while 1n the traditional literature it 1s entirely backward-looking. The idea behind
a hybrid theory ot a Phillips curve, such as Fuhrer-Moore’s Phillips curve, is that
inflation is a weighted average of both forward-looking and backward-looking behaviour.
Using equation (Al-2). a simple discrete-time hybrid version of the Phillips curve with

the cost channel can be written as:

T, =L x, (-0, + Ay, - V)= yply, —a)+ KT ~7) (Al-4)
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where. @ 1s the weight assigned to the forward-looking component of inflation. For

simplicity, 1 set @ =0.5.

Subtracting 7, from both sides. equation (Al-4) can be written after some re-arranging
as:

OSMEr ,—7m)-05n —7_)=-Ay, ~_1—') +yu, ~ c—z) —&xy(r, — r)
Define, Ex,,, — 7, =k

and 7. — 7, =k,

i+1
= 0.5k, —k)=-A(y, f;‘) + AE)—I\‘}/(); -5)

or  (k,, —k)==2A0v, =)+ 2pla, —a) = 2675, - 1) (AI-5)

To express equation (Al-5) in continuous-time, define k,, —k =4 and drop the

time-subscript t.

k= ~2A(v - ;) + 2yr{a — a)— 2rv(r—r1)

Since k, =7, —n,_,.candefine k =7 . Also. 7, = p, — p,_,.candefine 7 = p.

= P= =200 = )+ 2 — a) = 2xv(r = 1) (AL-6)

Equation (Al-6) 1s equation (2a) of the chapter.
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C- Derivation of the Mankiw-Reis’s Continuous-time Phillips Curve
with the Cost Channel

Mankiw and Reis (2002) suggested an alternative model of price dynamics in
which every tirm sets its price every period, but firms gather information and recompute
optimal prices slowly over time. In each period, a fraction "1 —r " of firms obtain new
information about the state of the economy and computes a new path of optimal prices.
The remaining fraction "7’ continue to set prices based on outdated information.
Following Mankiw and Reis (2002). | assume that a firms that last updated its price k
periods ago sets the price

p, =k, (me +p,) (Al-7)

where, me, + p, 1s the minimized nominal marginal cost.

The aggregate price-level is the weighted average of the prices of all firms n the

economy:

p, =(l —r)Zr'“p,‘ (AI-8)

A=0

Combining equation (AI-7) and ( Al-8) yield the following equation for the price level:

po= (=0 E, (me, + ) (A1-9)

=0
Writing out the terms in equation (AI-9), I get:

p, ={l- r)[E[(mc, +pY+TE, (me, +pyt T E (e, +p)+ ]

or p, =t =r)mec, +p,)y+(1- Z’)[TEI_l(I’IIC[ +p i+ rzE,Az(mc, +p )+ ]
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or p, = =1)me, +p)+(1- r)z ME L me, +p) {Al-10)

A=t

Using equation (AI-9), the previous period’s price level can be written as:

Py == T)Z rE e p)

A=0

(Al-11)

Subtracting equation (Al-11) from equation (AI-10) and rearranging yields the following

equation for the inflation rate:

m,=(-1)me, +p,)y+(1- r)z ™ E_,, {(mc, - me,,) +77,}

h=0

—{1- r)JZrAEq,A(mC, +p.) (AI-12)

A=)

Re-writing equation {(Al-10). it can be shown that:

. e -
(- ”Z ' E . (me, +p)= p, (I -1)me, + p,)

(Al-13)
k=t 14
Use equation (Al-13) to eliminate the last term in equation (Al-12) to get:
7, =(-0)me, +p)+(1- r)z ' E, me —me, )+,
A=t)
- r){ p,—(l=r)¥mc,+p,) t‘
\ r /
or 7T, = t T Jmcl +(1 - r)z A (me, - me_ )+ (Al-14)
N k=0

But, mc =w,-p +r -y +n  which after using the labour supply function

w. —p, =n +c¢,. production function v, =6h,. and economy’s resource constraint

v, = ac, + fu can be written as (see chapter 2, page 112-113 for more details):
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L. N
He, ]\ =" /’(,1‘ v) k

((l;‘-(_l)*fﬁ;(r[—;) (AI-15)

R >

Use equation (AI-15) and its lagged version to substitute out real marginal cost terms
from equation (Al-14):

7, =20, = v)—w'la, —ay+ ' (r—r)

l

+ (11— r)z TE - v ) = ua, - a) R - v )+ ﬁ,} (Al-16)

&=
where,

' 2 .
77’:(A]_+'--”]]qL)':ﬁws}/’:i_—>£ ./i':}/?],l//':}/iu
L\a o LT

Equation (AI-16) is the sticky-information Phillips curve with the cost channel.

To express equation (Al-16) in continuous-time, define 7=p. v, —v,_ =717,

a,—a,, =a and r, —r_, =r" . Also. drop the time-subscript t.

= p=Ay=yv)—yu=-ay+kvir=r+p = m —1d" + K (Al-17)
pr=elp=p")
=g - i)

a =@¢la-a)

P = gl )

The system of equations defined by (Al-17) 1s equation (2b) of the chapter.
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Appendix 11

This appendix explains the derivation of the two IS-type relationships in

continuous-time used in the chapter.

A- Derivation of the Baseline ‘new Keynesian’® Continuous-time IS
Relationship

Assuming that the elasticity of intertemporal substitution * ¢ is equal to one. the
discrete-time Euler equation for consumption can be written as:

. =Ec,  —(r—r) (AII-1)
Using the economy’s resource constramt. v, =a¢ + fu., and writing equation (AIl-1)
one period torward. I get:

v, =Ex., ol -1 - pBEa, ~a) (A11-2)
Define, £ v, —v, =3V and E ¢, —a, = da. Also. drop the time subscript t.
=  y=alr-r)* R (AIl-3)

Equation (AIl-3} is equation (1) of the chapter.

B- Derivation of the Hybrid Continuous-time IS Relationship

Just as m the case of Fuhrer-Moore's Phillips curve. the idea behind a hybrid

theory of an IS relationship 1s that consumption (and accordingly output) 1s a weighted
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average of both forward-looking and backward-looking behaviour. Using equation (AIl-

2). a simple discrete-time hybrid version of an IS relationship can be written as:
v, =k vy,  +(1-oy,_, —alr —r)— B(E.a, —a,) (AIl-4)

where, @ 1s the weight assigned to the forward-looking component of output. For

simplicity, I set @ =0.5.

Subtracting v, from both sides, equation (All-4) can be written after some re-arranging

as:
05(E v, —»,)=05, -y, )=al - r)+ B(Ea., —a)
Define. Ev,,, -y, =m, and v — v ,=m
= 0.5(m, , —m)=alr, - F)+ PEa,, —a)
or (m.,, —m) =2y, -r)+2(Ea, ~a,) (AII-5)

To express equation (AI-5) in continuous-time, define m,_, —m =m,
E.a ., —a, =a and drop the time-subscript t.
mo=2alr—r) + 2 fa
Since m, =y, —v,_,, candefine m = v
= V=2a(r—r)+ 2 M (AII-6)

Equation (All-6) is equation (la) of the chapter.
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Chapter 4

Is Price Flexibility De-Stabilizing? A Reconsideration

1- Introduction

At least since Keynes (1936). macroeconomists have recognized that a one-time
reduction in the price /evel involves higher aggregate demand, while an ongoing expected
rate of detlation involves lower aggregate demand. Stressing the second of these two
propositions, Keynes argued that an increased degree of price flexibility leads to
increased output volatility. Perhaps one of the reasons that he favoured the Bretton
Woods arrangements was that he expected (1936, p. 276) the destabilizing feature of

increased price flexibility to be more powerful under flexible exchange rates.

Formal evaluation of Keynes® concern did not take place until 50 years after he
wrote on the subject. Howitt (1986). Chadha (1988) and Fleming (1987) offered
analytical explorations ot this 1ssue, based on the first generation of rational expectations
models (that involved descriptive structural equations). Delong and Summers (1986).
Driskill and Sheffrin (1986). King (1988) and Mvers and Scarth (1990) used numerical
versions of similar models to evaluate Keynes' concern. Mixed conclusions emerged. For
example, using a closed-economy analysis, Delong and Summers (1986, p. 1031)
concluded that “simulations based on realistic parameter values suggest that increases in

price flexibility might well increase the cyclical vanability of output in the United

140



PhD Thesis — Hamza Ali Malik. Department of Economics. McMaster University

States.” In contrast. in a small open-economy setting, Myers and Scarth reported only
very limited support for the proposition that an increased degree of price flexibility leads
to increased output volatility. Further. they found more support for Keynes™ concern if

the exchange rate 1s fixed — a result that is opposite to what Keynes expected.

Since this spate of interest in evaluating the output volatility effects of changes in
the degree of price flexibility, there has been a fundamental change in the focus of policy-
oriented macro theory. The “new neoclassical synthesis™ has emerged as the standard
framework, because this compact structure combines a number of very desirable
features’". The purpose of this chapter is to re-examine the question of de-stabilizing

price flexibility in the context of this new neoclassical framework

We find it surprising that this reconsideration has yet to be explored. For one
thing, this question 1s a central onc, and with a change in the core framework of
mainstream macroeconomics, one would expect a sensitivity check on all previously
derived aspects of conventional wisdom. But the lack of this checking 1s particularly
surprising given that, recently, policy makers have taken positions on this very question.
For example, central bankers have noted that average contract length has varied rather
dramatically over the last 30 years -- falling as the core inflation rate rose. and rising
again as the underlying inflation rate came back close to zero. It appears to be presumed

that longer contract length (a lower degree of price flexibility) is one of benefits of low

** See chapter 1 for a detailed discussion
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equilibrium inflation. That 1s. it appears that central bankers agree with Keynes on this
question. On the other hand, when answering the concern that their adoption of a
common currency may involve a loss on macroeconomic built-in stability grounds, policy
makers in Europe argue that this very fact may induce agents to embrace structural
reforms in a more thorough-going fashion. One dimension of more flexible labour
markets may be an increased degree of wage flexibility. *® If so. these analysts appear to
be arguing that such increased flexibility, if it were to develop, would help stabilize real
output. In other words, they disagree with Keynes on this question. It seems that a
reconsideration of this question — within the now-accepted framework for policy analysis

- 1s of relevance for both these debates.

The remainder of the chapter is organized as tollows. In the next section, a small
open economy version of the new neoclassical synthesis model is outhined. We assume
that the main reason for business cycles in this model is that there is an ongoing c¢vcle n
export demand from the rest of the world. In section 3. the implications of this ongoing
variation in demand for real output volatility is derived, and the effect of a change 1n
average contract length on the amplitude of this real output cycle is calculated. Section 4
provides a sensitivity test on the baseline model by developing a “hybnd’ version of the

model. Finally, concluding remarks are offered in section 5.

30

I am not arguing that the common currency was adopted with a view to increasing the appeal of
(or pressure for) more flexible wages. What I mean 15 that given the common currency has now been
embraced. it makes sense to argue in favour of more flexible wages.
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2- A Continuous-time Open-Economy ‘new Keynesian’ Model

The model is defined by equations (1) through (5). These equations define
(respectively) the “new” IS relationship (aggregate demand). the ‘new™ Phillips curve
(aggregate supply). interest parity, monetary policy (assuming flexible exchange rates).
and the exogenous cycle in autonomous export demand. The definition of variables. and a

more detailed description of the structure are given following the equations:

V=alr-F)+QUf +¢-p)+ [ (1)
== =04 p((f = [y =) - (p = PN+ pla~a) (2)
p=F4fré-p (3)
p+ 