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Executive summary

The recent experience of the Financial Crisis has highlighted the potential drawbacks
of a policy targeting the changes and not the level of the prices. When the zero lower
bound on the nominal interest rate binds, the inflation target presents a lower constraint
on the real interest rate because inflation expectations are anchored at the target. Fol-
lowing the crisis, a number of major central banks have been forced to keep the policy
rate close to zero and in the mean time use unconventional tools to keep monetary policy
effective. Price level targeting, however, presents the optimal way of anchoring expecta-
tions by increasing inflation expectations in a deflationary environment and vice versa.
This improves monetary policy in general and in a zero interest rate environment, which
keeps the conventional interest rate operating procedure effective. This thesis attempts to
study, how the central bank can optimally utilise the expectational channel, when setting
monetary policy, by announcing a price level target. The investigation will take on both
a theoretical and an empirical stand point. The theoretical part of the thesis revisits
the arguments for and against adopting price level targeting. The empirical part of the
thesis attempts to evaluate the optimality of monetary policy by inspecting the statistical

properties of the price level.

The first part of the thesis introduces a New Keynesian model with forward-looking
rational economic agents. Because it is assumed to be costly for firms to change prices,
and because households are assumed to smooth consumption, the current state of the
economy in the model depends on expectations about the future. Due to the existence of
this property in the model, the central bank can affect the current state of the economy
by influencing the private sector’s expectations about the future. Because society is
concerned with deviations in inflation and the output gap, and because this thesis looks
at monetary policy, when the central bank is concerned about deviations in the price level,
the assumptions, necessary for a central bank to have different preferences for monetary

policy than society, are also discussed.

Second, the thesis shows that the optimal commitment solution to monetary policy, when
expectations are forward-looking, is history dependent and involves a stationary price
level. The optimal commitment solution improves monetary policy compared to the
solution under discretion by optimally utilising the forward-looking expectations. The
impulse response to a temporary cost-push shock is used to illustrate the difference. A
central bank acting under discretion makes the entire adjustment immediately, while a
central bank making the optimal commitment promises to deflate the economy. Hence,
the optimal commitment policy does not allow shocks to the price level to persist and
bygones are therefore not bygones. Consequently, the improvement is a result of the
private sector taking this reaction into account when forming expectations which in turn

reduces the effect of the shock on the current variables. Thus, a central bank making the



optimal commitment is letting the market do some of the stabilisation. However, because
commitment remains an obstacle for the central bank, a number of alternative policies,
which implement a history dependent policy without the central bank having to commit,
are briefly reviewed. These include a policy which targets nominal income growth and a

policy that targets the change in the output gap.

The third part focuses on a third alternative policy, which targets the price level. This
policy is particularly interesting because it replicates both the salient feature of history
dependence and includes a stationary price level, which are the main characteristics of
the optimal commitment solution. In fact, it is shown that when there is no persistence
in cost-push shocks, then it is possible to perfectly replicate the optimal commitment
solution by assigning a price level target to the central bank. It is then further shown,
how price level targeting presents a way of keeping the conventional interest rate operating
procedure effective, when the zero lower bound binds. When the price level undershoots
the target, the private sector expects inflation in the future which lowers the real interest
rate and adds stimulus to the economy. However, if an escape clause, which allows the
central bank to ignore certain shocks to the price level and adopt the response under
inflation targeting, is added to the policy, then the stabilising effect through expectations
is limited. Finally, the implications, when the price level targeting policy lacks credibility,
are investigated. It turns out, that even though it may involve some transitional costs
adopting a price level target because the private sector first has to learn about the policy,

it is still optimal in the long-run to implement the policy.

The fourth and final part of the thesis conducts an empirical investigation of the optimality
of price level targeting based on the theoretical results. The conventional way of evaluating
monetary policy is by inspecting the objective for monetary policy announced by the
central bank. However, this thesis uses a different approach. Because optimal monetary
policy involves a stationary price level, the optimality of monetary policy is evaluated by
inspecting the statistical properties of the price level in ten major countries. It turns out
that the central bank in seven out of the ten countries has set a stationary price level.
These include the central banks in Australia, Canada, Japan, New Zealand, Norway,
Switzerland and US. In contrast, a review of the ten central bank objectives reveals that
none of them have announced an objective which, formally, is equivalent with such policy.
The central banks in Euro Area, Sweden and UK have not set a stationary price level.
The latter three central banks may therefore improve on monetary policy by adopting
price level targeting, while the recommendation to the former seven depends on how

expectations are formed.

In summary, the overall conclusion of this thesis is that price level targeting presents
a way to implement the optimal commitment solution to monetary policy, when the

central bank is forced to act under discretion and thus a way to improve monetary policy



compared to discretionary inflation targeting. Furthermore, price level targeting has
additional leverage over inflation targeting when the zero lower bound binds. However,
if the central bank is allowed to adopt the response under inflation targeting and ignore
certain shocks to the price level, then the benefits of price level targeting is limited. It
is therefore important that the central bank only “targets what it can hit”. Additionally,
price level targeting remains beneficial in the long-run even though it may involve short-
run costs as the private sector learns about the policy. Empirically, the central banks in
Australia, Canada, Japan, New Zealand, Norway, Switzerland and US are found to have
set a stationary price level and thus a policy which resembles the optimal commitment.
The central banks in Euro Area, Sweden and UK are, however, not found to have set a
stationary price level. The latter three central banks may therefore improve on monetary

policy by adopting price level targeting.
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“Instead, in a decade or so, when central banks (hopefully) master maintaining low an
stable inflation, the time may be ripe for seriously considering price level stability as a

goal for monetary policy.”, Svensson (1999a) p. 1

1 Introduction

The emergence of inflation targeting has helped central banks master maintaining a low
and stable level of inflation. There is a general consensus in the literature that current
economic activity depends on expectations about the future. In this context inflation
targeting has become an effective way of anchoring inflation expectations which in turn
has enabled the central bank to better control the real interest rate. However, when
the zero lower bound on the nominal interest rate binds, the inflation target presents a
lower constraint on the real interest rate. The recent experience of the Financial Crisis
highlights the potential drawbacks of this policy. A number of major central banks have
been forced to keep the policy rate close to zero since the crisis broke out and in the
mean time turned to the use of unconventional tools in order to keep monetary policy
effective. Price level targeting, however, presents the optimal way of anchoring inflation
expectations. This can improve monetary policy compared to inflation targeting and
furthermore, keep the conventional interest rate operating procedure effective when the

zero lower bound binds.

Conventionally, price level targeting has been viewed as advantageous over inflation tar-
geting in the long-run as it induces greater price level certainty, but only at the cost of
higher volatility in short-run. However, when economic agents have forward-looking ex-
pectations about the future, a target for the price level presents the optimal way to utilise
these expectations when setting monetary policy. Svensson (1999b) labelled this result a
“free lunch” for monetary policy and Vestin (2006) has proved that price level targeting

constitutes optimal monetary policy.

So far, the “conventional wisdom” seems to have prevailed though. No central bank is
currently operating a price level targeting regime. However, Bank of Canada has since
2006 actively been considering the possibility of adopting a price level target. Hence,
this may be an early indication that central banks are gaining courage to implement the
policy. Should a central decide to adopt a target for the price level, it would only be
the second central bank to ever do so. In Sweden in the 1930s the Riksbank became the
first central bank to adopt price level targeting. However, with the effectiveness of current
monetary policy challenged by the Financial Crisis, the time may be ripe for central banks

to consider price level stability as a goal for monetary policy.

This thesis will investigate the implications of adopting a policy focused on a price level

target. This will be done from a theoretical and an empirical point of view. The main



focus of the theoretical investigation will be on optimal monetary policy in the well-known
New Keynesian model with rational forward-looking private agents. The thesis attempts
to study how the central bank can optimally utilise the expectational channel when set-
ting monetary policy. A large strain of literature has found policies which set a stationary
price level to optimally utilise the private sector’s expectations and furthermore price
level targeting to be one policy which achieves this. This thesis contributes to the exist-
ing literature by revisiting the different arguments for and against adopting price level
targeting. The main focus of the empirical investigation is on the application of the the-
oretical results when evaluating monetary policy. The conventional way of evaluating the
optimality of monetary policy is to analyse the objective for monetary policy announced
by the central bank. This thesis contributes to the existing knowledge on empirical mone-
tary policy by applying a different method of evaluating monetary policy which attempts
to make conclusions about the optimality of monetary policy by inspecting the statistical

properties of the price level.

The remaining thesis is organised as follows: in section 2, a New Keynesian model is
introduced. Because of the great importance of the private sector’s expectations on the
conduct of monetary policy, a particular emphasis is put on discussing the assumptions
implying a forward-looking private sector. Section 3 then shows that the optimal com-
mitment solution to monetary policy is history dependent and includes a stationary price
level. To clarify the characteristics of a history dependent policy, the solution is compared
to a purely forward-looking policy. The central bank is generally not assumed to be able
to commit. The problems with commitment and potential ways of easing commitment are
therefore analysed along with alternative ways of implementing the optimal commitment
solution, when central bank is forced to act under discretion. In section 4, the specific case
of price level targeting is analysed. The section first shows how the optimal commitment
solution can be replicated using price level targeting. The section then looks at some
important issues regarding price level targeting, which include the additional advantages
of price level targeting, when the zero lower bound on the nominal interest rate binds,
the implications of using an escape clause to ignore past shocks and the favourability of
the policy if it lacks perfect credibility. Section 5 applies the theoretical results about
optimal monetary policy in an empirical investigation. Using a broad sample of major
central banks, the section first reviews what objectives for monetary policy the central
banks announce. Then, using the result that optimal monetary policy involves a sta-
tionary price level, the section investigate whether past monetary policy has resembled
the optimal commitment and finally, the implications of the empirical findings for future

monetary policy are discussed. Section 6 concludes.



2 New Keynesian model

The model used throughout the paper to analyse different aspects of monetary policy
belongs to the so-called New Keynesian framework. The variant used here is a small-scale
closed-economy model which builds on the principles of chapter 3 and 6 in Woodford
(2003), chapter 3 and 4 in Gali (2008) and chapter 8 in Walsh (2010). One important
aspect of the model is that it is based on a micro foundation which makes it robust to
the Lucas critique in Lucas (1976). Unless otherwise noted, all variables are expressed in
logarithmic terms. The model describes an economy of optimising agents. The economy
consists of a private sector and a central bank. The following section will qualitatively
motivate the key aggregate relationships of the model. Technical details of the underlying

micro foundation are available in appendix 8.1.

2.1 The private sector

The households in the economy identically supply labor, hold money and consume a basket
of goods based on utility maximisation, while identical firms hire labor and produce dif-
ferentiated goods based on monopolistic competitive profit maximisation. For simplicity,

capital and investments are ignored in the model.

The aggregate supply side of the economy is modelled as an expectations augmented
Phillips curve. The Phillips curve arrives from the assumption of monopolistic competition
in the goods market and an assumption of staggered price setting. This means that a
firm sets an individual price of a differentiated produced good which maximises the firm’s

profit, while realising that the firm is not able to adjust prices freely in the future.

Current inflation is affected through three different channels. First, current inflation
depends on expected future inflation. This part can be contributed to the assumption
of staggered prices. The staggered price setting used to derive the Phillips curve is of
the type introduced in Calvo (1983). In a Calvo model of staggered price setting it is
assumed that in every period a fraction, 1 — w, of firms can adjust their prices, while the
remaining fraction, 0 < w < 1, are forced to remain with their current prices. This form
of price setting can be justified by costly price changes due to, for example, menu costs.
The special case of w = 0 corresponds to a situation of flexible prices. The opportunity
to change price occurs randomly. A firm will, when it is given the opportunity to change

its individual price, set the price according to

B Ry «
min §Et Z B (pi,t—i-j - pt+j)2

§=0

conditional on when the firm expects to change its price again. Hence, the firm will seek
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to minimise any expected future deviations between the actual price, p; ;4 ;, it charges and
the optimal profit maximising price, py, ;, it would charge in the absence of any restrictions
or adjustment costs.! This establishes a connection between current prices and expected

future prices.

Moving on from the Calvo model, the nature of monopolistic competition on the goods
market imply that firms will set p* as a mark-up over real marginal costs. Chapter 8
in Walsh (2010) and appendix 8.1 show that real marginal costs are proportional to the
output gap, z, which then establishes the second channel where current inflation depends
on the output gap. The third channel adds exogenous disturbance to current inflation.
This reflects movements in real marginal costs that are independent of the movements in
real marginal costs captured by the output gap term, while further enabling the possibility

of exogenous persistence in the inflation process.

Staggered price setting, monopolistic competition and exogenous disturbance lead to the

following expression of the New Keynesian Phillips curve used in this model
Ty = ﬁEtﬂ't+1 + KT + Uy (21)

Equation (2.1) shows how current inflation, defined as m; = p; —p;_1, depends on expected
future inflation, E;m, 1, discounted by the factor, 0 < § < 1, the current output gap, z,
and the exogenous disturbance, u;. The output gap is defined as z; = y; — y{ , where yif
is potential output, which is obtained in an economy with flexible wages and prices. The
parameter, x, in front of the output gap depends positively on the fraction of firms able
to adjust prices every period. Hence, when a large fraction of firms is able to adjust prices
every period k is large, which means current prices, to a larger extent, will reflect current
real marginal costs. Consequently, current inflation will be more dependent on the current
output gap. Furthermore, x depends negatively on the discount factor. This is because a
high discount factor means that firms place a higher weight on future profits which then
implies that current real marginal costs have less impact on current price setting. Finally,

the disturbance term follows u; = pu;_1 + e;, where e, is assumed to be a random i.i.d.

2

variable with mean zero and constant variance, o

and p € [0;1]. wu; can be interpreted
as a cost-push shock.? A positive cost-push shock is thus a shock to real marginal costs
which pushes up inflation. p > 0 adds exogenous persistence to the inflationary process.
The nominal rigidities enable an active role for monetary policy in the short run. The

New Keynesian Phillips curve has furthermore found empirical support.?

! As further explained in appendix 8.1 all firms are essentially identical and the subscript, 4, has thus
been left out of the notation.

2Gali (2008), for example, formally shows how the exogenous disturbance term may be interpreted as
the deviation in the efficient level of output from potential output.

3Gali and Gertler (1999) and Gali et al. (2005) show that a hybrid version of equation (2.1), which
allows for a fraction of the firms to exhibit a rule-of-thumb price setting behavior, does well in explaining
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The aggregate demand side of the economy is modelled as an IS type relation. It results
from utility maximising households. In this model household utility is defined over a
composite consumption good, real money balances and leisure. Imposing the closed econ-
omy resource constraint that consumption equals output, the solution to the household
optimisation problem is the consumption Euler equation expressed by the well-known

Keynes-Ramsey rule - see appendix 8.1.

By log-linearising the Euler equation the following aggregate demand relation arrives

1,
T = By — p (it — Eymign) + g (2.2)

which links the current output gap to the expected future output gap, F;z;.1, the current
real interest rate, ¢y — F;m;,1, and the exogenous disturbance, g;. The positive relation-
ship between the current and future output gap can be contributed the preference for
consumption smoothing among households. If the households expect a rise in future
demand, hence, a future rise in consumption, they will raise current consumption and de-
mand because they prefer to smooth consumption. The negative relationship between the
current real interest rate and current output gap is contributed intertemporal substitution
of consumption. The parameter, % > 0, is the intertemporal elasticity of substitution.
The exogenous disturbance term evolves according to g; = ug;_1 + a;, where a; is assumed

to be an i.i.d. random variable with mean zero and constant variance o2 and p € [0;1].*

2.1.1 Monetary transmission and forward-looking expectations

The central bank is assumed to use the short term nominal interest rate to set monetary
policy. This is the most common operating procedure in modern central banking. The
quantity of money has no explicit role in this model. The central bank will set the quantity
of money endogenously to achieve equilibrium in the money market corresponding to the
desired nominal interest rate. Sticky prices imply that monetary policy has leverage over
the real interest rate in the short run. Furthermore, monopolistic competition implies
that current inflation depends on the current output gap. Hence, monetary policy is not

neutral in the short run in this model.

From equations (2.1) and (2.2) monetary policy therefore works through the following
transmission mechanism: following a shock to the economy, the central bank adjusts the

short term nominal interest rate to offset the shock. Due to sticky prices, this changes

the inflation dynamics in the US. Smets and Wouters (2003) find that the New Keynesian Phillips curve
does well in describing the inflation dynamics in the Euro Area.

4From appendix 8.1, g; = (Etythrl - yf) + =L (Bywl,, — wf), where Eywf,; — wf is expected

changes to the household preferences for consumption. Even though the disturbance term g; is augmented
on the demand side of the economy it adds a supply side dimension through the inclusion of the expected
change in potential output, Etyl{+1 — ytf

12



the real interest rate, which in turn affects aggregate demand and, thus, the output gap.

Finally, the change in the output gap affects inflation.

However, monetary policy does not only work through changing the nominal interest
rate. Monetary policy can also affect the economy by affecting the private sector’s ex-
pectation about the future. In this model firms set prices and households make decisions
on consumption based on expectations about the future economic development. To fully
illustrate this property of the model the Phillips curve and the aggregate demand relation

are iterated forward.

Iterating equation (2.1) forward leads to the following relation

oo
Ty = Et Z BZ (/il’t+i + utﬂ-) (23)

=0
This highlights how the firms set prices to meet current real marginal costs and discounted
future real marginal costs. And as mentioned before this is proportional to expected future

economic conditions.

[terating equation (2.4) forward leads to this relation

= Fy Z; {—; (G¢4i — Tog144) + gt+i} (2.4)
1=

which shows how current demand from households depends on the current real interest

rate and the expected future path of the real interest rate. Hence, monetary policy does

not only work through the current real interest rate, but also through the expected future

real interest rate and, thus, the expected path of both the nominal interest rate and

inflation.

It is this point which is of interest for the analysis in this thesis. The central bank should
not only pay attention to the effects of its current actions, but also to the effects of
the expectations of its future actions. This point is best summarised by the quote from
Woodford (1999a):

“One of the most important issues in the conduct of monetary policy, that
should attain particular significance in an era of price stability, is the need to
take account of the effects of the central bank’s conduct upon private-sector
expectations.”, Woodford (1999a) p. 1

2.2 The central bank

In this model it is assumed that society delegates monetary policy to an independent

central bank. The central bank is required to minimise the discounted future expected

13



value of a loss function assigned by society. The central bank’s behaviour is therefore best

described by the following objective function

o0

77%” Ey(1-p) Z B Ly (2.5)

i=0
The central bank sets the value of ; which minimises the discounted future expected value
of the loss function, L, ;. However, the formulation of the relation between ¢; and x; in
the aggregate demand relation in (2.2) allows for a simpler assumption, which is that the
central bank controls the output gap perfectly through the nominal interest rate. Hence,
it will suffice to find the value of x; that solves (2.5). The term, L,.;, describes the loss

function of the central bank.

Throughout the paper it is assumed that society is concerned with deviations in both
inflation from the social optimal level of inflation and deviations in the output gap. The

following loss function obtains such preferences

1
Livi= 3 QUAE ) (2.6)

Chapter 6 in Woodford (2003) shows that the minimisation problem in (2.6) is in accor-
dance with the representative household’s utility function defined over consumption and

leisure.®

The quadratic notation on both the output gap and inflation means that society is equally
concerned with positive and negative deviations in the two variables. As mentioned above
it is assumed that society is concerned with deviations in inflation from the social optimal
level of inflation. For simplicity, the social optimal level of inflation is normalised to
zero. The parameter, )\, determines society’s preference for a stable output gap relative
to stable inflation. The approximation in chapter 6 in Woodford (2003) finds an explicit
relationship for A depending on the structural parameters of the model. In this analysis it
is, however, convenient to assume that A\ equals a fixed true value. Society’s preferences
can be justified in the following manner: households are concerned with deviations in
the output gap since it will imply inefficient consumption smoothing, while deviations in
inflation are costly to firms because sticky prices will cause them to set inefficiently low

or high prices.

It is assumed that central bank reappointment depends on the performance of monetary
policy relative to the objective of society and furthermore, that society evaluates the cen-

tral bank’s average performance. It is therefore convenient to calculate the unconditional

SFormally, chapter 6 in Woodford (2003) shows that (2.6) evaluated in (2.5) results from a second-order
Taylor approximation of the households utility function around steady state. Hence, monetary policy
should aim at minimising the expected future discounted deviations in the output gap and inflation.

14



expected value of equation (2.6). Evaluating (2.6) in (2.5) this corresponds to
E (L) = var (z;) + Avar (m) (2.7)

for § — 1.

2.2.1 The delegation process

The central bank is assumed to operate in a targeting regime. Following the common
definition of a targeting regime in chapter 8 of Walsh (2010), a targeting regime is defined
by the variables in the loss function, L;;, assigned to the central bank by society and the

relative weight, A, put on these variables.

The loss function in (2.6) characterises one targeting regime which is often referred to
as inflation targeting. It is assumed that society chooses the relevant targeting regime.
Hence, even though society’s preferences correspond to inflation targeting, monetary pol-
icy may be based on a different targeting regime. This can be in terms of the relevant
variables included in the loss function or the relative preference for the variables. The
attractiveness of this delegation process will be clear later in the analysis. Society sets the
relevant targeting regime by assigning a loss function to the central bank that corresponds

to the desired targeting regime.

For society to be able to assign a loss function which is different from its own an additional
assumption is needed. If the central bank is assumed to share society’s preferences then
assigning a different loss function to the central bank would require the central bank to set
a policy which differs from its own beliefs. One way to go about this is to assume that the
central bank enters into a contract with society, as analysed in Walsh (1995), which assures
that the central bank has the right incentives to set monetary policy according to the
desired targeting regime. This analysis will, however, be based on the simpler assumption
that society can credibly appoint a central bank with preferences that corresponds to
the desired targeting regime. Hence, if society wishes to change the targeting regime and
thereby assign the central bank a new loss function then it would actually have to appoint
a new central bank with the corresponding preferences.® This implies that the monetary
policy makers may have different preferences than society which may be a more restrictive

assumption. Nonetheless, it follows Rogoff (1985).7

No matter how the central bank’s loss function is formed, equation (2.7) is used to evaluate

6To further clarify the validity of this assumption, one may view the corresponding problem related to
fiscal policy. If society wishes to change the fiscal policy from a socialist to a liberal regime then it would
also need delegate fiscal policy to a liberal government as one would not expect a socialist government to
credibly carry out a liberal policy.

"In Rogoff (1985) society is able to delegate monetary policy to a central bank with a stronger pref-
erence for stable inflation than society.
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the performance of the respective policy. Hence, the performance of monetary policy
depends, throughout the analysis, on its ability to minimise the variance in the output
gap and inflation, even though the output gap and inflation may not be included in the

central bank’s loss function.
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3 History dependent monetary policy

When the private sector is forward-looking the central bank is not only able to affect the
current state of the economy by its current actions, but also by influencing expectations
regarding its future actions. This section will clarify this point by looking at the solution
to monetary policy when the central bank operates in a regime of inflation targeting. This
policy has become increasingly relevant since an increasing number of central banks have
adopted some form of policy explicitly focusing on minimising the deviations in inflation

from an inflation target during the previous two decades.®

In this analysis inflation targeting is defined as a targeting regime characterised by the loss

9

function stated in equation (2.6).” Hence, the central bank is assumed to set monetary

policy according to the following objective function
1 L
min §Et (1-75) ZZ:(; B (Awj . + ) (3.1)

The social optimal level of inflation then denotes the central bank’s inflation target.

Two solutions to monetary policy under inflation targeting are of interest for the analysis
and are therefore the focal point of this section. Kydland and Prescott (1977) showed that
the central bank reaches a better outcome for monetary policy if it is able to make some
form of commitment to future monetary policy. By committing to future policy actions
the central bank is able to influence the private sector’s expectations about the future
development of inflation and output. There are many ways the central bank can commit,
however, in Clarida et al. (1999) the optimal commitment solution to monetary policy
is derived. It implies that the central bank makes a fully unconstrained commitment

O The central bank is, however, commonly assumed to be

to future monetary policy.!
unable to commit, which effectively means the optimal commitment solution may not
have much practical relevance. The solution, nonetheless, provides valuable information
on the characteristics of optimal monetary policy and the optimal utilisation of the private

sector’s expectations.

Because it is common to assume that the central bank is unable to make any credible

promise about future monetary policy, the first part of this section is devoted to the

8In 1990 New Zealand was the first country to adopt an inflation target. Since then an increasing
number of central banks have adopted target for inflation. Schmidt-Hebbel (2009) lists 28 inflation
targeting central banks as of 2008.

9Svensson (1999a) refers to the policy as flezible inflation targeting, since monetary policy is delegated
to a central bank that is concerned with deviations in both the output gap and inflation. The special case
where A = 0 is then referred to as strict inflation targeting because monetary policy is then delegated to
a central bank which is only concerned with deviations in inflation.

10 Another way for the central bank to commit is to make a constrained commitment by, for example,
committing to an instrument rule such as the Taylor rule described in Taylor (1993).
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solution to inflation targeting when the central bank is forced to act discretionary. As
Clarida et al. (1999) note, a central bank that sets monetary policy discretionary in a
regime of inflation targeting fits best with reality.!! Hence, this solution serves as a good
benchmark for the analysis in this thesis. Any policy recommendations should at least
be able to better utilise the private sector’s expectations and improve on the outcome
resulting from the discretionary solution to inflation targeting. The last part of this
section reviews alternative targeting regimes which attempts on this when the central

bank is forced to act under discretion.

The solution to monetary policy is a result of the behaviour of the central bank given
by (3.1) conditioned on the structural equations describing the economy introduced in
section 2.1. The problem is formally solved in two stages. Since z; is assumed to be
treated as the control variable, the central bank first chooses the optimal value of x; and
the endogenous state variable, 7;, conditional on the exogenous state variable, u;. This
amounts to solving the minimisation problem in equation (3.1) conditional on the Phillips
curve in equation (2.1). Second, the central bank sets the value of its instrument, 4, that
results in the desired values of z; and m;. This amounts to solving the aggregate demand
equation (2.2) for ;. As mentioned in section 2.2 it is assumed that the central bank
perfectly controls x;. The following analysis therefore concentrates on solving the first
stage of the policy problem and the aggregate demand relation (2.2) is therefore ignored

when deriving the solution to monetary policy.

The formal solution method borrows from Clarida et al. (1999) and Vestin (2006). Al-
though this section is concerned with the outcome for monetary policy under a policy
focused on inflation, it is convenient for later comparisons to express the solutions in
terms of the price level. As will be clear later, the optimal choices of x; and p; evolves
according to

pr = hpi—1 + Oy

Ty = _wlpt—l — oty

The solution to monetary policy then amounts to determining the value of the coefficients
01, 02, 11 and ts.

3.1 Discretionary solution to inflation targeting

When the central bank is unable to commit it has to take the private sector’s expectations
about the future as given. The central bank then has to determine the outcome for

monetary policy discretionary by setting the optimal policy period-by-period. Formally,

1SGince the inability to commit continues to be an obstacle for central banks the argument in Clarida
et al. (1999) remains valid.
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this amounts to solving the following optimisation problem
1 N
min o (A} +77) + Fy (3.2)
Tt

subject to
Ty = KTt + ft (3~3)

tfiking the future expectations characterised by Fy = 1B, [32°, 87 (a2, + m7,)], and
fi = BEym41 + ug as given. The details of the derivation given in appendix 8.2 show that
this leads to the following optimal trade off between inflation and the output gap

K
Ty = —Xﬂ't (34)

Equation (3.4) implies a leaning against the wind policy. The central bank should contract
demand below the potential level whenever inflation rises above the target, and expand
demand above the potential level whenever inflation falls below target. This reaction is
stronger if prices are more sticky and weaker if the central bank has stronger preferences

for output gap stability. Equation (3.4) is used to find the following solutions to z; and
Pt

Pr = D1+ Oauy (3.5)
Ty = —auy (3.6)
where
b =
p A
SR A1 -6
=0
S K K

Yo =

302 = K2+ A (1 — Bp)

and ég,QZJQ > (0. To evaluate the performance of the discretionary solution to inflation
targeting against the alternative policies that are considered later using equation (2.7),
the variance of x; and m has to be calculated. Note first, however, that (3.5) is easily
rewritten on the form m, = égut to express the outcome for inflation. The variances of

inflation and the output gap are then given by
var(m) = 0202 (3.7)

var(z;) = 20’ (3.8)

1
1—p2

where o2 = o2 follows from the definition of the cost-push shock from section 2.1.
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3.2 The optimal commitment solution to inflation targeting

Clarida et al. (1999) and Woodford (1999b) show that the optimal commitment solution
to inflation targeting is a result of the central bank making a fully unconstrained com-
mitment. An unconstrained commitment implies that the central bank is able to commit
to a future path for monetary policy which depends, not only on current shocks to the
economy, but on the entire future path of shocks to the economy. The potential problems
with commitment policies and the possible solutions to these problems are discussed later.
For this reason, there will be made no explicit assumptions now about how the central
bank is able to convince the public of the credibility of its unconstrained commitment.

Hence, it is simply assumed that it is capable of doing so.

Given the previous assumptions made about monetary policy this form of commitment will
have the central bank behave according to the objective function in equation (3.1), while
committing, at time ¢, to a state contingent sequence for z;,; for i =0, 1, 2, ... Following

the solution method in Clarida et al. (1999), the following Lagrangian is defined
{zi}iZ,

S
min o B {Z B [\ + T + 200 (T — Buvivn — Ky — ey } (3.9)
=0

where 2¢;.; is the multiplier on the Phillips curve.

Solving equation (3.9) leads to the following first-order conditions

A
Pri = — Ty, 020 (3.10)
K
Tti = — (¢t+z’ - ¢t+i71) 121 (3-11)
S (3.12)
Combining the first-order conditions then leads to the following trade off for monetary
policy
A .
Ty =~ (Teri — Tegicr), Vix1 (3.13)
A
Ty = _Ext (314)

with details of the derivation available in appendix 8.3. The optimal commitment policy
also implies a leaning against the wind policy. In the initial period, when the policy is
implemented, the central bank should react as if it were unable to commit and change
the level of the output gap in response to deviations in inflation. However, in all subse-
quent periods the central bank should adjust the change in the output gap.'?> The latter

characterises the central bank’s optimal utilisation of the private sector’s forward-looking

12Svensson and Woodford (2005) considers a variant of the optimal commitment trade off, which is the
so-called inflation forecast targeting. Under this policy, the central bank faces the expectational version of

20



expectations. Recall, that section 2.1 showed how current variables essentially depends

on the private sector’s expectations about the future.

The reduced form expressions of the price level and the output gap are then given by

pe = Oipi—y + Oou (3.15)
vy = — 1Py — houg (3.16)
where
N 2
(Au+5)+#)<y—¢1—@363mﬁﬁ)>
' NG
b= —
1—pbip
N
P = -
Yo = -

and 0 < #, < 1 and 9~2, 121, @Zg > 0. Note, that (3.15) can be rewritten to express inflation
under the optimal commitment. It is optimal for the central bank to set inflation according
tom =—(1— él)ptfl + Oy Thus, the optimal commitment policy implies that current
inflation and the current output gap depends on the lagged state variable, p;_1, further
clarifying how this policy depends on the past. The variance of inflation and the output

gap under the optimal commitment is then calculated
52 2
var(m) = & o, (3.17)
var(zy) = 202 (3.18)

where the general solutions to &2 and &2 which are reused later are

203 (1 —p)
(1—01p) (1+61)

& =

0507 (1 + 01p) + 5 (1 = 67) (1 — 01p) + 2p0a3p1¢a (1 — 67)
(1=07)(1—0ip)

The derivation of £ and & is provided in appendix 8.4.

& =

the commitment trade off given by Eym1q = —% (Etxep1 — Broqxy), Vi>1and Eympyg = _%Etxt_t'_]_
respectively. Hence, this policy requires the central bank to focus on the evolution of the forecastable
components of inflation and the output gap.
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3.2.1 History dependent vs. purely forward-looking monetary policy

Before moving on to discussing the differences between the two policies analysed above
it is convenient to show that the optimal commitment to inflation targeting actually
improves the trade off between inflation and output gap variance. As mentioned earlier
society has the option of delegating monetary policy to a central bank with different
relative preferences for stable inflation and output. It is therefore reasonable to evaluate
the implied trade off in inflation and output gap variance for the two policies for different
values of A\. Note from (3.7), (3.8), (3.17) and (3.18), that the variance of inflation and
the output gap under both policies depends on .

12.0 var(x)

var(m)

0.0 1.0 2.0 3.0 4.0

Discretion e==e== Optimal commitment

Figure 3.1: Policy frontier

To compute the policy frontier for the discretionary and the optimal commitment solution

1
3

The computation is done by keeping s and p fixed and calculating pairs of inflation and

the parameter values, Kk = = and p = %, following the examples in Vestin (2006) are used.

output gap variances for different values of A. The policy frontier is illustrated in figure

3.1. The further the policy frontier is located to the north-east the greater is the implied
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welfare loss according to equation (2.7). Two things should be noted from the figure. One,
the two policy frontiers do not intersect. Two, the policy frontier for the discretionary
regime is located further to the north-east corner. Hence, the former point, that society
always gains if it delegates monetary policy to a central bank that is able to commit, is

confirmed.

To illustrate the difference between the two policies an impulse response to a cost-push
shock is simulated. Figure 3.2 illustrates the reaction in inflation, the output gap and the
price level to a temporary cost-push shock of one percent that lasts one period and then
vanishes completely. The shock is assumed to hit in the subsequent period following the
delegation of monetary policy. Society’s relative preference for output gap stabilisation is

assumed to be \ = %.

The top panel of figure 3.2 depicts the impulse response of the cost-push shock on the
price level. When the central bank is unable to commit the cost-push shock persists and
increases the price level permanently. However, when the central bank is able to make the
optimal commitment it corrects the increase in the price level and the price level moves
back towards its initial level. This difference is visible from the solution to 6#; under the
two policies. The coefficient on the lagged price level in the solution to the price level
under discretion in (3.5) is 6, = 1, which imparts a unit root in the price level. On
the other hand, under the optimal commitment policy given by (3.15) the coefficient is
0<6 < 1, which implies a stationary price level.'®® Hence, the optimal commitment
to monetary policy implicitly involves committing to a future path for the price level.
Following the discussion in Barnett and Engineer (2000), the optimal commitment policy
may just as well be labelled a price level targeting policy as it implies an implicit price

level target. This will be evident from the analysis in section 4.

This different response under the two policies results in the so-called stabilisation bias.
When the central bank sets monetary policy discretionary the solutions to inflation and
the output gap in (3.5) and (3.6) can be characterised as purely forward-looking, since they
do not depend on any lagged variables. This in turn implies that the entire adjustment
following the cost-push shock takes place immediately. In the period after the shock has
hit inflation equals the target and the output gap is closed. This impulse response is
illustrated in the middle and bottom panel of figure 3.2. When the central bank is able

to make the optimal commitment the solutions to inflation and the output gap given by

13 Appendix 8.6 shows that 0 < #; < 1 holds for all values of \ € (0,00). Hence, the stationarity
property of the price level is only violated if society appoints a central bank which is either concerned
only about inflation stability or output stability. The explanation for this is rather intuitive. If the
central bank only cares about inflation stability then 68; = 0 and shocks to the price level is expected to
be reverted immediately. If the central bank only cares about output stability then 6, = 1 and shocks
to the price level persists. This is because the central bank has no need to optimally utilise the private
sector’s inflation expectations as it is only concerned about output which it is able to fully control through
the aggregate demand relation.
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Figure 3.2: Impulse response on price level (top), inflation (middle) and output gap
(bottom)
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(3.15) and (3.16) can be characterised as history dependent because they include the lagged
price level. As the bottom panel of figure 3.2 shows the central bank, in this case, commits
to keep contracting demand which keeps inflation below the target as the middle panel of
figure 3.2 illustrates. Because the commitment is assumed to be made credibly the private
sector will correctly anticipate the reaction from the central bank and adjust expectations
accordingly. Hence, expectations serve as an additional stabiliser. Consequently, the
impulse response to inflation and the output gap is lower in the period the shock hits
compared to the case where the central bank cannot commit. The stabilisation bias thus
arises because of the inability of the central bank to optimally utilise the private sector’s
expectations when it is unable to make the optimal commitment. Conversely, a central
bank which is able to make the optimal commitment is letting the market do some of
stabilisation. Woodford (2000) surveys the distinction between purely forward-looking

and history dependent policies.

Summing up, in an economy characterised by a forward-looking private sector optimal

monetary policy is characterised by history dependence and a stationary price level.

3.2.2 Time inconsistency

As mentioned in the introductory notes to this section, research on monetary policy often
assume that the central bank is not able to make a credible commitment to the future.
This is because of the overall problem facing the optimal commitment policy, namely that
it is not time consistent. A time consistent commitment implies that the policy planned
by the central bank in period t for period t+¢ remains the optimal policy once period t+1
arrives. Under the optimal commitment solution, however, there is a difference between
the ez ante optimal policy and the ex post optimal policy. The first-order conditions
implied by the optimal commitment given by equations (3.13) and (3.14) will help clarify
this point. In period ¢ it is optimal to commit to a future path for monetary policy,
however, already when period ¢ + 1 arrives it is optimal to abandon the commitment

made in period ¢ and instead reoptimise.

Figure 3.2 further illustrates this point. Under the optimal commitment policy the central
bank does not have to contract demand as much in period ¢ because it is able to optimally
utilise the private sector’s expectations about future monetary policy. However, once the
temporary shock vanishes in period ¢ 4 1 it is instead optimal for the central bank to
abandon the initial optimal commitment and reoptimise. In period ¢ + 1 it is optimal for
the central bank to set the policy implied by the discretionary solution. This leads to zero
inflation, closes the output gap and a resulting gain in welfare. However, if the private
sector realises that it is optimal for the central bank to abandon the optimal commitment

it will adjust its expectations about future monetary policy accordingly. Consequently,
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the central bank will not be able to reap the gains of the optimal commitment in period

t because the private sector will not perceive the commitment to be credible.

The success of the optimal commitment policy therefore depends on the institutional setup
of monetary policy. A strong institutional setup helps assure the credibility needed for the
private sector not to doubt the optimal commitment. There are different ways of building
strong institutions. One approach is to concentrate on the central bank’s incentives for
not abandoning the optimal commitment. Abandoning the optimal commitment one time
will result in a better outcome for monetary policy. However, it comes at the expense of
the loss of credibility and the inability to make the optimal commitment in the future.
If the central bank is punished for not keeping its promise then that could result in the
proper incentives for not abandoning the optimal commitment.'* Under this approach

the central bank is given full operational flexibility to set monetary policy.

Another approach concentrates on constraining the central bank’s operational flexibility.
This could, for example, be done by specifying a rule that prescribes how the central
bank is to set its monetary policy instrument in response to shocks to the economy. One
example of such rule is the targeting rule implied by the aggregate demand relation in
(2.2) and the solutions to the price level and the output gap und in (3.15) and (3.16) under

t.15

the optimal commitment." However, as described in Jensen (2011) an infinite number of

instrument rules may also be considered.!®

The benefit of a rule-based approach is that it increases the transparency of monetary
policy. It enables the private sector to accurately predict the future path for monetary
policy and any deviations from this path. In turn this helps make the optimal commitment
credible. However, the approach does not remove the incentives of the central bank to
deviate from the rule to improve the outcome for monetary policy. Combining the rule-
based approach with the possibility of punishing the central bank for deviating from the

rule may, however, improve on this.!”

14 A horrific example of this approach took place in March 2010 in North Korea when a senior economic
official was executed following a failed currency reform. Although the threat of capital punishment
probably will secure that the central bank has the right incentives it will most likely have the unwanted
consequence of potential central bank candidates withdrawing their candidacy.

15Combining the three equations and solving for i; leads to the following targeting rule, i; =
(1— %) Eymyqq + ogp. Clarida et al. (1999) and Woodford (1999b) note, that this rule does not in-
clude determinacy properties because 1 — %* < 1 and it therefore does not satisfy the Taylor principle
described in Taylor (1993), see footnote 16 on the Taylor principle. However, Jensen (2011) argues that
the targeting rule will lead to determinacy because it is the rule resulting from optimising behaviour by
the central bank.

6The instrument rule is not the result of optimising behaviour by the central bank. A necessary
requirement for the instrument rule to secure determinacy is that it satisfies the Taylor principle. The
Taylor principle described in Taylor (1993) prescribes that the central bank should adjust the interest
rate more than one-to-one to changes in inflation.

"However, as noted in McCallum (1995) this actually just relocates the temptation to deviate from
the central bank to the legislature responsible for appointing the central bank and punishing it.
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3.2.3 The arbitrary ¢,

A credible commitment to the targeting rule derived in footnote 15 would mean that
the central bank is able to obtain the first-best solution to monetary policy given by
the optimal commitment policy. Hence, before completely disregarding the practical
relevance of the optimal commitment policy it is apparent to present one way to make

the commitment easier.

The argument against the rule-based approach is that it is often considered a once-and-
for-all commitment to a specific policy. This commitment in turn depends on what was
desirable at the particular point in time when the rule was specified. Consequently, the
central bank may not be able to respond optimally to unforeseen shocks which were not
considered a possibility when the rule was adopted. Furthermore, it leaves little room for
future improvement when ensuing research has added to the understanding of how the

economy functions. Svensson (1999a) debates these arguments in further detail.'®

This argument applies to both constrained and unconstrained commitment policies. How-
ever, it may turn out to be more hurtful if the central bank makes a once-and-for-all
optimal commitment. This is because the history dependent characteristics of the pol-
icy, meaning that commitment not only depends on what was desirable at the point of

commitment, but also on the state of the economy at the particular point in time.

As the former part of the analysis found, the optimal commitment policy implies that the
central bank commits to a future path for the price level. This path depends on the price
level in the period where the optimal commitment was made. Iterating equation (3.15)

backwards will clarify this point.

t—to
Pe = Qi_t“lpo + 92 Z 9§ut_i (319)

i=0
Equation (3.19) shows that the current price level depends on the initial price level,
Po, when the optimal commitment was made and the history of shocks. The optimal
commitment policy is often referred to as a policy which does not let bygones be bygones.
The latter part of (3.19) justifies this label. Hence, the optimal commitment depends on

the arbitrariness of the economic state at time tg.

Woodford (1999a) proposes a way for the central bank to make the optimal commitment

without having to rely on the arbitrary ¢y and thus in turn make the commitment easier.

8Further arguments in Svensson (1999a) are of a more practical matter. If an instrument rule is
considered, which rule should be adopted? Even if a simple instrument rule such as the Taylor rule
is considered. What parameter values should be chosen? The outcome for monetary policy can prove
highly sensitive to this decision. Furthermore, a rule would leave monetary policy adjustments to become
highly mechanical, which a computer could just as well handle. This point could contribute to explain
any resistance from central banks towards a rule-based approach.
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What is proposed in Woodford (1999a) is that the central bank instead makes the optimal
commitment from a timeless perspective. A verbal definition of the timeless perspective

is found in Woodford (1999a):

“The way that this can be done is for the central bank to adopt, not the pat-
tern of behaviour from now on that it now would be optimal to choose, taking
previous expectations as given, but rather the pattern of behaviour to which it
would have wished to commat itself to at a date far in the past, contingent upon
the random events that have occurred in the meantime.” Woodford (1999a) p.
18

If the central bank makes the optimal commitment from a timeless perspective it will
not have to be concerned with the arbitrary ¢y. This form of commitment instead allows
the central bank to readjust the policy setup in any period if needed. Thus, making the
optimal commitment from a timeless perspective is a way of making the commitment
simpler. It does not, however, make the commitment time consistent. There is still a

need for strong institutions in order for the central bank not to abandon its commitment.

To derive the optimal timeless commitment solution the first-order conditions of the time
dependent optimal commitment solution stated in equations (3.10), (3.11) and (3.12) are
reconsidered. When the central bank makes the optimal commitment from a timeless
perspective it ignores (3.12), which means that the policy implied by the optimal timeless
commitment is given by equation (3.13) only. The central bank then commits to following
this policy in all periods. The price level under the optimal timeless commitment policy

is found by letting ¢, approach minus infinity in equation (3.19) which gives
Pt = 9~2 Z éiut—i
i=0

Blake (2001) and Jensen and McCallum (2002) find a policy which dominates the optimal
timeless commitment. They consider the solution to the undiscounted version of (3.1)
from a timeless perspective. They find that the policy which solves this problem is given
by
A

7= =2 (@ — ) (3.20)
The solution is not easily derived analytically. However, both Blake (2001) and Jensen
and McCallum (2002) confirm its optimality using numerical comparisons of this policy
and the two alternatives in (3.4) and (3.13). (3.20) is labelled the optimal fully timeless

commitment.

If the central bank makes an optimal fully timeless commitment it is able to improve the
outcome of monetary policy. McCallum (2005) and Woodford (2010), however, note that
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the practical difference between the central bank making a timeless commitment and a
fully timeless commitment, hence the difference between (3.13) and (3.20), may not be
highly significant. When S = 1 the two policies lead to the same outcome. In reality
the discount factor is close to one for quarterly data and the two policies are therefore
quantitatively similar on a quarterly basis. Furthermore, commitment to the inflation
targeting objective from a fully timeless perspective does not make the commitment time

consistent.

3.3 Replicating the optimal commitment

Since there is no obvious ways of making the optimal commitment fully credible it is
apparent to look at other ways of improving institutions which does not rely on the
central bank’s ability to commit. A new approach, which has gained a lot of interest in
the literature, considers the possibility of implementing the optimal commitment policy
by assigning an alternative targeting regime to the central bank. The idea is that the
central bank is allowed to act under discretion as in section 3.1, but it is assigned a
different loss function which alters its objective and leads to a better utilisation of the
private sector’s forward-looking expectations which in turn imparts history dependence
to the solution to monetary policy. Hence, the point of this approach is to concentrate
on what objective the central bank announces for monetary policy in order to influence
what the private sector expects the central bank to do in the future. Recall, that section
2.2 discussed the necessary assumptions needed for this form of delegation of monetary

policy to be credible.!?

The literature has found a family of different targeting regimes which impart history de-
pendence to monetary policy, thus, a better utilisation of the private sector’s expectations
compared to the discretionary solution to inflation targeting. The following part of this
section reviews the most popular of the alternatives. One important note must be made
about the literature review. The reviewed targeting regimes all induce history dependent
behaviour into monetary policy. However, this way of improving the institutional setup
does not necessarily lead to a solution where monetary policy is equivalent to the opti-
mal commitment policy. Furthermore, a history dependent policy does not necessarily
improve the monetary policy trade off compared to inflation targeting. One example of
the latter point is found in Yetman (2003). Here a history dependent policy which does

worse than inflation targeting is analysed.?

19 As mentioned in footnote 17, McCallum (1995) argues that this delegation approach simply relocates
the time inconsistency problem from the central bank to legislature which appoints the central bank.
However, McCallum (1995) also argues that commitment may not be an obstacle for the central bank.

20The example in Yetman (2003) is a modified inflation targeting regime where the central bank is
required to correct for past deviations from the inflation target.
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3.3.1 Review of the literature

The literature presents a number of targeting regimes which impart history dependence
in the solution to monetary policy and thus replicates the general characteristic of the
optimal commitment policy. They are all a special case of the general version of the

quadratic loss function given by

1 = 2
1% 2 2
L= 5 |Waliyi T WaTiyy Z wy (vys) (3.21)
n=1
It is easily seen that equation (3.21) incorporates inflation targeting as a special case,

when w, =\, w, =1and w)) =0forn=1,....,m.

Walsh (2003) analyses the so-called speed limit policy. The speed limit policy requires
society to delegate monetary policy to a central bank with preferences described by the

1 prm—

following setting w, = 0, wy = 1, v} = 2 — x;1, wl = X and w? = 0 for n = 2,...,m in

(3.21). That corresponds to the following loss function

1
Lyl = 3 (770 + A (@i — Terion)?]

The central bank is then concerned with deviations in inflation and furthermore seeks to
smooth changes in the output gap.?! As the results from Walsh (2003) show the inclusion
of the lagged output gap makes the solution to monetary policy history dependent.

Another example which is related to the speed limit policy is analysed in Jensen (2002).
Jensen (2002) looks at the outcome for monetary policy, when society delegates monetary
policy to a central bank that is concerned with deviations in nominal income growth.
Under this policy, labelled nominal income growth targeting, the third term in (3.21)
takes the form v} = Any = m + (yr — y4-1), wr > 0 and w” = 0 for n = 2,...,m. The
parameters, w, and w,, can take on different values depending on what form of nominal
income growth targeting is considered. The analysis in Jensen (2002) includes flexible
nominal income growth targeting where w, = A, w, = 0 and the corresponding loss
function is

1
LﬁIiGT = 9 P‘xtzﬂ' + wiA”?ﬂ'}

Strict nominal income growth targeting corresponds to w, = 0. Walsh (2003) considers
a third form of nominal income growth targeting, where monetary policy is delegated
to a central bank that is concerned with nominal income growth and inflation. Hence,
w, = 0 and w, = 1 under this policy. Finally, Jensen (2002) also considers the outcome

of the combination regime, when the central bank has preferences for the output gap,

2IRemember that the output gap is defined as z; = y; — y{ . The preference for output gap smoothing,
Xy —Ty—1, is thus equivalent to (y; —yi—1) — (y{ - yt’il). Hence, the speed limit policy requires the central

bank to minimise the deviations in actual output growth from potential output growth.
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inflation and nominal income growth. The parameter setting is then adjusted accordingly
so w, = A and w, > 0. No matter how the nominal income growth targeting regime
is designed the desire of the central bank to smooth nominal income growth implicitly
adds the lagged value of output to the loss function. This property leads to a solution to

monetary policy which is history dependent.

Delegating monetary policy to a central bank which is concerned with lagged values of
inflation has also been shown to produce a history dependent policy. Nessén and Vestin
(2005) analyse the implications for monetary policy when society appoints a central bank
with an average inflation preference. Following (3.21), this policy is best described by
w, =\, wy =0, wt =1, v} = 7;,, where 7j, = %Zi;é m_sand w' =0forn=2,..,m
and thus the following loss function
L?Jr]iT = % [S\x?Jri + 7Tj2‘,t+i}

As with standard inflation targeting, the special case where w, = 0 corresponds to strict
average inflation targeting. j determines over how many periods the targeted average
inflation is calculated. j = 1 corresponds to the standard inflation targeting case analysed
in section 3.1, where 7 = 2,3,4.., corresponds to average inflation targeting. A central
bank with an average inflation preference will respond to high inflation in the past by
aiming at low inflation in the future. A larger j will have monetary policy depend on a

longer history.

This point is further emphasised by considering an average inflation target calculated
over a large number of periods. This will roughly correspond to price level targeting as

analysed in Vestin (2006) where the central bank’s loss function takes the form

1< _
Ll = > (Aali + (D — D))

and p is the price level target. Under price level targeting the central bank aims at
reverting any deviations in the price level from the target p, which will impart history

dependence into the solution to monetary policy.

Batini and Yates (2003), Cecchetti and Kim (2005) and Rgisland (2006) consider a hy-
brid inflation/price level targeting loss function where instead v} = p; — gp;_1 while the
remaining setting equals the setting under average inflation targeting. Hence, the loss

function takes the form

1 .-
LngiPT = 2 [)"r?Jri + (Prgi — thﬂel)z}

When 0 < o < 1 the central bank puts some weight on a price level target and some

weight on an inflation target. The special case of p = 0 corresponds to the price level
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targeting regime described above and o = 1 corresponds to standard inflation targeting.??

Hence, 0 < o < 1 imparts history dependence to the solution to monetary policy.

Woodford (1999b) considers the case where monetary policy is delegated to a central bank
that cares about interest rate smoothing. The loss function is then modified to take on
the following setting w, > 0, w, = 1, v} =4, w) > 0 and w” =0 for n =2, ...,m to give

1 .
Ly = 5 [wa} s + wamty; + wy (irgs)’]

This policy leads to inertial interest rate setting by the central bank and the solution to

monetary policy becomes history dependent.?

3.3.2 Comparing the regimes

The former review presented a number of alternative targeting regimes that enables a
history dependent solution to monetary policy without the central bank having to make a
binding commitment to future actions. However, the different alternatives do not yield the
same trade off for monetary policy. As the proceeding analysis in section 4 will show price
level targeting can perfectly replicate the optimal commitment solution. Furthermore, the
study in Walsh (2003) shows that the monetary policy trade off under price level targeting
is superior to both the speed limit policy and various forms of nominal income growth
targeting. Nessén and Vestin (2005) find that price level targeting yields a better trade

off than average inflation targeting.

However, these results are highly dependent on the assumptions made about the formation
of expectations in the economy. Recall, that section 2.1 showed how current inflation
and the current output gap are functions of current and expected future variables. A
more general version of the model than the one used here allows for a fraction of the
private sector to make decisions based on a backward-looking rule-of-thumb. Modelling
this behaviour could, for example, be done by including the lagged value of inflation in
equation (2.1) and the lagged output gap in equation (2.2), hence, allowing for endogenous

persistence in the model.

Of the different targeting regimes considered above price level targeting is generally found
superior to the other alternatives when decisions are based entirely on expectations about
the future. The different model calibrations presented in Jensen (2002), Walsh (2003) and

Nessén and Vestin (2005), however, reveal that the relative conclusions change in favour

22The label hybrid inflation /price level target is further clarified by the alternative formulation v} =
(1—0)pt+ o(pt —pi—1) = (1— 0)pt + o7, whereby it is clear that o denotes the weight put on the inflation
target.

Z3Yetman (2004) shows that the speed limit policy and the price level targeting policy may just as
well be characterised as interest rate smoothing policies. Yetman (2004) proves this by substituting an
appropriate formulated aggregate demand relation into the loss function.
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of the other alternatives when a fraction of the private sector makes decisions based on a
backward-looking rule-of-thumb.?* Which policy is preferable when not all private agents
are forward-looking depends on how large the fraction of backward-looking private agents
is. They all, however, find that if a large fraction of the private sector is backward-looking

then the superiority tilts in favour of inflation targeting.

Walsh (2003) finds price level targeting to be preferable over the speed limit policy, nom-
inal income growth targeting®® and inflation targeting when no more than approximately
a third of the private sector is backward-looking. When instead the fraction of backward-
looking agents is between one third and two thirds the conclusion changes in favour of the
speed limit policy with nominal income growth targeting as the second best alternative.
Finally, when more than two thirds make decisions based on a rule-of-thumb inflation

targeting is the preferred alternative.

Furthermore, Nessén and Vestin (2005) find that when approximately half of the private
sector is backward-looking average inflation targeting outperforms price level targeting.?®
When a large fraction of firms are backward-looking they find that standard inflation tar-
geting outperforms price level targeting and average inflation targeting. In the remaining

case price level targeting is the superior policy.

Roisland (2006) finds that if a fraction of firms set prices based on a backward-looking rule-
of-thumb then it is optimal for the central bank to let the weight on the inflation target
in the hybrid inflation /price level targeting regime equal that fraction.?” Hence, Rgisland
(2006) thus finds that when all firms are backward-looking then optimal monetary policy

is inflation targeting.

24Jensen (2002) and Walsh (2003) include lagged inflation in the Phillips curve and the lagged output
gap in aggregate demand relation. Nessén and Vestin (2005) include both lagged inflation and the lagged
output gap in the Phillips curve.

Z5Walsh (2003) considers what Jensen (2002) refers to as flexible nominal income growth targeting in
his comparison.

26Nessén and Vestin (2005) prove this for an average inflation target calculated over 6, 9 and 12 periods
respectively.

2TRgisland (2006) does not include any endogenous persistence in the aggregate demand relation.
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4 Price level targeting

Of the different alternatives presented in section 3.3 price level targeting stands out as an
especially interesting option for monetary policy. The literature review found price level
targeting to be the optimal policy in the model introduced in section 2. Furthermore, the
optimal commitment solution suggests that optimal monetary policy should be concerned

with the price level.

The next part of the analysis will therefore investigate the outcome, when society appoints
a central bank with preferences for price level stability. The derivations borrow from Vestin
(2006).28

It is assumed that the central bank operates in the form of price level targeting described

in section 3.3. Hence, the targeting regime is described by the following loss function

1

where the price level target is zero.?? A central bank with preferences given by (4.1) will
not let shocks to the price level persist.>® Furthermore, it should be noted that society not
only appoints a central bank with a preference for the price level. It appoints a central
bank with a relative preference for a stable output gap given by A, which may be different
from society’s relative preference for a stable output gap given by \.3! Note finally, that
although society appoints a central bank with a different objective for monetary policy
the central bank’s performance is still evaluated according to (2.7) describing the true

preferences of society.

It is convenient for the following analysis to restate the Phillips curve in equation (2.1)

in terms of the price level using 7, = p; — pr_1

Pt — Pi—1 = B (Epiv1 — D) + Kxy + wy (4.2)

28 Although the positive results on price level targeting in this thesis builds on Vestin (2006), it should,
rightfully, be mentioned that the potential superioty of price level targeting over inflation targeting was
first highlighted by the so-called “free lunch” in Svensson (1999b). The analysis in Svensson (1999b) finds
price level targeting to be superior in a Neoclassical model when output displays some persistence. The
result was highly debated in related articles. Kiley (1998) doubts the robustness of the result to the
choice of model, Ditmar et al. (1999), on the other hand, confirm the results in Svensson (1999b) for the
case where the central bank cannot commit and Dittmar and Gavin (2000) find support for price level
targeting in a New Keynesian model.

29Yetman (2005) compares inflation targeting and price level targeting when the central bank’s inflation
target takes a positive value. A positive inflation target corresponds to a price level target with a drift.
Hence, the central bank targets a path for the price level which grows at the rate of the inflation target.

30The limitations to this argument presented in footnote 13 also holds under price level targeting which
is also showed in appendix 8.6. Except under price level targeting it is the central bank’s preference for
output stability relative to its preference for price level stability that matter.

31Note, however, the important distinction between A and A. X describes the preference for output gap
stability relative to price level stability, while A describes the preference for output gap stability relative
to inflation stability.

34



Note from equation (4.2), that the lagged price level now enters as an additional state

variable in the central bank’s optimisation problem.

4.1 Solution to price level targeting

Because the appointed central bank is unable to commit to the future path for monetary
policy it will, as in section 3.1, take the private sector’s expectations about the future as
given when it sets monetary policy. Hence, it reoptimises period-by-period. The formal

problem of the central bank is then to solve
1 - _
mmg(mf+ﬁ)+ﬂ (4.3)
subject to

D —pio1 = —Bpi + Kkx + fi (4.4)

taking the expectations about the future given by, F; = $E; [Y°2, 8" (Azf,; + p},,)], and
fi = BEwpi1 + uy, as given. Appendix 8.5 adds details on the derivation of the above

optimisation problem which leads to the following optimal relations for p; and x;
pe = O01pi_1 + by (4.5)

Ty = —%pm - zEﬂbt (4-6)

where _
_ WA

= ot A (1 —wh)
G W + BpA [2w0_2 — (1 + 5,052)}

T T R (L)
=08 (-a)

K

_ 1-06]1 1—p—6,
G lmB1+80-p-0)]

andw=1+p (1 - él) and the coefficients are defined in the intervals 0 < 6, < 1 and
0y, %1,y > 0. Equation (4.5) can be rewritten on the form m, = — (1 — 9_1) Pe_1 + Oy SO

K

the variance of inflation and the output gap can be calculated from
var(m,) = Elo? (4.7)
var(x;) = &0 (4.8)

where ¢2and &2 follow from the general expression of the coefficients stated in section 3.2.
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The solution shares the properties of the optimal commitment solution found in section
3.2. Price level targeting also imparts history dependence and a stationary price level
to monetary policy. Hence, following a positive cost-push shock the impulse response
follows the response under the optimal commitment illustrated in figure 3.2. The central
bank contracts demand to create deflation which will assure that the price level reverts
back to the target. The private sector anticipates this response and adjusts expectations
accordingly which limits the effect from the cost-push shock on current inflation compared

to discretionary inflation targeting.

4.2 Replicating the optimal commitment solution

Even though price level targeting shares the same stabilising properties as the optimal
commitment policy it does not, however, imply that the two policies are quantitatively
equivalent. To determine whether this is the case the coefficients, §; and 65, need to be

examined.

The outcome of the price level determines the outcome of the output gap. To find out if
price level targeting is quantitatively equivalent to the optimal commitment it is therefore
sufficient to compare the outcome for the price level under the two policies. Looking at
the outcome for the price level under the optimal commitment and price level targeting
given by equations (3.15) and (4.5) it is easily seen that a sufficient condition for the two

outcomes to equal is that

It is not, however, easily seen out of the expressions of 51, 6, 65 and 6y when this is
satisfied.

4.2.1 No persistence in u;

If there is no persistence in the cost-push shock process the problem, however, simplifies.
From the expressions of 51, 0., 92 and 0 it is seen that if p = 0 then 0~1 = 9~2 and 0, = 0,.
Furthermore, 6; is a function of \, while 6, is a function of A. Recall from section 2.2,
that it is assumed that society is able to set A when appointing the central bank. Thus,
with no persistence in the cost-push shock, price level targeting can replicate the optimal
commitment if there exists a A such that 6; (\) = 6;()).

Appendix 8.6 shows that the following holds for the coefficients 0; (A) and 6; ()

lim 6, (\) =0

A—0
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and
A—=0
lim 6;(\) =1
A—00

which imply
0<6,(\)<1
0<6,(\) <1

Hence, both 6, (\) and 6;()\) are defined over the interval [0,1). Furthermore, both 6 (\)
and 6;()\) are continuous functions of A and A respectively.’> Remember, that society’s
relative preference for a stable output gap, A is assumed to be fixed at the true value.
Thus for a fixed value of 6; (\) it is therefore possible to find a value of A which implies

01 (\) = 0;(\).

Hence, an important result emerges. When there is no persistence in the cost-push shock
process, then it is always possible to perfectly replicate the optimal commitment solution.
Under this condition price level targeting thus yields a first-best solution to monetary
policy which does not require the central bank to make any commitments about the

future.

4.2.2 Persistence in u,

When there is persistence in the cost-push shock process the conditions

have to be satisfied. It turns out that there does not exist a A that satisfies this condition.
This is best illustrated by plotting the 6, and 6, coefficients under the optimal commitment
policy and price level targeting for different values of A\. Figure 4.1 does this using the

same values for k and p as in section 3.2.

%1t is trivial to see that this is satisfied for 01 (\). As Vestin (2006) also notes, it is possible to solve
01 () explicitly for 6. Doing that would result in a third-order polynomial with one real continuous
solution in the interval [0, 1) which is the solution of interest here.
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Figure 4.1: 6;(top) and 0(bottom)

Hence, when there is persistence in the cost-push shock process it is not possible to
perfectly replicate the optimal commitment. It is therefore necessary to prove that price
level targeting, nonetheless, presents a second-best solution to monetary policy. Thus, it
is apparent to show that price level targeting improves the inflation-output variance trade

off compared to the discretionary solution to inflation targeting.

To show that price level targeting actually succeeds in this it will suffice to include the
outcome for price level targeting in the policy frontier plot in figure 3.1 because society is
able to set the value of A when appointing the central bank. The policy frontier including

the trade off under price level targeting given by (4.7) and (4.8) is plotted in figure 4.2.
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Figure 4.2: Policy frontier

Figure 4.2 shows that price level targeting leads to a better trade off between the variance
of inflation and output compared to the discretionary solution to inflation targeting. It is
furthermore worth noting, that even though price level targeting is not able to perfectly
replicate the optimal commitment policy, the difference between the two policies looks to

be minimal.

In summary: price level targeting presents an opportunity to improve monetary policy
compared to inflation targeting when the central bank cannot make a credible commitment
about future actions. Price level targeting improves monetary policy by replicating the
characteristics of the optimal commitment solution implying a history dependent policy
with a stationary price level. Furthermore, depending on the properties of the cost-push
shock process it may be possible to perfectly replicate the optimal commitment policy

with price level targeting.
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4.3 The zero lower bound

Throughout the analysis it has been assumed that the central bank uses the short-term
nominal interest rate as its monetary policy instrument without making any further as-
sumptions about the limitations to this instrument. The implication of this assumption is,
for example, that the central bank is able to fully offset all demand shocks by changing the
nominal interest rate. However, because of the presence of money balances in the model a
negative nominal interest rate will have no effect. This part of the analysis will therefore
assume a zero lower constraint on the nominal interest rate. This amounts to restricting
the nominal interest rate to all non-negative values, 7; > 0, in the model. The restriction,
however, makes the solution to monetary policy non-linear which requires advanced math-
ematical tools to solve.?® This analysis therefore concentrates on the qualitative impact

on monetary policy of the non-negative constraint.

Analysing the problems for monetary policy when the zero lower bound on the nominal
interest rate binds has great empirical relevance. The last decade monetary policy has
been conducted in a low inflationary environment which has depressed inflation expec-
tations, and consequently lowered nominal interest rates.>* For this reason, the central
banks have had less room to manoeuvre when negative demand shocks have hit the econ-
omy. A number of central banks have therefore been forced to lower the nominal interest

rate to- or close to zero.??

In the context of price level targeting the endogenous role of inflation expectations plays
a central role when the zero lower bound on the nominal interest rate binds. A large
strain of literature have pointed out the attractiveness of the history dependent price
level targeting compared to the purely forward-looking inflation targeting when the zero
lower bound on the nominal interest rate binds. The main arguments and conclusions
are repeated here. Gaspar and Smets (2000) use a numerical calibration of a version
of the New Keynesian model similar to the one used in this paper to emphasise the
attractiveness of price level targeting when the zero lower bound binds. The simulation
shows that price level targeting results in less interest rate volatility which in turn implies
that the problems with the zero lower bound become much less important compared to

the case where the central bank has no concerns about price level stability. Barnett and

33The analysis presented in Eggertsson and Woodford (2003) and Wolman (2005) respectively finds a
solution to the non-linear model by the use of advanced mathematical tools. See footnote 39 for more on
the analysis in Eggertsson and Woodford (2003).

34Rogoff (2003) among others analyse this development. The analysis, for example, finds that annual
inflation in the industrial economies dropped from a level of almost 9% in the early 1980s to around 2%
in the early 2000s.

35The most recent examples of this has occurred following the outbreak of the Financial Crisis in 2008.
Consequently, the Federal Reserve has set its policy rate close to zero since 2008, the Riksbank lowered
the policy rate to 0.25% in 2009 and 2010 and Bank of England has set the policy rate at 0.50% since
2009. See also Svensson (2010), where it is argued that even though the policy rate is not lowered to zero
it may, nonetheless, be constrained by the effective lower bound.
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Engineer (2000) stress that a price level target is a good idea when the zero lower bound
binds. This is because the strictly forward-looking expectations helps keep the interest
rate operating procedure effective which limits the possibility of a liquidity trap. Wolman
(2005) concludes that when the economy is characterised by staggered price-setting, then
the zero lower constraint on the nominal interest rate has no real implication if monetary
policy is delegated to a central bank which sets monetary policy according to a price
level targeting objective. Mishkin (2006) finds that price level targeting is superior to
inflation targeting in a deflationary environment. This is because the expected higher
inflation induced by the price level target enables a lower real interest rate. This point
is also available in the survey in Coté (2007). Coté (2007) finds that because the active
expectational channel under price level targeting enables the real interest to continue
to fall below zero when the nominal interest rate has been lowered to zero, then price
level targeting may be better to protect against liquidity traps. Gaspar et al. (2007)
conclude that the stabilising effect through expectations will both lead to less need for
adjusting the nominal interest rate and furthermore keep monetary policy effective when
the nominal interest rate is stuck at zero. Ambler (2009) concludes that monetary policy
has more leverage near the zero lower bound under price level targeting compared to
inflation targeting. This is because of the adverse response on inflation expectations
following a negative shock to the price level. Cournéde and Moccero (2009) show, using
numerical simulations, that the risk of hitting the zero lower bound is greatly reduced
under price level targeting compared to inflation targeting. Furthermore, the results
also hold when only a fraction of firms are forward-looking in their price-setting. In
Kahn (2009) it is concluded that a price level targeting policy improves monetary policy
when the zero lower bound binds, while further reducing the risk of hitting the lower
constraint. Schmidt-Hebbel (2009) concludes that because deflation is not bygones under
price level targeting then the likelihood of ending up in a deflationary spiral is lower, and

the likelihood of getting out of one is larger, under price level targeting.

To clarify the arguments made in the literature, the forward-looking version of the ag-
gregate demand relation stated in equation (2.4) is a good place to start. It shows how
demand essentially depends on the expected future real interest rates. Following the

Fisher equation, the current ex ante real interest rate, r; is
T = it — 7Tte
which is the nominal interest rate adjusted for current expectations about future inflation,
e
Y.

If the economy is in a recession caused by a shock to demand, hence, the current output
gap is negative, then following (2.4), the expected future real interest rate must be too

high. To raise the current output gap and help the economy out of recession the central
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bank can either try to impact the private sector’s expectations about the future nominal

interest rate and/or its expectations about future inflation.

Bernanke et al. (2004), Bernanke and Reinhart (2004) and Bullard (2010) among many
others have analysed the first option. They suggest that the central bank can affect the
expectations about the future nominal interest rate by using the so-called extended period
language. This implies that the central bank promises to keep the nominal interest rate
low either for a fixed period or conditional on the economic conditions. See Bank of
Canada (2009) and Federal Reserve (2011b) for examples of such announcements. As it is
argued in Svensson (2004) the gain from promising to keep the nominal interest rate low
for an extended period may be low as it has probably already been lowered to- or close to
zero. Another argument against this approach is that, unless nothing further is assumed,
it involves a commitment by the central bank which is not time consistent. Consequently,
one has to explain why the central bank should be able to commit to future monetary

policy under certain economic circumstances.

Hence, the analysis will concentrate on the central bank’s ability to impact the private
sector’s expectations about future inflation. Both inflation targeting and price level tar-
geting enables the central bank to anchor the private sector’s inflation expectations. The
target thus serves as a nominal anchor. Without the presence of a nominal anchor the
central bank may have to make use of unconventional methods of monetary policy to in-
fluence inflation expectations. This could, for example, involve expanding the monetary

base.36

When monetary policy is delegated to a central bank with an inflation objective the
inflation target anchors inflation expectations. This is easily seen from the inflation ex-
pectations under inflation targeting given by E;m;. 1 = 7, where 7 is the central bank’s
inflation target, included for the purpose of illustration, and no persistence in the cost-
push shock has been assumed for simplicity. The expectations are found by iterating the
solution to inflation under inflation targeting one period ahead and taking expectations.
If society has fully understood and trusts that the central bank will revert any deviations
in inflation from the target then it will have no reason not to expect that future inflation

will equal the central bank’s target. Under this form of policy the real interest rate is
ry = it — T

where inflation expectations are fixed at the fixed inflation target. It is evident that the

36In research of monetary policy alternatives when the zero lower bound binds this is often referred to
as the so-called quantitative easing, see Orphanides and Wieland (2000), Bernanke et al. (2004), Bernanke
and Reinhart (2004) and Bullard (2010) among others. Quantitative easing implies increasing the size of
the central bank’s balance sheet. For this to have an impact on inflation expectations the private sector
has to perceive the increase to be permanent. However, this again raises the problem of commitment -
see, for example, Svensson (2010) on this point.
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central bank under this policy can affect the real interest rate until the nominal interest
rate is lowered to zero. The inflation target will then assure that the real interest rate

does not rise due to deflationary expectations.

When society appoints a central bank with a price level objective the price level target
instead serves as an anchor for inflation expectations. This can easily be seen from the
solution for inflation under price level targeting.®” Under price level targeting inflation
expectations are expressed as follows Eym 1 = —(1 — 0;)(p, — p) - derived in the same
manner as above using the result to inflation under price level targeting. Hence, when the
price level undershoots the target the private sector expects the central bank to create
inflation in the future, so the price level reverts back to the target and wvice versa. This

form of policy thus implies a real interest rate of
TE =1 — 7T€<pt - 15)

where the inflation expectations now is a function of the current deviation in the price

on¢
9(pt—p)
geting the central bank can still affect the real interest rate through the nominal interest

level from target with the following property, < 0. Hence, under price level tar-
rate. However, if a zero nominal interest rate is not sufficient to reach the monetary policy
objective then the real interest rate will decrease further because of the endogenous infla-
tion expectations. This is how price level targeting improves monetary policy compared

to inflation targeting when the zero lower bound binds

Because the real interest rate is affected through two endogenous channels under price
level targeting, while only through one under inflation targeting, the risk of hitting the
zero lower bound is reduced. Price level targeting requires less variation in the nominal
interest rate to adjust the real interest rate because the inflation expectations are doing

part of the adjustment.

The importance for monetary policy of anchoring inflation expectations is one of the
highly mentioned benefits of inflation targeting.®® As the analysis above showed the
inflation target enables the central bank to perfectly control the real interest rate. When
the nominal interest rate is lowered to zero the inflation target, however, puts a lower
constraint on the real interest rate, hence, r, € [-7,00). As Svensson (2010) notes, a real
interest rate of, r, = —7, may not lead to sufficient demand stimulus though. A price
level target, however, does not impose a lower constraint on the real interest rate, hence,
re € (—00,00). When the nominal interest rate is lowered to zero the real interest rate

instead is given by r, = —7n¢(p; — p) which depends endogenously on the price level. As

37The equivalent alternative to targeting a positive rate of inflation would be a price level target which
growth at a rate corresponding to the inflation target. However, leaving this out will not affect the
qualitative conclusions of the analysis.

38Walsh (2009a), for example, concludes that the ability of the central bank in responding to demand
shocks may be increased by committing to an explicit inflation target.
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long as the price level undershoots the price level target the private sector will continue

to expect inflation in the future. This will in turn lower the real interest further.

To clarify this difference consider the effect under the two policies of a temporary negative
demand shock which the central bank under both policies is assumed not to be able to
fully offset by setting the nominal interest rate to zero. Thus, the nominal interest rate is
set to zero in both cases. The economy is still assumed to be characterised by the model
introduced earlier. Hence, in the case of inflation targeting the target is zero and under
price level targeting the price level target is fixed. Under inflation targeting this leaves
the real interest rate equal to zero. This is assumed not to create the necessary demand
stimulus and the output gap is thus negative which results in deflation. Under price level
targeting the demand shock also results in a negative output gap and deflation. However,
because deflation causes the current price level to undershoot the price level target the
private sector will increase its inflation expectations which lowers the real interest rate
further and thus create additional demand stimulus.?® The net outcome is a smaller loss

in output and less deflation under price level targeting compared to inflation targeting.

To summarise, extending the analysis to a situation where the zero lower constraint on
the nominal interest rate binds following a large demand shock, gives price level targeting
additional leverage over inflation targeting. A relevant question is then whether a second-
best option for an inflation targeting central bank is to remain with inflation targeting and
only make a transition to price level targeting in the event the zero lower bound binds.
One problem may be to define the price level target. To gain the advantages of price
level targeting when the zero lower bound binds the central bank should aim for a price
level which exceeds the current price level in order to increase inflation expectations. This
may in turn require that the policy is adopted in a timeless perspective which enables the
central bank to aim for the pre-recession price level. Walsh (2009b), however, doubts the
credibility associated with adopting price level targeting in the midst of a recession. As
section 4.5 shows, replacing inflation targeting with price level targeting may be associated

with short-run costs as the private sector learns about the new regime.

4.4 Price level targeting with an escape clause

Price level targeting requires the central bank to aim at correcting any shocks to the

actual price level. However, in given circumstances it may be optimal to adopt the policy

39In Eggertson and Woodford (2003) the model is numerically solved for the case of optimal commitment
with the non-negative restriction on the nominal interest rate imposed on the aggregate demand relation.
The optimal commitment implies that, if the central bank is unable to fully offset a demand shock by
setting the nominal interest to zero, then it should set the nominal interest rate to zero. In the following
period the central bank should then raise its price level target to correct for the previous period’s shortfall.
This will lead to a further increase in inflation expectations resulting in a lower real interest rate and
additional demand stimulus.
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response under inflation targeting and “forget about the shock” and reset the price level
target. For such a policy response to be credible an explicit escape clause, allowing the

central bank to reset the target conditional on special events, should be included.

Several inflation targeting regimes include an escape clause.*® An escape clause augmented
to an inflation targeting regime generally allows the central bank to suspend the target
when inflation is affected by external factors the central bank has no control over.! Hence,

in this case the escape clause limits the central bank to “target what it can hit”.

Price level targeting does not treat bygones as bygones and it is therefore even more
important for the central bank to “target what it can hit”. If, for example, the price level
index, which the central bank targets, moves above the target due to external factors,
which the central bank has no control over, then the central bank is required to produce
an unwanted contraction in demand. Including an escape clause in the price level targeting
regime, which allows the central bank to ignore the shock and reset the target, will then
enable the central bank not to react to the shock to the price level and instead treat it
as bygones. A different solution to this problem would be to simply exclude the external
factors from the relevant price level index.*? In this case the central bank only “targets
what it can hit” and there is no need for an escape clause. As Walsh (2009b) notes, if
there is certain prices the central bank does not control then they should be excluded
from the relevant price level index. This, however, remains a practical issue which will

not be considered further.

Cost-push shocks present a trade off for monetary policy under both inflation targeting
and price level targeting. While inflation targeting is only concerned with current cost-
push shocks, price level targeting reacts to the entire history of cost-push shocks. If the
economy is in a deep recession caused by a large cost-push shock then it may be optimal

for a price level targeting central bank to ignore the shock and reset the target. Such

40The Czech National Bank and the Reserve Bank of South Africa explicitly list external supply shocks
as a viable exemption of the inflation targeting policy. Norges Bank lists a number of factors which it
is permitted not to take into account when it sets monetary policy. The appendix in Mishkin and
Schmidt-Hebbel (2002) include more examples.

41 An example of an escape clause is found in Czech National Bank (2004): “The CNB continues to
regard its inflation targets as medium-term targets from which actual inflation may deviate temporarily.
Such a deviation comes into consideration especially if the economy is hit by an “exogenous shock”. If
such a shock deflects expected inflation from the target, the CNB does not respond to the primary impacts
of the shock. It will apply an exemption (“escape clause”) from the obligation to hit the inflation target
and accept the deviation of the inflation forecast from the target caused in this way. There can be a whole
range of shocks which create room for applying such escape clauses. They include, for evample, major
deviations in world prices of energy raw materials or major deviations in agricultural producer prices. A
specific type of exogenous shocks is administrative measures that have strong price impacts, in particular
magjor changes in the structure or rates of indirect taxzes and major changes in the segment of requlated
prices.”

42The central bank may consider targeting a consumer price index which excludes commodity prices
determined on the global market and certain taxes and regulated prices controlled by the government.
The former is of course only relevant in the case of an open economy. For a theoretical analysis of the
relevant price level index for the central bank to target, see, for example, Mankiw and Reis (2003).
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behaviour may be motivated by the experience of the gold standard under World War 1.
As with price level targeting, the gold standard does not let bygones be bygones. However,
during World War I the policy was suspended and resumed when the war ended - for some
countries at a different parity. Hence, even though the former analysis showed that price
level targeting is superior to inflation targeting both when the economy is susceptible
to demand shock and cost-push shocks this may, nevertheless, only be the case during
normal business cycles. In turn this qualifies augmenting an escape clause to the price

level targeting regime.

In all aspects, however, it is not of importance to the following analysis why an escape
clause is present. It is the implications of including the escape clause to a price level tar-
geting regime, which allows the central bank to reset the target under given circumstances,

which is of interest.

4.4.1 Multiple equilibria

To formally analyse the implications of allowing a conditional reset of the price level target
it is apparent to first formally justify the need for a target reset. This justification may be
based on the latter argument made above. According to the society loss function in (2.6)
society is equally concerned with positive deviations and negative deviations in the output
gap. This may well be the true characterisation of society’s preferences during normal
business cycles. However, this part of the analysis assumes that society is not equally
concerned with large positive and large negative deviations in the output gap. More
specifically, it is assumed that the loss associated with a large positive cost-push shock,
which pushes up inflation leading to a steep decline in demand, is greater for society than
an equally large negative cost-push shock. Thus, a hostile invasion or a natural disaster is

assumed to lead to a greater loss than the discovery of large unknown natural resources.*?

The quadratic loss term on the output gap in society’s loss function presented in equation
(2.6) may therefore not describe well the cost of large declines in output. Borrowing from
the analysis in Masson and Shukayev (2011), the following loss function presents one way

of characterising such asymmetric preferences for large deviations in the output gap.
1 2 2
Lii = 5 [ty + iy + Clan)] (4.9)

The loss function (4.9) adds the term C(z;) to (2.6). C(x;) =0 if 2, > X and C(zy) > 0
if v; < X, where X < 0. It is furthermore implicitly assumed that the zero lower bound

never binds. Hence, C(z;) > 0 is the result of a large cost-push shock. This loss function

43Empirically, this assumption seems plausible if one, for example, considers the attention the oil price
shocks in the early 1970s and 1980s during the so-called first- and second oil crisis has received. However,
this may just be because large positive cost-push shocks have occurred more frequently than their negative
counterparts.
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induces an asymmetry to society’s preferences due to deviations in the output gap. In
the delegation process society will therefore want to consider appointing a central bank

with equally asymmetric preferences for large deviations in the output gap.

Hence, the loss function of a central bank concerned with deviations in the price level and

the equivalent asymmetric preferences for deviations in the output gap is given by

1
Liyi = 5 (A7 + (Dei — D)* + Cly)] (4.10)

where C(z;) is the only addition compared to the loss function under price level targeting
in (4.1) and an explicit price level target has been added for the convenience of the

following analysis.

It is then assumed that the central bank is able to mitigate the loss associated with a
cost-push shock which leads to an output gap of x; < X by temporary letting bygones
be bygones. Such behaviour corresponds to a price level targeting policy with an escape
clause. It is not of interest to try and find an explicit solution for monetary policy when
the central bank’s preferences are given by (4.10). The loss function (4.10) is only used

to formally motivate the inclusion of an escape clause.

To include an escape clause of the type described above the central bank is assumed to

have a time varying price level target of the form

Pt =0pi—1 + (1 — 0¢)pr

where 0; denotes the probability of resetting the target and letting bygones be bygones.
The probability of a target reset can be viewed as a trigger strategy conditional on the
decline in output under the price level targeting policy being large enough and conditional

on the target reset resulting in a higher output. Hence, J; takes the form

5 — 1 aif 2279< X and 2970 < 297!
! 0 if otherwise

which in turn may be viewed as an escape clause.

Whether or not the central bank will reset the price level target depends on the current
value of the output gap. The current value of the output gap is determined endogenously
in the Phillips curve. The Phillips curve in equation (2.1) shows that the current output
gap depends negatively on expected future inflation. Hence, if inflation expectations are
affected by the inclusion of the escape clause then the possibility of multiple equilibria

arises.

To derive an expression of the private sector’s expectation about future inflation consider
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first the expression of current inflation given by
Ty = (51571'?:1 + (]. — 6t) szo
which implies that inflation expectations are given by

B =Pr(60 = 1) Emlsl + (1= Pr(0py = 1)) Byl

Hence, current and expected future inflation depends on the current and expected future

conditional values of inflation.

The specific form of the escape clause implies that the conditional solution to inflation
is on the same form as the solution under price level targeting if the target is not reset
and on the form under inflation targeting if the target is reset. Staying consistent with
the same notation as in section 4.1 the current and expected future values of conditional

inflation are then given by
=0 = — (1—=61) (pr—1 — Dr—1) + Oowy

szl = Oyuy
By = — (1—=61) (pe — D) + Ozpuy
Em)o = Oypuy
The private sector’s expectation that the central bank will reset the target in period ¢+ 1

is formed in period t. To clarify this important point Pr (4,11 = 1) is denoted ¢;. Using

this and the above expression then gives the following expression for inflation expectations

B = — (1= G) (1= 61) (pe — pr) + G2puy

which has the important property

OEm t+1

>0
G

Hence, the private sector’s expectations about future inflation depends positively on how

great it values the probability that the central bank will reset the target in the future.

Consider then, the effect of a cost-push shock which pushes prices above the target, p, > p,
and further results in a decline in output which is not large enough to trigger a target
reset, x; > X. When p; > p; the private sector will, ceteris paribus, expect deflation in the
future. However, if the private sector values the likelihood of a future target reset as high

then that limits the downward effect on inflation expectations. The reason for this is quite
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intuitive. If the central bank is expected to frequently reset the target the private sector
will then expect the central bank to set monetary policy as if it had an inflation targeting
objective and in turn monetary policy will not reap the gains of the optimal commitment
policy. The consequence of this is a smaller effect from the deflationary expectations on
the output gap which will result in a larger decline in output and a potential target reset.

Hence, high expectations of a future target reset will eventually become self fulfilling.

The analysis in Masson and Shukayev (2011) further illustrates this point using numerical
simulations. When the trigger is, X = —8, which corresponds to an output gap of -8%,
then the simulations show that the unconditional probability of a price level target reset is
0.0%. However, when the trigger is, X = —1, corresponding to an output gap of -1%, then
the reset probability increases to 12-15% depending on the level of credibility associated

with monetary policy.*

Thus, adding an escape clause to the price level targeting policy, which includes the
possibility of resetting the target, will have a negative effect on the stabilising effects
working through the expectational channel. However, in the extreme case, where the
central bank is expected to reset the target every period the private sector’s expectations
about future inflation will correspond to those under inflation targeting. Hence, the worst
consequence of adding an escape clause to a price level targeting regime is that the gain

from the policy compared to inflation targeting turns to zero.

4.5 Credibility of the target

The favourable conclusions about price level targeting hinges on the important assumption
made in section 2.2 about the delegation process. It is assumed that society, with no loss
of credibility, can assign a targeting regime that does not correspond to the preferences of

society. The credibility issue of the assumption can overall be divided into two problems.

First, the assumption requires that there exists a central bank that has preferences for a
price level target, or, as discussed in section 2.2, that it is possible to create a contract
between society and the central bank which assures that the central bank aims at achieving
the price level target. Limited empirical evidence actually supports the validity of this
assumption. In the 1930s the Riksbank in Sweden implemented a price level targeting
policy more-or-less equivalent to the targeting regime analysed in the former part of

this section.’® Furthermore, Bank of Canada has recently considered the possibility of

#4Masson and Shukayev (2011) find at least two stable equilibria with different unconditional probability
of a target reset. They denote the equilibrium with high unconditional probability of target reset a low
credibility equilibrium and vice versa and run the simulations for the two equilibria. When the trigger is
X = —1 they find an unconditional reset probability of 15.4% related to the low credibility equilibrium
and a reset probability of 12.3% related to the high credibility equilibrium.

45The Swedish experience with price level targeting is analysed in Berg and Jonung (1999). The
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replacing the inflation target with a price level targeting regime of the kind analysed
here.*® Hence, it is reasonable to assume that there exists a central bank with preferences

for price level targeting.

Second, the assumption requires that the private sector is capable of understanding the
implications of the price level targeting policy. As mentioned, inflation targeting has be-
come a common targeting regime for monetary policy - see footnote 8. However, switching
from inflation targeting to price level targeting would require the private sector to under-
stand the implications of the arbitrary ¢ty when the policy is implemented and that shocks
to the price level are no longer ignored. Since, no central bank has made the transition
from inflation targeting to price level targeting it is not possible to justify this assump-
tion empirically. Furthermore, since the practical evidence with price level targeting is
reduced to around eight years in Sweden in the 1930s it is highly difficult to make any
empirical justification of whether it is reasonable to assume that the private sector is able

to understand the implications of a price level targeting policy.

It is thus necessary to turn to the theoretical evidence on this matter. One way to
analyse the problem would be to inspect the outcome under price level targeting if the
private sector consistently misperceives the central bank’s price level target. One could
imagine that society has just replaced an inflation targeting central bank with a price
level targeting central bank and that the private sector fails to understand the new target
for the price level. Yetman (2003) looks at the outcome for monetary policy in this case
and compares it to inflation targeting. The analysis assumes that the central bank sets
monetary policy aiming at stabilising the price level around a target of p, while the private
sector instead believes that the central bank aims at a target of p 4 ¢, where € # 0. The
former analysis highlighted the importance of the price level target in the formation of
expectations. If the central bank and the private sector have different beliefs about the
price level target then they will also have different expectations about future inflation.
Using the same model as here, the analysis in Yetman (2003) finds that if the private
sector has different beliefs about the price level target then price level targeting will no
longer be superior to inflation targeting. The analysis shows that this is true even for very
small deviations in the perception about the price level target, while for larger deviations

inflation targeting becomes the favourable policy.*” Yetman (2006) extends the analysis

Riksbank left the Gold standard and adopted a price level target in the beginning of the 1930s in order
to fight the deflationary spiral following the Great Depression. The formal objective of the policy was
to revert any deviations in the price level from the target set equal to the price level in September 1931.
The evidence presented in Berg and Jonung (1999) show that the policy succeeded in fighting deflation
and reestablishing domestic purchasing power.

16The central bank’s considerations are presented in Bank of Canada (2006) and in Amano et al. (2009).
In Bank of Canada (2006) the central bank, for example, lists the improvement of monetary policy when
the zero lower bound binds as an argument for adopting a price level target. In Amano et al. (2009) the
central bank, for example, lists the uncertainty of whether the assumptions about the economy necessary
for the policy to be optimal is satisfied as an argument against it.

4TThe analysis in Yetman (2003 and 2006) assumes a positive inflation target. Hence, a price level
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to include the speed limit policy. The analysis finds that the speed limit policy also tends
to outperform price level targeting when the private sector misperceives the target. Both
Yetman (2003 and 2006) thus find that if the private sector fails to understand the price

level target then price level targeting losses its superiority relative to inflation targeting.

The private sector misunderstanding the price level target may be a real problem for the
central bank in short run. However, it is hard to imagine the private sector systematically
making erroneous judgments about the target. Hence, one should expect that the private
sector eventually learns about the target and starts forming expectations about the future
based on the correct target. The analysis in Gaspar et al. (2007) sheds some light on
this issue. If the private agents exhibit rational expectations then they would adjust their
expectations immediately following a change to a new targeting regime. The analysis in
Gaspar et al. (2007) instead investigates the transitional costs of moving from inflation
targeting to price level targeting when the private agents fail to immediately adjust their
expectations according to the new targeting regime. The analysis assumes that the private

8 The overall conclusion of the

sectors expectations are formed by adaptive learning.*
analysis is that although the initial losses under price level targeting are greater than the
losses under inflation targeting they will eventually converge towards the losses under the
optimal commitment policy. Hence, although Yetman (2003 and 2006) finds that it may
not be the preferred targeting regime if the private sector does not understand it, this
remains an issue in the short run. However, if the private sector has to learn about the

new regime the outcome will remain superior to the alternatives in the long run.

What if, however, the private sector attaches some positive weight to the probability
that the central bank switches back to inflation targeting after having adopted price level
targeting? One may motivate this by assuming that there exists a disagreement in the
legislature responsible for appointing the central bank about what the desirable targeting
regime is. The current legislature may favour a change to price level targeting, however,
only by a narrow majority. A change in power in the legislature may then alter the view
of what the preferred targeting regime is and decide to reappoint the inflation targeting
central bank. This in turn impacts the formation of the private sector’s expectations.
Kryvtsov et al. (2008) look at the implications of switching from inflation targeting
to price level targeting when the policy change suffers from imperfect credibility. The
analysis assumes that the private sector initially attaches a positive probability to the

event that the central bank switches back to inflation targeting following the adoption of

targeting central bank will aim at stabilising the price level around a target path for the price level.
Yetman (2003 and 2006) thus motivates the analysis by assuming that the private sector has a different
belief about the starting point of the path, hence, the initial price level target. The qualitative conclusions
of the analysis does not, however, change by assuming a zero inflation target as done in this analysis.

48The adaptive learning assumption used in Gaspar et al. (2007) assumes that the private sector learns
about the new targeting regime by observing the actual outcome for monetary policy and estimating an
equation like Pt = 911]%—1 + 912pt72 + €.
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price level targeting, but that this probability converges to zero over time.?® The intuitive
consequence of adding this element to the model is similar to the case analysed in the
previous section 4.4 when a reset of the price level target was a possibility. Again, it
is the expectational channel which is affected. If the private sector values the risk of a
policy reversal high then it will, to a greater extend, form its expectations about future
inflation as if the central bank has an inflation target. The conclusions in Kryvtsov et al.
(2008) are that this form of imperfect credibility reduces the favourability of price level
targeting compared to inflation targeting. However, it is only when it takes ten or more
quarters before the private sector fully trusts that the central bank will not switch back

to inflation targeting that a change to price level targeting is not preferable.

Hence, both the analysis in Gaspar et al. (2007) and Kryvtsov et al. (2008) find that the
long run gains from an improved monetary policy trade off through price level targeting
tend to outweigh the transitional costs associated with a move from inflation targeting.
Overall, the theoretical findings tend to support a change from inflation targeting to price
level targeting even if the private sector does not fully comprehend the implications of the
policy. However, the theoretical findings also find that a change may involve additional

losses in the short-run.

4.6 Summary of the findings

The former analysis finds that when the central bank is forced to set monetary policy
under discretion price level targeting can be used to replicate the optimal commitment
solution to monetary policy derived in section 3.2. In the specific case, when there is no
persistence in the cost-push shock process, price level targeting can perfectly replicate the
optimal commitment solution. In all aspects, however, when the central bank is forced to
act under discretion price level targeting improves monetary policy compared to inflation

targeting by adding a stationary price level to the solution to monetary policy.

Furthermore, the analysis finds that price level targeting has additional leverage over
inflation targeting when the economy is hit by a large demand shock which implies that

the zero lower bound binds. This is because price level targeting enables the central

Kryvtsov et al. (2008) consider two ways of modelling this assumption. If one assumes that §; now
denotes the probability that the central bank stays with price level targeting then (1 — J;) denotes the
probability of a switch back to inflation targeting. Hence, §; = 1 implies that a continuation of the price
level targeting policy is fully credible. The analysis then considers one scenario where §; gradually adjusts
towards one, following the law of motion given by d;+1 = d; + b (1 — §;), where b € [0, 1] is the speed of
0, ift<T
1, ift>T
to one at time T'. Either way may be justified within the motivation used here. In the first scenario the
minority opposition may gain confidence of the effectiveness of price level targeting over time, while in
the second scenario the time 7' may constitute a shift in the legislature following an election which results
in a full majority supporting price level targeting.

convergence and another scenario where §; = { and thus jumps discontinuously from zero
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bank to optimally utilise the private sector’s expectations and thus keep the interest
rate operating procedure effective. The advantages of price level targeting may, however,
be limited if the policy, for any reason, includes an escape clause as this will limit the
gains from the expectational channel. Finally, the theoretical evidence point towards
the conclusion that price level targeting remains the optimal policy in the long run even
though it may involve short run transitional costs moving from, for example, inflation

targeting to price level targeting.
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5 Empirical investigation

The conventional way of analysing the optimality of monetary policy is by looking at
the ex ante announced objectives for monetary policy. The ex ante objective is defined
by the central bank’s loss function and the level of commitment attached to minimising
the loss function - see, for example, the central bank’s objective under inflation targeting
and price level targeting in equation (3.2) and (4.3) respectively. The formal analysis in
section 3 and 4 found that the optimality of monetary policy in an economy where the
private sector is forward-looking essentially depends on the statistical properties of the
price level. Based on this result evaluating the ex post realisation of the monetary policy
objective following a shock to the economy presents another way of making conclusions
about the optimality of monetary policy. The ez post realisation of monetary policy is in

this context defined by the statistical properties of the price level.

According to Schmidt-Hebbel (2009) a large number of central banks are characterised as
inflation targeters. Using the former way of analysing monetary policy would then most
likely lead to the general, and perhaps wrongful, conclusion that monetary policy does
not resemble the optimal commitment. Furthermore, one may easily attempt to make the
obvious conclusion based on the analysis in section 4 that the shift from inflation targeting
to price level targeting considered by Bank of Canada described in footnote 46 is a rather
straight forward decision. However, if the Canadian price level is already stationary, then

does this change necessarily improve on monetary policy?

Hence, one should distinguish between the ex ante objectives for monetary policy an-
nounced by the central bank and the ex post realisation of the monetary policy objective
when making conclusions about the optimality of monetary policy. The latter strategy
motivates an empirical investigation of the characteristics of monetary policy based on

the following empirical model for the price level

pr="0pi—1 + & (5.1)

If 0, takes a value between zero and one then the price level follows a stationary path
and monetary policy obtains the characteristics of the optimal commitment. If 6, on
the other hand, takes the value one then monetary policy allows shocks to persist and
the price level is non-stationary. Hence, if this relation is stationary then there is no
need to reconsider the delegation of monetary policy. To further validate this empirical
strategy recall the assumption made about the delegation of monetary policy in section
2. Following this assumption, the statistical properties of the price level are essentially a

result of political decisions.

The following section will apply this empirical strategy to data on the price level in

Australia, Canada, the Euro Area, Japan, New Zealand, Norway, Sweden, Switzerland,
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UK and the US. Conducting the empirical investigation on a rather broad sample of

countries enables a more general conclusion about the optimality of monetary policy.

In order to be able to make any conclusions about the optimality of monetary policy based
on this empirical strategy it is, however, necessary to assume that the model introduced
in section 2 is a good characterisation of the economies in the sample.’® Furthermore, it
is necessary to assume that the structural parameters of the model and the distribution
of the cost-push shocks are unchanged over the sample period. The validity of the latter
assumption is weaker over larger sample periods, while the assumption may be more

robust on a shorter sample.

5.1 Central bank objectives

Before investigating the statistical properties of the price level the objectives for monetary

policy announced by the ten central banks in the sample are reviewed.

Following section 2.2, a central bank’s objective is characterized by its loss function and
the level of commitment attached to minimising the loss function. In reality, however,
objectives are not formulated as precise and rigid as, for example, the inflation targeting
objective in (3.1) is. The examination of the objectives of the ten central banks is not in
any way final, but should be viewed as a brief qualitative assessment of what the central
banks have announced and how the literature has viewed it. Regarding commitment on
future actions it is convenient to view commitment from two perspectives. Borrowing
the definition from Ferrero and Secchi (2009), a commitment is viewed as being either
quantitative or qualitative. Furthermore, a commitment is viewed as either conditional
on, for example, future economic conditions or unconditional which, for example, implies
that the central bank commits to a certain policy for a fixed period. Besides the references
made below the assessment builds on the references to the central bank’s websites listed

in appendix 8.7.

The Reserve Bank of Australia operates in a flexible average inflation targeting regime
following the definition in section 3.3. This point is made in the analysis in Nessén and
Vestin (2005) and confirmed by the official announcement of the central bank’s objective
which among other things state that the central bank should focus on “..keeping consumer
price inflation between 2 and 3 per cent, on average, over the cycle.”. The announcement

does not, however, make any explicit definition of the length of a “cycle”.

500ne important distinction between the foundation underlying the empirical model in (5.1) and a
number of the economies in the sample is that the economies in the sample may be characterised as
open economies. Clarida et al. (2001) show that the optimal commitment solution carries over to the
open economy where, however, the central bank only reacts to changes in domestic prices. There may
be quantitative differences in the coefficients of the solution depending on the degree of openness of the
economy.

95



Bank of Canada explicitly labels its monetary policy regime inflation-control targeting.
Hence, it is safe to conclude that the Bank of Canada operates in an inflation targeting
regime. Additionally, Bank of Canada has recently made a quantitative, conditional
commitment about future monetary policy. That follows from the announcement in Bank
of Canada (2009) “Conditional on the outlook for inflation, the target overnight rate can
be expected to remain at its current level until the end of the second quarter of 2010 in

order to achieve the inflation target.”.

Article 127 in European Central Bank (2000) states that the primary objective of the Eu-
ropean Central Bank is “..to maintain price stability.”. It, furthermore, mentions that the
central bank without prejudice to this objective should aim at achieving full employment
and balanced economic growth. The Governing Board of the European Central Bank
furthermore defines price stability as “..inflation rates below, but close to, 2% over the
medium term.”. Hence, one may argue that the European Central Bank has an inflation
target. Note, that Schmidt-Hebbel (2009) does not count the European Central Bank as
an inflation targeter. In addition “full employment” alludes to an output preference, while
“balanced economic growth” alludes to an output growth objective. Thus, the objective
contains an element of the speed limit policy defined in section 3.3. Ferrero and Sec-
chi (2009) find that the European Central Bank on more occasions has made qualitative
commitments about future monetary policy by the use of a the so-called vigilance code
language, which is found to signal the direction of future monetary policy.
p

Bank of Japan “..implements monetary policy with the aim of maintaining price stabil-

2

ity.”. The central bank does not elaborate further on the definition of price stability.
In Bank of Japan (2011) the central bank, however, makes a reference to its assessment
of long-run inflation, which may suggest that price stability should be defined as some
sort of objective for inflation. Bank of Japan has on more occasions made conditional,
quantitative announcements on future monetary policy. One example is from 2001 where
Bank of Japan promised to keep the policy rate at zero until “..the consumer price index
(excluding perishables, on a nationwide statistics) registers stably a zero percent or an
increase year on year.”. A similar recent example is found in Bank of Japan (2010) p. 1.
The Reserve Bank of New Zealand is “..required to conduct monetary policy with the goal

U

of maintaining a stable general level of prices.” which is defined in terms of an average

¢

inflation target formulated as “..keep future CPI inflation outcomes between 1 per cent
and 3 per cent on average over the medium term.”. It does not, however, make any explicit
definition of the meaning of “the medium term”. The central bank, furthermore, makes a
quantitative, conditional announcement on future monetary policy by publishing a future

path for the interest rate.?!

S1Ferrero and Secchi (2009) and Blomquist (2010) survey central banks that publish a future path for
the interest rate. Among the ten central banks included in the sample Reserve Bank of New Zealand,
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Monetary policy in Norway is “..oriented towards low and stable inflation.” opera-
tionalised as a “..target of monetary policy shall be annual consumer price inflation of
approzimately 2.5 per cent over time.”. Hence, Norges Bank is labelled an inflation tar-
geter. Similar to Reserve Bank of New Zealand, Norges Bank also publishes a future path

for the interest rate.

The Riksbank has an inflation target. In Riksbank (2011) the monetary policy objective
is defined with the aim of “..maintain price stability.” Price stability further requires the
Riksbank “..to keep the annual increase in the CPI at 2 per cent.”. The Riksbank also

publishes an interest rate path.

The Swiss National Bank “..shall ensure price stability.”. This objective is defined in
article 5 in Swiss National Bank (2009). Price stability is, furthermore, defined as “..a
rise in the national consumer price index (CPI) of less than 2% per annum.”. The Swiss
National Bank thus operates in an inflation targeting regime. As noted in Schmidt-Hebbel
(2009) the Swiss National Bank does not define its monetary policy framework as inflation
targeting. However, Schmidt-Hebbel (2009) also lists Switzerland as an inflation targeting

country.

“..the Board of Governors and the Federal Open Market Commattee should seek “to pro-
mote effectively the goals of maximum employment, stable prices,..”, Federal Reserve
(2005) p. 15. Hence, the Federal Reserve’s objective alludes to an output preference
and a price stability preference without further defining the meaning of “stable prices”.
Walsh (2003) argues that the Federal Reserve’s monetary policy announcements with
their emphasis on economic growth motivate the speed limit policy as a proper charac-
terisation of the monetary policy objective. Woodford (1999b) argues that the inertial
interest rate setting by the Federal Reserve indicates that it has a preference for inter-
est rate smoothing. Ferrero and Secchi (2009) find that the Federal Reserve on more
occasions has made conditional, qualitative commitments about future monetary policy.
Moreover, the Federal Reserve has recently made conditional, quantitative commitments
about future monetary policy by the use of the so-called extended period language. A
recent example is found in Federal Reserve (2011b) “The Committee currently anticipates
that economic conditions—including low rates of resource utilization and a subdued outlook
for inflation over the medium run—are likely to warrant exceptionally low levels for the

federal funds rate at least through mid-2015.”.

‘

Bank of England’s objective for monetary policy “..is to deliver price stability — low
inflation — and, subject to that, to support the Government’s economic objectives including

those for growth and employment.”, where the central bank further defines “price stability”

Norges Bank and Riksbank are publishing an interest rate path. According to the evidence in Blomquist
(2010) these three central banks are among only five central banks to currently use this approach. The
two others are Czech National Bank and Bank of Israel.
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in terms of a target for inflation. Hence, besides targeting inflation this objective also

draws from the speed limit policy.

5.2 Empirical test

The former analysis assumed that the social optimal rate of inflation was zero. However,
the ten central banks included in the sample all aim for a positive rate of inflation °? which
implies an upward sloping trend in the price level. Furthermore, section 3.2 suggested
that the central bank may adopt the optimal commitment from a timeless perspective
and ignore the arbitrary to. If pg is normalised to zero then this would involve a non-zero

constant term.

Hence, the empirical model for the price level should take account of this. Equation (5.1)

is therefore augmented with a constant term and a trend to give
pr =0+t +01pi1 + € (5.2)

If the coefficient, 61, is between zero and one then the price level follows a trend stationary
path with a starting point in py = 9 and with a slope of @ = ~. If #,equals one then, on

the other hand, the price level follows a random walk with a drift.

5.2.1 Test hypothesis

Since the interest in relation to the ez post realisation of monetary policy, is the stationary
properties of (5.2) a proper way to empirically investigate the optimality of monetary
policy is to apply the augmented Dickey-Fuller unit root test on(5.2). An outline of the
test is found in Nielsen (2008).>3 The test considers the following null hypothesis

Hy: 6, =1 (5.3)

which implies that (5.2) follows a random walk with a drift. It is evaluated against the

alternative, Hy : —1 < 6y < 1, which implies that (5.2) follows a trend stationary path.

An equivalent version of the test considers the null, Hy : v = 0, against the alternative,

H,y: —2 < v <0, on the difference equation, Ap, = ¥+t +vp;_1 + €, where v = 6; — 1.

52Table 5.2 includes the positive inflation targets for the eight inflation targeting central banks in the
sample. The two remaining central banks, the Federal Reserve and Bank of Japan do not announce an
explicit inflation target. Instead they published an assessment of long-run inflation. In Federal Reserve
(2011a) p. 43 the Federal Reserve’s long-run projection for inflation was 1.7-2.0%. In Bank of Japan
(2011) p. 13 the board members of Bank of Japan regard an inflation around 1% consistent with price
stability.

53The test is outlined for an autoregressive process of order one characterising the evolution of the
price level. This is only for simplicity. When applying the test autoregressive processes of higher order
are also considered in order to secure that ¢; is random and i.i.d..
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If v =60, —1 = 0 then ~t is accumulated to produce a quadratic trend. To avoid this,
the joint hypothesis, H} : v = v = 0, is tested using the likelihood ratio test, LR(v =
v=0)=—2(log Ly — log L4). The test statistic follows a Dickey-Fuller distribution that
allows for a constant term and a trend. Rejecting the null will provide evidence to support
the conclusion that (5.2) exhibits the statistical property of trend stationarity and that

monetary policy hereby obtains the characteristics of the optimal commitment.

In this case, the statistical properties of (5.2) can be described as follows
pe=p 0+t (5.4)

where pPT4 denotes the stationary part of the price level and ¥ together with v denotes

the starting point and the slope of the trend respectively.

Inference on the starting point in (5.4) can be used to test if monetary policy is optimal
from a timeless perspective. Following the definition in section 3.2, a policy which is
optimal from a timeless perspective does not depend on the arbitrary ty. If monetary
policy on the other hand depends on the arbitrary ¢, then the starting point of the trend
should equal the initial price level. Testing this corresponds to testing the null hypothesis

H() Y= Po (55)

against the two-sided alternative, H4 : 9 # py. When p, is normalised to zero then the
null corresponds to the standard exclusion restriction on the constant term. Rejecting the
null will indicate that monetary policy is optimal from a timeless perspective. However,
a failure to reject the null does not necessarily imply the opposite. The central bank may
very well find it optimal to choose py as the starting point when implementing the policy

from a timeless perspective.

Inference on the slope in (5.4) can be used to investigate if the slope of the trend in
the price level corresponds to the central bank’s target for inflation. It is of course only
relevant to test this restriction for central banks that announce an explicit inflation target.
However, assuming that the central bank’s inflation target equals the social optimal rate
of inflation in the economy then it should involve a better outcome for monetary policy
if the slope of the trend in the price level equals the inflation target. If the opposite
holds then one may argue that it involves a constant social loss in the long run as actual

inflation deviates from the social optimal level.

The relevant null hypothesis depends on how the inflation target is formulated. If the
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target is announced as a point target® then it is apparent to test the null
Hy:v=7 (5.6)

The null is evaluated against the two-sided alternative, H4 : ﬁ # m. If the target

instead specifies an upper bound for inflation® then the relevant null becomes
Hy: v <7 (5.7)

which is evaluated against the alternative, H, : v > 7. Finally, the central bank may

announce a target range for inflation.?® In this case it is relevant to test the null

HO . 7Trlower bound S v S Fupper bound (58)

against the alternative, Hy : v < glowerbound op ~ > gupperbound

Rejecting the respective null hypothesis will then provide evidence to support the conclu-
sion that the central bank is setting monetary policy to stabilise the price level around a
path that is either growing too fast or too slow compared to the social optimal level of

inflation.

Table 5.1 summarises the test strategy and its implication for monetary policy.

Reject (5.3) Not reject
Reject (5.5) Not reject (5.5) (5.3)
Reject (5.6), Optimal timeless . .
(5.7) or((5.§) commitment Optimal commitment
Not reject Optimal timeless Optimal commitment,
(5.6), (5.7) commitment, trend trend equals inflation -
or (5.8) equals inflation target target

Table 5.1: Test summary

5.2.2 Data

To carry out the tests summarised in table 5.1 data on the monetary policy relevant

price level index, a relevant sample start and an inflation target, if the central bank has

54Bank of Canada and Bank of England announce a point target and a symmetric tolerance band
around the target. In this analysis it will be assumed that they find any deviation from the point target
undesirable.

55This hypothesis implicitly assumes that the central bank is satisfied as long as inflation remains below
the upper limit. It should, however, be noted that the European Central Bank, which announces and
upper limit for inflation, actually aims at an inflation below, but close to the upper limit.

56This hypothesis implicitly assumes that the central bank finds all values of inflation within the range
equally desirable.

60



announced one, for the countries in the sample is needed. Table 5.257 provides an overview
of the data.

Country Start date, ty Inflation target, 7  Price level index, p
Australia 1993:QQ3 2-3% CPI
Canada 1996:M1 2% CPI
Euro Area 1999:M1 < 2% CPI
Japan 1998:M4 - CPI ex. fresh food
0-2% (1991:Q1)
New Zealand 1991:Q1 0-3% (1997:Q1) CPI
1-3% (2002:Q3)
Norway 2002:M1 25% CPI
Sweden 1995:M1 2% CPI
Switzerland 2000:M1 < 2% CPI
24% (1992:M10 RPIX (1992:M10
Uk 1992:M10 2% ((2004:1\/[1)) CPI ((2004;1\41) )
US 1979:M8 - Core-CPI

Table 5.2: Data

For all ten central banks the sample start is chosen at the time when the current mon-
etary policy regime was adopted. As mentioned above, the statistical properties of the
price level depends on the monetary policy objective. Applying the test to the period of
the current regime enables the possibility of making conclusions about current monetary
policy and assess whether current monetary policy is optimal from a timeless perspective.
The samples chosen may, however, be subject to breaks or shifts which can influence the
test results. This problem is discussed next. For the inflation targeting central banks the
sample start is chosen at the time when the inflation targeting policy took effect. For
Canada, however, the first three years of disinflationary targeting®® has been disregarded.
The start date for Japan is chosen at the time when the new Bank of Japan act came
into effect.®® And finally for the US, the start date is set at the time Paul Volcker took

over as chairman of the Federal Reserve Board of Governors.5°

The inflation targets listed in table 5.2 correspond to the official announced inflation

57The information in the table has been retrieved from the central bank’s websites. See appendix 8.7
for a list of references. The price level time series have been collected from the national statistical offices
using Macrobond Financial

58Disinflationary targeting refers to the special version of inflation targeting, where the central bank
targets a downward sloping path for inflation which is gradually converging towards a fixed target cor-
responding to low inflation. Besides Bank of Canada, this policy has also been used by National Bank
of Poland, Czech National Bank and the Turkish Central Bank among others as an effective means for
bringing down inflation to a low an stable level.

59The Bank of Japan Act was finalised in June 1997 with effect of April 1998.

60This date is chosen as it is viewed as starting point of the focus on gaining price stability in US
monetary policy. Orphanides (2006) analyses US monetary policy under the so-called Volcker-Greenspan
era.
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targets. Note, that Bank of Japan and the Federal Reserve do not announce an official
inflation target. Hence, the test on the restriction on the trend slope is not carried
out for these two central banks. Note further, that in the group of central banks with
inflation targets Reserve Bank of Australia and Reserve Bank of New Zealand have a target
specified as a range, the European Central Bank and the Swiss National Bank have an
asymmetric target where the upper limit to inflation is announced and the remaining four,
Bank of Canada, Norges Bank, the Riksbank and Bank of England all have announced a
point target for inflation. Also note, that the Reserve Bank of New Zealand and Bank of
England have changed the target during the period considered.

Finally, the price level indices used are the monetary policy relevant indices. For the
inflation targeting central banks this corresponds to the index which is used to calculate
the target relevant inflation. For Japan and the US the index used is the index the central
bank refers to when it announces monetary policy. Note, that Bank of England changed
the monetary policy relevant price index in the period considered. For UK a composite
index is thus constructed as a merger and proper rebasement of the two indices in the
period where the change took effect. Also note, that the statistical offices in Australia

and New Zealand publish price level data on a quarterly basis.

5.2.3 Breaks and shifts

The statistical properties of the empirical model in (5.4) depends on the monetary policy
objective. Hence, if the objective changes then that change may affect the statistical
properties of the price level. Consequently, this may determine whether or not the null in
(5.3) is rejected, thus, whether or not the price level is stationary. It is therefore important
to take account of events which may impact the monetary policy objective and lead to
breaks or shifts in (5.4). Restricting the sample period to the period where the current
monetary policy regime has been in place limits the number of potential shifts and breaks
in (5.4).

This does not mean, however, that (5.4) may not be subject to exogenous breaks or shifts.
Table 5.3%% contains a list of dates where possible exogenous breaks or shifts may have
occurred. The table identifies three sources of exogenous breaks and shifts. The first is a
change in the policy makers at the central bank. Column one in table 5.3 includes a list
of dates when there has been a change in policy makers at one of the central banks in the
sample. The table shows that this event has occurred in all the central banks one or more
times during the respective sample period. The second source of exogenous breaks and
shifts is a change in the variables included in the central bank’s objective for monetary

policy. Column two in table 5.3 provides the only example of such an event in the sample.

61The table is constructed using information collected from the central bank’s websites. See appendix
8.7 for a list of references.
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It was when Bank of England changed the monetary policy relevant price index in 2004.
The third source is a change in the monetary policy target. As the third column in table
5.3 reports, this has happened two times in New Zealand and one time in UK. When
Reserve Bank of New Zealand changed its target in 2002 the new target was formulated
as an average inflation target. Finally, the fourth source of exogenous breaks and shifts is
a change in the level of commitment to future monetary policy. Column four in table 5.3
shows that this has potential relevance for Reserve Bank of New Zealand, Norges Bank
and the Riksbank. For all three central banks the dates reported mark the time when the

respective central bank started publishing a path for the policy rate.®?

Country Change in policy Change in Change in Change in

makers variable target commitment
Australia 1996:QQ3, 2006:Q3 - - -
Canada 2001:M2, 2008:M2 - - -
Euro Area 2003:M11 - - -
Japan 2003:M3, 2008:M4 - - -
1997:Q1,
New Zealand 2002:Q3 2002:%3 1997:Q1
Norway 2011:M1 - - 2005:M11
Sweden 2003:M1, 2006:M1 - - 2007:M2
Switzerland 2001:M1, 2003:M7, i ] ]
2007:M5, 2010:M1
UK 1993:M7, 2003:M7 2004:M1 2004:M1 -
UsS 1987:M8, 2006:M1 - - -

Table 5.3: Potential breaks or shifts

The four sources of potential exogenous breaks and shifts listed in table 5.3 may affect
all three statistical properties of (5.4). The stationary properties of the price level may
change following a change in the policy makers at the central bank. A change in policy
makers may not alter the official announced monetary policy objective, although table
5.4 does provide one example of this, namely New Zealand in 2002. However, it may have
an effect on the relative weight put on the variables in the objective which is assumed to
be closely connected to the preferences of the policy makers at the central bank. In turn
this may affect the stationary properties of the price level. Even without any changes
to the loss function the stationary properties may be affected. This can happen if the
central bank changes the way it commits to the future. Section 3.2 describes well the
importance of commitment for monetary policy. Furthermore, the stationary properties

of (5.4) may also change following a change in either the variables or the targets in the

62Section 5.1 describes more examples of central banks making commitments about future monetary
policy. These examples have, however, been ignored here as it is difficult to determine whether they
constitute a permanent shift in the monetary policy objective or not and when the shift may have taken
place. This does not, however, mean that they are not a potential source of an exogenous break or shift
in the monetary policy objective. Just that they are difficult to control for.
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central bank’s loss function. The starting point and the slope of the trend may also be
affected by all four sources of exogenous breaks and shifts in table 5.3. The timeless
perspective to monetary policy, for example, justifies changing either the starting point

or the trend slope if needed.

One obvious way to take account of the impact of a potential break or shift is to augment
the empirical model in (5.2) with a well specified dummy variable which corrects for the
effects of a break or shift in (5.4). There are, however, two problems related to this
approach. One is that the distribution under the null of a unit root in (5.2) including
additional deterministic terms is highly complex. And the complexity increases with the
number of dummy variables included.®® Another problem is that this approach is not very
robust to errors in the exogenous break dates listed in table 5.3. Even though the source
of a potential break or shift occurred at either one of the dates listed in table 5.3 the
actual break or shift may have happened at a different time. Furthermore, this approach
fails to take account of changes in the stationary part of (5.4). A more robust way of
taking account of potential breaks or shifts is by restricting the estimation of (5.2) to
a shorter sample which eliminates the period prior to the potential break or shift. The
drawback of this approach is that it reduces the number of observations in the estimation
period. Fewer observations imply a less consistent estimation and thus a more uncertain
outcome. Nonetheless, the latter approach is applied to check the robustness of the test

results.

5.2.4 Test results

The augmented Dickey-Fuller test procedure follows the guidelines in Nielsen (2008).
First, the number of lags in the empirical model given by (5.2) is determined through a
standard general-to-specific estimation procedure to assure that the model is well specified.
Second, the test statistic under the null (5.3) of a non-stationary price level is derived.
Table 5.4 reports the results.

Country Model LR-test | Country Model LR-test
Australia AR(1) -2.05 | Norway AR(2) -3.08
Canada AR(2) -3.41* | Sweden AR(3) -2.48
Euro Area AR(2) -2.35 | Switzerland AR(2) -4.51%*
Japan AR(2) -240 |UK AR(1) -2.68
New Zealand AR(1) -2.83 | US AR(2) -9.30**

**significant at 1% level, *significant at 5% level

Table 5.4: Unit root test

63See Perron (1989) and Byrne and Perman (2007), among others, on the topic of testing for unit roots
with structural breaks and shifts.
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The null of a non-stationary price level is rejected on a 1% significance level for the
US and Switzerland and on a 5% significance level for Canada. Hence, the empirical
evidence point towards the conclusion that Bank of Canada, the Swiss National Bank
and the Federal Reserve have conducted a monetary policy which resembles the optimal
commitment. In the case of Norway, the null is almost rejected on a 10% significance
level. The sample for Norway, however, is the shortest among the ten central banks. The
test statistic is biased towards non-rejection for shorter samples though. Hence, it cannot
be completely ruled out that the monetary policy set by Norges Bank has resembled the

optimal commitment.

To test the robustness of the results in table 5.4 the test procedure is repeated on shorter
samples starting after the exogenous break dates listed in table 5.3. When performing
the test on reduced samples a trade off between eliminating the impact of possible breaks
and shifts and producing consistent results arises. Table 5.5 therefore does not report test

results on samples starting after 2006:M1.

Country Sample start Model  LR-test
Australia 1996:Q3 AR(1)  -3.63*
Canada 2001:M1 AR(2)  -3.56%*
Euro Area 2003:M11  AR(2) -1.85
Japan 2003:M3 AR(2) -2.55
Norway 2005:M11  AR(2) -3.11
New Zealand 1997:Q1 AR(1)  -3.65*
Sweden 2006:M1  AR(2)  -2.20
Switzerland 2003:M7  AR(2)  -3.79*
UK 2004:M1  AR(1)  -2.92
US 2006:M1  AR(1)  -4.24%*

**significant at 1% level, *significant at 5% level

Table 5.5: Unit root test on restricted sample

On the reduced samples the null of a non-stationary price level is rejected on a 1% signif-
icance level for the US and on a 5% significance level for Australia, Canada, New Zealand
and Switzerland. The evidence thus point towards the conclusion that the monetary
policy set by the Reserve Bank of Australia started resembling the optimal commitment
policy following the change in the policy makers at the central bank in 1996. The evidence
for New Zealand indicates that the Reserve Bank of New Zealand has set a policy which
obtains the characteristics of the optimal commitment after the central bank changed

inflation target and began publishing a path for the interest rate in 1997.

For Japan, it should be noted, that the reduced sample estimation suggests exclusion

of the trend. For Japan, it turns out that the null of a non-stationary price level is
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almost rejected on a 10% significance level.®* Hence, there is weak evidence to support
the conclusion that the change in policy makers in 2003 changed the objectives of Bank of
Japan in such a way that the outcome for monetary policy started resembling the optimal

commitment.

In the case of Norges Bank the significance level at which the null is rejected is marginally
improved when the test is applied on the reduced sample. This is a weak indication that
the decision to start publishing a path for the interest rate in 2005 had an impact on the
outcome for monetary policy. Again, it is important to keep in mind that the shorter

sample biases the results towards a non-rejection of the null.

There were not found any significant evidence pointing towards a rejection of the null in
the case of the Euro Area, Sweden and UK.

For the seven countries, including Japan and Norway, where the evidence supports a
stationary price level, the coefficients of (5.4) is then estimated based on the estimation
periods listed in table 5.5. The estimated coefficients and standard errors are reported in
table 5.6 together with the level of significance of the null on the constant term in (5.5)
and the relevant null on the trend slope in (5.6), (5.7) or (5.8). Note that since there were
found no evidence of the significance of the trend slope in the Japanese price level it has

been disregarded in the estimation.

EST Significance EST Significance
Country 9 level of (5.5) ¥ level of (5.6),
(5.7) or (5.8)
Australia (§§§f§§§’) < 0.1% (8888352) 99.9%
Canada ((?(?012167571?) < 0.1% (888(1)82;) 15.7%
T T
N T N
New Zealand (_(?83585??2) < 0.1% (888813?) 99.9%
Switzerland (88(?;455552) 2.3% (88(?808212) 99.9%
s Smn g g

Table 5.6: Estimated coefficients of (5.4)

The exclusion restriction on the constant term is rejected on a 1% significance level for

Australia, Canada and New Zealand and on a 5% significance level for Japan and Switzer-

64When the Dickey-Fuller test is only augmented with a constant the distribution under the null moves
to the right which implies rejecting the null for lower test statistics.
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land. In the case of Norway and the US the null cannot be rejected. This indicates that
Reserve Bank of Australia, Bank of Canada, Bank of Japan, Reserve Bank of New Zealand
and the Swiss National Bank has implemented the optimal policy from a timeless per-
spective. It also indicates that the implementation of the optimal monetary policy by
Norges Bank and Federal Reserve depends on the arbitrary ¢y, but this does not, as men-
tioned above, rule out that monetary policy is implemented from a timeless perspective.
Furthermore, it is important to stress that the results depend entirely on the assumption

that the implementation of the optimal policy occurred at the sample start.

For Canada, the estimated annual increase in the price level trend is 2.0%. This is not
significantly different from the official inflation target announced by Bank of Canada of
2%. The estimated slope of the Australian price level trend corresponds to an annual
inflation rate of 2.9%. It cannot be rejected that it is located in the range of 2-3% which
is the official target range for inflation set by Reserve Bank of Australia. The estimated
slope of the price level trend in New Zealand corresponds to an annual inflation rate of
2.5%. It can also not be rejected that it is located in the official target range for inflation
of 1-3% set by the Reserve Bank of New Zealand. The estimated slope of the price level
trend in Switzerland corresponds to an annual rate of inflation of 1.0% and it is not found
to be significantly different from the Swiss National Bank’s inflation target. Hence, the
empirical evidence indicates that the optimal monetary policy set by Bank of Canada,
the Reserve Bank of Australia, the Reserve Bank of New Zealand and the Swiss National
Bank respectively is in accordance with the inflation target. The estimated slope of the
Norwegian price level trend corresponds to an annual rate of inflation of 2.3%, which
is significantly different on a 1% level from the inflation target of 24% set by Norges
Bank. Hence, the evidence point towards the conclusion that the optimal monetary policy

conducted by Norges Bank is not in accordance with the announced inflation target.

Figures 5.1-5.10 depict the actual price levels for all ten central banks. For the seven cen-
tral banks which have conducted a policy that exhibits the characteristics of the optimal

commitment the estimated trend is included in the illustration.
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Table 5.7 summarises the empirical findings. The evidence supports the conclusion that
monetary policy in Australia, Canada, Japan, New Zealand, and Switzerland has re-
sembled the optimal timeless commitment. In Australia, Canada and New Zealand the
policy has furthermore been in accordance with the inflation target. In Norway and the
US monetary policy is found to have resembled the optimal commitment, but not from a
timeless perspective, however, noting the uncertainties attached to the latter result. It is,
furthermore, worth noting that this conclusion only holds for past realisations of mone-
tary policy and does not necessarily provide any indication about the future development
in the price level and thus the future optimality of monetary policy. Monetary policy in
the Euro Area, Sweden and in UK has not been found to have resembled the optimal

commitment policy.

Reject (5.3) Not reject,
Reject (5.5) Not reject (5.5) (5.3)
Reject (5.6), Japan Euro Area,
(5.7) or (5.8) Norway, US Sweden, UK
gog) re(J; C7t) Australia, Canada, i
RS New Zealand, Switzerland
or (5.8)

Table 5.7: Summary of test results

5.2.5 TUncertainties

The previous investigation failed to find any evidence that monetary policy in UK has
resembled the optimal commitment. A similar analysis in Ruge-Murcia (2009), however,
reaches the opposite conclusion. In Ruge-Murcia (2009) Bank of England is found to

have set a monetary policy which has resembled the optimal commitment. The obvious

71



explanation for this difference is that the analysis in Ruge-Murcia (2009) is based on a
shorter sample. If the unit root test for UK is performed on a sample which ends in
2007:M12 then the conclusion changes. The evidence point towards the conclusion that
the monetary policy set by Bank of England during this period monetary has resembled
the optimal commitment which furthermore indicates a break or shift in monetary policy
in UK around this time. It is not, however, possible to identify the potential source of this
break or shift from table 5.3. One explanation could be that Bank of England changed
its monetary policy objective following the Financial Crisis which hit UK around this
time. It is furthermore not possible to identify what this change has meant for monetary
policy in UK since the sample starting in 2007:M12 is not long enough to get consistent
estimates of the empirical model in (5.2). Hence, it is not possible to identify whether
Bank of England has set a stationary price level in the period following 2007:M12 meaning
that the failure to find evidence of a stationary price level over the entire sample period

may be regarded a target reset or slope change.

The previous investigation also failed to provide any evidence that the Riksbank has
set a stationary price level. The analysis in Ruge Murcia (2009) did not succeed in
finding any evidence either. The analysis, however, failed to take account of the change
in commitment in 2007:M2 made by the Riksbank. At this point the Riksbank started
publishing a path for the interest rate. The sample starting at this date is too short to
get consistent estimates and thus investigate if it has had any significant impact on the
statistical properties of the Swedish price level. However, there may be some support
found in the evidence from New Zealand and Norway. The results of the empirical test
show that when the Reserve Bank of New Zealand and Norges Bank started publishing a
path for the interest rate it changed the conclusion about the statistical properties of the
price level in New Zealand and Norway respectively. Hence, the decision by the Riksbank
to start publishing a path for the interest rate may also have implied a stationary price

level.

5.3 Discussion of the findings

The empirical investigation in section 5.2 concluded that the statistical properties of
the price level in Australia, Canada, Japan, Norway, New Zealand, Switzerland and the
US obtains the characteristics of the optimal commitment. Comparing this conclusion
with the review of the central bank objectives presents a potential anomaly. Of the seven
central banks with a stationary price level, three of them are defined as inflation targeters,
two as average inflation targeters and one may follow a speed limit policy. Hence, based
on this comparison, one may conclude that the actual outcome for monetary policy does
not match the outcome one would have predicted by inspection of the objectives. If

the evaluation of monetary policy was only based on the review then one might arrive
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at the incomplete conclusion that monetary policy is in fact not optimal. Instead an
anomaly arises, where one may argue that monetary policy is characterised by “non-

optimal intentions, but optimal actions”.

The three remaining central banks in the Euro Area, Sweden and UK, where the evidence
did not point towards the conclusion that they had set a monetary policy which resembles
the optimal commitment, are all three characterised as inflation targeting central banks
in the review. Based on this comparison, one may arrive at the conclusion that the actual
outcome corresponds to the outcome predicted by the review of the objectives. Hence,
for these three central banks there may be a case for improving the outcome for monetary
policy by replacing the current targeting regime with the price level targeting regime
analysed in this thesis, while, however, noting the uncertainties attached to the results -

as discussed in the previous section.

The implications for monetary policy in the first mentioned seven countries, however,
depends on how current monetary policy is perceived. If expectations are rational and
the central bank’s announcement of its monetary policy objective is perceived to be fully
credible then one would expect expectations to be formed based on the official objective
for monetary policy. In the case of the three inflation targeting central banks in Canada,
Norway and Switzerland, private expectations about future inflation are then based on
the solution to inflation targeting in equation (3.5). However, monetary policy resembles
the solution to the optimal commitment in equation (3.15). In this case, however, the
central bank may not gain full advantage of the expectational channel connected to setting
a stationary price level. To get a clear view of the implications for monetary policy one
would have to use a model which allows for heterogeneous expectations or asymmetric
information. Nevertheless, since the central bank is setting a monetary policy which
resembles the optimal commitment solution, it may constitute a “free lunch” of merely
announcing that it is doing so - for example by replacing the current targeting regime

with the price level targeting regime analysed in this thesis.

One drawback of this approach is that expectations may in fact not be rational. Ex-
pectations may instead be formed by observing the actual outcome for monetary policy,
for example, through adaptive learning - see Gaspar et al. (2007) and footnote 48 on
adaptive learning when the solution to monetary policy is a stationary price level. In
this case the anomaly presented above may have no implications for current monetary
policy. In this case the central bank will gain full advantage of the expectational channel
by setting a stationary price level. Thus, any changes to the monetary policy framework
may not be needed. Replacing the current targeting regime with the price level targeting
regime analysed in this thesis may, however, still constitute a “free lunch” and may further
reduce the costs of learning and speed up the convergence to the rational expectations

equilibrium. Further knowledge on this is, however, an issue for future research.
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A recent empirical contribution to this discussion is found in Walsh (2009b). Walsh
(2009b) constructs a counter factual scenario for US monetary policy during the recent
Financial Crisis. In the counter factual scenario inflation expectations are instead formed
as if the Federal Reserve had started setting a stationary price level prior to the Financial
Crisis.®> There is of course a great amount of uncertainty connected to a counter factual
analysis. Nevertheless, the conclusion of the analysis in Walsh (2009b) is that the Federal
Reserve would have been able to utilise expectations better if it had adopted a price level
target prior to the Financial Crisis. Another recent empirical contribution is found in
Cateau et al. (2009). Cateau et al. (2009) basically perform the analysis of Kryvtsov
et al. (2008), see section 4.5 for a review of this analysis, on ToTEM, Bank of Canada’s
model for the Canadian economy. Hence, Cateau et al. (2009) investigate the specific
gains for Canadian economy of adopting price level targeting when credibility is imperfect.
The analysis concludes that there may be substantial gains if Bank of Canada adopts a
price level targeting policy like the one analysed in this thesis. In the specific cases of
Canada and the US there may thus be gains of replacing the existing regime with a price
level targeting regime such as the one analysed in this thesis and since both central banks
are already setting a stationary price level the transition may not be too difficult. If the
US, a large open economy, and Canada, a small open economy, gain by adopting price
level targeting, then one may argue that the recommendation carries over to the remaining

eight countries in the sample (and other countries outside the sample as well).

65Walsh (2009b) constructs the counter factual scenario by assuming a target path for the price level
to return increasing at an annual rate of 2% and assuming that it takes four quarters to return to the
path. Hypothetical paths for inflation expectations are then constructed using different starting points
and compared to the actual inflation expectations implied by the indexed 5-year Treasury bond.
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6 Conclusion

The present thesis has revisited the arguments for and against a policy focusing on a price
level target. There is currently no central banks operating a regime of price level targeting
and only one central bank, Bank of Canada, is actively considering adopting the policy. In
fact, historically, the Riksbank in the 1930s remains the only central bank to have had a
price level target. Nevertheless, price level targeting presents the optimal way of utilising
the forward-looking inflation expectations. The ability to utilise inflation expectations
has become highly relevant following the experience of the Financial Crisis. A number
of central banks are currently conducting monetary policy at very low nominal interest
rates and have begun using unconventional tools of monetary policy. In this environment
price level targeting presents a way of keeping the conventional interest rate operating

procedure effective.

When economic agents are forward-looking the optimal commitment solution to monetary
policy is history dependent and includes a stationary price level. Since the central bank
is generally not assumed to be able to commit, this thesis has looked at alternative ways
of implementing the optimal commitment solution, when the central bank is forced to act
under discretion. Even though society is concerned with deviations in inflation and the
output gap, it is optimal for the central bank to have a different objective for monetary
policy. If the central bank instead is concerned with changes in the output gap, which
is the core of nominal income growth targeting and the speed limit policy, then the
outcome for monetary policy would be history dependent. However, if the central bank is
concerned with price level stability, the outcome is both history dependent and includes
a stationary price level and thus closely resembles the optimal commitment solution. In
specific circumstances it is actually possible to perfectly replicate the optimal commitment

solution through price level targeting.

Compared to inflation targeting, price level targeting presents a way of keeping the interest
rate operating procedure effective, when the zero lower bound on the nominal interest
rate binds. Inflation targeting anchors inflation expectations at the inflation target. This
puts a lower constraint on the real interest rate. Under price level targeting inflation
expectations depends negatively on the deviation of the actual price level from the target.
Inflation expectations will therefore push the real interest rate downwards as long as the
actual price level undershoots the target. Price level targeting is thus letting the market
do part of the stabilisation. Price level targeting requires the central bank to revert
all shocks to the price level. However, if a shock is caused by external factors, which
the central has no control over, or if the shock is above a certain magnitude, then this
reaction may be unwanted. One way for a price level targeting central bank to avoid
reacting to specific shocks is to include an escape clause, which allows the central bank

to ignore the shocks and let bygones be bygones. However, as this thesis has shown, an
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escape clause, which allows a price level targeting central bank to adopt the reaction of
an inflation targeting central bank under given circumstances, will limit the effectiveness
of the expectational channel. The central bank should therefore “target what it can hit”
and maintain a stationary price level at all times. As mentioned, only one central bank
has ever operated in a price level targeting regime. It is therefore fair to assume that it is
associated with some transitional costs moving from, for example, inflation targeting to
price level targeting as the economic agents may not fully comprehend the policy at first.
However, even if this assumption holds, this thesis finds that it is still advantageous in

the long run to adopt price level targeting.

Empirically, there exists a monetary policy anomaly. This thesis has evaluated monetary
policy in a sample of ten major central banks. Reviewing what objectives the central
banks announce for monetary policy reveals that the central banks in the sample can be
characterised as some form of inflation targeters, average inflation targeters or following a
speed limit policy. However, inspecting the statistical properties of the price level shows
that the central banks in Australia, Canada, Japan, Norway, New Zealand, Switzerland
and US have set a monetary policy which resembles the optimal commitment. This thesis
therefore argues that monetary policy in these seven countries has been characterised
by “non-optimal intentions, but optimal actions”. The cost and gains of announcing a
price level target for any of these seven central banks may therefore be limited depending
on how expectations are formed. The remaining three central banks in the Euro Area,
Sweden and UK are not found to have set a monetary policy which resembles the optimal

commitment. Hence, these central banks may gain by adopting price level targeting.

This thesis has not considered practical issues concerning price level targeting. These
include, among other things, what aggregate price level index the central bank should
target. Recall, that escape clauses limit the advantage of price level targeting and it is
thus even more important that the central bank target prices it can control. Another
issue is whether the central bank should target a fixed price level or a drifting price level
path. Some of the arguments for a positive inflation may not be available under price level
targeting. As mentioned the expectational channel, for example, keeps monetary policy
effective at the zero lower bound which removes the need of aiming for positive inflation.
Finally, it may be worth considering issues such as, what horizon the central bank should
aim at maintaining price level stability, how the central bank should communicate the
price level objective and whether price level targeting should be implemented as price
level forecast targeting - the equivalent to inflation forecast targeting. Furthermore, this
thesis has not looked at the long-run advantage of greater price level certainty. This may
involve an additional welfare improvement as it increases the certainty of the real outcome

of nominal contracts. In all aspects, these issues are left for future research.
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8 Appendix

8.1 Micro foundation of the New Keynesian model

The following outline of the micro foundation of the model introduced in section 2 builds
on Blomquist (2010) and Walsh (2010).

The households The economy consists of a large number of identical, optimising, in-
finitely living households. In this model it is assumed that households gain utility from
consuming a basket of goods, holding money and leisure. In each period, ¢, the house-

holds therefore choose an optimal future path of the composite consumption good, C},
M,

7 F:?

present discounted value of utility given by

real money holdings and the supply of labour, N;. This amounts to maximising the

o0
, My,
i +i, _C M . _N
EtE B |u Ct+i7—7wt+i7wt+i _U(Nt+i,wt+i)
=0 Fiti

The households are assumed to gain decreasing marginal utility of consumption and hold-
ing real money. wu is therefore an increasing concave function in C} and %. Furthermore,
households are assumed to gain increasing marginal disutility of supplying labour. v is
thus an increasing convex function in N;. @, !, and @;\; respectively denote exoge-
nous preference shocks which reflects real shocks to the economy. The discount factor,

0 < 8 < 1, denotes the household time preference.

The composite consumption good is defined as

1 0—1 7T
Ct = |:/ Cj7t6dj:|
0

where § > 1 is the price elasticity of demand for the individual goods. The households
supply labour, nj, to firm j, which produces good ¢;. The household supply of labour to
the different firms is given by N, = fol n;dj.

The household decision problem is dealt with in two stages. First, the households minimise
the costs of buying a given level of the composite good, C;. Second, given the costs of

buying a given level of C}, the households choose the optimal value of C; , M; and N;.

The first stage cost minimisation problem can then be stated as

1
min / DjCjed]
0

Cjt
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subject to
1 0—1 %
|:/ Cj’tedj:| Z Ct (81)
0

where p;, is the price of ¢;;. The solution to this problem is found by solving the La-

0
1 1 - =1
L = / PjCiedj — Py <{/ Cj’t"gldj} — C't>
0 0

where 1), is the Lagrangian multiplier. The corresponding first-order condition can be

—0
Cjp = (@) Cy (8.2)

grangian

written as

and the solution for 1), is
1 1
Uy = [/ p};"dj} =P, (8.3)
0

which is the aggregate price index for consumption. The demand for good j at time ¢ can

then be found by substituting equation (8.3) into (8.2) which gives

—6
Cjt = (%) Ct (84)

One important thing to note from (8.4) is that the value of 6 determines the degree of
competitiveness in the economy. As # — oo the different goods become closer substitutes

and thus the individual firms will have less market power.

Using (8.4), the cost function in (8.1) can be written as

1
/ piecid) = BCy (8.5)

0
Further using (8.5), the household budget constraint can then be expressed in real terms

Mt Bt [/Lt Mtfl . Bt,1
Ci+—+==|—=|N 144 11 8.6
T h (Pt) ‘tp +(+zt1)(Pt>+ ¢ (8.6)

as

where B; is the household holdings of one-period bonds, which pay the nominal rate of
interest, i;, W, is labour income and II; is the real profits received from firms. The left
hand side of (8.6) denotes the households real expenditure on consumption and desired
money and bond holdings in period ¢t. The right hand side of (8.6) is the households real
wealth in period ¢ determined by labour income, real money holdings, real interest on

bonds and real profits.
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The second stage of the household decision problem is then given by
E S I3 C, .. Mt-‘ri . _C M . N, . N
max o E B u by y Wigis Wiy v ( t+lth+i) (8.7)
t+i

subject to (8.6).

Assuming that households are exhibiting constant relative risk aversion the utility func-

tions u (+) and v (+) are given by

l1—0o 1—v
My o w\ (wtCC) v thMt
u(C’t, TR R s t1 2 (8.8)
wNN 1+7]
o) =T 59)

Using (8.8) and (8.9) in (8.7), the following Euler conditions are found which must hold

in equilibrium along with the budget constraint in (8.6)

-0 ~_ & . P, -0 ~_ &
(=)' o7 = i B[ () (=6i) '™ i (5.10)
t+1
which is the well-known Keynes-Ramsey rule for optimal intertemporal consumption al-
n1-v ( M, v
v (@'iM) (?t) B 1t
(@)~ Cr 1+

which is the intratemporal optimality condition that sets the marginal rate of substitution

location and

(8.11)

between holding real money and consumption equal to the opportunity cost of holding

money and finally,

(=) TN W (8.12)
(wf) "¢ B

which is the intratemportal optimality condition that sets the marginal rate of substitution

between leisure and consumption equal to the real wage.

The firms The economy further consists of profit maximising firms which produce

different goods. Each firm chooses the production plan which maximises profits given by

P Wi
Hj,t = P%th’t — ENj’t (813)

conditional on the production function

Cj,t = Zth,t (814)
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where firm j uses the specific labour input, N;;, and the available technology, Z;, to
produce the specific good ¢;;, and conditional on the demand curve it faces, which is
given by equation (8.4) and finally, the firms are not able to adjust prices each period.

The price setting follows the Calvo staggered price setting discussed in section 2.1.

Each firm aims at minimising the production costs, W;N;,. The cost minimisation prob-

lem facing the individual firm, expressed in real terms, is given by

min (%) Nj, (8.15)

Nijit

subject to the production function in (8.14). The solution to (8.15) is found by solving
the Lagrangian

W,
mm ( 5 ) N+ — i (cje — ZiNjz) (8.16)
b

where ¢; is the Lagrangian multiplier. The solution to (8.16) implies the following first-

order condition

P = = mc; (8.17)
which can be interpreted as the firm’s real marginal costs, mc;.

Using the production function in (8.14) and the real marginal costs in (8.17), the profit

function in (8.13) can be rewritten to give
Hj,t = — Cjt — MCCj

The firm then sets its individual price to maximise profits. Due to the staggered price

setting the price setting problem is given by
- i Dby,

E; E WA i [(Pj—t> Cjtri — MCpyiCy, t+1:| (8.18)
: +17

where the discount factor is A, 4; = 3 (C'+’>_ and w' denotes the probability that the

firm will adjust its price. Equation (8.18) can be rewritten using the demand curve in

(8.4) to give
00 D 1—-6 p; —0
E iAZ, ; Jit o . t
2 B <Pm> e (Ptﬂ

Since, all firms use the same production technology and face the same demand curve they

Crs (8.19)

are essentially identical and the only thing separating them is the time when they last
adjusted their individual price. As in section 2.1 p; denotes the optimal price chosen by

firms able to adjust their price in period t. The first-order condition for equation (8.19)
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is then

e e * —0
ES W' A [(1 —9) ( ;::) - Hmctﬂ'] (%) Crps = 0 (8.20)
i=0 ¢ '

which can be rewritten using the definition of A,;;;, stated above to give

N \
Pt B 0 1 00 i Qi 1l—0o Pi o-1 '
EtZz‘:OWZBZCt—H <_)

Py

The fraction, w of firms not able to adjust their price in period ¢ remains with their last
period price which is equivalent to P,_;. The aggregate price index in period ¢ is thus
given by

Ptlie =(1-w) (p:)1—9 + Wptljla (8.22)

Equation (8.21) and (8.22) can be log-linearised around a zero average inflation, steady-

state equilibrium to give an expression for aggregate inflation®

I 6Et7rt+1 + RMCt (823)
where
L (l-w)(1-Bw)
w

and mc; is the deviation of real marginal costs around its steady state.

The New Keynesian Phillips curve To obtain the New Keynesian Phillips curve
expressed in equation (2.1) it is necessary to show that the deviation of real marginal
costs around its steady-state is equivalent to the output gap. When all firms are able to

adjust their price every period, hence, w = 0, then equation (8.21) is reduced to

p—: = L mcy = amcy
P, 6—1

which means that prices are simply a mark-up, «, over current real marginal costs. How-
ever, when all firms are able to adjust prices freely, then p; = P, and mc; = é Using the

definition of the real marginal costs in equation (8.17) this implies

W, Z

P a

66Consult Walsh (2010) for details on the derivation.
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Using further the condition in (8.12) that the household marginal rate of substitution
must equal the real wage in equilibrium then yields the following condition
1—
W _ 2z _x(@) "N/

AT 8.24

The model describes a closed economy with no investments and no government spending.

The resource constraint is therefore given by
G =Y

The deviation of the resource constraint around steady state is then expressed as follows
& = 9y (8.25)

which states that all output is consumed. Using (8.25) the log-linearisation of (8.24)

around its steady state then gives

) 149\ . (l-0o\ . [(1+n\ ,
il = (_77) zt—l—( )wt —( ”)wt (8.26)
o+n o+n o+

where g{ denotes the deviation of the flexible-price equilibrium output around steady-

state. Using (8.25), and deviation of the production function and the condition in (8.12)
around steady state then yield the following expression for the deviation of real marginal

costs around steady state

R R 1+nY\ . l1—0 1+n
_ _ (7 ¢ _ " 8.27
= i (o) 2o (555 ) =i (559 =] e

Inserting (8.26) into (8.27) then gives

ric; = (;gt _gl ) (8.28)

where v = (o + n). Inserting equation (8.28) into (8.23), using x; = y; — g),f and allowing

for exogenous disturbance, u; then yields the expression in (2.1)
™ = BEm + KTy 4wy

where k = Yk.

The aggregate demand curve To obtain the aggregate demand expression in equation
(2.2), first the deviation of (8.10) around steady state is found and (8.25) is inserted. This
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gives
~ ~ 1 o oc—1
Y = Etyt+1 — g <Zt — Etﬂ—t—&—l) + T (Etwgﬂ — wtc)

Expressing this in terms of the output gap then yields

1 /-
= Eyxey — p ( t— Etﬂ't+1> + g

where g, = (EtgjtfH — g)tf> + ”T_l (Etwgri — wto) can be interpreted as exogenous demand
disturbance. This expression is equivalent to the aggregate demand relation in (2.2).
Note, however, that 7, is formally the deviation of the nominal interest rate on a one-
period bond around steady state, but in the analysis of this thesis it is assumed to be

interest rate used to set monetary policy by the central bank.

8.2 The discretionary solution

The following derivation borrows from Clarida et al. (1999) and Vestin (2006). The

solution to the price level and the output gap under discretion is on the form
pe = 011 + Oy (8.29)

Ty = z[’lptfl - 1&2%5 (8-30)

To find the values of the coefficients §; and 6, the optimisation problem in equation (3.2)
is solved subject to the Phillips curve in equation (3.3). Solving (3.2) yields the following

first-order condition

K
Tt = —Xﬂ't (8.31)

Substituting equation (8.31) into equation (2.1) to eliminate x; then gives

1
Tt = L’#Etﬂ't+1 + 5 Ut (832)

142 142

Under discretion §; = 1. Using this equation (8.29) then implies that the solution to

inflation is on the form
T = Oyuy (8.33)

Leading the solution one period and taking expectations then yields

Etﬂ—t—‘rl = égEtUH_l = égput (834)

using the definition of u; from section 2.1.

0, is then found by inserting (8.33) and (8.34) in (8.32). Rearranging the resulting ex-
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pression then gives
A A
0y = 8.35
RS Y(Rr) (539

To find 4, and 1)y it is convenient to reformulate equation (2.1) expressed in terms of the
price level

Ty = %(1 + B)pr — gEtptH - %pt—l - %Ut (8.36)
Using the solution found above leading equation (8.29) one period forward and taking
expectations yields

Epey1 = pe + é2put (8.37)

Substituting (8.29) and (8.37) into (8.36) then gives
Ty = —¢2Ut

where

20, =
AT R+ A(1=Bp)

8.3 The optimal commitment solution

The following derivation borrows from Clarida et al. (1999) and Vestin (2006). The
solutions to the price level and the output gap under the optimal commitment solution
are given by

pe = i1 + Oouy (8.38)

Ty = —@Zflpt—l - ?ZJQUt (8-39)

To find the solutions to f; and 6, first consider the Lagrangian in equation (3.9). The

optimal paths for monetary policy are solutions to

oL
=0, t>0 (8.40)

a?Tt

oL
—=0,1>0 8.41
axt Y — ( )

The solution to (8.40) is given by

Ty = _¢t (842)
Tipi = = (Qrei — Prric1), i 21 (8.43)
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and the solution to (8.65) is given by
A :
¢t+i = —Tt44y L 2 0 (844)
K

Combining the first-order conditions in (8.42), (8.43) and (8.44) yields

A
A )
Titi = — (T4i — Tpgim1), Vi>1 (8.46)

Substituting (8.46) into equation (2.1) in order to eliminate inflation then leads to the

following second-order stochastic difference equation

T = th_l + QBEt'rt-i-l - ngt (847)

which is rewritten on the form

1 1 K
Etfl't+1 — — Tt + —Tt—1 = = Uy (848)

06~ B BA

The solution to the difference equation is found by solving

1 1

h*— —h+—=0
06 p
which has one stable root given by h = ~—V. %% v;@;mp € (0,1) and one unstable root given

by he = ﬁ It is then possible to rewrite (8.48) as

K

(1 — hL) (1 — %L) Tir1 = Eut

and solving this yields

kh
=hry 41— —-—— 8.49
Ty Ti—1 )\(1 — hﬁp)ut ( )
Substituting (8.49) back into (8.46) gives an expression for inflation
T = hﬂ't_l + 1——hﬂp(Ut - ut_l)
or put in terms of the price level using 7, = p; — py_1
Pt = élpt—l + éQUt (8.50)
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where

91:

A1+ B) + #2) (1— \/1—45 (mf)

NG
o0
1 — B6p

Equation (8.49) already presents an expression for x;, however, to get x; on the form in

(8.39) and find ¢y and v, it is convenient to consider equation (2.1) expressed in terms

of the price level

1 1 1
=—(1+B)p — éEtptH — —Pi—1 — U (8.51)
K K K K

Inserting (8.50) and the expectations to the one period lead of (8.50) in (8.51) then yields
Ty = —ﬁlpt—l - z;zut

(1 _ 9131 (1 _ él)
:

where

=

1— 6, [1+5 1 p—élﬂ

Uy =

8.4 Variance calculation

The variance of inflation and the output gap used in sections 3 and 4 are calculated for

the price level and the output gap on the form
pr = 011 + Oouy (8.52)

Ty = —U1Pr—1 — Yoty (8-53)
as follows from section 3.

An expression for inflation then follows from equation (8.52) by subtracting p;_; on both
sides of the equation
Ty = —(1 - 91)pt_1 + gzut (854)

The variance of inflation can then be calculated using equation (8.54)
Var(m) = (1 —0,)*Var(pi_1) + 03Var(u;) — 2(1 — 61)0.Cov(ps_1, uy) (8.55)

To simplify the expression in equation (8.55) Var(p;—1) is needed. This can be found from
equation (8.52). Stationarity implies Var(p;) = Var(p,—1). Hence, it suffices to calculate
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Var(p)
Var(p,) = 0iVar(pe_1) + 03Var(u,) + 26,6:Cov(pe_1, uy)

using stationarity to simplify

2
2
H—QVar(ut) + &Cov(pt_l, ) (8.56)

VCLT(pt) = (1 o 0%)

where

Cov(pi_1,u) = Cov(bipi—a + Ous_1, pus—1 + &)

using the one period lagged version of equation (8.52), the expression for u,; from section
2.1 gives
Cov(pi—1,us) = 01pCov(ps—2, us—1) + OapVar(us—1)

and using the stationarity property yields

O2p 2

e (8.57)

Cov(pi—1,u) =
Substituting equation (8.57) into (8.56) and using the definition of u; from section 2.1then

gives
05(1 4 61p) 2

Var = o 8.58
= T - )™ (5:5%)
And then a simplified version of (8.55) follows by using (8.57) and (8.58)
Var(m,) = (1 —6,)? 9%(1 +61p) o2 + 0302 —2(1 — Hl)QQLUE
(1 —09)(1 —b1p) (1 —01p)
which can be reduced to
Var(m,) = &o? (8.59)
_ _ 205(1—p)
where £f = (17912p)(1i91)
The variance of the output gap follows from equation (8.53)
Var(z,) = 2Var(p,_1) + ¥aVar(uy) — 2102Cov(pi_1, ;) (8.60)
Using equations (8.57) and (8.58) in (8.60) yields
Var(z) = 2 05(1 + 6:1p) 02 4+ 202 — 21y O2p o2
=671 —6ip) " T2 (1—=6ip) "
which can be reduced to
Var(z,) = &o? (8.61)
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o 0303(1+01p)+¢3 (1-63) (1=01p)+2p02102 (1-63)
where & = (=02) (1=0p)

8.5 Solution under price level targeting

The derivations to the solution for monetary policy under price level targeting follows
Vestin (2006). The solution is on the form

pe = O1pe—1 + Oruy (8.62)

Ty = —1211%71 - ?Zzut (8-63)

To find the coefficients #; and 0, first consider the optimisation problem given by equations
(4.3) and (4.4). As opposed to the solution to inflation targeting under discretion derived
in appendix 8.2 the optimisation problem now includes two exogenous state variables,

pi—1 and uy.

The minimisation problem in (4.3) expresses the central bank’s value function which is

given by
. (1 5
V;f(pt—hut) = FE; (Halin <§ (pf + /\37?) + BVin (]%WH))) (8-64)

where the solution is found by solving

1 1
Vi(pe—1,ut) = Yo + Mpe-1 + 572]%271 + Y3Pe—1Us + YaUy + §V5U? (8.65)

The guess of the value function is used when taking the conditional expectations in period
t of the derivative with respect to p;. Hence, using (8.65) and the definition of u; in section
2.1 to find

E, (3Vt+1 (pu Ut+1)

o, ) = YaPr + Y3pUt (8.66)

where v, has been left out because z, wand p are all set to zero and thus there is no drift

in the price level. This yields the following guess of the value function

1

Vi(pr—1,ue) = 572]%271 + V3Pr—1Us (8.67)

Expressing equation (2.1) in terms of the price level gives

1 1 1
z=—(1+B)p — éEtptﬂ — P11~ U (8.68)
K K K K

An expression for Eypyyq is found by leading (8.62) one period ahead and taking expec-

tations. This can be inserted in (8.68) and the equation thus becomes

— U

re= (L4 B = B~ pis — t (3.69)
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and solving for p;

K 1+ Bpb;
— -+, 4+ — 8.70
P TRB -0 T T a0 T I A -6y (8:70)
From (8.70) the following derivative is found
0
gr _ i (8.71)

Or, 1+ pB(1—6)

Solving the minimisation problem in (8.64) yields the following first-order condition

Opr < OV (pr; ury1) Opy
E — + A — ] =0 8.72
t (pt o, + Az + 8 ops oz, (8.72)
Inserting (8.66), (8.70) and (8.71) into (8.72) and rearranging gives
A(1+8(1-61)) ) A1+ B (1=61)) (1+ Bpbz) — Bpr2ys
= - t—1 —
K24 A (148 (1—6)))" + Bry K24 A (148 (1—-8)))" + Br2ye
(8.73)
To solve (8.73) the coefficients v, and 3 are determined by using
OVi(pi—1,u
Vil pios, ) = V2Pt—1 + V3l (8.74)

Opi—1

which is the derivative of (8.67) with respect to p; and the equivalent derivative obtained

from (8.64) _
a‘/t(pt—hut) — Et (_éxt> (875)
Opi—1 K

Inserting (8.62) and (8.68) into (8.75) then yields

OVi(pe—1,ur) .

1 (1- (14‘5(1—91))91)171&—1-1-% ((1+Bpbz) — (1+B(1—61))60) w

(8.76)
Using the envelope theorem on (8.74) and (8.76) gives the following solutions to v, and

V3

$w| N

o= 2 (1 (14 B (1-8))8) P (5.77)
8= 25 (L4 Bo) = (145 (1 - 02)) ) (:75)

Substituting (8.77) and (8.78) into (8.73) then leads to the solution for the price level
given by
pe = Ohpi1 + Oauy (8.79)
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where

_ WA

2+ w?X + BA (1 — wh,)

5 — WA + BpA [2why — (1 + Bpbs)]
T 2+w25\+55\(1—w§1)

and w =146 (1—06,).

To find the value of v; and v, equation (8.79) and the expectations to the one period
lead of (8.79) are inserted in (8.68). This gives the following solution for x;

Ty = —1;1]%71 - 1/_12%

where

; (1—6:.8) (1—6y)

1:

K

-G+ 80-p—0)]

Yo =

K

8.6 Limits calculation

First, the limits are calculated for ;(\)

The lower limit is given by

2
(A +8) +w%) (1— \/1—45 (W) )
Jimn 61(A) = [im; 203

which can be rewritten to

1_\/ 46( 1+6+n2>2

lim 6 (\) = lim

228
A—0 A—0 m
Setting s = m and using L’Hopital’s rule then yields

. 1 - /1— 455
lim §;()\) = lim s

A—0 A—0 20s

The upper limit is given by

A1+ 8)+r?) (1_\/ 45( 1+,8+n2)2>
lim 6;(\) = lim

A—00 A—00 2)\5
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which gives

lim 6;(\) = Ly <1_ v 1_4/3@) =1

A—00 25

Second, the limits are calculated for 6;(\)

The lower limit is given by

WA

lim 6; (\) = i — — — = ()
,\li% 1Y) ,\IL% K2+ w2\ + BA (1 - w@l)
The upper limit is given by
. A
lim 6;(\) = lim _ v _
A—00 A—o0 K2 + w2\ + B)\ (1 — w@l)
which gives
- w
lim 6;(\) = _
Pl 1) w2+ (1 — wlimy o0 01)

where limy_,, 61 (\) = lis a solution.

8.7 Links to central bank websites

All websites are last accessed on 8 September 2011.

Reserve Bank of Australia - www.rba.gov.au

http://www.rba.gov.au/monetary-policy /framework /stmt-conduct-mp-5-30092010.html
Bank of Canada - www.bankofcanada.ca
http://www.bankofcanada.ca/2006/11/press-releases/joint-statement-government-canada/
http://www.bankofcanada.ca/about/backgrounders/inflation-control-target-2/
European Central Bank - www.ecb.europa.eu
http://www.ecb.europa.eu/mopo/strategy/pricestab/html/index.en.html

Bank of Japan - www.boj.or.jp/en

http: //www.boj.or.jp/en/mopo/outline /index.htm/
http://www.boj.or.jp/en/mopo/outline/sgp.htm/
http://www.boj.or.jp/en/announcements,/release_ 2001,/k010319a.htm/

Reserve Bank of New Zealand - www.rbnz.govt.nz

http://www.rbnz.govt.nz/monpol/pta/3517828.html
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Norges Bank - www.norges-bank.no/en

http: //www.norges-bank.no/en /about/mandate-and-core-responsibilities /legislation /regulation-

on-monetary-policy/

Riksbank - www.riksbank.com

http://www.riksbank.com /templates/Page.aspx?id—10543
Swiss National Bank - www.snb.ch/en
http://www.snb.ch/en/iabout /monpol/id /monpol _strat/8
Federal Reserve - www.federalreserve.gov

Bank of England - www.bankofengland.co.uk

http: / /www.bankofengland.co.uk /monetarypolicy /framework.htm
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