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The 3-Equation New Keynesian Model: A Graphical Exposition*

We develop a graphical 3-equation New Keynesian model for macroeconomic
analysis to replace the traditional IS-LM-AS model. The new graphical IS-PC-
MR model is a simple version of the one commonly used in central banks and
captures the forward-looking thinking engaged in by the policy-maker. We
show how it can be modified to include a forward-looking IS curve and how it
relates to current debates in monetary macroeconomics, including the New
Keynesian Phillips Curve and the Sticky Information Phillips Curve models.
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Much of modern macroeconomics is inaccessible to the non-specialist. Thereisa
gulf between the ssmple models found in principles and intermediate macro textbooks —
notably, the | S LM-AS approach — and the model s currently at the heart of the debates in
monetary macroeconomics in academic and central bank circlesthat are taught in
graduate courses. Our aim is to show how a graphical approach can help bridge this
divide.

Modern monetary macroeconomics is based on what isincreasingly known asthe
3-equation New Keynesian model: IS curve, Phillips curve and interest rate-based
monetary policy rule (IS PC-MR). Thisis the basic analytical structure of Michael
Woodford's seminal book Interest and Prices published in 2003 and, for example, of the
widely cited paper “The New Keynesian Science of Monetary Policy” by Clarida, Gali
and Gertler published in the Journal of Economic Literature in 1999. An earlier
influential paper is Goodfriend and King (1997). These authors are concerned to show
how the equations can be derived from explicit optimizing behaviour on the part of the
monetary authority, price-setters and households in the presence of some nominal
imperfections. Moreover, “[t]hisisin fact the approach aready taken in many of the
econometric models used for policy simulations within central banks or international
ingtitutions” (Woodford, 2003, p.237).

Our contribution —motivated by the objective of making modern macroeconomics
accessible —isto provide a graphical presentation of the 3-equation I1S-PC-MR model.
The ISdiagram is placed vertically above the Phillips diagram, with the monetary rule
shown in the latter along with the Phillips curves. We believe that our ISPC-MR
graphical analysisis particularly useful for explaining the optimizing behaviour of the
central bank. Users can see and remember readily where the key relationships come from
and are therefore able to vary the assumptions about the behaviour of the policy-maker or
the private sector. In order to use the mode, it is necessary to think about the economics
behind the processes of adjustment. One of the reasons IS-LM-AS got a bad name is that
it too frequently became an exercise in mechanical curve-shifting: students were often
unable to explain the economic processes involved in moving from one equilibrium to
another. In the framework presented here, in order to work through the adjustment
process, the student has to engage in the same forward-looking thinking as the policy-
maker. David Romer took some steps toward answering the question of how modern
macroeconomics can be presented to undergraduates in his paper “Keynesian
Macroeconomics without the LM Curve” published in the Journal of Economic
Perspectives in 2000. His alternative to the standard |S-LM-AS framework follows earlier
work by Taylor (1993) in which instead of the LM curve, thereis an interest rate based
monetary policy rule." While our approach is alittle less simple than Romer’s, it has the
advantage of greater transparency.

In this paper, we focus on the explicit forward-looking optimization behaviour of
the central bank. Monetary policy makers must diagnose the nature of shocks affecting
the economy and forecast their impact. In sections 1 and 2, the basic graphical analysis
for doing thisin the ISPC-MR model is set out. The way that central banks adjust the
interest rate in response to current information about inflation and output is summarized
by a so-called Taylor rule. In section 3, we show how a Taylor rule can be derived

! Other presentations of ‘macroeconomics without the LM’ are provided in Allsopp and Vines (2000),
Taylor (2000) and in Walsh (2002).



graphically. A maor pre-occupation in monetary macroeconomics in the past twenty
years has been the design of a policy framework to ensure that policy is “time consistent”,
i.e. that the policy maker will not have an incentive to deviate from the optimal policy
after private sector agents have made commitments based on the assumption that the
central bank will stick toitsrule. The logic of the time-inconsistency problem and the
associated problem of inflation bias areillustrated graphically in section 4.

In order to introduce the graphical 1S PC-MR model and demonstrate its
versatility, we begin with a standard IS curve without a forward-looking component and a
simple ‘backwards-looking’ Phillips curve. In section 5, we provide a graphical
explanation of how forward-looking household behaviour aters the traditional
interpretation of the IS curve by including expected future excess demand in the IS
equation (e.g. Clarida, Gali and Gertler, 1999). We show how a forward-looking IS curve,
when combined with a monetary policy rule dampens the response of the economy to
shocks. The discussion of agent optimization in the Phillips curve is postponed to section
6.

While the analysis of central bank and household behaviour is widely accepted,
the nature of the Phillips curve remains the subject of sharp disagreement in the literature.
Although there is strong empirical evidence that inflation is highly persistent, it has
proved challenging to provide an explanation for this consistent with optimizing agents,
even in the presence of sticky prices (see for example, Ball (1994), Fuhrer and Moore
(1995), Nelson (1998) and Estrellaand Fuhrer (2002)). Walsh summarizes the nature of
the inflation persistence that is at issue: “In response to serialy uncorrelated monetary
policy shocks (measured by money growth rates or by interest rate movements), the
response of inflation appearsto follow a highly serially correlated pattern.” (2003, p.223).
Staiger, Stock and Watson (1997), Mankiw (2001), and Eller and Gordon (2003) provide
overviews of the evidence. There are two main contending theories of the Phillips curve
based on optimizing behaviour, the so-called New Keynesian Phillips curve (Clarida,

Gali and Gertler 1999) where price-setters are constrained by sticky prices, and the Sticky
Information Phillips curve (Mankiw and Reis, 2002) where they are constrained by sticky
information. In section 6, the graphical analysis and some simplified maths is used to
explain both. The paper concludes with a comparison between the base-line ISPC-MR
model and the model when modified either by the use of aforward-looking IScurve or a
rational expectations-based Phillips curve with price or information stickiness.

1. Thel S-PC-MR modd

We take as our starting point an economy in which policy-makers are faced with a
vertical Phillips curve in the medium run and by a trade-off between inflation and
unemployment in the short run. In setting out the 3-equation model, we make two ad hoc
but empirically based assumptions: the first relates to the persistence of inflation and the
second to the time lags in the reaction of the economy. At this stage, we simply assume
that the inflation process is persistent, in line with awealth of empirical evidence. In
terms of adjustment lags, we assume that it takes one year for monetary policy to affect
output and ayear for a change in output to affect inflation. This accords, for example,
with the view of the Bank of England:



The empirica evidenceis that on average it takes up to about one year in this and other industrial
economies for the response to a monetary policy change to have its peak effect on demand and
production, and that it takes up to a further year for these activity changes to have their fullest
impact on the inflation rate. (Bank of England (1999) The Transmission of Monetary Policy p.9
http://www.bankofengland.co.uk/montrans.pdf)

Thefirst step isto present two of the equations of the 3-equation model. The standard IS
curveis shown in the top part of the diagram (Fig.1) as afunction of the real interest rate.
Thereal interest rate is the short-term real interest rate, r. The central bank can set the
nominal short-term interest rate directly, but since the expected rate of inflation is given
in the short run, the central bank is assumed to be able to control r indirectly. In the lower
part of the diagram the vertical Phillips curve at the equilibrium output level, ye, is shown.
We think of labour and product markets as being imperfectly competitive so that the
equilibrium output level iswhere both wage- and price-setters make no attempt to change
the prevailing real wage or relative prices. For convenience, the ‘short-run’ Phillips
curves are shown as linear. Each Phillips curve isindexed by the pre-existing or inertial
rate of inflation, 7' = 1. They take the standard simple form in which inflation this
period is equal to lagged inflation plus aterm that depends on the difference between the
current level of output and that at which the labour market isin equilibrium,

i.e.m= 7 +a.(y-Ye), Whereye isoutput at the equilibrium rate of unemployment. Given
0 , firms faced with excess demand will be trying to raise relative prices and wage-setters,
relative wages.

r
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T VPC
PC(m! = 4)

PC(r! =2)

Ye Yy

FIGURE 1. IS and PC curves



If it is so desired, these Phillips curves can be interpreted as expectations-
augmented Phillips curvesin the traditional way where expectations are adaptive.
Alternatively, the presence of lagged inflation in the Phillips curve could be the outcome
of theimperfect availability of information or of institutional arrangementsin aworld
where agents have rational expectations. For this reason, we prefer the more general term
of inertial or backwards-looking Phillips curves since the key assumption relatesto the
persistence of inflation rather than to a specific expectations hypothesis. As shown in
Fig.1, the economy isin a constant inflation equilibrium at the output level of ye;
inflation is constant at the target rate of z' and the real interest rate required to ensure that
aggregate demand is consistent with thislevel of output isrs, wherethe ‘s stands for the
‘stabilizing’ interest rate.?

As Romer argues, monetary policy isnow usually thought about in terms of a
reaction function that the central bank uses to respond to shocks to the economy and steer
it toward an explicit or implicit inflation target. The first task of the reaction function isto
provide a nominal anchor for the medium run, which is defined in terms of an inflation
target. The second task of the reaction function is to provide guidance as to how the red
interest rate should be adjusted in response to different shocks hitting the economy so that
the medium-run objective of stable inflation is met while minimising output fluctuations.
This broad structure for monetary policy can be formalized as an optimal monetary
policy rule in the sense that the monetary rule can be derived as the solution to the
problem faced by the central bank in minimizing the costs of achieving its objectives
given the constraints it faces from the private sector.

To derive the monetary rule graphically, we need to consider how the centra bank
behaves. In Fig.2, we assume that the economy isinitially at point B with high but stable
inflation (on PC(z' = 4%)). We assume that the central bank wishes to reduce inflation to
its target rate of 7' = 2%. One plausible scenario would be that after a period of higher
inflation, a new government is elected, which charges the central bank with the task of
bringing inflation down to the new 2% target rate. The Phillips curve (PC(z' = 4%))
shows — given last period’ sinflation — the feasible inflation and output pairs faced by the
central bank. The only points on the curve with inflation below 4% are to the left of B, i.e.
with lower output and hence higher unemployment. With Phillips curveslike this,
disinflation will always be costly. This result comes from the assumption that |ast
period’ sinflation always has some influence on inflation this period.

Let us assume that the central bank has chosen to reduce output to point C. In
order to do this by using monetary policy, it must raise the real interest rate to r’. Inflation
falls and a new Phillips curve constraint faces the central bank. The central bank will
adjust the interest downwards as inflation falls. The economy moves along the IS curve
from C’to A’ and along the line labelled MR for * monetary rule’ from C to A. Eventually,
the objective of inflation at 7' = 2% is achieved and the economy is at equilibrium
unemployment, where it will remain until anew shock or policy change arises. The MR
line shows the level of output the central bank will choose, given the Phillips curve
constraint that it faces. To implement its output choice, the central bank sets the
appropriate interest rate as shown in the IS diagram. Asinflation graduadly falls, the
Phillips curve shifts down and the central bank chooses an output level closer to the

2 Woodford (2003) calls this the Wicksellian or natural rate of interest. We do not follow his usage because
rschanges whenever the I S curve shifts.



equilibrium: this traces out the path down the MR a ong which the economy moves back
to equilibrium (i.e. along the MR from Cto D ... to A in the Phillips diagram; along the
ISfromC’ toD’ ... to A’ intheISdiagram).

By presenting the Phillips curve explicitly as a constraint facing the central bank,
the role of its preferences in shaping the monetary rule arises naturally. An indifference
curveis shown in Fig.2. The shape of the indifference curve reflects the view of the
central bank about the costs of trading off a cut in inflation for arise in unemployment.
The central bank is shown as optimizing by choosing the tangency between the
indifference curve and the Phillips curve constraint it faces.

More precision about these ‘indifference curves’ comes from specifying the
central bank’s problem more tightly. A simple way to do thisis to assume that the central
bank minimizes aloss function in which it suffers disutility from deviationsin inflation
from target (z') and in output from equilibrium (ye). If we assume that such disutility is
symmetric in relation to positive and negative deviations and that the loss rises more than
in proportion to the size of the deviation, anatural way to model the loss functionisin
terms of the squared deviation of output and inflation from ye and z'. This produces a set
of loss ellipses centred on (ye, 7'), which will be circlesif the same weight is placed on
output and inflation deviations. Only portions of the ellipses or circles are shown so asto
avoid cluttering the diagrams.

T

FIGURE 2. IS, PC and MR curves



The central bank’ s preferences can be presented in this ssmple graphical way
since as long as the central bank can re-optimize each period, future developments are not
relevant to the optimization problem. Thus we are implicitly assuming that the central
bank has ‘discretion’ to choose the interest rate each period. This meansthat it cannot
commit to future levels of the interest rate even though it is concerned about future losses.
So although the central bank may currently have alow inflation target for the future, it
cannot bind the hands of future central bank decision-makersto thistarget. We return to
the discussion of discretion in the context of the problem of time inconsistency in section
4.

The indifference curves of two different central banks are shown in Fig.3. The
more inflation-averse central bank has a set of relatively “flat” indifference curves since
such a central bank is prepared to sacrifice alarger fall in output to deliver a given
reduction in inflation, whereas the less inflation-averse one has “ steeper” ones. In the
former case, the long axis of the ellipsesis horizontal; in the latter, it is vertical.

P(,l’(ﬂ"r =17)
- MR |
| e\ Y ro = o)
A T 4 i P(_jl’(7f =3)
5 F’ PC(x! =2)
4
Z
3 ____________ D ____________________
C 7 D)
T ol _._¢ O A S T~
=2 1\\ I ]{\E . .
ore inflation-averse
\ central bank

Ye Y

FIGURE 3. The monetary rule and central bank preferences

We assume that thereis an inflation shock to the economy that takes inflation to
7%, i.e. to point B and each central bank is faced with the Phillips curve PC(z' = 7). The
more inflation-averse central bank chooses point D and guides the economy down the
monetary rule path from D to A. In exactly the same way, the less inflation-averse central
bank with steeper indifference curves guides the economy down its MR path from F to A.
For both central banks, since their most preferred positioniswith z = 7' and y= e, the
indifference ellipses shrink to apoint at A.

The MR-curve is shown in the Phillips rather than in the | S-diagram because the
essence of the monetary rule isto identify the central bank’s best policy response to any
shock. Both the central bank’ s preferences between output and inflation deviations and



the objective trade-off between output and inflation appear in the Phillips diagram.
Moreover, by working in the Phillips diagram, the impact on the monetary rule of the
structure of the supply side, which determines both the position of the vertical Phillips
curve and the slope of the inertia-augmented Phillips curvesis kept to the forefront. Once
the central bank has calculated its desired output response by using the relevant Phillips
curve and indifference curve, it is straightforward to go to the IS-diagram and discover
what interest rate must be set in order to achieve this output level. For completeness, it is
important to note that the LM curve depicting the interest rate-output combinations at
which the demand for and supply of money are equal has not literally disappeared from
the model. We can think of there being a‘shadow’ LM curve that needs to intersect the IS
curve at the interest rate chosen by the central bank in order for that interest rate to be
sustained. The use of an interest-rate based monetary policy rule implies that shocksto
the demand for money will be automatically offset by the central bank in order to
maintain its interest rate at target.

Romer (2000), Taylor (2000), Allsopp and Vines (2000) and Walsh (2002)
combine the IS and the MR into a single ‘ aggregate demand-inflation curve' in the
Phillips diagram. There are three reasons why we prefer to show the IS explicitly and
thereby provide adirect graphical correspondence with the 3-equation model. First it
reveals a key element of structure allowing aggregate demand shocks to be clearly
identified as ‘1Sshocks'. It is possible to see directly whether a particular kind of shock
requires a change in the interest rate relative to the stabilizing interest rate, in the
stabilizing interest rate only, or in both. Second, it separates the stepsin the central
bank’ s decision process: what is the optimal output response to any shock given its
preferences and the constraints it faces; how isit be achieved? Finaly, as we have seen
above, by keeping the monetary rule separate from the IS, the MR only shifts when there
isachange in the inflation target or in the output target, and its slope reflects only the
inputs to the central bank’s monetary policy decision, i.e. the slope of the Phillips curve
and the central bank’s preferences.

2. Aggregate demand and supply shocks

We have already seen how an inflation shock is handled in the ISPC-MR framework. We
now look briefly at aggregate demand and supply shocks to illustrate the roles played in
the transmission of these shocks by inflation inertiaand lags. It is assumed that the
economy starts off with output at equilibrium and inflation at the target rate of 2%. First,
we take a positive aggregate demand shock such as improved buoyancy of consumer
expectations. the ISmovesto IS’ (Fig. 4). The consequence of output above ye isthat
inflation will rise above target — in this case to 4%. This defines the Phillips curve

(PC(z' =4)) along which the central bank must choose its preferred point for the next
period: point C. By going vertically up to point C'in the IS-diagram, the central bank can
work out that the appropriate interest rate to set isr’. The subsequent adjustment path
down the MR-curve to point Z is exactly as described in the case of the inflation shock.



FIGURE 4. Aggregate demand shock and the monetary rule

This example highlights the role of the stabilizing real interest rate, re: following
the shift in the IScurve, thereis anew stabilizing interest rate and in order to reduce
inflation, the interest rate must be raised above the new r, i.e. to r'. If the demand shock
isonly temporary, the IS curve shiftsto IS’ for only one period before returning to its
initial position. In this case, there is no change to the stabilizing interest rate and the
central bank simply raises the real interest relative to the original re. This example
illustrates the importance for the central bank in being able to forecast the persistence of
such shocks.

To summarize, therisein output builds arise in inflation above target into the
economy. Because of inflation inertia, this can only be eliminated by pushing output
below and (unemployment above) the equilibrium. The graphical presentation
emphasizes that the central bank raises the interest rate in response to the aggregate
demand shock because it can work out the consequences for inflation. The central bank is
forward-looking and takes all available information into account: its ability to control the
economy is limited by the presence of inflation inertia and by the time lag for a change in
the interest rate to take effect. When using the model, each of these key elementsis
encountered as the nature of the shock is diagnosed, itsimplications for the future worked
out and the central bank’s optimal response deduced.



An aggregate demand shock can be fully offset by the central bank even if thereis
inflation inertiaif the central bank’s interest rate decision has an immediate effect on
output. The economy then remains at A in the Phillips diagram in which points A and Z
coincide and goes directly from A’to Z'in the ISdiagram. This highlights the crucia role
of lags and hence of forecasting for the central bank: the more timely and accurate are
forecasts of shiftsin aggregate demand, the greater is the chance that the central bank can
offset such shocks and prevent the impact of inflation from being built into the economy.

One of the key tasks of a basic macroeconomic model is to help illuminate how
the main variables are correlated following different kinds of shocks. We can appraise
the usefulness of the ISPC-MR mode in this respect by looking at a positive aggregate
supply shock and comparing the optimal response of the central bank and hence the
output and inflation correlations with those above. A supply shock resultsin achangein
the equilibrium rate of unemployment and therefore a shift in the vertical Phillips curve.
It can arise from changes that affect wage- or price-setting behaviour such as a structural
change in wage-setting arrangements, a change in taxation or in unemployment benefits
or in the strength of product market competition, which alters the mark-up.

Fig.5 shows the analysis of a positive supply-side shock, which reduces the
equilibrium rate of unemployment and therefore increases the level of output at which
inflation is constant to ye'.

.

FIGURE 5. Aggregate supply shock and the monetary rule
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The vertica Phillips curve shifts to the right as does the short-run Phillips curve
corresponding to inflation equal to the target (shown by the PC( ' = 2, y¢)). Thefirst
consequence of the supply shock isafall ininflation (from 2% to zero) as the economy
goes from A to B. To decide how monetary policy should respond to this, the central bank
locates the appropriate Phillips curve constraint (PC( 7' = 0, ye')) and chooses its optimal
level of output as shown by point C. To raise output to thislevel, it is necessary to cut the
interest rate to r’ as shown in the ISdiagram. The economy is then guided along the MR’
curve to the new equilibrium at Z. The positive supply shock is associated initially with a
fall ininflation and arise in output — in contrast to theinitial rise in both output and
inflation in response to the aggregate demand shock. When examining an aggregate
demand shock, we saw that even with inflation inertia, such a shock could be fully offset
if the central bank is able to affect output immediately, i.e. without alag. However, thisis
not the case for a supply shock since the initial impact of the shock is on inflation rather
than output.

3. A Taylor Rulein the | SSPC-MR mode

A Taylor Ruleisapolicy rule that tells the central bank how to set the current interest
rate in response to shocks that result in deviations of inflation from target or output from
equilibrium or both. In other words, (r; - rs) respondsto (z; — ') and (Y; - ye). On the basis
of an empirica analysis of the behaviour of the US Federal Reserve, Taylor put the
weights on the two deviations equal to 0.5. So awidely used version of the rule takes the
form:

r—r, = 0.5(77; - 7TT)+ 0.5(y, - v.)

Based on the timing of events we have used so far, we can show how a Taylor
Ruleis derived geometrically from the ISPC-MR model. Specifically, we can investigate
how the coefficients on the inflation and output deviations depend on the slopes of the
three curves: if the absol ute value of the slope of the IS the Phillips curves and the MR
are each equal to one, then the weightsin the Taylor rule are 0.5 and 0.5. This helps bring
out the role that differences in economic structure (demand and supply sides) and in
central bank preferences can have on the coefficients of Taylor Rules.

To see how the central bank should react now to a signal from current economic
data about inflation and output, it is necessary to state clearly the lags between the
variables. It is assumed that there is no observational time lag for the monetary
authorities, i.e. the central bank can set the interest rate (ro) as soon as it observes current
data (o and yp). However, the interest rate set now only has an effect on output next
period, i.e. ro affectsy;. Thisis because it takes time for a changein the interest rate to
feed through to consumption and investment decisions. It is also the case that inflation is
affected by output with alag: i.e. output level y, affectsinflation aperiod later, zo. The
lag structure is shown in Fig. 6 and highlights the fact that a decision taken today by the
central bank to react to a shock will only affect the inflation rate z,. When the economy is
disturbed in the current period (period zero), the central bank looks ahead to the
implications for inflation and sets the interest rate so as to determine y;; which in turn
determines the desired value of z,. Asthe diagram illustrates, action by the central bank

11



in the current period has no effect on output or inflation in the current period or on
inflation in ayear’stime.

FIGURE 6. Lag structure in the IS-PC-MR model

In Fig. 7, theinitial observation of output and inflation in period zero is shown by
the large cross, X. To work out what interest rate to set, the central bank notes that in the
following period, inflation will rise to z; and output will still be at yo since achange in
the interest rate can only affect y;. The central bank therefore knows that the constraint it
facesisthe PC(r;) and it chooses its best position on it to deliver z,. This means that
output must be y; and therefore that the central bank setsrq in responseto the initial
information shown by point X. This emphasises that the central bank is forecasting what
inflation will bein period one: its only observed information isinflation and output at
time zero, i.e. point X.

Thisreasoning is by now familiar. As shown in the left hand pand of Fig.7 , the
two components of our Taylor Rule are shown by the vertical distances equal to a(yo - Ye)
and - 7', where a isthe slope of the Phillips curve. If these are added together, we
have the forecast of z;- z'. Just one more step is needed to express this forecast in terms
of (ro-rs) and thereforeto deliver a Taylor Rule. As shown in the right hand panel of Fig.
7, the vertical distance 71 - 7' can also be expressed as (a+7) a(r o-rs), where o and y
reflect the slopes of the Phillips curve and the monetary rule curve, respectively and aiis
the reciprocal of the slope of the IS curve.®

Thus, we have

(a+y)al,-r)=(m -7 )+aly, - v.)

and by rearranging to write thisin terms of the interest rate, we have a Taylor Rule:

Ry (- 7 )+ aly, - v.)| = 0.5(, - 7 )+ 0.5(y, - v,

fa=y=a=1

® Note that in the diagram, a, a and y refer to the angles shown and in the algebrato the gradientsi.e. to the
tans of the relevant angles.
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FIGURE 7. Deriving the Taylor Rule

It isimportant to note that in the case of the three kinds of shocks examined above, i.e. an
inflation shock that shifts the Phillips curve (or the analytically identical caseinthe IS
PC-MR model of amonetary shock that shifts the inflation target), an aggregate demand
shock that shifts the IS or an aggregate supply shock that shifts the equilibrium level of
output, the period zero effect is either adeviation of output from equilibrium or a
deviation of inflation from target, but not both. What the Taylor Rule does isto provide
the central bank with guidance asto its optimal response should the economy be
characterized by any of these shocks or by a combination of shocks that together produce
an output and/or inflation deviation.

One striking aspect of the graphical derivation isthat it helps to dispel acommon
confusion about Taylor Rules. It is often said that the relative weights on output and
inflation in a Taylor Rule reflect the central bank’ s preferences for reducing inflation as
compared to output deviations. As can be seen from the left hand panel of Fig.7 and from
the Taylor Rule equation, thisis not the case in the ISPC-MR model. Therelative
weights on inflation and output in our Taylor Rule depend only on a, the slope of the

Phillips curve since the relative weights are used only to forecast next period’ sinflation. *

“ Bean (1998) derives the optimal Taylor rulein amodel similar to the |S-PC-MR model. However in his
model, the centra bank’s preferences do affect the Taylor Rule weights. This arises from hisinclusion of
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Asisclear from the Taylor Rule equation and was shown in section 2, central bank
preferences determine the interest rate response to next period’ s inflation (as embodied in
the slope of the MR curve). In the appendix, the monetary rule equation is derived
explicitly and the consequences for central bank behaviour are shown when the slopes of
the three curves differ from one.

4. Monetary policy rulesand timeinconsistency

It is straightforward to illustrate the problem of time inconsistency in monetary policy
using the ISPC-MR model. The problem relates to whether the central bank has the
incentive to stick to itsinflation target once the private sector has committed to acting on
the basis that the central bank will do so. In the analysis so far, the problem has not arisen
since the central bank’ s utility is maximized when output is at equilibrium and inflation at
target. To demonstrate the source of the problem, we take the 3-equation model and
make just one change so that the government’ s output target is above the equilibrium:

y' > Ye. We assume that the government can impose this target on the central bank and
that the central bank’ s loss function is otherwise unaffected. Since with imperfect
competition in product and labour markets equilibrium unemployment is higher than that
associated with labour market clearing, the government may have a higher target leve of
output than y.. Aswe shall see, inflation in equilibrium is now above the government’s
inflation target.

As before, the central bank aims to minimize the extent to which the economy
deviates from itsinflation target and from the output target, so its indifference curves are
now centred on (y', z') rather than on (ye, z'). This s highlighted by showing the full
indifference circles. As a consequence, the monetary policy ruleis shifted to the right as
shown in Fig.8 . We can seeimmediately that the government’ s target, point A, does not
lie on the Phillips curve for inertial inflation equal to the target rate of 7' = 2%: the
economy will only bein equilibrium with constant inflation at point B. Thisiswhere the
monetary rule (MR) intersects the vertical Phillips curve at y = ye. At point B, inflation is
above the target: the target rate is 2% but inflation is 4% : thisis called the inflation bias
associated with central bank discretion. This example highlights that although the central
bank uses a monetary rule—i.e. it uses areaction function to respond in a systematic way
to deviations of inflation and output from target — its behaviour is discretionary because it
has the discretion to choose the inflation rate after the private sector has formed its
inflation expectations.

lagged output in the ISequation: if the coefficient on lagged output is zero then the difference between the
weight on inflation and on output in the Taylor rule only depends on the slope of the Phillips curve and not
on preferences.
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The same conclusion is reached if there is no inflation inertia and price-setters
form their expectations about inflation rationally so that expected inflation is equal to
actual inflation plus arandom disturbance, ¢, : z- = 7 + ¢,. Theintuition is that price-
setters know that whatever their expected rate of inflation, the condition for their inflation
expectations to be fulfilled (i.e. z° = x) is that the economy be at the equilibrium level of
output, i.e. y = Ye. In the case of central bank discretion, the government chooses the level
of output after price-setters have chosen their expected rate of inflation. So in order for
price-setters to have correct inflation expectations, they must choose the Phillips curve
such that it pays the government to choosey = y. and that must be where the
government’s monetary rule cuts the vertical Phillips curve, i.e. at point B. Inflation must
be sufficiently high to remove the temptation of the government to raise output toward its
target. With 7 = 4% and y = y,, the temptation has been removed because any increase in
output puts the government on an indifference curve more distant from point A and
therefore with lower utility. It is the over-ambition of the government that produces the
inflation bias (under discretion) in the time-inconsistency model.

The graphical presentation also highlights the fact that the steeper is the
government’ s monetary rule, the greater will be the inflation bias. Aswe have already
seen, for agiven Phillips curve, the monetary rule is steeper for aless inflation-averse
central bank.
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5. Theforward looking IS curve

A typical way of introducing forward-looking behaviour in the IScurveisto ignore
investment and concentrate attention on consumption behaviour. Households are assumed
to make their consumption decisions on the basis of their expected future income in such
away that their life-time utility is maximized. Sinceit is assumed that households wish to
smooth consumption over time, higher expected future output, which entails higher future
consumption, will raise current consumption and output. A higher rea interest rate
depresses consumption because of the household’ s ability to substitute future for current
consumption (it is assumed that the substitution effect outweighs the income effect of an
interest rate change). Government expenditure is incorporated in an exogenous demand
term. The so-called Euler condition for optimal consumption over timeis derived from
the household’ s optimization problem and when combined with the exogenous demand,
A, implies an equation of the following form for the IS curve®:

Y = Etyt+1 + A —ar,

where Eyyi+1 iSthe expectation formed in period t of the value of output in period t+1.
The stabilising short term real rate of interest, rs, is defined by
Ye: = E Yo T A —arg,, and since some agebra is necessary, we simplify the notation by

defining the gap between actua and equilibrium output as x, ‘ excess demand’:
X, =Y, - Y,. ThelSequation can be written in terms of deviations from equilibrium as

follows:

Forward-looking IS x = E X, —a(r,_; —Is,)

In this section, we use the same |ag structure as before. We a so continue to assume that
the Phillips curve is backwards |ooking, and that the monetary authority adopts a
discretionary optimising policy:

Phillipscurve: 7z =7 +ax_,
Monetary Policy Rule: x =-p(E7z,,—1).

How isthe analysis of inflation and demand shocks affected by the requirement that the
authorities take into account the impact of future output on current demand inthe IS
curve; and that households work out the effect on future output and hence on their current
demand of the consequences of shocks for the actions of the central bank? We develop
our graphical approach to show that the forward-looking behaviour of households
dampens the interest rate consequences of shocks. The intuition is straightforward:
households can forecast that a positive inflation shock now will lead to increased (though
declining) interest rates over future periods until equilibrium is again restored. Hence
households immediately dampen demand by more than the impact of an increased short-
term interest rate so as to smooth the effect of the future higher interest rates on their
consumption path.

® See, for example, Clarida, Gali and Gertler (1999) for details.
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This can be seen by rewriting the forward-looking IS curve as

X = _a(rt—l - rs,t) - a(rt - rs,t+1) - a(rt+1 - rS,t+2) .
In other words, current demand is a function, not just of the lagged real short-term
interest rate, but of al (expected)) future real short term interest rates. Thus household
demand immediately contracts in response to the full course of expected future real
interest rates. This means in turn that the central bank — so long as it works through the
implications of forward looking household behaviour — needs to raise interest rates by
less than it otherwise would to achieve the desired reduction in inflation. The anticipatory
behaviour of households and the central bank are reinforcing, so that output falls and
interest rates rise less than in our previous examples (with the traditional 1S curve). We
illustrate the difference that the forward-looking IS curve makes by looking at an
inflation shock (the IS shock is shown in the appendix).

We start in equilibrium (in Fig. 9) with 77, = 77" and x; = 0 (at point A). In period
zero thereis an inflation shock of ¢, sothat 77, = (77 +€)+ax_, = +&. The economy

moves up the vertical Phillips Curveto o = 7' + ¢ at point B. What happens to excess
demand in period zero? As usual, the central bank cannot influence this directly since the
effect of itsinterest rate decision takes effect with alag. Hence the interest rate that

affects output in period zero is r_, =rg. However, the central bank can affect current
period output indirectly: the IS equation at period zero says that
X, = Egx —a(r_, —rg) = x (from now on we drop the expectations operator).

Path with standard IS curve
r* J e, .. ‘.‘
r '~..,,... *,
r<1> o A
rs ] IS
C i\
N
IS,
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1Sy
, b =T, +20%
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= +
P gx: =t ax
R
=T +& =
/&' L =T, + ax,
ey T, = 15+ %,
nflation | gy —
shock 7 -1
I, Yz
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N 77‘:}_ "’ A
T / P
A/ MR
X' X=X, X X3 0 X

FIGURE 9. Inflation shock with a forward looking IS curve

17



Aswe shall see, since households at time zero can work out that the central bank will
chooseto raiserg in order to create x, <0, households will immediately cut back demand

in period zero in anticipation of this.

How precisdly do households form expectations of x;? Since the central bank can
only influence inflation in period two and output in period one, households know that the
central bank chooses the pair (7z,,x,) jointly at the intersection of the monetary rule line,
MR and the period two Phillips curve, 77, = 7z + ax . But in order to know z; the central
bank has to work out xo, because 7z, = 77, + ax,, . Since households will set x, = x, the
central bank can work out the period two Phillips curve as:

T, =1+ ax = (7 +ax) +ax =1, +2ax,.
Thisis the steeper Phillips curve shown by the dashed linein Fig. 9. Thus households can
in turn forecast that the central bank’s choice of (77,,x;) will be at the intersection of the
MRand 7z, = 77, + 2ax, (point D). It can aso be shown that x, = x, = —)&/(1+2ay).

Now Fig. 9 can be used to see what happens in periods zero and one. In period
zero, households cut demand to xo. We know where that isin the diagram since it is equal
tox:. Since 77, = 1, + a%,, my also fals; we move from point B to point C in the Phillips

curve diagram.

The future path of excess demand and inflation, (7z;, X,), (77, X;),... iSeasy to
work out. Thisis because each pair is chosen by the central bank in the relevant time
period by the intersection of the MR line with the relevant Phillips curve. So (77, X,) is

the intersection of MR with the PC, 7z, = 7z, + ax,, and so on. Thus once the economy has

reached (77,,x,) i.e. point D, the adjustment path down the MR lineis the same asin the
analysisin section 1.

We now turn to the path of interest rates, and to the IS diagram. Given the time
lags between a change in the interest rate and its effect on the output gap and of the

output gap to inflation, the central bank choosesrq to set (77,, %) (point D') rq to set
(71, %,), rato set (77,, %) , etc. Theinitial 1Scurve, 1S4, goes through the vertical Phillips
curveat rg. Thisisbecause E_ x, =0, sothat x, = E_x,—a(r_, —rs) =-a(r_, —rg); and
since r_, =rg, X, =0. In period zero, the IScurve, |S, is given by

% = Epx —a(r, = rg).
It iseasy to seethat this IScurve at time zero goes through the intersection of x, and rg
(point C). Since r_, =rg, thisconfirmsthat x, = X;. In other words, the anticipation by

the household of the central bank’s action leads it to reduce consumption before the
interest rate rises. The IScurveinperiod 1, 1S, is

X =Ex, —a(r, —rs),
and goes through r at x,. Hence to ensure that the central bank can hit its x; target, it
needs to set ro above r_,, where x; intersects |S;. In the same way, 1S,

X, = Eyxg —a(r, —rg)
intersectsrsat x3. And r is given by the intersection of 1S, with xs. And so on.
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Thus, it can be seen, that |ess excess supply and correspondingly lower interest
rates are needed by the central bank to adjust back to equilibrium after an inflation shock
with aforward looking IS curve. With an ordinary IS curve, households do not take into
account the future pattern of deflation the central bank will impose in the event of a shock
of thiskind. Therefore the central bank has to impose a bigger recession. With such an IS
curve, Xo= 0 since households take no account of the fact that x; will be negative. Hence
the period two Phillips curveis 7, = 17, + ax and the (7z,,x,) pair is determined by the

intersection of the monetary rule line with this Phillips curve with x; = x*. Moreover,
since there isa unique IS curve (which goes through the vertical Phillipscurveat rg), ro =
r* isat the intersection of that IS curve and x; = x*. The adjustment processin the IS
diagram is shown by the dotted linein Fig. 9.

6. Debates over Phillips curves: the New Keynesian Phillips Curve versusthe Sticky
Information Phillips Curve

The ISPC-MR modéel provides a simple macro-economic framework for use in analyzing
contemporary performance and policy issues. It matches the empirical evidence
concerning inflation persistence and the lag structure of key variables. Its main
shortcoming isthat it rests on ad hoc assumptions — in particular about the inflation
process — rather than being derived from an optimizing micro model of firm behaviour.
An important manifestation of this problem relates to the issue of the credibility of
monetary policy. We have seen in section 1 that when the central bank announces alower
inflation target, the economy moves only slowly towards this as the Phillips curve shifts
period-by-period (as shown in Fig. 2). Whether or not the central bank’s announcement is
believed by the private sector makes no difference at al to the path of inflation. For this
reason, the analysis of an inflation shock and of an announced change in the inflation
target isidentical in the ISPC-MR model: either way, the inflation that is built into the
system takes time (with higher unemployment) to work its way out. The inability of the
model to take into account the reaction of price-setters to announced changes in monetary
policy is unsatisfactory. Recent devel opments in modelling the Phillips curve am to
provide a micro-optimizing based model that can produce both costly disinflation and a
role for the credibility of monetary policy.

The New Keynesian Phillips Curve

The New Keynesian Phillips Curve (NKPC) is derived from the Calvo model (1983),
which combines staggered price-setting by imperfectly competitive firms and the use of
rational expectations by private sector agents. Specifically, Calvo assumes that each
period a proportion d of firms, randomly chosen, can reset their prices. Using this
assumption, Clarida et al. (1999) show that the Phillips curve — the so-called New
Keynesian Phillips curve — then takes a particularly simple form in which inflation
depends on the current gap between actual and equilibrium output as in the standard
Phillips curve but on expected future inflation rather than on past inflation. The NKPC
takes the following form:

ad
NKPC: 7 =155 +eETT,,
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where Zisthe discount factor and E 7z, isthe expected value of inflationint+1 at t. The

larger the percent of firmswho can set their price in the current period, the more
important is current excess demand as a determinant of inflation, shown by the term
0/(1-8). Theintuition is that current excess demand will be more important than future
factorsif there isahigh chance you can reset your price each period. In terms of the
graphical presentation, a higher presence of price-stickiness, i.e. lower ¢, implies aflatter
Phillips curve; if al firms set prices every period, =1 and the Phillips curveisvertical.
Thisis of course the case of rationa expectations with full price flexibility.

The most important point about the NKPC equation is that current inflation
depends simply: (i) on the present, i.e. on the current output gap, X, and (ii) on the future,

embodied in E,7z,,. Thereisno rolefor last period’ s inflation, despite sticky prices. The

bi g advantage of the NKPC is that it embodies rational expectations on the part of all
agents. In an appendix we provide a simplified explanation of how the NKPC is derived
from the sticky price assumption.

In order to use the NKPC, it is necessary to work out how rational agents form
their expectations of futureinflation, Eizi+1. TO do this, we need to derive the monetary
rule. Thisis done as before by minimizing the central bank’ s loss function subject to the
Phillips curve, in this case, the NKPC. As shown in the appendix, this produces the usual
monetary rule, which can be written as:

MR: 71, = —)%,,
where y = % and reflects both the slope of the Phillips curve and the inflation-

aversion of the central bank. Theintuition is that both the NKPC and the monetary rule
have to hold in each period and this implies that expected inflation is equal to the central
bank’ s inflation target (for the details, see the appendix). Thisresult is neat and has the
attractive property that the credibility of monetary policy matters. In terms of the ISMR-
PC diagram, the NKPC aways intersects the MR schedule at (y = Yeand z = #'), in the
absence of unanticipated shocks. Thus an announced reduction in the inflation target
would immediately translate into an equivalent reduction in inflation since the NKPC
would jump to its new position and output would remain unchanged. Inflation depends on
future expected inflation and this changes as soon as a new inflation target is announced.
The NKPC has the property that credibility matters but brings with it the disadvantage
that thereis no inflation persistence and therefore no output cost associated with a change
in monetary policy.

Let us check whether the NKPC meets the requirement that an unanticipated one-
period inflation shock, such as a cost shock, entails a costly disinflation. Such a shock
shifts the NKPC vertically upwards as shown in Fig. 10 by the NKPC(z" + ¢). The §
proportion of firms that can reset their prices take this into account and optimize whilst
the prices of the other 1- ¢ firms remain as determined by their previous pricing decision.
Since the latter group cannot change their pricing decision, they react by cutting output
by more than do the price-setters. The aggregate result for the economy is shown by the
intersection of the MR curve and the NKPC curve at point C in Fig. 10. Hence the
consequence of the inflation shock is areduction in activity in the economy below the
equilibrium. The next period, however, the economy will once again be at equilibrium
with target inflation (point A): the cost shock has gone and the inflation outcome the

20



previous period has no lasting effect on either group of price-setters. It is a so important
to note that a higher degree of price-stickinessis reflected purely in the magnitude of the
one-period unemployment cost of disinflation (a higher weight of stickiness means the
NKPC and MR are both flatter and hence the one-period fall in output is higher).

T
NKPC (z"+¢)
B
T'+e RN C/
Ty NKPC (zT)
pus A
- MR
X(+1 Xt: 0= Xt+2 X

FIGURE 10. NKPC: adjustment to an inflation shock

Theinability of the NKPC to account for the persistence of inflation following a
shock isits Achilles heel: thereis no inflation persistence following a change in monetary
policy and only a single period impact on inflation following an inflation shock (using
Fig. 10, if the economy isinitialy in equilibrium at point B, it goes straight to point A
following an announced reduction in the inflation target to z'). Clarida et al. attempt to
build more realistic results into their model by introducing an exogenous “cost push”
factor, ¢, which isan inflation shock, the effect of which is assumed to diminish over
time. The mechanics of the NKPC with such an autocorrel ated cost-push shock added are
set out in the appendix. By assumption, this modified model produces inflation inertia,
with disinflation taking place over many periods, but in common with the backwards-
looking Phillips curve, it lacks micro-foundations.

The Sticky Information Phillips Curve

The NKPC brings back rational expectationsinto the inflationary process, but it provides
only a poor match with the empirical fact of inflation inertia. An important recent
development by Mankiw and Reis (2002) argues that thisis a consequence of basing the
microeconomics on sticky prices. Instead they assume that many price setters may only
receive up-to-date information with alag. Mankiw and Reis call the Phillips curve based
on this assumption the Sticky Information Phillips Curve (SIPC).

In the Mankiw-Rels formulation, the SIPC is somewhat complex mathematically.
In part thisis because Mankiw and Reis assume that monetary policy targets monetary
growth rather than the interest rate. It also follows from their assumption about sticky
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information, namely that a given percentage ¢ of price setters acquire up-to-date
information each period. We develop instead a simple example based on their model,
which uses the interest-rate based monetary rule and assumes that, while ¢ percent of
price setters acquire up-to-date information each period, the remaining (1 — J) receive
that information exactly one period later. (As with the NKPC we continue to assume that
thereis no time lag from the rate of interest to excess demand or from excess demand to
price-setting.)

Leaving aside for a moment the question of just what information is sticky, itis
important to note that irrespective of whether afirm hasfull or only limited information,
all firms use rational expectations. So everyone knows that: 7 = oz + (1-0)m"' , where
FI and L1 denote the firms with full and limited information respectively. Asin the
previous section, when afirm sets its price it will want to raise its relative price when
thereis excess demand, i.e. x> 0 and vice versa. Expressed in terms of inflation, those
with full information will choose theinflation rate 7' =z + ax; since they are assumed
to know or be able to work out z; and x.. And those with limited information will set
m-' = Eva(m + ax). Since all firms use rational expectations, they all know the equation

7, = o(m, +ax )+ (1-0)E 7z +aE[_1><[)=%xt +E T +aE X, .

Of course those with limited information will not necessarily know z; and x.. However,
using rational expectations the LI firms can deduce E,_;7z, = % E_X + BT +aE_ X,
which impliesthat E_x =0.
To find out E;.17;, the LI firms now simply have to use the monetary rule, namely
T

7T =7 — ). Thisimplies E_z =E,_ T —)E _x =E_/T sinceE.1x = 0. Going back
to the earlier equation for z;, it can now be rewritten as the Sticky Information Phillips
Curve

ao
SPC: 7 :ﬁXﬁE[-ﬂT

And together with the monetary rule,
MR: 7 =7 - yx

these two equations determine z; and x;. The slope of the SPC depends on a and on J, but
in this case unlike the NKPC, ¢ refersto the proportion of price-setters with up-to-date
information. As ¢ tends toward one, the Phillips curve becomes vertical: thisisthe
standard case of rationa expectations with flexible prices and full information. If § < .5,
the slope isflatter than a, and vice versa.

Let us assume that the limited information relates to the central bank’ sinflation
target. This key case for monetary policy allows us to show both that disinflation is costly
in the SPC model when the central bank lowers itsinflation target — in contrast to the
NKPC modelling of this case — and that credibility matters. The model impliesthat if
those with limited information believe (rightly or wrongly) that the central bank’ s target

is 77 , and if the central bank reducesitstarget to 7z in period one, the SIPC at period
oneis
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We call thisthe SPC; 0. Aswe have seen it holds as SPC; for each period t in which
those with limited information think the target is 77 .

In Fig. 11, theinitial equilibriumisat (77, x=0), with 77, =77, and x, =0. (at
point A). In period one the central bank reducesthe inflation target to 7z , so that MRy is
the new monetary rule, and the SPC becomes S PC; o. Hence excess supply of X, is
created and inflation fallsto 7z > 7z . In period two all firms have full information and
the economy movesto the (7z, = 7z, x, = 0) equilibrium at point C.

p2
SPC,
A
Ty = My \ /
B
Ty /
\. c
T, ="
MR,
X, %= 0= X, X

FIGURE 11. SIPC: Reduction of theinflation target; one period delay in information assimilation

Two consequences should be noted in this example: disinflation is costly
following a change in monetary policy and once those with limited information have
understood that the inflation target has fallen, they immediately adjust their behaviour.
Thus by contrast with the backwards-looking Phillips curve, the central bank has
credibility and by contrast with the NKPC, thereis acost of disinflation when the
inflation target changes.

However, it is not really appropriate to compare the SIPC with aone period delay
in information assimilation to the NKPC because the NKPC assumesthat thereisa
distribution over time in the ability of firmsto change their price. The appropriate
comparison entails allowing information to diffuse more slowly in the SPC. When we
allow for more than a one-period lag in information assimilation this has the effect of
slowing down the adjustment of the economy back to equilibrium following a shock, with
the result that it is able better to predict the empirically observed phenomenon of inflation
persistence.
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To illugtrate this we now assume that §; percent of firms acquire immediate
knowledge of the target reduction in the inflation target, J, percent cumulatively after one
period, d3 percent after two periods, and all firms after four periods. The reduction of
output and inflation in period one (to 7z, x, ) takes place in an identical way to the
previous one-lag model with 6 = d;. In period two, all that happens is that the percentage
of firms with full information firmsrisesto d, and therefore of limited information firms
to (1 —d2), which implies that SPCy (d2) isgiven by 7z, = 10%_ X, + 71, . Thisisa

&
steeper curve than SIPCy o (J1), as can be seenin Fig. 12. Likewise with SPCzq (d3) in
period three.

The monetary rule curve, MRy, also changes with d. Thisis because the central

bank, faced with a Phillips curve constraint 77= % X+ 7T, setsan optimal monetary

rule under discretion of (77-77 ) = —% X. Thus, as ¢ increases (and the PC(d) gets

steeper), MR(J) getsflatter. It can be seen that inflation falls as the share of firms with
full information, ¢, rises; and after ¢ has risen sufficiently the output gap will start to rise
towards zero. The economy moves from point Ato B to C to D and back to the new
equilibrium at E. Hence we get a closer approximation to inflation inertia’.

SPC, () SPC;0(9;)

SIPC,4(4)
=1 "
/
7 B
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G NS
T4 B
M= m' / ETR MR(J;)
MR(3,)
MR(3,)
X% XX X

FIGURE 12. SIPC: Reduction of inflation target; information diffusion over several periods

However, it could be argued that this assumption of slowly diffusing information
isjust as ad hoc as the assumption of an exogenously decaying cost shock in the NKPC.
The SSPC model does not provide an explanation for slow information acquisition in
terms of the incentives of agents.

® 1t can be shown that, if the actual path of inflation is known ex-post to al firms the inflation they set will
cancel out previous relative price changes.
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Conclusion

The graphical ISPC-MR model is areplacement for the standard IS LM-ASmodd. It
conforms with the view that monetary policy is conducted by forward-looking central
banks and provides non-specialists with the tools for analyzing a wide range of
macroeconomic disturbances. By building on the lag structure consistent with empirical
evidence, the model allows a Taylor Rule to be derived graphically.

The ISPC-MR model aso provides access to contemporary debates in the more
specialized monetary macroeconomics literature. It is straightforward to demonstrate the
origin of the time inconsi stency problem using the graphical approach. The model is
extended to show how replacing the traditional IS curve with an 1Sincorporating
forward-looking behaviour dampens the effect of shocks on output and inflation.

As demonstrated by the lively debatesin the literature and in central banks over
recent years, the modelling of the inflation process remains controversial. Table 1
provides a crude summary of the characteristics of the three models of the Phillips curve
presented in this paper: the traditional backwards looking or inertial Phillips curve
(BLPC), the NKPC and the SIPC. A score of 1 isawarded if the model satisfiesa
criterion; 2 for partial fulfilment and 3 for failure to fulfil acriterion.

Moddl is consistent with: BLPC NKPC S

The empirical evidence of inflation inertia

Costly disinflation following an inflation shock

Costly disinflation following a reduction in inflation
target

Rational price- setters

Rk P kR |D

Credibility effect of monetary policy

It isimportant that the modelling of price-setting is based on rational behaviour
but the persuasiveness of the waysin which this has been done remains open to question.
The Calvo assumption in the NKPC that price-setters are chosen randomly each period
has no micro-economic rationale. Although there are other choice-based models
incorporating price-stickiness, they neither deliver inflation-inertia nor have the elegance
of the Calvo model. Although the SIPC deliversinflation inertia, the question remains
open as to why it does not pay firms to be better informed, and in what respects firms
operating in the context of central banks with monetary rules are inadequately informed.
The field seems still to be wide open for further work on the micro-foundations of
inflation inertia.
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Appendix 1.
Deriving the Monetary Policy Rule in the ISPC-MR model

The central bank aims to minimize:
1
L=§h%ﬁf+ﬂ@—ﬂf]

subject to the Phillips curve: 7 = z.; +a (Y - Ye). Solving this minimization problem
delivers the monetary rule: y —ye = -af(r - z'), which implies that the Slope of the

monetary rule curve asshown in Fig. 7is y = 1 , reflecting both the slope of the
a,

Phillips curve and the inflation aversion of the central bank. In our Taylor Rule, inflation

: it therefore affects both € ements of the

aversion shows up in the coefficient
(@+y)a
Taylor Rule equally.

We can see that Taylor’s weights of 0.5 and 0.5 arise when the IS curve, the
Phillips curves and the MR curve al have a slope of one (or more precisely in the case of
the ISand the MR of minus one). To consider the implications for the central bank’s
reaction to current inflation and output information when the key parameters differ from
one, we take each in turn, keeping the other two equal to one. We begin with the
monetary rule curve, the slope of which depends on both the slope of the Phillips curve

and on the degree of inflation-aversion of the central bank: y = % . Since B isthe weight

on inflation in the central bank’sloss function and holding o = 1, avalue of g >1 reflects
more inflation aversion on the part of the central bank than in our base-line case. Hence
the MR-curve isflatter. The implications for the central bank are unambiguous and
intuitive: the central bank will raise the interest rate by more in the face of agiven
inflation or output shock.

Turning to the Phillips curve, as we have seen, its slope a affectsthe relative
weight on inflation and output in the Taylor Rule. For a > 1, the Phillips curves are
steeper and the MR curve isflatter. There are two implications, which go in opposite
directions. First, amore restrictive interest rate reaction is optimal to deal with any given
increase in output because thiswill have abigger effect on inflation than with a=1 (thisis
the result of the flatter MR-curve). But on the other hand, a given rise in the interest rate
will have abigger negative effect on inflation. These two effectsimply that with a >1,
the balance between the coefficients changes: the coefficient on (7 - 7') goes down — so
the central bank reacts less to an inflation shock whereas the coefficient on (y.- Ye) goes
up — the central bank reacts more to an output shock as compared with the equal weights
inthe Taylor rule.

Finally, if a>1 this means that the effect on demand of a change in the interest rate
increases: the 1S-curveisflatter. This has a predictable effect on the central bank policy
rule: arisein a above one, reduces the coefficients on both the inflation and output
deviations. Since a given interest rate response has a bigger effect, the central bank
should react less to any given shock.
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Appendix 2. An aggr egate demand shock with a forward-looking IS curve

As asecond exercise, we take the case of an aggregate demand or 1S shock. Thisis
illustrated in Fig. A1 below. Theinitial IScurveis1S;, where the economy isin

equilibriumat x; =0, E %, =0, 71 =7 and r =r,. In period zero thereis a
permanent demand shock of ¢ that shifts the IS curve rightwards: if Ejx, remained zero

the new 1S curve would be 1S*. Thus when we compare forward and non-forward looking
IScurves, IS isthe new non-forward looking IS curve and we shall use keep dashed
lines for adjustment with the traditional IS curve.

X, X 0 Xy Xo
aggregate demand shock

FIGURE Al. Aggregate demand shock with a forward-looking IS curve

The forward-looking IS curvein period zero is X, = E,x, —a(r_, —ry,) . Since forward-

looking households know that the central bank will take action to depress xi, 1S will be
to the left of IS+ by exactly x;. For the moment, we assume that x; is known —we shall
see how it isworked out below —and is correctly embodied in 1S, (so graphically

X ==(X —X%,)). Since r_, =rg,, Xo iS given by the intersection of 1S, and r_;. Dropping
down to the bottom diagram, this determines z; viathe Phillips curve 7z = 77 +ax; this
means that the Phillips curve 7z, = 77 + ax, goes through the Vertical Phillips curve at ;.
The central bank can now choose the optimal pair (7z,,x;) at theintersection of the z,
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Phillips curve and the MR. From hereit is easy to work out the central bank’s choices of
the pairs (77, X,), (77,, %;) and so on from the intersections of the MR with the relevant
Phillips curves. The path of adjustment is shown by the light arrows in the lower panel.
How does the central bank use its choice of the interest rate to produce this
adjustment path? We have already worked out the values of Xy, X2, X3 .. which the central

.....

bank engineers during the adjustment process. The IS diagram can now be used to find
thevalues of ro, ry, r2, ... which the central bank needs to set for this pattern of excess
supply. Starting with ro, the relevant IScurveis|:

X =% _a(ro - rS,l)
and rp isnow the interest rate at the intersection of 1S and the vertical x; line. Similarly,
since

X=X a(r1 - rS,l)
ri istheinterest rate at the intersection of 1S, and the vertical x; line. Thus the interest
rate jumps up fromits original level of r_, =rg, toro and then is gradually adjusted back
down to the new equilibrium at rs3. Thisis shown by the arrow in the IS diagram.

Fig. A1 shows clearly that the forward-looking IS curve reduces the amplitude of
both output and interest rate changes. Absent its forward-looking component, the shocked
IScurveisthe dashed line, IS*, x, =-a(r_, —rg,) sothat with r_, =1y, initial excess

demand isxo . This generates the dashed 7, PC line, and hencex, , and in turn r*. The
return to equilibrium is down the dashed ISt line.
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Appendix 3.
The New Keynesian Phillips Curve

2.1 Deriving the New Keynesian Phillips Curve
The standard derivation of the NKPC is somewhat lengthy. By cutting afew corners,
however, there is a much simpler derivation, which makes the intuition behind the
equation clearer. Let p’ be the price set by the § percent of price setters at time t. Hence,
since the other 1-6 firms will retain last period’ s price level, the current price level is
given by

P = d:): + (1_ J)pt—l'
Since 77, = p, — p,_, and theinflation rate of those who set their pricesat tis
7T =p —p_,.itiseasytoseethat 7z = Irz .

What inflation rate w will price setters want in the current period if they have the
chance to reset their prices? Given imperfect competition, they will want to raise the
relative price of their differentiated products if there is excess demand, i.e. x > 0 and vice
versaif x < 0. Hence, for x> 0, they will want an inflation rate above the aggregate:
7T = i1+ ax. However, the price they set now, p’, has to last until they next get a chance
to reset their prices. Thereis a(1-6) chance that they will not be ableto reset in t+1,
a(1-0)? chancein t+2, etc. In addition they care less about future periods because of the
discount factor 6. Thus they attach avalue of 1 to having the right inflation rate in the
current period, 9(1-6) in t+1, 62(1-6)2 in t+2, and so on. So their chosenn has to be the
correct rate for the current period plus the correct rate for t+1 weighted by 6(1-6), and so
on. Hence:

= |_(7Tt +ax )+6(1-0)E,, +aEx,,)+0*(1- 6)(ETz.,, +aElx[+2)+___J

Since 77, =1, wehave m, =d[(7, +ax ) +6@1-3)E, ., + aE,x,,)+..]. Thisenables
us to make a simple transformation: leading both sides by one period and multiplying
both sides by 6(1-6) generates

6(1-S)E 1., = 0(1-0)3|(E. 7, +aE X, +)+ (1~ S)E 75, +AEX,,)+..] and
subtracting this from the previous equation implies 7z = o1, +adx, + 01— )E, 7T,,, .
When rearranged, this produces the New Keynesian Phillips Curve:

NKPC: 7, =%x[ +EE T,

Deriving Eqir 1

What is the rationally expected value of z+1? To find this, we need first to derive the
monetary rule. Just as before, the central bank minimises aloss function and to simplify
the notation, it is assumed that the central bank’s inflation target iszero. Theloss

function can be written explicitly as L =%(xt2 +,6’r1;2) and is minimized subject to the

constraint imposed by the NKPC. Since the central bank takes expectations of future
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inflation by private agents as given, and assuming it can re-maximise each period, this
implies that thereis an MR curve as follows:
MR: 71, = —)%,,

where y = 15_,8 . For ease of exposition, we follow NKPC theorists and assume there are
a,

no time lags from the interest rate to output or from output to inflation.

The next step isto use rational expectations to eval uate the expected future
inflation rate, Eui+ 1. It is not difficult to show that expected future inflation is equal to the
target, i.e. Egie1 = 0. First, the NKPC and the MR must both hold in each period:

X ==y and 71 =’8—1yxt +6E 71, . Eliminating x; from the pair of equations, this

implies 7z, = Er.,, where we define the term in brackets as t; it lies between

1
By’
zero and one. Since the MR and NKPC hold each period, E; 7wi = ¢ E; 7rwi+1 for al i.
Hence if we rule out the possibility that E; 7 .; — < with i, we have theresult E; 7 =0
(or in the case where the inflation target is not zero, E; 7 = 7' ).

1+

2.2 Deriving Egi.1 in the NKPC with autocorrelated cost-push added

Claridaet a (1999) attempt to build more realistic results into their model by introducing
into the NKPC an exogenous “cost-push” factor, ¢, in effect an inflation shock, the effect
of which is assumed to diminish over time. Because this development is both important
and difficult to follow in their articleit is explained here. Asfar aswe can seg, it lacks
microfoundations.

The NKPC now becomes zi=((ad)/(1-0))%+ OEim+ 1+ C where c=pCr1+ &,
with p a positive constant less than one and &;, a random variable with mean zero that is
not autocorrelated. The assumed form of the cost-push factor, ¢, is crucia in generating
inflation dynamics in the NKPC model: the cost-push this period is afraction of cost-
push last period (plus arandom component).

Theintroduction of the cost-push factor makes evaluating Eui+1 slightly more
difficult. Hereis how it is done. With rational expectations and dropping the expectation
operator to simplify the notation:

Tee 1= (01 (1-0)) X+ 1+ Ome o+ pct (NKPC) and 7w 1=-yXe+1 (MR) ,
which together imply: z1=(0/(1+(8y?) %)@ 2+ (o/ (1+ (By?) 2))C= Obmrs o+ pbc
where b =1/(1+(8y?) *); and working out mt.+, in the same way:

2= Obmis 3+ p2bc; . Note that the impact of ¢ declines by p each period.
Successively substituting we get m+1 = bpc| 1+60bp+2b%p2+.] = (b/(1-0bp))pc: .

For simplicity (and restoring the expectation operator) we write this as.

Euris 1:2.pCt ,
where 0 < 1 < 1. This means that the ‘new’ NKPC is given by:

= ((aé)/(l—é))xt+ OB 1+ Ci = ((aé)/(l—d))xt+ (1+ a/lp)Ct .
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The NKPC isshownin Fig.A2 and theterm (1+6Jp)c; is measured by the rate of
inflation when output is at equilibrium.

NKPC(c; =0)

FIGURE A2. NKPC with an exogenous cost push term

The geometry of the model looks similar to that of the standard |S-PC-MR model.
The key difference centres on what determines the position of the Phillips curve and on
what shiftsit. In the ISPC-MR model the Phillips curveis shifted by inertial inflation,
with the consequence that the Phillips curve shifts endogenously as inflation adjusts.
With the NKPC, the exogenous cost push term, ¢, fixes the position of the Phillips curve
and the assumption that this becomes weaker at the rate p leads the NKPC to shift. To see
how this works, we need to assume that the cost push effect persists, i.e. p>0 sinceif p=0,
the expected future inflation term disappears. It is simplest to assumethat c=c¢  and that
g,,,= Ofor al i>0. In this case the NKPC at t is m=a(d/(1-6))x+ (1+ 6ip)c , where
Ewrir1=ApC . S0 again determining z; by the intersection of MR and NKPC we get

(1+8)0) <

”‘:|1+11/ﬁy2§| '
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Bearing in mind that the influence of ¢ diminishes exponentially by p each period,
the NKPC in period t+1 is 7 1= a(/(1-6)) X 1+ (1+ 8Ap)pc and hence
— +arp) . _ .

141 F[:f(i7;§;;ZﬂAﬂ13 Pt
So with p > 0 there is agradual move of the NKPC down the MR curve and the economy
moves back to equilibrium aong the path from B to C and back to A as shown in Fig. A3
with the central bank adjusting the interest rate appropriately as shown in the upper panel.
But note well that any one period inflation shock has no effect on next period's inflation:
in so far asinflation persistsin this ad hoc model it is driven purely by the autocorrel ation
of past shocks.
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FIGURE A3. NKPC with an auto-correlated cost-push term
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