Teaching Intermediate Macroeconomics using the
3-Equation Model

Wendy Carlin and David Soskice

Much teaching of intermediate macroeconomics used $hé M-AS or AD-
AS approach. This is far removed both from the practice of egerate setting,
inflation-targeting central banks and from the models thataught in graduate
courses. Modern monetary macroeconomics is based on wheteasingly known
as the 3-equation New Keynesian moded: curve, Phillips curve and interest rate-
based monetary policy rulé §-PC-M R). This is the basic analytical structure of
Michael Woodford's booknterest and Pricepublished in 2003 and, for example,
of the widely cited paper “The New Keynesian Science of MangfPolicy” by
Clarida et al. published in thdournal of Economic Literaturen 1999. A recent
graduate textbook treatment is Gali (2008). Much of ther#ture is inaccessible
to undergraduates and non-specialists. Our aim is to shawttne divide can be
bridged in a way that retains the tractability and poliagifidliness of the old ap-
proach yet fits the institutional realities of contemporpojicy-making and opens
the way to the more advanced literature.

Our contribution is to develop a version of the 3-equatiordeidhat can be
taught to undergraduate students and can be deployed frarabroad range of
policy issues, including the recent credit/banking crasid the oil and commodities
price shock It can be taught using diagrams and minimal algebra. [Theiagram
is placed vertically above the Phillips diagram, with themiary rule shown in the
latter along with the Phillips curves. We believe that d$+-PC-M R graphical
analysis is particularly useful for explaining the optimg behaviour of the central
bank. Users can see and remember readily where the keyredhips come from
and are therefore able to vary the assumptions about thevzibehaf the policy-
maker or the private sector. In order to use the model, iteessary to think about
the economics behind the processes of adjustment. One #abend S-LM-AS
got a bad name is that it too frequently became an exerciseeghamical curve-
shifting: students were often unable to explain the econgmocesses involved
in moving from one equilibrium to another. In the frameworegented here, in
order to work through the adjustment process, the studertbrengage in the same
forward-looking thinking as the policy-maker.

The model we propose for teaching purposes is New Keynesigs3-equation
structure and its modelling of a forward-looking optimigicentral bank. A signif-
icant problem for most students in the more formal versidrite@New Keynesian
model is the assumption that both households (in the IS Em)atnd price-setting
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firms (in the Phillips curve) are forward looking. Our appbdocuses just on a
forward-looking Central Bank (in the Monetary or Taylor Bubut does not incor-
porate forward-looking behavour in either the curve or the Phillips curve.

1 The 3-Equation Model

In this section, we set out the Carlin—Soskice (C-S) singdifversion of the 3

eguation model to show how it can be taught to undergradu@efre showing

how the central bank’s problem-solving can be illustrated diagram, we set out
the algebra.

1.1 Equations

The 3 equations are the IS equatign= A—ar, in which real incomey is a positive
function of autonomous expenditureand a negative function of the real interest
rater; the Phillips curver; = 7y + a(y1 — v ), wherer is the rate of ifiation and
Ye, €quilibrium output and the central bank’s Monetary Rule. Equilibrium output
is the level of output associated with constarftation. In a world of imperfect
competition it rélects the mark-up and structural features of the labour marie
welfare staté. We shall see that in order to make its interest rate decisian,
optimizing central bank must take into account the lag indffiect of a change in
the interest rate on output — the so-called policy lag — andlag in the Phillips
curve from a change in output tofiation. The key lags in the system relevant to
the central bank’s interest rate decision are shown in Figinthe IS curve, the
choice of interest rate in period zerg will only affect output next period; as it
takes time for interest rate changes to feed through to ekpea decisions. In the
Phillips curve, this period’s ihation, is affected by the current output gap— v.
and by last period’s iflation mo. The latter assumption of fiation persistence
can be justified in terms of lags in wage- and or price-settingy reference to
backward-looking expectations.

The central bank minimizes a loss function, where the gawent requires it to
keep next period’s iflation close to the target whilst avoiding large outfiuttua-
tions:

L= (y1—ve)* + B(m —7")2 (Central Bank loss function)

Any deviation in output from equilibrium or fiation from target — in either di-
rection — produces a loss in utility for the central bank. Tdug structure of the

2Both extensions are provided in Chapter 15 of Carlin and 8eR006).
3A more detailed discussion is provided in Carlin and Sosi6©6) Chapters 2, 4 and 15.
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Figure 1: The lag structure in the C—S 3-equation model

model explains why it isr; andy, that feature in the central bank’s loss function:
by choosing, the central bank determings andy; in turn determineg;. This is
illustrated in Fig. 1. The critical parameter in the cenbahk’s loss function ig:
6 > 1 will characterize a central bank that places less weightudpudfiuctuations
than on deviations in fitation, and vice versa. A morefiation-averse central bank
is characterized by a highgr

The central bank optimizes by minimizing its loss functiabject to the Phillips
curve:

T =T+ a(y1 — Ye)- (Inertial Phillips curve:PC equation)

By substituting the Phillips curve equation into the lossdiion and differentiating
with respect tqy; (which, as we have seen in Fig. 1, the central bank can chgose b
settingry), we have:

oL _
ayl—

Substituting the Phillips curve back into this equatioregiv

(1 — ¥e) + afB(mo + alyr —ye) — 7" ) = 0.

(y1 — ye) = —aB(my — 7). (Monetary rule:M R-AD equation)



This equation is the ‘optimal’ equilibrium relationship period 1 between the in-
flation rate chosen indirectly and the level of output chosesttly by the central
bank in the current period 0 to maximize its utility given jgeferences and the
constraints it faces.

Here is the logic of the central bank’s position in period Oknows m, and
hence it can work out via the Phillips curve (sinee = 7 + a.(y1 — y.)) what
level of y; it has to get to — by setting the appropriatein the current period —
for this equilibrium relation to hold. We shall see that #hées a natural geometric
way of highlighting this logic.

We can either talk in terms of the Monetary Rule or alterredyivthe Interest
Rate Rule (sometimes called the optimal Taylor Rule), wikiobws the short term
real interest rate relative to the ‘stabilising’ or ‘natliraal rate of interestyg, that
the central bank should set now in response to a deviationeotarrent ifiation
rate from target. To find out the interest rate that the céb@rak should set in the
current period, as well as to derive we need to use theS equation. The central
bank can set the nominal short-term interest rate direbtly,since the expected
rate of ifflation is given in the short run, the central bank is assumédxk table to
control the real interest rate indirectly. We make use hétbeFisher equation,
i ~r+ 7F. ThelS equation incorporates the lagged effect of the interestaat
output:

y1 = A — ary. (IS equation)

A key concept is the stabilising interest ratg which is the interest rate that pro-
duces equilibrium output. This is defined by
Ye = A —arg.

So subtracting this from theS equation we can rewrite th&S equation in output
gap form as:

Y1 — Ye = —a(rog — rg). (IS equation, output gap form)
If we substitute forr; using the Phillips curve in th&/ R-AD equation, we get
1

mo+alyy —y) -7 = —a—ﬁ(w — Ye)
1
7T0—7TT = — (OH_Q_B) (Y1 — ve)
and if we now substitute fofy; — v.) using thel S equation, we get
1 .
(mo— 7). (Interest-rate rule] R equation)

Oﬁo_rd:a(a—l—i)
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As a simple case, let= o = § = 1, so that
(T‘O — 7’5) =0.5 (7T0 — 7TT) .

This tells the central bank how to adjust the interest ratkative to the stabilizing
interest rate) in response to a deviation dfation from its target.

By setting out the central bank’s problem in this way, we haentified the
key role of forecasting: the central bank must forecast thidlips curve and the
IS curve it will face next period. Although the central bank eh&s the shock in
period zero and calculates its impact on current output @&xd period’s ifflation,
it cannot offset the shock in the current period becauseefapged effect of the
interest rate on aggregate demand. We therefore have aaBagumodel with
an optimizing central bank in whichS shocks affect output. As we shall see in
Section 1.2, thé/ R-AD equation is the preferred formulation of policy behaviour
in the graphical illustration of the model. We return to teationship between the
M R-AD equation and the Taylor Rule in Section 3.

1.2 Diagram: the example of an/ S shock

We shall now explain how the 3-equation model can be set oatdragram. A
graphical approach is useful in bringing out the economiuaition at the heart
of the model. It allows students to work through the foreiogsexercise of the
central bank and to follow the adjustment process as thenaptnonetary policy is
implemented.

The first step is to present two of the equations of the 3-éguatodel. In the
lower part of Fig. 2, the vertical Phillips curve at the eduium output levely.,
is shown. We think of labour and product markets as being ifepty competitive
so that the equilibrium output level is where both wage- amckpsetters make no
attempt to change the prevailing real wage or relative priéach Phillips curve is
indexed by the pre-existing or inertial rate oflation, 7! = 7_;. As
shown in Fig. 2, the economy is in a constarftation equilibrium at the output
level of y.; inflation is constant at the target rate of. Fig. 2 shows thd S
equation in the upper panel: the stabilizing interest rage will produce a level
of aggregate demand equal to equilibrium outpyt, We now need to combine
the three elementstS curve, Phillips curve and the Central Bank’s loss function
to show how the central bank formulates monetary policy. de the graphical
derivation of the monetary rule equation (labell&tR-AD), it is useful to begin
with an example.

In Fig. 3, we assume that as a consequence afsashock the economy is
initially at point A with output above equilibrium, i.ey > ., and iflation of
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Figure 2:15 and PC curves

4% above the2% target. The central bank’s job is to set the interest rafein
response to this new information about economic conditidnsorder to do this,

it must first make a forecast of the Phillips curve next pergdce this will show
the menu of output-iftation pairs that it can choose from by setting the interdst ra
now. Given that ifiation is inertial, its forecast of the Phillips curve in meftione
will be PC(n! = 4%) as shown by the dashed line in the Phillips curve diagram.
The only points on this Phillips curve withflation below4% entail lower output.
Hence, disifiation will be costly.

How does the central bank make its choice from the combinstod inflation
and output along the forecast Phillips curve({(r! = 4%))? Its choice will de-
pend on its preferences: the highersishe more averse it is to fiation and the
more it will want to reduce ifiation by choosing a larger output gap. We show in
the appendix how the central bank’s loss function can beesgmted graphically by
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loss circles or ellipses. In Fig. 3, the central bank will gke pointB at the tan-
gency between its ‘indifference curve’ and the forecasltiphicurve: this implies
that its desired output level in period oneyis In other wordsy; is the central
bank’s aggregate demand target for pericak implied by the monetary rule. The
M R-AD line joins pointB and the zero loss point at where irflation is at target
and output is at equilibrium. The fourth step is for the canlank to forecast the
IS curve for period one. In the example in Fig. 3 the foredasturve is shown
by the dashed line. With thi&S curve, if an interest rate of, is set now, the level
of output in period one will bg; as desired.

To complete the example, we trace through the adjustmenepso Following
the increase in the interest rate, output fallg/fcand irflation falls. The central
bank forecasts the new Phillips curve, which goes throught @ in the Phillips
diagram and it will follow the same steps to adjust the irgerate downwards so as
to guide the economy along tli& curve fromC’ to Z’. Eventually, the objective of
inflation atr” = 2% is achieved and the economy is at equilibrium unemployment,
where it will remain until a new shock or policy change arisése M R-AD line
shows the optimal iftation-output choices of the central bank, given the Plsillip
curve constraint that it faces.

An important pedagogical question is the name to give theataoy rule equa-
tion when we show it in they—diagram. What it tells the central banktat 0 is
the output level that it needs to achievetia- 1 if it is to minimize the loss func-
tion, given the forecast Phillips curve. Since we are exytg the model from the
central bank’s viewpoint at = 0, what we want to convey is that the downward-
sloping line in thery—diagram shows the aggregate demand targetat implied
by the monetary rule. We therefore use the lallgk-AD .

The M R-AD curve is shown in the Phillips rather than in th€ diagram be-
cause the essence of the monetary rule is to identify theatdsank’s best policy
response to any shock. Both the central bank’s preferer®gnsgraphically by
the indifference curve (part of the loss circle or ellipsell ahe trade-off it faces
between output and fiation appear in the Phillips diagram. Once the central bank
has calculated its desired output response by using theastr@hillips curve, it is
straightforward to go to théS diagram and discover what interest rate must be set
in order to achieve this level of aggregate demand.

41t would be misleading to label it D thus implying that it is theactual AD curve inmy;—
space because the actulD curve will include any aggregate demand shock a 1. If aggregate
demand shocks in = 1 are included, the curve ceases to be the curve on which theatbank
bases its monetary policy in= 0. On the other hand if an aggregate demand shocek=n1 is
excluded — so that the central bank can base monetary palitlyeocurve — then it is misleading
to call it the AD schedulestudents would not unreasonably be surprised iflédhschedule did not
shift in response to ad D shock.



2 Using the Graphical Model

We now look brigly at different shocks so as to illustrate the role the follayvsix
elements play in their transmission and hence in the dalilmers of policy-makers
in the central bank:

1. the iflation targets”
. the central bank’s preferences,

. the slope of the Phillips curve,

2
3
4. the interest sensitivity of aggregate demand,
5. the equilibrium level of outpui,

6

. the stabilizing interest ratey.

A temporary aggregate demand shock is a one-period shifiad $ curve,
whereas a permanent aggregate demand shock shiffsStiearve and henceg,
the stabilizing interest rate, permanently. Afiation shock is a temporary (one-
period) shift in the short-run Phillips curve. This is somreds referred to as a tem-
porary aggregate supply shock. An aggregate supply shéeksr® a permanent
shift in the equilibrium level of outputy.. This shifts the vertical Phillips curve.

2.1 1S shock: temporary or permanent?

In Fig. 3, we analyzed aiS shock — but was it a temporary or a permanent
one? In order for the Central Bank to make its forecast of thecurve, it has

to decide whether the shock that initially caused outpuige oy, is temporary

or permanent. The terms ‘temporary’ and ‘permanent’ shoeldhterpreted from
the perspective of the central bank’s decision-makingZoori In our example, the
central bank took the view that the shock would persist fatlagr period, so it was
necessary to raise the interest ratef@bove the new stabilizing interest ratg,
Had the central bank forecast that the would revert to the pre-shocks, then it
would have initially raised the interest rate by less siteedtabilizing interest rate
would have remained equal tg, i.e. its chosen interest rate would have been on
the 1 Spre-snockCUrve in Fig. 3 rather than on thes’ curve. This highlights one of
the major forecasting problems faced by the central bank.



2.2 Supply shock

One of the key tasks of a basic macroeconomic model is to helpinate how the
main variables are correlated following different kindssbbcks. We can appraise
the usefulness of théS-PC-M R model in this respect by looking at a positive
aggregate supply shock and comparing the optimal respdnge @wentral bank
and hence the output andfi@tion correlations with those associated with an ag-
gregate demand shock. A supply shock results in a changeuitibeiim output
and therefore a shift in the vertical Phillips curve. It caisefrom changes that
affect wage- or price-setting behaviour such as a struothenge in wage-setting
arrangements, a change in taxation or in unemployment bewoefin the strength

of product market competition, which alters the mark-up.

Fig. 4 shows the analysis of a positive supply-side shockchvaises equilib-
rium output fromy, to y.. The vertical Phillips curve shifts to the right as does the
short-run Phillips curve corresponding tdlation equal to the target (shown by the
PC(r! = 2,4.)). The first consequence of the supply shock is a fall ftation
(from 2% to zero) as the economy goes frofito B. To decide how monetary pol-
icy should respond to this, the central bank forecasts thié@hcurve constraint
(PC(w! = 0,y.)) for next period and chooses its optimal level of output aswsh
by pointC. To raise output to this level, it is necessary to cut theregerate in
period zero tor’ as shown in thd S diagram. (Note that the stabilizing interest
rate has fallen te.) The economy is then guided along theRk-AD’ curve to the
new equilibrium atZ. The positive supply shock is associated initially with k fa
in inflation and a rise in output — in contrast to the initial rise attboutput and
inflation in response to the aggregate demand shock.

2.3 Applying the model to recent macro-economic events

The economic conjuncture from August 2007 poses a gooddeatrhacro model

at the intermediate level. Two major developments affethedworld economy:
the credit and housing crisis emanating from the sub-préendihg behaviour of US
banks and the dramatic increase in oil and commoditiesgride look first at each
development in turn. The credit crisis is a negative agdeedeamand shock: credit
became more expensive and some classes of borrowers wardexkentirely from
the market. Hence, at a given central bank interest rataterest-sensitive spend-
ing is lower and thd S-curve is shifted to the left. As we have seen, this requires
the central bank to reduce the interest rate in order to gineleeconomy back to
equilibrium output at target fitation. The use of temporary expansionary fiscal
measures as adopted in the US in 2008 will — if successful ostdag consump-
tion expenditure — also help to offset the leftward shiftlod 1.5-curve and reduce
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Figure 4: The response of the central bank to a positive gegge shock, a rise in

equilibrium output
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the extent to which the interest rate has to be cut. The sghplay of modeling
this is as an increase in the autonomous component of adgreégaand captured
in the A term in thel .S equation.

Analysis of the oil and commodity price shock can also be wa#ten using
the 3-equation model. There are two elements to the shoskmjlications for
aggregate demand and for the supply-side. For countriestbanet importers of
oil and commodities, the price increase represents a wegagjgregate demand
shock: at any real interest rate, aggregate demand is deprbyg the higher import
bill and thelS-curve shifts to the left. The simplest way of depicting the@y-
side effects of the oil price rise is as a temporaffjaition shock: the Phillips curve
is shifted upwards for one period. Anfiation shock requires the central bank to
raise the interest rate since a spell of output below equuilibis required to squeeze
the increased fibation out of the system. In the context of an oil price shotice
aggregate demand is depressed by the higher import bilkethigal bank will need
to raise the interest rate by less than it otherwise would.

In the circumstances of 2008, the central bank is faced withiexast deterio-
ration of both constituents of its loss function. Aggregdéenand and output are
depressed both by the credit crisis and the oil shock, whathtp to a cut in the
interest rate. However, theflation shock points to the need for the interest rate to
be raised. The 3-equation model illustrates theflactimg pressures on the central
bank and highlights that whether it should raise or loweritierest rate depends
on its judgement of the relative size and persistence of thand irflation shock
effects.

The modeling of the supply-side consequences of an oil shecktemporary
inflation shock hinges on the willingness of wage- and or preteess in the econ-
omy to accept the reduction in real income implied by the exogs deterioration
in the economy’s terms of trade. Higher real oil and commogiices mean that
output per worker available for domestic agents is lowediestic profit mar-
gins and or domestic real wages do not adjust to this, theaoitlséock represents
a supply shock that reduces equilibrium output, rather tné@mporary ifiation
shock. This can be modeled using the supply shock analyssepted above: the
M R-AD curve and the vertical Phillips curve shift to the left. Theplications for
the economy of a negative supply shock are more pessintisticfor an ifiation
shock because theflation target can now only be met at higher equilibrium un-
employment and lower output. In the contemporary discassighe oil shock, the
guestion has been discussed as to whether ‘second rountseffave emerged. If
wage and or price setters do not accept the reduction inmeairie associated with
the shock, the Phillips curve for a given inertiafiation rate will shift upward as
it is now indexed by the new higher equilibrium unemploymerttis is a way of
illustrating such second round effects.
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We use Fig. 5 to show how the combined effect of the creditamand the oil
price shock can be modeled graphically. There are thredgahe labour market is
introduced as the lowest panel, with the real consumptiayeveen the vertical axis.
The utility of wage-setters is defined in terms of the realstonption wage, i.e.
the money wage diated by the consumer price index. Wage-setters’ behawsour i
shown by the positively slopeld’ .S curve: they require a higher real consumption
wage at higher employment (output). A simple way of thinkaigput the wage-
setting curve is that it represents a mark-ufie@ing workers’ bargaining power
over the competitive labour supply curve, which slopes upva reflect the disu-
tility of work. By contrast, firms or price-setters care abtheir profits defined in
terms of the product price. On the assumption of constanulaproductivity and a
constant mark-up, the price-setting curve is horizontahbws the real consump-
tion wage that is consistent with firms getting their reqaipgofit margin, given
labour productivity and the size of the wedge between theaasumption and
product wages. The wedge will be affected by a change in the price of imported
oil and commodities because this affects the differencedsst the consumer price
index and the producer price index. An increase in the wedgsed by higher oil
and commodity prices will be feected in a downward shift in the price-setting real
wage curve in Fig. 5tdS’.

In Fig. 5, we analyse the case in which wage and or price seattenot accept
the reduction in available real income per worker impliedHuy higher oil prices.
Had they done so, either thE.S curve would have shifted downwards to go through
point B or the PS curve would have remained unchange@atwith profit margins
squeezed (or some combination of the two). The failure ofélaéwage and profit
claims of wage and price-setters to adjust (or adjust fuligans that the oil shock
leads to a fall in equilibrium output: this is shown by thefstiom y. to ¢ in Fig. 5.
The lower level of equilibrium output indicates that theyowlay constant ifiation
can prevail in the economy is to reduce the real wage claimgagke-setters by a
higher level of unemployment.

As noted above, théS curve in Fig. 5 shifts to the left for two reasons — on
the one hand because of the impact of the credit crisis oreggtg demand and
on the other, because of the implications for aggregate deérmgthe higher prices
of oil and commodities. For illustrative purposes, the corabl effect is shown by
1S'. In the example shown in the diagram, the shift is sufficiently large that the
central bank does not have to change the interest rate intardehieve its desired
level of outputy’ on the M R-AD' at pointC, and is therefore at poirt’ on the
1S’ curve. The central bank will then lower the interest ratetengath fromC” to

5A formal derivation of the price-setting curve tdiest imported materials is provided in Carlin
and Soskice (2006) footnote 7, pp. 396-7.
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the new stabilizing interest rate;. In the central panel, ftation will gradually fall
back its target level{ to Z) and output will stabilize at the new lower equilibrium
level (point2).6

In Fig. 6, the combined effect of the credit crisis and oil ghes illustrated
using the more optimistic assumption that there is no daion in equilibrium
output. This is shown graphically in the lower panel, whereantrast to Fig. 5,
there is a downward shift of the wage-setting curvéltd’. This may be the result
of an agreement amongst unions to exercise wage restraaiteonatively, if the
wage-setting curve is vertical (e.g. inelastic labour $yijpphere will also be no
change in equilibrium output. The impact of the oil shock lo@ $upply side takes
the form of a one-off upward shift in the Phillips CurveRt (1! = 2%; ¢ = 2%),
wheree is the irflation shock. This is illustrated in the middle panel. By camipg
the middle panel of Fig. 5 with that of Fig. 6, one can see thatich case there is
a new Phillips curve going through poiBtwith an inflation rate oft% at the initial
output level. As before, the effects on aggregate demanilastated by the shift
of the IS curve to/S’. As a consequence of the combined shocks, output falls to
y' and irflation drops fromi% to 1%. The economy is at point’ in the middle
panel. The central bank forecasts the new Phillips Curveetthb one labelled
PC(n! = 1%). It must therefore cut the interest rate (beldyin the upper panel)
So as to steer the economy from pointback to target ifiation and equilibrium
output at pointZ, which coincides with the economy’s starting point4at

For both cases illustrated in Figs. 5 and 6, it is a useful@serto experiment
with a combination where theS shift is smaller relative to the Phillips Curve shift
than the one shown. This highlights the debates in the vagentral banks around
the world as to whether interest rates should be raised arkmvn response to the
credit crisis and oil shock. In the example shown, fi$eshift is substantial and
squeezes fitation hard with a smaller negativéS shock, the central bank would
have to do more to eliminate the rise irflation and a rise in interest rates would
be observed.

We see that the initial consequences for the economy of #ét@nd oil crises
are lower output and higherfiation in both of the cases illustrated in this section.
Given the presence of anflation-targeting central bank, targefiation is regained
in each case but unless the implications for real incomebebtl shock are ac-
cepted by private sector agents, a higher rate of unemplatywi# be required to
ensure constant fiation at the target rate.

SNote that if the central bank does not recognize that thelibgjum level of output has fallen
and continues to target an output levelpf the economy will end up at the intersection of vertical
line abovey, and the initialM R-AD curve. Irflation will be constant but it will be higher than the
target rate. This is an example of so-callefldtion bias and is examined in more depth in Carlin
and Soskice (2005).
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Figure 5: Combined Credit Crisis and Oil Price Shock: Lowguitbrium Output
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Figure 6: Combined Credit Crisis and Oil Price Shock: UngsmhEquilibrium
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2.4 IS shock: the role of the interest-sensitivity of aggregate de
mand

In the next experiment (Fig. 7), we keep the supply side ofeitenomy and the
central bank’s preferences fixed and examine how the cddréit’s response to
a permanent aggregate demand shock is affected by theiggnsit aggregate
demand to the interest rate. It is assumed that the econarty sff with output
at equilibrium and ifiation at the target rate of 2%. The equilibrium is disturbed
by a positive aggregate demand shock such as improved booydrconsumer
expectations, which is assumed by the central bank to begresmt. Two post-
shock! S curves are shown in the upper panel of Fig. 7: the more-istsensitive
one is theflatter one labelled S”.

The consequence of output abayas that iflation rises above target — in this
case to4% (point B). This defines the Phillips curve?(C(r! = 4)) along which
the central bank must choose its preferred point for the pesibd: pointC'. The
desired level of aggregate demand depends only on the asyfghte economy de-
picted in the Phillips diagram, i.e. the supply side and #r@m@l bank’s preferences
and hence is the same for each economy. However, by goinigaisrtup to the
I S—diagram, we can see that the central bank must raise threshtate by less in
response to the shock if aggregate demand is rather regpdnsa change in the
interest rate (as illustrated by tfiatter/.S curve).

2.5 How central bank inflation aversion and the slope of the
Phillips curve affect interest rate decisions

To investigate how structural features of the economy ssdhe degree of fita-
tion aversion of the central bank and the responsivenegs#lafion to the output
gap impinge on the central bank’s interest rate decision]Jook at the central
bank’s response to anflation shock. A one-period shift in the Phillips curve could
occur as a result, for example, of an agricultural diseasiereak that temporarily
interrupts supply and pushediation above the target level.

We focus attention on the consequences for monetary pdiayferent degrees
of inflation aversion on the part of the central bagkgnd on the responsiveness of
inflation to output as feected in the slope of the Phillips curve)( We assume the
economy is initially in equilibrium with ifiation at the central bank’s target rate of
2% and experiences a sudden rise ifiation to4%. The Phillips curve in Fig. 8
shifts toPC (7! = 4%).

From theM R-AD equation (y; —y.) = —a3(m;—n1)) and from the geometry
in Fig. 8, it is clear that if the indifference curves are t@ec(i.e. = 1) and if the
Phillips curve has a gradient of one (i.a.= 1), the M R-AD line is downward
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sloping with a gradient of minus one. It follows that théR-AD line will be
flatter than this either if the weight on flation in the central bank’s loss function
is greater than oneg3(> 1) or if the Phillips curves are steeper, i.e. ifiation is
more responsive to a change in output¥ 1). This is illustrated in Fig. 8 where
the flatter M R-AD line, labelledM R-AD’, in the left hand panel feects a more
inflation-averse central bank and in the right hand panel, aeatdehillips curve.
In each case the comparison is with the neutral case-ef3 = 1.

Using the diagram underlines the fact that althoughth®- A D curve isflatter
in both cases, the central bank’s reaction to a givéiation shock is quite differ-
ent. In each case, thefiation shock takes the economy to poifhion the vertical
Phillips curve. In the left hand panel, tiiatter M R-AD curve is due to greater
inflation-aversion on the part of the central bank. Such a ddvargk will always
wish to cut output by more in response to a givefiation shock (choosing point
D) as compared with the neutral casejdof 1 (where pointC’ will be chosen).

In the right hand panel, we kegp = 1 and examine how the central bank’s
response to an fration shock varies with the steepness of the Phillips cufleen
a = 1, the central bank’s optimal point (3, whereas we can see that if the Phillips
curve is steeper (labelleBC"), the central bank cuts aggregate demandesg
(point D). The intuition behind this result is that a steeper Plsltprve means that
the central bank has to ‘do less’ in response to a giv&ation shock since fiation
will respond sharply to the fall in output associated witihter monetary policy.

The examples in Fig. 8b and Fig. 7 highlight that if we hold ¢keatral bank’s
preferences constant, common shocks will require diffesptimal responses from
the central bank if the parametersor o differ. This is relevant to the comparison
of interest rate rules across countries and to the analysisaetary policy in a
common currency area. For example in a monetary union, sitkess aggregate
supply and demand characteristics that determine the sfdpe Phillips curve and
the IS curve in each of the member countries are the same, the cyrtgmon’s
interest rate response to a common shock will not be optiaralf members.

3 Lags and the Taylor Rule

An optimal Taylor Rule is a policy rule that tells the centbaink how to set the
current interest rate in response to shocks that resuliiatiens of iflation from
target or output from equilibrium or both in order to achiégeobjectives. In other
words, (ry — r5) responds tgr, — 1) and(yo — v.), for example:

ro— 1 = 0.5- (10 — 77) + 0.5 - (o — ve)- (Taylor rule)
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We have already derived the optimal Taylor-type rule for3rexjuation C—S model:

1

(ro —75) = ) (mo—7"), (IR equation, C—S model)

a(oz—l—a—lﬁ

which witha = o = 8 = 1, givesry — rg = 0.5 - (mg — «7). Two things
are immediately apparent: first, only theflation and not the output deviation is
present in the rule and second, as we have seen in the eadieptes, all the
parameters of the three equation model matter for the ddrdrk’s response to
a rise in ifflation. If each parameter is equal to one, the weight on tfiation
deviation is one half. For a given deviation ofiation from target, and in each
case, comparing the situation with that in whick- o = § = 1, we have

e a more irflation averse central bank (> 1) will raise the interest rate by
more

e when thel S is flatter ¢ > 1), the central bank will raise the interest rate by
less

e when the Phillips curve is steeper (> 1), the central bank will raise the
interest rate by less.

In order to derive a Taylor rule in which both thelation and output deviations
are present, it is necessary to modify the lag structure etlihee equation C-S
model. Specifically, it is necessary to introduce an adadgtidag: in the Phillips
curve, i.e. the output level, affects irflation a period latery,. This means that it
is o and noty; that is in the Phillips curve for .

The double lag structure is shown in Fig. 9 and highlightdaleethat a decision
taken today by the central bank to react to a shock will orfigcatthe irflation rate
two periods later, i.e.r,. When the economy is disturbed in the current period
(period zero), the central bank looks ahead to the impbaoatior irflation and sets
the interest rate, so as to determing,, which in turn determines the desired value
of m5. As the diagram illustrates, action by the central bank endtrrent period
has no effect on output orfiiation in the current period or onfi@tion in a year’s
time.

Given the double lag, the central bank’s loss function dostg, andr, since
it is these two variables it can choose through its intergst decisior:

L=y —y)’+B(my—7")>

"For clarity when teaching, it is probably sensible to ignibre discount factor, i.e. we assume
6=1
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Figure 9: Double lag structure in the 3-equation model

and the three equations are:

T = 7o+ a(yo — Ye) (Phillips curve)

Y1 —Ye = —a(ro—rs) (IS)
1

o — L = _a_ﬁ(yl — Ye)- (M R-AD)

By repeating the same steps as we used to derive the intatestte in section 2,
we can derive a Taylor rule:

1

(ro —rs) ) [(WO—WT)+a(yo—ye)] .

a (a + a—lﬂ
(Interest rate (Taylor) rule in 3-equation (double lag) rdd
If a =a=0=1,then

(ro—1s)=0.5 (7r0 — 7rT) + 0.5(yo — ¥e)-

Implicitly the Taylor Rule incorporates changes in the it rate that are re-
quired as a result of a change in the stabilizing interest (iatthe case of a per-
manent shift in thd S or of a supply-side shift)rs in the rule should therefore be
interpreted as the post-shock stabilizing interest rate.
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It is often said that the relative weights on output anthition in a Taylor Rule
reflect the central bank’s preferences for reducirtpiiton as compared to output
deviations. However, we have already seen in the singledagjon of the model
that although the central bank cares about bdiation and output deviations, only
the ifflation deviation appears in the interest rate rule. Althobgth the output
and irflation deviations are present in tli& equation for the double lag model,
the relative weights on ifilation and output depend only an the slope of the
Phillips curve. The relative weights are usedy to forecast next period’s fration.
The central bank preferences determine the interest rgp@mee to next period’s
inflation (as embodied in the slope of théR curve). Another way to express this
result is to say that the output term only appears in/tReequation because of the
lag from a change in output to a change ifiation.

4 Conclusions

The graphical 3-equation (C-S) model is a replacement ®standard S-L M-
AS or AD-AS model and has a number of features that distinguish it frdmerot
models that replace thiel/ with a monetary policy rulé.lt conforms with the view
that monetary policy is conducted by forward-looking cahbranks and provides
undergraduate students and non-specialists with theftmasalyzing a wide range
of macroeconomic disturbances. The graphical approagds likiminate the role
played by the structural characteristics on the aggregaiply and demand sides
of the economy and by the central bank’s preferences in materg the central
bank’s optimal interest rate response to shocks.

By setting out a simple version of the three-equation magelcan see the role
played by frictions in the economy. Anfiation shock entails costly adjustment in
the economy when fiation is inertial. When aggregate demand responds to sitere
rate changes with a lag andliation is inertial, the central bank will not be able to
offset aggregate demand and aggregate supply shocks ist@gdind adjustment
will therefore be costly. If, in addition, the response diation to output is lagged,
the central bank will have to forecast the Phillips curve réhier period ahead and
the Taylor rule will take its familiar form to include cont@wraneous ifiation
and output shocks. The 3-equation (C-S) model providessadoecontemporary
debates in the more specialized monetary macroeconortecatlire. As shown
in Carlin and Soskice (2005), it is straightforward to destoste the origin of the
time-inconsistency problem using the graphical approach.

All modeling in economics needs to be taken with a pinch df €alir purpose is
to provide a simple tool-kit for analysing most common diitas. Three conclud-

8The differences are set out in Carlin and Soskice (2005).
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ing remarks are important: (1) In this chapter, we do notudisan any detail how
Y. IS derived: the example shown in Fig. 5 indicates how chamgti real cost of
raw materials, including food and energy, aréaeted in the interaction of price-
setting and wage-setting real wage curves. The structifesdte of tax changes
can be shown in a similar way, as can shifts in productivitg arstitutional and
policy characteristics of the labour and product marke2y Autonomous demand
A is probably the most difficult component to forecast patéidy when household
and business expectations are changing. And the abilityeo€B to ‘pick’ future
output by current changes inis most suspect under such volatile conditions. Fi-
nally (3) the chapter focuses on the closed economy. Althaughave introduced
the analysis of an oil price shock, we have not presented anfudiel of the open
economy to include the role of exchange rate determinatfswe show in our
textbook (2006), the role of the real exchange rate in thex@@®nomy leads to
some important changes in analysis.

5 Appendix

5.1 The central bank’s loss function: graphical representton

The geometry of the central bank’s loss function can be showhme Phillips curve
diagram. The loss function

L=y —y)+B(m—7")>

is simple to draw. With3 = 1, each ‘indifference curve’ is a circle withy{ 77)

at its centre (see Fig. 10(a)). The loss declines as theeayets smaller. When
7 =L andy = y., the circle shrinks to a single point (called the ‘bliss giand
the loss is at a minimum at zero. With= 1, the central bank is indifferent between
inflation 1% above (or below)” and outputl % below (or above),,. They are on
the same loss circle.

Only wheng = 1, do we have indifferenceircles If § > 1, the central bank
is indifferent between (say) flation 1% above (or below)” and output 2% above
(or below)y.. This makes the indifference curves ellipsoid as in Fig. LO@
central bank with less aversion tdiation (3 < 1) will have ellipsoid indifference
curves with a vertical rather than a horizontal orientafiéig. 10(c)). In that case,
the indifference curves are steep indicating that the akbank is only willing to
trade off a given fall in ifiation for a smaller fall in output than in the other two
cases.
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