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The Plan for this Course

@ My plan is to build on the introduction to Dynamic Stochastic General
Equilibrium (DSGE) models from June's lectures to describe more realistic
models that can be used for policy analysis and to discuss how to estimate
and simulate these kinds of models.

@ The course will be organised as follows

» Day One

* Review of the RBC model.
* The New Keynesian model.
* Financial factors in DSGE models.

» Day Two

* Estimation of DSGE models.
* The Smets-Wouters model.
* Introduction to Dynare.
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Getting Monetary Policy Into the Model

@ The RBC model is a good training ground for learning the language and
methods of DSGE modelling but the model itself has many shortcomings.

@ In particular, it has little relevance for analysis of macroeconomic policy.

@ We could add monetary policy but, in the absence of any price of wage
frictions, it would have no real effects. Monetary policy could not change the
real interest rate or influence real output.

@ To allow for a realistic model of monetary policy, we need a framework in
which prices don't simply follow the money supply and nominal interest rates
and inflation don’t just move together one-for-one.

@ In this kind of “Keynesian” model, prices as sticky, so real interest rates can
be influenced by the central bank. Real interest rates can affect the
performance of the economy, which in turn influences inflation via a Phillips
curve relationship.

@ We will describe a modern New Keynesian model of this type but will start
with some history on the last point, i.e. the Phillips curve.

Karl Whelan (UCD) The Modern New-Keynesian Model September 2014 3/51



Part |

Some Background on the Phillips Curve

Karl Whelan (UCD)

The Modern New-Keynesian Model



The Phillips Curve

@ The idea that there is some sort of positive relationship between inflation and
output has been around a very long time.

@ But the modern incarnation of this relationship is usually traced to a late 1958
study by the LSE's A.W. Phillips.

@ Phillips showed that low unemployment was associated with high inflation,
presumably because tight labour markets stimulated wage inflation.

@ A 1960 study by Solow and Samuelson replicated these findings for the US.

@ The Phillips curve tradeoff quickly became the basis for the discussion of
macroeconomic policy.

@ Policy faced a tradeoff: Lower unemployment could be achieved, but only at
the cost of higher inflation.

@ | strongly recommend reading the paper on the website by Robert Gordon on
the History of the Phillips Curve.
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A. W. Phillips's Graph
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Solow and Samuelson’s Description of the Phillips Curve
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This shows the menu of choice between different degrees of unemployment and price stability,
as roughly estimated from last twenty-five years of American data,
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Friedman's 1967 AEA Presidential Address

@ “At any moment of time, there is some level of unemployment which has the
property that it is consistent with equilibrium in the structure of real wage
rates. At that level of unemployment, real wage rates are tending on the
average to rise at a “normal” secular rate ... "

@ "A lower level of unemployment is an indication that there is an excess
demand for labor that will produce upward pressure on real wage rates. A
higher level of unemployment is an indication that there is an excess supply of
labor that will produce downward pressure on real wage rates.”

@ “The "natural rate of unemployment” in other words, is the level that would
be ground out by the Walrasian system of general equilibrium equations,
provided there is imbedded in them the actual structural characteristics of the
labor and commodity markets, including market imperfections ..."
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Friedman's 1967 AEA Presidential Address

@ “You will recognize the close similarity between this statement and the
celebrated Phillips Curve. The similarity is not coincidental. Phillips’ analysis
of the relation between unemployment and wage change is deservedly
celebrated as an important and original contribution. But, unfortunately, it
contains a basic defect—the failure to distinguish between nominal wages and
real wages.”

@ “Implicitly, Phillips wrote his article for a world in which everyone anticipated
that nominal prices would be stable and in which that anticipation remained
unshaken and immutable whatever happened to actual prices and wages.
Suppose, by contrast, that everyone anticipates that prices will rise at a rate
of more than 75 per cent a year ... Then wages must rise at that rate simply
to keep real wages unchanged. An excess supply of labor will be reflected in a
less rapid rise in nominal wages than in anticipated prices, not in an absolute
decline in wages.”
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Friedman's 1967 AEA Presidential Address

@ "“Restate Phillips’ analysis in terms of the rate of change of real wages—and
even more precisely, anticipated real wages—and it all falls into place.”

@ Describes an attempt to keep unemployment below the natural rate by
monetary stimulus: “Income and spending will start to rise. To begin with,
much or most of the rise in income will take the form of an increase in output
and employment rather than in prices ..... Employees will start to reckon on
rising prices of the things they buy and to demand higher nominal wages for
the future.”

@ “In order to keep unemployment at its target level [below the natural rate],
the monetary authority would have to raise monetary growth still more ... the
“market” rate can be kept below the “natural” rate only by inflation. And ...
only by accelerating inflation.”

@ Friedman predicted the Phillips curve relationship would collapse. And he
turned out to be right.
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The Evolution of US Inflation and Unemployment

US Inflation and Unemployment, 1955-2013
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The Failure of the Phillips Curve

US Inflation and Unemployment, 1955-2013

Inflation is the Four-Quarter Percentage Change in GDP Deflator
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The Expectations-Augmented Phillips Curve

@ Friedman didn't use equations in his AEA address.

@ But a rough model of his ideas is the following:
me =75 — (U — U)

@ Friedman pointed out if policy-makers tried to exploit an apparent Phillips
curve tradeoff, then the public would get used to high inflation and come to
expect it: wf would drift up and the tradeoff between inflation and output
would worsen.

@ In the long-run, you can't fool the public (7§ = 7;) so you can't keep
unemployment away from its “natural rate” U; ~ U*.
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The Accelerationist Phillips Curve

@ Friedman thought that inflation expectations were determined adaptively.

@ For instance, people use last year's inflation rate as a guide to what to expect
this year.

@ Set 7§ = m;_1 and the expectations-augmented Phillips curve becomes
e =71 — (Vs — U")

@ This relates the change in inflation to the gap between unemployment and its
natural rate. When unemployment is below its natural rate, inflation will be
increasing; when it is above it, it will be decreasing.

@ Unemployment below the natural rate implies an accelerating price level. This
relationship is known as the accelerationist Phillips curve.

Karl Whelan (UCD) The Modern New-Keynesian Model September 2014 14 / 51



The Success of the Accelerationist Phillips Curve

Changes in US Inflation and Unemployment, 1955-2013

Change in Inflation is Four-Quarter Inflation Relative to a Year Earlier
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Empirical Implementation: The NAIRU

@ In practice, there are a few complications.

@ Inflation expectations likely to be better captured by weighted average of past
inflation rates rather than just a single lag, implying:

Zﬁlﬂ-t i~ U*)

where Efvzl Bi=1

@ Don't know what the natural rate is. But we can estimate it from
N
T =a— U + Zﬁiﬂtﬂ'
i=1
@ Estimate natural rate from

a—yU"=0=U"=—

@ Known as NAIRU (Non Accelerating Inflation Rate of Unemployment.)
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Use in Policy Analysis

@ Model usually supplemented with additional “supply shock” terms recognizing
that food and energy price inflation can change more rapidly.

@ Modern variants also allow for the possibility of time variation in the NAIRU.
@ Regularly used in policy analysis.
@ Important implications for policy:

» Inflation is highly inertial. A shock to inflation today takes a long time to
disappear.

» Inflation largely predetermined by backward-looking expectations at any
point in time. Hard to get inflation down quickly without inflicting a lot
of unemployment.

» So probably best to have monetary policy act to reduce inflation
gradually over time.
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Lucas Critique

@ Lucas (1972) and Sargent (1972) criticized the assumption of adaptive
expectations:

© Argued that expectations should be based on perceived policy regime
and not just on recent history.

@ If the policy regime changes, there is no need for people to use the
recent past as their guide.

© Lucas (1976) Critique: Coefficients of all “reduced-form” econometric
models (including Phillips curves) will change.

© Econometric models not reliable for analyzing effects of policy changes.

@ Example: If policy credibly commits to keeping inflation close to 2% at all
times, then random deviations from the target should not budge inflation
expectations from 2%: No need for a large p in Phillips curve model.

@ Critique implies that econometric NAIRU estimates are not useful.

@ Need to have the correct “structural” model to do useful policy analysis.
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Critique of Keynesianism

@ Consider expectations-augmented Phillips curve
me =mg — (U — U")

@ We can only have U; # U* when there is unexpected inflation so m; # 7¢.

@ If expectations are rational, then these must be random and unpredictable
based on publicly available information.

@ So no room for systematic predictable (Keynesian) stabilization.

@ Rational expectations school pioneered a different approach with models
based on individual agents pursuing optimizing behaviour.

@ Over time, many advocates of rational expectations came to believe that
monetary policy had little to do with business cycles. Many turned to the
theory that cycles were largely caused by real shocks to technology (real
business cycle theory).

@ But the Keynesians weren’t quite down and out.
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An Agenda for New-Keynesians

@ Previously, we discussed critiques in the 1970s of Keynesian ideas from
economists who favoured the use rational expectations as a modelling device.

@ New Keynesians addressed the critiques by developing models in which people
had behaved optimally and had rational expectations but monetary policy
could still have systematic effects.

@ Many different mechanisms invoked.

@ But most common was sticky prices. If prices didn't jump in line with money,
then central bank can control real money supply and real interest rates.

@ 1980s New Keynesianism: Nice small “toy” models that made important
theoretical points. Mankiw-Romer collection has most of the key articles.

@ 1990s: Important breakthrough—NK models imply a version of the Phillips
curve that looks quite like the traditional one.

@ Also: Lots of evidence backing up the idea of sticky prices.

@ An industry is born: Policy analysis with “realistic” and “micro-founded” New
Keynesian models.
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Starting Point for the Standard Model: Dixit-Stiglitz

@ The model has no capital, only consumption goods.

@ Consumers maximize utility function U(Y;) over an aggregate of a continuum

of differentiated goods
1 N =
Y: = (/ Y (1) 7 di)
0

@ Implies demand functions for the differentiated goods of form

@ Where P; is the aggregate price index defined by

1

[ (/01 Py (i)° di> o

Karl Whelan (UCD) The Modern New-Keynesian Model September 2014 22 /51



Simple Price Rigidity: The Calvo Model

@ Each period, only a random fraction (1 — «) of firms are able to reset their
price; all other firms keep their prices unchanged.

@ Apart from the different timing of when they set prices, the firms are
completely symmetric. So all firms setting new prices today set the same price.

@ This means the price level can be re-written as

1

Pe=[(1-a)X} 0 +aP={]™"
where X; is the price that those resetting today have chosen.

@ This can be re-written as

PIl=(1—-a) X +aPf
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Optimal Pricing in the Calvo Model

@ When firms do get to reset their price, they must take into account that the
price may be fixed for many periods.

@ Technically, they are picking their price to maximize

o0

E; Z(aﬁ)k (Yt+kPer_k]thf(9 - Pt_—t-lkC (Yt+th9+kaa))
k=0

where C (.) is the nominal cost function.

@ Solution is N -
0 E: (D o(aB)  YepuPl i MCeyk)

0—1 E; (Zio(aﬁ)k Yt+th6_:k1)

@ Price as a markup over a weighted average of current and future marginal
costs. (Without frictions, firms would set price as X; = ﬁMCt.)

Xt:
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Log-Linearization

@ We have two nonlinear equations:

PI=(1—a) X} +aPl]

0 Ee (Sio(0B) YeskPl i MCeik)
0-1  E(Xo(aB)YerkPy)

@ Not easy to solve or simulate. Instead, we use log-linearized approximations
(taken around a constant growth, zero inflation path—derivations provided in
a separate handout):

Xt:

Pt = (1 - Oé) Xt + pr—1

xe=(1-0ap)d (aB)Ecmce i«

k=0
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Deriving the NKPC

@ Remembering that this the solution to a first-order SDE, we can “reverse
engineer” that the formula for the optimal reset price can also be written as

xt = (1 — af) me: + (af) Erxeq1

@ Combining this with
pr = (1 —a)x; +apt1

@ And doing a bunch of re-arranging (see the extra handout) we get

(I1-a)(—ap)

(%

T = BEmip1 + (mce — py)

@ Inflation is a function of expected inflation and the ratio of marginal cost to
price (i.e. real marginal cost). This relationship is known as the
New-Keynesian Phillips Curve.
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Output and the NKPC

@ Assume standard diminishing returns to labour production function: Higher
output reduces marginal productivity and raises marginal cost.

@ This makes real marginal cost a function of the output gap
mcy — Py = NXt

where

Xt =Yt — Y
where y/ is the path of output that would have obtain in a zero inflation, no
pricing frictions economy.

@ This implies an NKPC of the form

e = BETei1 + KX
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Implications of the NKPC

NKPC Jooks a lot like a traditional expectations-augmented Phillips curve.

@ It's got expectations, it's got output. And it's micro-founded. What's not to
like?

@ Be careful, however. It has some very different implications.

@ It's a first-order stochastic difference equation. This means it has a solution of
the form

oo
k
Tt =K E B* EtXetk-
k=0

@ Inflation has no backward-looking element: There is no “intrinsic” inertia in
inflation. Lagged inflation effects in conventional models are a statistical
artefact.
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Cost-Push Shocks

@ The NKPC has no “error” or “shock term.

@ But one can think of many sources of price movements not consistent with
this formulation.

@ And there may be firm-specific shocks to marginal cost.
@ For instance, firms may differ randomly in the markup they wish to charge.

@ For this reason, the literature often adds a “cost-push” shock to the NKPC:
T = BEtTe1 + KX + Ue

@ Makes the central bank's stabilization problem more interesting: Cannot
stabilize inflation just by stabilizing the output gap.
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Relating Output to Monetary Policy

@ This is the first of 3 equations in the canonical New Keynesian model.
@ It links inflation to output.

@ The next step is to link output to monetary policy.

@ The NK model does this via a link between output and interest rates.
@ Recall that the basic model has no capital, so output = consumption.

@ The consumption-interest rate relationship comes from a standard consumer
intertemporal optimization problem.

@ Here I'll sketch out that problem and how it gets used in the New Keynesian
Framework.
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Optimal Consumption Problem

@ Consumer wants to maximize

oo

3 () vie

k=0

@ Subject to intertemporal budget constraint

= EC E.Y,
D N =AY
k=0 (H Rt+m> k=0 <H Rt+m>

m=1

@ Lagrangian:
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Euler Equation

@ Combine first-order conditions for C; and C;y; to get

sier-e|(E2)vica)

@ Set U(C:) =U(Yy) = —f— and this becomes

Rt+1>< Y, )5
E, =1
‘ <1+3 Yit1

@ Can be log-linearized as

Ve = Etyii1 — U( — Bt — P)

where p = —log .

@ Output today depends negatively on the real interest rate.
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The Natural Rate of Interest

@ Our inflation equation featured an output gap x; = y: — y;.

@ We can re-write the Euler equation as
x¢ = Eexey1 — 0 (ip — Exmepr — p) + Eeyior — WY
@ Or, more naturally, as
Xt = Eexey1 — 0 (i — Eemerr — 1)

where
rl =0 'EAy,, —log B

@ Defines a “natural’ real interest rate, r{’ (consistent with x; = Eyx;y1)
determined by technology and preferences (would also depend on government
spending if we had added government.)
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Output is Also Forward-Looking

@ Note that the output also follows a first-order stochastic difference equation.

@ This has solution
o0

N n
Xt =0 E (itrk — Eemeqnqr — 1f)
k=0

@ No backward-looking element: Output also has no intrinsic persistence.

@ Lesson for monetary policy: What matters for output is not just policy today
but the whole future stream of interest rates.

@ Central bankers need to be very careful in managing expectations about future
policy. In fact, this (and not today’s interest rate) is their key tool.

@ Interpreting i; (correctly) as the short-term interest rate, and assuming that
the expectations theory of the term structure holds, this model says that it is
long-term interest rates that matter for spending.
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The Canonical New-Keynesian Model

@ Most New Keynesian macro takes as its starting point a three equation model.

© New Keynesian Phillips curve
Ty = BEtWtJrl + kXt + Ut
@ Euler equation for output
Xt = Esxep1 — 0 (it — By — r,_f')

© And an equation describing how interest rate policy is set, usually
described as an explicit interest rate rule.

@ We now move on to looking at what form this interest rate rule might take.
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A Taylor-Type Rule

@ What might a good monetary policy look like?

@ Let's start with a rule similar to the one proposed by John Taylor and which
has received a huge amount of attention in the monetary policy literature:

Iy = rtn + OrTr 4+ Pt

@ Monetary policy “leans against” inflation and output gaps by raising the
interest rate when these increase.

@ “Similar" rather than identical because we are allowing the interest rate to
move with the natural rate, whereas Taylor's rule has a constant intercept.

@ Output equation becomes
Xt = Exxey1 + OETe1 — 00T — 00xXe

@ This can be combined with the NKPC to produce a system of first-order
stochastic difference equations.
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Dynamics under a Taylor Rule

oLetZt:<;t)and Vt:(l?)
t t

@ Under this Taylor rule, the economy can be described by a system of the form
Zy = AEtZt+1 + BV;

where

. 1 1 o0 B6n)
T 14 0¢+ koo \ K BHok+B(1+0dx)

_ ; 1 —0¢n
14 opct+Kope \ K 1+ 0¢

@ This system is a matrix version of the first-order stochastic difference
equations and, under certain conditions, it can be solved in a similar fashion
to give

Z =Y A*BEVii
k=0
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About Those Conditions

@ But the conditions allowing one to solve the model like this are not always
satisfied.

@ Specifically, if the eigenvalues of A are not both less than one, then the sum
AK goes to infinity and this is not a stable equilibrium.

@ Technical aside: One can show that A = PXP~! where ¥ is a diagonal matrix
with eigenvalues on the diagonal. So, A = PLXP~1 will explode if the
eigenvalues are greater than one.

@ In this case, both eigenvalues of A are inside unit circle if

(l_ﬁ)¢x >1

Gr +
KR

@ Provided the policy rule satisifies this requirement, we get a unique stable
equilibrium.
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The Taylor Principle

Interpretation of stability condition:

(1—5)ox

K

Or + >1

Quick interpretation: 8 = 1, so the condition is approximately ¢, > 1.

Nominal interest rates must rise by more than inflation, so real rates rise in
response to an increase in inflation.

Advocated by John Taylor: Now known as the Taylor Principle.

Why is this needed for stability? Otherwise, inflationary shocks reduce real
interest rates, stimulates the economy, and this further stimulates inflation.

Full interpretation. NKPC implies that in the long-run

Xt = 7(1 — B)ﬂ't
K

Long-run response to inflationary shock

AP = ¢rAm + §xAx = (aﬁw + (l_f)%) Ar
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Evidence on Monetary Policy Rules

Clarida, Gali and Gertler (QJE, 2000) and others have argued that the Fed's
monetary policy violated the Taylor Principle during the period prior to the
appointment of Paul Volcker.

Estimates from the Volcker-Greenspan era show estimates of 6, well in excess
of one.

Thus, it has been argued that during the 1960s and 1970s, the Fed was not
pursuing stabilizing monetary policy.

This lack of stabilization may have contributed to macroeconomic instability
and the Great Inflation.

Some arguments about this: Former Fed economist, Athanasios Orphanides
argued that if one uses real time data and real time estimates of the output
gap, then the Fed thought it was pursuing a policy consistent with ¢, > 1.
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Other Topics in the Literature

@ Optimal monetary policy rules.

@ Unobservability of the natural rate.

@ Arguments for interest rate smoothing.

@ The zero-bound problem.

@ Other (more realistic) types of price rigidity.

@ Introducing capital.

@ Wage as well as price rigidity.

@ Robustness of conclusions to model uncertainty.

@ More recently: Introducing financial frictions so there is a wedge between the
policy rate and the interest rate in the Euler equation.
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The NKPC

The NKPC is perhaps the central relationship in the modern approach to
monetary policy analysis (The Euler equation was known long before the
NKPC became popular in the 1990s).

Despite this success, there are some well known problems with it as an
empirical model of inflation.

A practical problem is how to measure x;, the gap between output and its
natural rate.

A reasonable first approach: Assume that, on average, output tends to return
to its natural rate, so the natural rate can be proxied by a simple trend (as
measured, for instance, by the HP Filter.) Proxy for x = y; — y with

Ve=yt — yttr'
Can now estimate the NKPC with data:
m = BEimey1 + KV

Can't observe E;m;y1. Substitute realized 7,41 and use IV to deal with the
fact that this is a noisy estimator of what we really want (classical
measurement error).
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The “Wrong" Sign!

@ When we estimate
T = ﬁEtﬂ'tJrl + Kt

the sign of x usually comes out negative.

@ This is shocking to some but actually not so surprising once you work through
it.

@ We already know the “accelerationist” fact that Am; is negatively correlated
with the unemployment rate. This means it is positively correlated with the
output gap.

@ Because g = 1, we can proxy for my — BE;mey1 with mp — w1 = —Ameys.

@ Looked at this way, it's not too surprising that the estimated output gap
coefficient is negative.

@ Another reminder that, despite their apparent similarity, the new and older
Phillips curves are very different.
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Labour Share to the Rescue

@ Two possible responses to this failure: Either the model is wrong or the
output gap measure is wrong.

@ In a famous paper, Gali and Gertler (1999) argued the latter. They suggest
that deterministic trends do a bad job in capturing movements in the natural
rate of output and suggest an alternative approach.

@ Remember that the “correct” variable driving inflation is the ratio of marginal
cost to the price level. GG argue for proxying marginal cost, with unit labour

costs (WfL') so that the proxy for real marginal cost is the labour share of
income (S; = %)

@ Estimating
e = BEtmep1 + St

find a positive 7.

@ Very popular widely-cited result: Seen as putting the NKPC back on a sound
empirical footing.
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Labour Share to the Rescue?

@ Personally, | have never been convinced by this result.

@ Rudd and Whelan (JMCB, 2007) show that updating GG's estimates, the
estimated labour share coefficient is no longer statistically significant.

@ Also, real marginal cost should be procyclical, rising when output is above
potential. Lots of reasons for this: Overtime premia, bottlenecks.

@ Labour’s share, however, has generally moved in countercyclical fashion—it
has generally spiked upwards in recessions

@ Maybe output is actually above potential during recessions (negative
technology shocks) but this seems unlikely.

@ And in many countries there has been a downward trend in the labour share.
This is now evident in the US data for the period after the GG study.

@ Naive detrending methods may have problems but they seem to give a better
proxy for output's deviation from potential than the labour share.
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The US Labour Share of Income
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The Persistence Problem

@ If the NKPC does work well with the labour share or some other measure of
real marginal cost, then it is completely forward-looking:

o0
Ty =7 Z BkEt5t+k~
k=0

@ We can use VARs to forecast s;x, and use these forecasts to give a fitted
value for the equation above. In fact, the fits are pretty terrible.

@ Add lagged inflation
Ty = PTe—1+7 Z BkEt5t+k-
k=0
and there is a big jump in fit.

@ In fact, the lags seem to provide almost all the fit: The forward-looking terms
are not significant (Rudd-Whelan, AER 2006).

Karl Whelan (UCD) The Modern New-Keynesian Model September 2014 49 / 51



The “Hybrid” New-Keynesian Phillips Curve
@ Even proponents of NKPC concede that it fails to capture inflation's
dependence on its own lags.

@ Some have proposed a “hybrid” variant:
e = VrEeTes1 + VpTe—1 + KX,
where x; is a measure of inflationary pressures.

@ Popular in monetary policy papers. Many of the previous conclusions about
optimal monetary policy still cary over with this hybrid NKPC.

@ Despite its popularity in applications, the theoretical foundations for the
various hybrid models are weak:

@ Rule-of-thumb price-setters: Some people set backward-looking prices,
some don't. (Gali-Gertler, JME 1999).

@ Indexation: Each period, some set an optimal price and some don't.
Non-optimizing price-setters index to past inflation. (Christiano,
Eichenbaum, Evans, JPE 2005).

@ These models are just as open to Lucas critique as traditional ones.
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Problems with the Euler Equation

@ Estimates of the relationship between output and real interest rates uncertain.

@ This framework also makes predictions about asset returns and does not do
well. For instance, it cannot explain why the equity premium is high or the
risk-free rate is too low.

@ Another persistence problem: Purely forward-looking equations for output
gaps or consumption do not perform well.

@ Another ad hoc patch to the model: Change the utility function to

(G — 77Ct71)17%

U(Ct): 1_ 1

so that consumers care, not only about the level of consumption, but it's level
relative to last period.

@ Modern Dynamic Stochastic General Equilibrium (DSGE) models (such as
Smets-Wouters) tend to contain all of these devices to fix the persistence
problems in the basic micro-founded model.
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