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Abstract

In this work I revisit the paper by Galí et al. (2003), which explains
how the changes over time in the Fed’s monetary policy rule may have
influenced the US economy’s response to a technology shock between
the pre-Volcker and the Volcker-Greenspan era. By employing the same
empirical evidence, I estimate the key parameters of a New Keynesian
model. I give further evidence that the Fed behaves as if it has been
implementing an optimal monetary policy since the 1980s. However,
I show that other factors may be responsible for and subject to the
structural break between the two periods: persistency of technology
shocks, price stickiness and consumption preferences. Therefore, my
findings suggest that the improved stability of the U.S. economy since
the 1980s is consistent with a mix of good policy and good luck.

1 Introduction

In this paper I discuss the empirical findings and interpretations given by
Galí et al. (2003), who explain the dynamics of hours worked (and of other
variables) on the basis of a simple sticky prices model. I focus on their
interpretation of the difference in response of hours1 to a technology shock
between the pre-Volcker and the Volcker-Greenspan era as a consequence of
the change of the monetary policy.

I estimate some key parameters in a New Keynesian model in both sub-
samples, in order to get an intuition on the changes at the beginning of
the 1980s. I confirm that, indeed, the change in the dynamics of the U.S.
economy is consistent with a change in the monetary policy implemented
by the Federal Reserve (Fed). However, I highlight other non-trivial factors
involved in the structural break, such as a decrease in the nominal and real
inertia in the economy and a decrease in the persistency of the exogenous
shock to the (growth rate of) technology.

∗Università di Torino. e-mail: carlo.coen@unito.it
1For simplicity of exposition, ‘hours worked’ will be referred to as hours.
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A growing body of evidence suggests that the behavior of the U.S. econ-
omy has changed in substantial and fundamental ways over the last decades.
In particular, the decline in the volatility of U.S. real activity and inflation
since the early 1980s has raised questions in the literature. Though some
authors, such as Stock and Watson (2003), attribute an important part of
the reduced volatility to smaller macroeconomic shocks, other authors have
argued that monetary policy has more successfully managed to moderate the
effects of exogenous disturbances since the early 1980s.2

A widely used tool for the analysis of the economic change are the struc-
tural vector autoregression models (S-VAR), and part of the literature fo-
cuses on the impact of technology shocks. In particular, from this empirical
analysis, a shock to technology, identified as the only source of the unit root
in labor productivity, seems to have a (short-run) different impact across pe-
riods: while in the pre-Volcker era the response of hours worked is negative,
in the Volcker-Greenspan era the fluctuations of hours are not significantly
different from zero. Galí et al. (2003), focusing on the sample from 1954:1 to
1998:3, compare these empirical impulse response functions with the impulse
response functions of a New Keynesian model: they argue that the response
to technology shock (and the higher stability) in the Volcker-Greenspan pe-
riod is consistent with an optimal monetary rule implemented by the Fed.
This comparison, however, is merely qualitative.

Thus, I investigate in more depth the different responses of the econ-
omy to a technology shock across the two periods. For both sub-samples,
I calibrate a New Keynesian model, minimizing the distance between the
theoretical and empirical dynamic responses of real and nominal variables
to a technology shock: comparing the key parameters allows me to interpret
the break in the U.S. economy within a New Keynesian framework.

The comparison between the parameters derived from calibration on dif-
ferent sub-samples is not a new strategy. However, I propose a new way for
interpreting the monetary policy in terms of optimality: I close the model
using a Taylor type rule (interest rule), with the peculiarity of allowing the
nominal rate to respond to variations of the natural interest rate. The ratio-
nale of this assumption, relevant for the analysis of technology shocks, is the
following: a Central Bank following an optimal rule (stabilizing inflation and
output), acts “as if” it implemented an interest rule that relates the nominal
rate to the natural rate. Thus, if one observes a change in the response of
the nominal interest rate to the natural interest rate, then it is possible to
draw conclusions on the monetary policy in terms of optimality.

Imposing a Taylor rule requires the definition of a model richer than the
one presented by Galí et al. (2003). In fact, the standard New Keynesian

2See the NBER working paper version (no. 5145, June 1995) of Bernanke and Mihov
(1998), Gertler and Lown (2000), Barth and Ramey (2001), Boivin and Giannoni (2002)
and Boivin and Giannoni(2006) among others.
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model (with logarithm in consumption) is not able to predict a negative
response of hours after a technology shock as identified in the data.3 So, I
consider a more extended, but widely used, version of the New Keynesian
model, where habits in consumption and price indexation are included.

My results clearly confirm that the Fed’s response to technology shocks
has become consistent with an optimal rule since the 1980s. However, my
results go further on: under the perspective of a New Keynesian framework,
the observed different dynamics of the economy across periods is also con-
sistent with a structural break on other factors. In particular, I observe a
reduction in the persistency of the technology shocks, in price stickiness and
in habits in consumption. All these factors imply a less volatile economy
and make the work of the Central Bank an easier task: my conclusions are
that the reduced volatility from the 1980s can be explained by a mix of good
policy and good luck.

The remainder of this paper is organized as follows. In section 2, I present
the model. In section 3, I briefly show the interaction between the monetary
policy and the definition of the shock; then I explain my choice of the interest
rule. In section 4, I present the empirical strategy and my results. Section 5
concludes.

2 Theoretical framework: New Keynesian model
and the real interest rate

In this section I present a New Keynesian economy, characterized by monopo-
listic competition, temporary nominal price rigidities, and complete financial
market. Compared to a textbook version, as proposed by Galí et al. (2003),
I include habits in consumption and indexation of price to inflation, while I
simplify the model, where possible, getting rid of parameters not interesting
for the dynamics of hours. As explained later, the assumption of habits is
crucial in allowing the model to replicate the empirical response to the shock.

2.1 Demand side for goods: households

Let’s consider a closed economy, with a continuum of identical infinitely-lived
households maximizing

E0

∞∑
t=0

βtU(Ct, Ct−1, Nt) = E0

∞∑
t=0

βt

(
log(Ct − eCt−1)− N1+ϕ

t

1 + ϕ

)
subject to ∫ 1

0
Pt(i)Ct(i)di+QtBt ≤ Bt−1 +WtNt + Jt

3Galí (1999) and Galí et al. (2003) assume a money targeting rule to account for the
negative response of hours.
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for t = 1, 2 . . . , where Nt are the hours of work, e is an index of habit in
consumption4, Pt(i) is the price of good i, Bt is the purchase of one-period
bonds at price Qt, Wt is the nominal wage, Jt is a lump-sum component
of income, including profits from the ownership of firms,5 and Ct is a CES
(constant elasticity of substitution) function over a continuum of goods

Ct =
(∫ 1

0
Ct(i)

ε−1
ε di

) ε
ε−1

Households choose among a continuum of different goods indexed by i,
produced by a continuum of firms: each firm produces only one good, and
goods can be substituted by consumers with elasticity ε. As usual in this
literature, a logarithmic function in consumption is assumed because it is
consistent with a stationary steady state of hours, even under technology
growth.6

Households perceive a wage in a perfectly competitive labour market
and get profits from the ownership of firms. They maximize their utility
subject to a standard budget constraint. The optimality conditions imply
the following Euler equation:

λt = βEt[
Pt
Pt+1

(1 + it)λt+1]

with
λt =

1
Ct − eCt−1

− β e

Ct+1 − eCt
where λt is the marginal utility of consumption, it is the nominal short-

term interest rate7, and wt, πt, ct, pt, and nt are, respectively, the log of the
nominal wage, the inflation rate, the log of consumption, the log of a price
index and the log of hours. The last equation is a standard ‘Euler equation’
and implies the optimal path of consumption and demand for goods.

Technology in the economy is non-stationary, and, in order to obtain a
stationary solution, the trend of technology is removed dividing the variables
by At. Defining λ̂t ≡ Atλt, the Euler equation is written as

λ̂t = βEt[
Pt
Pt+1

At
At+1

(1 + it)λ̂t+1]

4I consider internal habit, where the household’s own consumption affects the “habit
stock”: this is a simple way of including persistency in consumption. An alternative way
of modelling habit is assuming an external formation of habit (the “catching up with the
Joneses” type): under this assumption, consumption depends on what other households
are consuming.

5To avoid distributional issues due to non-workers, following Merz (1995) and Andol-
fatto (1996), it is assumed that households pool consumption.

6Logarithm in consumption is also convenient as it implies that substitution effect and
income effect cancel out: this will make clear how the monetary policy and the definition
of the shock interact in the model.

7More precisely, (1 + i) ≡ Q−1
t .
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and

λ̂t =
1

Ĉt − e
gt
Ĉt−1

− β
e

gt+1

Ĉt+1 − e
gt+1

Ĉt

where gt ≡ At/At−1. To solve the model, it is necessary to approximate the
equations and write a log-linearized version. Defining variables with tilde
deviation from the steady state and ẽ ≡ e

g , with g the steady state growth
rate of technology, the marginal utility log-linearized around a (perfectly
forecast) steady state is

λ̃t = Et

[
−(1 + ẽ2β)c̃t + ẽ(c̃t−1 − g̃t) + ẽβ(c̃t+1 + g̃t+1)

(1− ẽβ)(1− ẽ)

]
and the Euler equation is

λ̃t = λ̃t+1 − Et
[
πt+1 + gt+1 − ĩt

]
where ĩt ≡ log 1+it

1+ī
and ī is a steady state nominal interest rate.

Combining the two expressions above, one obtains

Et

[
−(1 + ẽ2β + ẽ)c̃t + ẽc̃t−1 + (1 + ẽβ + ẽ2β)c̃t+1 − ẽβc̃t+2

(1− ẽβ)(1− ẽ)

]
=

=
(̃
it − Etπt+1 − rnt

)
where

rnt ≡ Et
[
−ẽgt + (1 + ẽ2β)gt+1 − ẽβgt+2

(1− ẽβ)(1− ẽ)

]
is the natural rate of interest, that is, the real interest rate consistent with
(a zero deviation from) the steady state. Setting e = 0, the equation above
becomes a standard Euler equation.

2.2 Supply side of goods: firms

In modelling the supply of goods, it is assumed a continuum of firms, produc-
ing differentiated goods under monopolistic competition, with the following
very simple production function

Yt(i) = AtNt(i)

where At is the exogenous level of technology, common to all firms.8 Capital
is ignored in the analysis and it is assumed to be constant.

The main assumption in this framework is price stickiness: prices are not
fully flexible, in the sense that, for many reasons, firms cannot optimally set

8Considering decreasing returns to scale in the production function would not add any
useful insights.
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prices in every periods. A very commonly used (and tractable) formalization
to introduce price stickiness is the one proposed by Calvo (1983): each firm
may reset its price in each period with probability (1− θ), independently on
the time elapsed since the last adjustment. So, in every period, a fraction
of (1− θ) firms adjust their price optimally, while a fraction θ indexes their
price to the average rate of inflation: the law of motion for the overall price
index takes the form:

Pt =
(

(1− θ)P ∗1−εt + θ [Pt−1(Pt−1/Pt−2)γπ ]1−ε
) 1

1−ε

where γπ represents the degree of price indexation.
Since firms cannot adjust prices every period (and prices affects the de-

mands for goods), there could be a gap between the optimal output the
economy would reach without any rigidities and the effective output. After
a few steps of algebra, it is possible to write the following relation between
inflation and output gap:9

πt = γππt−1 + βEt[πt+1 − γππt] + kỹt (1)

where k ≡ (1−θ)(1−βθ)
θ (1+ϕ) is a constant and ỹt ≡ yt−ynt is the output gap,

defined as the difference between the actual output and the natural output
(in logarithms). Without entering the details of the algebra, it is useful to
remember that the natural output is defined by a constant and the level of
technology:

ynt = − µ

1 + ϕ
+ at (2)

where µ ≡ log ε
ε−1 is the logarithm of the optimal markup.

3 Monetary rules and the natural interest rate

In this section I will show the interaction between technology shocks and
monetary rules. In order to make the algebra more intuitive, I will consider
the standard case, without habits in consumption. These relationships are
essential to introduce the rationale of the empirical strategy that will follow.

Assuming market clearing in the goods market, Yt = Ct, it is possible to
rewrite the Euler equation in terms of output gap, just substituting c̃t with
ỹt:

ỹt = Et[ỹt+1]− (̃it − Et[πt+1]− rnt ) (3)

where the natural interest rate rnt is now defined as

rnt ≡ Et[∆ynt+1] (4)
= Et[∆at+1] (5)

9For further details and more general versions, see, e.g. Walsh (2003), Woodford (2003)
or Galí (2008).
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Considering equations (1), (2), (3) and (5), it is possible to see how a
technology shock affects the dynamics of the model. A shock to the level of at
enters the supply side of the model (Phillips curve) through the natural level
of output10, while the expected variation in the level of technology ∆at+1

affects the demand side of the economy (the Euler equation and the optimal
consumption path) through rnt .

The economy in the model is completely described by the Phillips curve,
the Euler equation, the exogenous process for rnt (related to at), and a rule
for the determination of the nominal interest rate: in the remaining part of
this section, I will show how the different definitions for the monetary rule
and for the technology process affect the dynamics of the model after the
shock.

3.1 Optimal monetary policy

The aim of the Central Bank is to correct the distortions coming from nom-
inal rigidities, and to take the economy to the allocation associated with the
flexible price equilibrium. Since in the model there is no trade off between
stabilizing inflation and the output gap, the optimality condition requires a
zero output gap and zero inflation. A more formal way to get the same op-
timal policy is assuming that the Central Bank maximizes an approximated
social welfare function.11 So, the optimality condition turns out to be

ỹt = πt = 0

and it can be achieved by the Central Bank setting the nominal interest rate
residually from the Euler equation, in order to be consistent with the chosen
levels of inflation and output gap. The level of money is endogenous and it
is set consistently with the other variables of the economy. Therefore, the
optimal policy requires that12

ĩt = rnt ≡ Et[∆at+1] (6)

Thus, it is optimal that the nominal interest rate responds to the technol-
ogy shock: the sign of the optimal response depends on the expected path of
technology. So, it becomes crucial how the (stochastic) process of technology
is defined:13 I will list briefly three very common assumptions in the liter-
ature and their consequences in terms of dynamics of the nominal interest
rate.

10Looking at the algebra behind the model, it would be also clear that the technology
shock affect the natural output through variations in the marginal cost of production.

11See Clarida et al. (1999) for details.
12In some textbook the natural interest rate is differently defined: rnt ≡ ρ+Et[∆at+1],

where ρ ≡ − log β represents the steady state real interest rate. Since I am considering
the deviation from the stationary steady stade, the constant disappears.

13This point makes clear how critical is the assumption of perfect rationality.
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Stationary process for technology. Let’s first assume a stationary pro-
cess for technology, such as

at = ρaat−1 + εt

where ρa ∈ [0, 1) and {εt} is a zero mean white noise process. The optimal
policy requires that

ĩt = rnt ≡ Et[∆at+1] = −(1− ρa)at (7)

Thus, after a positive shock, technology starts decreasing to the station-
ary level, implying, by eq. (7), a reduction of the natural interest rate. Since,
according to the Euler equation, the output gap depends on the difference
between the real rate and the natural interest rate, a positive technology
shock requires a decrease in the real interest rate, and consequently a de-
crease in the nominal interest rate (unless prices were perfectly flexible). If
the nominal interest rate (and so the real interest rate) falls enough, demand
rises enough to absorb the higher supply and both the output gap and the
variation of hours can be equal to zero.

Stationary process for the growth of technology. Now, let’s assume a
shock affecting the growth rate of technology such as:

∆at = ρ∆∆at−1 + εt (8)

where ρ∆ ∈ [0, 1) and {εt} is a zero mean white noise process.
To catch immediately the implications in terms of dynamics of the model,

it is enough to consider the natural interest rate, that now increases after
the positive shock:

ĩt = rnt ≡ Et[∆at+1] = ρ∆∆at (9)

As before, under an optimal monetary policy, the nominal rate would
equate the natural rate, with a zero output gap and zero effect on hours and
inflation.

Unit root process. Finally, let’s assume a unit root process for technology,
setting ρa = 1 in the stationary process or ρ∆ = 0 in the growth process.
It is clear that in this case there is no expected variation in the level of
technology, so the natural interest rate is unaffected by the shock. With a
constant natural interest rate, demand is already on the right consumption
path, the whole economy shifts immediately to a higher level of production
and consumption, with a zero output gap and an unchanged inflation. In
this specific case, price stickiness does not play a relevant role in determining
the dynamics.

To summarize, whatever is the nature of the technology shock, if the
Central Bank is able to implement the optimal monetary policy in response

8
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to the shock, the output gap and the variation of hours should be equal to
zero, even in the short run. However, the crucial assumption here is that
the Central Bank is able to observe the technology shock on impact. The
practical difficulties in this monitoring suggest the study of simpler rules,
such as the Taylor rule I present below.

3.2 Taylor rule

A very common assumption is that a Central Bank implements a Taylor rule,
making the interest rate respond to inflation and output gap according to

ĩt = φππt + φyỹt (10)

A stochastic exogenous process is usually added to that rule,14 but, since
I focus on the technology shock, I set the monetary shock equal to zero.
As showed in Clarida et al. (1999), a simple Taylor rule like (10) can be
calibrated in order to approximate an optimal monetary policy, when the
economy is hit by a cost-push shock in the Phillips curve. However, I am
going to show that this property does not hold anymore when the economy
is hit by a technology shock.

Stationary process for technology. As before, let’s assume a stationary
process for technology. In order to see the dynamics implied by the adoption
of the rule, it is enough to consider the solution of the system given by the
Phillips curve, the Euler equation and the interest rule.15 It turns out that
a positive technology shock leads to a persistent decline in output gap and,
since ỹt = ñt, in hours:

ỹt = −[(1− ρa)(1− βρa)Λa]at

where Λa ≡ 1
(1−βρa)[(1−ρa)+φy ]+k(φπ−ρa) > 0

The equation above shows how the model responds to a technology shock:
with a Taylor rule, output increases by less than the natural output, implying
a negative output gap, which in turn has a negative effect on hours. It is
useful to compare the response of the nominal rate within the two different
interest rules I have considered so far:

ĩt = rnt = −(1− ρa)at Optimal interest rate
ĩt = φππt + φyỹt Taylor rule

The Taylor rule, not responding to the technology shock, is not able to reduce
the interest rate as much as necessary to produce a zero output gap. To see

14An equivalent but more common formulation of the rule is it = ρ+φππt+φyeyt, where
ρ makes the rule consistent with a zero inflation steady state.

15See Galí (2008) for details.
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easily this point, it is sufficient to note that with a zero output gap and zero
inflation the Taylor rule would set the nominal rate at a level too high and
not consistent with the optimal solution.

The mechanism causing the negative output gap. It is crucial to un-
derstand why the weaker response of the nominal rate with the Taylor rule
implies also a negative response of hours worked. After a positive shock,
rnt = −(1−ρa)at decreases and, according to the Euler equation, it−Et[πt+1]
should decrease as much as rnt in order to get a zero output gap, or, in other
words, to get a consumption path consistent with the increased productiv-
ity. Observing directly the shock (as assumed under the optimal monetary
policy) allows the Central Bank to respond with a fall in the nominal (and
real) rate, before observing a fall in inflation or in the output gap. On the
contrary, under a Taylor rule, before a response in the nominal rate, it is nec-
essary to observe inflation or the gap moving: this mechanism implies that,
even with a strong movement in the nominal rate, the associated movement
in inflation implies a systematic weaker response of the real rate.16 In other
words, under the Taylor rule, the real rate stays higher than the optimal
value.17

To get the relation between the real rate and the behaviour of hours,
remember the Euler equation:

ỹt = Et[ỹt+1]− (̃it − Et[πt+1]− rnt )

The weak response of the Taylor rule implies that rt, the real rate, stays
too high, so (it − Et[πt+1] − rnt ) > 0 and ỹt < 0. In other words, the high
rt does not allow the demand for goods to increase enough to absorb the
increased productivity: less input is demanded by firms and this implies a
fall in hours. The Taylor rule, not responding to the technology shock, is
not able to reduce the interest rate as much as necessary to produce a zero
output gap. To see easily this point, it is sufficient to note that with a zero
output gap and zero inflation the Taylor rule would set the nominal rate
ĩt equal to zero: this level is too high and not consistent with the optimal
solution.

Stationary process for the growth of technology. Under a station-
ary process for the growth of technology, the behaviour of the Taylor rule
compared to the optimal one is still a weak response of the nominal (and
real) rate. However, in this context the optimal rate should increase to keep
inflation and output gap equal to zero, while the Taylor rule implies a lower
increase: this results in an increase in demand, more than proportional with

16I give a formal proof in the appendix.
17It is worth noting that a simple the Taylor rule cannot approximate the optimal rule,

even with very high coefficients in response to πt or eyt (Galí et al., 2003). On the contrary,
after a cost-push shock to the Phillips curve, a calibrated Taylor rule can approximate the
optimal monetary policy (Clarida et al., 1999).
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respect to the increased productivity, and this implies a positive output gap,
with a positive effect on hours worked.

Comparing the two rules,

ĩt = rnt = ρ∆∆at Optimal interest rate
ĩt = φππt + φyỹt Taylor rule

for same reasons as before, with a Taylor rule the real interest rate is sys-
tematically lower than the optimal one.

Unit root process. According to the equations above, whenever ρa = 1 or
ρ∆ = 0, the natural rate of interest (that is, the path for productivity) stays
constant and it is optimal to keep the real rate constant too. Under this
assumption, the Taylor rule is consistent with the optimal solution, because
it sets ĩt = rnt = 0 with a zero output gap and zero inflation.

It is crucial to note that, under the assumptions of unit root process and
a monetary policy conducted as a Taylor rule, after a technology shock the
economy is able to jump to the optimal (efficient) solution, without implying
any output gap and, in particular, without any variation in the level of hours
worked.

3.3 Reintroducing habits in consumption

On the basis of the last analysis, a negative response of hours to a positive
technology shock is only possible with a stationary process of technology.
However, the empirical identification of technology implies that technology
is the only source of unit root in productivity: so, the stationary process is
not consistent with this definition. In order to have a negative response of
hours it is necessary to include some inertia in the dynamics of the model,
and this is the reason why I assume habits in consumption.18 The analysis
proposed is still valid: the optimal policy requires the nominal rate to be
equal to the natural rate, but now the weak response of the nominal rate
may imply a negative response of hours even under a shock to the growth
rate of technology. As before, the Taylor rule is consistent with the optimal
solution whenever rnt = 0; from the Euler equation, it is straightforward to
show that this condition holds when ρ∆ = e.19

3.4 Money targeting

It is also possible to close the model assuming a simple money growth rule,
as in Galí (1999): in this case, the Central Bank changes the level of money

18In addition to habits in consumption, time-to-build for firms before earning profits
and labour market frictions are used, and often combined, to explain the fall in hours
after a positive technology shock. See, among others, Francis and Ramey (2005), Liu and
Phaneuf (2007), Wang and Wen (2007) and Canova et al. (2007).

19The condition ρ∆ = e means that the positive dynamics implied by the persistency of
the shock is offset by the negative dynamics implied by the habits in consumption.
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in the economy according to an exogenous target and may also systemati-
cally respond to technology shocks. An even simpler rule, as in Galí et al.
(2003), assumes a constant level of money, consistent with a zero inflation in
the steady state. Given the level of money in the economy, a conventional
demand equation such as mt−pt = yt−ηit needs to be specified to complete
the model and to determine the equilibrium. Among the different rules here
considered, this is the only one able to give a negative response of hours after
a shock to the growth rate of technology, even without the introduction of
other inertia in the dynamics.

In order to understand the response of hours to a technology shock, for
simplicity, let’s assume the specification with a constant level of money. The
system is now defined by the Euler equation, the Phillips curve and the
demand for money. After a positive technology shock, the increase in the
potential output, apart from the persistency of the shock, requires more
consumption, in order to keep the output gap equal to zero. Under flexible
prices, an instantaneous movement of prices allows the economy to reach
the steady state immediately, no matter the nominal stock of money. With
sticky prices, this automatism could be substituted by an appropriate vari-
ation in the stock of money: actually, this is what happens endogenously
when we consider the optimal policy, setting the appropriate nominal inter-
est rate. If the Central Bank does not accommodate the need of money, the
consequence is a low real money balance in the economy. Because of the
fixed stock of money, demand for goods increases as much as prices fall and
real money balance rises: with a partial adjustment in prices, the demand
does not reach the natural output. So, output stays low, but it is expected
to increase, according to the adjustment of prices. After the shock, output
and consumption start increasing, trying to reach the natural levels, and,
given the Euler equation, the changed path implies an increase in the real
interest rate.20

3.5 A criterion for the empirical analysis of the monetary
policy

In this very simplified framework, the Central Bank affects the economy
acting on the intertemporal substitution of consumption (depending on the
real interest rate), by using as the only instrument the nominal interest
rate. As already seen, the optimal response to a technology shock implies
a response of the nominal rate to natural interest rate: so, to ascertain if
the Central Bank acts optimally, one should check if the nominal interest
rate reacts to the natural interest rate. From this perspective, I consider an

20See Galí et al. (2003) or Galí (2008) for further details on the money targeting speci-
fication.

12



Carlo Coen Assessing the Fed’s Performance

extended Taylor rule, where the nominal rate can respond to the real rate:

ĩt = φππt + φyỹt + φrr
n
t (11)

This last rule is the standard rule with φr = 0, and it is able to replicate the
optimal rule with φr = 1.

Therefore, estimating the model and including the rule in eq. 11, I can
evaluate if the dynamics of the economy is consistent or not with an optimal
policy. This is not a proof for a causal relationship and does not mean that
an optimal monetary policy is really implemented (and that technology is
really observed); however, it gives an interpretation of the economy under a
New Keynesian perspective.

So, if the empirical evidence, as argued in the literature, suggests an
improvement in the Fed’s performance from the pre-Volcker to the Volcker-
Greenspan era, one should observe a change in the estimated coefficient φr
across the two periods. Using the same strategy proposed by Boivin and
Giannoni (2006), I estimate the model for the two sub-samples and check
how the parameters of a New Keynesian model (and in particular φr) change
across the two periods. Differently from Boivin and Giannoni (2006), who
worked on monetary shocks, I consider technology shocks.

The choice of considering a Taylor type rule for both the sub-samples has
a cost in terms of specification of the model. In fact, the empirical evidence
is based on S-VARs, where, as already anticipated, technology is identified
as the only source of unit root for productivity.21 Since in the pre-Volcker
period technology has a negative impact on hours, it should be clear the
need of extending the model to a one with habits in consumption.

4 Empirical evidence

A number of authors argue that the U.S. economy has experienced structural
changes over the years: two S-VARs run on the Pre-Volcker and the Volcker-
Greenspan period show a difference in the dynamics of the economy after
a technology shock. Galí et al. (2003) argue that the different performance
of the economy is consistent with a New Keynesian framework under differ-
ent monetary regimes. However, the authors propose a qualitative analysis,
in which they only present the shape of the theoretical impulse responses
and observe which monetary rule is more likely to fit the impulse response
estimated from the data.

The aim of this work is to provide a more formal analysis based on the
same impulse responses proposed by Galí et al. (2003): first I replicate the
same S-VARs, then I estimate the model in both periods, searching for the
parameters that minimize the distance between the empirical responses to

21Also, the long-run restriction is consistent with an AR(1) process on the growth rate
of technology.
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a technology shock and the responses predicted by the model. Finally, the
comparison of the parameters sheds light on the structural changes observed
in the 1980s.

4.1 Definition of the structural VAR and identification

The VAR includes the following variables, as in Galí et al. (2003): labour
productivity, hours worked, real interest rate and inflation. Labour pro-
ductivity is defined as the ratio between output and hours worked; it is a
non-stationary variable and it is specified in log of the first differences. The
total amount of hours worked is normalized by the working age population,
in order to get rid of permanent changes due to demographic reasons. The
statistical properties of hours have been widely discussed in literature, since
the response of hours using the variables in level is different from the re-
sponse using the variables in differences. Fig. 1 show the path for hours
worked in levels. Applying the ADF test for the sub-samples and for the
entire sample, it is not possible to reject the hypothesis of unit root. For
this reason, the series of (per capita) hours has been filtered. However, the
vivid debate on the correct specification of hours in the S-VAR is less rel-
evant in this context: considering the two sub-samples separately stabilizes
the estimations, and both the level and the difference specifications imply
similar response to the shock.22 Finally, real interest rate and inflation are
expressed in levels.23

I use quarterly data and focus on the sample 1954:1-1998:3, in order to
replicate the estimation in Galí et al. (2003); the series on labour produc-
tivity and labour input are the “Index of output per hours, business” and
“Index of hours in business”, drawn from the US Bureau of Labor Statistics.
As suggested by Francis and Ramey (2005), this productivity measure is
calculated on the same sector as the hours series, giving a more accurate
measure. Inflation is calculated using the CPI and the nominal interest rate
is the three-month Treasury bill rate.

The S-VAR system has four lags and is partially identified, because the
focus is just on the effect of exogenous variations in technology: it is as-
sumed that only technology shocks may have a permanent effect on labour
productivity, as proposed by Galí (1999). The other restrictions necessary
for the identifications are imposed through a Cholesky decomposition in the
matrix of (accumulated) long-run responses.

22Actually, the impulse response functions do not change substantially using hours in
first difference or in deviations from a fitted linear trend, as in Galí et al. (2003), or with
hours in level but allowing for a structural break in the data, as suggested by Fernald
(2007).

23In the sample, inflation appears as a stationary variable and the test for unit root is
rejected. Even Galí et al. (2003) use inflation in level.
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4.2 The empirical evidence

Fig. 2 displays the response of hours worked to a 1% shock to technology,
for the sample from 1954:1-1979:2.24 For all the figures, the 95% confidence
bands are evaluated with a standard procedure of bootstrapping. The quali-
tative response of hours is analogous to the one showed in Galí et al. (2003),
even if in my estimation the number of significative periods is much lower
(from more than two years to less than one). Also comparing the other vari-
ables (fig. 3, 4, and 5) to the ones estimated by the authors, the response to
the shock is clearly in line with their estimation, while the error bands are
larger.

Fig. 6 displays the estimated response of hours worked to a 1% shock to
technology, for the analogous S-VAR in the sub-sample 1982:3-1998:3. The
response is coherent with the one showed in Galí et al. (2003), even if the 95%
confidence bands in my estimation are wider and imply that the response is
not significantly different from zero. However, this is not in contrast with the
results of the authors, since they test the null hypothesis of a zero response
for all horizons, and they do not reject it. Fig. 7 shows the response of
output, that is significant, still with larger confidence bands. The responses
of the real rate (fig. 8) and of inflation (fig. 9) are higher in absolute value,
if compared with the ones by Galí et al. (2003); however, the consequent
response of the nominal rate does not differ significantly.

These responses are also robust to extensions of the dataset: considering
the sample up to 2006 (avoiding to include the recent financial crisis), the
response of all the variables are almost unchanged, with very similar confi-
dence bands. Both the specifications with hours in level and with deviations
from a fitted linear trend give very similar responses and error bands, with-
out relevant differences between the sample up to 1998 and the sample up
to 2006. The specification of the S-VAR with hours in differences is slightly
less robust: considering the shorter sample, the estimates are similar to the
previous already considered, while when extending the sample to 2006 the
response of hours becomes negative. However, this response is still not sig-
nificant and allowing for a structural break in 1997:1 the response is again
positive.25 Moreover, although in this longer sub-sample the specification
with hours in differences appears less stable, the behaviour of inflation and
of the real interest rate is stable across all the experiments.

These results are clearly supporting the estimations in Galí et al. (2003).
However, their conclusions on the changed monetary policy are mainly based
on a qualitative comparison among the responses of their model. In the re-

24The period from 1979:3 to 1982:2 is removed because of the unusual operating proce-
dures during those years.

25The instability of long-run identified S-VAR to trend breaks has been highlighted by
Fernald (2007), even if the higher instability is related to the specification with hours in
levels (Chari et al., 2007; Canova et al., 2008).
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maining sections of the paper, I propose a further step in the analysis, pre-
senting and discussing the estimation of the New Keynesian model presented
above for both sub-samples: the change in the parameters could shed light
on the structural break of the economy after the 1980s.

4.3 Estimation and standard errors

The procedure used to estimate the model consists in finding those param-
eters that minimize the distance between the impulse response functions of
the model and the impulse response functions estimated by the S-VAR.26

The choice of the procedure, widely used in literature,27 is suggested by the
fact that the main debate on technology shocks is based on the impulse re-
sponses of a S-VAR, and it looks natural to estimate the model on the basis
of its dynamics responses to the shock.

Hence, I look for the estimates of the relevant parameters for the dy-
namics of the model after the technology shock. While ϕ, the elasticity of
labour supply, only affects the level of steady state and it is set equal to 1,
I set β = 0.99, as almost in every model in this literature. Instead, I will
estimate the parameters in the Taylor rule (φy, φπ, and φr), the persistence
of the shock (ρ∆), the degree of price stickiness (θ), the degree of habits in
consumption (e) and the degree of indexation (γπ).

Following the procedure described by Altig et al. (2005), I denote ζ the
model parameters that I want to estimate and Ψ(ζ) the mapping from ζ
to the model impulse response functions. Then, Ψ̂ is the corresponding
estimates obtained by the S-VAR described above. I consider the first 20
lags of the response functions for output, hours, nominal rate and inflation.
So, the estimator of ζ is the solution to:

ζ̂ = arg min
ζ

(Ψ̂−Ψ(ζ))′V −1(Ψ̂−Ψ(ζ)) (12)

Here, V is a diagonal matrix with the sample variances of the Ψ̂’s along
the diagonal. These variances are the ones that were used to construct the
confidence intervals by the procedure of bootstrap. With the choice of V , ζ̂
is the value of ζ which ensures that Ψ(ζ) lies as much as possible inside the
confidence intervals.

The objective function has different local minima, that can be reached
according to the starting values for the minimization. I dealt with this
issue replicating the procedure for three different starting values for each
parameter.28

26The model is solved using the toolkit proposed by Uhlig (1995).
27For similar applications, see Altig et al. (2005), Boivin and Giannoni (2006), Chris-

tiano et al. (2005), Trigari (2009), Rotemberg and Woodford (1997) or Dupor et al. (2009).
28I considered the upper and lower bounds imposed, and their average. To find the

minimum, I used (and compared) two different Matlab minimization routines (fmincon
and lsqnonlin).
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I compute standard errors for Ψ̂ using the delta-function method. Let
the previous function (12) be denoted L(ζ, Ψ̂) ≡ (Ψ̂−Ψ(ζ))′V −1(Ψ̂−Ψ(ζ)),
so the first derivative at the estimated values is L1(ζ̂, Ψ̂) = 0. The estimated
parameters can be denoted as a function of the estimated impulse response,
so one can write ζ̂ = f(Ψ̂). To obtain the sampling variance of the esti-
mator, ζ̂ , as a function of the sampling variance of Ψ̂, the delta-function
method approximates f(Ψ̂) by its linear expansion about the true value of
Ψ, Ψ0 . That is, f(Ψ̂) ≈ f(Ψ0) + f ′(Ψ0)(Ψ̂ − Ψ0). Here, f(Ψ0) = ζ0,
where ζ0 is the true value of ζ, by the consistency of the estimator. Then,√
T (ζ̂T −ζ0) is asymptotically normally distributed with zero mean and vari-

ance f ′(Ψ0)Wf ′(Ψ0)T , where the superscript T indicates the transposition
operator, and W is the asymptotic variance-covariance matrix of

√
T (Ψ̂−Ψ).

Using the implicit function theorem, it is possible to approximate f ′(Ψ0) by
−L11(ζ0,Ψ0)−1L12(ζ0,Ψ0). To implement the procedure, W is replaced by
its sample estimate,29 as are ζ0 and Ψ0 in the expression for f ′. Both second
derivatives of L(ζ0,Ψ0), L11(ζ0,Ψ0) and L12(ζ0,Ψ0), are calculated numer-
ically.

4.4 The Great Moderation under the NK perspective

Table 1 shows the results of the estimation described in the previous sec-
tion.30 In order to improve the fit of models to the real data, a common
approach consists in including some degree of inertia in the Taylor rule and
linking the nominal interest rate to past values. The interest rule defined
above (eq. 11) would take the following form:

it = γiit−1 + (1− γi)(φππt + φyỹt + φrr
n
t ) (13)

Actually, the response to the natural interest rate implies a degree of persis-
tence through the dynamics of technology, and this additional inertia in the
formulation of the model should not be necessary.31 However, without this
additional inertia, there are problems in solving the model, unless a binding
lower bound is defined for the coefficient of the response to inflation (φπ) in
the Taylor rule: in this case (first column of table 1), this estimate reaches
the lower bound. Including a degree of inertia as in eq. 13 allows me to
reduce the lower bound for the response to inflation, to find an estimate not
stuck to the bound and to reduce the value of the objective function (third

29As noted in the text, V is a diagonal matrix composed of the diagonal elements of W .
30The J test, implemented as explained in Dejong and Chetan (2007), does not reject

the specification of the model for both sub-samples. However, I cannot propose this test in
support of my results, because I have discarded some unrealistic estimates (in particular,
implying complete price rigidity) that would have not been rejected by the test.

31Moreover, the lag in the nominal rate does not allow the Taylor rule to replicate the
optimal policy.
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Pre-Volcker Volcker-Greenspan Pre-Volcker

φy
-0.0577 -3.9387 -0.0643
(0.0221) (0.0004) (0.0007)

φπ
0.9 1.7915 0.8867

(0.1403) (0.0004) (0.0013)

φr
0.0091 1.1215 0.0129
(0.0110) (0.1292) (0.0095)

ρ∆
0.2338 0.0292 0.2357
(0.1513) (0.0677) (0.0395)

θ
0.8809 0.4333 0.8790
(0.0485) (0.0001) (0.0018)

e
0.7530 0.0763 0.7367
(0.0570) (0.0002) (0.0012)

γπ
1 0.0317 1

(0.3850) (0.0000) (0.0002)

γi
na na 0.0778

(0.0002)
obj. func. 78.5426 28.6140 78.0454

Table 1: Estimated parameters of a New Keynesian model (standard er-
rors in brackets) for the Pre-Volcker and Volcker-Greenspan era. The first
two columns report the estimation of the model as outlined in the paper.
The third column refers to an estimation where the monetary rule has an
additional term of persistency, as defined in eq. 13.
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column of table 1).32 On the contrary, considering the Volcker-Greenspan
sample, the additional persistence on the nominal rate creates unclear and
unstable results. So, in what follows, I consider the model including the ad-
ditional inertia in the nominal rate a better representation of the Pre-Volcker
era, while I consider the model without this inertia a better explanation of
the Volcker-Greenspan era.

Fig. 10 and fig. 11 show the response to the shock with the calibrated
parameters (third column of table 1 for the pre-Volcker period).

The role of monetary policy. Before interpreting the estimations, it is
worth noting that the parameters related to the interest rule cannot be com-
pared with the standard coefficients of the Taylor rule suggested in literature:
in this exercise, I only consider the variation derived from the identified tech-
nology shock (that is, a part of the overall variability in the business cycle),
while the Taylor rule is evaluated on the basis of the whole variations of the
economy.

Since the analysis is built to focus on the coefficient of the response
of the nominal to the natural interest rate, let’s look at the variation of
φr between the two periods: according to this parameter, the monetary
policy has changed. If in the pre-Volcker sample the response of the nominal
interest rate to the natural interest rate is close to zero, in the next sample
the response is close to 1. This is the main value that this analysis was
looking for, and indeed it suggests that, under the perspective of a simple
New Keynesian framework, the Fed’s policy has becomes consistent with an
optimal rule in the Volcker-Greenspan period.

The response of the nominal interest rate to inflation (φπ) looks consis-
tent with previous literature and confirms a tighter policy against inflation
after the 1980s. The unexpected estimate is φy, the response of the nominal
interest rate to the output gap. The high absolute value of φy in the Volcker-
Greenspan era could be the consequence of the low volatility of output and
the flat response of the nominal rate to the technology shock after the 1980s
(as can be seen in figures 7, 8 and 9): for small fluctuations, it is not surpris-
ing to find a high absolute value for the parameter reflecting the correlation
between the output gap and the nominal interest rate. Besides, the nega-
tive sign of φy is the consequence of the estimated response of the economy
to the shock. Observing the behaviour of the estimated Volcker-Greenspan
economy after the shock (fig. 11), the nominal interest rate increases, while
the output gap is negative (as can be easily observed from the negative re-
sponse of hours worked): given these opposite dynamics, it is not surprising
a negative estimation of φy.

In order to verify the robustness of these results, I replicate the estima-
tion for the Volcker-Greespan period, fixing some parameters at the level

32I have also considered inertia only in the response to inflation and output gap, but
there are not any relevant differences.
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Volcker-Greens. Volcker-Greens. Volcker-Greens. Volcker-Greens.
φr fixed φr & φπ fixed ρ∆ fixed e fixed

φy
-4.3996 -1.8821 -3.4904 -4.990
(1.2904) (0.5159) (0.0019) (0.0014)

φπ
2.2246 (0.5159) 0.8282 1.5596
(0.5942) (fixed) (0.0000) (0.0014)

φr
0 0.9992 1.0177

(fixed) (fixed) (0.0042) (0.0421)

ρ∆
0.0252 0.0460 0.2357 0.7031
(0.0169) (0.0597) (fixed) (0.1016)

θ
0.4416 0.4279 0.3167 0.5537
(0.0063) (0.0950) (0.0001) (0.0013)

e
0.0734 0.0911 0.2440 0.7367
(0.0399) (0.0815) (0.0000) (fixed)

γπ
0.0003 0.0028 0.0830 0.4479
(0.0008) (0.0270) (0.0001) (0.0013)

obj. func. 28.7272 28.7336 29.1604 41.8159

Table 2: Robustness analysis. Estimation of the Volcker-Greenspan sample,
with one or two parameters set equal to the values estimated in the Pre-
Volcker sample. First column: φr fixed. Second column: φr and φπ fixed.
Third column: ρ∆ fixed. Fourth column: e fixed.

estimated in the Pre-Volcker period. So, I fix φr equal to zero, as estimated
in the Pre-Volcker period, and estimate the Volcker-Greespan period. The
first column of table 2 show the results. The non-monetary parameters are
mainly unchanged, while one can observe only an increase in the values of
the monetary paramters. Actually, the loss of fit looks small and may sug-
gests that other factors have a more relevant role in explaining the changes
of the economy. However, in the data the response of the nominal rate is flat
and, in terms of estimation, the flat dynamics can be easily replicated with
a linear combination of two variables. In fact, fixing also φπ, the response to
inflation in the monetary rule, the loss of fit is still negligible (second column
of table 2), while replicating the same monetary rule as in the Pre-Volcker
period implies a high loss of fit. So, I can argue that the monetary policy has
clearly changed, and there is evidence that it has changed in the direction
of an optimal monetary policy. However, the flat dynamics of the nominal
interest rate does not allow to strongly identify the role of each component
in the monetary rule.

The role of other factors. Interpreting the data under the New Keynesian
perspective gives additional insights. In fact, other structural parameters
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have changed across the periods. Above all, the persistence of the technology
shock identified is reduced to almost zero (implying a unit root process for
technology). Stock and Watson (2003) attribute an important part of the
reduced volatility of the economy to smaller macroeconomic shocks: as it is
also possible to observe from fig. 3 and fig. 7, the steady state response of the
output after the shock is lower in the Volcker-Greenspan sample. However,
the reduction of the persistence detected in my analysis, as already showed,
implies a more stable dynamics of the economy33 and increases the stabilizing
effect of the policy implemented by the authority. So, the increased stability
of the economy could also be the consequence of a change in the way the
technology shock hits the economy and is absorbed by it. Definitely, there
is room for further research.

Another crucial parameter subject to a strong change between the sam-
ples is the index of habit in consumption. As already noticed, including
habits in consumption in a simple monetary model is an algebraic trick
to include some persistency, necessary to create the empirical negative re-
sponse of hours to a positive (and permanent) technology shock. What can
be inferred is that some real inertia related to the demand for goods has de-
creased across time, but it would be hazardous to impute this effect only to
the households’ preferences. The observed persistency could represent either
a real preference, or another source of friction in demand. Assuming that
the observed change in habits is a real change in preferences, one direction
of research could be the analysis of the durable and the non-durable part
of the overall consumption, where for non-durable goods one could focus
on housing. Besides, real frictions in the labour market could also explain
the inertia in the demand34 and are a another possible direction for further
research.

I have already explained in section 3.3 how in the model the persistency of
the shock and habits in consumption have an important interaction. Thus, it
is not surprising that fixing the persistency of the shock to the level estimated
in the Pre-Volcker sample, the main change observed in the estimations
is related to the value of habits in consumption. So, the New Keynesian
framework is not able to give clear-cut evidence in favor of one specific factor
explaining the Great Moderation. In particular, it is difficult to disentangle
the contribution of the monetary policy from the contribution of persistency
and habits in stabilizing the economy.35

Finally, the degree of price rigidity has changed its nature too, both in
the price stickiness (θ) and the inertia due to the indexation to the average
inflation (γπ). Fixing these parameters in the Voclker-Greenspan period at

33Further research could consider a more complex framework, where the Central Bank
faced a trade off in stabilizing the economy.

34See, for instance, Canova et al. (2007).
35However, it is possible to clearly reject some specifications. In particular, keeping

constant from the first subsample the parameter related to habit, the loss of fit is high.
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the same value of the Pre-Volcker sample, the estimation is very unstable
and with very high standard errors. Actually, in the setup of the model,
price stickiness is exogenous and not related to the monetary policy: since
the role of the monetary authority is to reduce the inefficiency deriving from
the nominal rigidities, the lower frictions implies an exogenous easing of the
intervention of the authority. However, it is reasonable that these parameters
are in some way affected by the monetary policy. So, although not inferable
and explained by the model, it does not seem hazardous to guess that the
lower inertia and fast adjustment of prices (certainly affecting the estimation
of θ and γπ) may be related to a changed policy.

Thus, the New Keynesian models explains the changes from Great In-
flation to the Great Moderation in terms of a complex interaction among
different causes. The empirical evidence shows up that, in addition to the
monetary policy, many other factors might have played a role in stabilizing
the U.S. economy after the 1980s: so, as far as the technology shocks are rel-
evant in determining the business cycle, the improved stability could result
from a mix of good policy and good luck.

5 Conclusions

In this paper I use the main findings by Galí et al. (2003) as a starting point
for a deeper analysis. Instead of comparing qualitatively the response to a
technology shock of a S-VAR with the theoretical responses predicted by a
New Keynesian model across time, I estimated the parameters of the model
in the two samples. On the one hand I support the intuition proposed by
Galí et al. (2003): the Fed’s response to a technology shock in the Volcker-
Greenspan period is consistent with an optimal rule. On the other hand, I
provide further insights with respect to the changes in the economy across the
two sub-samples: in particular, a lower persistency of the shock and a reduced
degree of both nominal and real inertia can explain the improved stability
of the U.S. economy. The analysis suggests that the improved performance
of the Fed after the 1980s is consistent with a mix of good policy and good
luck.
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Appendix

I show that when technology is assumed to be an AR(1) stationary process
in levels like

at = ρaat−1 + εt

a simple Taylor rule such as

it = ρ+ φππt + φyỹt

is not able to replicate the optimal real interest rate derived from the optimal
monetary policy

it = rnt = ρ− (1− ρa)at
In particular, after a positive technology shock, the real interest rate implied
by the Taylor rule is systematically higher than the optimal one, unless either
φπ or φy tends to infinite. In order to compare the two rules, it is useful to
write the real interest rate as a function of technology. So, solving the model
in the Taylor rule specification, the output gap turns out to be

ỹt = −(1− ρa)(1− βρa)Λa at
where

Λa ≡
1

(1− βρa)[(1− ρa) + φy] + k(φπ − ρa)
> 0

From the Phillips curve, inflation can be expressed in terms of output gap,
and, using the previous equation, in terms of at:

πt = βEt[πt+1] + kỹt

= k

∞∑
i=0

βiEt[ỹt+i]

= k

∞∑
i=0

βiρia ỹt

= k(1− βρa)−1 ỹt

= −k(1− ρa)Λa at
Finally, in order to have the value for the real rate, I need to write the
expected inflation as a function of at. From the Phillips curve

πt = βEt[πt+1] + kỹt

I can write

Et[πt+1] = β−1(π − kỹt)
= β−1

(
k(1− βρa)−1ỹt − kỹt

)
= β−1kỹt

(
(1− βρa)−1 − 1

)
= kỹtρa(1− βρa)−1

= −kρa(1− ρa)Λa at
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So, the real interest rate implied by the Taylor rule can be written as

rt = it − Et[πt+1] = ρ+ φππt + φyỹt − Et[πt+1]
= ρ− φπ k (1− ρa)Λaat︸ ︷︷ ︸

−πt

−φy (1− ρa)(1− βρa)Λaat︸ ︷︷ ︸
−yt

+

+ kρa(1− ρa)Λa at︸ ︷︷ ︸
−Et[πt+1]

= ρ− φπk + (1− βρa)φy − kρa
(1− βρa)[(1− ρa) + φy] + k(φπ − ρa)

(1− ρa) at

and can be compared to the natural real rate rnt = ρ− (1− ρa) at: as far as
the fraction

φπk + (1− βρa)φy − kρa
(1− βρa)[(1− ρa) + φy] + k(φπ − ρa)

(14)

is lower than 1, the Taylor rule implies a real interest rate too high (after
a positive technology shock), if compared to the optimal one. It is easy to
check that, for values of ρa ∈ [0, 1), the ratio in (14) is always less than 1:

φπk + (1− βρa)φy − kρa
(1− βρa)[(1− ρa) + φy] + k(φπ − ρa)

< 1

φπk + (1− βρa)φy − kρa < (1− βρa)[(1− ρa) + φy] + k(φπ − ρa)
0 < (1− βρa)(1− ρa)

The only way this simple Taylor rule could replicate the optimal rule is
assuming that either φπ or φy tends to infinite: taking the limit of (14) for
φπ (and applying the De l’Hopital’s rule), it is clear that the ratio tends to
1. The same result comes out taking the limit for φy.
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Figure 1: Hours worked per capita (levels)

Figure 2: Response to shock – Pre-Volcker sample
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Figure 3: Response to shock – Pre-Volcker sample

Figure 4: Response to shock – Pre-Volcker sample
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Figure 5: Response to shock – Pre-Volcker sample

Figure 6: Response to shock – Volcker-Greenspan sample
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Figure 7: Response to shock – Volcker-Greenspan sample

Figure 8: Response to shock – Volcker-Greenspan sample
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Figure 9: Response to shock – Volcker-Greenspan sample

Figure 10: Estimated responses – Pre-Volcker calibration
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Figure 11: Estimated responses – Volcker-Greenspan calibration
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