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Abstract

The Federal Reserve manages the short-term nominal interest rate in order to achieve
its dual goals of price stability and maximum sustainable employment. This paper ad-
dresses the following question: To what extent have monetary policy shocks been helpful
at stabilizing inflation and the unemployment gap during the post 1984 era? The paper
estimates a medium-scale DSGE model with labor market frictions on post-1984 U.S. data
with Bayesian techniques. I use the estimated model to back out the time series of the
shocks that have hit the U.S. economy over the period 1985:Q1 - 2009:Q4 as well as the path
of the unobservable potential rate of unemployment. I use the potential rate to construct
a model-consistent measure of the unemployment gap. The historical decomposition of the
unemployment gap emphasizes the expansionary effects of monetary policy shocks during
each of the three recessions that characterize the period. In a counterfactual experiment
where the estimated historical monetary policy shocks are turned off, the U.S. economy en-
ters in deflation in 2002 and 2008. Moreover the unemployment gap becomes significantly
more volatile. These results suggest that monetary policy shocks did contribute greatly to

enhance macroeconomic stability during the last decade.
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1 Introduction

The Federal Reserve sets the short-term nominal interest rate in order to achieve its dual goals
of price stability and and maximum sustainable employment. Recently, a debate has emerged
regarding the justification of the actions of the Federal Reserve in the post-1984 era. On the one
hand, some economists such as Taylor (2007) criticize the Federal Reserve’s conduct of monetary
policy during the 2000s, arguing that the policy instrument rate was kept too low during the
recovery following the 2001 recession. On the other hand, other economists such as Svensson
(2009) justify the historical path of the federal funds rate as having been helpful in fighting
against the risk of deflation. This paper adresses the following question: To what extent have
monetary policy shocks been helpful at stabilizing inflation and the unemployment gap during
the post 1984 era?

This paper builds a New Keynesian model with search and matching frictions in the labor
market.! The model incorporates the standard features introduced by Christiano, Eichenbaum
and Evans (2005) and Smets and Wouters (2007) that help fitting the data. I use post-1984 quar-
terly US data on seven key aggregate variables to estimate the model with Bayesian techniques. I
then use the estimated model to back out the path of the potential rate of unemployment and to
construct a model-consistent measure of the unemployment gap. Following Smets and Wouters
(2007), Justiniano and Primiceri (2008) and Sala, Soderstrom and Trigari (2008), the potential
rate of unemployment is defined as the unemployment rate consistent with flexible prices and
wages in absence of price markup shocks and bargaining power shocks. Given the dual goals
officially pursued by the Federal Reserve, the unemployment gap is an important concept to
American monetary policy makers. Hence, estimating the unemployment gap should be a cru-
cial task for the practice of monetary policy. The historical decomposition of the unemployment
gap reveals the expansionary effects of monetary policy disturbances during the three recessions
embedded in the period 1985:Q1-2009:Q4. In a counterfactual experiment where the estimated
historical monetary policy shocks are turned off, the U.S. economy enters in deflation in 2002
and 2008. Moreover the unemployment gap becomes significantly more volatile. The paper’s
main result therefore suggests that unanticipated deviations from the Federal reserve interest

rate rule did contribute to stabilizing the macroeconomy over the last decade.

2 Model

The model is a natural merge of the medium-scale model in Christiano et al. (2005) and the labor-
search model. The economy consists of a representative family, a representative finished goods-
producing firm, a continuum of intermediate goods-producing firms indexed by i € [0, 1], a central
bank and a government that sets monetary and fiscal policy respectively. Firms adjust labor
exclusively through job creation and face convex hiring costs as in Yashiv (2006). This feature

helps the model to capture the high persistence in vacancies and unemployment. Fluctuations

See for example Trigari (2009), Walsh (2005), Krause and Lubik (2007), Sveen and Weinke (2008), Gertler,
Sala and Trigari (2008).



are driven by seven disturbances: a neutral technology shock, an investment-specific technology
shock, a risk-premium shock, a price-markup shock, a bargaining-power shock, an exogenous
spending shock and a monetary policy shock.

Gertler et al. (2008) (henceforth GST') have shown that this kind of model fits the data equally
well as the benchmark model without unemployment exemplified by Smets and Wouters (2007).
Moreover, there are three related advantages in introducing equilibrium search unemployment
into the standard toolbox for monetary policy analysis: First, this theoretical framework gen-
erates predictions about the unemployment rate and other labor market variables such as the
vacancy rate. Second, in this framework, sticky wages are not subject to the Barro critique.?
This is important because Christiano et al. (2005) and Smets and Wouters (2007) provide ev-
idence suggesting that wage stickiness is a more important ingredient than price stickiness to
account for the persistence observed in the data. Third, Hall (1997) and Chari, McGrattan and
Kehoe (2007) have stressed the importance of a particular shock, the labor wedge, to account for
business cycle fluctuations. The labor wedge is a disturbance which allows the marginal product
of labor to deviate from the marginal rate of substitution between leisure and consumption.
Introducing search and matching frictions into the equilibrium business cycle model and using
labor market variables in the estimation are two steps towards endogenezing and identifiying the
labor wedge.

The model follows the model in GST quite closely except for a few deviations. First, GST
features a preference shock to the representative household’s discount factor. Instead, my model
features a risk-premium shock as in Smets and Wouters (2007). Second, GST use sticky prices
a la Calvo while I opt for quadratic price adjustment costs & la Rotemberg. Third, I introduce
nominal wage stickiness as in Arsenau and Chugh (2008) by assuming that firms bear the costs
of adjusting nominal wage. Finally, the econometric strategies are also somewhat different. GST
use data on total hours worked whereas I use data on the vacancy/unemployment ratio. Finaly,
their sample period goes from 1960:Q1 to 2005:Q1. Instead my sample starts in 1985:Q1 after
the Great Moderation and the Volcker’s disinflation.

The representative household There is a continuum of identical households of mass
one. Each household is a large family, made of a continuum of individuals of measure one.
Family members are either working or searching for a job.? Following Merz (1995), I assume
that family members pool their income before the head of the family chooses optimally per
capita consumption.

The representative family enters each period t = 0, 1,2, ..., with B,_; bonds and K,_; units of
physical capital. At the beginning of each period, bonds mature, providing B;_; units of money.
The representative family uses some of this money to purchase B; new bonds at nominal cost
B;/rB, where rP denotes the gross nominal interest rate between period ¢ and t + 1.

The representative household owns capital and chooses the capital utilization rate, u;, which

2Barro (1977) argues that wages may not have allocational effects for the existing firm-worker pairs due to
the long-run nature of workers and firms relationships.
3The model abstracts from the labor force participation decision.



transforms physical capital into effective capital according to
Kt = utFt—l- (]‘)

The household rents K; (i) units of effective capital to intermediate-goods-producing firm i €

0, 1] at the nominal rate rX. The household’s choice of K; (i) must satisfy

K, = /01 K, (i) di. (2)

The cost of capital utilization is a (u;) per unit of physical capital. I assume the following

functional form for the function a,

() = 61 (= 1) + 222 (u, — 177, ®)

and that u; = 1 in steady state.
Each period, N, (i) family members are employed at intermediate goods-producing firm i
€ [0,1]. Each worker employed at firm i works a fixed amount of hours and earns the nominal

wage W (i). Ny denotes aggregate employment in period ¢ and is given by

N, = /01 N, (i) di. (4)

The remaining (1 — V;) family members are unemployed and and each receives nominal unem-
ployment benefits b;, financed through lump-sum taxes.

During period ¢, the representative household receives total nominal factor payments rX K; +
WiN;+ (1 — N;) b;. In addition, the household also receives nominal profits D; (i) from each firm
i € [0,1], for a total of

D, = /0 "D, (i) di (5)

In each period t = 0,1, 2, ...,the family uses these resources to purchase finished goods, for both
consumption and investment purposes, from the representative finished goods-producing firm at
the nominal price P;. The law of motion of physical capital is

Iy

K <(1—=68) K1+ {1 - S (EH I, (6)

where 0 denotes the depreciation rate. The function S captures the presence of adjustment costs
in investment, as in Christiano et al. (2005). I assume the following functional form for the

function S,

L\ _ ¢ L ’
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where g5 is the steady-state growth rate of investment. Hence, along the balanced growth path,
S (gr) =5"(g91) =0and S” (g91) = ¢; > 0. y, is an investment-specific technology shock affecting
the efficiency with which consumption goods are transformed into capital. The investment-

specific shock follows the exogenous stationary autoregressive process

In (41,) = p, In (11—1) + €t (8)

where ¢, is i.i.d.N (0,07) .
The family’s budget constraint is given by
B,

e P < By +WiNe+ (1 — Ny) by + 7”tKUtht—l 9)

P,C,+ B +

—Pt& (ut) Ft,1 — 7-;5 + Dt

for all t =0,1,2,... As in Smets and Wouters (2007), the shock €, drives a wedge between the
central bank’s instrument rate 7’ and the return on assets held by the representative family.
As noted by De Graeve, Emiris and Wouters (2009), this disturbance works as an aggregate
demand shock and generates a positive comovement between consumption and investment. The

risk-premium shock ¢, follows the autoregressive process
In ey = pyInep_1 + e, (10)

where 0 < p, < 1, and &y is i.i.d.N (0,07) .
The family’s lifetime utility is described by

o0

Ey Z B°In (Ct+s - thJrsfl) (11)

s=0
where 0 < # < 1. When h > 0, the model allows for habit formation in consumption and
consumption responds gradually to shocks.

The head of the family chooses Cy, By, uy, I;, and K, for each ¢t = 0, 1,2, ... to maximize the
expected lifetime utility (11) subject to the constraints (6) and (9).

The representative finished goods-producing firm During each period t =0,1,2, ...,
the representative finished goods-producing firm uses Y; () units of each intermediate good
i € [0,1], purchased at the nominal price P, (i), to manufacture Y; units of the finished good

according to the constant-returns-to-scale technology described by

1 0:/(0:—1)
|:/ Y, (Z')(at*l)/et d2:| > Y, (12)

0

where 0, translates into a random shock to the markup of price over marginal cost. This markup

shock follows the autoregressive process

In (6;) = (1 = pg) In (0) + pyIn (6;-1) + €ar, (13)
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where 0 < py, < 1,0 > 1, and ey, is i.i.d.N (0,03) .
Intermediate good i sells at the nominal price P, (i), while the finished good sells at the
nominal price P;. Given these prices, the finished goods-producing firm chooses Y; and Y; (i) for

all 7 € [0, 1] to maximize its profits

pyi | R Y G) di (14)

subject to the constraint (20) for each t = 0, 1,2, .... The first-order conditions for this problem
are (20) with equality and

Y (i) = {PT(”} "y (15)

for all i € [0,1] and t =0,1,2, ....
Competition in the market for the finished good drives the finished goods-producing firm’s

profits to zero in equilibrium. This zero-profit condition determines P; as

1 1/(1—-64)
P, = [ / P (i)' " dz‘] (16)
0

forall t=0,1,2, ...

The representative intermediate goods-producing firm FEach intermediate goods-
producing firm i € [0, 1] enters in period ¢ with a stock of N; ; (i) employees carried from the
previous period. At the beginning of period ¢, before production starts, p/N;_; (7) olds jobs are
destroyed, where p is the job destruction rate.* The pool of workers pN;_; who have lost their
job at the beginning of period ¢ start searching immediately and can possibly be hired in period
t. Ny (i) denotes the pool of employees taking part to production at firm ¢ in period ¢. The law

of motion of the stock of productive workers at firm (7) is

Ny (i) = (1 = p) Ny—q () +my (7). (17)
my (i) denotes the flow of new employees hired by firm ¢ in period ¢, and is given by

my (1) = q:Vi (i), (18)

where V; (i) denotes vacancies posted by firm ¢ in period ¢ and ¢, is the aggregate probability
of filling a vacancy in period t. Workers hired in period ¢ take part to period ¢ production.
Employment is therefore an instantaneous margin. However, each period some vacancies and
job seekers remain unmatched. As a consequence, a firm-worker pair enjoys a joint surplus that

motivates the existence of a long-run relationship between the two parties.

4The rate of match dissolution is exogenous. This is consistent with Hall (2005) and Shimer (2005)’s finding
that recent business cycle fluctuations in the U.S. labor market mostly come from the job creation margin.



Aggregate employment N; = fol N; (i) di evolves over time according to
Ny = (1= p) Ni—1 + my, (19)

where m; = fol my (i) di denotes aggregate matches in period ¢t. Similarly, the aggregate vacancies

is equal to V; = fol V; (7) di. The pool of job seekers in period ¢, denoted by S;, is given by
Sp=1—(1=p)Ny_y. (20)
The matching process is described by the following aggregate CRS function
my = STV, (21)

where ( is a scale parameter that captures the efficiency of the matching technology. The

probability ¢; to fill a vacancy in period t is given by

my

— 22
a4t v, (22)
The probability, s;, for a job seeker to find a job is
my
= =, 23
St S, (23)
Finally aggregate unemployment is defined by

During each period t = 0,1, 2, ..., the representative intermediate goods-producing firm com-
bines N; (i) homogeneous employees with K; (i) units of efficient capital to produce Y; () units

of intermediate good 7 according to the constant-returns-to-scale technology described by
Yi (i) = AJ7K, (1) N, (i)' (25)

A; is an aggregate labor-augmenting technology shock whose growth rate, z, = A;/A;_1, follows

the exogenous stationary stochastic process
In(z) = (1—=p,)In(2) + p,In(z-1) + ez, (26)

where 2z > 1 denotes the steady-state growth rate of the economy and ¢ is i.i.d.N (0, o2).
Following Yashiv (2006), intermediate goods-producing firms face convex hiring costs, mea-

sured in terms of the finished good and given by

N [tht @ryt’

> | N, (i) (27)



where ¢, governs the magnitude of these costs.

Intermediate goods substitute imperfectly for one another in the production function of the
representative finished goods-producing firm. Hence, each intermediate goods-producing firm
i € [0,1] sells its output Y; (7) in a monopolistically competitive market, setting P, (i), the price
of its own product, with the commitment of satisfying the demand for good i at that price.
Firms take the nominal wage as given when maximizing the discounted value of expected future
profits.

Each intermediate goods-producing firm faces costs of adjusting its nominal price between

periods, measured in terms of the finished good and given by

¢p b (i) ’

— —1| Y. 28

2 | ms_ 7w =SP_y (i) t (28)
¢p governs the magnitude of the price adjustment cost. m; = Pf - denotes the gross rate of

inflation in period ¢. # > 1 denotes the steady-state gross rate of inflation and coincides with
the central bank’s target. The parameter 0 < ¢ < 1 governs the importance of backward-looking
behavior in price setting.’

Each intermediate goods-producing firm faces quadratic wage-adjustment costs which are

proportional to the size of its workforce and measured in terms of the finished good

¢_w( W (i) ,_1>2Nt<@->yt, (29)

2 \zmpml=eW, 4 (i)

where ¢, governs the magnitude of the wage adjustment cost. The parameter 0 < o < 1 governs
the importance of backward-looking behavior in wage setting.

Adjustment costs on the hiring rate, price and wage changes make the intermediate goods-
producing firm’s problem dynamic. It chooses K; (i), N; (i), V; (i) and Y; (i) and P, (i) for all

=0, 1,2, ...to maximize its total market value, given by

B3 A, [D <z>} )

where 3'A,/P, measures the marginal utility to the representative household of an additional

dollar of profits during period ¢t and where

D) = m)n(i)—Wtu)Nt@)—ermw—%N(q;f(%)) Py, (31)
_dp PG Y
2 (wi_mual G 1) A
= (mf ﬂmﬁé)vﬂ 0 1) N (0) B,

®See Ireland (2007).



subject to the constraints

Vi) = {PP()} v, (32)
Vi) < K (0)° (AN ()]0 (33)
N (i) = xNio1(0) + Vi (d), (34)

where Y = 1 — p is the job survival rate.

Wage setting Unemployment benefits b; are proportional to the value of the nominal wage

along the balanced growth path, W,
bt = TWss,ta (35)

where 7 is the replacement ratio. The fact that hiring costs and unemployment benefits both
share the common stochastic trend ensures that the unemployment rate is stationary.

Jobs and workers at a given intermediate goods-producing firm are homogeneous. W, (7)
denotes the nominal wage paid for any job at firm ¢ in period ¢. Each period ¢, the representative
intermediate goods-producing firm bargains with each of its employees separately over W, (i).

The nominal wage is determined through bilateral Nash bargaining,
W; (i) = argmax [S, (4)™ J, (i)' ™] . (36)

S () denotes the surplus of the representative worker at firm ¢ while J; (i) is the surplus of firm
i. Both S; (i) and J; (i) are expressed in real terms. 7, denotes the worker’s bargaining power

which evolves exogenously according to

Inn, = (1—p,) Inn+p,Inn,_, + ey, (37)

where 0 < n < 1 and &, is i.i.d.N (0,07).

The worker’s surplus in terms of final consumption goods is given by

B WtPfZ) N % + BE [x (1 — 5¢41)] (AXQI) St (0) . (38)

St (4)

The surplus of firm 7 expressed in real terms is given by

Y, (i) Wi(i) | onYiw (i)

i = st Ny (4) P * Ny () (39)
- (zwf_lwvlvt@(é)vu (0 1) Yok Xk [AX_TJM <i>] '

Nash bargaining requires that the equilibrium nominal wage W, (i) satisfies the following first-



order condition

J =—(1-n,)S 40
77t t (7/) aWt (/L) ( T]t) t (l) aWt (/L>7 ( )
where
a5, (i) |
1 A1
o) - P “
. 1 1 W (i) o
B GJt (Z) _ j2 + ¢Wth <z7rf_17r1—0Wt_1(i)> (zwf_lﬂ'l—QWt_l(i) 1) (42)
; Ap41Yip Wit1(3) Wi (d)
8Wt <Z> _BXQSWEt |: A:—Wt(;—) (wa_1ﬂ1jgwt_1(i)> <Z7Tf_17T1jQWt_1(i) - 1)]

When ¢, = 0, adjusting nominal wages is costless for the firm. In that case, the effects of a
marginal increase in the nominal wage on the worker’s surplus and on the firm’s surplus have

the same magnitude (with opposite signs):

89S, (i)  dL(Gi) 1
ow, (i) W, (i) P

if ¢y, = 0, then (43)

In the absence of nominal wage-adjustment costs, Nash bargaining over the nominal wage implies

the usual first-order condition

S, (i) = ( il > 7, (i) . (44)
L —mn,

Thus, as pointed out by Arsenau and Chugh (2008), Nash bargaining over the nominal wage

when there are no nominal wage adjustment costs is equivalent to Nash bargaining over the real

wage. The presence of nominal wage-adjustment costs (beared by the firm) affects the effective

bargaining powers of the firm and the worker respectively. In the presence of nominal wage

adjustment costs, the first-order condition from Nash bargaining is given by

N Ur [05; (i) JOW; (7)] i
S0 = Ty a0 jow )W

S (Z) = Dy (Z) ) (45)

where we have introduced the notation

() ()

. 1-—mn; Wi (1

Dit = B 8Jt(i) .
OWe(3)

Finally, the equation governing the dynamics of the real wage at firm 7 is given by

i . Yi(i Yz (i)2
£ (1) (1 — ) 34 4 2ayinld)

W (4) Lt & Wi (i) 2
B (1+mit 4 (e 1) ¥ (46)

i (M) (2

1 [ b, (At+1 ) (¢NY;+1xt+1 () )]
+—— | = — BxE]); 1—s5 - .
1+Dy) | B BxEXits1 ( t+1) A, A0
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Government The central bank adjusts the short-term nominal gross interest rate 7? by

following a Taylor type rule

B B Y,/Y,_
In (%) = p.In (%) +(1—p,) {pﬂ In (%) +p,In ( t/zt 1)] +Ineme,  (47)

In Empt = Pmp In Empt—1 + Empt- (48)

where 7, = P,/ P;_1. The monetary policy shock €, follows an AR(1) process with 0 < p,, <1
and &, ~ 1.9.d.N (O, afnp). The degree of interest-rate smoothing p, and the reaction coefficients
Pxs Py are all positive.

The government budget constraint is of the form
B,
Pth "‘ (1 - Nt) bt - T_B - Bt_l + E, (49)
¢

where T; denotes total nominal lump-sum transfers. Public spending is an exogenous time-

varying fraction of GDP

G, = (1 - i) Y, (50)

egt

where €, evolves according to
Iney = (1—p,)Ineg+ pyIneg 1+ g, (51)
with ey ~ 1.4.d.N ((), 03) )

Symmetric equilibrium In a symmetric equilibrium, all intermediate goods-producing
firms make identical decisions, so that Y; (i) = Y, P, (i) = Py, Ny (i) = Ny, Vi (1) = Vi, K (1) = K,
foralli € [0,1] and t =0,1,2,..... Moreover, workers are homogeneous and all workers at a given
firm i receive the same nominal wage W, (i), so that W, (i) = W, foralli € [0,1] andt = 0,1,2, ....
The aggregate resource constraint is obtained by aggregating the household budget constraint

over all intermediate sectors ¢ € [0,1],

1 On 2 Op T ’ Pw Wi ?
— S5y a1 - [ —1) M
€gt 2 2 \m_yml=< 2 \zm_yml=eW,4

Y, = Cp+Li+a (u) Koo

(52)

Model solution Real output, consumption, investment, capital and wages share the sto-
chastic trend induced by the unit root process for neutral technological progress. In the absence
of shocks, the economy converges to a steady-state growth path in which all stationary variables
are constant. I first rewrite the model in terms of stationary variables, and then loglinearize the
transformed economy around its deterministic steady state. The approximate model can then

be solved using standard methods.
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3 Econometric strategy

Data The estimation is based on quarterly U.S. data on seven key aggregate variables:
the growth rate of real output, the growth rate of real consumption, the growth rate of real
investment, the growth rate of real wages, the inflation rate, the short-term nominal interest
rate and the vacancy/unemployment ratio which summarizes the tightness of the labor market
and plays an important role in the Mortensen-Pissarides model. The sample period runs from
1984:QI to 2006:QI. The appendix describes the dataset in details.

Two reasons motivate my choice of using the vacancy/unemployment ratio as an observable
variable. First, in the model, labor adjusts exclusively along the extensive margin. Data on
employment or unemployment seem therefore better suited than data on total hours. Second,
unemployment and vacancies are very persistent and strongly negatively correlated (the Bev-
eridge curve). By considering the vacancy/unemployment ratio, I exploit the Beveridge curve

to remove the trend shared by unemployment and vacancies.

Calibrated parameters and estimation technique Because of weak identification prob-
lems, I calibrate nine parameters prior to estimation. Table 1 summarizes the calibration. The
quarterly depreciation rate ¢ is set equal to 0.025, a value commonly used in the literature. The
capital share of output « is calibrated at 0.33. The elasticity of substitution between interme-
diate goods 6 is set equal to 6, impliying a steady-state markup of 20 percents. The calibration
of the vacancy filling rate ¢ is just a normalization as ¢ is not identified. I set the government
spending/output ratio G/Y = 0.20. Finally, the steady-state values of the unemployment rate
U, the rate of inflation 7, the nominal interest rate 72, and the growth rate of output z, are set
equal to their respective sample averages.

I estimate the remaining 28 parameters using Bayesian techniques. An and Schorfheide
(2007) is an excellent review of the Bayesian estimation of DSGE models. In particular, I use
the Random-Walk Metropolis-Hasting algorithm to generate 250000 draws from the posterior
distribution. The algorithm is tuned to achieve an acceptance ratio between 30 and 40 percents.
I disregard the first 125000 draws. I then select one-every-eight draws in order to reduce the
serial correlation of the chain. Finally the results presented in Tables 2 and 3 and in Figures 1
to 3 are based on 1500 draws from the posterior distribution. Prior distributions are standard

and are summarized in Table 2.

Parameter estimates Table 2 reports some summary statistics of the posterior distribu-
tions of the parameters. Most parameter estimates are in line with the existing literature. The
estimated degree of habit persistence in consumption is relatively low. The posterior median of
the elasticity of the matching function to unemployment o is equal to 0.30, consistent with the
evidence provided by Blanchard and Diamond (1990) for the U.S.. The posterior median of the
job destruction rate p is equal to 0.163. This is value is very close to the one used by Andolfatto
(1996). The posterior median and 95 percentile of the replacement rate 7 are respectively 27%
and 46%. This estimates do not support the calibration advocated by Hagedorn and Manovskii
(2008). Hiring costs account for roughly 50 basis point of output.

12



Of particular interest for the purpose of this paper are the estimates of the coefficients of
the interest rate rule which is meant to capture the behavior of the Federal Reserve over the
Great Stability period. The three coefficients are estimated relatively precisely. The degree of
interest rate smoothing is roughly 0.8. The long-run response of the central bank to deviations of
inflation from the sample mean is about 2, while the response to output growth is aproximately
0.2. The standard deviation of the Gaussian white noise innovations to the interest-rate rule is
smaller than 0.002 and greater than 0.001. The size of the monetary policy innovations is in line
with the evidence found in the existing literature thereby attesting the good fit of the estimated

rule.

4 Assessing the performance of the Fed’s interest rate

policy at stabilizing inflation and the unemployment
gap

In the remaining of the paper I use the estimated DSGE model and data up to 2009:Q4 to back
out the path of the unobserved unemployment gap with the Kalman smoother and to perform
some counterfactuals experiments aiming at assessing the performance of the Fed’s interest rate

policy at stabilizing fluctuations in inflation and the unemployment gap.

Measuring the unemployment gap Following Smets and Wouters (2007), Justiniano
and Primiceri (2008) and Sala et al. (2008) I compute the efficient equilibrium by removing
nominal rigidities and turining off the two inefficient markup shocks. The potential rate of
unemployment is thus defined as the unemployment rate under flexible prices and wages and
no price-markup and bargaining-power disturbances. I construct the unemployment gap as the
log-deviation of the actual unemployment rate from the model-consistent potential rate. Figure
1 shows the unemployment gap. Shaded areas mark the NBER recessions. Interestingly the

unemployment gap increases during recessions.

Historical decompositions of the unemployment gap Figure 2 shows the histori-
cal decomposition of the unemployment gap. The three recessions are periods during which
monetary policy shocks are expansionary. Moreover, through the lens of the model, negative
risk-premium shocks have played a major role in both the 2001 and 2008 recessions. Finally,
the unemployment gap was negative and was falling throughout the second half of the nineties
under the effects of negative bargaining power shocks. This evidence is consistent with the belief
that globalization and the increased competition from developing countries during this period
had forced US industries to improve their cost-competitiveness, preventing US workers to enjoy

wage increases.

Assessing monetary policy shocks What have been the effects of monetary policy

shocks on fluctuations in inflation and the unemployment gap? The top panel of figure 3 shows

13



the time series of monetary policy shocks obtained with the Kalman smoother. Large monetary
policy shocks did occur during the three recessions. To understand the extent to which these dis-
turbances were desirable, the middle and bottom panels show the counterfactual path of inflation
and the unemployment gap in the absence of monetary policy shocks. We observe that monetary
policy shocks did prevent deflation to happen in 2002 and in 2008. This evidence contradicts
the view that monetary policy was excessively expansionary during the period 2002-2006 (See
for example Taylor 2007). Instead, it clearly gives support to the justification of the Federal
Reserve’s conduct of monetary policy advocated by Svensson (2009). Svensson (2009) argues
that, at that time, the Federal Reserve genuinely perceived the necessity to fight against the risk
of deflation.® Moreover, without monetary policy shocks, the magnitude of fluctuations in the
unemployment gap increases substantially. These results suggest that unanticipated deviations
from the Federal Reserve interest rate rule over the last decade did contribute greatly to improve

macroeconomic stability.

5 Concluding remarks

This paper estimates a medium-scale DSGE model with sticky prices and equilibrium unemploy-
ment on post-1984 quarterly US data. The model allows us to estimate the path of the potential
rate of unemployment and to construct a time series for an economically meaningful measure
of the unemployment gap. The estimated unemployment gap increases during each of the three
recessions dated by the NBER over the period 1985:Q1 to 2009:Q4. The three recessions emerge
as periods during which monetary policy shocks were expansionary. A counterfactual experiment
indeed demonstrates that, in the absence of monetary policy shocks, the US economy would have
experienced periods of deflation in 2002 and 2008.

The structural analysis of the current recession presented in this paper obviously suffers
from several shortcomings. The introduction into the model of a housing sector and of financial
intermediaries would certainly improve the congruence of the model to the recent experience.
Similarly, the model cannot be used to evaluate the non-conventional monetary policy that has
been adopted by the Federal Reserve during the financial crisis. It would be interesting, for

future research, to examine how the introduction of such features would affect our findings.

6The evidence that the stance of monetary policy during the period 2002-2006 was not too expansionary is
consistent with some recent findings in ?.
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Appendix: Description of the database

The estimation is based on seven variables: per capita output, consumption and investment
in real terms, real wages, labor market tightness (i.e. the ratio of vacancy over unemployment),
inflation and the nominal short-term interest rate. I use quarterly U.S. data. All series are
downloaded from the FRED database. Following Justiniano, Primiceri and Tambalotti (2010),
I measure nominal consumption using data on nominal personal consumption expenditures of
nondurables and services. Nominal investment corresponds to the sum of personal consumption
expenditures of durables and gross private domestic investment. Nominal output is measured
by nominal GDP. Per capita real GDP, consumption and investment are obtained by dividing
the nominal series by the GDP deflator and population. Real wages corresponds to nominal
compensation per hour in the non-farm business sector, divided by the GDP deflator. Consis-
tently with the model, I measure population by the labor force which is itself defined as the sum
of official unemployment and official employment. The vacancy rate is measured by the index
of Help wanted advertising in newspapers divided by labor force. The unemployment rate is
the ratio of official unemployment over labor force. Labor market tightness is the ratio of the
vacancy rate over the unemployment rate. Inflation is the first difference of the log of the GDP

deflator. The nominal interest rate is measured by the effective Federal Funds rate.
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Table 1: Calibrated parameters

Capital depreciation rate

Capital share

Elasticity of substitution btw goods
Probability to fill a vacancy within a quarter
Exogenous spending/output ratio
Unemployment rate

Quarterly growth rate

Quarterly inflation rate

Quarterly nominal interest rate

0.0250
0.33
6.00

0.7000

0.2000

0.0575

1.0044

1.0062

1.0129
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Table 2: Prior and posterior distributions of structural parameters

Prior Posterior distributions
distribution Median Std dev 5% 95%
Job destruction rate P Normal (0.07,0.02)  0.163 0.015  0.137 0.188
Replacement rate 107 Normal (5,2) 2.745 1.284  0.275  4.584
Hiring cost/output ratio 1000(%Na:2 Normal (5,0.5) 4.642 0.428  3.887 5.362
Habit persistence in comsump.  h Beta (0.65,0.15) 0.477 0.045 0.398 0.542
Elasticity of matches to unemp. o Beta (0.6,0.1) 0.307 0.047  0.228 0.3834
Investment adjustment cost Or Normal (5,1) 1.246 0421  0.714 2.061
Capital utilization cost Pu2 Normal (0.5,0.15) 0.587 0.106  0.439 0.791
Price adjustment cost Op IGamma (80,40) 41.63 7.506  32.32 57.81
Wage adjustment cost Ow IGamma (20,20) 10.75 2.814  7.407 17.21
Price indexation S Beta (0.5,0.2) 0.166 0.063  0.085 0.288
Wage indexation 0 Beta (0.5,0.2) 0.599 0.166  0.295 0.822
Interest rate smoothing P Beta (0.7,0.15) 0.801 0.022  0.758 0.834
Response to inflation P Normal (1.5,0.2) 2.136 0.117 1921 2.328
Response to output growth Py Normal (0.15,0.05)  0.217 0.040 0.155 0.282
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Table 3: Prior and posterior distributions of shock parameters

Prior Posterior distributions
distribution Median Std dev 5% 95%
Technology growth P, Beta (0.35,0.15)  0.182 0.064  0.078 0.289

Technology growth 1000,  IGamma (0.1,2)  0.756 0.054  0.678 0.851

Monetary policy Prnp Beta (0.5,0.2) 0.483 0.183  0.195 0.808
Monetary policy 1000, IGamma (0.1,2)  0.150 0.013  0.132 0.176
Investment Py Beta (0.5,0.2) 0.940 0.022  0.900 0.969
Investment 1000,  IGamma (0.1,2)  1.886 0.293  1.450 2.476
Risk-premium P Beta (0.5,0.2) 0.946 0.017 0914 0.972
Risk-premium 1000,  IGamma (0.1,2)  0.107 0.017  0.085 0.143
Price markup Po Beta (0.5,0.2) 0.845 0.042  0.764 0.905
Price markup 1000y  IGamma (0.1,2)  0.129 0.015  0.103 0.153
Bargaining power Pn Beta (0.5,0.2) 0.550 0.077  0.399 0.660
Bargaining power 1000,,  IGamma (0.1,2) 14.41 2765 11.16  19.63
Government spending  p, Beta (0.7,0.2) 0.969 0.012  0.946 0.983

Government spending 1000,  IGamma (0.1,2)  0.353 0.023  0.317  0.390
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Table 4: Parameters derived from steady-state conditions

Employment adjustment cost ON On = MQ—TZJQ)
Discount factor B B =
Job survival rate X x=1—p
Employment rate N =1-U
Hiring rate T T=p
Mean of exogenous spending shock €g €g = 1_; 7y
Real marginal cost & £= %
Quarterly net real rental rate of capital =~ 7% K = % —146
Capital utilization cost first parameter ¢, Gy =TE
Capital /output ratio k/y % = ?—5
Investment /capital ratio i/k L=z—-1+4¢
Investment /output ratio iy i = %%
Consumption/output ratio cly 5 = é — ¢TNQJ2 — é
Vacancies V V=N §
Pool of job seekers S S=1—-xN
Matching function efficiency ¢ (=q (%)U
Job finding rate s s=¢( (%)1_0
Employees’ share of output wn/y ﬁTN =¢((1—a)— (1 —x—0Bx)oye
Bargaining power i n= % where ¥ = [5(1_a)+¢g+ﬂx¢]vm]
v
Effective bargaining power 1) )= %7
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Figure 1: Smoothed estimates of the unemployment gap
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Figure 2: Historical decomposition of the unemployment gap
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Figure 3: Effects of monetary policy shocks on inflation and the unemployment gap





