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A. Data Sources

With the following exceptions, all data were downloaded from the Bureau of Economic Analysis’s
web site, http://www.bea.gov/iTable/iTable.cfm?ReqID=9&step=1: the Federal funds rate was
obtained from the Board of Governors of the Federal Reserve System, and the 16+ population from
the U.S. Census Bureau. More details on the data sources are contained in Table 1. Manipulations
of the data are summarised in Table 2.

Total sectoral hours are computed as the product of sectoral employment and average hours
worked in that sector. Sectoral average labour productivity is calculated as sectoral output divided
by total sectoral hours. Sectoral average labour productivity is detrended by running a linear
regression of the logarithm of sectoral average labour productivity against a time trend. Output

is similarly detrended.


http://www.bea.gov/iTable/iTable.cfm?ReqID=9&step=1

Table 1: Data sources

Mnemonic Description
GCN nominal personal consumption of non-durable goods
GCS nominal personal consumption of service
GCD nominal personal consumption of durable goods
GDP nominal gross domestic product
PDGDP  price index for GDP
PDGCN  price index for the personal consumption of non-durable goods
PDGCS  price index for the personal consumption of service
PDGCD  price index for the personal consumption of durable goods
P16 population above 16 years old
Table 2: Matching the data to the model
Description Variable Calculation
Aggregate output Y} (GDP/PDGDP)/P16
Nondurable output Yy (GCN/PDGCN+GCS/PDGCS) /P16
Durable output Yy (GCD/PDGCD) /P16

Inflation rate
Interest rate

log(PDGDP,/PDGDP;_;)
Federal funds rate




B. Summary of Equations Describing the Model Equilib-
rium

The Euler equations are
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where ¢; = Py /P, is the price of durables relative to nondurables. Eq. (1) is the durables ac-
cumulation equation, trading off the benefits of an additional unit of durables against its cost in
foregone nondurable consumption. Eq. (2) determines the accumulation of bonds. Eq. (3) governs

the labour-leisure choice. Finally, Eq. (4) is the money accumulation equation.



The full set of equations for the model are:
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Nominal variables are normalised by dividing the aggregate price P, that is, M, = M, /P,
W, =W,/P,, Pj; = P,/ P, , Py, = P}/ P.



C. Detailed Discussion of the Benchmark Estimation

C.1. Calibrated Parameters

As in Rotemberg and Woodford (1992) and Ireland (2001), the elasticity of demand for final goods,
is set to 6 so that the steady-state markup of retail price over intermediate goods price is 20%.
The parameter u, which governs the curvature of preferences over real money balances, is set to
2.56 so that the interest elasticity of money demand is 0.39, the value estimated by Chari et al.
(2000). The parameter x, which scales real money balances in preferences, is set to 0.0001 so that
the ratio of real money balance to output is equal to 0.13, a value consistent with the ratio of M1

to GDP measured using postwar U.S. data.

C.2. FEstimated Parameters

The prior distribution of the model’s parameters are formed following the practice in the Bayesian
estimation literature. The prior over the elasticity of substitution between durables and non-
durables is a gamma with mean 0.2 and standard deviation 0.05. The mean is the same value
estimated by Beaudry and Portier (2004). The priors over the coefficients in the interest rate rule
are gamma, as in Lubik and Schorfheide (2006) and Smets and Wouters (2007), and centred on
conventional values for the Taylor rule. Priors for the autoregressive parameters in the two sectors
are beta with mean 0.7 and standard deviation 0.05. Schmitt-Grohé and Uribe (ming) use the same
distribution and mean, but a more dispersed prior. Gamma distributions are chosen for the priors
over the shocks. As Schmitt-Grohé and Uribe (ming) point out, the use of a gamma distribution,
rather than the more usual inverse gamma, allows for positive density at zero, and so allowing for
the possibility that some of the shocks simply do not matter. For the standard deviations of the
technology shocks, the means are set to 0.05 and the standard deviations to 0.025. The mean for
the standard deviation of the monetary policy shock is smaller, 0.01.

Finally, we come to the correlations among the innovations to the shocks. Theory predicts that

the monetary policy shocks should be uncorrelated with the other shocks, so this restriction is



imposed.! Of the remaining six correlations, only two are allowed to be non-zero: the correlation
between the two news shocks, and between the two contemporaneous shocks. The priors over these
four correlations are normally distributed with means of zero and standard deviations of 0.3.

Figure 1 plots the prior and posterior distributions; see the paper for the means and 90%
confidence intervals of the posterior distributions of the model’s parameters. The posterior for
the elasticity of substitution between durables and nondurables, n, is 0.2563 which means that
durables and nondurables are complements in utility. This value is larger than that estimated by
Beaudry and Portier (2004), 0.2; an implication is that the estimated value allows more substitution
between durables and nondurables than Beaudry and Portier. Table 10 reveals that estimation of
this parameter is sensitive to the prior distribution. In Table 10, the prior for 7 is uniform with a
mean of 0.99 (close to the Cobb-Douglas case). The posterior mean is around 0.85, much higher
than estimated for the benchmark model (see the paper).

The policy parameters are estimated to be slightly lower than their prior means, but are
nonetheless close to those estimated by Taylor (1993) and Clarida et al. (2000). Raising the prior
mean on the coefficient on inflation or lowering that on output has little effect on the estimated
parameters; see Tables 7 and 8.

The level of technology is estimated to be quite persistent. Nondurable sector total factor
productivity has an autoregressive parameter of 0.9248 while that for durable sector productivity
is 0.9289. Both estimates are fairly close to the conventional value used in the real business cycle
literature, 0.95. Table 9 provides estimates under more dispersed priors for these autoregressive
parameters. For both parameters, looser priors result in somewhat higher values.

In both sectors, the standard deviation of the news shock is estimated to be smaller than that
of the contemporaneous shock. The volatility of the durable sector shocks are considerably higher
than the nondurable sector shocks. Since the durable sector is considerably smaller than the non-
durable sector, durable sector shocks have a relatively small effect on aggregate output. Table 11
re-estimates the model imposing a prior with a much lower mean on the standard deviations of
the contemporaneous shocks; Table 12 repeats the exercise for news shocks. In both cases, the

model’s estimates are little changed.

1Unconstrained estimation reveals that these correlations are insignificantly different from zero.



Turn next to the correlations between the shocks. Recall that the priors over these correlations
are quite disperse, allowing the data to speak more forcefully. The correlation between the two
news shocks is large and negative (—0.5811), as is that between the two contemporaneous shocks
(—0.5792). These last correlations stand in contrast to the two sector interpretation of the one
sector growth model in which the correlation between the shocks in the two sectors is necessarily
one.

There is a final parameter to comment upon: p, the number of periods in advance that a news
shock is revealed. The model is estimated for a variety of values for p; the benchmark estimation

corresponds to p = 7 which maximises the (log) data density.



Fig. 1: Prior and posterior distributions
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C.3. Complete Sets of Impulse Responses

Figures 2—4 present full sets of impulse responses to nondurable good sector shocks, durable good

sector shocks and a monetary policy shock, respectively.



Fig. 2: Responses to nondurable good sector shocks
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Fig. 3: Responses to durable good sector shocks
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Fig. 4: Responses to a monetary policy shock
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D. Sensitivity Analysis

D.1.  The Sources of Pigou Cycles

As seen in the paper, Pigou cycles develop in response to nondurable sector news shocks (but not
durable sector news shocks). What model features account for the Pigou cycles? This section

assesses the roles of our key modeling assumptions in accounting for Pigou cycles.

D.1.1.  Nominal rigidities

Figure 5 presents impulse responses for a nondurable sector news shocks for various settings of

price rigidities. The alternatives were chosen as follows:

1. Klenow and Malin (2011) report a mean duration of 8.0 months for regular price changes of

all goods (that is, durables, nondurables and services). In this case, w. = wy = 0.625.

2. Bils and Klenow (2004) report that 29.8% of durables prices, and 29.9% of nondurables
prices, change in a month. These fractions imply an average duration of prices of 3 1/3

months, and so w. = wg = 0.106.

3. Klenow and Malin (2011) report average price durations for regular and sale price changes;
they are 3.0 months for durables and 5.8 months for nondurables. These durations lead to

wg =0 and w, = 0.48.

Setting w, = wy = 0.625 delivers results quite similar to the benchmark model. When prices in
both sectors are more flexible — w, = wy = 0.106 — the response of the nondurable sector are quite
modest until the shock takes effect. When durables prices are flexible (but nondurables prices are
not), there is a small bust in the durables sector just prior to the realisation of the shock. So, apart
from the flexible durables price case, our Pigou cycle results are not sensitive to other, reasonable
settings for nominal rigidities. Figures 6-8 give more detailed presentations of these different price
rigidity settings for both nondurable sector news and contemporaneous shocks.

To further investigate the effects of durable sector price rigidities, Figure 9 keeps nondurable

sector price rigidity at its benchmark value, varying durable sector rigidity. This figure shows that
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Fig. 5: Responses to nondurable good sector news shock: alternative assumptions regarding nominal
rigidities
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Fig. 6: Responses to nondurable sector shocks: w. = wg = 0.625
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Fig. 7: Responses to nondurable sector shocks: w. = wg = 0.106
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Fig. 8: Responses to nondurable sector shocks: w. = 0.483, wg =0
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as durables prices become more flexible, durables sector output starts to decline in the period prior
to the realisation of the shock, although the ‘announcement’ effect of the shock is still positive.
The Pigou cycle results are driven by how sharply the relative price of durables rises: When the
increase is moderate, Pigou cycles emerge as households buy up durables before their price rises
too much; when the relative price rise is fairly sharp, durables output falls prior to the realisation
of the shock as households put off their purchases of durables in anticipation of the subsequent fall
in the relative price of durables.

Finally, Figure 10 presents responses to a nondurable sector news shock for the benchmark
model along with the case in which prices are flexible in both sectors. When prices are flexible, the
relative price of durables remains at its steady state value until the news shock actually takes effect
at t = 0. Nondurable sector output also remains at its steady state value while output of durables
starts rising before the shock takes effect. Since durables are relatively long lived, households buy

up durables before the shock takes effect, when the price of durables rises sharply.
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Fig. 9: Responses to nondurable good sector news shock: alternative assumptions regarding durable

sector nominal rigidities, w. = 0.64
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Fig. 10: Responses to nondurable good sector news shock with and without nominal rigidities
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D.1.2.  Monetary policy

Figures 11 and 12 plot the responses to a nondurable sector news shock for alternative weights
on inflation and output in the interest rate rule. When monetary policy responds more strongly
to inflation (Figure 11), a nondurable sector news shock is initially associated with a bust in the
nondurable sector, and so no Pigou cycle. Similarly, when the interest rate responds to output is

muted (Figure 12), the nondurable sector again declines upon receipt of the news shock.
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Fig. 11: Responses to nondurable good sector news shock under

the interest rate rule
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Fig. 12: Responses to nondurable good sector news shock under alternative weights on output in

the interest rate rule
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D.1.3.  The elasticity of substitution between durables and nondurables

Figure 13 gives the full set of impulse responses to a nondurable sector news shock for various
alternative values of the elasticity of substitution between durables and nondurables, 7. Increasing
this elasticity to 0.5 leads to a durable sector bust in the 3 quarters prior to the realisation of the
news shock. When the elasticity is 1, it is only in the period that the news shock is ‘announced’
that the durable sector experiences a slight boom. By the time the elasticity is increased to 2, the
durable sector experiences a bust upon receipt of the news shock with this bust lasting until the

realisation of the shock at ¢ = 0.
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Fig. 13: Responses to a nondurable good sector news shock: alternative assumptions regarding the

elasticity of substitution between durables and nondurables
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D.1.4. Related literature

Two papers deserve special mention. Kobayashi and Nutahara (2010) also focus on the role of
monetary policy in generating Pigou cycles. They use a one sector New Keynesian model with
investment adjustment costs and sticky prices. There are a number of key differences between
Kobayashi and Nutahara and the current paper. First, they provide little justification for their
parameter choices whereas we use a combination of calibration and estimation which imposes
considerable discipline on our analysis. Second, they do not address the comovement problem.
Christiano et al. (2008) build a model with real frictions (internal habit persistence and invest-
ment adjustment costs) as well as nominal rigidities (both wage and price stickiness). Their chief
finding is that an inflation targeting central bank along with nominal wage rigidities lead to Pigou
(boom-bust) cycles. This finding contrasts with our finding that inflation targeting central banks
do not experience Pigou cycles. In both cases, an inflation fighting central bank ends up smoothing
fluctuations in a relative price — the real wage in Christiano et al., the relative price of durables in
this paper. Consider a positive news shock and an inflation fighting central banker. In Christiano
et al., such a shock necessitates an increase in the real wage. With wage stickiness, it takes time
for the nominal wage to adjust, and with an inflation fighting central bank, the price level cannot
do the job very quickly. Consequently, the real wage is lower than it “should” be, firms hire more
workers, and a Pigou cycle results. In our paper, a news shock under an inflation fighting central
bank leads to a moderately increasing path for the relative price of durables. As discussed above,
under such a scenario, households do not buy up durables in anticipation of much higher prices
down the road. As a result, there are no Pigou cycles in our model for this scenario; it is only
when the central bank weakly targets inflation that the path of the relative price of durables rises
rapidly, households push up their purchases of durables, and a Pigou cycle results. In a sense, the
mechanics in the two papers is the same: an inflation fighting central bank limits movements in a
relative price.? The difference is which relative price is affected, and whether or not Pigou cycles

occur.

2In Christiano et al. (2008), the relative price of capital goods is not constant due to the investment adjustment
costs. In their paper, if households tried to purchase more capital goods, this would simply push up the effective
price of capital goods since the adjustment costs would increase.
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D.2.  Cash-in-advance Constraint

To evaluate the role played by money-in-the-utility function, suppose that money demand is mo-

tivated instead by a cash-in-advance constraint. Replace preferences by

Ey» BU(C,Di,N,), 0<p<1 (5)
t=0

where U is as in the paper except for the omission of the real balances. In addition, the household

now faces a cash-in-advance constraint that applies to purchases of both durables and nondurables:
P.C,+ Py [Dy— (1 —=6)D;1] < My_4. (6)

Estimates of the cash-in-advance model are presented in Table 3. The estimates are broadly
similar to those obtained for the benchmark model. The parameters governing total factor pro-
ductivity — the news and contemporaneous shocks — are very similar across the two estimations.

Figure 14 presents impulse responses for a nondurable sector news shock for both the estimated
cash-in-advance model as well as the benchmark money-in-the-utility-function model. Overall, the
responses of the cash-in-advance model are qualitatively similar to those obtained with money-in-
the-utility function. In fact, the responses of most variables are amplified relative to the benchmark

model, generating a more robust Pigou cycle.
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Fig. 14: Responses to nondurable sector news shock: money-in-the-utility function (MIUF) com-

pared to cash-in-advance (CIA)
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D.3.  Resolving The Comovement Problem

In the interests of exploring reasonable alternative settings, three different values for w. and wy
are considered as described in Section D.1.1. Of these settings, it is only when durables prices are
flexible does the comovement problem arise. Even a small amount of price stickiness is enough, in
our model, to resolve the comovement problem — at least on impact; see Figure 15.

Figure 16 shows that our resolution of the comovement problem is relatively insensitive to
changing the elasticity of substitution between durables and nondurables, holding price stickiness
at its benchmark values. Figure 17 presents impulse responses for various elasticities of substitution
between durables and nondurables when w. = wy = 0.625. Figure 18 does much the same for
we = wg = 0.106; Figure 19 for w. = 0.48 and wy = 0.

Most papers in the literature addressing the comovement problem, starting with Barsky et al.
(2007), assume a Cobb-Douglas aggregator over durables and nondurables.® Figure 20 sets the
elasticity of substitution very close to Cobb-Douglas, then runs through the alternative settings
for price rigidities. As with the benchmark model, the comovement problem emerges only when
durables prices are flexible.

Figures 21-23 vary the parameter 1 (which governs the elasticity of substitution between
durables and nondurables) between 0.5, nearly 1, and 2. For each figure, durable sector price
rigidity is set to 0.3, 0.2, 0.1 and 0 with all other parameters at their benchmark values. The mes-
sage to take away is that smaller values of 1 (less substitutability between durables and nondurables
in preferences) resolve the comovement problem for lower durable sector price rigidity.

The literature typically assigns a low value to the depreciation rate of ‘durables’ (perhaps
because housing is implicitly included in durables). Figure 24 explores the implications of a lower
value for the depreciation rate, §. This figure presents impulse responses for a nondurable sector
news shock, varying the degree of durable sector price rigidity, holding all other parameters at

their benchmark values. Our resolution of the comovement problem is insensitive to this setting of

3There is no particularly compelling reason to think that this elasticity should be equal to one; an elasticity
different from one is quite consistent with balanced growth, for example. It should also be kept in mind that the
estimated elasticity, 0.2563, is somewhat larger than that estimated by Beaudry and Portier (2004) in their early
work on Pigou cycles.
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the depreciation rate. Figure 25 in addition sets the elasticity of substitution to the Cobb-Douglas
case, as in the literature. In this case, the results are similar to those in Figure 22 which also

presents the Cobb-Douglas case, but for our benchmark setting of the depreciation rate.
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Fig. 16: Responses to a monetary policy shock: different elasticities

and nondurables
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Fig. 17: Responses to a monetary policy shock: different elasticities of substitution between durables

and nondurables, w. = wg = 0.625
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Fig. 18: Responses to a monetary policy shock: different elasticities of substitution between durables
and nondurables, w. = wg = 0.106
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Fig. 19: Responses to a monetary policy shock: different elasticities of substitution between durables
and nondurables, w. = 0.48, wg =0
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Fig. 20: Responses to a monetary policy shock: higher elasticity of substitution between durables
and nondurables (n = 0.9999), varying degrees of durable sector nominal rigidity
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Fig. 21: Responses to a monetary policy shock: n = 0.5, varying degrees of durable sector nominal
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Fig. 22: Responses to a monetary policy shock: n = 0.99999, varying degrees of durable sector

nominal rigidity
(a) Nondurable Production
02

0 bl LA
P
-0.2
-04
0.6 ‘X t ®;=0.3 ——
% 3 =02
038 ¥ 0=0.1 ———
= Q)d:O ..........

-1

-1 0 1 2 3 4 5 6 7 8

(d) Stock of Durables

0.15
0.1

0.05 |

0§ S E——

-0.05
0.1

-10 1 2 3 4 5 6 7 8

(9) Nondurable Sector Inflation
0.05
0
-0.05
-0.1
-0.15
R
-0.25
-0.3
-0.35
04

-1 0 1 2 3 4 5 6 7 8

=}

%
e
re—

0.(2) E .

-10 1 2 3 4 5 6 7 8

(m) Nondurable Sector Real

Marginal Cost
0.2
0
-0.2
04 1
06 1 \&
0.8 '//
-1
-1.2
-1.4
-1.6

T

-1 0 1 2 3 4 5 6 7 8

(b) Durables Production

-1 01 2 3 45 6 7 8

(e) Relative Price of Durables
02

0
-0.2
-0.4

-0.6 ‘x [1

0.8 ¥

a1 %
1.2

-1 01 2 3 4 5 6 7 8

(h) Durable Sector Inflation
1

0.5 ;k ¥,

0 y\
0.5

-1
-15

1012345678
(k) Durable Sector Markup
1

0.8
0.6
0.4
0.2 1/ /\
0
-0.2

-1 01 2 3 45 6 7 8

(n) Durable Sector Real Marginal

Cost
0.2
0
-0.2
04 {1\
-0.6 \\ g/
0.8 /)
-1
-1.2
-14
-1.6

-1 0 1 2 3 4 5 6 7 8

39

(¢) Aggregate Output

-0.4

1012345678
(i) Owerall Inflation

0.2
0.1

Fae
0
,01 |
-0.2 1
-0.3 4
-0.4 4
-0.5 1
1 01 2 3 4 5

-0.6

6 7 8

(1) Nominal Interest Rate
038 |

0.7 4
0.6
0.5 1

o5 | 1
' 1"&
l \

s

i\:

0.3
0.2
0.1 1
0

-1 0 1 2 3 4 5 6 7 8

(o) User Cost of Durables
0

T P

0.1 1 G
02 \‘ l/
0.3 1 % £
0414 ﬁ.f
0.5 1 3

061 ¥
074 ¥
0.8

-1 01 2 3 4 5 6 7 8



Fig. 23: Responses to a monetary policy shock: n = 2, varying degrees of durable sector nominal

rigidity
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Fig. 24: Responses to a monetary policy shock: 6 = 0.01, varying degrees of durable sector nominal
rigidity
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Fig. 25: Responses to a monetary policy shock: 6 = 0.01, n = 0.99999, varying degrees of durable

sector nominal rigidity
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E. Estimates using Alternative Priors

Tables 4 to 6 show that the estimated parameters are not particularly sensitive to reasonable
alternative settings of the price rigidity parameters.

Table 7 imposes a higher mean on the prior for the interest rate coefficient on inflation, p;.
This change leads to somewhat larger estimates of the interest rate coefficients, p. and p,. In
Table 8, the prior on the output parameter in the interest rate rule, p,, is centred on a lower mean;
the primary effect of this change is to lower the two policy parameters, p, and p,.

Table 9 presents estimates when the prior for the mean of the autoregressive coefficients of
the technology shocks are increased; the proximate effects are to raise the estimates of these
autoregressive coefficients.

Table 10 imposes a more diffuse prior on 7, the elasticity of substitution between durable and
nondurables. This change has few effects on the estimated coefficients apart from a larger estimate
of n.

Finally, Table 11 lowers the mean of the standard deviations of the two contemporaneous shocks
while Table 12 does the same for the standard deviations of the news shocks. In both cases, the
changes in the estimated parameters are minor.

In summary, the estimated coefficients are not too sensitive to either alternative settings for
price stickiness, or alternative priors for the model coefficients.

Table 13 presents results estimating all of the shock correlations. The correlations with the
monetary policy shocks are generally close to zero.

Table 15 in addition estimates the degree of price stickiness in both sectors; for both sectors, the
estimated probability of non-reoptimization is higher than implied by Klenow and Malin (2011).
Although impulse responses are not presented for this case, in our previous work the higher degree
of price stickiness was found to improve our results.

Tables 16 and 17 estimate the degree of price stickiness as well as imposing various zero con-
straints on the correlations among the model’s shock innovations. These restrictions do not change

the parameter estimates very much.
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