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José Miguel Alvaradoa Ernesto Pastenb Lucciano Villacortac
a

Central Bank of Chile
b
Central Bank of Chile
b
Central Bank of Chile
May 30, 2017
Abstract

Using products-level data from the Bureau of Economic Analysis of USA we develop
a econometric framework to estimate how much of the variance of the inflation rate
is attributed to aggregate and idiosyncratic shocks. While most of the inflation-rate
volatility is explained by aggregate shocks before the Great Moderation, the “granular”
component of the inflation rate is about one third of the total volatility for the period
after the Great Moderation. In addition, we find that granular component of the Core
Inflation is still significant.
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Introduction

The conquest of inflation has been a major achievement of monetary policy around the
Globe in the last decades. In many developed and emerging economies, inflation has
finally become under control, currently moving around well-defined targets typically
of 2-3% sometimes with explicit tolerance bands around them. Although low inflation
is unquestionably desirable from a welfare perspective, it poses new challenges for the
conduction of modern monetary policy: How to distinguish deviations from target
that are aggregate in nature versus those that are idiosyncratic? Such a distinction
is important given the goal of monetary policy of smoothing aggregate fluctuations
and the aggregate nature of monetary policy itself as a tool, thus more suitable to deal
with aggregate shocks than idiosyncratic shocks. In principle, there is little chance that
idiosyncratic shocks can be behind large variations of inflation because they average out
by aggregation. Thus, when inflation is high, idiosyncratic shocks are unlikely to be an
issue. However, as inflation has become low in many countries, idiosyncratic variations
of inflation, if not properly identified, may importantly mislead the conduction of
monetary policy.
This article empirically studies the importance of aggregate and idiosyncratic sources
of variation of inflation in the United States. In particular, we conduct a forensic account in the spirit of the work by Di Giovanni, Levchenko and Mejean (2014) applied
to variations of quantities exported by a country. We consider that methology useful
for our purposes on inflation. To apply it, we use disaggregated monthly inflation indexes defined in the finest categories available from 1960 to 2015. Since the measure of
core inflation is also motivated by isolating the aggregate source of inflation from that
idiosyncratic, we also conduct our analysis on the official core inflation index in the
US. As a second step, we tease out the particular channel in which idiosyncratic variations of inflation and core inflation operate: either by their ”granular” effect, i.e. the
direct effect of idiosyncratic inflation in a given category by its weight respectively in
aggregate and core inflation, or by their ”indirect” effect coming from inter-categories
spillovers.
The role of sectoral shocks in aggregate fluctuation has been largely studied so
far. There are empirical and theoretic works that claim that idiosyncratic shocks at
firms-level explain most part of aggregate fluctuations. One of the most known paper
on this topic is Gabaix (2011) who shows that since the distribution of the size of
firms is fat-tailed, the idiosyncratic shocks are not average out and, therefore, they
generate aggregate fluctuations. Other important paper on that topic is Acemoglu,
Carvalho, Ozdaglar, and Tahbaz-Salehi (2012), who find that if a specific sector is
strongly interconnected with others through input-output linkages, then idiosyncratic
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shocks can have an important effect on aggregate fluctuations. Similarly, Di Giovanni,
Levchenko, and Méjean (2014) find that the volatility of firm-specific shocks relative
to the total sales volatility is 0.8. All these works have in common that they have been
focus on aggregate sales of firms. We want to focus on another important aggregate
variable, the inflation rate. The work of Stock and Watson (2016) examines empirically
whether the measure of core inflation can be improved using disaggregate data, however
they only use 17 categories, and they do not answer the question how much relevant
are the idiosyncratic shocks on core inflation.
Our empirical approach is purely a statistical decomposition which has a variety of
advantages relative to standard methodologies to disentangle aggregate and idiosyncratic components of economic variables. Relative to a principal components decomposition, our approach isolates the variation of inflation of aggregate origin from the
aggregate effect of idiosyncratic shocks, either because of correlation of shocks or the
endogenous inter-categories linkages such that shocks in one category may affect prices
in a different category.
We find that while most of the inflation-rate volatility is explained by aggregate
shocks before the Great Moderation, the “granular” component of the inflation rate explains about one third of the total volatility for the period after the Great Moderation.
Additionally, we find that Core Inflation is not free of idiosyncratic volatility, because
the granular component of that measurement explains 27% of the total volatility.
This paper is organized as fallows: we present the econometric model in the section
two; the section three has the description of the data; the main results of this work are
presented in section four; finally, the conclusions are presented in section five.
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Econometric Model

The aggregate inflation is the weighted sum of the inflation of N products, which
corresponding to a basket of goods that households consume every period.:
Πt =

N
X

wi,t−1 πi,t

(1)

i=1

Where Πt is the aggregate inflation, wi,t is the share of the product i to the total
spending made by households in the period t, πi,t is the inflation of the product i in
the period t. We assume the the inflation of a particular product is explained by two
components, the aggregate and the idiosyncratic component:
πi,t = πta + εi,t
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(2)

where πta is the aggregate component in period t, and εi,t is the idiosyncratic shock
of the product i in the period t. Notice that the aggregate component πta affects all
the products equally.
Using the definition of the stochastic process of each product, we can write the
process of the aggregate inflation as fallow:
Πt = πta +

N
X

wi,t−1 εi,t

(3)

i=1

It means that the inflation we observe every period has a aggregate component and
a weighted sum of idiosyncratic shocks. The stochastic process of πta is potencially
serially correlated; and the process of the idiosyncratic component, εi,t , is potencially
both serial and cross-correlated.
The ultimate goal of this paper is to quantify how important are the idiosyncratic
shocks on aggregate inflation. However, due to the fact that the weights are timevariant, the variance decomposition of the process of the aggregate inflation is difficult
to analyze. In order to solve that issue we use the approach used by Di Giovanni,
Levchenko, and Méjean (2014) to make a variance decomposition of the process described in the equation (3). We define Πt|τ as the stochastic process of the aggregate
inflation in which the values of the weights are fixed over time at their τ − 1 values:
Πt|τ = πta +

N
X

wi,τ −1 εi,t

(4)

i=1

PN
The term
i=1 wi,τ −1 εi,t is what Gabaix (2011) calls “granular residuals”, with
the difference that he analyzes the idiosyncratic component of growth of firms’ sales.
That disaggregation of the inflation is similar to the decomposition used by Altissimo,
Mojon, and Zaffaroni (2009); they assume that the total inflation is a stochastic process
explains by two factor: a common factor that affects all products and a idiosyncratic
component.
The variance of the stochastic process described in (4) can be written as fallow:
2
2
σΠ|τ
= σA|τ
+ σP2 |τ + COVτ

(5)

where, given a year of reference τ , σΠ|τ is the variance of the total inflation, σA|τ
is the variance of the aggregate component of the inflation, σP |τ is the variance of the
idiosyncratic component of the inflation, and COVτ is the covariance between aggregate
2
shocks and idiosyncratic shocks. The estimation of the σΠ|τ
can be understood as a
the variance of the process (3) in the year τ . That fact can be interpreted as fallows.
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Since πta and εi,t are random variables, at the time τ Πt|τ is a random variable too.
Therefore, for each τ we are going to do a variance decomposition. The approach
of using fixed weights is used by Carvalho and Gabaix (2013), who address a similar
problem using firms’ growth sales.
2 , σ 2 , and COV . Each of these variances are
The first step is to estimate σA|τ
τ
P |τ
defined as fallows:

2
σA|τ

= V ar(πta )

(6)

σP2 |τ

N
X
= V ar(
wi,τ −1 εi,t )

(7)

i=1

COVτ

= Cov(πta ,

N
X

wi,τ −1 εi,t )

(8)

i=1

The second step is to explore the channels of the idiosyncratic variations. There
are two possible sources of idiosyncratic variations that affect the aggregate inflation:
a direct effect and a spillover effect. In other words, when a product of the CPI basket
is affected by a idiosyncratic shock there is not only a direct effect that affects the
total inflation, but that shock is also going to affect the variation of the prices of the
products that have some relationship with the product where the idiosyncratic shock
was produced. The work of Di Giovanni, Levchenko, and Méjean (2014) explores these
two channels at the firm level; they find that the spillover effect is higher than the
direct effect because of the Input-Output relationship among firms.
The variance of the idiosyncratic component of the inflation can be written as
fallows:
σP2 |τ =

N
X
i=1

2
wi,τ
−1 V ar(εi,t ) +

N X
N
X

wi,τ −1 wj,τ −1 Cov(εi,t , εj,t )

(9)

i6=j j=1

P
2
We define Dτ = N
i=1 wi,τ −1 V ar(εi,t ) as the direct component of the idiosyncratic
P PN
component of the total inflation; in the same way we define Sτ = N
i6=j
j=1 wi,τ −1 wj,τ −1 Cov(εi,t , εj,t )
as the spillover component of the idiosyncratic component. From the equation (9) we
can see that the more volatile the idiosyncratic shock of a product is, the higher the
idiosyncratic variance is. In addition, the higher the weight of a product is, the higher
the idiosyncratic variance is. Similarly, the higher (lower) the correlation between a
product and the rest of them is, the higher (lower) the idiosyncratic variance is.
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2.1

Estimation

We calculate the aggregate component ofPthe inflation in the year t as the average inflaN

π

i,t
tion of all products at the time t, π̂ta = t=1
. In order to estimate the idiosyncratic
N
shock of each product, we compute the difference between the inflation of a product
and the estimator of the aggregate component at the time t, ε̂i,t = πi,t − π̂ta . This approach to identifying idiosyncratic shocks is adopted by Gabaix (2011), Di Giovanni,
Levchenko, and Méjean (2014), and Stockman (1988) as well.
2
The estimator for σA|τ
is the variance of the time series across T periods of the
a
object πt . Similarly, the estimator for σP2 |τ is the variance of the time series of the
P
object N
i=1 wi,τ −1 εi,t . The covariance is computed as the covariance between the time
P
series of πta and N
i=1 wi,τ −1 εi,t .
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Data

The data we use corresponds to 189 products used to construct Personal Consumption
Expenditure Price Index (CPE price index) by the Bureau of Economic Analysis. We
use the lowest level of disaggregation reported in NIPA table 2.4.4U. To construct the
weights for those products we use the Personal Consumption Expenditure reported
in the NIPA table 2.4.5U. The raw data in the sample are monthly observation from
1960M1 to 2016M12. Our estimations use the annual growth rate of the CPI of each
product considering monthly frequency.
Since a implicit assumption of our econometric model is that the variance of the
aggregate component of the inflation is constant over time, we are going to use two
sub samples. The first one is the sub sample corresponding to the period between from
1960M1 and 1984M12, we call that period as before Great Moderation period (BGM).
The second sub sample corresponds to the period between 1985M1 to 2016M12, we call
that period as after Great Moderation period (AGM). The idea of analyzing these two
sub samples also can help to explore how the variance decomposition of the inflation
has changed over time.
In the further analysis we will study the subsets of products corresponding to Core
Inflation. That measure of inflation excludes food for off-premises consumption, gasoline, energy, gas and electric utilities. Core inflation is largely occupied by central
banks around the world because it excludes the more volatile products. However, what
happens if core inflation is also significantly affected by idiosyncratic variations? If
central banks are not aware of that issue, then it could lead central banks to over react
when they observe significant variations in Core Inflation. Therefore, the idea of use
Core inflation in our analysis is to see whether these excluded products contribute or
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not to explain the idiosyncratic component of the inflation. The figure (1) shows how
these measures change over time.

Figure 1: Total Inflation and Core inflation.

4
4.1

Results and Discussion
Before the Great Moderation

First, we do the variance decomposition for the BGM period. The figure (2) shows the
2 ), the variance
series of the estimator for the variance of the aggregate component (σA
of idiosyncratic shocks (σP2 ), and the covariance between both shocks (Cov) relative
to the total variance (σ 2 ). The dash lines are 95% confidence intervals 1 . While the
variance of aggregate shocks explains on average 79.6% of the total variance before
the Great Moderation, the variance of the idiosyncratic shocks only explains 3.08% of
the total variance. In terms of volatility (standard deviation), the ratio of aggregate
shocks volatility to total volatility and the ratio of idiosyncratic shocks volatility to
total volatility are 89.2% and 17.56% respectively. As we can expect, most of the
fluctuations of the inflation during that period correspond to aggregate shocks.
Something surprising appears when we look at the variance decomposition of the
idiosyncratic component. As we can see at the figure (4), the direct effect, Dτ is
higher than the idiosyncratic variance σP2 |τ because the spillover effect is negative over
time. That means that when a idiosyncratic shock affects a product, the total effect
is diminished by the spillover effect. In the further analysis we are going to give a
possible explanation for that results.
1

We compute the confidence intervals using boostrap.
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Figure 2: Variance decomposition in relatives terms of the total inflation before the Great
Moderation.

The final step before calculating the variance decomposition for the period after the
Great Moderation is to compute the variance decomposition of the Core Inflation. The
figure (5) shows that result. As we can see, the variance of the idiosyncratic component
is near to zero along that period. While the variance of the idiosyncratic component
explains on average 1.58% of the total variance of the inflation, the variance of the
aggregate component explains 94.42%. In terms of volatility, the ratio of aggregate
shocks to total volatility and the ratio of idiosyncratic shocks to volatility are 97.17%
and 12.58% respectively. It implies that food, gasoline, energy, gas and electric utilities
(the goods excluded from the Core Inflation) explains roughly a half of the idiosyncratic
variations of the total inflation before the great moderation. Despite the fact that
the variance of the idiosyncratic component of the Core Inflation has not played an
important role before the Great Moderation, we can observe from figure (5) that this
variance had been increasing over that period; on the other hand, the variance of the
aggregate component had been decreasing over the same period.
The figure (3) shows the variance decomposition in absolute terms. The blue line
corresponds to the variance of the aggregate component of the inflation. That variance
is constant over time because the estimator of πta does not depend on the weights;
therefore, for each τ , the estimator π̂ta is the same.
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Figure 3: Variance decomposition in absolute terms of the total inflation before the Great
Moderation.

Figure 4: Variance decomposition of the idiosyncratic component before the Great Moderation.
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Figure 5: Variance decomposition of the Core Inflation before the Great Moderation.

4.2

After the Great Moderation

Now we look at the variance decomposition of the period from 1986 to 2016. Figure (6)
and (7) show that result in relative and absolute terms respectively; the dash lines are
95% confident intervals. The variance of the idiosyncratic component of the inflation
on average explains 10.26% of the total variance, this number is more than three times
higher than the same estimation for the before Great Moderation period. In terms
of volatility, almost one third of the aggregate volatility corresponds to idiosyncratic
variations (the ratio idiosyncratic to total volatility is 32.04%). That result suggests
that although the total variance of the inflation has decreased after great moderation,
the idiosyncratic shocks have played an important role in the variation of the total
inflation. That last result is consistent with the result of Foerster, Sarte, and Watson
(2011). They find that the aggregate component of the volatility of the Index of
Industrial Production (IIP) decreased after the Great Moderation and idiosyncratic
shocks took on a relatively more important role after the Great Moderation. Regarding
to the covariance between aggregate shocks and idiosyncratic shocks is not as important
as it was before great moderation; in fact, that covariance is not significant distinct
from zero in many periods.
The fact that one third of the total volatility of the inflation corresponds to idiosyncratic volatility should be a matter of concern for the Federal Reserve Bank. In general,
central banks should be aware of that issue in order to not over react to idiosyncratic
shocks.
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Figure 6: Variance decomposition of the Inflation after the Great Moderation.

Figure 7: Variance decomposition of the Inflation after the Great Moderation.
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As we did for the after Great Moderation period, we compute the variance decomposition for the idiosyncratic component. The result for that decomposition is showed
in the figure (8). Similarly to the result of the period after the Great Moderation,
the variance of Dτ is higher than total idiosyncratic variance, because the covariance
related to spillover effect is negative. That result suggests that the total effect of a
specific variation on a product’s price is diminished as a result of the interconnections
between that product and the rest of them.
One possible interpretation for that last result can be conveyed as fallows. Before giving it, lets recall that the variations that we are analyzing correspond to the
price variations that are directly observed by households. Having said that, lets take
two products as an example, A and B, whose prices are pA and pB respectively. The
movement of the prices of these products can be because of movements on the demand or supply curve of each one. First, lets suppose that there is a positive shock
on the demand curve of the product A (pA increases), what happens with pB depends
on whether A and B are complementary or substitute goods; if they are complementary, then the shock on demand of A will increase the demand for B, therefore pB
will increase; if they are substitutes, the same shock will decrease the demand for B,
therefore pB will decrease. Secondly, lets suppose that there is a positive supply shock
on A (pA decreases); if they are complementary, then the shock on the supply of A
will increase the demand for B, therefore pB will increase; if they are substitutes, the
same shock will decrease the demand for B, therefore pB will decrease. Having in
consideration these different combinations of possible shocks, one possible explanation
is that supply shocks are more frequent than demand shocks and there is a higher
level of complementarity, rather supplementary, among the products of the CPI. It is
not a goal of this paper determining whether the source of the idiosyncratic shocks are
because demand o supply shocks. The only thing we can say is that that the covariance
of the idiosyncratic component of the inflation tends to be negative on average among
products, and that result holds for the period before and after the Great Moderation.
This last results differs from the results of Di Giovanni, Levchenko, and Méjean (2014).
They find that the spillover effects is positive and the variance of that effect relative
to the idiosyncratic component of the variance is 0.8 on average.
The next step is to do the variance decomposition of the Core inflation for the period
after Great Moderation. Figure (9) shows that result. The idiosyncratic component of
the Core inflation is 7.58% of the total variance. It means that the idiosyncratic variations the prices of food, gasoline, energy, gas, and electric utilities explain only about
25% of the total variance of the idiosyncratic component of the inflation. Although
the Core inflation reduce the volatility associated to idiosyncratic variations, the result
of our analysis suggests that Core inflation is not enough to measure the underlying

12

inflation because, in terms of volatility, the volatility of idiosyncratic component of
that measurement is 27.53% of the total volatility. Table 1 summarizes all the results
we have discussed.

Figure 8: Variance decomposition of the idiosyncratic component of the Inflation after the
Great Moderation.

Figure 9: Variance decomposition of the Core Inflation after the Great Moderation.
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Table 1: Summarized Results
Using all products

Using products of Core Inflation

Before Great Moderation
(1960-1984)

Before Great Moderation
(1985-2016)

Before Great Moderation
(1960-1984)

Before Great Moderation
(1985-2016)

0.8922
0.1756
0.0263
0.0052
0.0295

0.9254
0.3204
0.104
0.0036
0.0113

0.9717
0.1258
0.0246
0.0032
0.0254

1.02
0.2753
0.095
0.0026
0.0093

σA
σσ
p

σ

σA
σp
σ
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Conclusions

In this paper we develop a simple econometric framework in order to conducting a
forensic account of variations in inflation that distinguishes its origin, aggregate or
idiosyncratic. We find evidence that supports that the granular hypothesis is valid for
the inflation rate after the Great Moderation.
Our results show that the idiosyncratic component of the inflation did not play an
important role before the Great Moderation since most of its volatility is explained
by aggregate shocks. However, the volatility of the idiosyncratic shocks relative to the
total volatility is 0.32 before the Great Moderation. Even if we repeat our analysis using
only the products of the Core Inflation, we find that the volatility of the idiosyncratic
component relative to total volatility is 0.27 on average.
The fact that one third of the total volatility of the inflation in USA corresponds
to idiosyncratic volatility should be a matter of concern for the Federal Reserve Bank.
Central banks are meant to contribute to the welfare of the economy; if they do not
have a clear distinction between aggregate shocks and idiosyncratic shocks that affect inflation rates, then they could mislead the conduction of monetary policy and,
therefore, they could be not fully accomplishing their main goal.
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and aggregate fluctuations,” Econometrica, 82(4), 1303–1340.
Dupor, B. (1999): “Aggregation and irrelevance in multi-sector models,” Journal of
Monetary Economics, 43(2), 391–409.
Foerster, A. T., P.-D. G. Sarte, and M. W. Watson (2011): “Sectoral versus
aggregate shocks: A structural factor analysis of industrial production,” Journal of
Political Economy, 119(1), 1–38.
Gabaix, X. (2011): “The granular origins of aggregate fluctuations,” Econometrica,
79(3), 733–772.
Horvath, M. (1998): “Cyclicality and sectoral linkages: Aggregate fluctuations from
independent sectoral shocks,” Review of Economic Dynamics, 1(4), 781–808.
Jeske, K., and Z. Liu (2013): “Should the central bank be concerned about housing
prices?,” Macroeconomic Dynamics, 17(01), 29–53.

15

Khan, A., R. G. King, and A. L. Wolman (2003): “Optimal monetary policy,”
The Review of Economic Studies, 70(4), 825–860.
Mankiw, N. G., and R. Reis (2003): “What measure of inflation should a central
bank target?,” Journal of the European Economic Association, 1(5), 1058–1086.
Marques, C. R., P. D. Neves, and L. M. Sarmento (2003): “Evaluating core
inflation indicators,” Economic modelling, 20(4), 765–775.
Reis, R., and M. W. Watson (2007): “Relative Goods’ Prices, Pure Inflation, and
the Phillips Correlation,” Discussion paper, National Bureau of Economic Research.
Stock, J. H., and M. W. Watson (2016): “Core inflation and trend inflation,”
Review of Economics and Statistics, 98(4), 770–784.
Stockman, A. C. (1988): “Sectoral and national aggregate disturbances to industrial
output in seven European countries,” Journal of Monetary Economics, 21(2-3), 387–
409.

16

