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Explaining the evolution over time of French GDP volatility

Figure: French GDP volatility

Volatility of the cyclical component (from Hodrick-
Prescott filter) of log(real quaterly GDP)

• The Great Moderation:
Summers (2005), Cabanillas et al.
(2008), Stock and Watson (2002) or
Blanchard and Simon (2001)
• A more predictable and regular
monetary policy? Bernanke (2004),
Cabanillas et al. (2008)
• Financial innovation enabling better
allocation? Dynan et al. (2006)
• Better organization of production
chains? McConnell and Perez-Quiros
(2000)
• The share of highly volatile sectors in
the economy has decreased: Carvalho
and Gabaix (2013)
• High intra-firm volatility but low ag-
gregate volatility, due to disintegrated
innovations? Comin and Mulani (2006)
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Hulten
Carvalho Gabaix

Decomposing GDP growth into sectoral productivity shocks:
Hulten (1978)’s model

To the first order, under the hypothesis of an efficient economy, GDP growth due
to sectoral productivity growth is the sum of sectoral productivity growth
dlog(Ai,t) weighted by Domar weights λi,t defined as the ratio of sector i ’s nominal
output to GDP

dlog(Y ) =
N∑
i=1

λidlog(Ai )

A strong result:
• The impact of sectoral productivities on GDP growth is described by a single
sufficient statistics: Domar weights.
In particular, it does not depend on Input-Output linkages, substitutability between
sectors, returns to scale Baqaee Farhi

• Factor reallocation plays no role, because the economy is assumed to be efficient
• If the law of large numbers applies to the Domar weights distribution, then no
granularity effect (Lucas(1977), Dupor (1999))
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Hulten
Carvalho Gabaix

Tracking GDP volatility: Carvalho and Gabaix (2013)’s
model

Variance of dlog(Yt) =
∑N

i=1 λi,tdlog(Ai,t) Hulten’s 1st-order GDP approx.

Var [dlog(Yt)] ≈
N∑
i=1

Var [λi,tdlog(Ai,t)]+
N∑
i=1

N∑
j=1

Cov [λi,tdlog(Ai,t), λj,tdlog(Aj,t)]

Under the additional assumptions of (i) independence across distinct sectors, (ii)
"relatively stable" Domar weights and (iii) constant-over-time sectoral
productivity variance, GDP volatility can be tracked to the first-order by
Carvalho and Gabaix’s fundamental volatility indicator σF ,t

σF ,t =

√√√√ n∑
i=1

(
λi,t
)2

(σtfp
i )2

where (σ
tfp
i )2 ≡ Var [dlog(Ai,t )] variance of i ’s total factor productivity growth, and λi,t i ’s

Domar weight defined as the ratio of i ’s nominal sales to GDP
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Building the sectoral fundamental volatility
Goal: Estimating the model

σRol. 10
PIBcyc = a + b

√∑
i

(λi,t)2(σtfp
i )2 + εt

GDP volatility σRol. 10
PIBcyc : 10-year rolling standard deviation of the first-difference

of the cyclical component (from Hodrick-Prescott filtering) of the French
quarterly log(real GDP)
Sectoral data from the National Accounts, Insee: 1978-2014, A38 disaggregation
Sectoral total factor productivities à la Timmer et O’Mahoni (2009)

tfpi,t ≡ lnQi,t − [s̄Mi,t lnMi,t + s̄Li,t lnLi,t + s̄Ki,t lnKi,t ]

sMi,t =
pMi,tMi,t

pQi,tQi,t
; sLi,t =

Sali,t

pQi,tQi,t
; sKt =

OSi,t

pQi,tQi,t
; λi,i =

pQi,tQi,t

GDPnom
t

; (σtfp
i )2 = Var [∆tfpi,i ]

where Qi,t sector i ’s real production in year t, Mi,t real intermediate input consumption, Li,t
hours worked, Ki,t real capital stock, pXt price of X ∈ [Q,M, ...], Salt payroll, OSt operating
surplus, s̄Xi,t3-year moving average of sXi,t .
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Does sectoral fundamental volatility explain GDP volatility?

The fundamental volatility explains 27-35% of GDP volatility after 1986, but its
explanatory power is very low before 1986!

Model 1 2 3 4

Regressors Dependent variable: σRol. 10
PIBcyc√∑

i (λi,t )2(σ
tfp
i )2 -0.300 2.157***

(0.362) (0.717)√∑
i (λi,t )2(σ

tfp,Rol.8
i,t )2 0.0573 0.841***

(0.164) (0.232)
Constant 0.0186*** -0.0235* 0.0126*** 0.00225

(0.00648) (0.0124) (0.00241) (0.00318)

Estimation starts in 1980 1986 1983 1986
Observations 32 26 29 26
R-squared 0.022 0.274 0.004 0.353
Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1

GDP volatility features 3 structural breaks (1984,1998,2004). Once controlling
for sectoral fundamental volatility, GDP volatility features only one structural
break (1985)

Graphs Baqaee Farhi
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Firm-level fundamental volatility and aggregate volatility

Figure: Firm-level fundamental and
aggregate volatility

Firm-level fundamental volatility is based on

French tax declarations: databases SUSE and

ESANE. Aggregate volatility is based on

national accounts data.

Fundamental volatility indicator σentFt
based on firm-level productivities :

σentFt =

√∑
i

(Sit
Yt

)2
σ2ω,i,t

Yt is the sum of value added of firms in
the sample in year t, Sit the nominal
sales of firm i in year t, σ2ω,i,t the 5-y
rolling window variance of firm-level
TFP growth. TFP estimation

Our sample excludes firms in the sectors
of agriculture, banking and insurance,
mining and quarrying, refined petroleum
industries, electricity, gas,
air-conditioning, water supply and waste
management, public administration,
teaching, social work activities and
health.
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Firm-level fundamental volatilities and aggregate volatility
⇒ The change over time in firm-level productivity volatilities should be taken into
account

σentFt =

√∑
i

(Sit
Yt

)2
σ2ω,i,t

• Sit the nominal sales of firm i in year t,
• σ2ω,i,t the 5-y rolling window variance of

firm-level TFP growth. Graphs

σentFt =

√∑
i

(Yit

Yt

)2
σ2ω,i

• Yit nominal value-added of firm i ,
• σ2ω,i -constant- variance of firm-level
TFP growth (computed over 1989-2015).
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Defining consistently firm-level volatility

To study the variability of volatility over time and to
take into account firm entry/exit sample and mild
data collection issues, we define firm-level volatility
sit =

√
vit as in Thesmar and Thoenig (2011):

vit =
( Nit

Nit − 1

)( 1
Nit

t+2∑
s=t−2

g2is−
( 1
Nit

t+2∑
s=t−2

gis

)2)

Where Nit is the number of observation years for
firm i between t − 2 and t + 2 and git a measure
of production, value added, total factor productivity
or employment growth.

.0
8

.0
85

.0
9

.0
95

.1
.1

05

.1
4

.1
6

.1
8

.2

1990 1995 2000 2005 2010 2015

Production volatility (left axis)

Factors volatility (left axis)

TFP volatility (right axis)

NB: Is represented
√∑

i θi,tvi,t where
vi,t is respectively the corrected

variance of firm i ’s production growth,
factors growth and tfp growth; θi,t is
the production share in the sample
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Overall decrease in firm-level production volatility...
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NB: Is represented
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i θi,tvi,t where
vi,t is respectively the corrected

variance of firm i ’s production growth,
factors growth and tfp growth; θi,t is
the production share in the sample

From 1990 till 2010, overall downward
trend in the variance of the firm-level
production growth, of the firm-level input
usage growth and of the firm-level TFP
growth

The variance of the firm-level
production growth rates depends mainly
on the variance of the firm-level input
usage growth
No significant increase in firm-level
production, input and TFP volatilities
during the Great Recession, contrasting
with aggregate volatility Firm/agg. vol.

The variance of the firm-level total
factor productivity growth exhibits a
puzzling upward trend after 2012

The positive covariance between firm-level
input usage growth and TFP growth over
the period 1990-2012 fails since 2012
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An exploration of the determinants of firm-level volatilities
Wrap-up

Pervasive decrease in firm-level production volatility...

NB: Is represented
√∑

i θi,tvi,t where vi,t is respectively the corrected variance of firm i ’s production
growth, factors growth and tfp growth; θi,t is the production share in the sample
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A pervasive decrease in firm-level production volatility...
but an increase in TFP and labor volatility

Figure: Firm-level volatility of production,

inputs and productivity

The drop in firm-level
production volatility is
pervasive across sectors ...

and affects the whole
distribution Pervasive

"Prod vol" represents the square root
of the weighted (by the production

share) average of firm-level production
growth variances in the sample. "L.
Vol." is defined similarily except it
considers labor growth volatility, "K.
Vol." capital growth volatility, "M.
Vol." materials growth volatility, and

"TFP Vol." the volatility of total factor
productivity growth
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Determinants of firm-level production volatility
Regression model:

√
vit = α+ βXit + δj + δt + εit

With
√
vit alternatively referring to the volatility of firm-level value added or

production, δj sectoral fixed effects (firm i ∈ sector j) and δt year dummies.
Controls Xit include:

the workforce turnover defined as the sum of employees that were hired and that
quited firm the firm during the year, divided by average workforce
the investment rate (investment in tangible asset divided by value added)
dummy for exporter status
the export ratio (export sales divided by total sales)
TFP growth
a dummy if the firm belongs to a corporate group
a geographic scope variable variable (values 1 if the firm is present in only one
département, two, or more than two
a categorical variable for firm size in workforce (0 to 10, 10 to 20, 20 to 50, 50
to 250 and more than 250)
a dummy variable indicating if year t is the last year of presence of firm i
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The decrease in firm-level volatility cannot be explained by
change in composition

The drop in firm-level volatilities cannot be explained by a change in observables

Figure: Regression year fixed effects
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Does granularity explain aggregate volatility?

Figure: Volatility of large firms, of all firms and aggregate production volatility
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Accounting for aggregate volatility with firm-level indicators: taking stock

From an accounting standpoint, the variance of the growth of aggregate production Full decomp.
depends +/- on

(+) The variance of the share of exiters minus the share of entrants at each period

(-) The covariance between production growth for the continuers and the difference (share of
exiters - share of entrants)

(+) The variance of production growth of for continuers ("intensive margin") :

The variance of production growth for continuers itself depends positively on:

(+) The (? ? ?) variance of the firm-level production growth rate times the share of production by
the firm among the production of all the continuers at the previous date

(+) The covariance among different firms of the firm-level production growth rate times the
share of the production by the firm among continuers

Under the -strong- assumption that the production share of the continuing firms are less volatile than
their production growth rate, the study of (? ? ?) boils down to that of the variance of the firm-level
production growth rates (weighted by squared production shares).
The variance of the firm-level production growth rates can be further broken down and depends positively
on:

(+) The variance of the firm-level input usage growth among the continuers

(+) The variance of the firm-level total factor productivity growth among the continuers

(+) The covariance between firm-level input usage growth and firm-level total factor productivity
growth
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Conclusion

Tracking aggregate volatility with sector-level and firm-level fundamental
volatilities remains perilous

Productivity volatilities change significantly over time, both at the sectoral and
the firm-level

We document a pervasive drop in production volatility since 2007 [strictly
speaking]/ the beginnning of the 2000s [loosely speaking] till now

The pervasive drop in firm-level production volatility mirrors a simultaneous
drop in input usage volatility and productivity volatility till 2011

Firm-level employment and productivity volatilities exhibit a puzzling upward
pattern since 2011
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Baqaee and Farhi (2017)’s improvement on Hulten’s model
If the economy is subjected to several simultaneous sectoral technological shocks
(dlog(Ai ))Ni=1 with mean zero and of variance-covariance matrix Σ = (si,j )1≤i,j≤N ,
then idiosyncratic sectoral productivity shocks interact, so that:

dlog(Y ) =
∑
i

λidlogAi

+
1
2

∑
i

∑
j 6=i

[
λi

ξ

∑
k 6=j

λk (1−
1
ρj,k

) + λi
dlogξ

dlogAj
− λi (1−

1
ρj,i

)]dlogAidlogAj

+ N
N∑
i=1

λi (dlogAi )
2

where:
• λi refers to the Domar weight of sector i ,
• ξ, which is defined as the sum of Domar weigths across all sectors, can be
interpreted as an input-output multiplier,
• ρi,j corresponds to a macro-elasticity of substitution between sectors i and j ,
ρi,j ∈ [0, 1] meaning i and j are complementary, and substitutable otherwise.

Hulten Macro results
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Baqaee and Farhi (2017)’s improvement on Hulten’s model

Model (Mk )

∆y cyc
t = α+ β

∑
i

(
pQi,tQi,t

pYt Yt
)∆tfpi + γ(∆tfpk )2 + εt

• where k is a sector selected because of its strategic contribution
• ∆y cyc

t represents the first difference of the cycle of yt log real GDP,

•
pQi,tQi,t

pYt Yt
is Domar’s weight of the sector i

• ∆tfpi the growth of sector i ’s productivity.
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Baqaee and Farhi (2017)’s improvement on Hulten’s model

Model

M.-B. Khder, R. Monin To which extent does GDP volatility result from productivity volatility across sectors and firms?



Theory
Contribution of sectors to aggregate volatility
Contribution of firms to aggregate volatility

References
Appendix

Computing firm-level TFP 1/3

yit = α0 + βKkit + βLlit + βMmit + ωit + εit

where yit the log total production (sum of turnover, capitalised and stored
production) of firm i in year t; lit the log of average workforce (from tax
declarations), kit the log of capital volume, and mit the log of intermediate
consumption (raw materials, commodities, merchandises, and external costs,
that include for instance energy bills). ωit is the TFP, εit the error term.
Levinsohn and Petrin (2003) estimation: correction of the bias created by the
simultaneity between productivity (ωit) realisation and the choice of inputs lit
and mit , under the double hypothesis that (i)

{
ωi0, ωi1...ωit

}
is a Markov

process and that (ii) the demand for intermediate consumption is a function of
kit and ωit , strictly increasing with the productivity ωit .
Two step-estimation: (1) use a control function (second order polynomial) of k
and m to identify βL and βM , under the hypothesis that the capital stock k
cannot immediately adjust to contemporaneous productivity shock ωit , and that
the contemporaneous productivity shock ωit is independent from intermediate
consumption at time t − 1 (2) a proxy of ωit is used to recover the capital
coefficient βK .
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Computing firm-level TFP 2/3

yit = α0 + βKkit + βLlit + βMmit + ωit + εit

The values for turnover, value-added and intermediate consumption are deflated
respectively by the corresponding sectoral price indexes computed by the french
national accounts (level of dis-aggregation : A38).

Values for capital stock in volume are computed based on tangible assets values
reported in tax declarations (land, buildings, technical equipment and industrial
material; other tangible asset including in particular informatic and
transportation assets). Since tangible assets are accounted at their face value
when they are bought, we estimate a volume of capital by applying a the
corresponding price index at the estimated date of acquisition. This date is
estimated with the average capital vintage, obtained with the amortised part of
capital multiplied by the usual lifetime of the different tangible assets, cf inter
alia by Cette et al. (2017) recently.

Standards errors for estimates are computed with bootstrap.
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Computing firm-level TFP 3/3
Back
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Accounting decomposition of aggregate volatility 1/

Yt =
∑

f∈It yf ,t a quantity additive over firms f active in year t, such as
value-added, employment, etc
It set of firms active at time t, It,t−1 set of firms active both in t and t − 1
("continuers"), Et set of entrants in t, Xt−1 set of exiters at the end of period
t − 1, thus It = It,t−1

⋃
Et and It−1 = It,t−1

⋃
Xt−1

γ̃Yt ≡ ln( Yt
Yt−1

) = ln(
∑

f∈It yf ,t)− ln(
∑

f∈It−1
yf ,t−1) growth rate of the

aggregate quantity Y ,
γYt ≡ ln(

∑
f∈It,t−1

yf ,t)− ln(
∑

f∈It,t−1
yf ,t−1) growth rate of the quantity Y

over the set of continuers ("intensive margin")

πt,t ≡
∑

f∈It,t−1 yf ,t∑
f∈It yf ,t

share of aggregate Yt arising from the continuers

πt,t−1 ≡
∑

f∈It,t−1 yf ,t−1∑
f∈It−1 yf ,t−1

share of aggregate Yt−1 in year t − 1 arising from the continuers

λt,t ≡ 1− πt,t share of Yt arising from new entrants and λt,t−1 ≡ 1− πt,t−1 share of Yt−1
arising from exiters, both assumed to be small

γ̃Yt = γYt − ln(
πt,t

πt,t−1
)
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Accounting decomposition of aggregate volatility 2/

γ̃Yt = γYt − ln(
πt,t

πt,t−1
) ⇒ Var(γ̃Yt ) = Var(γYt ) + Var(ln(

πt,t

πt,t−1
))− 2Cov(γYt ; ln(

πt,t

πt,t−1
))

The variance of the intensive margin of Yt can be further decomposed. Let us
denote ∆yf ,t ≡ yf ,t − yf ,t−1, γYf ,t ≡

∆yf ,t
yf ,t−1

for f ∈ It,t−1 and

θYf ,t−1 ≡
yf ,t−1∑

k∈It,t−1
yk,t−1

then:

γYt = ln(
∑

f∈It,t−1

yf ,t)− ln(
∑

f∈It,t−1

yf ,t−1) = ln(1 +

∑
f∈It,t−1

∆yf ,t∑
f∈It,t−1

yf ,t−1
)

= ln(1 +
∑

f∈It,t−1

(
∆yf ,t

yf ,t−1
)(

yf ,t−1∑
k∈It,t−1

yk,t−1
)) ≈

∑
f∈It,t−1

γYf ,tθ
Y
f ,t−1

Var(γYt ) ≈
∑

f∈It,t−1

Var(γYf ,tθ
Y
f ,t−1) +

∑
f ,k∈It,t−1, k 6=j

Cov(γYf ,tθ
Y
f ,t−1; γYk,tθ

Y
k,t−1)
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Accounting decomposition of aggregate volatility 3/

We can then compute the variance of the growth of aggregate Y

Var(γ̃Yt ) = Var(γYt ) + Var(ln(
πt,t

πt,t−1
))− 2Cov(γYt ; ln(

πt,t

πt,t−1
))

The variance of the intensive margin of Yt can be further decomposed :

Var(γYt ) ≈
∑

f∈It,t−1

Var(γYf ,tθ
Y
f ,t−1) +

∑
f ,k∈It,t−1, k 6=j

Cov(γYf ,tθ
Y
f ,t−1; γYk,tθ

Y
k,t−1)

Remarque 1

Var(γYf ,tθ
Y
f ,t−1) = Cov [(θYf ,t−1)2; (γYf ,t)

2] + E [(θYf ,t−1)2]E [(γYf ,t)
2]− (E [γYf ,tθ

Y
f ,t−1])2

The equality Var(γYf ,tθ
Y
f ,t−1) ≈ (θYf ,t−1)2Var [γYf ,t ] holds only under the

assumption that θYf ,t−1 varies little and at a lower frequency than γYf ,t
Remarque 2

ln(
πt,t

πt,t−1
) = ln(

1− λt,t
1− λt,t−1

) ≈ ln(1− λt,t + λt,t−1) ≈ λt,t−1 − λt,t
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Accounting decomposition of aggregate volatility 4/

We can then compute the variance of the growth of aggregate Y

Var(γ̃Yt ) = Var(γYt ) + Var(ln(
πt,t

πt,t−1
))− 2Cov(γYt ; ln(

πt,t

πt,t−1
))

The variance of the intensive margin of Yt can be further decomposed :

Var(γYt ) ≈
∑

f∈It,t−1

Var(γYf ,tθ
Y
f ,t−1) +

∑
f ,k∈It,t−1, k 6=j

Cov(γYf ,tθ
Y
f ,t−1; γYk,tθ

Y
k,t−1)

The firm-level variance of γYf ,t can be further decomposed :

yf ,t = β̂Kkf ,t + β̂Llf ,t + β̂Mmf ,t︸ ︷︷ ︸
factors

+ ω̂f ,t︸︷︷︸
TFP

γYf ,t = γ inputsf ,t + γTFPf ,t

Var(γYf ,t) ≈ Var(γ inputsf ,t ) + Var(γTFPf ,t ) + Cov(γ inputsf ,t ; γTFPf ,t )

Accounting
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GDP and sectoral fundamental volatilities

Real cyclical GDP volatility refers to σRol. 10
PIBcyc ,

Fundam. Vol. constant sigma to

√√√√∑
i (

pQ
i,t

Qi,t

pYt Yt
)2(σ

tfp
i )2,

Fundam. Vol. 4-y. rol. sigma to

√√√√∑
i (

pQ
i,t

Qi,t

pYt Yt
)2σtfp,Rol.4

i,t

Macro results
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Various firm-level fundamental volatilities

Back
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Firm-level production volatility and aggregate volatility
Main result: Back

overall decrease in firm-level volatility since 2008
the Eurozone sovereign debt crisis has had no significant impact on our measure
of firm-level volatility, although it significantly impacted aggregate volatility
firm-level volatility from 2008 till 2015 (≈ 0.14) consistently below its
1990-2008 trend (≤ 0.14 in 2015)
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Figure: Production volatility : aggregated and firm level
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Pervasive downward trend in firm-level volatilities:
dispersion of firm-level volatilties
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Pervasive downward trend in firm-level volatilities:
manufacturing
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Pervasive downward trend in firm-level volatilities: services
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Pervasive downward trend in firm-level volatilities:
continuers only
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Summary statistics: sample
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