The Impact of Regulation on Innovation

Philippe Aghion (College de France and LSE)
Antonin Bergeaud (Banque de France & CEP, LSE)
John Van Reenen (LSE and MIT)

Michigan Labor/PF
November 2022

39 32 X0 3 3530 37 30 39 4D 47 A2 40 64 45 40 47 43 48 S0 51 53 1 54 55 50 5753 5 00 61 6353 54 05 00 67 0 56

J

Programme on :
Innovation and Diffusion 4 /v

Employment

I Share of innovative firms at different employment level cz=z=



Introduction

A Long-standing question: how does regulation affect
economic performance?

I In particular, does labor regulation inhibit innovation?




Introduction
A Long-standing question: how does regulation affect
economic performance?
I In particular, does labor regulation inhibit innovation?

A We develop a heterogeneous firm macro framework with
endogenous innovation to study how regulation affects the
joint distribution of firm innovation & size.

I Implement on micro panel data on French firms




France has tough Employment Protection Laws,
but do these really cause economic problems?
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Ref orm AI

France strikes
over pension




Empirical Contribution

A Many regulations are dependent on firm size & this creates
discontinuities that are helpful for identification

A In France, many important labor regulations begin at 50
employees

Creation of fcoamugdkd ecnoturngepirlios
Firm has to offer union representation

Health & safety committee

Profit sharing scheme

Spend minimum % revenues on worker training

Coll ective dismissal requ-ir
employment through training, job search, etc.
Negotiated/monitored by unions & Labor Ministry



Firm Size Distribution (log-log scale) follows
Nnbroken power | awo at r e

Number of Firms (scale in logs)

| | |
1 9 50 100 1000
Employment

Note: Population FICUS data. Both axes on log scale. Another (smaller)
Increase in regulations at 10 employees, so we focus on 10+ sample.
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FIRM SIZE DISTRIBUTION: US DOES NOT HAVE A
BREAK AT 49 WORKERS LIKE FRANCE
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Summary of Paper (1/2)

A Consistent with the qualitative predictions of the theory, in
the data we find evidence that regulation discourages
Innovation through an implicit tax when crossing threshold:

I Static Non-parametric analysis

AS e dnndvation valleyd i n i nfimosizeat i on
relationship just before the threshold

ASee a fall in the slope of in innovation-firm size
relationship after crossing threshold




Summary of Paper (1/2)

A Consistent with the qualitative predictions of the theory, in
the data we find evidence that regulation discourages
Innovation through an implicit tax when crossing threshold:

I Static Non-parametric analysis

AS e dnndvation valleyd i n i nfimosizeat i on
relationship just before the threshold

ASee a fall in the slope of in innovation-firm size
relationship after crossing threshold

I Dynamic parametric analysis:

AExploit exogenous export market size shocks. These
stimulate innovation (e.g. Acemoglu & Linn, 2004),
but much less so for firms just below regulatory
threshold
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Summary of Paper (2/2)

A Structurally quantifying model parameters, we find that:

I Aggregate Innovation is ~5.8% lower due to
regulation

I Decompose aggregate effect into components

AVast majority of this effect due to less innovation
per firm, but some contribution from shifting size
distribution to left (misallocation) & lower entry

ACalculate lower bound to welfare loss (~2.3%),
approximately doubling the static losses
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Summary of Paper (2/2)

A Structurally quantifying model parameters, we find that:

I Aggregate Innovation is ~5.8% lower due to
regulation

I Decompose aggregate effect into components

AVast majority of this effect due to less innovation
per firm, but some contribution from shifting size
distribution to left (misallocation) & lower entry

ACalculate lower bound to welfare loss (~2.3%),
approximately doubling the static losses

A Extension: Our effect mainly via reducing incremental
Innovations. Extend theory to allow for different types of
R&D. For firms just below threshold, if they innovate,

they AaSwing for the fenceo

12



SOME RELATED LITERATURE
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Chevalier (2011); Garicano et al (2016); Gourio & Roys
(2014); Haltiwanger et al (2014); Kahn (2007); Samariego
(2006);

A Market size & innovation: Acemoglu & Linn (2004);
Schmookler (1966); Shieifer (1986); Barlevy (2007); Aghion et
al (2018), Acemoglu et al (2018)

A Size-related Distortions & Productivity: Restuccia &
Rogerson (2008); Hopenhayn (2014); Hsieh & Klenow (2009)

A Tax: Chetty et al (2011), Kleven & Waseem (2013); Akcigit et
al (2022); Akcigit & Stantcheva (2022)
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Data

A FICUS: Universe of French firms between 1994 - 2007
I Mandatory fiscal returns of all firms

A PATSTAT: 80 patent offices (USPTO, EPO, JPO, etc.). Match
to French firms using supervised Machine Learning algorithm
(Lequien et al, 2018). Priority applications

A Customs data on all exports (with origin-destination product-
country) 1994-2012 matched to firm level. UN COMTRADE



Share of innovative firms by firm size: Innovation
valley before 50 threshold & flattening slope after

Share of Innovative Firms
-

Employment

Notes: Share of firms with at least one priority patent in 2007; 182,347 firms
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Basic Framework

A Schumpeterian growth + Klette-Kortum (2004) firm dynamics.
Add in regulatory marginal tax,T, for firms > 49 workers.

A Continuum of product lines/varieties, n, indexed by j, each
produced monopolistically by most recent innovator on line |
using labor

A Fi r mdosation (Z;, Poisson arrival rate) depends on its R&D
spend, R, (& knowledge stock reflected in in size, n,)



Basic Framework

A Schumpeterian growth + Klette-Kortum (2004) firm dynamics.
Add in regulatory marginal tax,t, for firms > 49 workers.

A Continuum of product lines/varieties, n, indexed by j, each
produced monopolistically by most recent innovator on line |
using labor

AFirmoés i ZnpPoissantairi@lrate] depends on its R&D
choice (& knowledge stock reflected in in size, n)

A Every product line subject to risk of creative destruction at
prob. x by rival incumbents innovating or by new entrant (& )

A An innovating firm improves productivity by  p over existing
technology on one random product (now produces n + 1 lines)
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Lifecycle of a firm

A For expositional purposes, consider owner that lives 2 periods
(firms can live forever)

I Before period 1, the owner inherits a firm of size n
I In period 1 she chooses her innovation intensity, z

I In period 2, she chooses inputs & takes profits. Owner dies
and successor takes over firm

A In general model (Appendix C.3) we allow owners to live
multiple periods and same intuitions go through



4) with productivity A,

Firm | produces single line (]

Productivity on line A,

Product line j

Firm |

(a 1 line firm)



Firm i6has 3 lines (j = 1,2,3) with productivities (A ;A &4 3 3

Productivity on line A

R e e B I T T —— -h

o Firm i Product line j
Firm io(a 3 line firm) (a 1 line firm)



Firm 1 innovates and enters line 3 with productivity A;=2A, ;-

Productivity m

on line A j=1 j

R e e B I T T —— -h

‘ Y ' Firm i Product line |

Firm i6(a 3 line firm) (a 1 line firm)




Creative destruction: Firm i limit prices atfirmidos mar g i
cost displacing firm ioon line j =3 m

A

Productivity j=1 j=2 j=3 j=4
on line A, ! | | |
e
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Y Product line j
Firm i (now a

Firm i6(now a n=2 line firm)

n=2 line firm)



FIirmd0s probl em

A If firm employment exceeds threshold &i(=49; or equivalently
produces more than € lines), it incurs a tax on profits, t



FIirmd0s probl em

A If firm employment exceeds threshold &i(=49; or equivalently
produces more than € lines), it incurs a tax on profits, t

A The firm chooses z (R&D per line) to maximize NPV:

Flow profit per line today

+ next period Discounted Incremental profit from innovating
(if no innovation) (prob = z) & producing n+1 lines
—— A

( \
p T “€) T @ pE p) €1
I we p (e p) 7))
. J
Discounted Incremental loss from being replaced  R&D cost
(prob = x) by another firm & producing n -1 lines

xEAOR) p -ifn<t Al AR) (p -)(p Difn &
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FIirmos opt i maperlinenzinp=v(Aar):.i o
Three Regimes

Small firms r o)
Well below threshold r QN ¢ p
Medium firms 00 ¢ 0

Just below threshold

Big firms e~ 3 .
above threshold QK ¢

¢ is the regulatory threshold



FIirmos opt i maperlinenzinp=v(Aar):.i o
Three Regimes

Innovation step size

Small firms T r o)
Wellbelowthreshold( : ) QN ¢ p

f

Parameters in the R&D cost function:
—is a scale & — a concavity parameter




FIirmos opt i maperlinenzinp=v(Aar):.i o
Three Regimes

Small firms i D T

Well below threshold C r ) QN ¢ p
Medium firms IT P P € o v~ 3 \

Just below threshold ( P— — > Q) ¢ P
Big firms (] P P T o e~ 7 .
above threshold ( - > Q8 ¢

¢ is the regulatory threshold



Fig. 3(a): Firm Innovation (Z) and Firm employment

Innowvation
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Motes: This is the total amount of innovation (Z({mn)) by firme of different sizes (employment, L = n/{yw)) by ageegat-
ing innovation intensities z({n) across all its product limes (n) according to our baseline theoretical model. The y-axis is
the Poisson innowation flow rate (the probability of innowvating and edding a lime. We use our baseline calibration wvalues of
tau—0.025, pamma—1.3, eta—1.56, beta/meta—>023 and omega—_0.26 for illustrative purposes (ees section 4 for a discussion).



Fig 3(a): Two types of firm-level Innovation losses

Innowvation
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Motes: This is the total amount of innovation (Z({mn)) by firme of different sizes (employment, L = n/{yw)) by ageegat-
ing innovation intensities z({n) across all its product limes (n) according to our baseline theoretical model. The y-axis is
the Poisson innowation flow rate (the probability of innowvating and edding a lime. We use our baseline calibration wvalues of
tau—0.02Z5, gamma—1.3, eta—1.56, beta/ meta—023 and cmega—0.26 for illustrative purposes (eee section 4 for a discussion).



Fig 3(a): 2 types of firm-level Innovation losses

Innowvation
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Motes: This is the total amount of innovation (Z({mn)) by firme of different sizes (employment, L = n/{yw)) by ageegat-
ing innovation intensities z({n) across all its product limes (n) according to our baseline theoretical model. The y-axis is
the Poisson innowation flow rate (the probability of innowvating and edding a lime. We use our baseline calibration wvalues of
tau—0.02Z5, gamma—1.3, eta—1.56, beta/ meta—023 and cmega—0.26 for illustrative purposes (eee section 4 for a discussion).



Fig 3(b): Steady State Firm Size distribution
with and without regulation

Employment distribution

E:Economyé

m— With tax
mm Without Tax

| |
2 5 10 20 a0 40 50 100 150
Employment

Note: €(n) is # firms of exactly size n. In steady state inflows equal outflows & we
can describe law of motion of €(n).



Fig 4: Putting it all together - aggregate Loss of
Innovation as a function of regulation

Figure 4: Agpgregate economy-wide innovation as a function of the intensity of regpulation
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MNotes: We simulate the amount of aggregate innovation in different economies relative to an unregulated benchmark econommy
as the imensity of regulation changes as indicated by the magnitude of the implicit tex (7). For example, if = = 2%, aggregate
innovation is about 0.96 relative to the benchmark, ie. 4% lower. Parameter values are the same in regulated and megulated
economies (as in notes to Figure 1) except we vary the value of .
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Measuring exogenous shock to market size

AConstruct demand shock base
overseas market size (Hummels et al, 2014):

A French customs data gives us exports of all firm i6 s
(HS6) products s to destination country j attime t

AFirmés export sthisorse i n base

A We interact this weight (¥isw0) With growth in imports
(Y'Q;i) of this country-product (excluding France), to

construct the IV

Y L 1 ark YGg

hv o

A Where ,  is initial exports/sales



Patent Growth Equation

)’ooh L[YYh z (X ]J ® YY; o A,
oYY zo( 1(@ )] ww( i(@ ) r T 7

Z o = 1if firm has between 45 and 49 employees & zero
otherwise; a = firm employment;
Z 0(1 T¢ ) polynomial to flexibly control for size

Z [ =industry dummies; t =year dummies

A Key Hypothesis: @ Tt firms increase innovation by less
to a positive shock when just below the threshold

APatent growth in ADHSO for m:

Y-t _-:F-E—I . Fs . -
AY;, = { vy, iYi+Yi >0

0 otherwise
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Tab 2: Demand shocks have weaker effects on
Innovation just below the regulatory threshold

(1)

.l;"-.lll'!.:'!'ufl'! 5 |r:' 7

£

Shock,_o

log(L)s—2
Shocky o = log(L);—2
.r--_f,n[f.];" 2

Shock, o = log( L ]'f 2

Alog( L) 2

Fixed Effects

Sector x Year v
Firm
Number Ohs. 142 474

Note: SE clustered by 3-digit industry. All models include 3-digit industry dummies
and year effects



Tab 2: Demand shocks have weaker effects on
Innovation just below the regulatory threshold

(1) (2)
Shocky - = Ly 4
£
Shock,_o 1. 476"
(2.034)
log(L)—_o -0.049

N3RS

Shock,_o = log(L);_2
.rr-_f,n[f.];" 2
Shock, o = log( L ]'f 2

Alog( L) 2

Fixed Effects

Sector = Year v v
Firm
Number Obs. 142 474 142 474

Note: SE clustered by 3-digit industry. All models include 3-digit industry dummies
and year effects



Tab 2: Demand shocks have weaker effects on
Innovation just below the regulatory threshold

(1) (2) (3) (4) (5) (6) (7)

|.‘-.|'J'i:r}r'i-! 2% LT, 5.018**  _6.135%FF 5 EREFF g 5G0* |
(2.920)  (2.195)  (2.264)  (2.758)
L, 0.043 0077 0060 0011

(0.104)  (0.120)  (0.107)  (0.185)

4476 7307 1418**  5203%F 6130 5547
(2034) (6.364) (0.512) (2483)  (6.258)  (2.306)
0049 0.017 0057 -0.026  0.111
(0.038)  (0.162) (0.036)  (0.162)  (0.189)

Shock,_o

log(L)—2

Shock;_ = log( L);—2 -6.061 2.025%* 5305 21234
f (4.603) (0.816) (4.526)  (0.807)
log(L)? -0.005 -0.005
(0.029) (0.029)
Shock, o = log| f.jf" 2 1097 1.175
(0.759) (0.749)
Alog(L);—2
Fixed Effects
Sector x Year s “ v v W ¥ v
Firm v
Number Obs. 142 474 142474 142474 142 474 142 474 142 474 142 474

Note: SE clustered by 3-digit industry. All models include 3-digit industry dummies
and year effects



Fig 6: Implied Marginal effect of demand shocks on
Innovation by firm size

Total Marginal Effect of the Shock
8-

Employment

Note: These are based on the specifications in column (5) of Table 2
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Aggregate Effects

A So far, checked the qualitative implications of the model

A Can also use model to calculate regulation effects on
aggregate innovation

A Calibrate parameters from literature, moments form
French data, etc.



Quantifying Parameters (°

‘able 3)

Name Para |Baseline Source
meter | Value
(sensitivity)
Concavity of the — 1.5 Dechezlepretre et al (2022). Function of
innovation cost (1.3,2.0) Elasticity of patents with respect to R&D
function
Innovation step I 1.3 Aghion et al (2019a). Aggregate price-cost
Size (1.2,1.5) mark-up
Discount I 7— |1.66 Long-run growth rate of the French
factor/scale (1.4,1.9) economy
parameter
Regulatory implicit T 0.026 Fall in slope of innovation-firm size
tax (0.01,0.05) relationship for big firms (after threshold)
compared to small firms (given -)
Output adjusted d 0.22 Firm size distribution (slope of power law
wage (0.19,0.25) steeper in log-log space when 5 larger)




Aggregate Innovation falls by about 5.8%
(estimated tax of 2.6%)

Total nnovation (no tax = 1)
1 1. ' : H

Tax

Note: Model uses parameters as estimated in Table 3.



Aggregate Innovation falls by about 5.8%
(estimated tax of 2.6%)

Total nnovation (no tax = 1)
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Note: Model uses parameters as estimated in Table 3. In sensitivity tests range of
innovation losses are between 1.3% and 10.1%.



Decomposing aggregate effects (shijt share
relative to unregulated economy, Z(U=0)

aF |

Z(1)-Z2(0)

(7(n.7) — 7 N gl 0) Lower firm innovation (evaluated at
\n,T) = 4(n, U i unrequlated firm size distribution)

el

[ '- - Y\ Shift in firm size (evaluated
) —u(nU)) &in,l o= .
t z MR, T) = N {:I” ‘/'-” 0) at unregulated firm innovation)

el

+ Z:;r[u.r}—;4[n.{]jj:}f[}.!..-j—leu.(]jj
n0

+ ZT) = 2(0), Entry

Interaction

80% of the aggregate effect is the first row: lower innovation
by incumbent given firm size distribution



Tab 4: Sensitivity of aggregate innovation losses
to changes in assumptions over parameters

Robustness Loss in total innovation
Panel A: Baseline (full sample)

1. += 1.2 5.77%
2. v = 1.50 5.82%
3. n=2 2.89%
1. n= 1.3 9.23%
5. w =019 5.74%
6. w=0.25 5.81%
7. B/C = 1.40 5.79%
8. 8/¢C — 1.90 5.78%
9. T
Percentile 75" (7 = 0.046) 10.53%
Percentile 25" [+ = 0.006) 1.28%
MNotes: baseline uses parameter values: [ = 1.5, v = 1.3, 7 = 0.026, /¢ = 1.66 and w = 0.22), see Table 3. In the

robustness where v, n, w or 3/¢ are changed, we keep T as in the baseline. Line O reports the 2588 and 75t% percentile
for the loss of innowvation in & sample computed from 100,000 independent draws of v from two normal distribution. The
corresponding value of 7 and 2/¢ are computed as an average for each percentile. Limes 10-11 report the loss in total
innovation when the samplke is restricted to exporting manufacturing firms and Line 11 assumes a wvalue of 7 as computed
using the alternative calibration presented in Section 4.2 3.

Note: Table D3 shows variety of empirically estimating T (0.012 to 0.050) generating
innovation loss of between 2.6% and 10.9%)



Tab 4: Sensitivity of aggregate innovation losses
to changes in assumptions over parameters

Robustness Loss in total innovation
Panel A: Baseline (full sample) 5.79%
1. v= 1.2 5.77%
2. v=1.50 5.82%
3. n=12 2.80%
4. n=1.3 9.23%
5. w=10.19 5.74%
6. w=10.25 5.81%
T. 3/C 1.40 5.79%
8 58/¢ 1.90 5.78%
9. T
Percentile 75" (7 = 0.046) 10.53%
Percentile 25" (7 = 0.006) 1.28%
Panel B: Sub-sample of Exporting manufacturing firms
10. Static estimation (7 = 0.062) 14.69%
11. Using dyvnamic model (7 = 0.060) 14.20%
MNotes: baseline uses parameter values: (p = 1.5, v = 1.3, v = 0,026, 5/¢ = 1.66 and w = 0.22), see Table 3. In the

robustness where v, 1, w or 3/¢ are changed, we keep 7T as in the baseline. Line 9 reports the 2588 and 75t% percentile
for the loss of innowvation in & sample computed from 100,000 independent draws of v from two normal distribution. The
corresponding value of T and 2/¢ are computed as an average for each percentile. Limes 10-11 report the loss in total
innovation when the samplke is restricted to exporting manufacturing firms and Line 11 assumes a wvalue of 7 as computed
using the alternative calibration presented in Section 4.2.3.



Welfare

A Cost of regulation is less innovation and growth

A But a benefit of regulation is less resources on R&D, so
more output can be consumed

ARegul ation might @Ataxo wast
so might theoretically be welfare enhancing

AMost empirical studies sugg
& Summers, 2022; Lucking et al, 2020; Bloom et al, 2013)

A But what about our context?



Welfare

A Assume planner maximizes utility of representative
household with Utility

~
€

Y 1 aé8Q
A Compare welfare in unregulated vs regulated economy

(with equivalent tax of §

AU =U(r) - U(0)

o (lﬂ-.r;'::.—]) 5] 4 (I—H{.—]) 1 4 (1.-][?:') |
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Lower growth
under regulation

R&D saving Loss of static efficiency



Welfare

A Assume planner maximizes utility of representative
household with Utility

~
€

Y I aéoQ

A Compare welfare in unregulated vs regulated economy
(with equivalent tax of U

AU =U(+)—=U(0)

o (lﬂ-.r;'f.—]) 5] 4 (I—Hf.—]) 1 4 (1.-][?:') |
= 10 . og . og —— —
A1+ g(0) ) (11— 3)* 1 —R(O)/ 1—75 Yo(0) ) 1— 5

Lower growth
under regulation

A Net effect is 2.3% consumption equivalent loss
A First term dominates: 5.8% slower growth

A This is lower bound, as we know static effect (3 term) is
negative, but hard to calculate without more assumptions
(e.g. 1.3 1o 3.4% in Garicano et al, 2016).

R&D saving Loss of static efficiency
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Extension to two types of innovation:
Incremental and radical

A We extend the model to allow for two types of innovation

~

I Regul ar Aincremental 0O I nnov
I Radi cal (Abi go) 1T nnovation
by k>1 product lines, but is more costly

A Intuitively, if a firm is going to innovate, then those just below
the threshold will much prefer radical to incremental innovation



Figure 7: Firm Innovation by employment size for incremental and radical innovations.
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Motes: This i= total incremental innovation z(n)n (blue scolid line) and total radical innovation w(n)n (red
dashed line) for firme of n lines against employment in the extension where firms can choose between two
types of innovations. We used the same parameter values ms in Figure | and & = 4 and o =



Measuring Types of innovation

A Future citations (by technology class-year of patent
application)
I Thresholds (e.g. top 10% nr
Al ncremental 0)



Fig 8: Valley only for | o
l nnovators not high qualii"
(top 10% of future citations distribution)
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Motes: Shame of firms with at least one priority patent in the top 10% most cited (dashed line) and the share of
firms with at least ope priority patent among the bottom 900 most cited in the year (solid Line).  All obsereations are
pooled together. Employment bins hase been agpregated so as to include at least 10,000 firms The sample 5 based on
all firms with imitial employment between 10 and 100 (82,347 firms and 1,668,762 observations, see Panel A of Table 1].



Tab 5. Weaker effect of demand shocks below
threshold only exist for incremental innovation




