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Introduction

• Innovation as a key driver of economic growth 
as well as crucial for the survival and success 
of individual firms. 

• Understanding returns to investment in 
innovative activities is of key importance

• But how does innovation really affect firm
performance?



What do we know?

• R&D, Knowledge and Productivity:
– Early work by Zvi Griliches
– Hall, Mairesse and Mohnen (2010) for a review of 50 year (technical) 

history
– Positive correlation between R&D activities, patents and measured 

productivity
• Innovation and Productivity:

– Distinguish between product and process innovation (Crépon et al., 
1998).

– Product innovation: positively associated with productivity; Process 
innovation: no clear association with productivity (Griffith et al., 2006)

• R&D, Patents and Market Value
– Early work by Zvi Griliches
– Czarnitzki, Hall and Oriani (2006) for a review of 30 year history
– Positive correlation between R&D activities, patents and market value

(Tobin’s q)



What do we know?

• Innovation and Performance
– Market Structure/Firm Size (Schumpeter and following, see Cohen and 

Levin (1989) and Cohen (2010) for a 50 year review)

– Geroski et al. (1993)



What do we do?

• Estimate firm level markups
– Capital cost

– Returns to Scale

• Relate innovation (process and product) with 
these markups



Innovation & Markups

• Innovative activity may affect firm specific prices and 
markups
– Product innovation may affect the markup through shifting 

out the residual demand curve and/or improve product 
quality

• New design/new functions versus new components/new materials

– Process innovation may have an effect through incomplete 
pass-through of costs



Estimating Markups Using Production Data

• Hall (1988): imperfect competition drives a wedge 
between input revenue shares and the output 
elasticity, namely for a cost minimizing producer:

• De Loecker and Warzynski (2012): use this 
insight of Hall to estimate firm level markups

• Input revenue shares are readily observable in 
standard datasets. Output elasticities can be 
estimated.

From Cost Minimization
Calculate from

Data
Estimate from

Production Function
Markup



Estimating Production Functions

• Estimate a translog production function

• Departure from standard Cobb-Douglas:
– Under CD output elasticities are same for all firms in the 

sector. Any variation in input revenue shares will translate 
into differences in markups

• Well known problem of correlation between input 
choices and productivity (ωit)

• Control function approach (Doraszelski and 
Jaumandreu (2007), De Loecker (2011))

• Capital uncorrelated with productivity shock



Markup Calculation

• After obtaining consistent production function 
estimates we can compute the output elasticity of 
labor:

• With firm level output elasticities at hand, markups can 
be computed as:

• We use the output elasticity of labor to compute the 
firm level markups as capital is most likely to have 
considerable adjustment costs.



Data Set

• ESEE data set
• Unbalanced panel of over 4,600 Spanish manufacturing firms; 1990-

2008
• Common income statement variables needed to estimate 

production functions
– Double deflated value added
– Number of employees
– Real net capital stock (perpetual inventory method)

• Extra variables:
– Innovation indicators such as product and process innovation 

dummies, R&D spending, patents…
– Imports and exports
– Market characteristics such as number of competitors, buyers, 

growth,…



Summary Statistics



Production Function Estimates

• We estimate a value added production 
function for each sector separately.

• Robustness check: coefficients allowed to 
differ between innovative/non-innovative 
firms

• As expected output elasticities go down when 
controlling for unobserved productivity term.



Output Elasticities



Heterogeneity in Output Elasticities

• Keep only observations 
for which:
– Production function is well-

behaved (quasi-concave 
and positive marginal 
products)

– Marginal products are 
decreasing

• Substantial heterogeneity 
across firms in output 
elasticities
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Firm Level Markups

• Combining the output 
elasticities estimates 
with the input revenue 
shares renders an 
estimate for firm level 
markups.

• Estimates appear to be 
plausible and 
comparable to for 
example De Loecker
and Warzynski (2010). 



Markup per Sector

0 .5 1 1.5 2
Average Markup

Office Mach., Precision Instr.
Textiles and Clothing

Wood Products
Leather Products

Motor Vehicles
Electrical Machinery

Machinery and Equipment
Miscellaneous

Plastic and Rubber
Furniture

Mineral Products
Metal Products

Other Transport
Paper Products
Meat Products

Food and Tobacco
Basic Metals

Chemicals
Printing and Publishing

Markup per Sector



Evolution Markups

• Markups appear to be pro-cyclical (if anything), but still 
limited variation over time.
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Evolution Median Markup Selected Industries
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Markups & Firm Decisions

• Relate our firm level markup estimates with 
firm decisions.

• The estimated specification is:

• Logarithm of the markup



Product & Process Innovation
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Markups and Innovation



Results

• Markups decrease in the number of competitors.
• Markups positively related to product and process 

innovation.
• Large firms: product innovation no impact on markups 

while process innovation associated with higher 
markups

• Small firms: product as well as process innovation 
related to markups, but impact product innovation 
slightly larger

• Exporters and importers have higher markups.
– Explains at least part of the productivity premia of 

exporters/importers



Fixed Effects



Different Types of Innovation

• Product innovation involving 
new design and new 
functions leads to higher 
markups
– when creating mutually 

exclusive categories, only 
innovations including both new 
functions and new design 
impact the markup

• Process innovation through 
the introduction of new 
machinery leads to higher 
markups 



Further Controls

• Concern that innovation intensity is influenced by the 
level of competition in a market (cf. Vives, 2009)
– Firm fixed effects + time varying market characteristics to 

control for this possibility
• Now: robustness check including the lagged level of 

markup in regression
– Controls for markups in the previous period when 

innovation was decided
– Inclusion of lagged markup does not seem to influence 

coefficients on innovation variables
– GMM methodology to control for endogeneity of lagged 

markup and innovation



Dynamic Specification



Appropriation & Markups



Prices, marginal costs and innovation



Conclusions

• Large heterogeneity in firm level markups for Spain
• Controlling for market structure: Product as well as 

process innovation associated with higher markups.
– Product innovation due to new design and new functions
– Process innovation due to new machinery

• Results appear to be robust against reverse causality
• Validation of results and methodology: when 

regressing firm level price changes and marginal cost 
changes on innovation variables, it appears the same 
types of innovation have an impact on demand and 
costs according to expectation

• Assuming constant markups a bad idea?
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