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ZVI GRILICHES, 1930-1999



(Highly) Selected Contributions of Zvi Griliches
• Production Function Estimation

• Economies of Scale and the Form of the Production Function, with Vidar Ringstad
(1971) – Norwegian establishment micro data.

• Measurement error, unobserved heterogeneity, endogeneity

• R&D and Innovation
• “Hybrid Corn: An Exploration in the Economics of Technological Change” (1957), 

Econometrica – Diffusion process for innovation
• “Issues in Assessing the contribution of R&D to Productivity Growth,” (1979) Bell 

Journal of Economics – Knowledge production function, spillovers

• Price Measurement
• Hedonic Price Indices for Automobiles: An Econometric Analysis of Quality Change 

(1961), Price Statistics of the Federal Government, NBER – role of product 
characteristics

See Heckman (2005) – Nobel prize nominating statement for Griliches



Producer Heterogeneity at the Micro Level

• Observable Characteristics  
• Size (revenue, capital, employment)
• Age
• Wages paid
• Skill level of workforce
• Management practices or organization
• Number of products/markets
• Investment in R&D 
• Advertising

• Unobserved (less) Characteristics
• Productivity/tech efficiency
• Product Quality
• Customer Base
• Output Quantity and Price

• Performance Outcomes  
• Profitability/ Firm Value
• Survival
• Growth rates
• Innovation rates

Within-industry - enormous differences across plants and firms. 



A Theory of Firm Growth and Exit

• Theory of Firm Selection and Market Evolution, Jovanovic (1982)
• Single industry - firms are heterogenous in one dimension: ωi
• Firm is born with exogenous draw of ωi , never changes
• ci is unknown to the firm – observe a noisy signal Θit = Θ(ωi + εt )
• Choose output based on E(Θit ) and update it based on observed profits

• Mechanism – firm gradually learns ωi , output level converges, and
firm exits if expected future profits are too low.

• Predictions:
• Probability of failure declines with firm size and age
• Mean growth rate of survivors declines with size (given age)
• Variance of survivor’s growth rate declines with age  



Plant Growth and Exit – Empirical Evidence
• Panel data of U.S. Manufacturing plants, 5-year intervals, 1963-1982

Source: Dunne, Roberts, and Samuelson (1989)



Industry Level Firm Turnover
Entry and exit are positively correlated across industries.  

Source: Dunne, Roberts, and Samuelson (1988)



A Theory of Simultaneous Entry and Exit

“Entry, exit, and firm dynamics in long-run equilibrium,” Hopenhayn (1992)
• Firms are heterogenous in one dimension, productivity ωit

• Productivity is known but evolves stochastically 
• Markov process F(ωit+1 | ωit) that is strictly decreasing in ωit

• Entrants pay a sunk cost Ce observe ωit

• Firms exit when ωit < ω that guarantees positive firm value
Implications:  

• In equilibrium an industry has simultaneous entry and exit
• Magnitude of turnover is affected by Ce (technology)
• High Ce is a barrier to entry and exit.  Inefficient firms can survive



Does Firm Turnover Improve Industry Productivity?

Compare productivity of entering, continuing, exiting firms.

Multilateral Tornqvist productivity index (Solow residual):
Bailey, Hulten, Campbell (1992) , Griliches and Regev (1995), Haltiwanger (1997), Aw, Chen, and Roberts (2001)

Production function estimation:  Olley and Pakes (1996)



Productivity Distributions – Taiwan 1981-91

How do firm movements contribute to the shift in the industry distribution?

Source: Aw, Chen, and Roberts (1991)



Decompose Industry Productivity Growth

Industry Productivity: 

Firms are entering (Et+1), exiting (Xt) or continuing (Ct+1,Ct)

Industry Productivity Growth:

Entry - Exit

Continuing



TFP Decomposition -Taiwan Manufacturing Plants



TFP Growth Source  - U.S. Manufacturing Industries 

Source: Bailey, Hulten, and Campbell (1982)



Multiple Sources of Firm Heterogeneity
• Single proxy for unobserved heterogeneity in profits 

• Revenue TFPR = 𝑃𝑃𝑖𝑖 𝑞𝑞𝑖𝑖
𝑥𝑥𝑖𝑖

where 𝑃𝑃𝑖𝑖 𝑞𝑞𝑖𝑖 is deflated by aggregate price index.
• Substantial differences across firms.
• Very persistent over time at firm level.
• Positively correlated with survival 

• Multiple factors can contribute to persistent differences across firms 

• Cost-side factors
• Input prices (materials deflated by industry deflator)
• Technical efficiency  TFPQ = 𝑞𝑞𝑖𝑖

𝑥𝑥𝑖𝑖
• Demand-side factors

• Product Quality or appeal
• Different demand elasticities

• Imperfect Competition - markups

All impact firm price 𝑃𝑃𝑖𝑖



Interpreting TFPR – Katayama, Lu, Tybout (2009)

Production Function: 

Output is replaced with revenue deflated with industry price index
Inputs are replaced with expenditures deflated by an price index

Assume demand for each product depends on all product prices 
and quality index for each product δit and Bertrand competition



Interpreting TFPR – Katayama, Lu, Tybout (2009)

Scale economies 
and markupsTFPQ

Factor 
prices

• High factor prices can be passed through to output price and TFPR
• High markups  do the same, inelastic demand raises TFPR
• High product appeal δit can create inelastic demand
• Rich empirical model (Colombian data)– nested logit demand and cost function

• MC is negatively correlated with TFPR because of high markups
• TFPR has very low correlation with demand/quality factors.



Empirical Studies – TFPQ vs TFPR

• Foster, Haltiwanger, and Syverson (AER, 2008) 
• Use U.S. manufacturing plants in 11 homogenous goods industries 
• Can measure physical Yft and construct output prices as Pft = Rft / Yft
• Findings:

• Corr(TFPQ,TFPR)=0.75, Corr(TFPQ,P)=-0.54, Corr(TFPR,P)=0.16
• Higher TFPQ plants (lower MC) have lower prices.

• Add a demand model-
• Findings:

• Corr(TFPR, δ)=0.28, Corr(TFPQ , δ)=0.01
• High persistence over time in all measures
• All measures are negatively correlated with exit
• Heterogeneity in demand shock is more important than heterogeneity in TFPQ
• Productivity decomposition:  TFPR underestimates contribution of net entry (entrants have 

low prices)



Empirical Studies – Efficiency or Demand
• Pozzi and Schivardi (Rand, 2016)

• Data on output price for Italian manufacturing firms in three industries
• Add CES demand (constant markup) and monopolistic competition.
• Profit max predicts Y increase with ω and δ, P rises with δ and falls with ω 

• Revenue is more responsive to demand, less responsive to productivity than quantity 
(price effect)

• Demand shocks are more important than productivity shocks in explaining firm size.



Empirical Studies – Efficiency, Demand, Wedges

• Eslava, Haltiwanger and Urdaneta (Restud, 2023)
• (Related to Hsieh and Klenow (2009) and Hottman, Redding, Weistein (2016)

• Exploit plant data that includes input and output prices and quantities
• Across plants differences in size can arise from:

• Output quality differences
• Markups (Cournot competition)
• Marginal cost – technical efficiency (TFPQ) and quality differences in input
• Residual – deviations between theory-predicted size and observed size.

• Theory:  Derive optimal plant sales with CD production, CES demand, 
Cournot competition. 

• Empirical:  Estimate production and demand allowing plant-level variation 
in ω and δ



Empirical Studies – Efficiency, Demand, Wedges

Contribution to the Var(log sales): TFPQ and Demand have positive contribution. Demand 
is largest.  Wages, markup, residual make negative contribution to size dispersion



Entry Decision
• Efficiency, demand, markups affect firm size, growth, and exit.  
• Entry costs are another source of unobserved heterogeneity

• Industry Level - Hopenhayn (1992), high entry costs are a barrier to entry 
and exit and allow inefficient firms to survive.

• Firm Level – entry costs create hysteresis in firm entry and exit.
Entrant faces a sunk entry cost CEi .  E(Vi) is expected firm value if in
Incumbent faces a fixed cost CFi < CEi

New firms enters if E(Vi) > CEi but Incumbent remains in if E(Vi) > CFi

• Implication – Entry and fixed costs impact firm and industry dynamics 



Empirical Models of Entry – Estimate Sunk Costs

• Dynamic oligopoly game - E(Vi ) depends on number of firms
• Collard-Wexler (Econometrica, 2013) – concrete plants
• Ryan (Econometrica, 2912) – cement plants
• Aguirregabiria and Mira (Econometrica, 2007) – retail establishments
• Dunne, Klimek, Roberts, and Xu (Rand, 2013) – dentists and chiropractors

• Entry into Exporting - Single agent decision
• Das, Roberts and Tybout (Econometrica, 2007)
• Alessandria, Arkolakis and Ruhl (2021) –review article

• Investment in R&D – Single agent decision 
• Aw, Roberts, and Xu (AER, 2011)
• Peters, Roberts, Vuong, Fryges (Rand, 2017)
• Maican, Orth, Roberts, Vuong (JEEA, 2023)



Combining Demand, Cost, Entry Heterogeneity

• Roberts, Xu, Fan, Zhang (Restud, 2018)
• Model of firm export demand, pricing, and destination markets
• Chinese footwear producers 2002-2006.  
• Firm price and quantity of exports by destination market
• Empirical Model

• Demand equation depends on unobserved firm quality ξf
• Pricing equation depends on unobserved firm cost efficiency cf
• Market participation equation depends on unobserved firm fixed cost ηf



Empirical Model of Export Participation
• f – firm, d – destination region (7) , k – product (textile, rubber,leather)
• Demand – market share

• Pricing

• Destination Profit

• Export Destination Choice



Empirical Model of Export Participation

• Three - dimensional firm heterogeneity 
• Results: 

• Demand heterogeneity (market shares) much larger than cost heterogeneity 
• Covariance demand and cost implies high-cost firms have high price (quality)
• Heterogeneity in fixed cost - main determinant of number of destinations



Endogenous Heterogeneity – Firm Investment
• Common element in all this literature – heterogeneity in productivity, demand, 

entry cost is exogenous to the firm

• Firms make investments to affect their performance
• Demand – invest to build customer base

• develop new products, improve quality
• Advertise, marketing expenses
• Improve service quality

• Production 
• Invest in innovation – lower production costs, develop new products.
• Integrate new technology
• Learning by doing

• Implication – Firm characteristics (observed and unobserved) evolve 
endogenously as firm’s make investments.  Fundamentally a dynamic process.



Dynamic Investment – Learning about Demand
• Foster, Haltiwanger, Syverson (Economica, 2016)
• Use 11 homogenous manufacturing products

• new firms are smaller than older firms
• no differences in (average) TFPQ.

• Two new components
• Modify the demand curve to depend on age and past sales (and current price)
• Specify the choice of output to maximize present value of the firm.

Implication – output expansion raises demand and profits in future
Empirical model:  demand curve, Euler equation for output choice. 
Finding:  Significant effect of past sales, no effect for age
Conclusion:  “Demand Accumulation by Doing” is present.    



Dynamic Investment – R&D
• R&D investment – current expenditure, future impact on profits

• Developing new products (demand)
• Improving technical efficiency (supply)

• Addition to the model - productivity evolution, decision rule for R&D



Dynamic Returns to R&D – Change in Firm Value



Expected Payoff to R&D Investment



Extensive Margin – German Manufacturing Firms

Source: Peters, Roberts, Vuong, Research Policy 2022



Concluding Thoughts
• Data driven research area

• Access to comprehensive firm/plant surveys or censuses – whole size distribution, dynamic 
patterns of entry, growth, exit

• Heterogeneity in firm performance (within industry) does reflect a diverse set of 
underlying factors – technology, demand, market power. 

Areas for future thought
• Relative importance of these sources differs by industry, country, time. Why?

• IO perspective. Missing why industries differ.  John Sutton (1991, 1998)  developed 
distinction between exogenous and endogenous sunk cost industries

• Firm Investments – advertising, R&D, capital – are endogenous choices that affect firm 
performance and dynamics.  
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