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Two Facts and a Question
Two features of firm-level data:
1.

Output is highly concentrated among firms

2.

Firm growth is highly volatile

Question: Can idiosyncratic shocks to firms generate aggregate variation?
• Standard view: No. Too many firms. LLN ⇒ shocks just average out

• “Granular” view: Yes. Lots of firms, but some are big and their shocks matter

Can Idiosyncratic Shocks Generate Aggregate Variation?
• Evaluate in GE environment featuring granularity, growth, and international trade
• Granularity ≔ Firms have positive mass (allow firms to be large relative to economy)

• Only potential source of aggregate variation due to realizations of idiosyncratic shocks to firms

• Focus on two questions:
• Theory: What forces govern how much aggregate variation arises in this environment?
• Quantitative: How much variation in GDP growth can idiosyncratic shocks to firms account for?
• Results: Roughly half the magnitude of observed volatility of GDP growth rates (1yr and
10yr)
• Accounts for 47 percent of observed variation in relative annual GDP growth volatility across
OECD countries (fit)

Preview of Results
• Idiosyncratic shocks can generate significant variation in GDP growth due to granularity
• Particularly for countries that engage heavily in international trade
• Both short run (1yr) and longer-run (10yr)

• Model does well in matching relative GDP growth rate volatility across OECD countries
• Can account for roughly half of observed variation

What Will Determine Variation in GDP Growth?
Standard deviation of GDP growth in model depends on four things:
1.

Growth process for firms

2.

Concentration of output among firms (granularity)

3.

Substitutability of output across firms

4.

Exports as a share of GDP

Expected GDP growth unaffected by granularity

How International Trade Amplifies Aggregate Variation
Two Pathways:
• International trade makes output more concentrated (big firms become bigger)
• Amplifies aggregate impact of shocks to firms
• Firms steal market shares of competing firms
• Bigger effect on GDP if market shares exchanged internationally

Intuition:
• For U.S. economy: Decline of Sears offset by rise of Walmart and Target.
• For Finnish economy: Decline of Nokia more important. Lost sales went outside Finland.

Related Literature
Granularity: Gabaix (2011), di Giovanni and Levchenko (2012)
Gibrat’s law based models of growth: Luttmer (2007, 2010), Arkolakis (2013)
Importance of firms in trade models: Arkolakis et al. (2012), Eaton et al. (2012), Neary (2009)
Variation in growth: Easterly et al. (1993), Harberger (1998)

Outline of Methodology: Framework
Embed granularity in standard trade model with standard growth process
• Firms grow through idiosyncratic productivity shocks: only source of GDP growth
• Analytically map distribution of firm growth into distribution of GDP growth
• Granularity ⇒ realized GDP growth can differ from expected GDP growth
• Mapping depends on only a few key parameters

• Estimate parameters using firm-level microdata to get quantitative results

Theoretical Framework
Two countries: Home and Rest of World, 𝑖𝑖, 𝑗𝑗 ∈ 𝐻𝐻, 𝐹𝐹
• Two sectors, traded and non-traded

• Finite number of industries in each sector (𝐾𝐾 𝑁𝑁𝑁𝑁 + 𝐾𝐾 𝑇𝑇𝑇𝑇 industries)

Finite number of heterogeneous firms in each industry

• Produce differentiated varieties (Dixit-Stiglitz/CES: love for variety)
• Differ in productivity, which evolves over time

Consumers
Mass 𝐿𝐿𝑖𝑖 of consumers in country 𝑖𝑖 with 1 unit of labor each.

Cobb-Douglas preferences over industries

𝐾𝐾

max � 𝜃𝜃𝑘𝑘 log 𝐶𝐶𝑖𝑖,𝑘𝑘,𝑡𝑡
𝑘𝑘=1

Receive labor income and profits from firms: 𝐸𝐸𝑖𝑖,𝑡𝑡 = 𝑤𝑤𝑖𝑖,𝑡𝑡 𝐿𝐿𝑖𝑖 + 𝜋𝜋𝑖𝑖,𝑡𝑡

• Preferences imply constant expenditure shares across industries

Differentiated Firms
Fixed number of firms, 𝑀𝑀𝑖𝑖,𝑘𝑘 > 1, in industry 𝑘𝑘
• each firm produces a distinct variety

• Firms use labor to produce variety with linear technology
𝑚𝑚
𝑚𝑚 𝑚𝑚
𝑦𝑦𝑖𝑖,𝑘𝑘,𝑡𝑡
= 𝑧𝑧𝑖𝑖,𝑘𝑘,𝑡𝑡
𝑙𝑙𝑖𝑖,𝑘𝑘,𝑡𝑡

𝑚𝑚
𝑧𝑧𝑖𝑖,𝑘𝑘,𝑡𝑡
is firm 𝑚𝑚’s productivity in period 𝑡𝑡.
𝑗𝑗,𝑚𝑚

• No trade costs in traded sectors: 𝑦𝑦𝑖𝑖,𝑘𝑘,𝑡𝑡 are exports from 𝑖𝑖 to 𝑗𝑗 by firm 𝑚𝑚.

Industry Consumption-Good Bundling
Perfectly competitive with CES technology:

𝐶𝐶
𝑌𝑌𝑖𝑖,𝑘𝑘,𝑡𝑡

=

𝑀𝑀𝑗𝑗,𝑘𝑘
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𝑗𝑗∈ 𝐻𝐻,𝐹𝐹 𝑚𝑚=1

𝑖𝑖,𝑚𝑚
𝑦𝑦𝑗𝑗,𝑘𝑘,𝑡𝑡

𝜖𝜖−1
𝜖𝜖

• Granularity ⇒ firms affect total industry output

𝜖𝜖
𝜖𝜖−1
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𝑗𝑗∈ 𝐻𝐻,𝐹𝐹
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𝜖𝜖−1
𝜖𝜖

𝜖𝜖
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Assumption: firms do not take this into account when optimizing
• Keep pricing behavior constant across granular/non-granular frameworks
• di Giovanni and Levchenko (2012) show this likely has a negligible impact
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• Keep pricing behavior constant across granular/non-granular frameworks
• di Giovanni and Levchenko (2012) show this likely has a negligible impact

Firm Productivity Growth
Firms grow according to idiosyncratic productivity shocks
• Productivity shocks obey Gibrat’s Law
• Growth rate independent of size
• Logged productivity growth is a random walk

• Consistent with observed firm growth patterns and firm size distribution
• e.g. Cabral and Mata (2003), Luttmer (2007)
• Caveat: Smaller variance in growth of large firms. Solution: ignore small firms.

Productivity Growth Details
Firm productivity grows according to geometric Brownian motion (drift 𝜇𝜇, volatility 𝜎𝜎)

𝑡𝑡,𝑚𝑚
Discrete: Each period, each firm receives idiosyncratic productivity shock: 𝑋𝑋𝑖𝑖,𝑘𝑘,𝑡𝑡−1
𝑡𝑡,𝑚𝑚
𝑚𝑚
𝑚𝑚
𝑚𝑚
𝑚𝑚
• Shocks multiplicative over time: 𝑧𝑧𝑖𝑖,𝑘𝑘,𝑇𝑇
= ∏𝑇𝑇𝑡𝑡=1 𝑋𝑋𝑖𝑖,𝑘𝑘,𝑡𝑡−1
𝑧𝑧𝑖𝑖,𝑘𝑘,0
= 𝑋𝑋𝑖𝑖,𝑘𝑘,𝑇𝑇
𝑧𝑧𝑖𝑖,𝑘𝑘,0

2

𝑚𝑚
• 𝑋𝑋𝑖𝑖,𝑘𝑘,𝑇𝑇
is lognormal with mean 𝐸𝐸 𝑋𝑋𝑇𝑇 = 𝑒𝑒 𝑇𝑇𝑇𝑇 and variance 𝑉𝑉𝑉𝑉𝑉𝑉 𝑋𝑋𝑇𝑇 = 𝑒𝑒 2𝑇𝑇𝑇𝑇 𝑒𝑒 𝑇𝑇𝜎𝜎 − 1

•

Var 𝑋𝑋𝑇𝑇 /Var 𝑋𝑋1 ≈ 𝑇𝑇

Deriving Standard Deviation of GDP growth
Derive theoretical mapping (later estimate parameters) in three steps:
1.

Solve model for arbitrary set of firm productivities
• Equilibrium allocations determined independently across periods

2.

Derive expression for GDP growth in terms of growth of firms

3.

Derive analytic mapping for St.Dev. of forecasted GDP growth after T periods
• Depends on initial state and growth process for firms

Step 1: Equilibrium Allocations
Firms charge constant markup over marginal cost:

𝑚𝑚
𝑝𝑝𝑖𝑖,𝑘𝑘,𝑡𝑡
=

markup

𝜖𝜖
𝜖𝜖 − 1

marginal
cost

�
𝑤𝑤𝑖𝑖,𝑡𝑡
𝑚𝑚
𝑧𝑧𝑖𝑖,𝑘𝑘,𝑡𝑡

Sales of a firm depend on share of total effective productivity. For traded sectors:

firm sales
𝑚𝑚
𝑚𝑚
𝑝𝑝𝑖𝑖,𝑘𝑘,𝑡𝑡
𝑦𝑦𝑖𝑖,𝑘𝑘,𝑡𝑡

𝐸𝐸𝑗𝑗,𝑡𝑡 =

𝜖𝜖
𝜖𝜖−1

world sum of
industry expenditures

= 𝜃𝜃𝑘𝑘

� 𝐸𝐸𝑗𝑗,𝑡𝑡

𝑗𝑗∈ 𝐻𝐻,𝐹𝐹

effective productivity share
𝑚𝑚
𝑧𝑧𝑖𝑖,𝑘𝑘,𝑡𝑡
/𝑤𝑤𝑖𝑖,𝑡𝑡
𝑀𝑀

′

𝜖𝜖−1

𝑚𝑚
∑𝑗𝑗∈ 𝐻𝐻,𝐹𝐹 ∑𝑚𝑚𝑗𝑗,𝑘𝑘
′ =1 𝑧𝑧𝐹𝐹,𝑘𝑘,𝑡𝑡 /𝑤𝑤𝐹𝐹,𝑡𝑡

𝑤𝑤𝑖𝑖,𝑡𝑡 𝐿𝐿𝑖𝑖 . Relative wages determined by balanced trade.

𝜖𝜖−1

Step 2: Firm Growth to GDP Growth — Autarky
Constant price GDP growth is a weighted power mean of firm productivity growth

Δ𝐺𝐺𝐺𝐺𝐺𝐺
𝑖𝑖,𝑇𝑇 ≔

industry output
Δ ∑
at base prices
𝑀𝑀𝑖𝑖,𝑘𝑘
∑𝐾𝐾
𝑘𝑘=1 ∑𝑚𝑚=1 𝑃𝑃𝑖𝑖,𝑘𝑘,0 𝑌𝑌𝑖𝑖,𝑘𝑘,𝑇𝑇
𝑀𝑀𝑖𝑖,𝑘𝑘
∑𝐾𝐾
𝑘𝑘=1 ∑𝑚𝑚=1 𝑃𝑃𝑖𝑖,𝑘𝑘,0 𝑌𝑌𝑖𝑖,𝑘𝑘,0

𝐾𝐾

=�

𝑘𝑘=1

productivity
growth
𝑀𝑀𝑖𝑖,𝑘𝑘
𝜖𝜖−1
𝑚𝑚
𝜃𝜃𝑘𝑘
� 𝑋𝑋𝑖𝑖,𝑘𝑘,𝑇𝑇
𝑚𝑚=1

Weights are the sales shares of each firm
weight =

initial firm sales
initial GDP

weight
𝑚𝑚
𝑚𝑚
𝑝𝑝𝑖𝑖,𝑘𝑘,0
𝑦𝑦𝑖𝑖,𝑘𝑘,0

𝐸𝐸𝑖𝑖,𝑘𝑘,0

power

�
1
𝜖𝜖−1

Step 3: Deriving Mapping - Details
Want analytic expression for 𝑉𝑉𝑉𝑉𝑉𝑉 Δ𝐺𝐺𝐺𝐺𝐺𝐺
𝑖𝑖,𝑇𝑇

• Δ𝐺𝐺𝐺𝐺𝐺𝐺
𝑖𝑖,𝑇𝑇 is non-linear transformation of sum of lognormal random variables
• No closed form expression for variance of this exists.

• Trick: Double application of Delta Method with Taylor approximations
Cannot get exactly
take Taylor approximation

𝑉𝑉𝑉𝑉𝑉𝑉

𝑀𝑀𝑖𝑖,𝑘𝑘

𝑚𝑚
� 𝑋𝑋𝑖𝑖,𝑘𝑘,𝑇𝑇

𝑚𝑚=1

𝜖𝜖−1

𝑚𝑚
𝜔𝜔𝑖𝑖,𝑘𝑘,0

1
𝜖𝜖−1

1
≈
𝜖𝜖 − 1

𝑀𝑀𝑖𝑖,𝑘𝑘

𝑚𝑚
𝐸𝐸 � 𝑋𝑋𝑖𝑖,𝑘𝑘,𝑇𝑇
𝑚𝑚=1

𝜖𝜖−1

𝑚𝑚
𝜔𝜔𝑖𝑖,𝑘𝑘,0
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1
−1
𝜖𝜖−1

Can get exactly
still take Taylor approximation
𝑀𝑀𝑖𝑖,𝑘𝑘

𝑚𝑚
𝑉𝑉𝑉𝑉𝑉𝑉 � 𝑋𝑋𝑖𝑖,𝑘𝑘,𝑇𝑇
𝑚𝑚=1

𝜖𝜖−1

𝑚𝑚
𝜔𝜔𝑖𝑖,𝑘𝑘,0

Step 3: Variance of GDP Growth — Autarky
Variance of forecasted GDP growth after 𝑇𝑇 periods:
𝑉𝑉𝑉𝑉𝑉𝑉 ΔGDP
≈ 𝜉𝜉 𝑇𝑇, 𝜎𝜎, 𝜖𝜖
i,T
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𝑉𝑉𝑉𝑉𝑉𝑉 𝑋𝑋𝑇𝑇 ℎ𝑖𝑖,0

• 𝜉𝜉 𝑇𝑇, 𝜎𝜎, 𝜖𝜖 captures increased reallocation from increased substitutability
• 𝜖𝜖 ↑ ⇒ firms with high productivity shocks increase labor input more

• 𝑉𝑉𝑉𝑉𝑉𝑉 𝑋𝑋𝑇𝑇 is variance of firm growth after 𝑇𝑇 periods

• ℎ𝑖𝑖,0 is sales herfindahl of initial economy (ℎ𝑖𝑖,0 = 0 if no granularity)
ℎ𝑖𝑖,0

𝐾𝐾

𝑀𝑀

𝑚𝑚
𝑚𝑚
𝑝𝑝𝑖𝑖,𝑘𝑘,0
𝑦𝑦𝑖𝑖,𝑘𝑘,0
=��
𝐸𝐸𝑖𝑖,0
𝑘𝑘=1 𝑚𝑚=1

2

Behavior of Curvature Term: 𝜉𝜉 𝑇𝑇𝜎𝜎 2 , 𝜖𝜖

• Close to 1. Higher 𝜖𝜖 means more reallocation towards firms with high productivity shocks

Step 2: Firm Growth to GDP Growth — Trade
Constant price GDP growth still weighted power mean of firm growth

𝐾𝐾

Δ𝐺𝐺𝐺𝐺𝑃𝑃𝑖𝑖,𝑇𝑇 = �

𝑘𝑘=1

productivity
growth
𝑀𝑀𝑖𝑖,𝑘𝑘
weight
𝜖𝜖−1
𝑚𝑚
𝑚𝑚
𝜔𝜔𝑖𝑖,𝑘𝑘,𝑡𝑡
� 𝑋𝑋𝑖𝑖,𝑘𝑘,𝑇𝑇
𝑚𝑚=1

1
𝜖𝜖−1

For traded sectors, weights no longer independent from shock

weight =

affected by
shocks of firm

Non−traded weight

industry exports initial firm sales
×
total exports
initial GDP

Assumption: ROW productivity grows at expected rate (output not highly concentrated
globally)

Step 3: Variance of GDP Growth — Trade
Variance of forecasted GDP growth after 𝑇𝑇 periods:

𝑇𝑇𝑇𝑇
𝑉𝑉𝑉𝑉𝑉𝑉 ΔGDP
≈ 𝜓𝜓 𝜖𝜖, 𝑆𝑆𝑖𝑖,0
𝜉𝜉 𝑇𝑇, 𝜎𝜎, 𝜖𝜖
i,T

2

𝑉𝑉𝑉𝑉𝑉𝑉 𝑋𝑋𝑇𝑇 ℎ𝑖𝑖,0

• 𝜉𝜉 𝑇𝑇, 𝜎𝜎, 𝜖𝜖 is same curvature term, 𝑉𝑉𝑉𝑉𝑉𝑉 𝑋𝑋𝑇𝑇 same firm variance

• ℎ𝑖𝑖,0 is sales herfindahl (differs from autarky, computed same way)
𝑇𝑇𝑇𝑇
• 𝜓𝜓 𝜖𝜖, 𝑆𝑆𝑖𝑖,0
is amplifying effect of international trade
𝑇𝑇𝑇𝑇
• 𝑆𝑆𝑖𝑖,0
is initial exports/GDP

• Accuracy relies on multiple traded industries. If only one: 𝜓𝜓 ≡ 1.

Effects of Trade for Variance of GDP growth
Specialization: Firms in relatively more productive traded industries produce more
autarky

trade
• This affects herfindahl: ℎ𝑖𝑖,0
≥ ℎ𝑖𝑖,0

• Autarky: constant expenditure shares ⇒ constant labor input shares
Trade ⇒ shocks allow firms to take industry market share from foreign firms

• GE effects and balanced trade ⇒ firms in other industries lose market share

• Firms with highest productivity growth gain most market share ⇒ amplifies GDP volatility

Behavior of Trade Term: 𝜓𝜓 𝜖𝜖, 𝑆𝑆

• 𝜓𝜓 𝜖𝜖, 𝑆𝑆 increasing in both terms. Output more substitutable ⇒ trade amplifies more

Summary of Theoretical Framework
Variance of GDP growth after 𝑇𝑇 periods depends on four forces:
1.
2.
3.
4.

Drift and volatility of GBM process: 𝜇𝜇 ↑, 𝜎𝜎 ↑ ⇒ 𝑉𝑉𝑉𝑉𝑉𝑉 𝑋𝑋𝑡𝑡 ↑ ⇒ 𝑉𝑉𝑉𝑉𝑉𝑉 ΔGDP
↑
i,T
Elasticity of substitution between firms: 𝜖𝜖 ↑⇒ 𝑉𝑉𝑉𝑉𝑉𝑉 ΔGDP
↑
i,T
Herfindahl index in base period: ℎ𝑖𝑖,0 ↑⇒ 𝑉𝑉𝑉𝑉𝑉𝑉 ΔGDP
↑
i,T

𝑇𝑇𝑇𝑇
Exports as share of GDP in base period: 𝑆𝑆𝑖𝑖,0
↑⇒ 𝑉𝑉𝑉𝑉𝑉𝑉 ΔGDP
↑
i,T

All necessary information about ROW is in 3 and 4.

Quantitative Evaluation of Model: Overview
Q: Idiosyncratic shocks to firms only source of variation: What is St.Dev. of GDP growth?
• Mapping gives variance of forecasted GDP growth of country 𝑖𝑖 after T periods
• Depends on base year: choose 2005

• Need to estimate parameters:
• Hold fixed across countries: productivity process and elasticity (set both to U.S.)
• Vary across countries: Herfindahl index and exports/GDP

Quantitative Evaluation of Model: Strategy Recap
1. Estimate elasticity and productivity process for United States. Use for all countries.
2. Estimate Herfindahl index and exports/GDP for each country in 2005
3. Plug these estimates into mapping for variance

Delivers standard deviation of forecasted GDP growth after 𝑇𝑇 periods for each country

• If no granularity: standard deviation = 0

• Compare St.Dev. of forecasts to observed GDP growth rate volatility (1-year and 10-year)
• Parameter estimates relatively stable for different base periods

Estimating Parameters: Data Needed
Data requirements to estimate parameters:
• Exports/GDP from aggregate data
• Use UN’s World Development Indicators database

• Other parameters require firm-level data on sales and gross margins

Description of Firm-Level Data
Use firm level data from OSIRIS Industrials Database
• Compiled by Bureau Van Dijk
• Specialist provider of information on public and private companies worldwide
• Focus on standardizing data to allow for international comparisons

• Contains globally listed and major non-listed companies
• Good coverage for large firms in OECD countries: Menghinello and De Backer (2010)

• Standardized financials starting in 1995 for most firms

Parameterizing Model: Herfindahl
For Herfindahl need sales of each firm in country and GDP in 2005
ℎ𝑖𝑖,0

𝑀𝑀

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
= �
𝐺𝐺𝐺𝐺𝐺𝐺

• Compute if country has at least 100 firms
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𝑚𝑚=1

• Missing firms means Herfindahl underestimated
• However, small firms have little effect on estimate (impact decreases at quadratic rate)
• Note: non-granular economies have ℎ𝑖𝑖,0 = 0

Why GDP and not Gross Output? (same in my model)
• Hulten (1976), Gabaix (2009): when interested in TFP or GDP use sales/GDP

Parameterizing Model: Elasticity
Compute elasticity using Gross Margins
Gross Margin =

𝜖𝜖 =

sales − cost of goods sold
sales
1
Gross Margin

• Estimate separately for each firm in U.S. in 2005
• Take sales weighted average: 𝜖𝜖 = 3.35
• Use this estimate for all countries

Parameterizing Model: Productivity Shocks
Need firm sales/current price GDP/price indices over time and elasticity estimate
In equilibrium have: 𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥 = (Δ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)/(Δ 𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖)

Estimate annual productivity growth for each U.S. firm over 1995–2005:

log Δ𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =

1
𝜖𝜖 − 1

log Δ𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + log Δ𝐺𝐺𝐺𝐺𝐺𝐺 − log Δ𝐶𝐶𝐶𝐶𝐶𝐶

• Use sample mean and sample standard deviation to get drift and volatility of GBM process

Productivity Process Estimates
• Use drift and volatility estimates to get standard deviation of firm growth after 1 year/10 years
Estimated Object
Drift of GBM Process
Volatility of GBM Process
Expected 1-year Firm Growth
St.Dev. of Forecasted
1-Year Firm Growth
Expected 10-year Firm Growth
St.Dev. of Forecasted
10-Year Firm Growth

Variable
𝜇𝜇�𝐺𝐺𝐺𝐺𝐺𝐺
𝜎𝜎�𝐺𝐺𝐺𝐺𝐺𝐺
𝐸𝐸 𝑋𝑋1 − 1

Estimated Value
0.0145
0.0885
1.46%

𝑉𝑉𝑉𝑉𝑉𝑉 𝑋𝑋1
𝐸𝐸 𝑋𝑋10 − 1

9.00%
15.55%

𝑉𝑉𝑉𝑉𝑉𝑉 𝑋𝑋10

32.99%

Computing St.Dev. of GDP Growth in Model
Have parameters estimated for a range of countries
• Compute St.Dev. of forecasted 1-year GDP growth and 10-year GDP growth for each country
• Only source of variation in GDP growth due realizations of idiosyncratic shocks in model

Example: Model Results for U.S. and Korea
Parameters/Results
Drift of GBM Process

United States
0.015

Korea
0.015

Volatility of GBM Process

0.089

0.089

Elasticity of Substitution

3.35

3.35

Herfindahl index

0.057

0.207

Exports/GDP

0.101

0.374

St.Dev. of 1-Year Forecast

0.58%

2.56%

St.Dev. of 10-Year Forecast

2.23%

9.38%

• Much more variation for Korea (high herf+exports) than United States (low herf+exports)

Forecasted GDP Growth for the United States (base year 2005)

• 10yr growth, 95th percentile: 26% (2.3% annualized). Median: 22% (2.0%). 5th percentile: 18% (1.7%).

Forecasted GDP Growth for Korea (base year 2005)

• 10yr growth, 95th percentile: 38% (3.3% annualized). Median: 22% (2.0%). 5th percentile: 5% (0.5%).

Forecasted GDP Growth for non-Granular Economy

• Economy grows deterministically at 2.0% per year. 10yr GDP growth is 22%

Variation in GDP growth in the Data
Is there “significant” variation in GDP growth due to idiosyncratic shocks in model?
• Compare quantitative results to historic volatility in GDP growth rates
• Volatility = standard deviation of GDP growth rates across time

• Use constant price, PPP adjusted, GDP per capita from Penn World Tables
• 1-year volatility: annual growth rates over 1990–2005
• 10-year volatility: 10-year growth rates over 1950–2010 (one per decade)

Magnitude of Variation in Model Relative to Data
For each country compute ratio of St.Dev. in model relative to observed volatility
Sample
All
(45 Countries)
OECD
(24 Countries)
Non-OECD
(21 Countries)

Object
1-Year Ratio
10-Year Ratio
1-Year Ratio
10-Year Ratio
1-Year Ratio
10-Year Ratio

Mean Value
47.4%
33.6%
69.1%
44.8%
22.6%
20.9%

Median Value
42.3%
23.4%
53.3%
35.5%
18.6%
12.0%

Interpretation: Assume idiosyncratic shocks to firms are only source of GDP volatility
• Model implies GDP volatility roughly half observed magnitude for OECD countries
• Less for non-OECD countries. Focus on OECD countries.

Consistency of Framework with Stylized Facts
Need evidence framework is useful for thinking about the world
• Show predictions of model widely consistent with stylized facts
• Matches relative volatility of GDP growth rates across OECD countries well
• Countries with higher St.Dev. of forecasted GDP growth exhibit higher GDP volatility
• Countries that trade more exhibit higher volatility
• Countries with higher herfindahl indices exhibit higher volatility

Predicted versus Observed Annual GDP Volatility
Run regression: 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝛽𝛽0 + 𝛽𝛽1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

• Data is volatility of annual GDP growth over 1990–2005 for OECD countries
• Exclude Turkey and Switzerland as outliers. Discussed in paper

• Model is standard deviation of forecasted 1-year GDP growth (base year 2005)
Results: Coefficient is positive and significant
Coefficient
Model
Constant
Observations
R-squared

Estimate
0.771
1.572

Standard Error
0.183
0.004
22
0.47

Predicted versus Observed GDP Volatility for OECD Countries

• No intercept regression. Slope interpretation: volatility 39% higher in data than model.

Volatility is Higher for OECD Countries That Export More
Group countries by exports/GDP in 2005
• Compute mean volatility over 1990–2005 for each group
Set of Countries
(by Exports/GDP)

Observations

Mean
Volatility

Median
Volatility

> 41%

6

3.45%

3.59%

Middle 50%

between

11

3.45%*

2.76%

Bottom 25%

< 25%

5

2.07%

2.30%

Top 50%

> 36%

11

3.78%

3.64%

Bottom 50%

< 36%

11

2.50%

2.40%

Top 25%

Exports
Cutoff

*skewed by relatively high volatilities for Israel and Chile. Both have exports/GDP ≈ 40%

Volatility is Higher for More Concentrated OECD Countries
Group countries by Herfindahl index in 2005
• Compute mean volatility over 1990–2005 for each group
Set of Countries
(by Herf. Index)

Herf.
Cutoff

Observations

Mean
Volatility

Median
Volatility

Top 25%

> 0.21

6

4.04%

3.79%

Middle 50%

between

11

3.05%

2.76%

Bottom 25%

< 0.10

5

2.26%

2.40%

Top 50%

> 0.14

11

3.87%

3.62%

Bottom 50%

< 0.14

11

2.41%

2.37%

Disentangling Herfindahl and Exports
Group countries by Herfindahl index in 2005 and exports/GDP in 2005
• Compute mean volatility over 1990–2005 for each group
Set of Countries
(by Herf. Index)

Herf. Set of Countries
Cutoff (by
Exports/GDP)

Top 50%

> .014

Bottom 50%

< .014

Exports
Cutoff

Obs.

Mean
Volatility

Median
Volatility

Top 50%

> 36%

8

4.09%

3.79%

Bottom 50%

< 36%

3

3.30%

2.75%

Top 50%

> 36%

3

2.96%

3.63%

Bottom 50%

< 36%

8

2.20%

2.33%

• Countries that export more have higher volatility
• Even when compared to countries with similar herfindahl indices

Correlation with Observed Annual GDP Volatility
Compute volatility of annual GDP growth over different time periods for OECD countries

Time Period

Correlation
with Model

Correlation
with Exports

Correlation
with Herf.

1990–2005

0.686

0.427

0.672

1980–2010

0.593

0.356

0.577

1950–2010

0.245

0.013

0.257

Correlation between Trade and Herf.
Observations

0.418
22

• Results: Positive correlations robust to alternative time periods
• Lower correlation when go back to 1950, but parameters estimated using 2005 data

Variation in Growth Outcomes Across OECD Countries
Compute GDP growth for each country from 1995 to 2005
• Group countries by standard deviation of 10-year forecasted GDP growth
• Compute standard deviation of growth across countries within each grouping
• Reason: only one observation per time-period for each country, but can group similar countries

• Compare to mean of the standard deviations of forecasted growth within each group

Variation in Growth Outcomes Across OECD Countries: Results
Set of Countries
(by St.Dev. of
Forecasted Growth)
Top 25%

Obs.
6

Average St.Dev. of
Forecasted 10-year
GDP Growth
13.2%

St.Dev. of Growth
Across Countries
28.3%

Ratio
0.47

Middle 50%

11

6.8%

14.3%

0.48

Bottom 25%

5

3.6%

10.1%

0.36

Top 50%

11

10.9%

22.5%

0.48

Bottom 50%

11

4.7%

12.3%

0.38

• Set of countries predicted to exhibit higher variation in GDP growth do
• Ratios ⇒ model generates almost half the variation observed in data

• In model: only variation due to differences in realizations of idiosyncratic shocks to firms

Causality? Context Specific
Do idiosyncratic shocks to firms explain observed variation in GDP growth?
• Explain recent U.S. recession? Doubtful.
• Play role in Finland’s growth/decline over past 15 years? Probably.

Contribution isn’t establishing causality
• Contribution is emphasizing the potential of causality
• This potential has largely been ignored in macroeconomics

Recap of paper
Embed granularity in standard growth model featuring international trade
• Develop mapping for St.Dev. of GDP growth in this framework
• If no granularity then St.Dev.≡0 (granularity = firms have positive mass, can be large)
• Mapping depends on only a few parameters. Estimate using firm-level microdata.

• Model generates variation in GDP growth due only to idiosyncratic shocks to firms
• Almost half the magnitude of variation observed in data for OECD countries
• Model does well in matching relative volatility across OECD countries

Conclusion
• Idiosyncratic shocks to firms can be significant source of variation in GDP growth
• Particularly for countries that engage in international trade
• Not only in short run (1yr), also longer-run (10yr)

Why do countries grow more in some periods than others, or more than other countries?
• Important to consider differences in growth of largest/fastest growing firms

Next Steps
Expect interesting results when framework is expanded in several dimensions
• How sectoral composition comes into play
• Whether frictions, such as adjustment costs, amplify variation or cause persistence

Use framework to think about causality in specific contexts
• Heterogeneous responses to trade reform
• Regional employment dynamics within U.S.

Appendix: Accuracy of Approximation
Approximation is very accurate. Slightly understates importance of granularity.

