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Late Industrialization and Technology Adoption

Late industrialization
• Divergent patterns of industrialization across developing countries in the postwar period
• Late industrialization: Driven by the adoption of foreign technology

- South Korea, Taiwan, Turkey, Brazil

Technology adoption
• Direct productivity gains to adopting firms
• Local productivity (knowledge) spillover
• Challenge: Quantitatively/empirically not well-known due to the lack of data availability

Question How do technology adoption and its local spillover contribute to late industrialization?
• South Korea in the 1970s
• Policy: Temporary adoption subsidy for heavy manufacturing sectors
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What we do?
1. Construct a novel historical data set

• Universe of firm-level technology adoption contracts
between South Korean and foreign firms

• Balance sheet

• Geographic information

→ Can measure firm-level technology adoption directly

2. Empirical evidence

• Direct productivity gains to adopters
• Local productivity spillovers
• Complementarity in Firms’ Adoption Decisions

3. Dynamic spatial model

• Firms’ technology adoption decisions & Local productivity spillover
• Spillover operating with a time lag

→ Dynamic complementarity in firms’ adoption decisions
→Multiple steady states can arise

• Permanent effect of one-time temporary adoption subsidy
→Move an economy to a new transition path to an alternative more-industrialized steady-state

4. Counterfactual: What if the South Korean government had not provided temporary adoption subsidies?
• Calibrated to the micro data and econometric estimates
• Converge to a less-industrialized steady state
- Heavy mfg. GDP share ↓ 15pp (2010 Korea→ 2010 Mexico)
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Data (in brief)

Final data set Firm-level unbalanced panel data
• Adoption : Dummy variable of South Korean firms’ adoption status

- Know-how (95%), 1,698 contracts, 690 unique firms, Heavy mfg 80%
• Balance sheet : Sales, employment, assets, fixed assets
• Geographic information : Location of production
• Sample period : 1970-1982
• Sectors : 10 mfg. sectors 4 heavy mfg. sectors
• Coverage

- Adoption : Universe
- Balance sheet : Emp. ≥ 50, 7,323 unique firms, covers 70% of mfg. gross output

Descriptive Statistics by Sector Descriptive Statistics by Adoption Status Classification of Sectors Coverage Figure: Balance Sheet Data
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Historical Background on Late Industrialization in South Korea
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Late Industrialization in South Korea and Technology Adoption

• Heavy mfg. GDP share (%)
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Temporary Adoption Subsidy between 1973 and 1979

• Heavy mfg. GDP share (%)
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Historical Background on Adoption Subsidy between 1973 and 1979

• HCI Drive: Targeted heavy mfg. sectors
- chemicals, electronics, machinery, non-ferrous metal, shipbuilding, steel

• One of the main policy instruments: Subsidies for technology adoption
- “Without improving our underdeveloped technology, our nation will be unable to secure an independent

national defense system ... which bodes ill for our chance of a peaceful reunification with North Korea.”

- “Considering our nation’s current technological state, adopting foreign advanced technologies ... seem to be
the most effective catching-up strategy.” (Science and Technology Annual, 1972)

• Temporary policy
- Ended after President Park was assassinated in 1979

Back to Introduction Graph HCI Drive Event Study Institutional Background on Temporary Subsidies Why Foreign Firms Made Contracts?
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Empirical Evidence on the Firm-Level Effects of Technology Adoption

1. Direct Productivity Gains to Adopters
2. Local Productivity Spillovers

3. Complementarity in Firms’ Adoption Decisions
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Empirical Evidence: Direct Productivity Gains to Adopters
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Direct Productivity Gains to Adopters: “Winners vs. Losers” Research Design
Econometric challenge: Endogenous adoption decisions → Selection bias
• Ideal empirical scenario: Random assignment of adoption status

Winners vs. losers research design (Greenstone et al., 2010; Malmendier et al., 2018)

• Winner (the treated) : An adopter
• Loser (the control) : A non-adopter that tried but failed in the end

1. Made a contract & approved by the government
2. Foreign firms’ exogenous cancellations unrelated to South Korean firms

E.g. (1) Changes of foreign firms’ management team, (2) Foreign firm’s bankruptcy

Matching procedure For each loser, we match a winner (34 pairs)

Step 1. Exactly match on sector and region
Step 2. Distance match on observable: log assets

Identifying assumption A loser forms a valid counterfactual for a matched winner
1. The cancellations were exogenous to losers conditional on matched observables (sector, region, size)
2. Winners and losers are ex-ante similar in terms of both observables and unobservables.

Example Descrpitive Stat Descrpitive Stat: Foreign Balance Test Trade Pattern Shares by Industry
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Direct Productivity Gains to Adopters: Regression

Event study

log yipt =
7∑

τ=−3

βτDτ
pt +

7∑
τ=−3

βdiff
τ (Dτ

pt × 1[Adoptit ]) + δi + δp + δt + εipt

• Dτ
pt := 1[t − τ = t(p)] : Event dummies

• 1[Adoptit ] : Adoption status
• δi , δp , δt : Firm, pair, year FEs

• Dependent variables : Log sales, revenue TFP
• Sample : Matched 34 pairs of winners and losers
• Identifying variation : Differences within pairs at event time τ
• Cluster : Two-way clustered at pair & firm
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Technology adoption increased sales (50%) and revenue TFP (45%) of winners relative to
losers.
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Empirical Evidence: Local Productivity Spillover
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Local Productivity Spillover
Spillover measure for firm i Local Spillover: Examples

Spillinj(t−h) =
∑

k∈nj/{i}

{
(1/distik )1[Adoptk(t−h)]∑

k′∈nj/{i}
(1/distik′)

}

• distik : distance between firm i and k • 1[Adoptk(t−h)]: lagged adoption status
• firm: i , k • region: n • sector: j • time: t

Regression model Overlapping long-difference 1971-1979, 1972-1980

4 log(Saleinjt ) = βS4Spillinj(t−h) +4δnjt + X′injt0β +4εinjt

Econometric challenges Spatially correlated shocks → Spurious correlation
• δnjt : 34mi2 (90km2) (Manhattan-sized)
→ Variation in distances to adopters of the same sector within narrowly defined regions

Identifying assumption Distances to adopters are uncorrelated with non-adopters’ unobservables conditional
on δnjt , δi , and controls.
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Firms located closer to local adopters had higher sales growth.

Dep. Var. log sales
(1)

Spill 4.39∗∗∗
(1.54)

N 1079

• Interpretation: One std. spillover (0.33) ↑ → sales ↑ 14.5%

• Robustness: Local input sourcing market access, conglomerate FE, revenue TFP

Controls , Revenue TFP , Full Sample , Cross-Sector Spillover , Broader Level , Alternative Measure: Weighted Sum
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Empirical Evidence: Complementarity in Firms’ Adoption Decisions
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Complementarity in Firms’ Adoption Decisions

Regression model Overlapping long-difference 1971-1979, 1972-1980

41[New Contractinjt ] = βS4Spillinj(t−h) +4δnjt + X′injt0β +4εinjt

• Sample : Full-sample
• Cluster : Region & Conglomerate levels
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Firms located closer to local adopters were more likely to adopt a new technology.

Dep. Var. 1[New Contract]
(1)

Spill 0.49∗∗∗
(0.18)

N 2689

• Interpretation: One std. spillover (0.33) ↑ → probability of making a new contract ↑ 1.5 pp
- Annual average shares of firms making a new technology contract: 3%

• Robustness: Local input sourcing market access, conglomerate FE, revenue TFP

Controls
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Theory (in brief)
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Environment

Set-up
• Closed economy
• Discrete time: t ∈ {1, 2, 3, . . . ,∞}
• One region, one sector
• Firms i

- Monopolistically competitive
- Fixed mass, M = 1
- Heterogeneous productivity zit

• Households
- Inelastic labor supply
- Income: wage & profits
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Environment: Dynamics

Static decisions by agents
• Static technology adoption decisions by firms

- (Trade-off) Direct productivity gains vs. Fixed adoption cost (units of final goods)

• Static consumption decisions by households

Source of dynamics
• Local spillover of adoption operating with one-period lag (Allen and Donaldson, 2021)

- Externality: Amounts of adoption in t − 1 affect local productivity in t

15 / 23



Technology Adoption

Firm productivity
zit = ηTit︸︷︷︸

Direct
productivity gains

× f (λt−1)︸ ︷︷ ︸
Local

spillover

× φit︸︷︷︸
Exogenous

productivity

Spillover
f (λt−1) = exp(δλt−1), δ: Semi-elasticity

Mapping to reduced-form estimates
• η : ln Saleit = (σ − 1) ln(η)1[Adoptit ]︸ ︷︷ ︸

“Winners vs. losers”

+ (σ − 1)δλt−1 + (σ − 1) ln(wt ) + ln(Pσ−1
t Et )︸ ︷︷ ︸

Absorbed out by exactly matching on region-sector

+(σ − 1) lnφit

• δ : ln Saleit = (σ − 1)δλt−1︸ ︷︷ ︸
Variation in distance

+ (σ − 1) ln(wt ) + ln(Pσ−1
t Et )︸ ︷︷ ︸

Region-sector-time FE

+(σ − 1) lnφit

Microfoundation-Nonrivalry Microfoundation-Learning Externality
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Microfoundation-Nonrivalry Microfoundation-Learning Externality
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Analytical Results: Multiple Steady States

Net gains from adoption

πit (Tit = 1)− πit (Tit = 0)︸ ︷︷ ︸
Gains from adoption

− PtF T︸ ︷︷ ︸
Fixed adoption cost

= (ησ−1 − 1)
1
σ

(
σ

σ − 1
wt

f (λt−1)φit

)1−σ

Pσ−1
t Et︸ ︷︷ ︸

Gains from adoption

− PtF T︸ ︷︷ ︸
Fixed adoption costs

Adoption productivity cutoff and adoption probability

φ̄T
t =

[
σF T ( σ

σ−1 wt )
σ−1

(ησ−1 − 1)f (λt−1)Pσ−2
t Et

] 1
σ−1

, λt = min{(φ̄T
t )−θ, 1}

(Period-by-period) Short-run equilibrium λ∗t

1. λ∗t increases in λt−1 → Dynamic complementarity
2. Unique short-run equilibrium for each t (no contemporaneous spillover)

- Given initial λ0, ∃ a unique equilibrium path

Closed-Form Expressions Technical Assumptions Firms’ Maximization Problem & Sources of Dynamic Complementarity Empirical Evidence on Dynamic Complementarity
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Multiple Steady States

λt−1

λt

Short-run Eq.

• Short-run Eq. (Red locus): (λ∗t−1, λ
∗
t )

- Dynamic complementarity
→ λ∗t increases in λ∗t−1

• Steady state condition (45◦ blue line)
- λt = λt−1

• Pareto-ranked by λ∗

• Initial condition (history) matters

• Nonlinearity and spillover
- No spillover (δ = 0 )

→ Unique steady state
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Multiple Steady States
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45◦ line

No Spillover

• Short-run Eq. (Red locus): (λ∗t−1, λ
∗
t )

- Dynamic complementarity
→ λ∗t increases in λ∗t−1

• Steady state condition (45◦ blue line)
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• Nonlinearity and spillover
- No spillover (δ = 0 )

→ Unique steady state

18 / 23



Multiple Steady States: Role of Temporary Subsidy for the Adoption

SPreInd

SU

SInd

Initial condition

Poverty Trap

λt−1

λt

Short-run Eq.
45◦ line

Temporary Policy and Unique SS Comparative Statistics
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Multiple Steady States: Role of Temporary Subsidy for the Adoption
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Full Quantitative Model

Set-up
• Small open economy: Home & Foreign (Rodrik, 1995; Irwin, 2021)

• N regions: n, m 42 regions
• J sectors: j , k (1) Commodity, (2) Light mfg., (3) Heavy mfg., (4) Service

- Technology adoption only available in heavy mfg.
- Service is non-tradable across regions and countries

Costly trade

Firms

Households

Subsidy

Equilibrium
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Full Quantitative Model

Set-up

Costly trade
• Internal trade : Iceberg trade cost: τnmj

• International trade : Iceberg trade cost: τ x
nj , Fixed export cost: F x

j (Melitz, 2003)

Firms

Households

Subsidy

Equilibrium
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Full Quantitative Model

Set-up

Costly trade

Firms
• Static adoption & export decisions Firms’ Maximization Problem

• Roundabout production Production

Households

Subsidy

Equilibrium

20 / 23



Full Quantitative Model

Set-up

Costly trade

Firms

Households
• (1) Consumption: Cobb-Douglas preference
• (2) (Myopic) Costly migration decisions (Young, 1995; Lucas, 2004) Preference & Labor Mobility

Subsidy

Equilibrium
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Full Quantitative Model

Set-up

Costly trade

Firms

Households

Subsidy
• Input subsidy for adopters financed by labor tax Adoption Subsidy Institutional Background on Labor Tax

• Balanced government budget each period

Equilibrium
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Taking the Model to the Data
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Calibration Procedure

Calibration strategy Match cross-sectional data in 1972, 1976, 1980

Subsidies Subsidy rate s̄ in 1976, 1980
• Identifying moment: uniquely identify s̄ (under simplifying assumptions) ⇒ 11%
• Intuition

1. η, δ: Measured benefits from adoption
2. Conditional on measured benefits, increases in shares of adopters in 1976 and 1980 relative to 1972

are attributable to subsidies.

Structural parameters & Geographic fundamentals
• Method of moments

Identification of Subsidies Externally Calibrated Parameters Method of Moments Model Fit Non-Targeted Moments: Heavy Mfg. Regional Distribution
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Quantitative Results: Evaluation of the Policy
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If subsidies had not been provided, heavy mfg. GDP and export shares would have been
15pp and 20pp permanently lower.

Heavy mfg. GDP share (%)

Amplifying Factors Light Mfg. Export Share Employment Share Aggregate Welfare
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If subsidies had not been provided, heavy mfg. GDP and export shares would have been
15pp and 20pp permanently lower.

Heavy mfg. export share (%)

Amplifying Factors Light Mfg. Export Share Employment Share Aggregate Welfare
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Conclusion
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Conclusion

1. New data
- Digitized archival data on firm-level technology adoption activities

2. Empirics
- Technology adoption: (1) Direct gains, (2) Local spillover, (3) Complementarity

3. Quantification
- Subsidized technology adoption can explain South Korea’s industrialization patterns
- Multiple steady states generated by spillover/complementarity
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Other Measures
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Historical Background on Adoption Subsidy between 1973 and 1979

• HCI Drive: Targeted heavy mfg. sectors
- chemicals, electronics, machinery, non-ferrous metal, shipbuilding, steel

• One of the main policy instruments: Subsidies for technology adoption
- “Without improving our underdeveloped technology, our nation will be unable to secure an independent

national defense system ... which bodes ill for our chance of a peaceful reunification with North Korea.”

- “Considering our nation’s current technological state, adopting foreign advanced technologies ... seem to be
the most effective catching-up strategy.” (Science and Technology Annual, 1972)

• Temporary policy
- Ended after President Park was assassinated in 1979

Back to Introduction Graph HCI Drive Event Study Institutional Background on Temporary Subsidies Why Foreign Firms Made Contracts?
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Heavy Mfg. GDP Shares

Adoption Subsidy
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Shares of Adopters (%)
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Descriptive Statistics by Sector
All mfg. Heavy mfg. Light mfg.

(1) (2) (3)

Firm Balance Sheet

ln(Sales) 15.65 15.54 15.75
(1.93) (1.94) (1.91)

ln(Assets) 15.14 15.10 15.18
(1.77) (1.76) (1.77)

ln(Fixed Assets) 13.96 13.94 13.98
(1.97) (1.93) (1.99)

ln(Emp) 5.17 5.03 5.29
(1.32) (1.32) (1.31)

Technology Adoption

1[Ever Adopt] 0.15 0.23 0.08
(0.36) (0.42) (0.07)

# (firms) 7,323 3,477 3,846
N 43,720 20,497 23,223

Back to Data
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Descriptive Statistics by Ever-Adoption Status

All firms Ever-Adopter Never-Adopter
(1) (2) (3)

ln(Sales) 15.63 17.12 15.39
(1.93) (1.83) (1.83)

ln(Assets) 15.14 16.81 14.93
(1.76) (1.77) (1.65)

ln(Fixed Assets) 13.95 15.70 13.74
(1.96) (1.95) (1.85)

ln(Emp) 5.17 6.09 5.03
(1.32) (1.45) (1.25)

# (firms) 7,323 690 6,633
N 43,853 3,704 40,149

Back to Data
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Classification of Sectors
Aggregated Industry Industry

Heavy Mfg.

(i) Chemicals, Petrochemicals, Rubber, & Plastic Products

Coke oven products (231)
Refined petroleum products (232)
Basic chemicals (241)
Other chemical products (242)
Man-made fibres (243) except for

pharmaceuticals and medicine chemicals (2423)
Rubber products (251)
Plastic products (252)

(ii) Electrical Equipment

Office, accounting, & computing machinery (30)
Electrical machinery and apparatus n.e.c. (31)
Ratio, television and communication equipment and apparatus (32)
Medical, precision, and optical instruments, watches and clocks (33)

(iii) Basic & Fabricated Metals Basic metals (27)
Fabricated metals (28)

(iv) Machinery & Transport Equipment

Machinery and equipment n.e.c. (29)
Motor vehicles, trailers and semi trailers (34)
Building and repairing of ships and boats (351)
Railway and tramway locomotives and rolling stock (352)
Aircraft and spacecraft (353)
Transport equipment n.e.c. (359)

Light Mfg.

(v) Food, Beverages, & Tobacco Food products and beverages (15)
Tobacco products (16)

(vi) Textiles, Apparel, & Leather

Textiles (17)
Apparel (18)
Leather, luggage, handbags, saddlery, harness, and footwear (19)

(vii) Manufacturing n.e.c.

Manufacturing n.e.c. (369)

(viii) Wood, Paper, Printing, & Furniture

Wood and of products, cork (20)
Paper and paper products (21)
Publishing and printing (22)
Furniture (361)

(ix) Pharmaceuticals & Medicine Chemicals pharmaceuticals and medicine chemicals (2423)

(x) Other Nonmetallic Mineral Products Glass and glass products (261)
on-metallic mineral products n.e.c. (269)

Back to Data
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Coverage
∑
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Back to Data
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Source: Balance Sheet Data

Back to Data
23 / 23



Why foreign firms made adoption contracts?

Example: POSCO and Nippon Steel Company (NSC)
• Construction/Operation of integrated steel mills

Reasons
1. Profits: 20% of the total annual export of plant engineering of NSC
2. Transferred standardized (but still modern) technology but not the frontier technology

• Refused to share technology related to computarization
3. Did not expect POSCO’s success

• Saito, CEO of NSC : “POSCO’s rate of absorbing adopted technologies is very fast . . .POSCO hit us
like a boomerang.”
• In 1981, refused to make new contracts

Back to Historical Background
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The Impact of the Policy on Firms’ Adoption Decisions

100× 1[Adoptit ] =
9∑

τ=−3

βτDτ
t + δi + εit ,

• Sample: Heavy mfg. firms
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The Number of Heavy Manufacturing Patents

0

200

400

600

800

1000

1200

1400

N
u

m
b

e
r 

o
f 

H
e

a
v
y
 M

fg
. 

P
a

te
n

ts

19
65

19
70

19
75

19
80

19
85

Year

Back to Historical Background

23 / 23



Institutional Background on Temporary Subsidies

Allocation of foreign credits (Choi and Levchenko, 2021)
• Foreign Capital Inducement Act of Korea

- Strictly regulating financial contracts between domestic and foreign firms
- Selectively allocated to the targeted firms or sectors

• Conditional on approvals, the government guaranteed to pay back
⇒ Firms could borrow at a lower interest rate

Subsidized industrial technology adoption
• Direct costs of technology adoption
• Capital equipment related to adopted technologies

Back to Historical Background
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Example: Kangwon and Brohel

Back to Research Design
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“Winners vs. Losers” Research Design: Descriptive Statistics

Winner Loser t-Statistics
Mean Med. SD Obs. Mean Med. SD Obs. (Col. 1 - Col. 5)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

log sales 17.80 18.21 2.22 133 18.46 18.45 1.78 131 2.36 [0.13]
log employment 7.34 7.60 1.23 109 7.07 7.19 1.54 130 0.23 [0.64]
log fixed assets 17.15 17.10 2.26 162 17.19 17.64 2.26 158 0.01 [0.93]
log assets 18.00 17.99 2.10 162 18.12 18.40 2.08 158 0.07 [0.80]
log value-added/emp 9.57 9.70 1.26 102 9.95 9.62 1.35 122 1.55 [0.22]

Back to Research Design
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“Winners vs. Losers” Research Design: Covariate Balance Test

Dep. Var. 1[Adoptit ]
Bivariate Multivariate

(1) (2) (3) (4)

log sales -0.04 (0.03) -0.1 (0.07) -0.49 (0.14)∗∗∗ 0.14 (0.47)
N 264 262

log employment 0.04 (0.03) 0.05 (0.07) 0.29 (0.15)∗ -0.36 (0.5)
N 239 238

log fixed assets 0.00 (0.02) 0.02 (0.07) -0.02 (0.16) 0.16 (0.22)
N 319 319

log assets 0.00 (0.02) 0.00 (0.08) 0.22 (0.21) 0.03 (0.33)
N 213 212

log labor productivity -0.06 (0.03) -0.06 (0.06) 0.27 (0.14)∗ -0.36 (0.49)
N 224 221 224 221

F-test [p-val] 4.55 [0.00] 0.72 [0.61]

Year FE X X X X
Pair FE X X

Back to Research Design
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Descriptive Statistics of Patenting Activities by Foreign Contractors: Winners vs. Losers
Design Samples

Winner Loser t-Statistics
Mean Med. SD Obs. Mean Med. SD Obs. (Col. 1 - Col. 5)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Panel A. Yearly Measures

ln(Patent + 1) 1.54 0.00 2.11 34 1.73 0.00 2.55 34 0.14 [0.71]
ln(Citation + 1) 1.71 0.00 2.36 34 2.06 0.00 2.88 34 0.34 [0.57]
1[Patent > 0] 0.44 0.00 0.50 34 0.39 0.00 0.49 34 0.24 [0.63]
1[Citation > 0] 0.42 0.00 0.50 34 0.42 0.00 0.50 34 0.00 [1.00]

Panel B. Cumulative Measures

ln(Cum. Patent + 1) 2.20 0.00 2.72 34 2.57 1.15 3.13 34 0.35 [0.56]
ln(Cum. Citation + 1) 2.39 0.00 2.94 34 2.85 1.50 3.41 34 0.46 [0.50]
1[Cum. Patent > 0] 0.47 0.00 0.51 34 0.56 1.00 0.50 34 0.58 [0.45]
1[Cum. Citation > 0] 0.47 0.00 0.51 34 0.56 1.00 0.50 34 0.52 [0.48]

Back to Research Design
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“Winners vs. Losers” Research Design: Placebo
Matching Non-adopters & losers
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Sources of Technology Adoption and Trade Patterns
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Shares of Contracts by Industry
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Dep. Var. log sales log labor log revenue TFP
productivity W. (2009) ACF (2015) LP (2003) OLS

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

3 years before event 0.00 –0.09 0.01 0.06 0.04 0.00
(0.27) (0.41) (0.24) (0.30) (0.24) (0.29)

2 years before event 0.07 –0.36 –0.11 –0.18 –0.08 –0.19
(0.24) (0.46) (0.24) (0.34) (0.24) (0.34)

1 year before event –0.10 –0.02 0.04 0.10 0.06 0.08
(0.12) (0.23) (0.15) (0.19) (0.15) (0.19)

Year of event
1 year after event 0.31 0.28 0.22 0.37 0.23 0.33

(0.25) (0.41) (0.37) (0.38) (0.37) (0.39)
2 years after event 0.53∗ 0.64∗∗ 0.56∗∗ 0.71∗∗ 0.56∗∗ 0.67∗∗

(0.27) (0.30) (0.26) (0.30) (0.26) (0.29)
3 years after event 0.47∗ 0.62∗∗ 0.41∗ 0.66∗∗ 0.43∗ 0.63∗∗

(0.26) (0.29) (0.23) (0.28) (0.23) (0.27)
4 years after event 0.48∗∗ 0.62∗∗ 0.42∗ 0.67∗∗ 0.45∗∗ 0.63∗∗

(0.23) (0.27) (0.21) (0.25) (0.21) (0.24)
5 years after event 0.58∗∗ 0.43 0.52∗∗ 0.64∗∗ 0.52∗∗ 0.57∗

(0.26) (0.36) (0.21) (0.29) (0.23) (0.29)
6 years after event 0.54∗ 0.55∗ 0.46∗∗ 0.59∗∗ 0.46∗ 0.56∗∗

(0.29) (0.28) (0.23) (0.29) (0.24) (0.27)
7 years after event 0.66∗∗ 0.56∗ 0.57∗∗ 0.69∗∗ 0.58∗∗ 0.67∗∗

(0.31) (0.32) (0.23) (0.29) (0.23) (0.28)

N 951 835 827 827 827 827

Back to Direct Productivity Gains Results
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Direct Productivity Gains: Winners were 29% more likely to become an exporter

Data KIS-VALUE
• Exports after 1980
• Coverage is smaller than the main balance sheet data

Regression Model Pooled OLS 7,8 years after the event

1[Exportip,t(p)+τ ] = βexport × 1[Adoptip,t(p)] + δpτ + εip,t(p)+τ , τ ∈ {7, 8}

• 1[Exportip,t(p)+τ ]: Export status τ years after the event

Back to Direct Productivity Gains Results
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Direct Productivity Gains: Winners were 29% more likely to become an exporter

Dep. Var. 1[Export] asinh(Export)
Years after the event (τ ) τ = 7, 8 τ = 7 τ = 8 τ = 7, 8 τ = 7 τ = 8

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

Adopt 0.29∗∗ 0.26∗ 0.32∗∗ 5.25∗∗ 4.75∗ 5.79∗∗
(0.13) (0.13) (0.14) (2.40) (2.49) (2.60)

p-val (CGM) [0.06] [0.04] [0.01] [0.04] [0.08] [0.04]

# cluster (pair) 23 23 22 23 23 22
N 90 46 44 90 46 44

Back to Direct Productivity Gains Results
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Direct Productivity Gains: Labor Productivity
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Direct Productivity Gains: Inputs
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Raw Data Plot
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Standard TWFE Event Study

log(Saleit ) =
τ=7∑
τ=−3

βτ × 1[Adoptτit ] + X′itγ + δi + δt + εit ,
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Pair Time FEs
Regression Model

log yipt =
7∑

τ=−3

βdiff
τ (Dτ

pt × 1[Adoptit ]) + δi + δpτ + εipt
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Different Matching

• Matching: Log asset, Asset growth between t − 1 and t
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Local Productivity Spillovers: Examples

Local Diffusion of Knowledge Wonil Machinery Work (Hot and cold rolling mill producer)
• A local firm adopted technology related to sophisticated 4-high nonreverse cold rolling mills
• One Wonil’s engineer could obtain technical information indirectly from this local firm
• Wonil developed its own 4-high cold rolling mill

Labor Mobility and Learning Externality POSCO (Korea’s largest integrated steel mill)
• The government heavily subsidized POSCO for the adoption of foreign technology
• Some of the engineers who left POSCO got jobs in local capital good producers
• These engineers helped these local firms produce capital equipment that POSCO used

- (E.g.) equipment for treating water and collecting dust and a large magnetic crane

Back to Spillover Regression
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Local Productivity Spillovers: Controls

Dep. Var. log sales
(1) (2) (3) (4) (5)

Spill 4.39∗∗∗ 4.94∗∗∗ 4.23∗∗∗ 3.79∗∗ 4.07∗∗
(1.54) (1.70) (1.50) (1.64) (1.76)

ln(Spill-Sales) X X
ln(Input-MA) X X
Conglomerate FE X X

N 1079 1079 1079 1073 1073

Controls

ln

( ∑
k∈nj/{i}

{
(1/distik )Saleskt∑
k′∈nj/{i}(1/distik′)

})
︸ ︷︷ ︸

Weighted average of sales

, ln

(∑
j′

∑
k∈nj′/{i}

γ j′

j (1/distik )Saleskt

)
︸ ︷︷ ︸

Market size due to local input sourcing

Back to Spillover Results
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Local Productivity Spillovers: Revenue TFP

Dep. Var. log revenue TFP
(1) (2) (3) (4) (5)

Spill 5.55∗∗∗ 5.34∗∗∗ 5.81∗∗∗ 5.41∗∗∗ 5.11∗∗
(1.84) (1.62) (2.08) (1.78) (1.92)

ln(Spill-Sales) X X
ln(Input-MA) X X
Conglomerate FE X X

N 344 344 344 292 292

• Interpretation:
1. One std. spillover (0.33) ↑ → revenue TFP ↑ 18%
2. (Semi-elasticity) probability of interacting with adopters ↑ 1pp → revenue TFP ↑ 5 - 5.8%

Back to Spillover Results
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Local Productivity Spillovers: Full Sample Results

Dep. log sales log revenue TFP
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Spill 4.23∗∗∗ 4.45∗∗∗ 3.86∗∗∗ 3.72∗∗ 3.93∗∗∗ 4.75∗∗∗ 4.72∗∗∗ 4.45∗∗∗ 3.99∗∗ 3.44∗
(1.18) (1.43) (1.31) (1.19) (1.52) (1.63) (1.90) (1.73) (1.58) (1.82)

1[Adopt ] 0.32∗∗ 0.26 0.32∗∗ 0.31∗∗ 0.25 0.15∗ 0.14 0.15∗ 0.14 0.12
(0.15) (0.20) (0.15) (0.15) (0.19) (0.09) (0.10) (0.09) (0.09) (0.10)

ln(Spill-Sales) X X X X
ln(Input-MA) X X X X
Conglomerate FE X X X X

N 1264 1259 1264 1264 1259 431 387 431 431 387

Back to Spillover Results
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Local Productivity Spillovers: Spillover Defined at the Broader Level

Spillinj(t−h) =
∑

k∈N(n)j/{i}

{
(1/distik )1[Adoptk(t−h)]∑

k′∈N(n)j/{i}
(1/distik′)

}

(1) (2) (3) (4) (5)

Spill 3.54∗∗ 4.12∗∗ 3.36∗ 3.51∗∗ 3.83∗∗
(1.69) (1.78) (1.73) (1.61) (1.63)

ln(Spill-Sales) X X
ln(Input-MA) X X
Conglomerate FE X X

N 1079 1079 1079 1073 1073

Back to Spillover Results
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Local Productivity Spillovers: Alternative Spillover Measure
Alternative spillover measure: Weighted sum

Sum-Spillinj(t−h) =
∑

k∈nj/{i}

{
(1/distik )1[Adoptk(t−h)]

}

(1) (2) (3) (4) (5)

Sum-Spill 0.15∗∗ 0.15∗ 0.15∗ 0.20∗∗∗ 0.20∗∗∗
(0.08) (0.08) (0.08) (0.07) (0.07)

ln(Spill-Sales) X X
ln(Input-MA) X X
Conglomerate FE X X

N 1079 1079 1079 1073 1073

• One std. spillover (1.21) ↑ → Sales 18–24% ↑
Back to Spillover Results
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Complementarity: Other controls

Dep. Var. 1[New Contract]
(1) (2) (3) (4) (5)

Spill 0.49∗∗∗ 0.49∗∗ 0.46∗∗∗ 0.49∗∗∗ 0.47∗∗∗
(0.18) (0.19) (0.15) (0.18) (0.15)

ln(Spill-Sales) X X
ln(Input-MA) X X
Conglomerate FE X X

N 2689 2689 2689 2688 2688

Controls

ln

( ∑
k∈nj/{i}

{
(1/distik )Saleskt∑
k′∈nj/{i}(1/distik′)

})
︸ ︷︷ ︸

Weighted average of sales

, ln

(∑
j′

∑
k∈nj′/{i}

γ j′

j (1/distik )Saleskt

)
︸ ︷︷ ︸

Market size due to local input sourcing

Back to Complementarity Results
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Local Cross-Sector Productivity Spillovers

Regression Model Overlapping long-difference 1971-1979, 1972-1980

4yinjt = βS4Spillinj(t−4) + βS
for

(∑
g 6=j

γg
j 4Spilling(t−4)

)
︸ ︷︷ ︸

Forward spillover

+βS
back

(∑
g 6=j

γ j
g4Spilling(t−4)

)
︸ ︷︷ ︸

Backward spillover

+X′injt0β +4δnjt +4εinjt .

• γg
j : Shares of sector g intermediate inputs used by sector j

Back to Spillover Results

23 / 23



Local Cross-Sector Productivity Spillovers

Dep. Var. Log sales
(1) (2) (3) (4) (5)

Spill 4.11∗∗ 3.56∗∗ 4.61∗∗ 4.01∗∗ 3.85∗∗
(1.73) (1.71) (1.85) (1.68) (1.80)

Forward Spill (βS
for ) –0.35 0.32 –0.05 0.21 0.98

(2.65) (1.99) (2.79) (2.54) (2.03)
Backward Spill (βS

back ) –6.58 –9.23 –5.42 –7.54 –9.52
(11.38) (7.78) (12.60) (11.25) (8.42)

Conglomerate FE X X
ln(Spill-Sales) X X
ln(Input-MA) X X

N 1079 1073 1079 1079 1073

Back to Spillover Results
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Labor Supply: Spatial Mobility
Preference ∏

j

C
αj
njt ,

∑
j

αj = 1

Household Utility

Uh
mn,t = Vnt︸︷︷︸

Amenity

× (1− τw
t + π̄h

t )wnt∏
j (Pnjt )

αj︸ ︷︷ ︸
Real income

× dmn︸︷︷︸
Migration

cost

× εh
nt︸︷︷︸

Idiosyncratic
preference shock

, εh
nt ∼ F (ε) = exp(ε−ν)︸ ︷︷ ︸

Fréchet

• Vn : Amenity , • wnt : Wage , • Pnt : Price index
• τw

t : Labor tax , • π̄h
t : Dividend per share , • dmn : Migration costs

Migration Shares

µmnt =

(
Vnt

(1−τw
t +π̄h

t )wnt
Pnt

dmn

)ν
∑N

n′=1

(
Vn′t

(1−τw
t +π̄h

t )wn′ t
Pn′ t

dmn′

)ν
Population Evolution

Lnt =
∑

m∈N

µmntLmt−1.

Back to Full Quantitative Model Back to Aggregate Welfare Gain
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Adoption Subsidy

Adoption subsidy
• Input subsidy for adopters

(1− st )× [wntLit +
∑
k∈J

PnktMk
it ]︸ ︷︷ ︸

Total input expenditure of adopter i

, 0 < st < 1

• Balanced government budget each period
• Financed by labor tax

Unit cost
(Non-adopter) cnjt

f (λnjt−1)φit
(Adopter) (1− st )cnjt

ηf (λnjt−1)φit

• cnjt : Price of an input bundle

Back to Full Quantitative Model
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A Firm’s Maximization Problem

πit = max
xit ,Tit∈{0,1}

{
1
σ

(
σ

σ − 1

(
1− st

η

)Tit cnjt

f (λnjt−1)φit

)1−σ ∑
m∈N

τ 1−σ
nmj Pσ−1

mjt Emjt

+ xit

[
1
σ

(
σ

σ − 1

(
1− st

η

)Tit cnjt

f (λnjt−1)φit

)1−σ

(τ x
nj )

1−σDf
jt − cnjtF x

j

]
− TitcnjtF T

j

}

• Fixed adoption/export costs → Cutoff productivity of adoption/export

• Spillover: Dynamic complementarity in firms’ adoption decisions
1. ↑ λnjt−1 → ↑ firm scale in t → ↑ λnjt

2. ↑ λnjt−1 → ↓ fixed adoption costs in t (↓ cnjtF T
j ) → ↑ λnjt

Back to Net Gains Back to Full Quantitative Model
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Production

Final goods producer

Qnjt =

[ ∑
m∈N

(∫
ω∈Ωmj

qit (ω)
σ−1
σ dω

)
︸ ︷︷ ︸

Domestic varieties

+

∫
ω∈Ωf

j

qf
it (ω)

σ−1
σ dω︸ ︷︷ ︸

Foreign varieties

] σ
σ−1

- σ: Elasticity of substitution

Firms (Intermediate goods producer)

qit (ω) = zit (ω)(Lit (ω))γ
L
j
∏
k∈J

(Mk
it (ω))γ

k
j , γL

j +
∑
k∈J

γk
j = 1

Back to Full Quantitative Model
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Distributional Assumption: Bounded Pareto

Firm productivity
zit = ηTit × f (λnjt−1)× φit︸︷︷︸

Exogenous
productivity

Distributional Assumptions
• Bounded Pareto (Chaney, 2008; Helpman et al., 2008)

φit ∼
1− (φit/φ̄

min
njt )−θ

1− (φ̄max
njt /φ̄

min
njt )−θ

- φ̄min
njt , φ̄max

njt : Lower and upper bounds of support , - θ: Shape parameter

• Three parameters: κ = (φmax
njt /φ

min
njt ), φmin

njt , θ

- φmin
njt : Natural advantage

Back to Full Quantitative Model
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Microfoundation: Local Diffusion of Non-rivalrous Idea
Local Diffusion of Non-rivalrous Idea
• A firm chooses innovation level ait each period, which increases productivity (Desmet and Rossi-Hansberg, 2014)

• Costs of innovation in t decreases in adopter shares in the previous period t − 1

• Larger adopter shares in the previous period increases the overall level of innovation in a local area.

A Firm’s Maximization Problem

πit = max
Tit∈{0,1},ait∈[0,∞)

{
1
σ

(
σ

σ − 1
wnt

η̃Tit aγ1
it φ̃it

)1−σ

Pσ−1
t Et − PtTitF T − Ptaα1

it g(λnt−1)Bt︸ ︷︷ ︸
Innovation cost

}

= max
Tit∈{0,1}

{
1
σ

(
σ

σ − 1
wnt

(C̄1
nt )
γ1 g(λnt−1)

−1
α1−1−γ1(σ−1)︸ ︷︷ ︸

=f (λnt−1)

(η̃
α1−σ−γ1(σ−1)

α1−1−γ1(σ−1)︸ ︷︷ ︸
=η

)Tit φ̃

α1−σ−γ1(σ−1)

α1−1−γ1(σ−1)

it︸ ︷︷ ︸
=φit

)1−σ

Pσ−1
t Et − PtTitF T

}

• ait : : Innovation level • φ̃it : Exogenous productivity

Back to Spillover
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Microfoundation: Learning Externality and Labor Mobility
Set-up
• Demographics: (1) Production worker, (2) Engineers, (3) Firm owners
• Matching:

- Firm owners can produce only when matched with engineers.
- One-to-one random matching each period (Acemoglu, 1996)
- Share profits by Nash bargaining.

• Learning Externality
- Engineers: Two-period OLG. Only work when in the adulthood
- If an adult works in an adopting firm, her child obtains higher engineering skills when she becomes an

adult in the next period.
A Firm’s Profit Maximization Problem

πit = max
Tit∈{0,1}

(1−β̃)

{
λnt−1

1
σ

(
σ

σ − 1
wnt

η̃Tit γ1φ̃it

)1−σ

Pσ−1
t Et +(1−λnt−1)

1
σ

(
σ

σ − 1
wnt

η̃Tit φ̃it

)1−σ

Pσ−1
t Et−wntF T Tit

}
,

• Maximize expected profits
• Complementarity between engineering skills and gains from adoption:

- Engineers with higher skill ↑ → Adoption ↑
Back to Spillover
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Empirical Evidence on Hicks-Neutrality

Dependent Variable: Capital/Emp
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“Winners vs. Losers” Research Design

Back to Spillover
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Adoption Productivity Cutoff

Adoption Productivity Cutoff

φ̄T
njt =

(
µcnjt (σwntF T

j )
1

σ−1

(η/(1− st ))σ−1 − 1)
1

σ−1 f (λnjt−1)
(∑

m τnmjPmjtE
1

σ−1
mjt + τx D

1
σ−1
fj,t

)
)

Adoption Probability

λnjt = P[φ ≥ φ̄T
njt ] =

(φ̄T
njt/φ

min
njt )−θ − κ−θ

1− κ−θ

(Partial) Comparative Statistics
• (Subsidy) st ↑ → λnjt ↑ • (Spillover) λnjt−1 ↑ → λnjt ↑

• (Market size) (
∑

m τnmjPmjtE
1

σ−1
mjt + τx D

1
σ−1
fj,t ) ↑ → λnjt ↑

Back to Profit Maximization

23 / 23



Export Productivity Cutoff

Export Productivity Cutoff

φ̄x
njt =

(
µcnjt (σwntF x

j )
1

σ−1

f (λnjt−1)τ x
njD

1
σ−1
fj,t

)

Export Probability

λx
njt = P[φ ≥ φ̄x

njt ] =
(φ̄x

njt/φ
min
njt )−θ − κ−θ

1− κ−θ

Back to Full Quantitative Model
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Aggregate Domestic Sales

Rd
njt = Mnj︸︷︷︸

Mass of
firms

× (µcnjt )
1−σ︸ ︷︷ ︸

Input bundle costs

× (φ̄avg
njt )σ−1︸ ︷︷ ︸

Average productivity
inclusive of subsidy

×
∑

m∈N

τ 1−σ
nmj P1−σ

mjt Emjt︸ ︷︷ ︸
Firm domestic
market access

where

φ̄avg
njt = φ̄avg

(
λnjt−1︸ ︷︷ ︸

spillover ↑

, λnjt︸︷︷︸
direct

productivity
gains ↑

, st︸︷︷︸
subsidy ↑

, φmin
njt︸︷︷︸

natural
advantage ↑

)

=
θf (λnjt−1)(φmin

njt )σ−1

θ̃(1− κ−θ)

{(( η

snjt

)σ−1
− 1
)

(λ̃njt )
θ̃
θ +

(
1−

( η

snjt

)σ−1
κ−θ̃

)}

Back to Full Quantitative Model
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Aggregate Export

Rx
njt = Mx

njt︸︷︷︸
Mass of

exporters

× (µcnjt )
1−σ︸ ︷︷ ︸

Input bundle costs

× (φ̄x,avg
njt )σ−1︸ ︷︷ ︸
Exporters’

average productivity
inclusive of subsidy

× (τ x
nj )

1−σDf
jt︸ ︷︷ ︸

Firm foreign
market access

where

φ̄x,avg
njt = φ̄x,avg

(
λnjt−1︸ ︷︷ ︸

spillover ↑

, λnjt︸︷︷︸
direct

productivity
gains ↑

, st︸︷︷︸
subsidy ↑

, φmin
njt︸︷︷︸

natural
advantage ↑

, λx
njt︸︷︷︸

Selection ↓

)

=
θf (λnjt−1)(φmin

njt )σ−1

θ̃(1− κ−θ)

(λ̃x
njt )

θ̃
θ

λx
njt

{(( η

snjt

)σ−1
− 1
)( λ̃njt

λ̃x
njt

) θ̃
θ

+
(

1−
( η

snjt

)σ−1
κ−θ̃(λ̃x

njt )
− θ̃

θ

)}

Back to Full Quantitative Model

23 / 23



Price index

P1−σ
njt =

∑
m∈N

[
Mmj (µτmnjcmjt )

1−σ︸ ︷︷ ︸
Unit cost

× (φ̄avg
mjt )σ−1︸ ︷︷ ︸

Average productivity
inclusive of subsidy

]
+ (τ x

njc
f
jt )

1−σ︸ ︷︷ ︸
Consumer foreign

market access

,

where

φ̄avg
njt = φ̄avg

(
λnjt−1︸ ︷︷ ︸

spillover ↑

, λnjt︸︷︷︸
direct

productivity
gains ↑

, st︸︷︷︸
subsidy ↑

, φmin
njt︸︷︷︸

natural
advantage ↑

)

=
θf (λnjt−1)(φmin

njt )σ−1

θ̃(1− κ−θ)

{(( η

snjt

)σ−1
− 1
)

(λ̃njt )
θ̃
θ +

(
1−

( η

snjt

)σ−1
κ−θ̃

)}

Back to Full Quantitative Model
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Trade Shares

Domestic trade share

πmnjt =
(τmnjcmjt/φ̄

avg
mjt )1−σ

P1−σ
njt

.

Foreign import trade share

πf
njt =

(τ x
njc

f
jt )

1−σ

P1−σ
njt

.

Back to Full Quantitative Model
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Institutional Background on Labor Tax

Kim and Topel (1995)
• Restricted any firms’ nominal wage growth to be below 80% of the sum of inflation and aggregate

productivity growth
• Emergency provisions were enacted in 1971 which prohibited labor union activities.

Back to Full Quantitative Model
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Dynamic Equilibrium
Given initial shares of adopters {λnjt0} and the path of the geographic fundamentals Ψt , a dynamic equilibrium
is a path of

- wages {wnt},
- price indices {Pnjt}
- population {Lnt}
- a share of adopters {λnjt}
- a set of functions {pit (ω), qit (ω),Tit (ω), xit (ω), pit (ω)x , qit (ω)x}

• (Static Equilibrium Allocation) for each period t ,
(i) firms maximize profits;
(ii) households maximize utility by making consumption decisions;
(iii) labor markets clear;
(iv) goods markets clear;
(v) trade is balanced;
(vi) the government budget is balanced.

• (Law of Motion of Population) (vii) {Lnt} follows the law of motion;
• (Law of Motion of a Mass of Adopters) (viii) {λnjt}j∈J T follows the law of motion.

Back to Full Quantitative Model
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Analytical Results: Multiple Steady States
(Period-by-period) Short-run equilibrium
• λ∗t = min{λ̂t , 1} where

λ̂t =

[
(ησ−1 − 1)

σF T ×
[
(ησ−1 − 1)(λ̂t )

θ−(σ−1)
θ + 1

] 2−σ
σ−1 × f (λ∗t−1)︸ ︷︷ ︸

Marginal adopter’s net gains from adoption

] θ
σ−1

, f (λ) = exp(δλ)

• Dynamic complementarity : Marginal adopter’s net gains from adoption increases in λ∗t−1

Steady states
• λ∗ = λ∗t = λ∗t−1

Properties
1. Given initial λ0, ∃ a unique equilibrium path

- For each t , short-run equilibrium is unique (no contemporaneous spillover)
2. η (direct effect) ↑ → λ∗t ↑
3. δ (spillover) ↑ → λ∗t ↑

Back to Net Gains
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Analytical Results: Technical Assumptions

Simpler environment
(1) Unbounded Pareto with normalized lower bound
(2) One region, one sector
(3) Firm mass normalized to be 1 (M = 1)
(4) Fixed adoption cost F T in units of final goods (Dynamic complementarity)
(5) Elasticity of substitution σ > 2 (Uniqueness) (Buera et al., 2021)

Back to Net Gains
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Temporary adoption subsidies can have permanent effects only when multiple steady states
exist

λt−1

λt

Temporary subsidies for t ∈ {t0, . . . , t1}
1. Initially at the steady state of the original

short-run equilibrium condition

2. Start of the temporary subsidies: Jump to the
new short-run equilibrium condition

3. Converge to a new steady-state
4. End of the temporary subsidies: Shift right to

the original short-run equilibrium condition
5. Converge to the original steady-state

Back to Multiple Steady States Back to Role of Temporary Subsidies
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4. End of the temporary subsidies: Shift right to
the original short-run equilibrium condition

5. Converge to the original steady-state
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Comparative Statistics (δ and η)
• Multiple steady states arise when the direct effects and the spillover are not too strong or not too weak.

- ∃ intervals [δ, δ̄] and [η, η̄] such that multiple steady states arise only for δ ∈ [δ, δ̄] and η ∈ [η, η̄]

λt−1

λt

δ ∈ [δ, δ̄]

δ ∈ [0, δ)

δ ∈ (δ̄,∞)

λt−1

λt

η ∈ [η, η̄]

η ∈ [0, η)

η ∈ (η̄,∞)

δ (Spillover) η (Direct Productivity Gains)
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Identification of Subsidies
Subsidy Plan

snjt =

{
s̄ if t ∈ {1976, 1980}, ∀n ∈ N , ∀j ∈ J T ∩ J policy

0 otherwise

Identifying moment
• Assumptions: (i) Unbounded Pareto; (ii) Free trade; and (iii) Symmetry j ∈ J T

• Regression:
lnλnjt − θδλnjt−1︸ ︷︷ ︸

Shares of adopters
net of spillovers

= βpolicy︸ ︷︷ ︸
Identifying
moments

×Dpolicy
jt + δnt + εnjt , ∀j ∈ J T

- λnjt : shares of adopters
- θ: Pareto shape parameter

• Given values of η, δ, σ, and θ, β̂policy uniquely identifies s̄

β̂policy p→ βpolicy =
θ

σ − 1

[
ln
(( η

1− s̄

)σ−1
− 1
)
− ln(ησ−1 − 1)

]
,
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External Calibration
Objects

ΘE = {η, δ, θ, σ, γk
j , γ

L
j , τnmj , τ

x
nj , ν, ζ, αj}

Reduced-Form Estimates

• (Direct productivity gains) η = exp(0.51/(σ − 1)) “Winners vs. losers” research design
• (Spillover) δ = 4.5/(σ − 1) Spillover estimates

Standard in the Literature

• (Elasticity of substitution) σ = 3 Broda and Weinstein (2008)
• (Pareto shape) θ = 1.05(σ − 1) Axtell (2001)
• (Internal trade costs) ξ = 1.29/(σ − 1) Monte et al. (2018)

τnmj = distξnm

• (International trade Costs) dport
ξj
n Distance to the closest port

τ x
nj = dport

ξj
n × τ̄ x τ̄ x = 1.7 Anderson and van Wincoop (2004)

• (Migration elasticity) ν = 2 Peters (2020)
• (Migration costs) ζ = 1.38/ν Gravity estimates

dnm = distζnm

• (Firm mass) Mnj Initial value-added shares, Chaney (2008)
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Method of Moments
Objects

ΘM = {κ,F T
j ,F

x
j }, Ψt = {φmin

njt ,Vnt ,Df
jt , c

f
jt}, st

Method of moments
{Θ̂M , ŝt} ≡ arg minΘM ,st

(m̄−m(ΘM ,Ψt , st ))′W(m̄−m(ΘM ,Ψt , st ))︸ ︷︷ ︸
Micro moments

s.t. C(ΘM ,Ψt , st ) = Ct︸ ︷︷ ︸
Aggregate data

Intuition for identification
• Aggregate data Average productivity (model inversion)
•Micro moments Technology adoption and subsidy components of average productivity

Micro moments
• (Fixed adoption cost) F T

j = 0.28 Shares of adopters in 1972
• (Fixed export cost) F x

j = 0.06, 0.05 Shares of exporters in 1972
• (Pareto upper bound) κ = φmax

njt /φ
min
njt = 4.42 Share of zero adoption regions in 1972

• (Subsidy rate) s̄ = 0.11 Identifying moment

Aggregate data Exactly fitted to region-sector data in 1972, 1976, 1980
• (Natural advantage) φmin

njt Gross output
• (Amenity) Vnt Population
• (Foreign demands, import costs) Df

jt , cf
jt Aggregate export and import shares
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Model Fit

Moment Model Data

Identifying moment β̂policy 0.65 0.83
med. shares of exporters in 1972, light mfg. 0.22 0.21
med. shares of exporters in 1972, heavy mfg. 0.14 0.18
med. shares of adopters in 1972 0.06 0.07
med. shares of adopters in 1982 0.12 0.18
Share of zero adoption regions in 1972 0.59 0.53
Share of zero adoption regions in 1982 0.83 0.93
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If subsidies had not been provided, aggregate welfare would have been 10% lower.

Uagg
t =

∑
n∈N

Lnt−1

L
Unt︸ ︷︷ ︸

Aggregate welfare

where Unt = E
[

max
m

{
Uh

mn,t (ε
h
nt )
}]

︸ ︷︷ ︸
Regional welfare

=

[ ∑
m∈N

(
Vnt︸︷︷︸

Amenity

× (1− τw
t + π̄h

t )wnt

Pnt︸ ︷︷ ︸
Real income

× dmn︸︷︷︸
Migration

cost

)ν] 1
ν
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If subsidies had not been provided, aggregate welfare would have been 10% lower.

100× (Uagg,subsidy
t /Uagg,no subsidy

t − 1)
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Amplifying Factors: Complementarity between Firm Scale and Gains from Adoption

Roundabout production No Roundabout Production

• Mechanism : Cost and demand linkages (Krugman and Venables, 1995)

• Counterfactual : No roundabout production → Effects of the policy ↓ (No multiple steady states)

Foreign market size Lower Foreign Market Size

• Mechanism : Complementarity between adoption and export (Lileeva and Trefler, 2010; Bustos, 2011)

• Counterfactual : Foreign market size ↓ → Effects of the policy ↓

Migration costs Higher Migration Costs

• Mechanism : Migration to regions with higher shares of adopters → Costs of production ↓
• Counterfactual : Migration costs ↑ (No migration) → Effects of the policy ↓

Back to Quantitative Results Comparative Statistics: No Spillover Non-Targeted Moments: Heavy Mfg. Regional Distribution Regional Productivity Gains
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If subsidies had not been provided, the light mfg. export share would have been 20%
permanently higher.

Light mfg. export share (%)
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Heavy Mfg. Employment Share

Heavy mfg. emp. share (%)
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Regional Welfare Gain
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No Roundabout Production Structure

A. Heavy mfg. GDP share (%) B.Heavy mfg. export share (%)

Go Back to Additional Results
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Lower Foreign Market Size

• ι× Df
heavy,t , ι < 1, t ∈ {1972, 1976, 1980}

• ι: Export shares of heavy mfg. in 1972 22%→ 6.6%

A. Heavy mfg. GDP share (%) B. Heavy mfg. export share (%) C. Agg. Welfare Gain (%)
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Higher Migration Costs

• Migration cost dmn ↑: No migration

A. Heavy mfg. GDP share (%) B. Heavy mfg. export share (%) C. Agg. Welfare Gain (%)
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No Spillover

• No Spillover δ = 0

A. Heavy mfg. GDP share (%) B. Heavy mfg. export share (%) C. Agg. Welfare Gain (%)
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Non-targeted Moments: Spatial Distribution of the Heavy Manufacturing’s Gross Output
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R-squared:0.536
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Regional Avg. Productivity Gain
Avg. Productivity = Mnj [

∫
zit (φ)σ−1dGnjt (φ)]1/(σ−1)
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