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Innovation Policy and Motivation

”Innovation is essential to drive Europe’s competitiveness and to ensure the health
and well-being of its citizens.” - (European Commission, 2022)

Two types of policies meant to (1) start up (input) and (2) reward innovation (output):

(1) INPUT (2) OUTPUT

R&D expenditure tax Demand-Side &
deductions Procurement

Grants & Direct Subsidies Up &

Commercialization Support

Public Research
Infrastructure
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Innovation Policy and Motivation

Two types of policies meant to (1) start up and (2) reward innovation:

TAX BREAK

tad PROFIT

How do firms allocate the profit surplus from reduced tax burden?

> |IP location shifts:
> theoretical work (Haufler and Schindler, 2023)

> Real effects:
> More patents and R&D spending? Limited evidence (Z. Chen et al., 2021; Dechezleprétre

et al., 2023; Schwab, 2021)
> Effects on labour — a key innovation input — remain largely unexplored (Bornemann et al.,

2023; S. Chen et al., 2023Db).
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Why Labour Outcomes?

To take advantage of the innovation tax break firms need to stay on the profitability path.
Where do workers come in?

1. Rent-Sharing — Firms share rents with workers who enabled innovation (Aghion,
2018; Aghion et al., 2019; Kline et al., 2019)

2. Workforce Adjustment — Firms invest in new talent to sustain innovation capacity
(Akcigit and Goldschlag, 2025; Decker et al., 2014)

Gap: No evidence (to our current knowledge) investigated these mechanisms in the context
of output-based innovation tax breaks.

Policy Relevance: European firms’ labour responses to productivity shocks have
weakened (Biondi et al., 2025), making the results relevant for industrial policy design.
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This Paper

Research Questions:
— Are there real labour effects of output-based innovation tax incentives?
— What are the mechanisms through which these effects operate?
— Who are the most affected workers?
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This Paper

Research Questions:
— Are there real labour effects of output-based innovation tax incentives?
— What are the mechanisms through which these effects operate?
— Who are the most affected workers?

Overview:
> Studies the impact of Dutch Innovation Box policy on firm and worker labour
outcomes.

> Methodology: staggered difference-in-differences with matched treatment and
control panels:

> firm-level: selection is a concern - descriptive evidence for workforce composition.
P worker-level: causal evidence of rent-sharing mechanisms.

> Bridges: corporate tax incidence, innovation policy evaluation, rent-sharing, and
workforce adjustment literature.

» Uses firm and matched employer-employee administrative data from the Netherlands.
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Preview of Results

> We find evidence of significant labour effects operating through two mechanisms:
> Higher employee compensation for incumbent workers at treated firms — (1) rent-sharing to
retention channel
> Higher proportion of high educated STEM workers in the long-run — (2) workforce
adjustment channel
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Preview of Results

> We find evidence of significant labour effects operating through two mechanisms:
> Higher employee compensation for incumbent workers at treated firms — (1) rent-sharing to
retention channel
> Higher proportion of high educated STEM workers in the long-run — (2) workforce
adjustment channel

> (1) Incumbent employees at firms that receive tax breaks:

> earn €1,400 more each year compared to similar workers at comparable non-treated firms
— 4% yearly salary increase.

P are 6pp less likely to switch jobs in the long run.

> All workers affected, but highly educated STEM workers capture more of the surplus —
distributive effects.
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Preview of Results

> We find evidence of significant labour effects operating through two mechanisms:
> Higher employee compensation for incumbent workers at treated firms — (1) rent-sharing to
retention channel
> Higher proportion of high educated STEM workers in the long-run — (2) workforce
adjustment channel

> (1) Incumbent employees at firms that receive tax breaks:
> earn €1,400 more each year compared to similar workers at comparable non-treated firms
— 4% yearly salary increase.
P are 6pp less likely to switch jobs in the long run.
> All workers affected, but highly educated STEM workers capture more of the surplus —
distributive effects.

> (2) Treated firms:
P have pre-treatment hiring effects - firms need to hire the right people for profitable innovation
output.
> increase the highly educated workforce by 10% and catch up in the share of STEM-educated
workers.



Introduction
[eJe]e] ]

Preview of Results

> We find evidence of significant labour effects operating through two mechanisms:
> Higher employee compensation for incumbent workers at treated firms — (1) rent-sharing to
retention channel
> Higher proportion of high educated STEM workers in the long-run — (2) workforce
adjustment channel

> (1) Incumbent employees at firms that receive tax breaks:
> earn €1,400 more each year compared to similar workers at comparable non-treated firms
— 4% yearly salary increase.
P are 6pp less likely to switch jobs in the long run.
> All workers affected, but highly educated STEM workers capture more of the surplus —
distributive effects.

> (2) Treated firms:

P have pre-treatment hiring effects - firms need to hire the right people for profitable innovation
output.

> increase the highly educated workforce by 10% and catch up in the share of STEM-educated
workers.

Policy recommendation: Innovation profit tax breaks— reinforce worker retention
through rent-sharing — limits labour mobility — possible anti-competitive effects.
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Treated Firms and Policy Timeline

We define treatment as the first time the firm receives innovation tax break.

| | ]
2007 2010 2018

> After 2010: profit from innovation taxed at 5% instead of 25%.

> In total: 7851 unique firms receive innovation tax reduction from 2010-2018.

> 91.4% firms tax break received tax benefit in the same year they register their
associated production costs.



Policy and Data
@000

Treated Firms and Policy Timeline

We define treatment as the first time the firm receives innovation tax break.

| | ]
2007 2010 2018

> After 2010: profit from innovation taxed at 5% instead of 25%.

> In total: 7851 unique firms receive innovation tax reduction from 2010-2018.

> 91.4% firms tax break received tax benefit in the same year they register their
associated production costs.

> Treated firms: firms that receive the innovation tax break.
> Treated workers:

> incumbent workers: workers hired at least ¢t — 3 periods before firm receives treatment.
P new hires: workers hired post-treatment. (work in progress)
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Innovation Box: Policy Example

Uncovered: |Left to cover:
10-5 5
! Extra profit:
Register: 5
pc=10
t=25% | t=25% t=25% t=5% t=5% t=5% t=5%
t=5%
Effective 5%025= |[5*025+ [10*0.05= |20%0.05 20%0.05 | 20*0.05
tax 1.25 5%0.05 = (0.5 =1 =1 =1
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Data Sources (1)

Panel

Time

Description

Panel 1: Innovation Box Applicants

2010 - 2018

- year
- firm ID
- production costs

Panel 2: Dutch Universe of Firms (ABR/BDK)

2007 - 2023

- year
- firm ID
- firm characteristics

Panel 3: Production Statistics (PS)

2007 - 2023

partial survey Dutch firms:
- year

-firm ID

- production characteristics

Panel 4: Universe of Workers (POLIS/SPOLIS)

2006 - 2023

- year
- person ID

- firm ID

- income information

- personal information
- education information
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Selection into Treatment

Probit model: probability of receiving Innovation box, estimated on firm characteristics at

t — 3, where t is treatment year

Characteristic Coef. (SE)
Larger firms (log employment) +0.210***  (0.012)
Higher wages (log mean base income) 40.723***  (0.049)
More automated (log automation costs) 40.067***  (0.008)
Manufacturing sector 40.703***  (0.064)
Younger workforce (mean worker age) —0.027***  (0.002)
Younger firms (firm age) —0.003***  (0.001)
Foreign-owned —0.154***  (0.027)
Observations 720,120
Log-likelihood —9,838.8

***p < 0.01.



Rent Sharing

Methodology (1): Rent-Sharing Mechanism

We implement the Sun and Abraham, 2021 estimator to address treatment effect
heterogeneity under staggered adoption

Yie= > > g (1{t =G =€} - 1{Gi = g}) + i + A + it 1)
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adoption. Z20
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05
> Match on: individual and firm
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> Match performs well — credible
counterfactuals.



djustment

> Treated incumbent workers 4% increase in annual salary — rent-sharing.
> 6pp more likely to remain at the same firm 8 years after being treated — retention.

Event Study: Base Income - Incumbent Workers Job Spell Survival (Kaplan - Meier)
T
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No change in intensive margin labour participation:



Rent Sharing

Who Benefits?

All worker types benefit, but:
» STEM educated workers benefit 3 times more.
> University educated workers benefit 2.5 times more.
> Men benefit 3.2 time more.

Average Effect Std. Error  Observations R?

Base Income 1,402%** (88.990) 5,149,272  0.825
STEM 2,498%""  (132.712) 1,544,782 0.914
non-STEM 820*** (78.026) 3,604,490 0.739
Below Upper Secondary T14%** (52.052) 515,927 0.336
Upper Secondary 1,059***  (104.465) 1,544,782 0.511
Tertiary 1,727***  (124.078) 3,088,563 0.845
Male 1,568***  (111.025) 4,119,418 0.805
Female 419%** (80.252) 1,029,854 0.753
Immigrant Background 908***  (112.207) 514,927 0.773
No-Immigrant Background 1,465***  (127.032) 4,634,345 0.846

*p < 0.10,"p < 0.05,** p < 0.01
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tment Mechanism

Survival Analysis of Treated vs Control Firms

> Firm-level results - analyse how

1.
workforce composition changed over
time. 081
> Selection into treatment — results E
should be interpreted as = 007
descriptive. £
. . . . =
> Staggered difference-in-difference with £ 044
matched control and treated firms at &
t—3.
3 029 —— Treated Firms
> Matching strong despite selection —— Matched Control Firms
concerns — same survival ol — Random Gontaol Firms
probabilities. ' 25 50 75 100 125 150

Years Since Entry

> The policy appears to keep firms
longer in the market — effect on firm
entry and exit.
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> Pre-treatment skill and education catch-up.
> Evidence of complementarity between input and output policies?
> Firms still on expansion path?

Event Study: high_education Event Study: STEM_proportion

0.005

0.0151
0.010 4 0.000 \

g "
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Takeaways and Implications

Innovation tax breaks generate:

1.

rent-sharing channel — raising
incumbent wages by 4% and reducing
turnover.

. workforce adjustment channel —

shifting firm composition toward
high-educated STEM workers.

Adjustment Discussion
e0

Policy implication:

> worker level: workers receive part of
surplus profits.

> firm level: tax break could lead to
retention responses.

> socially: we offer a partial equilibrium
view, no results on total innovation
activity.
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Further Work & Discussion

Discussion
> Results are robust to different matching
specifications and panels allowing for firm
entry and exit.
> Still under investigation:

> ex-ante hiring & expansion margins.
> worker and firm fixed effects.
P incumbent worker mobility.

»> Economy wide effect from reduced
mobility.
Ana Popovici

WWW.anapopovici.me
a.popovici@vu.nl

Thank you!


www.anapopovici.me
a.popovici@vu.nl

References

References |

Abowd, J. M., Kramarz, F., & Margolis, D. N. (1999).High wage workers and high wage firms. Econometrica.

Aghion, P. (2018).0n the returns to invention within firms: Evidence from finland. American Economic Review.

Aghion, P. (2023).The impact of regulation on innovation. American Economic Review.

Aghion, P., Bergeaud, A., Blundell, R., & Griffith, R. (2019).Innovation, firms and wage inequality. /A

Agrawal, A., Rosell, C., & Simcoe, T. (2020).Tax credits and small firm r&d spending. American Economic Journal: Economic Policy, 12(2), 1-21

Akceigit, U., & Goldschlag, N. (2025).Measuring the characteristics and employment dynamics of us inventors. Journal of Economic Growth, 30(2)
237-269.

Altuzarra, A., & Serrano, F. (2010).Firms’ innovation activity and numerical flexibility. /.7 Feview.

Appelt, S., Bajgar, M., Criscuolo, C., & Galindo Rueda, F. (2023). The impact of r&d tax incentives: Results from the oecd microberd+ project.

Arora, A, Belenzon, S., & Sheer, L. (2021).Knowledge spillovers and corporate investment in scientific research. American Economic Review.

Arora, A., Cohen, W., Lee, H., & Sebastian, D. (2023).Invention value, inventive capability and the large firm advantage. Fesearch Policy.

Battisti, M., Dustmann, C., & Schonberg, U. (2023).Technological and organizational change and the careers of workers. Journal of the European
Economic Association, 21(4), 1551-1594.

Bessen, J., Goos, M., Salomons, A., & Van Den Berge, W. (2025).What happens to workers at firms that automate? Feview of Economics and
Statistics.

Biondi, F., Inferrera, S., Mertens, M., & Miranda, J. (2025). Declining job reallocation in europe: The role of shocks, market power, and technology
(tech. rep.). IWH Discussion Papers.

Black, S. E., Lynch, L. M., & Krivelyova, A. (2004).How workers fare when employers innovate. /ndustrial Relations.

Blanchard, O., & Wolfers, J. (2000).The role of shocks and institutions in the rise of european unemployment: The aggregate evidence. 7/e
Economic Journal.

Bloom, N., Griffith, R., & Van Reenen, J. (2002).Do r&d tax credits work? evidence from a panel of countries 1979-1997. Journal of Public
Economics.

Bornemann, T., Laplante, S. O. K., & Osswald, B. (2023).The effect of intellectual property boxes on innovative activity and tax benefits. Journal of
the American Taxation Association, 45(2), 7-33

Bottazzi, L., & Peri, G. (20083).Innovation and spillovers in regions: Evidence from european patent data. ~uropean Economic Review.

Cappelen, A., Raknerud, A., & Rybalka, M. (2012).The effects of r&d tax credits on patenting and innovations. Research Policy, 41(2), 334-345

Chen, J., & Hshieh, S. (2024).The labor effects of r&d tax incentives: Evidence from vc-backed startups. Heview of Finance, 28(5), 1451-1482

Chen, S., De Simone, L., Hanlon, M., & Lester, R. (2023a).The effect of innovation box regimes on investment and employment activity. 7/e
Accounting Review.

Chen, S., De Simone, L., Hanlon, M., & Lester, R. (2023b).The effect of innovation box regimes on investment and employment activity. 7/¢
Accounting Review, 98(5), 187-214.

Chen, Z., Liu, Z., Suarez Serrato, J. C., & Xu, D. Y. (2021).Notching r&d investment with corporate income tax cuts in china. American Economic
Review, 111(7), 2065-2100.

Dechezleprétre, A., Einio, E., Martin, R., Nguyen, K.-T., & Van Reenen, J. (2023).Do tax incentives increase firm innovation? an rd design for r&d,
patents, and spillovers. American Economic Journal: Economic Policy, 15(4), 486-521




References

References Il

Decker, R., Haltiwanger, J., Jarmin, R., & Miranda, J. (2014).The role of entrepreneurship in us job creation and economic dynamism. Journal of
Economic Perspectives, 28(3), 3-24.

Deming, D. J. (2023).Multidimensional human capital and the wage structure. NBER.

European Commission. (2022). A new european innovation agenda [Communication from the Commission to the European Parliament, the

Council, the European ic and Social Ci i and the Ci i of the Regions].

Fuest, C., Peichl, A., & Siegloch, S. (2018) Do hlgher corporate taxes reduce wages? micro evidence from germany. American Economic Review.

Gouin-Bonenfant, E. (2022).Producti t firm ition, and the labor share. Fconometrica

Graddy-Reed, A., Lanahan, L., & D’Agostino, J. (2021).Training across the academy: The impact of r&d funding on graduate students. Hesearch
Policy.

Guceri, |. (2018).Will the real r&d employees please stand up? effects of tax breaks on firm-level outcomes. /nternational Tax and Public Finance,
25(1), 1-63.

Guceri, |., & Liu, L. (2019).Effectiveness of fiscal incentives for r&d: Quasi-experimental evidence. American Economic Journal: Economic Policy.
11(1), 266-291

Haufler, A., & Schindler, D. (2023).Attracting profit shifting or fostering innovation? on patent boxes and r&d subsidies. £uropean Economic
Review, 155, 104446

Hohberger, J., Almeida, P., & Parada, P. (2015).The direction of firm innovation: The contrasting roles of strategic alliances and individual scientific
collaborations. Hesearch Folicy.

Jaffe, A. (1986). Technological opportunity and spillovers of r&d: Evidence from firms’ patents, profits and market value. National Bureau of
Economic Research

Kline, P., Petkova, N., Williams, H., & Zidar, O. (2019).Who profits from patents? rent-sharing at innovative firms. 7he Quarterly Journal of

Economics.

Kogan, L., Papanikolaou, D., Seru, A., & Stoffman, N. (2017).Technological innovation, resource allocation, and growth. 7he Quarterly Journal of
Economics.

Lokshin, B., & Mohnen, P. (2013).Do r&d tax incentives lead to higher wages for r&d workers? evidence from the netherlands. Hesearch Policy,
42(3), 823-830.

Saint-Paul, G. (2002).The political of employ 1t p ion. Journal of Political Economy.

Schwab, T. (2021).Thinking outside the box: The cross-border effect of tax cuts on r&d. Journal of Public Economics, 204, 104536
Sun, L., & Abraham, S. (2021).Estimating dynamic treatment effects in event studies with heterogeneous treatment effects. Journal of
Econometrics, 225(2), 175-199



©00000000000000

Europe Tax Breaks

Tax Subsidies for R&D Expenditures in Europe

Implied Tax Subsidy Rates on R&D Expenditures for Profitabl Large Firms in 33 Major
European Countres, 2024

Figure: Implied Innovation Tax Subsidies in
Europe (OECD, 2025)

Patent Box Regimes in Europe
Income under of

July 2024

]
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Figure: Patent Box Regimes in Europe (OECD, 2025)
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Patent Box vs Innovation Box
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Octrooibox (2007-2009)

Innovatiebox (2010-present)

Calculatory basis

Effective tax rate
Eligibility

Cost treatment
Scope of benefits
Transferability
Other IP rights
Complexity

Ceiling / cap

Net income attributable to patented
self-developed intangible assets (af-
ter deduction of cost base)

10% (up to 4x production costs)

Only self-developed patented assets

Production costs must be activated
and deducted at normal VPB rate
Only royalties and other attributable
revenues

Only for VPB entities; not transfer-
able

No (strictly patents)

High; disagreements common with
tax authorities
Yes: max 4x production costs

Net income from patented and/or
S&O-certified assets

5% (flat, no box ceiling), 7% ( in
2018), 9% (in 2019)

Patents and S&O-certified innova-
tions

Production costs must be recovered
before profits enter the box

Broader: royalties, sales income, li-
censing revenues, etc.

Only VPB entities; not transferable

Yes (including S&O without patent,
under certain conditions)

Improved clarity and predictability;
ruling available

No ceiling; full benefit above thresh-
old




Innovatiebox vs. WBSO
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Innovatiebox

WBSO

Policy lever
Timeline

Tax instrument
Calculatory basis
Qualifying condition
Benefit timing

Eligible firms

Primary beneficiary
Risk borne by firm

Additionality mechanism

Output-based — reduces tax on
profits from innovation
2010—present

Reduced CIT rate on qualifying
profit (9% since 2019)

Net income from patented and/or
S&O-certified intangible assets
Patent or S&O certificate and re-
alized profit

Ex post — only when innovation
generates taxable income
ClT-paying entities (VPB); SME
and large firm tracks

Profitable, commercializing firms

Low — benefit only materializes
with success

Encourages profit retention and
IP development in NL

Input-based — reduces tax on
costs of innovation
1994-present

Wage tax credit on R&D labor
costs; additional deduction for
self-employed

Qualifying R&D wage bill (+ flat
supplement for other R&D costs)
Approved  S&0O  declaration
(RVO); no profit requirement

Ex ante — immediate reduction
of R&D labor costs

All firms with R&D employees,
incl. start-ups & loss-making
firms

Firms in active R&D phase, re-
gardless of profitability

High — subsidizes input even if
R&D fails

Directly lowers marginal cost of
hiring R&D labor




Limited Uptake

> Costly to apply.
> Profit requirement.
> Attribution problem.

> Information asymmetry.

Number of Firms Over Years by Application and Treatment
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Data Summary Statistics

Variable Unit Count Mean  Std. Dev.
Foreign 2,688,640 0.0495 0.2170
Full time Employee Equivalent 2,693,497 48.15 515.27
Firm Age 2,693,497 19.09 15.49
Total Revenue (1000s euros) 617,260 20,615.4 194,354
Capital (1000s euros) 603,007 847.1 11,344.5
Materials (1000s euros) 599,517  13,549.8 161,725
Wage Bill (1000s euros) 619,192 101.1 765.9
Automation Costs (1000s euros) 490,759 181.6 2,890.2
Operating Costs (1000s euros) 619,955 32,818.5 320,628.1
Mean Base Income (euros) 2,520,634 29,655.9 12,069.1
Mean Bonuses (euros) 2,520,634 3,354.4 8,517.0
Mean Overtime Income (euros) 2,520,634 427.2 1,454.0
Proportion Male 2,520,634 0.61 0.340
Proportion Immigrant 2,520,634 0.12 0.235
Mean Age 2,518,796 40.67 7.50
Proportion Highly Educated 2,520,634 0.14 0.197
Proportion STEM Educated 2412711.0 0.0066 0.041
Incumbent Workers 2,520,634 30.18 321.9
Total Workers (SPOLIS) 2,520,634 38.03 378.9

New Hires 2,520,634 6.70 84.8
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Data Sources and Aggregations

Individual Ley
Monthly Yearly
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Firm Level

irm
Labor
Information




0O000000@0000000

Treated Firms

Mean Income SD Income Mean Employment SD Employment Firms
Panel A. Firm size
Large 42,786.03 10,388.21 1,082.19 2,329.38 1,026
Medium 40,005.09 8,303.51 109.96 51.56 3,436
Small 38,505.55 9,861.12 19.03 12.52 6,944
Panel B. Foreign ownership
Domestic 38,295.35 9,032.03 120.33 766.05 7,882
Foreign 43,752.31 10,520.45 246.40 797.95 2,348
Panel D. Industry
Agriculture 33,579.31 8,612.05 4433 92.25 212
Construction 40,233.86 8,904.83 223.70 513.92 454
Health 35,106.68 8,132.21 656.35 1,778.80 59
Manufacturing 37,670.17 7,696.43 129.52 406.35 3,094
Services 40,516.21 10,442.22 144.20 952.40 5,691
Water 37,444.95 7,271.25 169.95 424.37 69

Table: Treated Firms
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Probit Across Years

ility licati Box Policy - on istics at t — 3 before application year
ALL 2010 2011 2012 2013 2014 2015 2016 2017
Variable
Intercept -9.245"* -16.997**  -10.861***  -11.373"*  -10.120***  -12.045"**  -10.363"**  -8.930"** -8.893"
(0.499) (1.213) (1.672) (1.708) (1.530) (1.441) (1.670) (1.877) (1.522)
Foreign -0.154*** -0.306"** -0.430"** -0.475"* -0.232*** -0.257*** -0.044 -0.329** 0.562***
(0.027) (0.063) (0.094) (0.095) (0.086) (0.079) (0.090) (0.106) (0.069)
Firm age -0.003"* -0.002" -0.002 -0.007"* 0.002 -0.004™ -0.001 -0.002 0.000
(0.001) (0.001) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
log current employment 0.210"** 0.270*** 0.205"** 0.307*** 0.036 0.204*** 0.128*** 0.138*** 0.1477**
(0.012) (0.027) (0.038) (0.038) (0.038) (0.033) (0.041) (0.044) (0.035)
log automation costs 0.067*** 0.088"** 0.106"** 0.085"** 0.093"** 0.017 0.034 0.107*** 0.080"**
(0.008) (0.019) (0.026) (0.027) (0.026) (0.022) (0.028) (0.031) (0.024)
log base income (mean) 0.723" 1.378"* 0.829"* 0.776™* 0.841*** 1.038" 0.872"** 0.681"** 0.631***
(0.049) (0.119) (0.164) (0.165) (0.148) (0.141) (0.163) (0.183) (0.146)
Manufacturing 0.703*** 0.755** 0.954*** 1.109"* 0.971*** 0.729*** 0.349% 0.547* -0.138
(0.064) (0.159) (0.253) (0.249) (0.225) (0.178) (0.186) (0.218) (0.158)
Services -0.042 -0.034 0.133 0.264 0.092 -0.016 -0.208 -0.038 -0.389™*
(0.063) (0.158) (0.255) (0.248) (0.223) (0.173) (0.179) (0.213) (0.147)
Construction -0.181*** -0.061 -0.061 0.174 -0.301 -0.410™ -0.525"" -0.019 -0.481"*
(0.070) (0.171) (0.277) (0.266) (0.251) (0.194) (0.213) (0.231) (0.177)
Mean worker age -0.027*** -0.025"** -0.024*** -0.005 -0.029*** -0.031*** -0.028"** -0.026"** -0.008
(0.002) (0.008) (0.008) (0.008) (0.007) (0.007) (0.008) (0.008) (0.007)
Log-likelihood -9,838.769  -2,014.119  -983.128 -922.757  -1,133.587 -1,270.954  -822.347 -727.838 -995.917
AIC 19,697.538  4,048.238  1,986.256  1,865.514  2,287.174  2,561.907 1,664.695 1475677 2,011.834
BIC 19,789.384  4,118.368 2,055.830 1,934.158  2,357.745 2,632.530 1,734.562  1,545.217 2,081.712
Observations 720,120 90,299 85,415 77,836 94,369 94,864 87,956 85,129 88,055

*HEEp < 0.01,%*p < 0.05,%p < 0.1
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Sun and Abraham (2021) - Assumptions and Motivation

The estimator is consistent under three key assumptions:

1. Cohort-specific treatment effects follow a common dynamic profile
> Institutional design: once firms qualify for the Innovation Box, treatment persists as long as profits are generated from registered costs
P 87% of firms remain continuously treated
P 13% move in and out (likely due to profit exhaustion and re-registration; imputation error cannot be fully excluded)
P Robustness: excluding these firms does not change results
> Requires no cross-firm interference:
P Plausible for wages and bonuses

P Potential spillovers for labor composition (shared labor markets)
» Composition results interpreted as descriptive

2. No anticipatory behavior

> Plausible for wage effects

> Less plausible for hiring/composition decisions
P Firms may adjust hiring prior to formal application
>

Pre-treatment dynamics under active investigation

3. Parallel trends

P Strategy:
> Flexible matching 3 years pre-treatment
> Restrict comparison group to credible controls
P Sun & Abraham estimator uses only never-treated units

> Conservative design: prioritizes internal validity over efficiency

Interpretation

Group-time average treatment effects under stagg adoption, i ified from clean i to never-treated firms.
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Workers Matching

Features: industry, province, firm size, income, worker age, tenure, contract type, gender, immigration
background, education, field of study

Input: treated workers WV, control workers C, firm treatment dict D, features F, neighbors k, timing
rule x
Output: matched pairs M
1. Extract first treatment year ¢ ; for each firm from D
. For each worker w € W, assign t,, < ty of their firm f
. Set match year m,, < t,, — x for each treated worker
. Retain only workers present in W at both ¢, and m.,

. Build worker treatment dict D, = {w : m., }

o O A WO N

. For each match year y (increasing order):

(a) Let T, C W =treated workers with m,, = y, observed at year y
) LetC, C C =never-treated workers observed at year y
) Run k-NNon F, match T, to C,,
) Append (wtreatedy Weontrol s y) to M

7. Return M

(b
(c
G
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Event Study: Total Hours - Incumbent Workers

Event Study: Bonuses - Incumbent Workers Event Study: Overtime Hours - Incumbent Workers
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Firms Matching

Features: industry, province, foreign ownership, firm size, automation costs, mean base income, worker
age

Input: firms panel U, applicants Z, features F, neighbors k, timing rule, allow_later_treated
Output: matched pairs M

1. Extract first treatment year ¢; for each firm from Z

2. Assign match year m; to each treated firm via timing rule

3. Group treated firms by m; into year-based cohorts

4. For each match year y (increasing order):

s

Let 7, = treated firms with m; = y; build candidate pool U/, C U at year y

(b) Ifallow_later_treated = False: remove all ever-treated firms from U/, except those with
mi; =Y

(c) Run k-NN on F, match treated to control firms

(d) Append (treated, control, y) to M

5. Return M
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Matching Balancing Table

Baseline Matched samples
Unmatched Timing rule: 3 periods before treatment
Difference 1:2 cell matching 1:1 cell matching
Characteristic False True False True
Matching characteristics
Foreign 0.096%* -0.031%*% -0.033%%* -0.060 -0.066
(0.000) (0.000) (0.005) (0.102) (0.297)
Employment 207.419%*% 52.615% -21.779 -35.754 -131.184
(0.000) (0.080) (0. 234) (0.556) (0.750)
Firm Age -0.469%** -0.341%** -0.384%** -0.355%* -0.440%
(0.000) (0.001) (0.009) (0.048) (0.060)
Automation Costs 754. 165*’“‘ 365.418** 178.213* 124.891 162.939
(0.000) (0.017) (0.092) (0.174) (0.117)
Operating Costs 73,763.786%** 30,519.456%** 13,514.730%* 21,009.350** 5,815.046%
0.000 (0.004) (0.020) (0.030) (0.094)
Base Income 29.835%** 19.198 -120.088 23.384 -219.231
(0.000) (0.384) (0.448) (0.516) (0.604)
Mean Worker Age -0.025 0.034%%* 0.057%%* 0.045%** 0.042%**
(0.247) (0.000) (0.000) (0.000) (0.000)
Non-matching characteristics
Revenues 69,486 387“‘ 30,828 047*** 17,759.420%%%  20,010.636*** 13, so1, 565**
(0.000) (0.001) (0.006) (0.003) (0.
Capital Costs 4,260.096¥**  2,770. Soiens 2,023.605%* 2,070.283%% 2,107. Taopes
(0.000) (0.004) (0.022) (0.014) (0.029)
Material Costs 44,436.456%** 17,280.993%** 10,340.434%* 10,171.605%* 8,028.996%
(0.000) (0.006) (0.020) (0.015) (0.069)
Capital Intensity 2.187%% 1.739%%* 1.633%%* 2.473%%x 2.310%%*
(0.045) (0.004) (0.003) (0.002) (0.004)
Value Added Per Worker -48.528%** -17.210 -16.296%* -19.905 -12.987
(0.000) (0.106) (0.030) (0.486) 0.453)
Bonuses 872.060%*% 426.174%%% 270.040%*% 329.935%%* 145.281%**
(0.000) (0.000) (0.000) (0.000) (0.000)
Hire Rate -0.054%%* -0.002 0.000 -0.002 0.001
(0.000) (0.392) (0.335) (0.222) (0.181)
Middle Education Proportion -0.079%** -0.035*** -0.028%** -0.030%** -0.027***
(0.000) (0.000) (0.000) (0.000) (0.000)
High Education Proportion 0.024%%% 0.034%*% 0.023%%% 0.033%%* 0.022%%*
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Service vs Manufacturing Effects

Manufacturing firms

(a) Employment (b) High education (c) STEM workers
Event Study: Employment - Manufacturing Sector Event Study: High Education - Manufacturing Sect | ofvent Study: STEM Sty - Manufachurig Secto
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Notes: All series are estimated on the same sample construction as the corresponding main panel. Confidence
intervals are 95%. Event time is centered at ¢ = 0.
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