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Abstract 

We study how R&D spillovers propagate through buyer–supplier networks. The R&D tax credit for 

large firms in Japan—originally based on incremental increases in R&D expenditures—was revised in 

2003 to cover total R&D expenditures. This reduced the cost of marginal R&D outlays for large firms 

below the ceiling on R&D expenditure, but not for large firms above the ceiling or for SMEs. In a 

difference-in-differences setting, we find that the reform increased R&D expenditure, innovative 

output and sales of the treated firms. We further present evidence of positive forward spillovers to 

downstream firms: the reform led to productivity increases among firms that had a greater share of 

suppliers treated by the reform. Conversely, we do not find any evidence of backward spillovers to 

upstream firms. We also do not find any robust effects of the reform on the R&D expenditure and 

economic performance of Japanese firms' overseas affiliates. 
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1 Introduction

Spillover effects from firms’ investments in research and experimental development (R&D)

play a central role in modern theories of economic growth (Romer, 1990; Aghion and

Howitt, 1992) and are viewed as the leading justification for public support to private

innovation. However, existing micro-econometric evidence of R&D spillovers comes from

studies that analyse spillovers among large, publicly traded, patenting companies in the

United States and identify externalities primarily through technological or geographic

proximity between firms.1 Much less is known about whether and how benefits of other

firms’ R&D extend to smaller firms, to firms that do not invest in R&D themselves, and

to firms that are not necessarily technologically close to the innovating firms.

In particular, the existing evidence largely overlooks that firms receive positive ex-

ternalities through the exchange of intermediate inputs. Studies have documented that

firms increase their productivity or improve their products thanks to contact with buyers

and suppliers that are foreign-owned (Javorcik, 2004; Bajgar and Javorcik, 2020; Alfaro-

Ureña et al., 2022), located abroad (Lileeva and Trefler, 2010; Amiti and Konings, 2007;

Bas and Strauss-Kahn, 2015) or ‘superstars’ more generally (Amiti et al., 2024), but there

is little rigorous evidence on external benefits from buyers’ and suppliers’ R&D activity.2

This paper examines how R&D spillovers propagate through buyer–supplier networks

by exploiting a major reform of Japan’s R&D tax credit system in 2003 as a natural exper-

iment. The reform, which converted an incremental R&D tax credit into a volume-based

scheme, sharply reduced the marginal cost of R&D for large firms below the tax credit

ceiling but left small firms, and large firms above the ceiling, unaffected. We trace how

these shocks affected not only the treated firms themselves but also their customers, sup-

pliers, investee firms and overseas affiliates. Combining firm-level data on R&D activity

and performance of Japanese firms from the Basic Survey of Japanese Business Structure

and Activities with information on Japanese firms’ overseas affiliates from the Basic Sur-

vey on Overseas Business Activities and, crucially, with firm-to-firm input-output and

ownership link data from the Tokyo Shoko Research, we estimate difference-in-differences

models with rich sets of fixed effects to isolate the effects of exogenous R&D increases

due to the reform from endogenous drivers of firms’ R&D investments. We quantify both

the direct effects of the reform on treated firms’ R&D, innovation, size and productivity

and the indirect effects transmitted to connected firms through production and ownership

networks.

We find that the reform led to a substantial increase in R&D spending among the

firms directly affected by the change in tax incentives. Treated firms increased their R&D

1See Griliches (1981), Jaffe (1986), Lychagin et al. (2016), König et al. (2019), Zacchia (2020), Arqué-
Castells and Spulber (2022).

2Existing papers observe input-output links only at the industry level and lack an explicit identification
strategy (e.g. Los and Verspagen, 2000; Medda and Piga, 2014; Goya et al., 2016).

2



expenditure by roughly 14% relative to comparable control firms and exhibited higher

innovative output, particularly in the number of utility patents filed. These firms also ex-

panded in scale, with post-reform increases in sales, value added, assets, and employment

of about 2–3 percent. We detect little short-run improvement in productivity measures,

suggesting that the policy primarily stimulated the level of innovative and production

activity rather than immediate efficiency gains. Consistent with this interpretation, we

find no significant effects on the R&D or performance of treated firms’ overseas affiliates,

indicating that the reform’s impact was concentrated within Japan.

Beyond these direct effects, we document evidence of R&D spillovers transmitted

through buyer–supplier linkages. Firms whose suppliers benefited from the reform expe-

rienced higher sales, value added, and productivity growth, indicating positive forward

spillovers from suppliers’ R&D to downstream firms. The estimated productivity gains

amount to around 1–3 percent, depending on the measure used. In contrast, we find no

evidence of backward spillovers from customers’ R&D or of performance effects stemming

from shareholders’ R&D. Taken together, the results highlight that R&D spillovers op-

erate primarily along supply chains, benefiting downstream firms rather than upstream

firms or firms connected through ownership ties.

Related Literature. Our paper builds on the long-standing empirical literature on

R&D spillovers. Following the seminal contributions of Griliches (1981) and Jaffe (1986),

a growing number of studies have estimated how one firm’s R&D affects the productivity

and market value of other firms, with a focus on publicly traded firms in the United States

(e.g. Bloom et al., 2013; Lychagin et al., 2016; Lucking et al., 2019; Arqué-Castells and

Spulber, 2022). More recent work begins to open the black box of mechanisms: Zacchia

(2020) studies knowledge diffusion through networks of collaborating scientists, and König

et al. (2019) develop and estimate a model of spillovers through R&D alliance networks.

This literature has established that social returns to R&D exceed private returns, but

almost all existing evidence identifies spillovers through technological relatedness, co-

location, or research collaborations, and focuses on large R&D performers. We contribute

by shifting attention to spillovers operating along buyer–supplier and ownership links,

allowing us to study how R&D shocks at treated firms affect a much broader set of

connected firms, including those that do not conduct R&D themselves.

Second, we contribute to the literature on knowledge spillovers transmitted through

production and ownership linkages. A large body of work documents vertical spillovers

from foreign direct investment (FDI), whereby domestic firms benefit from selling to

or buying from multinationals (e.g. Javorcik, 2004; Blalock and Gertler, 2008; Bajgar

and Javorcik, 2020; Alfaro-Ureña et al., 2022). Related studies show that better access

to imported intermediate inputs and relationships with highly productive or “superstar”

buyers can raise firm productivity and induce quality upgrading (e.g. Amiti and Konings,
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2007; Goldberg et al., 2010; Bas and Strauss-Kahn, 2015; Amiti et al., 2024). These

papers demonstrate that firm-to-firm relationships are important conduits for technology

and know-how, but they typically focus on foreign ownership, trade liberalisation, or

buyer size, and do not isolate spillovers arising specifically from R&D investments. Our

contribution is to show that analogous vertical transmission operates for innovation: we

identify how an exogenous increase in suppliers’ R&D, induced by a domestic tax-credit

reform, affects downstream firms’ performance, while finding little evidence of spillovers

through customers or shareholders.

Finally, our work is connected to a rapidly expanding literature that uses firm-to-firm

transaction data to study the propagation of shocks through production networks. Recent

papers exploit buyer–supplier data from Belgium, Costa Rica, Turkey, and other countries

to show how idiosyncratic demand, supply, credit, or FDI shocks are transmitted across

firms (e.g. Carvalho, 2014; Barrot and Sauvagnat, 2016; Bernard et al., 2022; Alfaro-Ureña

et al., 2022; Amiti et al., 2024). Several studies use the same Japanese buyer–supplier

network data as our paper to analyse the propagation of natural disasters, credit shocks,

and firm bankruptcies (e.g. Bernard et al., 2019; Inoue and Todo, 2019; Carvalho et

al., 2020). This literature establishes that production networks amplify and reshape

the impact of firm-level shocks, but has so far largely focused on changes in demand

conditions, trade costs, or foreign entry. We add to this evidence by studying a specific,

policy-induced innovation shock: a large-scale R&D tax-credit reform. By combining rich

Japanese firm-level data with detailed buyer–supplier and ownership links, we provide, to

our knowledge, the first causal evidence on how R&D policy shocks translate into vertical

R&D spillovers at the firm-to-firm level.

2 R&D Tax Credits in Japan

In Japan, the R&D tax credit system was substantially revised in 2003. The scheme,

which had previously allowed tax credits only for incremental increases in R&D expen-

ditures compared with a base year, was changed to a volume-based system that allowed

firms to claim tax credits for a fixed percentage of their total R&D spending.

Under the incremental (increase-based) system, from fiscal years 1999 to 2002, firms

could claim a credit of up to 15% of the eligible excess R&D expenditures, with the

total credit amount capped at 12% of the corporate tax liability.3 Since fiscal year 2003,

the R&D tax credit has been calculated as a fixed percentage of a firm’s total R&D

3The benchmark R&D expenditure for fiscal years 1999 to 2002 was defined as the average of a firm’s
three highest annual R&D expenditures over the previous five years. In addition, to qualify for the tax
credit, the firm’s current-year R&D spending had to exceed its highest R&D expenditure in the preceding
two years. On the other hand, from fiscal years 1976 to 1998, firms could claim a credit of up to 20% of
the eligible excess R&D expenditures, with the total credit amount capped at 10% of the corporate tax
liability.
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expenditures in the current year. The credit rate is determined based on the R&D

intensity, defined as the ratio of current R&D spending to the average sales over the

previous three years, and the maximum allowable credit is capped at 20% of the corporate

tax liability.4 In addition, in FY2008, a major reform introduced a “high-level” R&D tax

credit scheme to provide preferential treatment for R&D-intensive firms with an R&D

intensity exceeding 10%.

The 2003 reform from an incremental to a volume-based scheme likely encouraged a

larger number of firms to take advantage of the preferential tax treatment. Under the

previous incremental system, even firms conducting R&D in a given year were not eligible

for the credit unless their R&D expenditures exceeded the benchmark level. In contrast,

under the volume-based system, any firm with positive taxable income could benefit from

the credit as long as it incurred R&D expenses. Indeed, following the 2003 reform, Koga

(2019) documented a sharp increase in the number of firms claiming the tax credit, and

Kasahara et al. (2014) also found that the aggregate R&D expenditures rose significantly.

The Japanese government has frequently introduced minor revisions to the R&D tax

credit system, such as optional schemes that allow additional credit rates. However,

according to Koga (2019) and others, the 2003 reform—from an incremental system to

a volume-based system—brought about the most significant change in the tax credit.

Therefore, this study uses the 2003 reform as an exogenous shock that altered firms’

R&D expenditures.

As noted above, in fiscal year 2008, a “high-level” R&D tax credit was newly in-

troduced, followed by further changes such as adjustments to the credit ceiling and a

modification of the incremental scheme into the “enhanced volume-based” scheme. To

abstract from these later institutional changes, our analysis focuses on the period up to

fiscal year 2007. We estimate how the 2003 reform affected firms’ own R&D spending and

performance, and further examine how these effects propagated through buyer–supplier

relationships to influence the performance of their suppliers and customers.

In addition to the general scheme, mostly targetting large firms, Japan also operated a

separate R&D tax credit scheme for small and medium-sized enterprises (SMEs). Firms

eligible for the SME scheme were corporations with capital of 100 million yen or less

that were not majority-owned (50% or more) by large enterprises.5 The SME scheme

provided more favourable conditions than the general system. Volume-based R&D tax

credits were available to SMEs already before 2003, when they became also available to

large firms. Moreover, the R&D tax credit rate for SMEs was set at a higher level, and

4As a temporary measure, the ceiling was raised to 30% in FY2009, and since FY2015, it has been set
at 25% of the corporate tax liability. Moreover, from FY2017 onward, the credit rate has been adjusted
based on the extent to which a firm’s current R&D spending exceeds a benchmark level.

5These firms are those classified as “small and medium-sized enterprises” under the Act on the
Promotion of Core Business Activities of Small and Medium-Sized Enterprises. In general, these are
Industry-specific thresholds also apply to firms in wholesale, retail, and service sectors.
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the eligibility requirements were simplified. The tax credits for SMEs also underwent

changes in 2003, as SMEs became eligible for higher credit rates—typically up to 12%

of total R&D spending—with the total credit capped at 20% of corporate tax liability.

However, the increase in the effective subsidy rates was much less pronounced than for

large firms. Subsequent revisions introduced temporary enhancements to further promote

R&D among innovative SMEs.

SMEs can choose between the R&D tax credit system for SMEs and that for all firms.

In this study, our baseline sample comprises all manufacturing firms covered by the firm-

level survey conducted by the Japanese government (see Section 3.1 for details), and we

restrict our sample to large firms for robustness checks. We mainly focus on the scheme

for large firms as it saw a much more drastic change in 2003 and, according to the Survey

of Research and Development for 2003 conducted by the Statistics Bureau, the share of

total business enterprise R&D expenditure accounted for by SMEs was small—less than

4%.

3 Data and Measurement

3.1 The METI Data

Our main data source is the Basic Survey of Japanese Business Structure and Activities

(BSJBSA), conducted annually by the Ministry of Economy, Trade and Industry (METI),

Japan. The survey contains detailed firm-level information such as their 3-digit industry,

the number of employees, sales, purchases, exports, and imports. The BSJBSA also

contains information on firm financials including costs, profits, investment, debt, assets,

R&D expenditures, and patents. The survey is compulsory, covering all firms with at

least 50 employees and 30 million yen of paid-in capital in the manufacturing, mining,

wholesale and retail and other services sectors. We mainly use the firm-level panel data

for the period from 1995 to 2007, covering approximately 23,000 firms annually, 10,000

of which are in the manufacturing sector.

We also utilize the Basic Survey on Overseas Business Activities (BSOBA), conducted

annually by METI. The BSOBA covers foreign affiliates of Japanese firms based on the

following criteria: (a) foreign affiliates in which a Japanese corporation holds at least 10%

of the capital; (b) foreign affiliates in which a subsidiary, defined as a firm more than 50%

owned by a Japanese corporation, holds more than 50% of the capital; and (c) foreign

affiliates in which a Japanese corporation and a subsidiary that is more than 50% owned

by a Japanese corporation collectively hold more than 50% of the capital. The BSOBA

covers all sectors except for finance, insurance, and real estate. The BSOBA contains

information on the location (country) and the 3-digit industry of foreign affiliates, and

affiliate-level financial data such as sales, costs, employment, and R&D expenditures.
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The BSOBA covers over 2,000 (in 1995) - 3,000 (in 2007) Japanese MNEs at the

headquarter level. Nearly 70% of them fall into the manufacturing sector. The BSOBA

covers over 10,000 (in 1995) - 16,000 (in 2007) foreign affiliates of Japanese MNEs, and

half of them fall into the manufacturing sector. In 1995, the average number of foreign

affiliates for each MNE is 4.4 while the corresponding figure for 2007 is 5.0 affiliates per

MNE. Out of the 2,000 - 3,000 Japanese MNEs covered by the BSOBA, approximately

1,000 (in 1995) - 2,800 (in 2007) firms are also covered by the BSJBSA.

3.2 The Tokyo Shoko Research Data

To capture firm-level transaction relationships, we use data on buyer-supplier relation-

ships and shareholders complied by the Tokyo Shoko Research Ltd. (TSR), a private

credit rating agency in Japan. Firms provide information to TSR to obtain credit scores

for loans. Covering almost all firms with over 4 employees in Japan, the TSR data

contains annual information on roughly 1 million firms, including employment, sales, lo-

cation, its founding year, number of establishments and their main (4-digit) industry (up

to 3).6

In this paper, we use both the TSR Company Information Database and the TSR

Company Linkage Database where the latter provides information on firm-to-firm rela-

tionships. Each firm surveyed by the TSR is asked to report the names of its top 24

suppliers, top 24 customers, and 3 main shareholders. To avoid the “top 24” cutoff

from limiting the sample coverage of the production network, we use a two-way match-

ing method to maximize the number of links, using information reported by a customer

about its suppliers and vice versa. Since a relationship with a customer or supplier can

be reported by either end of a relationship, the number of customers (suppliers) of a

supplier (customer) can be much greater than 24. In fact, the top supplier (customer)

in our constructed network data in Japan has 7,139 customers (7,475 suppliers) in 2006.

The average numbers of customers and suppliers are 5.6 and 4.9 firms, respectively in

2006. The distribution of the customer-supplier links is very skewed, with most of the

firms having substantially fewer customers and suppliers.7

Although the TSR Company Linkage Database covers many small firms, there is no

information on the value of transaction for each customer-supplier link unfortunately.

While the 2006 TSR Company Linkage Database provides the ranking of customers or

suppliers for each firm in order of transaction value, the Data since 2007 does not include

information on rank order of transaction value. Therefore, by using the ranking infor-

mation as of 2006 and assuming that the ranking did not change over time, we identify

6According to Kodama and Li (2018), the 2014 TSR data covers 66% of firms and 70% of employment,
compared to the 2014 Economic Census for Business Frame.

7However, as noted later again, suppliers and customers used for our analysis are limited to those
included in the BSJBSA.
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major suppliers/customers for each firm.

3.3 The BSJBSA-TSR-BSOBA Matched Data

We match the METI’s BSJBSA data with the firm-to-firm relationships from the TSR

data, mainly using Corporate Numbers designated by the Japanese National Tax Agency

which is a unique identifier to each firm. Since 2018, government statistical surveys

have included Corporate Numbers in their survey records, thereby enabling the linkage

of government statistics with firm-level datasets provided and sold by private-sector data

vendors. For firms where the Corporate Number was not available, we match the BSJBSA

and the TSR using firm names, telephone numbers, and mailing addresses. This dataset

allows us to estimate a relationship between a firm’s performance on the one hand and,

on the other hand, R&D investments by a given firm but also R&D investments of its

suppliers and buyers.

Although the TSR data do not cover buyer-supplier relationships across borders and

we cannot analyze cross-border inter-firm R&D spillovers using this dataset, we take

global ownership networks of Japanese multinational enterprises (MNEs) into account.

We further match the METI’s BSJBSA data with the BSOBA data at the parent level in

order to capture R&D and other performance measures of overseas affiliates of Japanese

firms.

Since many firms that engage in R&D on a continuous basis and provide reliable in-

formation on their R&D expenditures are manufacturing firms, Our baseline specification

focuses on the manufacturing sector.

4 Empirical Strategy

4.1 Identification and Definition of the Treatment and Control

Firms

We exploit the 2003 reform of Japan’s R&D tax credit system as a natural experiment

that changed the marginal incentives to invest in R&D for a subset of firms. Before the

reform, large firms in Japan could claim a tax credit only for incremental increases in

R&D expenditure relative to a baseline level. This incremental scheme offered relatively

weak incentives for investing in R&D, because higher R&D spending in one year meant a

higher baseline—and thus lower R&D tax credit—in subsequent years. The 2003 reform

introduced a volume-based credit that allowed large firms to deduct a fixed percentage

of total R&D expenditures, thereby substantially lowering the marginal cost of R&D for

firms whose below the credit ceiling. This policy change provides exogenous variation in

the after-tax cost of R&D, which we use to identify the causal effects of R&D incentives
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on firms’ own R&D activity and on spillovers to connected firms.

Importantly, while the reform officially took effect in 2003, it influenced firms’ R&D

behaviour already in 2002, when the policy change was announced. Under the incremental

tax credit system in place before 2003, firms faced a dynamic disincentive: increasing

R&D expenditure in a given year raised the baseline for future years, thereby reducing

the incremental tax credit they could claim subsequently. However, once firms learned

that the system would shift to a volume-based scheme in 2003, this disincentive was

eliminated for 2002. Firms could increase their R&D spending in 2002 without worrying

about raising future baselines, since the baseline concept would no longer apply under

the new system. This is why we define the post-treatment period as starting already in

2002.

In our analysis, the treatment group consists of large firms (firms not classified as

SMEs for tax purposes)8 for which the 2003 reform reduced the marginal cost of R&D.

More concretely, we mark firms as treated if their estimated tax credit—calculated based

on their R&D spending prior to the tax reform—is below the credit limit. The tax credit

rate is computed as 10% plus 0.2 times the firm’s R&D intensity, and the implied credit

amount is obtained by multiplying this rate by the firm’s past R&D expenditures.9 If this

estimated credit amount is smaller than 20% of the corporate tax liability—the ceiling

valid from 2003 onwards—the firm is classified as treated. This means that, other things

equal, more profitable, and less R&D intensive, firms are more likely to be treated. The

control group consists of large firms above the ceiling, and firms defined as SMEs for tax

purposes.

In order to identify the treatment group firms, we compute R&D expenditure for tax

purposes as the sum of own and outsourced nominal R&D expenditures. Using the same

R&D expenditure measure, the R&D intensity for the credit rate calculation is computed

as the ratio of R&D expenditures to the average sales over the previous three years. We

also need information on the corporate tax liabilities for each firm to calculate the credit

limit. As the BSJBSA data do not contain this information, we follow Kasahara et al.

(2014) and proxy corporate tax liabilities by multiplying the corporate tax rate by each

firm’s taxable income, calculated as ordinary profit net of accumulated tax losses carried

forward under the loss carry-over provision.10

8Following the Act on the Promotion of Core Business Activities of Small and Medium-Sized Enter-
prises, SMEs are defined as corporations with capital below 100 million yen that are not majority-owned
by publicly listed firms. As mentioned in Section 2, the volume-based R&D tax credit had been already
available to SMEs before the 2003 tax reform. Therefore, we exclude SMEs from the treatment group
and include them in the control group.

9Under the 2003 reform, the credit rate for the volume-based scheme was set at 8% + 0.2 × R&D
intensity. However, a temporary 2-percentage-point increase was allowed in fiscal year 2003, so we use
10% + 0.2 × R&D intensity in our calculation. Although the maximum credit rate for large firms was
formally capped at 10% (12% for SMEs), we apply the temporary 2-percentage-point increase to both
groups and therefore use 12% as the upper limit in this study.

10In practice, taxable income is calculated by including extraordinary gains and losses and other
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In all calculations determining firm treatment status, we use the averages of R&D

expenditures, sales, and taxable income over the 1995–1997 period. We rely on data

from this earlier period to avoid potential bias arising from short-term fluctuations or

regression to the mean. By using R&D expenditure levels observed several years before

the 2003 tax reform, we capture firms’ underlying or structural R&D intensity rather

than temporary variations immediately prior to the reform.

4.2 Construction of Spillover Exposure Measures

To estimate knowledge spillover effects transmitted through firm-to-firm transactions, it

is common to examine the relationship between a firm’s performance and the techno-

logical knowledge stock of its customers or suppliers. In this study, we instead take a

reduced form approach and construct variables that measure the extent to which a firm’s

suppliers, customers and shareholders have been exposed to the R&D tax credit reform.

Therefore, our spillover variables take larger values when a firm’s major suppliers or

customers—those with large R&D stocks and higher ranks in transaction size—belong to

the treatment group. Although our main focus is on spillovers from a firm’s suppliers and

customers, we also construct a spillover variable for its shareholders in the same manner

In the 2006 TSR data, we observe each firm’s top 24 suppliers, top 24 customers, and

up to three shareholders. This allows us to compute time-invariant exposure measures

that combine information on (i) whether each connected firm is classified as treated, (ii)

the strength of the link, and (iii) the connected firm’s R&D stock prior to the reform. The

treatment indicators are defined as above. The strength of the links is measured by the

inverse rank of each supplier, customer or shareholder based on transaction value. While

the TSR data do not report actual transaction amounts, the 2006 TSR data provide

rankings of suppliers and customers according to their transaction size as described in

Section 3.2. We utilize these rankings by assigning greater weights to higher-ranked

suppliers, customers and sharehodlers in the calculation of weighted averages.11 The

R&D stock is measured in 2001 and computed using the perpetual-inventory method

with a 15% depreciation rate following Bloom et al. (2013), using deflators from the

OECD MultiProd project.

For each firm i, the spillover exposure from suppliers, customers, or shareholders is

defined as the weighted average of the treatment indicators of the connected firms, where

the weight assigned to partner k is proportional to the product of two components: the

inverse of the reported transaction rank (1/rankik) and the partner’s R&D stock in 2001.12

deductions. However, since such information is not available, we compute accumulated tax losses using
data on ordinary profit. For more details, see footnote 9 in Kasahara et al. (2014).

11The TSR transaction relationship data are available only from 2006 onward, with the rankings
available only for year 2006. We assume that the buyer-supplier network did not change much over time
and the transaction relationships observed in 2006 apply in all sample years.

12It should be noted that suppliers and customers are limited to firms included in the BSJBSA, since
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The weights are normalised to sum to one within each firm–link type. Since the partner

R&D stocks are measured in 2001, prior to the treatment, and the network structure is

fixed in 2006, the exposure variables are predetermined and time-invariant, mitigating

concerns about simultaneity.

4.3 Estimating Equations

4.3.1 Estimating the effects of being directly treated by the reform

To estimate the effects of firms being themselves directly treated by the reform, we

compare the evolution of outcomes for treated and control firms before and after the

reform:

yit = β (Treati × Postt) + ψi + δjt + γst + ηat + εit, (1)

where yijt is the logarithm of the outcome variable for firm i in industry j and year t;

Treatij is an indicator for treated firms; Postt equals one during the post-treatment pe-

riod (2002-2007);13 the terms ψi, δjt, γst, and ηat denote firm fixed effects, industry-year

fixed effects, size quintile-year fixed effects, and age quintile–year fixed effects, respec-

tively. Standard errors are clustered at the firm level.

As outcome variables, we analyse R&D expenditure; innovation outputs in the form

of patents, utility models14 and designs; firm size measured in terms of sales, value added,

total assets and number of employees; and productivity measured using labor productivity

and three different measures of total factor productivity (TFP).15

We also examine the impact of the reform on overseas affiliates of treated firms. For

the outcome variables of overseas affiliates, we include R&D expenditure, sales, purchases,

and employment. While affiliate-level financial information is available in the BSOBA, the

affiliate identification number is not permanent, making it difficult to construct consistent

affiliate-level panel data. Therefore, here, when a firm has multiple overseas affiliates, we

use the financial data aggregated at the firm-group level, summing across all its foreign

affiliates.16 All outcome variables are expressed in logarithmic form.17

R&D expenditure information is available only for the BSJBSA firms.
13See subsection 4.1 for a discussion of why year 2002 is considered treated.
14In Japan, utility model rights are granted for small-scale technical inventions concerning the shape

or structure of products, whereas design rights cover the external appearance and aesthetic features of
industrial goods.

15The firm-level TFP is calculated by estimating the production function for each 2-digit industry
using the MultiProd Version 2.1.1.1 Stata routines developed by the OECD MultiProd team.

16In future work, we may extend the analysis by distinguishing between countries or regions of overseas
affiliates.

17Since R&D expenditures and innovation outputs contain many zero observations, we add a constant
K to each observation. Chen and Roth (2023) show that estimation results with this widely-used
transformation are not scale-invariant, as the transformation affects the relative weight of the extensive
and intensive margins in the regressions. We take one of the approaches suggested by Chen and Roth
(2023) to tackle this issue, which is to establish an explicit trade-off between the extensive and intensive
margin. Specifically, we set K equal to the 10th percentile value among the strictly positive observations
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To examine dynamic treatment effects and test for pre-trends, we also estimate the

corresponding event-study specification:

yit =
2007∑

p=1999
p̸=2001

βp(Treati × Y p
t ) + ψi + δjt + γst + ηat + εit, (2)

where Y p
t is a full set of year dummies and 2001 serves as the omitted base year. The

coefficients βt trace the evolution of outcomes for treated firms relative to controls over

time, conditional on the same fixed effects as in Equation (1).

Our estimation sample for the analysis of the effects of own direct treatment represents

a balanced panel of consistent R&D performers, including manufacturing firms that report

positive R&D expenditures in each year between 1999 and 2007. As a result, our baseline

estimation sample includes 2,432 manufacturing firms per year. The descriptive statistics

of the outcome variables for our baseline sample are shown in Appendix Table A1.

4.3.2 Estimating the effects of the reform on firms connected to treated firms

Next, we estimate whether the effects of the reform propagated to firms connected to

treated firms through supply-chain or ownership links:

yit = βs (Treat Supplieri × Postt) + βc (Treat Customeri × Postt)

+ βh (Treat Shareholderi × Postt) + ψi + δjt + γst + ηat + εit.
(3)

Here, Treat Supplierij, Treat Customerij, and Treat Shareholderij represent the con-

tinuous exposure measures described above, capturing the share of treated suppliers, cus-

tomers, and shareholders (weighted by connection strength and pre-reform R&D stock).

The sample includes all manufacturing firms with at least one observed supplier or cus-

tomer link between 1999 and 2007. This specification allows us to quantify the extent of

R&D spillovers transmitted through buyer–supplier and ownership networks.

5 Results

5.1 Effects of Own Treatment

Figure 1 provides a visual summary of the dynamics of R&D expenditure around the

2003 tax-credit reform.18 The figure plots coefficients from an event-study specification in

of the respective variable before taking logs. This implies that a change from zero to a strictly positive
value on the 10th percentile is equivalent to an intensive-margin change that doubles the variable.

18To mitigate the influence of outliers, we exclude observations in the top 1% of the distribution of
each outcome variable when estimating the regressions. As a robustness check, we also exclude the top
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which firm-level R&D spending is regressed on year dummies interacted with an indicator

for treated firms, controlling for firm fixed effects, industry-year fixed effects, size-year

fixed effects and age-year fixed effects. Note that the reform affected R&D expenditure

already in 2002, as the switch to a volume-based tax credit in 2003 increased the value

of the incremental tax credit in 2002 (see subsection 4.1). The pre-reform coefficients

are close to zero and statistically insignificant, indicating no differential trends between

treated and control firms prior to the policy change. In 2002, the coefficients rise sharply

and remain positive in subsequent years, suggesting a sustained increase in R&D spending

among firms eligible for the more generous credit.

Figure 1: The R&D Tax Credit Reform and Firms’ R&D Expenditure

Notes: The figure plots the event study coefficients obtained by estimating Equation 2, together with
their 95% confidence intervals. The coefficients represent the log changes in R&D expenditure of treated
firms relative to control firms. The baseline year is 2001.

Table 1 reports the difference-in-differences estimates of the effects of the 2003 tax-

credit reform on firms’ R&D activity, innovation outcomes, size, and productivity.19 Panel

A shows that treated firms increased their R&D expenditure by about 14 percent relative

to control firms, a highly significant response consistent with the sharp post-reform in-

crease observed in Figure 1. The number of utility patents also sharply increased among

treated firm by about 9%. The coefficients for patents and designs are positive but smaller

5% of each variable’s distribution, and the results are highly similar.
19As mentioned in Section 4.1, firms classified as SMEs for tax purposes are included in the control

group in our baseline estimations. Although it is reasonable to include them in the control group, given
that they were already subject to the volume-based tax incentive scheme prior to the 2003 tax reform, we
also re-estimated the models after excluding SMEs from the sample. The resulting estimates are highly
consistent with the baseline findings, indicating that our conclusions are not driven by the inclusion of
SMEs.
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and not statistically significant.

Panel B indicates that treated firms subsequently expanded in scale: sales, value

added, assets, and employment all rose by roughly 2–3 percent after the reform. Finally,

Panel C shows small and statistically insignificant effects on productivity measures, im-

plying that the reform primarily stimulated the level of innovative and production activity

rather than immediate efficiency gains. As suggested by the estimation results in Panels

A and B, the treated firms increased their R&D expenditures, employment, and capital

inputs following the tax reform. However, because these are increases in production in-

puts, even if sales or value added rise, they may not immediately translate into substantial

gains in productivity. Taken together, these results confirm that the reform successfully

increased private R&D investment and innovation while having more limited short-run

effects on productivity.

Table 1: Effects of Own Treatment

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

Panel A. Effects on R&D and innovation

R&D exp. Patents Utility pat. Designs

Treated × Post 0.140*** 0.012 0.086** 0.025

(0.026) (0.034) (0.035) (0.028)

N 20,970 20,691 20,529 20,709

Panel B. Effects on firm size

Sales Value added Assets Employment

Treated × Post 0.027** 0.028** 0.024** 0.020**

(0.011) (0.014) (0.010) (0.009)

N 20,979 20,939 20,988 20,997

Panel C. Effects on productivity

LP TFP (Solow) TFP (Wool.) TFP (ACF)

Treated × Post 0.008 0.001 0.002 –0.001

(0.011) (0.004) (0.011) (0.003)

N 20,963 20,881 20,799 20,804

Notes: *** 1%, ** 5%, * 10%. For each outcome, the table reports the effect of the 2003 R&D tax credit

reform obtained by estimating Equation 1. All outcomes enter the regressions as logs. All regressions

control for firm fixed effects, industry-year fixed effects, size-year fixed effects and age-year fixed effects.

Robust standard errors clustered at the firm level are reported in parentheses.

Table 2 assesses whether the reform affected the overseas operations of treated Japanese

firms. Rather than looking at domestic outcomes, it investigates the aggregate perfor-

mance of each Japanese parent’s foreign affiliates. Across outcomes, we find no statisti-

cally significant effects on affiliates’ R&D expenditure, sales, purchases or employment.

These results suggest that the reform’s primary impact was on domestic activity, with no
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detectable short-run reallocation to, or contraction/expansion within, foreign affiliates.

Table 2: Effects of Own Treatment on Overseas Affiliates

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

R&D exp. Sales Purchases Employment

Treated × Post -0.053 0.011 -0.065 0.055

(0.132) (0.066) (0.070) (0.068)

N 4,621 4,570 4,377 4,583

Notes: *** 1%, ** 5%, * 10%. For each outcome, the table reports the effect of the 2003 R&D tax

credit reform obtained by estimating Equation 1. All outcomes represent the combined figures across all

overseas affiliates of a given Japanese company and enter the regressions as logs. All regressions control

for firm fixed effects, industry-year fixed effects, size-year fixed effects and age-year fixed effects. Robust

standard errors clustered at the firm level are reported in parentheses.

5.2 Effects of Supplier, Buyer and Shareholder Treatment

Table 3 investigates whether the effects of the 2003 reform propagated to firms con-

nected to treated firms through supply-chain or ownership links. The results reveal clear

heterogeneity across types of connections.

Panel A shows no significant effects of suppliers, customers or shareholders being

treated by the reform on the R&D spending or innovative output of the connected firms,

indicating that the reform did not directly stimulate R&D activity beyond the treated

firms themselves.

Panel B shows some evidence that suppliers being treated by the reform was associ-

ated with greater sales and value added of the downstream firms, indicating that firms

benefited from increased R&D among their suppliers. On the contrary, customers’ treat-

ment by the reform was associated with smaller sales and value added of upstream firms,

which is consistent with the customers being able to replace some input purchases with

in-house production as a result of their increased R&D. We do not find any effects of

shareholders’ treatment on the size of the affiliated firms.

Panel C examines productivity outcomes. The coefficients indicate that suppliers

being treated was associated with statistically significant improvements in both the labour

productivity and the total factor productivity of downstream firms by about 1–3%. This

represents evidence of positive productivity spillovers from supplier R&D to downstream

firms. In contrast, we do not find any evidence of similar spillovers stemming from

customers’ or shareholders’ R&D.
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Table 3: Effects of Supplier, Buyer and Shareholder Treatment

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

Panel A. Effects on R&D and innovation

R&D exp. Patents Utility pat. Designs

Treatment (suppliers) × Post -0.007 -0.035 -0.024 -0.035

(0.046) (0.035) (0.033) (0.024)

Treatment (customers) × Post -0.020 -0.005 0.018 -0.024

(0.044) (0.037) (0.035) (0.027)

Treatment (shareholders) × Post -0.019 0.039 0.047 0.052*

(0.048) (0.038) (0.034) (0.027)

N 29,361 29,348 29,369 29,463

Panel B. Effects on firm size

Sales Value added Assets Employment

Treatment (suppliers) × Post 0.026* 0.028* 0.007 0.008

(0.015) (0.016) (0.014) (0.011)

Treatment (customers) × Post -0.033** -0.031* -0.024 -0.016

(0.016) (0.017) (0.016) (0.012)

Treatment (shareholders) × Post 0.001 -0.006 0.011 0.008

(0.016) (0.017) (0.015) (0.012)

N 29,310 29,042 29,325 29,396

Panel C. Effects on productivity

LP TFP (Solow) TFP (Wool.) TFP (ACF)

Treatment (suppliers) × Post 0.025** 0.012** 0.027** 0.010**

(0.012) (0.005) (0.013) (0.004)

Treatment (customers) × Post -0.012 -0.002 -0.021 -0.004

(0.014) (0.005) (0.014) (0.004)

Treatment (shareholders) × Post -0.012 -0.005 -0.005 -0.006

(0.013) (0.005) (0.013) (0.004)

N 29,084 28,730 28,668 28,648

Notes: *** 1%, ** 5%, * 10%. For each outcome, the table reports the effect of the 2003 R&D tax credit

reform obtained by estimating Equation 3. All outcomes enter the regressions as logs. All regressions

control for firm fixed effects, industry-year fixed effects, size-year fixed effects and age-year fixed effects.

Robust standard errors clustered at the firm level are reported in parentheses.

6 Concluding Remarks

This paper has examined how R&D spillovers propagate through buyer–supplier and

ownership networks by exploiting a major reform of Japan’s R&D tax credit system

in 2003 as a natural experiment. The reform reduced the marginal cost of R&D for

large firms below the tax-credit ceiling and led to a substantial increase in their R&D

investment and innovative activity, and treated firms experienced a faster growth as
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a result. We find little evidence of immediate productivity gains, suggesting that the

primary effect of the policy was to stimulate innovation effort and firm growth rather

than efficiency improvements.

We then explored how these shocks to firms’ R&D behaviour transmitted to other

parts of the economy. The results reveal significant forward spillovers: firms with a

larger share of suppliers affected by the reform experienced higher sales, value added,

and productivity growth. By contrast, we find no evidence of backward spillovers to sup-

pliers, nor of performance effects through ownership links, indicating that R&D spillovers

in production networks flow predominantly downstream. These findings are consistent

with technological knowledge being embodied in improved intermediate inputs and pro-

duction know-how that diffuse from innovating suppliers to their customers. However,

Ikeuchi et al. (2015) report evidence suggesting that R&D spillovers are larger from buy-

ers and suppliers with equity ties than from those without such ties. We will explore the

interaction between trading relationships and equity relationships when further develop-

ing the results presented here.

Our results contribute to a growing body of evidence that R&D policies can generate

social returns beyond the firms that claim the tax credits. At the same time, they

suggest that the diffusion of innovation is highly asymmetric within production networks,

with benefits concentrated among downstream partners. Understanding the mechanisms

behind such directed spillovers—such as learning-by-using, input upgrading, or relational

knowledge transfer—remains an important avenue for future research. From a policy

perspective, the findings imply that the full impact of R&D support depends not only

on the responsiveness of treated firms but also on the structure of the networks through

which innovation spreads.
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Appendix

A Appendix Table A1. Descriptive Statistics

obs. mean p50 sd min max

R&D expenditure 21888 5.12 4.88 2.07 1.60 13.60

Number of patents owned 21888 2.39 2.08 2.25 0.00 10.93

Number of utility model rights owned 21888 1.14 0.00 1.56 0.00 9.19

Number of design rights owned 21888 1.14 0.00 1.75 0.00 10.76

Sales 21888 9.34 9.11 1.54 5.39 16.30

Value added 21804 7.94 7.73 1.44 2.19 14.68

Total assets 21888 9.36 9.11 1.57 5.49 16.18

Employment 21888 5.84 5.63 1.19 3.91 11.30

Labor productivity 21804 2.10 2.10 0.53 -2.88 5.45

TFP (Solow) 21737 2.60 2.62 0.51 0.46 5.32

TFP (Wooldridge) 21700 9.40 9.10 1.74 4.48 16.09

TFP (ACF) 21732 3.18 3.04 0.82 1.43 6.05

Affiliates’ R&D expenditure 4824 1.99 0.69 2.25 0.69 11.15

Affiliates’ sales 4666 9.02 8.85 2.34 0.69 17.30

Affiliates’ purchases 4500 8.54 8.37 2.41 0.00 17.22

Affiliates’ employment 4715 6.06 6.16 2.12 0.00 11.72
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