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Abstract

Whether financial development promotes industrial innovation depends not
just on how developed a country’s financial system is, but on which dimensions
of that system are well developed. This paper examines how depth, access, and ef-
ficiency of both financial institutions and financial markets shape R&D investment
across industries that differ in their reliance on external finance. Using industry-
level data from the ISIC Rev. 4 classification across 18 OECD countries from 1995
to 2019, and drawing on the IMF’s multidimensional Financial Development In-
dex, we analyze how country-level financial development measures interact with
an industry-level external finance dependence measure to influence R&D intensity
measured relative to output and value added. Our findings show that the overall
level of financial development matters primarily through depth. In particular, the
depth of financial institutions and, to a lesser extent, the depth of financial mar-
kets significantly raise R&D intensity in industries that depend more heavily on
external funding. Measures of access and efficiency display little systematic effect.
The results are strongest within manufacturing industries, where innovation activ-
ity is concentrated. These findings highlight the importance of financial structure
and, in particular, the scale and capacity of financial intermediation, in shaping
the allocation of innovative investment across industries.

Keywords: R&D intensity, financial development, financial institution depth, ex-
ternal finance dependence, innovation
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1 Introduction

What drives economic growth? Innovation. A point so well established across eco-

nomic thought, from Smith (1776) and Schumpeter (1942) to early exogenous growth

models (Solow, 1956; Swan, 1956), endogenous growth models (Arrow, 1962; Romer,

1986, 1990) and more recent work by Acemoglu (2002, 2003, 2008, 2025) and others

(Aghion & Jaravel, 2015; Ahlstrom, 2010; Carree & Thurik, 2010), that it barely needs

restating. But what fuels innovation? That question has proven more difficult to an-

swer as the inputs to innovation are far less settled. Substantial upfront costs, long

development cycles, and uncertain returns make R&D investment inherently difficult

to finance from internal resources alone. This places financial systems, and their scale,

structure, and reach, at the center of any serious account of what drives industrial

innovation.

This paper asks a more specific question: does it matter which dimension of fi-

nancial development an economy possesses? Prior work has largely treated financial

development as a single phenomenon, proxied either by private credit or stock market

capitalization (Maskus, Milani, & Neumann, 2019; Maskus, Neumann, & Seidel, 2012).

We argue that this approach misses important variation across different dimensions of

financial systems. A country’s financial system can be deep without being particu-

larly efficient or broadly accessible, and vice versa. These dimensions may have very

different implications for how industries fund their research and development activi-

ties. Drawing on the IMF’s multidimensional Financial Development Index (Figure 1),

which separately quantifies the depth, access, and efficiency of both financial institu-

tions and financial markets, we examine how these dimensions shape R&D investment

across industries that vary in their reliance on external finance.

We use industry-level R&D data from the ISIC Rev. 4 classification across 18 OECD

countries from 1995 to 2019, covering both manufacturing and non-manufacturing in-

dustries. R&D intensity, measured as R&D expenditures relative to either total output

or value added, serves as our indicator of innovative activity. Our empirical design fol-
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lows the Rajan and Zingales (1998) framework, interacting country-level financial de-

velopment measures with an industry-level measure of external finance dependence

from Bilir, Chor, and Manova (2019). The logic is that industries with greater under-

lying reliance on external funding should benefit disproportionately from financial

development, and that the nature of this benefit should depend on which dimension

of the financial system is better developed.

This paper relates to three strands of the broader innovation literature. The first

concerns the determinants of industrial R&D. A substantial body of work has ex-

amined what shapes firms’ decisions to invest in research and development, and the

range of determinants studied is extensive.. Tax incentives and direct public subsidies

have received considerable attention (Agrawal, Rosell, & Simcoe, 2020; Bloom, Grif-

fith, & Van Reenen, 2002; Hall, 1993; Thomson, 2017), as has the question of whether

government R&D spending crowds out or complements private investment (Becker,

2015; Bloom, Van Reenen, & Williams, 2019; David, Hall, & Toole, 2000). Patent protec-

tion is another well-studied channel, with evidence suggesting that stronger intellec-

tual property rights encourage private R&D in industries where imitation risk is high

(Czarnitzki & Toole, 2011; Maskus et al., 2019; Varsakelis, 2001). Gao, Zang, Roth, and

Wang (2017) find evidence that democratic institutions also shape innovative activity.

Beyond these policy-driven factors, Falk (2006) identifies physical capital, human cap-

ital, industry structure, and trade openness as additional determinants of R&D across

OECD countries. Within this broader literature, the role of financial systems has re-

ceived growing but still limited attention. Maskus et al. (2012) show that financial

development raises R&D intensity in externally dependent manufacturing industries

across OECD economies. We add to this literature by asking not just whether financial

development matters but which aspects of it matter, using a richer set of financial mea-

sures and a broader industry sample (including non-manufacturing) than was previ-

ously available.

The second strand builds on the external finance dependence framework intro-

duced by Rajan and Zingales (1996, 1998). Their key insight is that industries differ
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systematically in their reliance on external funding, and this variation can be used to

identify the real effects of financial development. This design has since been applied

across a wide range of questions. Aghion, Howitt, and Mayer-Foulkes (2005) use it

to study financial development and income convergence, Aghion, Fally, and Scarpetta

(2007) apply it to firm entry and post-entry growth across industrialized and emerg-

ing economies, and Braun and Larrain (2005) use it to examine how industries with

different financing needs are affected differently by recessions. Manova (2013) ex-

tends the approach to international trade, showing that financial development shapes

export patterns in ways that are systematically related to industries’ external finance

needs. Acharya and Xu (2017) find that public firms innovate more than private firms

precisely in settings where finance is constrained, which speaks directly to the mech-

anism we study. Maskus et al. (2019) apply this framework to examine how patent

protection interacts with external finance dependence to influence R&D. We apply the

same core identification strategy while extending it to a more granular decomposition

of financial development and a wider industry classification.

The third strand examines the heterogeneous relationship between financial devel-

opment and innovation that varies across contexts, reflecting the reality that financial

systems do not affect all industries, countries, or time periods in the same way. Brown,

Fazzari, and Petersen (2009) and Amore, Schneider, and Žaldokas (2013) show that the

link between credit conditions and innovation is sensitive to the business cycle, with fi-

nancial constraints binding more tightly during downturns. Czarnitzki and Hottenrott

(2011) and Hsu, Tian, and Xu (2014) find that emerging markets and smaller firms face

more binding financial restrictions on their R&D, suggesting that the stage of financial

development and firm size interact in important ways. Chava and Roberts (2008) and

Falk (2012) show that intangible-intensive and high-technology sectors are dispropor-

tionately affected by financial constraints, which is consistent with their reliance on

investments that are hard to collateralize. Our paper contributes to this strand in mul-

tiple ways. First, by decomposing financial development into depth, access, and ef-

ficiency for both institutions and markets, we can say something more precise about
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which features of financial systems drive the innovation effect rather than treating fi-

nancial development as a single undifferentiated force. Second, by covering a longer

time period that spans the 2008 financial crisis and including non-manufacturing in-

dustries alongside manufacturing, we can examine how the relationship has shifted

over time and whether it generalizes beyond the sector where most prior evidence

is concentrated. The income-level and pre- versus post-crisis splits we conduct are

motivated directly by this interest in heterogeneity across economic contexts.

Our results show that financial development matters for R&D primarily through

financial depth. Industries that rely more heavily on external finance exhibit higher

R&D intensity in countries with deeper financial institutions. Financial market depth

also shows positive effects, though less consistently across specifications. By contrast,

measures capturing financial access and efficiency display little systematic relation-

ship with innovative investment. These patterns are strongest within manufacturing

industries, where R&D activity is most concentrated. The findings suggest that the

scale and resource capacity of financial intermediation, rather than the breadth or ef-

ficiency of financial services, plays the dominant role in supporting industry-level in-

novation.

The remainder of the paper is organized as follows. Section 2 describes the data.

Descriptive statistics are in Section 3. The methodology is outlined in Section 4, results

discussed in Section 5, and we conclude in Section 6.

2 Data

We construct a panel dataset from multiple sources to examine how financial devel-

opment relates to R&D intensities across countries, industries, and time. The dataset

covers multiple industries across 18 countries over the period 1995 to 2019. We use two

levels of industry aggregation in order to include the biggest possible set of industries.

The sample is further divided into subperiods to distinguish between the pre- and

post-global financial crisis periods. We also examine results by country income levels,
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allowing us to examine whether the relationship between financial development and

R&D intensities differs across economic environments.

2.1 Industry R&D Data

We calculate industry-level R&D intensity in two ways, either as the ratio of R&D

expenditures to total output or as the ratio of R&D expenditures to industry value

added. The two measures capture different aspects of industry activity and each has its

own merit. Output-based intensity benchmarks innovation effort against total produc-

tion scale, while value-added intensity nets out intermediate inputs and tends to be a

cleaner indicator of a sector’s own innovative effort, particularly in industries where

input costs are large relative to what the sector itself creates. Reporting both measures

allows us to check whether findings are sensitive to this choice. We construct these

measures using country-industry-year R&D expenditure data from the ANBERD (An-

alytical Business Enterprise Research and Development) database maintained by the

OECD, as it provides detailed R&D expenditure data for industries across OECD coun-

tries and select non-member economies, using industry classification as per ISIC Rev.

4. Industry output and value added come from the OECD STAN (Structural Analy-

sis) database, which provides detailed measures of industrial performance for OECD

countries. The STAN database includes detailed information on production, labor in-

put, investment, and international trade.

We use ISIC Rev. 4 data, which include both manufacturing and service industries.

The ISIC Rev. 4 data provide greater industry coverage than previous revisions. How-

ever, industry names and classifications do not directly correspond to those in ISIC

Rev. 3 or earlier revisions. This broader classification is central to our analysis, as it

allows us to examine R&D dynamics in service and mixed-sector industries that prior

work, which relied on earlier ISIC revisions, could not address.
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2.2 Financial Development Data

Financial development data are obtained from the International Monetary Fund (IMF).

The IMF constructs a Financial Development (FD) Index that aggregates measures of

both financial institutions (FI) and financial markets (FM).

The FI (Financial Institutions) Index is aggregated by:

FID (Financial Institutions Depth) Index: This index includes bank credit to the private

sector, pension fund assets, mutual funds assets, and insurance premiums (life/non-

life), each measured relative to GDP. One component of the FID index, ‘bank credit

to the private sector’, has been widely used as a proxy for financial development in

previous studies. This private credit measure is often referred to generally as depth of

financial development.

FIA (Financial Institutions Access) Index: This index reflects the number of bank branches

and ATMs per 100,000 adults, in a country.

FIE (Financial Institutions Efficiency) Index: This index includes the net interest margin

in the banking sector, the interest spread between lending and deposits, non-interest

income to total income, return on equity, return on assets, and overhead costs to total

assets.

The FM (Financial Markets) Index is aggregated by:

FMD (Financial Market Depth) Index: This index includes stock market capitalization,

stocks traded, international debt securities (government), total debt securities (finan-

cial / non-financial corporations), each measured relative to GDP. The stock market

capitalization measure has been used as an alternative to private credit and is often

the variable taken to represent financial markets.

FMA (Financial Market Access) Index: This index reflects the share of market capitaliza-

tion outside the ten largest firms and total debt issuers for every 100,000 adults.

FME (Financial Market Efficiency) Index: This index includes stocks traded to market

capitalization, commonly referred to as the stock market turnover ratio.

The Figure 1 schematic shows how these various measures are aggregated. We
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Figure 1: Financial Development Index - Overview

first examine the broad indices FD, FI, and FM, and then analyze each subcomponent

of depth, access, and efficiency separately. Thus, we go beyond the basic measures of

private credit or stock market capitalization to examine whether the different dimen-

sions of financial development affect R&D differently.

2.2.1 Relationships Between Financial Development Measures

We first examine how the different financial development measures relate to one an-

other. This helps determine whether they capture distinct aspects of financial systems

and whether multicollinearity might be an issue in our regressions. Table B.1 reports

the pairwise correlations among the financial institution (FI) and financial market (FM)

subcomponents.

The overall FI and FM indices correlate at 0.639, suggesting they overlap to some

degree but still measure different features of financial development. Looking within

financial institutions, depth (FID) is positively correlated with both access (FIA, 0.462)

and efficiency (FIE, 0.424). However, access and efficiency are virtually unrelated (cor-

relation of -0.043). This means that while FI depth shares some ground with the other

two dimensions, access and efficiency appear to capture quite different things.

A similar pattern emerges for financial markets. Depth (FMD) correlates positively

with both access (FMA, 0.372) and efficiency (FME, 0.512), but access and efficiency
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show almost no relationship (0.058). Across the FI and FM categories, correlations av-

erage 0.343. They range from very low—for example, 0.015 between FIA and FMA—to

quite high, such as 0.829 between FID and FMD.

These correlations guide our empirical approach in a few ways. Because most sub-

components are only moderately correlated (averages of 0.281 within FI and 0.314

within FM), we can reasonably treat them as distinct dimensions in our analysis. How-

ever, the strong link between FI depth and FM depth (0.829) tells us they both reflect

the overall size of the financial system. We should therefore be careful not to overin-

terpret their separate effects. Overall, with most correlations below 0.6, serious multi-

collinearity concerns are unlikely.

2.3 Control Variables

To account for industry size factors that may influence R&D intensities, control vari-

ables measuring either industry output as a share of GDP or value added as a share

of GDP. To construct these measures, we source data on nominal and real GDP from

the World Bank. These variables are important because they capture the relative size

and importance of each industry within an economy. Industries that represent a larger

share of GDP may exhibit different R&D behavior than smaller industries. Also, this

allows us to account for the possibility that R&D intensities might be influenced by an

industry’s relative economic importance within a country, rather than just its absolute

size.

2.4 Industry Characteristics

To capture industry-specific traits, we utilize data on the extent of external finance de-

pendence from Bilir et al. (2019).1 Their methodology, based on Rajan and Zingales

(1998), computes two measures of external finance dependence using 3-digit and 4-

digit NAICS (North American Industry Classification System) codes. The external

finance dependence ratio is first calculated for each firm, measured as the share of

1We thank authors of Bilir et al. (2019) for providing this data on external finance dependence to us.
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capital expenditures not financed through internal cash flows from operations, using

US firm-level data from Compustat. The median value across firms in each indus-

try over the period 1996-2005 is adopted as the industry external finance dependence

measure. Owing to the discrepancy between NAICS codes and our ISIC Rev. 4 data

codes, we undertook a careful matching process. We utilized the 3-digit NAICS codes

and aligned these as closely as possible with the ISIC Rev. 4 2-digit industry codes or

to broader combined categories of the 2-digit industry codes using the 2007 NAICS 3

to ISIC 4 correspondence table from the US Census.

In cases where multiple NAICS codes corresponded to a single ISIC Rev. 4 code,

we averaged the value for external finance dependence measures across the relevant

NAICS codes. Conversely, when a NAICS code mapped to multiple ISIC Rev. 4 codes,

we assigned it based on the predominant correspondence.

It is important to mention that while the specific value of the external finance de-

pendence measure is not important, the relative ranking is key to examine the relation-

ship between financial development and R&D. This measure is considered as an un-

derlying industry characteristic in developed financial markets. Hence, the use of US

data to assign these rankings is argued to capture an underlying industry trait in the

reliance on external versus internal financing of investment. Bilir et al. (2019, p. 211)

describe this industry trait as “there is a persistent technological component – such as

the importance of upfront R&D or investment costs –that drives sectors’ reliance on

outside capital.” We follow previous literature in using external finance dependence

as a key industry characteristic. While Maskus et al. (2012) also utilized asset tangi-

bility as an industry characteristic, we opted to focus on external finance dependence

for several reasons. To start with, external finance dependence more directly considers

industry’s reliance on financial markets and institutions, which aligns closely with our

study’s focus. The results in Maskus et al. (2012), also show that the interactions with

external finance dependence are consistently significant while the interactions with

tangibility are less so. Moreover, with the increasing importance of intangible assets

in many industries, particularly those with high R&D intensity, we believe that exter-
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nal finance dependence may provide a more comprehensive measure of an industry’s

interaction with financial systems. This measure captures not only the need for fi-

nancing physical assets but also the capital requirements for research, development,

and other intangible investments.

3 Descriptive Statistics

This section summarizes the distribution of R&D intensity across countries2 (Table B.2),

years (Table B.3), and industries (Table B.4). At the country level, Japan exhibits the

highest mean R&D intensity under both output and value-added measures, followed

by Austria and Belgium. In contrast, Mexico and Poland exhibit relatively low R&D

intensities within the OECD sample. Across years, R&D intensities fluctuate, but the

overall trend shows a steady increase in R&D investment over time. Across both

time and countries, R&D expenditures relative to value added are roughly three times

larger than when measured relative to output. The data examined in prior studies such

as Maskus et al. (2012) end in 2003. Our sample extends the coverage by an additional

16 years, a period during which R&D expenditures continued to rise.

Table 1 reports the ISIC Rev. 4 classification of industries used in the analysis,

where three-character codes (“Dxx”) refer to individual industries and six-character

codes (“DxxTxx”) denote industry groups. We refer to the ’Dxx’ categories as nar-

row industries, and the ’DxxTxx’ categories as broad industry groups. For example,

D13 (Textiles) is narrow while D41T43 (Construction, which includes industries 41 to

43) is broad. The use of individual (narrow) and grouped (broad) industries reflects

data availability and concordance between ISIC Rev. 4 and NAICS classifications. We

first focus on individual industry codes D13-D30, which capture most manufacturing

industries. We then combine these with the broad categories to examine both manu-

facturing and non-manufacturing industries.

The external finance dependence values for each industry and their relative rank-

2Note that we drop the US from the sample since the external finance dependence measure utilizes
US data.

10



Table 1: ISIC Rev. 4 Classification

Industry Code Industry Sector Classification

D01T03 Agriculture, Forestry And Fishing Non-Manufacturing Broad
D05T09 Mining And Quarrying Non-Manufacturing Broad
D10T12 Food Products, Beverages And Tobacco Manufacturing Broad
D13 Textiles Manufacturing Narrow
D14 Wearing Apparel Manufacturing Narrow
D15 Leather And Related Products, Footwear Manufacturing Narrow
D16 Wood And Of Products Of Wood And Cork, Ex-

cept Furniture; Articles Of Straw And Plaiting
Materials

Manufacturing Narrow

D17 Paper And Paper Products Manufacturing Narrow
D18 Printing And Reproduction Of Recorded Media Manufacturing Narrow
D19 Coke And Refined Petroleum Products Manufacturing Narrow
D20 Chemicals And Chemical Products Manufacturing Narrow
D21 Pharmaceuticals, Medicinal Chemical And

Botanical Products
Manufacturing Narrow

D22 Rubber And Plastic Products Manufacturing Narrow
D23 Other Non-Metallic Mineral Products Manufacturing Narrow
D24 Basic Metals Manufacturing Narrow
D25 Fabricated Metal Products, Except Machinery

And Equipment
Manufacturing Narrow

D26 Computer, Electronic And Optical Products Manufacturing Narrow
D27 Electrical Equipment Manufacturing Narrow
D28 Machinery And Equipment N.e.c. Manufacturing Narrow
D29 Motor Vehicles, Trailers And Semi-Trailers Manufacturing Narrow
D30 Other Transport Equipment Manufacturing Narrow
D31T33 Furniture, Other Manufacturing And Repair

And Installation Of Machinery And Equipment
Manufacturing Broad

D35T39 Electricity, Gas And Water Supply; Sewerage,
Waste Management And Remediation Activities

Non-Manufacturing Broad

D41T43 Construction Non-Manufacturing Broad
D45T47 Wholesale And Retail Trade, Repair Of Motor

Vehicles And Motorcycles
Non-Manufacturing Broad

D49T53 Transportation And Storage Non-Manufacturing Broad
D55T56 Accommodation And Food Service Activities Non-Manufacturing Broad
D58T63 Information And Communication Non-Manufacturing Broad
D64T66 Financial And Insurance Activities Non-Manufacturing Broad
D68 Real Estate Activities Non-Manufacturing Narrow
D69T75 Professional, Scientific And Technical Activities;

excluding scientific R&D
Non-Manufacturing Broad

D77T82 Administrative And Support Service Activities Non-Manufacturing Broad
D86T88 Human Health And Social Work Activities Non-Manufacturing Broad
D90T93 Arts, Entertainement And Recreation Non-Manufacturing Broad

ing are reported in Table B.5 in the appendix. Chemicals and Chemical Products (D20)

has the highest dependence on external finance (5.472) while Financial and Insurance

Activities (D64T66) sits at the bottom (-5.461) of the ranking. The relative ordering

across industries matters more than the absolute values, as the identification strategy

relies on comparing industries with different financing needs within the same country

over time. Industries at the top of the ranking depend heavily on outside capital and
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should benefit most from financial development, and this gradient is what drives the

interaction effects in our regressions.

Figure A.1 shows the distribution of financial development across the OECD coun-

tries in our sample. The figure reports each country’s mean financial development

index, calculated as the average FD value over the sample period. Financial develop-

ment across countries ranges from 0.342 (Mexico) to 0.887 (Australia), with a median

value of 0.666. Countries cluster into distinct quartiles based on these time averaged

values. Australia, Spain, Canada, Japan, and France occupy the highest quartile, while

Hungary, Slovenia, Poland, Czech Republic, and Mexico fall into the lowest. Norway

(mean FD = 0.649) and Portugal (mean FD = 0.684) are positioned near the median,

representing countries with moderate financial development. The wide dispersion in

FD values highlights meaningful differences in financial system development even

among relatively similar OECD economies, providing useful variation for identifying

how financial development affects R&D investment.

Table B.4 shows the mean R&D intensities for narrow and broad categories. At the

narrow industry level, “Computer, Electronic and Optical Products” (D26) exhibit the

highest average R&D intensity across both output and value-added measures. In con-

trast, “Real estate activities” (D68) show the lowest average R&D intensity. Among

broad industry categories, “Professional, scientific and technical activities, excluding

scientific R&D” (D69T75) demonstrates the highest mean R&D intensity, whereas “Ac-

commodation and food service activities” (D55T56) has the lowest intensity. We exam-

ine each set separately, narrow vs broad, but then combine them to give the greatest

industry coverage. To do so we skip overlapping industry classifications, based on the

lesser number of observations, retaining the specification with the larger number of

observations. For instance, we had data for both D35 (Electricity, gas, steam and air

conditioning supply) as narrow and D35T39 (Electricity, gas and water supply; sew-

erage, waste management and remediation activities) as broad, However, we do not

have sufficient external finance dependence data for D36 (Water collection, treatment

and supply), D37 (Sewerage), D38 (Waste collection, treatment and disposal activities;
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materials recovery) and D39 (Remediation activities and other waste management ser-

vices) hence we chose D35T39 and dropped D35 from our dataset.

We also examine R&D intensities across several subgroups. These comparisons

highlight potential heterogeneity in R&D investment across countries, time periods,

and sectors. First, we compare R&D intensities between countries based on GDP per

capita. This analysis helps us understand how a country’s economic development

level might influence its R&D investments. Second, to assess the impact of the global

financial crisis, we separate data into the before and after global financial crisis pe-

riods. Third, to understand how different industries approach innovation and R&D

investment, we look for sectoral differences by comparing R&D intensities between

manufacturing and non-manufacturing sectors, as defined in Table 1. Table 2 shows

that the average R&D intensity is higher for high income per capita countries, com-

pared to relatively less wealthy countries, although all countries in our sample are

relatively rich countries as covered by OECD data, hence the terminology rich or less

rich.3 The temporal analysis indicates that the post-crisis period demonstrates higher

average R&D intensities. The sectoral analysis shows that the manufacturing sector

has significantly higher R&D intensity averages compared to the non-manufacturing

sector. The gap between manufacturing and non-manufacturing averages (0.0144 ver-

sus 0.0033 for mean R&D output intensity and 0.0417 versus 0.0067 for mean R&D

value added intensity) is bigger than the differences in other categorizations. The nar-

row vs broad categorization is another way of examining mostly manufacturing vs

non-manufacturing industry groups.

The descriptive statistics suggest that R&D intensities have significantly higher av-

erages in manufacturing industries4, richer countries, and in the post-financial crisis

period.

3Rich: Australia, Austria, Belgium, Canada, Finland, France, Germany, Italy and Norway
Less Rich: Czech Republic, Hungary, Japan, Korea, Mexico, Poland, Portugal, Slovenia and Spain

4Separately, summary statistics for manufacturing industries only are reported in Table B.6, as our
analysis dives deeper into manufacturing.

13



Table 2: Mean R&D Intensity by Category

Category Observations R&D Intensity (Output) R&D Intensity (Value Added)

Countries (Income Per Capita)

Less Rich 5844 0.0074 0.021
Rich 5638 0.0133*** 0.0365***

Time (Global Financial Crisis 2008-2009)

Pre-Crisis 5701 0.0095 0.0259
Post-Crisis 5781 0.0111*** 0.0313***

Industry (Sector)

Manufacturing 7197 0.0144*** 0.0417***
Non-Manufacturing 4285 0.0033 0.0067

Industry (Classification)

Narrow 6626 0.015*** 0.0432***
Broad 4856 0.0039 0.0087

Total 11482 0.0103 0.0286

Notes: R&D intensity is calculated as R&D expenditures divided by output or value added, respectively.
***, **, * indicate statistical significance at the 1%, 5%, and 10% levels, respectively, based on Welch two-

sample t-tests comparing categories within each section.

4 Methodology

The empirical specification follows Rajan and Zingales (1998), combining country-

level financial development with industry-level external finance dependence to ex-

amine how financing conditions affect R&D investment across industries.5. The basic

empirical specification is:

R&Dict = β0 + β1(IndustryShare)ict + β2(FDct) + β3(FDct ∗ EFDi)

+αc + λi + δt + ϵict

(1)

R&Dict denotes R&D intensity in industry i, country c, and year t. FDct represents

measures of financial development for country c in year t. EFDi is the external finance

dependence for industry i, measured using US firm-level data as described in Section

2.4. αc, λi, and δt represent country, industry, and year fixed effects, respectively. ϵict is

5The specification shares common elements with Maskus et al. (2012), which applied a similar
framework to ISIC Rev. 3 manufacturing data through 2003.
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the error term.

The panel unit is the industry-country-year observation (ict). We include separate

country, industry, and year fixed effects rather than a combined industry–country (ic)

fixed effect because EFDi varies only across industries. A combined ic fixed effect

would absorb this variation and eliminate the identifying variation in the interaction

term. We use fixed effects rather than random effects because country and industry

characteristics are likely correlated with the regressors.

Two potential concerns arise when interpreting the estimates. Reverse causality is

possible since countries with innovative industries might develop stronger financial

systems rather than the other way around. Omitted variables could also drive both

financial development and R&D investment. The fixed effects structure helps address

time-invariant sources of both concerns. By interacting financial development with ex-

ternal finance dependence measured from US data, we compare how industries with

different financing needs respond to the same country-level financial conditions over

time. Because this industry characteristic is derived from US firm behavior, it should

be largely unrelated to financial conditions in the sample countries, which helps mit-

igate reverse causality concerns. We cannot rule out all endogeneity concerns, and

we treat our estimates as capturing robust associations rather than definitive causal

effects.

The external finance dependence measure used in the interaction is an underlying

industry characteristic rather than an endogenous response to local financial condi-

tions. Bilir et al. (2019) argue that using US data is appropriate because US financial

markets are well developed, so firm financing behavior approximates unconstrained

financing choices. We therefore exclude the US from the sample so that the measure

functions as an exogenous industry trait relative to the countries studied.

Other institutional factors, such as property rights and legal systems, may also

influence innovation, but these typically operate through their influence on financial

markets and institutions rather than independently of them. Prior work, including

Maskus et al. (2012), finds that adding controls such as GDP per capita and human
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capital has little effect on the financial development coefficients, which suggests that

financial development captures the relevant channel without requiring an exhaustive

set of country-level controls. Including a large set of country-level controls could also

introduce multicollinearity because many institutional variables are highly correlated.

We begin with the broad aggregate measure of financial development, then decom-

pose it into financial institutions (FI) and financial markets (FM), and further into the

depth, access, and efficiency subcomponents of each. This decomposition is the central

analytical contribution of the paper, allowing us to move beyond the single-measure

approach that has dominated prior work. Each component is estimated in separate re-

gressions because the subcomponents are correlated, particularly FID and FMD, which

correlate at 0.829 as reported in Table B.1. Running them jointly would create multi-

collinearity and make the separate effects difficult to interpret. To examine heterogene-

ity, we split the sample by industry type (manufacturing and non-manufacturing),

time period (pre- and post-2008 financial crisis), and country income level.

5 Results

This section presents the empirical results. Across specifications, the central finding is

that financial development affects R&D investment primarily through the depth of fi-

nancial institutions and markets, rather than through measures of access or efficiency.

This relationship is strongest in manufacturing sector and in industries that rely heav-

ily on external finance.

5.1 Baseline Results and Patterns

The baseline results show little relationship between standalone financial develop-

ment measures and R&D intensity. The relationship instead emerges through the in-

teraction between financial development and industries’ reliance on external finance,

with the depth component driving most of the effect.

Table 3 provides an overview (summarized from regression Tables B.7 to B.12) of
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Table 3: Results Overview - Baseline Regressions

R&D Intensity - Output R&D Intensity - Value Added

Variable Narrow Broad Combined Narrow Broad Combined

FD
FI
FID
FIA
FIE - *
FM
FMD
FMA - * - *
FME
FD × EFD + * + * + ** + **
FI × EFD + * + ** + ** + ***
FID × EFD + ** + ** + ** + ***
FIA × EFD
FIE × EFD
FM × EFD + * + *
FMD × EFD + * + * + **
FMA × EFD
FME × EFD

Notes: Significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01. “+” indicates a positive coefficient and
“−” indicates a negative coefficient.

which financial development variables are consistently significant across the narrow,

broad, and combined industry categorizations, for both R&D intensity relative to out-

put (columns 2-4) and R&D intensity relative to value added (columns 5-7). Financial

institution depth (FID), and to a lesser extent financial market depth (FMD), drive the

significant interaction effects. Access and efficiency measures for both financial in-

stitutions and financial markets show no systematic relationship with R&D intensity

when interacted with external finance dependence. The fact that depth drives R&D

investment while access and efficiency do not suggests that what industries with high

external finance dependence need is a financial system large enough to supply the

substantial and sustained capital that R&D programs require, not necessarily one that

reaches more people or charges lower spreads. This has a straightforward economic

interpretation: financing innovation is primarily a resource availability problem, not a
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distribution or pricing problem.

For the narrow industry categories, which are predominantly manufacturing, fi-

nancial development alone is not significant for either R&D intensity measure. The

interaction terms reveal a different pattern. FD, FI, and FID are all positive and sig-

nificant when interacted with external finance dependence for both output-based and

value-added R&D intensity. FM and FMD are also significant for value-added inten-

sity, though less consistently than the institution-side measures. None of the access

or efficiency interactions are significant. This pattern suggests that in manufacturing,

where R&D investment is most intensive, it is the depth of both financial institutions

and financial markets that enables industries reliant on outside capital to invest more

in research and development.

The broad industry categories, which are mostly non-manufacturing, show a dif-

ferent pattern. Neither the standalone measures nor the interaction terms are statis-

tically significant. This result is consistent with the descriptive statistics, as shown in

Table 2, average R&D intensities in broad categories are roughly a quarter of those in

narrow categories, and the sample itself is smaller. These industries generally exhibit

limited R&D activity and are therefore less sensitive to financial conditions. The null

result is therefore informative, as it tells us that the financial development effect on

R&D is not a general feature of all economic activity but is specific to sectors where

innovation is central to what firms do.

The combined categorization, which pools narrow and broad industries together,

restores significance for the depth-based interaction terms. FD, FI, and FID interac-

tions are all positive and significant for both intensity measures, and FMD comes

through for value-added intensity as well. This pattern is consistent with the idea

that if the narrow, manufacturing-heavy industries are driving the overall sample re-

sult, which they are. The combined results indicate that the depth effects observed in

the narrow categories are not driven by sample composition.

Splitting the sample into manufacturing and non-manufacturing industries further

clarifies the picture (Tables 4 to 7). For non-manufacturing, no interaction term reaches
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Table 4: Impact of Financial Development on R&D Intensity (Output) - Manufacturing

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

Ind. Output/GDP Share -0.029 -0.029 -0.028 -0.030 -0.027 -0.029 -0.029 -0.028 -0.027
(0.052) (0.052) (0.051) (0.052) (0.052) (0.052) (0.052) (0.052) (0.051)

Financial Development -0.003
(0.009)

FD × External Finance 0.005∗

(0.003)
Financial Institutions 0.0006

(0.011)
FI × External Finance 0.006∗∗

(0.003)
Financial Markets -0.002

(0.004)
FM × External Finance 0.004

(0.002)
FI Depth 0.009

(0.007)
FID × External Finance 0.005∗∗

(0.002)
FI Access -0.002

(0.008)
FIA × External Finance 0.002

(0.002)
FI Efficiency -0.009

(0.006)
FIE × External Finance 0.007

(0.006)
FM Depth 0.0003

(0.005)
FMD × External Finance 0.003

(0.002)
FM Access -0.004

(0.002)
FMA × External Finance 0.002

(0.002)
FM Efficiency 0.0006

(0.002)
FME × External Finance 0.002

(0.002)

Observations 7,197 7,197 7,197 7,197 7,197 7,197 7,197 7,197 7,197
R2 0.623 0.623 0.622 0.625 0.621 0.622 0.622 0.621 0.621

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01

significance for output-based R&D intensity, and only the broad FD measure shows a

weak significant effect for value-added intensity. The relationship is concentrated in

manufacturing. For output-based intensity, FD, FI, and FID interactions are all positive

and significant. For value-added intensity, FM and FMD join them. The consistency

across both intensity measures for the institution depth measures, and the somewhat

more limited role of market depth, points to financial institutions as the primary chan-

nel through which depth affects R&D investment in manufacturing. Banks, pension

funds, and insurance markets, by virtue of their scale, appear better positioned than

equity and debt markets to provide the patient, sustained financing that R&D pro-
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Table 5: Impact of Financial Development on R&D Intensity (Output) - Non-Manufacturing

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

Ind. Output/GDP Share 0.002 0.003 0.001 0.003 0.002 0.001 0.002 0.001 0.001
(0.010) (0.010) (0.010) (0.010) (0.010) (0.010) (0.010) (0.010) (0.010)

Financial Development -0.004
(0.003)

FD × External Finance 0.0007
(0.0008)

Financial Institutions -0.003
(0.003)

FI × External Finance 0.0009
(0.0008)

Financial Markets -0.002
(0.002)

FM × External Finance 0.0004
(0.0006)

FI Depth -0.003
(0.003)

FID × External Finance 0.0008
(0.0007)

FI Access 0.0004
(0.002)

FIA × External Finance 0.0004
(0.0006)

FI Efficiency -0.002
(0.002)

FIE × External Finance 0.0008
(0.002)

FM Depth -0.003
(0.002)

FMD × External Finance 0.0004
(0.0005)

FM Access -0.0001
(0.0006)

FMA × External Finance 0.0004
(0.0004)

FM Efficiency -0.0006
(0.0008)

FME × External Finance 0.000
(0.0004)

Observations 4,285 4,285 4,285 4,285 4,285 4,285 4,285 4,285 4,285
R2 0.614 0.614 0.613 0.615 0.613 0.613 0.614 0.613 0.613

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01

grams require. Financial markets matter too, but the effect is more clearly visible when

measuring R&D relative to value added, which is arguably a more precise indicator of

a sector’s own innovation effort.

We further examine whether the relationship differs across time periods6 and coun-

try income groups. Table 8 summarizes the results (Tables B.15 to B.22) from these

splits. Before 2008, the interaction effects are somewhat broader as FID is consistently

6Before examining the shape of relationship, we check the structural break at 2008 by conducting
Chow tests that evaluates whether the relationship between financial development and R&D intensity
changed significantly after the 2008 financial crisis. These tests validate our temporal bifurcation re-
vealing how crisis driven disruptions altered innovation and confirm that 2008 represents a significant
structural break across virtually all model specifications for both intensity measures (see Appendix Ta-
ble B.13 and Table B.14).
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Table 6: Impact of Financial Development on R&D Intensity (Value Added) - Manufacturing

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

Ind. Value Added/GDP Share 0.556 0.552 0.566 0.544 0.576 0.562 0.557 0.571 0.581
(0.344) (0.348) (0.339) (0.344) (0.349) (0.348) (0.345) (0.344) (0.337)

Financial Development -0.018
(0.032)

FD × External Finance 0.014∗∗

(0.006)
Financial Institutions -0.009

(0.038)
FI × External Finance 0.016∗∗

(0.006)
Financial Markets -0.009

(0.013)
FM × External Finance 0.010∗

(0.005)
FI Depth 0.029

(0.019)
FID × External Finance 0.013∗∗∗

(0.004)
FI Access -0.014

(0.027)
FIA × External Finance 0.008

(0.005)
FI Efficiency -0.041∗

(0.021)
FIE × External Finance 0.017

(0.016)
FM Depth 0.006

(0.013)
FMD × External Finance 0.007∗

(0.004)
FM Access -0.009

(0.008)
FMA × External Finance 0.003

(0.003)
FM Efficiency -0.004

(0.005)
FME × External Finance 0.005

(0.004)

Observations 7,197 7,197 7,197 7,197 7,197 7,197 7,197 7,197 7,197
R2 0.493 0.493 0.492 0.494 0.492 0.492 0.492 0.491 0.491

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01

significant, but FIE and components of the financial markets side also show up in

places. After the crisis, however, the picture narrows considerably. As the depth dom-

inates, with FI and FID driving the output intensity results in the post-crisis period,

and FD, FI, FID, and FMD all matter for value-added intensity. The contraction in

what drives innovation financing after 2008 is consistent with a broader shift in how

firms and financial systems operated in the aftermath of the crisis. With credit condi-

tions tightening and risk appetite falling, industries became more dependent on the

raw scale of financial intermediaries rather than on the efficiency or accessibility of

financial services. This shift toward depth is consistent with tighter credit conditions
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Table 7: Impact of Financial Development on R&D Intensity (Value Added) - Non-Manufacturing

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

Ind. Value Added/GDP Share -0.009 -0.007 -0.011 -0.008 -0.009 -0.011 -0.010 -0.011 -0.011
(0.038) (0.039) (0.036) (0.038) (0.038) (0.036) (0.037) (0.036) (0.036)

Financial Development -0.009∗

(0.005)
FD × External Finance 0.001

(0.002)
Financial Institutions -0.006

(0.005)
FI × External Finance 0.002

(0.002)
Financial Markets -0.004

(0.003)
FM × External Finance 0.0008

(0.001)
FI Depth -0.006

(0.005)
FID × External Finance 0.001

(0.001)
FI Access -0.0007

(0.004)
FIA × External Finance 0.0008

(0.001)
FI Efficiency -0.003

(0.005)
FIE × External Finance 0.002

(0.003)
FM Depth -0.005

(0.004)
FMD × External Finance 0.0008

(0.0009)
FM Access -0.0007

(0.001)
FMA × External Finance 0.0009

(0.0007)
FM Efficiency -0.001

(0.001)
FME × External Finance -0.0002

(0.0008)

Observations 4,285 4,285 4,285 4,285 4,285 4,285 4,285 4,285 4,285
R2 0.608 0.608 0.607 0.608 0.607 0.607 0.608 0.607 0.606

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01

and lower risk tolerance following the crisis.

The income-level split shows a different picture. In less rich OECD countries, depth

and access both emerge as significant interaction terms, particularly FI, FID, and FMA.

This is consistent with the idea that, where financial systems are less fully developed,

both the scale and the reach of financial intermediaries can be binding constraints on

R&D investment. In richer countries, the interaction effects are weaker and in some

cases negative, which likely reflects the fact that very highly developed financial sys-

tems may generate more complex financing dynamics. Firms in the richest countries

may access financing through multiple channels that are not fully captured by national
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Table 8: Results Overview - Temporal and Income Subsamples

R&D Intensity - Output R&D Intensity - Value Added

Financial Crisis 2008 Per Capita Financial Crisis 2008 Per Capita

Variable Pre Crisis Post Crisis Less Rich Rich Pre Crisis Post Crisis Less Rich Rich

FD
FI
FID +*
FIA
FIE −** −**
FM
FMD
FMA
FME +*
FD × EFD +** −*** +*** +* +* −***
FI × EFD +** +* +* −* +*** +** +**
FID × EFD +** +** +* +*** +** +**
FIA × EFD +* +*
FIE × EFD +* +*
FM × EFD +* −** +** −**
FMD × EFD +* +** +*
FMA × EFD +*** +**
FME × EFD

Notes: Significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01. “+” indicates a positive coefficient and
“−” indicates a negative coefficient.

financial development indices, or the marginal return to deeper financial systems may

be lower when those systems are already highly developed. Even so, the depth re-

sult remains robust as FID interactions remain significant across both income groups,

which reinforces that this is the most stable finding in the data.

Taken together, the baseline results indicate that depth is the key dimension for the

financial development and R&D relationship. Whether we look at the full sample or

manufacturing alone, before or after the financial crisis, richer or less rich economies,

financial institution depth and to a lesser extent financial market depth repeatedly

emerge as the operative dimensions. Access and efficiency do not. This finding has an

important implication. The standard proxies used in prior work, private credit for in-

stitutions and stock market capitalization for markets, are essentially depth measures.

Their success in earlier studies is consistent with our results, but the decomposition

we conduct here shows that this is not incidental. Depth appears to drive the effect,

and deeper financial systems enable R&D investment because they can supply the vol-

ume of long-horizon capital that innovation demands, not because of how efficiently
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or broadly they do so.

5.2 Economic Significance of Financial Development Effects

The results presented above show that financial development has statistically signifi-

cant effects on R&D intensity. To assess their economic importance, Table 9 presents

the magnitude of statistically significant coefficients from the manufacturing indus-

try regressions in Tables 4 and 6, expressed as percentages of their respective sample

mean R&D intensities.

Table 9: Economic Significance of Financial Development Effects on R&D Intensity

Dependent Variable: Financial Development Coefficient Sample Effect
R&D Intensity Measure Mean (% of Mean)

Output FD × EFD 0.005* 0.0144 34.7
Output FI × EFD 0.006* 0.0144 41.7
Output FI Depth × EFD 0.005** 0.0144 34.7

Value Added FD × EFD 0.014** 0.0417 33.6
Value Added FI × EFD 0.016** 0.0417 38.4
Value Added FM × EFD 0.010* 0.0417 24.0
Value Added FI Depth × EFD 0.013*** 0.0417 31.2
Value Added FM Depth × EFD 0.007* 0.0417 16.8

This table presents statistically significant coefficients from manufacturing sector regressions. Coeffi-
cients show estimated effects of financial development on R&D intensity, with significance levels: *
p < 0.10, ** p < 0.05, *** p < 0.01. The ’Effect (% of Mean)’ column shows economic significance
by expressing coefficients as percentages of sample mean R&D intensity. FD = Overall Financial De-
velopment, FI = Financial Institutions, FM = Financial Markets, EFD = External Finance Dependence.
Interaction terms (×EFD) capture how effects vary with firms’ external finance needs.

Following Rajan and Zingales (1998), industries relying more on external funding

gain most from developed financial systems. For output-based R&D intensity, a one-

unit increase in the interaction between overall financial development and external

finance dependence is associated with an increase of 34.7 percent of the sample mean.

The financial institutions interaction shows a somewhat larger effect at 41.7 percent.

Financial institution depth produces a similar magnitude at 34.7 percent for output

intensity and 31.2 percent for value-added intensity. These magnitudes are substantial

relative to cross-country variation in R&D investment.

The coefficients in Table 9 represent the change in R&D intensity for a one-unit

increase in the FD×EFD interaction. Since EFD varies considerably across industries,

from -1.857 for leather products to 5.472 for chemicals, the implied effect of a given
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change in financial development differs substantially depending on which industry

one considers. The following examples illustrate the magnitude.

Consider how R&D investment would respond to changes in financial develop-

ment for industries with different levels of external finance dependence. A modest

improvement in financial development, moving from Norway (FD = 0.649) to Portu-

gal (FD = 0.684) near the sample median (Figure A.1), has effects that differ substan-

tially by industry. For a pharmaceuticals industry (D21, EFD = 1.156), which relies

heavily on external capital to fund long development cycles, this shift is associated

with an increase in output-based R&D intensity of roughly 1.7 percent relative to the

sample mean. For a fabricated metals industry (D25, EFD = -0.781), which generates

enough internal cash flows to fund most of its investment, the same shift has essen-

tially no positive effect. The contrast becomes far more pronounced across the full

range of financial development in our sample. Moving from Mexico (FD = 0.342) to

Australia (FD = 0.887) is associated with a 21.9 percent increase in output-based R&D

intensity for pharmaceuticals, while fabricated metals sees no meaningful gain. For

value-added intensity the pattern is similar, with pharmaceuticals gaining around 21

percent and fabricated metals again showing no positive response. These differences

follow directly from the Rajan-Zingales logic, that, financial development does not

raise R&D investment uniformly across industries but concentrates its effect precisely

where external finance is most needed. Industries that already fund themselves inter-

nally have little to gain from a deeper financial system, while those that depend on

outside capital gain substantially.

In policy terms, these magnitudes suggest more specific than the general advice to

develop financial systems. What matters for R&D financing is the capacity of financial

intermediaries to deploy large volumes of long-horizon capital, which is what depth

measures. Expanding branch networks, reducing spreads, or broadening financial

access may be desirable objectives, but they are not what enables a chemicals or phar-

maceuticals firm to sustain a multi-year research program. This requires institutional

scale, meaning pension funds, insurance companies, and banks large enough relative
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to the economy to absorb the duration and uncertainty of R&D investment. Policies

that build this kind of depth, through capital market development, contractual savings

mobilization, or prudential frameworks that encourage long-term lending, are where

the evidence points.

The result for less rich OECD countries adds a further qualification. In those

economies, access measures also show up as significant alongside depth, which sug-

gests that expanding the reach of financial services is not irrelevant at earlier stages

of financial development. The implication is not a single universal prescription but a

sequencing one: where financial systems are thin, both scale and reach matter for get-

ting R&D off the ground. Where they are already fairly developed, deepening further

is more important than widening access.

5.3 Robustness to Dynamic Panel Specification

R&D investment tends to be persistent—firms that invest heavily one year often do so

the next. If we ignore this persistence, our estimates might be misleading. To check

this, we estimate dynamic models that include last year’s R&D intensity as an ad-

ditional control. We focus on manufacturing industries, where our main results are

strongest. Following Arellano and Bond (1991), we modify our baseline Equation 1 to:

R&Dict = β0 + β1R&Dict−1 + β2(IndustryShare)ict + β3FDct

+β4(FDct × EFDi) + αc + λi + δt + ϵict

(2)

Here R&Dict−1 is last year’s R&D intensity. This lets us separate short-term adjust-

ments from longer-term relationships. Table 10 shows the results.

R&D persistence turns out to be very strong. For output-based measures, last

year’s intensity predicts this year’s with a coefficient around 0.96; for value-added

measures, it’s about 0.60. Once we account for this persistence, the estimated effects of

financial development interactions shrink substantially—by 94-97% for output mea-

sures and 59-62% for value-added measures.
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In these dynamic models, only the FI × EFD interaction remains significant for

output-based R&D intensity. Whereas all value-added interactions lose significance.

This suggests that when we properly account for R&D persistence, the relationship

between financial development and manufacturing R&D shows up mainly in output-

based measures.

Table 10: Static vs Dynamic Panel Models for Manufacturing Industries

Dependent
Variable: R&D
Intensity

Financial
Development
Measure

Static (Full) Static
(Balanced)

Dynamic Lagged
DV

% Change

Output FD × EFD 0.0051* 0.0053* 0.0002 0.955 -95.8
Output FI × EFD 0.0056** 0.0058** 0.0003* 0.954 -94.2
Output FID × EFD 0.0050** 0.0050** 0.0002 0.954 -96.6
Value Added FD × EFD 0.0143** 0.0147** 0.0057 0.605 -60.0
Value Added FI × EFD 0.0160** 0.0164** 0.0064 0.605 -59.8
Value Added FID × EFD 0.0130*** 0.0130** 0.0050 0.604 -61.8

Notes: This table compares static fixed effects models with dynamic models that include lagged dependent vari-
ables.
All models are estimated on manufacturing industries only. ’Static (Full)’ uses N = 7, 197 observations.
’Static (Balanced)’ and ’Dynamic’ use N = 6, 756 observations (those with lagged values available).
’Lagged DV’ shows the coefficient on lagged R&D intensity in dynamic models.
’% Change’ shows the percentage change from Static (Full) to Dynamic coefficients.
Standard errors clustered by country. *** p < 0.01, ** p < 0.05, * p < 0.10.

These results suggest that the strong persistence in R&D suggests that much of

what looks like a contemporaneous effect in static models actually reflects longer-term,

gradual relationships. Financial systems appear to support sustained R&D investment

over time rather than generating immediate year-to-year changes. These results refine

our baseline findings but do not overturn them as they indicate the relationship oper-

ates through longer channels.

5.4 Robustness to EMU Membership

We also examine whether the results hold when we account for European Monetary

Union (EMU) membership. Since financial development matters in our baseline, we

test if this relationship changes within a monetary union.

For this analysis, we use a balanced sample starting in 1999 to match the EMU

period. We first estimate a balanced version of our baseline model, then add EMU

variables. We modify the original specification from Equation 1 as follows:
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R&Dict = β0 + β1(IndustryShare)ict + β2FDct + β3(FDct × EFi)

+ β4EMUct + β5(FDct × EMUct) + β6(FDct × EFi × EMUct)

+ αc + λi + δt + ϵict

(3)

Here, EMUct is a dummy variable that equals one for countries that are members

of the EMU from their year of entry onward (accounting for staggered adoption), and

zero otherwise. The triple interaction term FDct × EFi × EMUct is our primary focus,

testing if the effect of financial development on R&D in externally dependent indus-

tries differs within the monetary union.

Table 11 shows the results. The direct EMU coefficient is generally negative. More

notably, the triple interaction terms are consistently negative and significant for our

main financial development measures. This indicates that the positive effect of finan-

cial development on R&D in externally dependent industries is weaker within EMU

countries.

This attenuation likely reflects mechanisms inherent to monetary integration. The

EMU facilitated cross-border capital flows and reduced financing costs. Consequently,

firms in member states with less developed domestic financial sectors gained eas-

ier access to capital from deeper markets within the union, reducing their reliance

on local financial institutions. For example, a firm in a historically lower-financial-

development country like Portugal could more readily access German or French cap-

ital markets post-EMU, diminishing the constraining effect of its domestic financial

environment on innovation.

This check supports our main finding while revealing a critical aspect that the ben-

eficial effect of national financial development on R&D is moderated within a supra-

national monetary union. The integration of financial markets partially offsets the

innovation advantages conferred by strong domestic financial systems.
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Table 11: Comparison of Baseline and EMU-Augmented Specifications for Manufacturing Industries

Dependent
Variable: R&D
Intensity

Financial
Development
Measure

Baseline (1995-2019) Balanced (1999-2019) EMU Model(1999-2019)

Output FD -0.0030 -0.0047 -0.0113
Output FD × EFD 0.0051* 0.0052* 0.0075**
Output EMU -0.0073
Output FD × EMU 0.0244**
Output FD × EFD × EMU -0.0124**
Output FI 0.0006 -0.0052 -0.0145
Output FI × EFD 0.0056** 0.0057** 0.0077**
Output EMU -0.0085*
Output FI × EMU 0.0212**
Output FI × EFD × EMU -0.0170***
Output FID 0.0089 0.0069 0.0043
Output FID × EFD 0.0050** 0.0050** 0.0048*
Output EMU 0.0031
Output FID × EMU 0.0015
Output FID × EFD × EMU 0.0000

Value Added FD -0.0182 -0.0318 -0.0522
Value Added FD × EFD 0.0143** 0.0144** 0.0198**
Value Added EMU -0.0230
Value Added FD × EMU 0.0740*
Value Added FD × EFD × EMU -0.0278**
Value Added FI -0.0091 -0.0275 -0.0666
Value Added FI × EFD 0.0160** 0.0159** 0.0213**
Value Added EMU -0.0482**
Value Added FI × EMU 0.1021***
Value Added FI × EFD × EMU -0.0420***
Value Added FID 0.0290 0.0226 0.0063
Value Added FID × EFD 0.0130*** 0.0128** 0.0131**
Value Added EMU 0.0040
Value Added FID × EMU 0.0246
Value Added FID × EFD × EMU -0.0048

Sample Size 7197 6313 6313

Notes: The Baseline column reports results using the full sample (1995–2019). The Balanced col-
umn restricts the sample to 1999–2019 to match the EMU estimation window. The EMU specifi-
cation introduces the EMU dummy and its interactions with financial development measures. All
models include country, industry, and year fixed effects, with standard errors clustered by country.
∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.10.

6 Conclusion

This paper examines whether different dimensions of financial development shape

industrial R&D investment differently across 18 OECD countries from 1995 to 2019.

The results indicate that they do, with financial depth emerging as the dimension that

consistently matters. Financial institution depth, which captures the scale of banks,

pension funds, mutual funds, and insurance markets relative to GDP, consistently
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drives the positive relationship between financial development and R&D investment

in industries that rely more heavily on external finance. Financial market depth also

matters, particularly for R&D measured relative to value added. Access and efficiency

measures for both institutions and markets show no systematic relationship with R&D

across the specifications.

This result holds across full sample, though it is concentrated in manufacturing,

where R&D intensity is highest and external finance dependence is most binding. It

persists before and after the 2008 financial crisis, though the post-crisis period shows

an even sharper concentration around depth as other dimensions that had some rel-

evance beforehand largely disappear. Among less rich OECD countries, access mea-

sures also appear alongside depth, which suggests that the reach of financial services

matters more where financial systems are at an earlier stage of development. EMU

membership moderates the relationship, pointing to the role of regional capital mar-

ket integration in reducing industries’ dependence on domestic financial conditions.

The policy implications of these findings are relatively clear. For policymakers

concerned with innovation capacity, the evidence points toward policies that build

the scale of financial intermediation rather than its efficiency or reach. This means de-

veloping institutional investors, deepening capital markets, and supporting the kinds

of financial infrastructure that allow large volumes of patient capital to reach R&D-

intensive industries. The results provide less support for policies focused primarily

on interest rates, branch expansion, or banking competition as drivers of innovation

financing. The income-group results also suggest a sequencing dimension. In less fi-

nancially developed economies, both depth and access appear to matter, implying that

the policy mix may differ across countries. Countries in monetary unions face a fur-

ther consideration. Once firms can access regional capital markets, the leverage that

domestic financial development provides over innovation outcomes is reduced. Coor-

dinating innovation-oriented financial policy at the supranational level may therefore

be more effective than relying on national instruments alone.

Future research could examine how the post-2008 regulatory environment and the
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changes brought by the COVID period have affected these relationships, particularly

given the significant shifts in central bank balance sheets and credit allocation that

occurred during both episodes. The interactions between financial development and

other innovation policies such as R&D tax credits and direct public funding also re-

main underexplored, particularly whether deep financial systems amplify or substi-

tute for public support. The limited effects of access and efficiency at the industry

level also leave open the possibility that policies targeting these dimensions may mat-

ter for particular firm types or firm sizes that are not visible in industry-level data.
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Appendix

A Appendix Figures

Figure A.1: Financial Development Index - By Countries
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B Appendix Tables

Table B.1: Correlation Matrix of Financial Development Subcomponents

Financial Institutions Financial Markets

FID FIA FIE FMD FMA FME

FID 1.000 0.462*** 0.424*** 0.829*** 0.259*** 0.399***
FIA 1.000 -0.043 0.521*** 0.015 0.188***
FIE 1.000 0.383*** 0.170*** 0.325***
FMD 1.000 0.372*** 0.512***
FMA 1.000 0.058
FME 1.000

Notes: This table presents pairwise correlation coefficients between financial development sub-
components. FID = FI Depth, FIA = FI Access, FIE = FI Efficiency, FMD = FM Depth, FMA = FM
Access, FME = FM Efficiency. *** p < 0.01, ** p < 0.05, * p < 0.10

Table B.2: Mean R&D Intensity by Country

Country Observations R&D Intensity (Output) R&D Intensity (Value Added)

Australia 493 0.0078 0.0211
Austria 660 0.0163 0.0468
Belgium 680 0.0158 0.0443
Canada 728 0.0131 0.0346
Czech Republic 786 0.0051 0.0148
Finland 590 0.0147 0.0400
France 374 0.0145 0.0422
Germany 745 0.0159 0.0420
Hungary 623 0.0048 0.0119
Italy 790 0.0071 0.0230
Japan 578 0.0224 0.0574
Korea 746 0.0089 0.0301
Mexico 744 0.0011 0.0037
Norway 578 0.0148 0.0353
Poland 443 0.0029 0.0092
Portugal 606 0.0056 0.0170
Slovenia 715 0.0096 0.0252
Spain 603 0.0070 0.0211
Total 11482 0.0103 0.0286
Note: R&D intensity is calculated as industry-level R&D expenditures divided by industry

output or value added, respectively. Means are calculated across industries and years for each
country.
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Table B.3: Mean R&D Intensity by Year

Year Observations R&D Intensity (Output) R&D Intensity (Value Added)

1995 286 0.0095 0.0247
1996 299 0.0092 0.0243
1997 308 0.0089 0.0235
1998 366 0.0099 0.0256
1999 368 0.0097 0.0252
2000 397 0.0090 0.0249
2001 399 0.0096 0.0270
2002 413 0.0094 0.0260
2003 418 0.0094 0.0251
2004 420 0.0096 0.0261
2005 453 0.0093 0.0254
2006 472 0.0094 0.0262
2007 537 0.0097 0.0271
2008 565 0.0099 0.0282
2009 566 0.0111 0.0309
2010 580 0.0107 0.0299
2011 584 0.0109 0.0312
2012 573 0.0110 0.0315
2013 573 0.0113 0.0319
2014 561 0.0110 0.0346
2015 560 0.0109 0.0298
2016 560 0.0109 0.0296
2017 556 0.0110 0.0302
2018 476 0.0113 0.0315
2019 192 0.0139 0.0378
Total 11482 0.0103 0.0286

Note: R&D intensity is calculated as industry-level R&D expenditures divided by industry
output or value added, respectively. Means are calculated across industries and countries for
each year.
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Table B.4: Mean R&D Intensity by Industry Classification

Code Observations R&D Intensity (Output) R&D Intensity (Value Added)

Narrow Classification

D13 283 0.0089 0.0253
D14 263 0.0040 0.0119
D15 263 0.0037 0.0129
D16 384 0.0016 0.0053
D17 387 0.0033 0.0119
D18 375 0.0026 0.0064
D19 324 0.0018 0.0244
D20 340 0.0129 0.0465
D21 361 0.0607 0.1282
D22 357 0.0089 0.0260
D23 369 0.0060 0.0161
D24 398 0.0045 0.0212
D25 397 0.0057 0.0151
D26 376 0.0630 0.1652
D27 376 0.0191 0.0549
D28 388 0.0164 0.0466
D29 383 0.0189 0.0747
D30 373 0.0298 0.0920
D68 229 0.0001 0.0001
Subtotal (Narrow) 6626 0.0150 0.0432

Broad Classification

D01T03 391 0.0010 0.0024
D05T09 397 0.0049 0.0102
D10T12 400 0.0026 0.0104
D31T33 400 0.0092 0.0237
D35T39 399 0.0019 0.0043
D41T43 403 0.0009 0.0023
D45T47 382 0.0018 0.0033
D49T53 339 0.0005 0.0011
D55T56 274 0.0001 0.0001
D58T63 349 0.0131 0.0264
D64T66 343 0.0027 0.0047
D69T75 222 0.0184 0.0354
D77T82 196 0.0009 0.0016
D86T88 191 0.0005 0.0008
D90T93 170 0.0005 0.0012
Subtotal (Broad) 4856 0.0039 0.0087

Total 11482 0.0103 0.0286
Note: R&D intensity is calculated as industry-level R&D expenditures divided by industry

output or value added, respectively. Means are calculated across countries and years for each
industry.
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Table B.5: Industries Ranked by External Finance Dependence

Rank Code Industry EFD

1 D20 Chemicals And Chemical Products 5.472
2 D21 Pharmaceuticals, Medicinal Chemical And Botanical Products 1.156
3 D58T63 Information And Communication 0.776
4 D05T09 Mining And Quarrying 0.658
5 D90T93 Arts, Entertainment And Recreation 0.608
6 D26 Computer, Electronic And Optical Products 0.435
7 D69T75 Professional, Scientific And Technical Activities 0.252
8 D55T56 Accommodation And Food Service Activities 0.238
9 D68 Real Estate Activities 0.133
10 D35T39 Electricity, Gas And Water Supply; Sewerage, Waste Management And Re-

mediation Activities
0.022

11 D30 Other Transport Equipment -0.119
12 D45T47 Wholesale And Retail Trade, Repair Of Motor Vehicles And Motorcycles -0.119
13 D49T53 Transportation And Storage -0.167
14 D19 Coke And Refined Petroleum Products -0.175
15 D28 Machinery And Equipment N.e.c. -0.237
16 D13 Textiles -0.244
17 D31T33 Furniture, Other Manufacturing And Repair And Installation Of Machinery

And Equipment
-0.246

18 D22 Rubber And Plastic Products -0.278
19 D27 Electrical Equipment -0.288
20 D86T88 Human Health And Social Work Activities -0.329
21 D24 Basic Metals -0.364
22 D17 Paper And Paper Products -0.366
23 D16 Wood And Products Of Wood And Cork -0.372
24 D29 Motor Vehicles, Trailers And Semi-Trailers -0.386
25 D23 Other Non-Metallic Mineral Products -0.394
26 D77T82 Administrative And Support Service Activities -0.485
27 D18 Printing And Reproduction Of Recorded Media -0.487
28 D10T12 Food Products, Beverages And Tobacco -0.505
29 D14 Wearing Apparel -0.646
30 D01T03 Agriculture, Forestry And Fishing -0.708
31 D25 Fabricated Metal Products, Except Machinery And Equipment -0.781
32 D41T43 Construction -1.044
33 D15 Leather And Related Products, Footwear -1.857
34 D64T66 Financial And Insurance Activities -5.461

Notes: EFD is the share of capital expenditures not financed through internal cash flows, computed from
US Compustat firm-level data from 1996 to 2005 following Bilir et al. (2019), with industry medians used as
the industry-level measure. Positive values indicate reliance on external capital; negative values indicate
that internal cash flows exceed investment needs. The horizontal rule separates industries with positive
EFD from those with negative EFD.

Table B.6: Summary Statistics for Manufacturing Industries

Mean Std..Dev. Min Max Observations

R&D Intensity - Output 0.014 0.025 0.000 0.178 7197
R&D Intensity - Value Added 0.042 0.069 -0.081 2.565 7197
External Finance Dependence (EFD) -0.028 1.323 -1.857 5.472 7197
Financial Development (FD) 0.635 0.176 0.261 0.967 7197
Financial Institution (FI) 0.672 0.178 0.232 0.978 7197
Financial Institution Depth (FID) 0.538 0.224 0.086 0.971 7197

Note: This table reports summary statistics for R&D intensities, external finance dependence,
and financial development indicators for the manufacturing sample.
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Table B.7: Impact of Financial Development on R&D Intensity (Output) - Narrow Classification of In-
dustries

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

Ind. Output/GDP Share -0.045 -0.045 -0.045 -0.046 -0.044 -0.045 -0.045 -0.044 -0.043
(0.054) (0.055) (0.054) (0.054) (0.055) (0.054) (0.055) (0.054) (0.054)

Financial Development -0.004
(0.010)

FD × External Finance 0.005∗

(0.003)
Financial Institutions 0.002

(0.013)
FI × External Finance 0.005∗

(0.003)
Financial Markets -0.003

(0.004)
FM × External Finance 0.003

(0.002)
FI Depth 0.009

(0.008)
FID × External Finance 0.005∗∗

(0.002)
FI Access -0.0007

(0.009)
FIA × External Finance 0.002

(0.002)
FI Efficiency -0.009

(0.006)
FIE × External Finance 0.007

(0.006)
FM Depth -0.001

(0.005)
FMD × External Finance 0.002

(0.002)
FM Access -0.005∗

(0.003)
FMA × External Finance 0.001

(0.002)
FM Efficiency 0.0008

(0.002)
FME × External Finance 0.002

(0.001)

Observations 6,626 6,626 6,626 6,626 6,626 6,626 6,626 6,626 6,626
R2 0.626 0.626 0.625 0.627 0.625 0.625 0.625 0.625 0.625

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table B.8: Impact of Financial Development on R&D Intensity (Value Added) - Narrow Classification
of Industries

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

Ind. Value Added/GDP Share 0.347 0.343 0.353 0.344 0.356 0.349 0.345 0.354 0.363
(0.264) (0.270) (0.262) (0.267) (0.271) (0.265) (0.266) (0.266) (0.261)

Financial Development -0.023
(0.035)

FD × External Finance 0.013∗∗

(0.006)
Financial Institutions -0.006

(0.043)
FI × External Finance 0.015∗∗

(0.006)
Financial Markets -0.013

(0.014)
FM × External Finance 0.009∗

(0.005)
FI Depth 0.030

(0.021)
FID × External Finance 0.012∗∗

(0.004)
FI Access -0.011

(0.030)
FIA × External Finance 0.008

(0.005)
FI Efficiency -0.043∗

(0.021)
FIE × External Finance 0.018

(0.016)
FM Depth 0.002

(0.013)
FMD × External Finance 0.007∗

(0.003)
FM Access -0.012

(0.008)
FMA × External Finance 0.003

(0.003)
FM Efficiency -0.004

(0.005)
FME × External Finance 0.005

(0.004)

Observations 6,626 6,626 6,626 6,626 6,626 6,626 6,626 6,626 6,626
R2 0.492 0.493 0.492 0.493 0.491 0.492 0.491 0.491 0.491

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table B.9: Impact of Financial Development on R&D Intensity (Output) - Broad Classification of Indus-
tries

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

Ind. Output/GDP Share -0.001 -0.0006 -0.002 -0.0006 -0.001 -0.002 -0.001 -0.002 -0.002
(0.009) (0.009) (0.009) (0.009) (0.009) (0.008) (0.009) (0.008) (0.008)

Financial Development -0.003
(0.002)

FD × External Finance 0.001
(0.0009)

Financial Institutions -0.002
(0.003)

FI × External Finance 0.001
(0.0009)

Financial Markets -0.0009
(0.001)

FM × External Finance 0.0006
(0.0007)

FI Depth -0.002
(0.003)

FID × External Finance 0.0010
(0.0007)

FI Access -0.0002
(0.002)

FIA × External Finance 0.0005
(0.0007)

FI Efficiency -0.002
(0.002)

FIE × External Finance 0.001
(0.002)

FM Depth -0.001
(0.002)

FMD × External Finance 0.0005
(0.0005)

FM Access 0.0002
(0.0005)

FMA × External Finance 0.0005
(0.0004)

FM Efficiency -0.0004
(0.0008)

FME × External Finance 0.000
(0.0005)

Observations 4,856 4,856 4,856 4,856 4,856 4,856 4,856 4,856 4,856
R2 0.561 0.562 0.560 0.562 0.560 0.561 0.561 0.560 0.560

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table B.10: Impact of Financial Development on R&D Intensity (Value Added) - Broad Classification of
Industries

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

Ind. Value Added/GDP Share -0.027 -0.025 -0.030 -0.026 -0.028 -0.030 -0.029 -0.031 -0.031
(0.038) (0.039) (0.037) (0.039) (0.039) (0.036) (0.037) (0.036) (0.036)

Financial Development -0.006
(0.005)

FD × External Finance 0.002
(0.002)

Financial Institutions -0.007
(0.006)

FI × External Finance 0.002
(0.002)

Financial Markets -0.001
(0.003)

FM × External Finance 0.001
(0.001)

FI Depth -0.003
(0.005)

FID × External Finance 0.002
(0.001)

FI Access -0.003
(0.005)

FIA × External Finance 0.0010
(0.001)

FI Efficiency -0.005
(0.004)

FIE × External Finance 0.003
(0.003)

FM Depth -0.0008
(0.003)

FMD × External Finance 0.001
(0.0010)

FM Access -0.0003
(0.0010)

FMA × External Finance 0.001
(0.0007)

FM Efficiency -0.0006
(0.002)

FME × External Finance 0.0001
(0.0009)

Observations 4,856 4,856 4,856 4,856 4,856 4,856 4,856 4,856 4,856
R2 0.536 0.536 0.535 0.536 0.535 0.535 0.535 0.535 0.534

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table B.11: Impact of Financial Development on R&D Intensity (Output) - Combined Classification of
Industries

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

Ind. Output/GDP Share -0.010 -0.008 -0.011 -0.009 -0.010 -0.012 -0.010 -0.012 -0.011
(0.025) (0.025) (0.025) (0.025) (0.025) (0.025) (0.025) (0.025) (0.025)

Financial Development -0.002
(0.007)

FD × External Finance 0.004∗

(0.002)
Financial Institutions 0.003

(0.009)
FI × External Finance 0.004∗∗

(0.002)
Financial Markets -0.002

(0.003)
FM × External Finance 0.003

(0.002)
FI Depth 0.006

(0.005)
FID × External Finance 0.004∗∗

(0.001)
FI Access 0.0008

(0.006)
FIA × External Finance 0.002

(0.002)
FI Efficiency -0.005

(0.004)
FIE × External Finance 0.005

(0.005)
FM Depth -0.0008

(0.003)
FMD × External Finance 0.002∗

(0.001)
FM Access -0.003∗

(0.001)
FMA × External Finance 0.001

(0.001)
FM Efficiency 0.0006

(0.001)
FME × External Finance 0.001

(0.001)

Observations 11,482 11,482 11,482 11,482 11,482 11,482 11,482 11,482 11,482
R2 0.622 0.622 0.621 0.623 0.620 0.620 0.621 0.620 0.620

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table B.12: Impact of Financial Development on R&D Intensity (Value Added) - Combined Classifica-
tion of Industries

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

Ind. Value Added/GDP Share 0.096 0.105 0.086 0.101 0.097 0.082 0.090 0.081 0.083
(0.097) (0.097) (0.096) (0.097) (0.094) (0.095) (0.096) (0.093) (0.093)

Financial Development -0.013
(0.024)

FD × External Finance 0.012∗∗

(0.005)
Financial Institutions -0.0001

(0.029)
FI × External Finance 0.014∗∗∗

(0.005)
Financial Markets -0.008

(0.010)
FM × External Finance 0.008∗

(0.004)
FI Depth 0.020

(0.015)
FID × External Finance 0.011∗∗∗

(0.003)
FI Access -0.004

(0.020)
FIA × External Finance 0.007

(0.004)
FI Efficiency -0.023

(0.013)
FIE × External Finance 0.013

(0.012)
FM Depth 0.001

(0.009)
FMD × External Finance 0.006∗∗

(0.003)
FM Access -0.008

(0.005)
FMA × External Finance 0.003

(0.003)
FM Efficiency -0.002

(0.004)
FME × External Finance 0.004

(0.003)

Observations 11,482 11,482 11,482 11,482 11,482 11,482 11,482 11,482 11,482
R2 0.512 0.512 0.510 0.513 0.510 0.510 0.511 0.509 0.509

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table B.13: Structural Break Tests for 2008: R&D Intensity (Output)

Measure Chow
Stat

P-Value Pre-2008
Obs.

Post-2008
Obs.

Coef. Diff Interactive
Coef. Diff

FD 77.448 0.000*** 5701 5781 -0.001 -0.000
FI 78.990 0.000*** 5701 5781 -0.001 0.001
FM 75.666 0.000*** 5701 5781 -0.000 -0.001
FID 81.397 0.000*** 5701 5781 -0.003 0.000
FIA 76.286 0.000*** 5701 5781 0.002 -0.000
FIE 72.858 0.000*** 5701 5781 -0.002 -0.005
FMD 77.547 0.000*** 5701 5781 0.001 -0.000
FMA 75.047 0.000*** 5701 5781 0.001 -0.001
FME 76.263 0.000*** 5701 5781 -0.001 -0.000

Note: This table presents Chow test results for structural breaks in 2008. The test is conducted
without fixed effects for statistical validity, while the coefficient differences are from models
that include year, industry, and country fixed effects. Standard errors are clustered by country.
FD = Financial Development, FI = Financial Institutions, FM = Financial Markets, FID = FI
Depth, FIA = FI Access, FIE = FI Efficiency, FMD = FM Depth, FMA = FM Access, FME = FM
Efficiency. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

Table B.14: Structural Break Tests for 2008: R&D Intensity (Value Added)

Measure Chow
Stat

P-Value Pre-2008
Obs.

Post-2008
Obs.

Coef. Diff Interactive
Coef. Diff

FD 78.168 0.000*** 5701 5781 -0.009 -0.003
FI 80.509 0.000*** 5701 5781 0.006 -0.000
FM 75.350 0.000*** 5701 5781 -0.007 -0.003
FID 82.027 0.000*** 5701 5781 -0.009 -0.001
FIA 77.473 0.000*** 5701 5781 0.022 -0.003
FIE 71.982 0.000*** 5701 5781 -0.015 -0.013
FMD 78.002 0.000*** 5701 5781 -0.009 -0.002
FMA 74.085 0.000*** 5701 5781 0.001 -0.001
FME 75.440 0.000*** 5701 5781 -0.005 -0.001

Note: This table presents Chow test results for structural breaks in 2008. The test is conducted
without fixed effects for statistical validity, while the coefficient differences are from models
that include year, industry, and country fixed effects. Standard errors are clustered by country.
FD = Financial Development, FI = Financial Institutions, FM = Financial Markets, FID = FI
Depth, FIA = FI Access, FIE = FI Efficiency, FMD = FM Depth, FMA = FM Access, FME = FM
Efficiency. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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Table B.15: Impact of Financial Development on R&D Intensity (Output) - Pre 2008 Crisis

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

Ind. Output/GDP Share -0.010 -0.009 -0.012 -0.009 -0.011 -0.013 -0.011 -0.013 -0.013
(0.029) (0.029) (0.029) (0.029) (0.029) (0.029) (0.029) (0.030) (0.029)

Financial Development 0.002
(0.005)

FD × External Finance 0.004∗∗

(0.002)
Financial Institutions 0.005

(0.007)
FI × External Finance 0.004∗∗

(0.002)
Financial Markets 0.0003

(0.002)
FM × External Finance 0.003∗

(0.002)
FI Depth 0.006

(0.004)
FID × External Finance 0.004∗∗

(0.001)
FI Access 0.002

(0.005)
FIA × External Finance 0.002

(0.002)
FI Efficiency 0.000

(0.003)
FIE × External Finance 0.008∗

(0.005)
FM Depth -0.002

(0.002)
FMD × External Finance 0.002∗

(0.001)
FM Access -0.0002

(0.002)
FMA × External Finance 0.002

(0.001)
FM Efficiency 0.0007

(0.0008)
FME × External Finance 0.001

(0.001)

Observations 5,701 5,701 5,701 5,701 5,701 5,701 5,701 5,701 5,701
R2 0.620 0.620 0.619 0.621 0.618 0.619 0.619 0.618 0.618

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table B.16: Impact of Financial Development on R&D Intensity (Output) - Post 2008 Crisis

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

Ind. Output/GDP Share -0.007 -0.005 -0.008 -0.006 -0.007 -0.008 -0.007 -0.008 -0.008
(0.026) (0.026) (0.026) (0.026) (0.026) (0.026) (0.026) (0.026) (0.026)

Financial Development 0.001
(0.005)

FD × External Finance 0.004
(0.002)

Financial Institutions 0.004
(0.007)

FI × External Finance 0.005∗

(0.002)
Financial Markets 0.000

(0.003)
FM × External Finance 0.002

(0.002)
FI Depth 0.003

(0.005)
FID × External Finance 0.004∗∗

(0.002)
FI Access 0.004

(0.006)
FIA × External Finance 0.002

(0.002)
FI Efficiency -0.002

(0.004)
FIE × External Finance 0.003

(0.005)
FM Depth 0.000

(0.003)
FMD × External Finance 0.002

(0.001)
FM Access 0.0009

(0.002)
FMA × External Finance 0.0007

(0.001)
FM Efficiency -0.0007

(0.0009)
FME × External Finance 0.001

(0.001)

Observations 5,781 5,781 5,781 5,781 5,781 5,781 5,781 5,781 5,781
R2 0.638 0.638 0.637 0.639 0.636 0.636 0.637 0.636 0.636

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table B.17: Impact of Financial Development on R&D Intensity (Value Added) - Pre 2008 Crisis

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

Ind. Value Added/GDP Share 0.079 0.091 0.065 0.087 0.081 0.059 0.070 0.057 0.060
(0.112) (0.111) (0.110) (0.112) (0.109) (0.109) (0.109) (0.105) (0.106)

Financial Development 0.008
(0.011)

FD × External Finance 0.014∗∗∗

(0.004)
Financial Institutions 0.011

(0.015)
FI × External Finance 0.014∗∗∗

(0.004)
Financial Markets 0.003

(0.005)
FM × External Finance 0.010∗∗

(0.004)
FI Depth 0.019∗

(0.009)
FID × External Finance 0.012∗∗∗

(0.003)
FI Access 0.0004

(0.012)
FIA × External Finance 0.008∗

(0.004)
FI Efficiency 0.0007

(0.007)
FIE × External Finance 0.021∗

(0.012)
FM Depth 0.003

(0.005)
FMD × External Finance 0.008∗∗

(0.003)
FM Access 0.001

(0.004)
FMA × External Finance 0.003

(0.003)
FM Efficiency 0.0007

(0.002)
FME × External Finance 0.004

(0.003)

Observations 5,701 5,701 5,701 5,701 5,701 5,701 5,701 5,701 5,701
R2 0.609 0.610 0.607 0.611 0.607 0.606 0.607 0.604 0.605

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table B.18: Impact of Financial Development on R&D Intensity (Value Added) - Post 2008 Crisis

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

Ind. Value Added/GDP Share 0.117 0.124 0.111 0.119 0.116 0.109 0.114 0.108 0.108
(0.100) (0.099) (0.099) (0.099) (0.097) (0.098) (0.099) (0.098) (0.097)

Financial Development -0.0006
(0.021)

FD × External Finance 0.011∗

(0.006)
Financial Institutions 0.017

(0.022)
FI × External Finance 0.014∗∗

(0.006)
Financial Markets -0.004

(0.012)
FM × External Finance 0.007

(0.005)
FI Depth 0.010

(0.016)
FID × External Finance 0.011∗∗

(0.004)
FI Access 0.022

(0.022)
FIA × External Finance 0.005

(0.004)
FI Efficiency -0.014

(0.016)
FIE × External Finance 0.008

(0.012)
FM Depth -0.006

(0.014)
FMD × External Finance 0.006∗

(0.003)
FM Access 0.003

(0.006)
FMA × External Finance 0.002

(0.003)
FM Efficiency -0.004

(0.003)
FME × External Finance 0.003

(0.004)

Observations 5,781 5,781 5,781 5,781 5,781 5,781 5,781 5,781 5,781
R2 0.465 0.465 0.464 0.466 0.464 0.463 0.464 0.463 0.463

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table B.19: Impact of Financial Development on R&D Intensity (Output) - Less Rich Countries

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

Ind. Output/GDP Share 0.035 0.037 0.034 0.035 0.038 0.033 0.034 0.033 0.034
(0.027) (0.027) (0.028) (0.027) (0.028) (0.027) (0.028) (0.028) (0.028)

Financial Development 0.0002
(0.004)

FD × External Finance 0.005
(0.003)

Financial Institutions 0.002
(0.005)

FI × External Finance 0.006∗

(0.003)
Financial Markets 0.000

(0.003)
FM × External Finance 0.004

(0.003)
FI Depth 0.006

(0.004)
FID × External Finance 0.006∗

(0.003)
FI Access 0.0004

(0.005)
FIA × External Finance 0.004

(0.002)
FI Efficiency -0.004

(0.004)
FIE × External Finance 0.011

(0.008)
FM Depth 0.004

(0.003)
FMD × External Finance 0.003

(0.002)
FM Access -0.0002

(0.0009)
FMA × External Finance 0.002∗∗∗

(0.0006)
FM Efficiency -0.001

(0.002)
FME × External Finance 0.002

(0.002)

Observations 5,844 5,844 5,844 5,844 5,844 5,844 5,844 5,844 5,844
R2 0.565 0.568 0.561 0.568 0.564 0.563 0.561 0.557 0.558

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table B.20: Impact of Financial Development on R&D Intensity (Output) - Rich Countries

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

Ind. Output/GDP Share 0.005 0.006 0.007 0.009 0.007 0.008 0.007 0.009 0.009
(0.025) (0.024) (0.024) (0.025) (0.024) (0.024) (0.025) (0.024) (0.025)

Financial Development -0.001
(0.012)

FD × External Finance -0.004∗∗∗

(0.001)
Financial Institutions -0.006

(0.014)
FI × External Finance -0.003∗

(0.001)
Financial Markets 0.001

(0.005)
FM × External Finance -0.003∗∗

(0.001)
FI Depth 0.004

(0.007)
FID × External Finance -0.0003

(0.002)
FI Access -0.003

(0.007)
FIA × External Finance -0.001

(0.001)
FI Efficiency -0.012∗∗

(0.005)
FIE × External Finance -0.003

(0.005)
FM Depth -0.005

(0.004)
FMD × External Finance -0.002

(0.001)
FM Access -0.001

(0.004)
FMA × External Finance -0.002

(0.001)
FM Efficiency 0.003∗

(0.001)
FME × External Finance -0.0006

(0.001)

Observations 5,638 5,638 5,638 5,638 5,638 5,638 5,638 5,638 5,638
R2 0.786 0.785 0.786 0.785 0.785 0.786 0.785 0.785 0.785

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table B.21: Impact of Financial Development on R&D Intensity (Value Added) - Less Rich Countries

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

Ind. Value Added/GDP Share 0.344∗∗ 0.355∗∗ 0.331∗∗ 0.349∗∗ 0.351∗∗ 0.322∗ 0.334∗∗ 0.316∗ 0.327∗∗

(0.138) (0.137) (0.140) (0.136) (0.139) (0.140) (0.140) (0.144) (0.141)
Financial Development 0.002

(0.013)
FD × External Finance 0.017∗

(0.008)
Financial Institutions 0.007

(0.016)
FI × External Finance 0.019∗∗

(0.007)
Financial Markets 0.0007

(0.010)
FM × External Finance 0.012

(0.007)
FI Depth 0.021

(0.012)
FID × External Finance 0.018∗∗

(0.006)
FI Access -0.002

(0.017)
FIA × External Finance 0.012∗

(0.006)
FI Efficiency -0.009

(0.012)
FIE × External Finance 0.032

(0.019)
FM Depth 0.016

(0.010)
FMD × External Finance 0.010

(0.006)
FM Access -0.001

(0.003)
FMA × External Finance 0.005∗∗

(0.002)
FM Efficiency -0.004

(0.005)
FME × External Finance 0.006

(0.005)

Observations 5,844 5,844 5,844 5,844 5,844 5,844 5,844 5,844 5,844
R2 0.570 0.574 0.565 0.574 0.568 0.567 0.566 0.559 0.562

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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Table B.22: Impact of Financial Development on R&D Intensity (Value Added) - Rich Countries

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

Ind. Value Added/GDP Share 0.020 0.025 0.026 0.033 0.028 0.029 0.025 0.029 0.030
(0.068) (0.064) (0.068) (0.069) (0.066) (0.066) (0.070) (0.066) (0.070)

Financial Development -0.025
(0.045)

FD × External Finance -0.007∗∗∗

(0.002)
Financial Institutions -0.034

(0.050)
FI × External Finance -0.002

(0.005)
Financial Markets -0.009

(0.020)
FM × External Finance -0.006∗∗

(0.003)
FI Depth 0.015

(0.021)
FID × External Finance 0.001

(0.004)
FI Access -0.018

(0.025)
FIA × External Finance -0.0008

(0.004)
FI Efficiency -0.062∗∗

(0.022)
FIE × External Finance -0.012

(0.010)
FM Depth -0.010

(0.013)
FMD × External Finance -0.003

(0.002)
FM Access -0.009

(0.015)
FMA × External Finance -0.004

(0.003)
FM Efficiency 0.0006

(0.004)
FME × External Finance -0.002

(0.002)

Observations 5,638 5,638 5,638 5,638 5,638 5,638 5,638 5,638 5,638
R2 0.580 0.580 0.580 0.580 0.580 0.581 0.580 0.580 0.580

Notes: Standard errors clustered by country. All models include year, industry, and country fixed effects.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01
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