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Banking Crisis, 
Venture Capital and Innovation

This paper examines how venture capital alters the impact of banking crises on 
innovation based on cross-country industry-level data for the period 1980-2012. 
We exploit the banking crisis as a quasi-experiment for the tightening of bank 
credit and show several findings. First, the banking crisis causes a lower aggregate 
rate of innovation for at least five years. Second, the innovation dampening effect 
of the banking crisis is stronger for industries depending more on external finance. 
Third, for those industries depending on external finance, the innovation 
dampening effect of the banking crisis can be mitigated by a more developed 
venture capital market. Overall, our results highlight that venture capital financing 
can substitute bank financing for funding innovation during and after banking 
crises. Our results are robust to the uses of alternative measures of venture capital 
and external finance dependence, specification, dates of the banking crisis, and 
post-crisis time window. Finally, the supporting role of venture capital financing 
for innovation during and after banking crises is stronger for countries with better 
intellectual property rights and higher political democratization.

Keywords: Innovation, Patent, Financial Crises, Venture Capital

JEL Codes: G15, G21, G24, O16, O31
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Ⅰ. Introduction

Recent empirical studies accentuate that financial market deepening 

promotes innovation (Ang, 2011; Ayyagari et al., 2011; Hsu et al., 2014). 

Especially, bank credit has played a key role as the most popular financing 

option for innovation projects of manufacturing firms (Granja and Moreira, 

2020). While it is commonly used by established large firms, however, 

traditional bank finance poses challenges to innovative start-ups facing high 

uncertainty with a “high-risk but high-return” strategy, so alternative sources of 

external finance such as venture capital (VC) become more important.

VC finance fosters the innovative activity of young and innovative start-ups 

having large difficulties to finance from banks. Venture capitalists (VCs) assess 

the potential of their innovative ideas and invest in their innovation activities 

(Lerner, 1995; Gompers, 1995; Kaplan and Strömberg, 2004; Chemmanur et 

al., 2009; Bernstein et al., 2016). In addition to providing financial support, 

VCs concentrate a complex bundle of non-financial resources such as business 

networking, signaling, marketing, mentoring, and strategic advice on some core 

sectors and develop their expertise to select and monitor their portfolio firms 

(Gompers and Lerner, 2001; Hellman and Puri, 2002; Hsu, 2006; Bottazzi et 

al., 2008; Bernstein et al., 2016). VC- backed-startups produce patents more 

efficiently and generate more knowledge spillovers from their patents than 

established firms typically do (Schnitzer and Watzinger, 2022). 

We examine how venture capital (VC) financing can alter the effect of the 

banking crisis on innovation in industries more dependent on external finance. 

It is important to exploit the banking crisis as a quasi-experiment for the 

tightening of bank credit because it allows testing whether VC is a complement 

to or a substitute for bank loans. The banking crisis is defined as consequences 

of financial adversity in the banking system as specified by significant bank 

failures, losses in the banking system, and bank insolvencies (Laeven and 

Valencia, 2020; Baron et al., 2021). It reduces aggregate output between 7-10% 

for at least ten years (Cerra and Saxena, 2008; Teulings and Zubanov, 2014) 

and reduces output growth disproportionately for industries depending on 



Banking Crisis, Venture Capital and Innovation 2

external finance (Kroszner et al., 2007; Dell’Ariccia et al., 2008; Chava and 

Purnanandam, 2011). Importantly, the banking crises not only incur output loss 

but also hinder long-term growth by dampening innovation (Nanda and 

Nicholas, 2014; Peia, 2017; Huber, 2018; Giebel and Kraft, 2019; Babina et al., 

2020; Hardy and Sever, 2021). During the banking crises, a reduced supply of 

bank credit induces start-ups to face a higher risk of failure, especially, 

increasing funding gaps for small businesses that primarily depend on bank 

funds. Hence, VC gains importance as an alternative source of external finance 

during the crises. VCs would supplement funding to innovative start-ups 

because they are more capable to overcome information asymmetry (Conti et 

al., 2019). We empirically test whether industries relying on external finance 

can have better access the VC advantages over the banking crisis.  

Our empirical analysis employs an industry-level panel dataset encom-

passing 31 countries over the period 1980-2012. Our sample includes both 

developed and emerging economies, which provide variations in terms of 

banking crises and VC investment. Our empirical strategy has several 

components. First, we measure the industry-level innovation output, quality, 

diversity, and scope of impacts with the number of patent applications, the 

number of citations, the patent originality, and the patent generality, respec-

tively. We use Baron et al. (2021) to date banking crises for our sample 

countries. We operationalize the development of VC at the country-level using 

three data sources: VC1 (the average score of VC market development), VC2 

(the ratio of VC investment to GDP), and VCIPO (the ratio of VC-backed initial 

public offerings value to GDP). We employ an industry-level variable, external 

finance dependence (EFD), that can be used as a channel dissimilarly delivering 

country-level financial market shocks to each industry. 

Second, our identification strategy for how VC mitigates the effect of the 

banking crisis on innovation is based on a triple difference approach. The first 

difference is whether countries innovate less during and after the banking crisis. 

The second difference is whether industries more relying on external finance 

innovate less while their country suffers from a banking crisis. The third 

difference is whether the innovation dampening effect of the banking crisis for 
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industries depending on external finance can be altered by VC market 

development. The second and third differences take care of the unobserved 

heterogeneities across countries and industries. We implement the empirical 

strategy with a panel-based fixed effects model in the spirit of Rajan and 

Zingales (1998) and Hardy and Sever (2021).

Our empirical analysis leads to several conclusions. First, banking crises 

cause a lower aggregate rate of innovation for at least five years. Second, the 

innovation dampening effect of banking crises is stronger for industries 

depending more on external finance. Third, for the external finance dependent 

industries, the innovation dampening effect of banking crises can be mitigated 

by VC financing. Overall, our results highlight that the development of VC 

market can alleviate the negative funding shock from banking crises on 

innovation. Also, we extend our discussion with two alternative industry-level 

variables, high-tech intensiveness and collateralization, which are related to 

general characteristics of VC-backed  firms. Our results are robust to the use of 

alternative measures of VC, considering stock market devleopment, dating of 

the banking crisis, and post-crisis time window. Finally, we show that 

institutional environments, such as intellectual property rights (IPR) and 

political democratization, alter the innovation-enhancing effects of VC during 

and after the banking crisis. 

Our paper contributes to the literature that examines how banking crises 

dampen innovation. First, previous studies exploit localized bank distress to 

explore the impacts of a banking crisis on innovation of local firms. Nanda and 

Nicholas (2014) and Babina et al. (2020) exploit the county-level variation in 

bank suspensions during the 1930’s Great Depression in the US. Both of them 

find firms operating in US counties with higher bank distress are less 

innovative. Further, other papers focus on the global financial crisis in 2008. 

They find an adverse effect of bank distress on innovation among German firms 

(Huber, 2018; Giebel and Kraft, 2019) and U.K. firms (Spatareanu et al., 2019). 

Second, there are studies examining the effects of banking crises on 

innovation using cross-country firm-level data. Paunov (2012) finds that firms in 

eight Latin American countries in 2008-2009 stopped their ongoing innovation 
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projects. Peia (2017) investigates manufacturing firms in 13 countries over the 

period 1990-2013 and argues that systemic banking crises reduce R&D 

investment for firms operating in industries depending more on external 

finance and in more bank-based economies. However, due to inconsistent 

firm-level financial and patenting data across countries, the previous two studies 

are limited in their countries and time periods covered. 

In a closer relationship to our paper, Hardy and Sever (2021) explore 

manufacturing industries of 31 countries over the period 1976-2006 and 

explain that patenting decreases more following systemic banking crises for 

industries depending on external finance. Our paper contributes new insights 

to this literature in two aspects. First, VC supports the resilience of innovation 

in face of banking crises. To our knowledge, we are the first study showing that 

VC mitigates the adverse real effects of banking crises. Second, we identify 

institutional environments that allow VC to play a supporting role in innovation 

during banking crises. 

Our paper also contributes to the literature on VC financing and innovation. 

In a seminal work, Kortum and Lerner (2000) find that VC financing promotes 

patenting activities of U.S firms over three decades (1965-1992). After their 

seminal study, there are studies extending their work to a cross-country setting. 

Ang and Madsen (2012) examine 35 countries up to 2009 and find that VC 

promotes innovation. Faria and Barbosa (2014) examine 17 European countries 

over the period 2000-2009 and find that VC fosters innovation but mainly at a 

later stage investment. Ho et al. (2018) find that the supporting role of VC 

financing on innovation depends on political democratization. Popov and 

Roosenboom (2012) examine 10 manufacturing industries in 21 European 

countries over the period 1991-2005. They find that VC investment promotes 

patenting activities for countries with their R&D relying more on VC financing, 

with lower barriers to entrepreneurship, and with lower taxes on capital gains. 

In a closer relationship to our paper, Schnitzer and Martin Watzinger (2022) 

show that the patents of VC-financed start-ups are on average of higher quality, 

originality, and generality than those of established firms, leading to 

significantly larger spillovers. 
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However, all existing works in this literature examine the non-crisis time 

period. Our work extends this literature by showing that VC financing supports 

innovation in face of the banking crises. Our results are of interest of 

policymakers because it suggests the development of VC market not only 

promotes economic growth through financing innovation but also supports 

economic recovery after the banking crises. 

The remainder of the paper is organized as follows. Section 2 reviews prior 

literature and develops our hypothesis. Section 3 describes our data and 

empirical model. Section 4 reports the empirical results and robustness checks. 

Section 5 concludes.

Ⅱ. Literature Review and Hypothesis Development

This section first describes the importance of VC financing. Then, we 

discusses the mechanisms through which VC financing promotes innovation. 

Finally, we argue how those mechanisms mitigate the adverse effect of banking 

crises on innovation. 

2.1. VC financing

The existing literature suggests that there are three benefits of VC financing 

to new and innovative firms. First, innovative firms in the start-up phase are 

credit-constraint with the extremely risky nature (Lerner, 1995; Gompers and 

Lerner, 2001). Bank financing is often unavailable to them because they are 

rarely able to pledge tangible assets as collateral. Also, market financing is not 

accessible to them because their size is too small for IPO. Thus, VCs effectively 

relieve asymmetric information concerns to innovative start-ups by monitoring 

their investments and allowing the portfolio firms to undertake investment 

opportunities that they would otherwise give up (Sahlman, 1990; Kortum and 

Lerner, 2000;  Gompers and Lerner, 2001; Kaplan and Strömberg, 2001; Denis, 

2004; Bertoni et al., 2010). Further, VCs can strenghthen a firm’s reputation to 

receive better terms and conditions when applying for other financing (Black 
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and Gilson, 1998). 

For instance, Berger and Schaeck (2011) well-describe the challenges to 

access bank credit finance and the importance of VC financing for SMEs in 

three European countries, Germany, Italy and United Kingdom. They report 

that, 82 firms out of the 524 sample firms (16%) obtained bank financing from 

nationwide active banks. Also, bank loans were not appropriate (36%), 

insufficient (36%), or not available at all (29%) for the European SMEs. Only 

17.6% of micro enterprises (<10 employees) and 40.7% of small enterprises (10 

to 49 employees) maintained multiple banking relationships. Some of survey 

respondents substituted multiple banking financing to VC financing. 6.1% of 

them have already attained VC financing and 8.4% switched from bank 

financing relationship to VC financing. The authors interpret that this 

substitution effect is indication that SMEs turn to providers of venture capital to 

avoid rent-extracting behavior by the firm’s main bank.

2.2. VC-backed start-up and innovation 

There is a broad consensus in the literature that VC is the most suitable 

financing mode for young high-tech start-ups and offers a fundamental 

contribution to the success of NTBFs (see, for instance, Gompers and Lerner, 

2001; Kaplan and Strömberg, 2001; Denis, 2004).

First, conditional on using venture capital for firm expansion, VC funds are 

primarily used for the acquisition of new machinery, R&D expansion, and new 

product development. The majority of venture capital firms intervene at a later 

stage rather than a seed and an early stage and their funds are primarily used 

for the acquisition of new machinery, R&D expansion, and new product 

development (OECD, 2015). Second, VCs often develop expertise in several 

core sectors. With their expertise, they can perform detailed ex-ante screening 

and ex-post monitoring on new and innovative firms, which ensures that their 

portfolio firms have higher potential comparing to other ventures (Chan, 1983; 

Lerner, 1995; Gompers, 1995; Kaplan and Strömberg, 2004; Bernstein et al., 

2016). Third, VCs provide a complex bundle of non-financial resources such as 
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professionalization, networking, signaling, mentoring, strategic advice, certifi-

cation to outside stakeholders, corporate governance, and recruitment of senior 

management, which are absent in other forms of external finance (Gompers 

and Lerner, 2001; Hellman and Puri, 2002; Kaplan and Strömberg, 2004; Hsu, 

2006; Bottazzi et al., 2008; Bernstein et al., 2016).

Although large companies generate more innovation outcomes and more 

knowledge spillovers than typical small businesses that tend to focus on 

technological niches, venture capital–backed start-ups are particularly innovative 

and important for economic growth (Bloom et al., 2013). For instance, Kortum 

and Lerner (2000) find that patents invested by VC is associated with three 

times more patents than one dollar of corporate R&D. They also show that the 

VC-backed firms use patents more to protect their proprietary technology 

instead of relying on different appropriability VC-backed companies have 

patents that are more frequently cited, and so supposedly are of better quality. 

Similarly, Chemmanur et al. (2009) offer that screening and monitoring role of 

venture capital providers allow total factor productivity of VC-backed firms to 

be higher than that of non-venture-backed firms.

More importantly, Schnitzer and Watzinger (2022) highlight that, in 

comparison to patents of established non-VC-backed firms, patents of VC- 

financed start-ups are more cited from other patents, more original, and more 

general even though the proportion of patents of VC-financed start-ups 

accounts for only a small portion of the total patents. Specifically, VC-financed 

firms contains 10,341 patents which account for about 5% of the total number 

of patents. Also, the average patent count and scaled citation-weighted patents 

of VC- financed start-ups per year are approximately 18% and 29% of 

established firms per year, respectively. Nonetheless, one dollar of venture 

capital invested is associated with three 4.8 times more patents than one dollar 

of established firms. Furthermore, patents of VC-backed-start-ups are more 

innovative than the patents of non-VC-backed firms. Specifically, the average 

number of citations per patent (per dollar) is 2.52 times higher (12.77 times 

higher) for the VC backed startups than for the established companies in all 

years. The authors also confirm that the spillovers of venture capital outsize 
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those of R&D investments measure the spillovers of VC financing. Their most 

conservative specification implies that at least one-third of the total increase in 

quality-weighted patents resulting from venture capital investment is due to 

more patenting by other companies. It also implies that venture capital 

spillovers are on average almost seven times larger than the spillover of 

corporate R&D.

2.3. Banking Crisis, Venture Capital and Innovation 

Access to bank finance for start-ups would become more challenging when 

banks tighten credit conditions in the aftermath of the banking crisis. The 

young firms are hit hardest by the most restriction on their access to bank credit 

during and after the banking crisis particularly if they have heavily relied on 

external finance. In addition, lending rates also become less favorable for them 

after the crisis In addition to the tightening of credit standards in general, 

another problem is the discrepancy between borrowing costs of SMEs facing 

those of large enterprises which widened significantly with the crisis. The fact 

that both the tightening in bank loan criteria and the increase in the rate 

spread have been more pronounced in peripheral countries (OECD, 2014).  

The investment strategies of VCs can mitigate the adverse shock of the 

banking crisis on innovation. Ueda (2004) highlights that it is more advanta-

geous for start-up firms to raise funds from VCs than banks due to the role of 

VCs in lessening the problem of asymmetric information through screening and 

monitoring their portfolio firms. The advantage of VC financing over bank 

financing is more prevalent during the banking crisis because the banking 

system was under distress. Furthermore, Conti et al. (2019) show that 

VC-funded startups receive no less financing during the 2008 global financial 

crisis than in non-crisis times because VCs allocate efficiently their resources to 

promising startups. These effects are strongest for startups, for which 

information problems are most severe. If start-ups rely only on internal sources, 

they will not be able to enjoy such benefits from VC. Therefore, we hypothesize 

that start-ups in industries that are more dependent on external finance can 
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more easily access VC to mitigate the negative shock of the banking crisis on 

innovation.

In sum, our discussion leads to the following hypothesis. 

Hypothesis : Banking crises reduce innovation, but such an effect is mitigated by VC 

financing, especially for industries more dependent on external finance. 

Ⅲ. Empirical Methodology

3.1. Data

We construct a panel dataset at the county-industry-year level, which combines 

the information on patenting in the US, banking crisis, VC, and industry 

characteristics. The lists of country and industry are reported in Table 1 and 2, 

respectively. Our sample covers the period 1980-2012.

There are few points that deserved discussion. First, our sample includes a 

wide range of countries, both developed and emerging economies. We follow 

the sample selection procedure of Hsu et al. (2014) and Hardy and Sever 

(2021). These countries are not only innovative but also have enough variations 

in their patenting activities for our empirical analysis.1) 

Second, we focus on the patents in manufacturing industries with two-digit 

SIC 20-39. It is because manufacturers are constantly identifying and 

capitalizing on inventions for sustaining their businesses. And, patenting is a 

major method for manufacturing to protect themselves from imitation by 

competitors.

Third, we discontinue our sample in 2012 even though the compiled dataset 

is still being continually updated. There are two reasons. All US patent 

application publications published after December 31, 2014, no longer received 

classifications within the US patent classification code (USPC).2) As a result, 

1) We remove the US from the sample for two reasons (Rajan and Zingales, 1998; Hsu et al., 2014): 1) it 
avoids a potential local bias problem caused by using USPTO patent information to measure non-US 
countries’ innovative output; and 2) the information on export to the US is included in our empirical 
model to control the propensity to file patents in the US.
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patent applications cannot be categorized into industry-level starting from 

2015. Also, on average, there is a time lag of three years to wait for a patent 

application to be granted. This issue also deteriorates the data quality for the 

period 2013-14. 

3.1.1. Innovation Measures

Patent data has been widely used to capture technological advances since the 

seminal studies Pakes and Griliches (1980) and Griliches et al. (1987). Using the 

USPTO PatentsView database, we construct four innovation measures: the 

number of patent applications and citations, patent originality, and patent 

generality. Using these four measures, we consider not only innovation activity, 

but also innovation quality, diversity, and scope of impacts using citation, 

originality, and generality information. Further, we employ the patents that are 

filed by non-government institutions and individuals to avoid a biased 

estimation caused by government policies. We consider the country of a patent 

based on inventors instead of assignees (i.e., owners) because some large 

companies hold patents through overseas outsourcing research activities.

We assume that innovative inventions in non-US countries have been 

patented in the US because the territorial principle in US patent laws allows 

anyone to file patents to the USPTO. The previous studies, such as Griffith et 

al. (2006) and Acharya and Subramanian (2009), argue that important inventors 

who want to claim exclusive rights for inventions will try to register a patent for 

their inventions in the US which has been the largest consumption market in 

the world over the past decades. Also, the use of USPTO data provides a 

uniform standard of technology advance for each patent filed. It addresses the 

discrepancy of standards employed by patent offices in different countries. 

Follwing Hsu et al. (2014), we convert the USPTO three-digit technology 

class system of patents to corresponding two-digit SIC industry codes. First, we 

identify all patents owned by listed firms in Compustat. To this end, we use the 

Compustat identifiers (GVKEY) of the Global Corporate Patent Dataset (GCPD) 

2) See https://www.uspto.gov/web/offices/pac/mpep/s902.html
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which is a patent-firm linked database of Bena et al. (2017).3) Next, we link the 

patent’s technology classes to firms’ SIC codes in Compustat using the weighting 

scheme of Hsu et al. (2014). It assigns a patent from a technology class to one 

or more SIC codes with a weighting between 0 and 1.

The first innovation measure, #PATijt, is the number of patent applications 

in two-digit SIC industry j that are filed by country i in year t. To capture the 

actual time of invention, we use the application year of each granted patent 

(Griliches et al., 1987; Ang and Madsen, 2012; Hsu et al., 2014; Hardy and 

Sever, 2021). There is a truncation bias due to the lag between a patent’s 

application date and its grant date, which is about three years on average. In 

other words, a considerable portion of patent applications filed during 2010 or 

2011 was still under review even until 2012. Following Hall et al. (2001), we 

adjust #PATijt using the weight factors calculated from the application-grant 

empirical distribution.

The second innovation measure, #CITijt, is the number of citations that 

accounts for epoch-making inventions that have substantial technological 

influence or economic value. This measure is defined as the number of forward 

citations of industry j’s patents that are filed by country i in year t. There is also 

a truncation problem for citation counts because patents keep receiving 

citations even after 2012. Following Hall et al. (2001), we correct for the 

truncation in citation counts by using a weighting factor estimated from the 

citation-lag distribution.

The third and fourth innovation measures, #ORGijt, and #GENijt, are the 

patent originality and patent generality, respectively. Following Hall et al. 

(2001), a patent’s originality score is defined as one minus the Herfindahl 

Index (HHI) of the USPTO technology class distribution of all the patents. The 

originality score of a patent is high if the patent cites a more diverse array of 

existing knowledge. A patent’s generality score is defined as one minus the 

HHI of the USPTO technology class distribution of all the patents that cite it. 

The generality score of a patent is high if the patent is cited by subsequent 

patents belonging to a wide range of technology fields. 

3) Available at https://patents.darden.virginia.edu/get-data/
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For the dependent variables in our empirical analysis, for a given country- 

industry-year, we normalize each industry’s patent information relative to that 

in the US as follows:  

 ⨉  ,  

 ⨉ , 

 

 ⨉ , and     

   ⨉ , respectively. For 

all variables, we use the US patent information to capture heterogeneous 

outcomes for patenting in the US over time or time-varying innovation 

opportunities (Hsu et al., 2014). 

Table 1 reports the summary statistics of the innovation measures across the 

31 sample countries by averaging these measures over industry and year. 

Developed countries such as Japan, Germany, France, the United Kingdom 

(U.K.), and Canada lead in all innovation measures while emerging economies 

such as  Poland, Argentina, and Hungary exhibit relatively lower levels of all 

innovation measures. Japan leads in all innovation measures among the sample 

countries. Table 2 reports the summary statistics of the innovation measures 

across the 20 sample industries by averaging these measures over country and 

year. Textile Mill Products (SIC 22), Transportation Equipment (SIC 37), and 

Electronic and Other Electrical Equipment and Components (SIC 36) are the 

three most productive industries in patent application and citation. These three 

industries are also high in their patent originality and generality among our 

sample industries.  
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Table 1. Country-level Averages

Country PAT CIT ORG GEN VC1 VC2 VCIPO Stock Export 
-US

Value-
Added

Argentina 0.055 0.047 0.037 0.048 2.525 0.043 0.005 0.116 0.048 0.048 

Australia 1.171 0.844 0.965 1.148 3.976 0.046 0.010 0.773 0.042 0.048 

Austria 0.875 0.426 0.631 0.845 3.461 0.026 0.017 0.170 0.049 0.047 

Belgium 0.882 0.466 0.670 0.838 4.014 0.047 0.012 0.453 0.048 0.048 

Brazil 0.187 0.121 0.138 0.206 2.858 0.028 0.068 0.524 0.045 0.048 

Canada 4.437 3.451 3.908 4.292 4.345 0.100 0.009 1.083 0.045 0.047 

Denmark 0.520 0.336 0.419 0.543 4.361 0.115 0.019 0.332 0.048 0.047 

Finland 0.666 0.360 0.535 0.655 4.474 0.077 0.001 0.637 0.049 0.047 

France 4.922 2.690 3.798 4.863 3.899 0.034 0.006 0.476 0.049 0.047 

Germany 14.674 7.542 11.474 14.476 3.841 0.036 0.011 0.323 0.049 0.047 

Hungary 0.055 0.028 0.041 0.062 2.554 0.030 0.002 0.227 0.048 0.047 

India 0.283 0.145 0.221 0.328 3.418 0.028 0.005 0.787 0.047 0.048 

Ireland 0.145 0.137 0.137 0.148 4.056 0.103 0.025 0.492 0.048 0.048 

Israel 0.835 0.811 0.776 0.872 4.946 0.379 0.015 0.492 0.049 0.047 

Italy 3.141 1.510 2.132 2.918 2.830 0.015 0.002 0.397 0.049 0.047 

Japan 30.073 16.224 23.078 29.542 3.431 0.017 0.008 0.707 0.050 0.047 

Korea 2.920 1.367 2.001 3.081 3.314 0.044 0.002 0.416 0.049 0.047 

Luxembourg 0.083 0.039 0.077 0.095 4.214 0.066 0.218 1.575 0.050 0.048 

Malaysia 0.075 0.049 0.064 0.083 3.839 0.028 0.025 1.399 0.046 0.047 

Mexico 0.137 0.071 0.117 0.140 2.649 0.005 0.002 0.259 0.045 0.048 

Netherlands 1.614 0.920 1.344 1.622 4.926 0.073 0.023 0.694 0.047 0.047 

New Zealand 0.171 0.117 0.140 0.175 3.797 0.029 0.003 0.381 0.042 0.048 

Norway 0.310 0.176 0.265 0.311 4.232 0.074 0.002 0.362 0.043 0.047 

Poland 0.046 0.020 0.029 0.057 3.110 0.007 0.002 0.229 0.049 0.047 

Russia 0.196 0.127 0.155 0.222 2.583 0.009 0.012 0.501 0.045 0.048 

Singapore 0.172 0.110 0.157 0.182 4.617 0.164 0.027 1.586 0.048 0.047 

South Africa 0.193 0.099 0.152 0.206 3.769 0.023 0.006 1.888 0.045 0.048 

Spain 0.402 0.194 0.278 0.403 3.388 0.019 0.007 0.482 0.048 0.047 

Sweden 1.788 1.234 1.404 1.693 4.598 0.110 0.025 0.576 0.050 0.047 

Switzerland 2.242 1.165 1.720 2.227 3.942 0.063 0.038 1.659 0.048 0.047 

United Kingdom 4.554 3.144 3.818 4.610 4.928 0.092 0.027 0.963 0.048 0.047 
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Table 2. Industry-level Averages

SIC2 Industry PAT CIT ORG GEN EFD High-
Tech

Export- 
US

Value-
Added

20 Food and Kindred Products 2.363 1.506 1.854 2.389 1.176 1.068 0.087 0.133

21 Tobacco Products 2.251 0.902 1.785 2.337 1.216 1.049 0.002 0.010

22 Textile Mill Products 4.071 2.086 2.661 3.615 1.597 1.053 0.010 0.018

23
Apparel and Other Finished 
Products Made from Fabrics 
and Similar Materials

2.073 1.209 1.565 2.048 2.826 1.011 0.021 0.028

24
Lumber and Wood Products, 
Except Furniture

2.133 1.261 1.769 2.161 1.198 1.044 0.025 0.025

25 Furniture and Fixtures 1.816 1.362 1.525 1.837 1.612 1.083 0.018 0.013

26 Paper and Allied Products 2.645 1.287 2.078 2.632 0.630 1.019 0.019 0.036

27
Printing, Publishing, and Allied 
Industries

3.298 1.852 2.523 3.196 1.419 1.056 0.009 0.040

28 Chemicals and Allied Products 2.792 1.493 2.162 2.801 0.901 1.115 0.096 0.108

29
Petroleum Refining and 
Related Industries

2.606 1.608 2.070 2.695 0.305 1.051 0.023 0.023

30
Rubber and Miscellaneous 
Plastics Products

2.922 1.655 2.219 2.946 1.211 1.064 0.042 0.040

31 Leather and Leather Products 2.232 1.355 1.753 2.253 1.956 1.075 0.015 0.005

32
Stone, Clay, Glass, and 
Concrete Products

3.175 1.956 2.488 3.198 0.804 1.051 0.017 0.038

33 Primary Metal Industries 3.268 1.945 2.474 3.271 1.177 1.040 0.059 0.057

34
Fabricated Metal Products, 
Except Machinery and 
Transportation Equipment

2.393 1.373 1.973 2.421 1.594 1.055 0.104 0.080

35
Industrial and Commercial 
Machinery and Computer 
Equipment

3.274 1.847 2.611 3.123 1.391 1.097 0.111 0.091

36
Electronic and Other Electrical 
Equipment and Components, 
except Computer Equipment

3.383 1.976 2.674 3.255 1.250 1.103 0.073 0.074

37 Transportation Equipment 3.444 2.107 2.703 3.310 1.371 1.078 0.038 0.047

38

Measuring, Analyzing, and 
Controlling Instruments; 
Photographic, Medical and 
Optical Goods; Watches and 
Clocks

3.351 1.338 2.604 3.205 1.329 1.109 0.081 0.033

39
Miscellaneous Manufacturing 
Industries

1.505 1.050 1.387 1.612 1.432 1.090 0.097 0.049
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3.1.2. Banking Crisis 

We collect the information on the banking crisis from Baron et al. (2021).4) 

Their conceptual definition of a banking crisis includes both the panic-based 

view and the nonpanic-based view of the banking crisis. The panic means that a 

country’s banking sector suffers from a large number of bank runs, severe and 

sudden withdrawals by bank creditors, and firms and financial institutions 

struggle to repay contracts on time. The nonpanic-based view highlights that 

bank equity is a key variable affecting a bank’s capacity to intermediate funds to 

firms (Holmstrom and Tirole, 1997; He and Krishnamurthy, 2013; Brunner-

meier and Sannikov, 2014). Therefore, the nonpanic-view defines bank capital 

crunches driven by asset losses as a subset of banking crises, which may include 

more minor banking crises (Calomiris and Mason, 2003).

Table 3 shows that there were 54 banking crises in our 31 sample countries. 

Among those 31 countries, 12 countries (38.7%) have experienced the crisis 

only once during the period 1980-2012. Furthermore, 17 of the countries 

(54.8%) have experienced multiple banking crises and 2 countries (6.5%) have 

never suffered from a banking crisis.

4) Reinhart and Rogoff (2009) also provide information on banking crises. However, we do not utilize their 
dating of banking crises in this paper because their sample period covers up to 2007, and does not include 
the global financial crisis starting from 2008. 
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Table 3. Banking Crisis Years

Country Banking Crisis Country Banking Crisis

Argentina 1980, 1985, 1989, 1995, 2000 Korea 1997 

Australia 1989 Luxembourg 2008 

Austria 2008, 2011 Malaysia 1985, 1997

Belgium 2008, 2011 Mexico 1981, 1994 

Brazil 1985, 1990, 1994 Netherlands 2008 

Canada 1982 New Zealand 1987

Denmark 1992, 2008, 2011 Norway 1987, 2008 

Finland 1990 Poland 1992 

France 2008 Russia 1995, 1998, 2008 

Germany 2008 Singapore -

Hungary 1991, 1995, 2008 South Africa -

India 1993 Spain 2008, 2010

Ireland 2007, 2010 Sweden 1991, 2008

Israel 1983 Switzerland 1990, 2008

Italy 1992, 2008, 2011 United Kingdom 1991, 2008 

Japan 1997, 2001

Note: This table shows whether each country suffered a financial crisis and the start year of the financial 
crisis. 

In our empirical analysis, we define between the first year of the banking 

crisis and five years after that, and zero otherwise. Five year is the mode 

duration of banking crises observed in our sample countries.5)  Our measure of 

the banking crisis is also consistent with that used in Hardy and Sever (2021), 

which employ a four-year post-crisis window. 

3.1.3. Venture Capital

We construct three measures relating to VC market, namely VC1, VC2, 

VC-backed IPO following Ang and Madsen (2012) and Ho et al. (2018). First, we 

construct VC1 using an annual survey database, the World Economic Forum’s 

Global Competitiveness Survey. The variable VC1 is measured by the develop-

5) If multiple crises are overlapped during the five years, we assume that the series of the crisis starts from 
the first year of the earliest crisis and keep continuing to the five years after the last crisis occurs. 
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ment of VC markets of country i in year t with the score (1-7; the higher is more 

developed) of responses to a question about how readily VC is available for 

business development. Second, to construct VC2, we collect annual venture 

capital market data from the Thomson One Banker. The variable VC2 equals 

the percentage share of VC investment to GDP of country i in year t 

  

     ⨯. Third, we construct another 

VC measure, namely VCIPO, which is often called VC-backed IPO and refers to 

the IPO of a firm that was previously financed by VCs. IPO is considered an 

important strategic plan by VCs to maximize their return and to recover their 

investment in the firm (Black and Gilson, 1998; Schwienbacher, 2008). Thus, 

we use the VCIPO information as a proxy of VC financing level of country i in 

year t. We obtain VCIPO from Bloomberg Terminal Database. The variable VCIPO 

equals the percentage share of the VC-backed initial public offerings value to 

GDP of country i in year t   

     ⨯. 
Table 1 reports that VC varies across countries substantially. Specifically, VC1 

ranges between 2.525 (Argentina) and 4.946 (Israel). VC2 ranges from 0.005 

(Mexico) to 0.379 (Israel). VCIPO ranges between 0.001 (Finland) and 0.218 

(Luxembourg). 

3.1.4. Industry-level Variables 

An explanatory variable that proxy the financial constraint of each industry 

is measured by EFD. Following Rajan and Zingales (1998) and Hsu et al. (2014), 

we assume that the industry-level characteristics are consistent across countries. 

Since financial markets in the US are relatively frictionless and informative, we 

use the industry characteristics as identified in the US as a measure of its 

industrial characteristics in other countries (Hsu et al., 2014).6) Figure 1 shows 

6) Although there might be differences in local conditions between countries, we assume that a general 
tendency of such differences is similar in each country. For example, the chemical industry requires a 
large initial scale and has a longer incubation period before preparing enough cash flows than the food 
industry in the US. We assume that the differences between the two industries are considerably similar in 
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that the trend of EFD in each industry does not vary significantly during the 

sample period.

Figure 1. EFD Trends 

We construct time-invariant industry j’s EFD. We collect the year-end data of 

all public firms with two-digit SIC codes between 20 and 39 from the Compustat 

database.7) We compute each firm’s EFD as the sum of R&D expenses and 

other countries as well.



19 BOK Working Paper No. 2023-4

capital expenditures minus cash flows from operations, all divided by R&D 

expenses plus capital expenditures.8) Next, each industry’s dependence on 

external finance is computed as the median of EFD of all firms in a year. We 

then compute  as the time series median of EFD in industry j over the period 

1980-2012. Table 2 reports each industry’s EFD. The value of  ranges from 

0.305 (Petroleum Refining and Related Industries, SIC 29) to 2.826 (Apparel 

and Other Finished Products, SIC 23). 

Further, we include two time-varying control variables to reduce confounding 

issues arising from the international trade and industrial structure of non-US 

countries that affect its propensity to file a patent in the USPTO. First, we 

control for each industry’s tendency to export to the US because the export 

propensity of a firm could reflect its intention to register patents in the US to 

protect intellectual property rights, as suggested by Hsu et al. (2014). We 

measure Export-USijt as the share of total exports to the US from industry j  in 

country i during year t, using the UN Comtrade database. The UN Comtrade 

data are based on the Standard International Trade Classification (SITC; Rev.3) 

codes. We use the concordance lists provided by the United Nations Statistics 

Division to first convert industrial US-Export shares from SITC (Rev.3) codes to 

the International Standard Industrial Classification (ISIC; Rev.3) codes, and 

then we convert these ISIC (Rev.3) codes to SIC codes.9)

Second, we control for the industrial share of total value-added, due to the 

heterogeneous degrees of development and productivity across different 

industries within one country (Rajan and Zingales, 1998). Specifically, using the 

UNIDO database, we calculate Value-Addedijt by the industrial share of total 

value-added in industry j from country i in year t as suggested by Rajan and 

Zingales (1998) and Hsu et al. (2014). Since Value-Addedijt is measured based on 

the ISIC (Rev.3) codes in the UNIDO database, we employ the concordance 

given by the United Nations Statistics Division to map ISIC (Rev.3) codes to 

two-digit SIC codes for our analyses. 

7) Firms are listed in three major US stock exchanges such as American Stock Exchange, New York Stock 
Exchange, and National Association of Securities Dealers Automated Quotations.

8) Following Hsu et al. (2014), we define cash flows from operations as the sum of funds from operations, 
decreases in inventories, decreases in receivables, and increases in payables.

9) https://unstats.un.org/unsd/classifications/econ/
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Table 2 shows that Export-US ranges from 0.2% (Tobacco Products, SIC21) to 

11.1% (Industrial and Commercial Machinery and Computer Equipment, 

SIC35), and Value-Added ranges from 0.5% (Leather and Leather Products, SIC 

31) to 13.3% (Food and Kindred Products, SIC 20).

3.2. Empirical Model

Our empirical model considers a banking crisis as an event that hampers 

patenting activity. Figure 2 depicts the results of an event study approach which 

show patent application, citation, originality, and generality significantly drop 

four years after a banking crisis, respectively. 

Figure 2. Event Study of Banking Crisis on Innovation

  

       (1) Number of Patent Applications (PAT)                  (2) Number of Citations (CIT)

  

            (3) Patent Originality (ORG)                         (4) Patent Generality (GEN)

Note: The event-study estimates  = 
  

 

 ∆   
  



∆           , 

where ∆t = t – tCrisis. The base year is t = -1, for which its β is normalized to zero. The above figures plot 
the point estimates and 95% confidence intervals for the set of βs. If there are multiple crises during 
the ten years, we assume that the series of the crisis starts from the first year of the earliest crisis.
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Our empirical model examines whether the impact of the banking crisis on 

innovation depending on EFD, and how VC may alter such impact. Extending 

the model used in Hardy and Sever (2021), we employ the following 

specification: 

     ×    ×  ×  

         

   (1)

The dependent variables are PATijt+1, CITijt+1, ORGijt+1 and GENijt+1. The 

timing assumption allows banking crises to affect innovation with a one-year 

time lag. The explanatory variables of our interest are the interaction terms 

Crisisit × EFDj and Crisisit × EFDj ×   since the parameter estimates 

β0 and β1 identify the impacts of Crisisit × EFDj on patenting activity on average 

and across countries due to their VC, respectively. Our identifying assumption is 

that the treated and control industries would not have had differential trends in 

outcome variables before banking crises. Note that Crisisit, EFDj, and   

do not directly enter Equation (1) because they are absorbed by the fixed 

effects. 

To measure the country specific VC level (VCi), we average out VCit over the 

pre-crisis periods. We exclude VCit after the banking crisis because banking 

crisis may hinder the development of VC. Figure 3 shows that the rank VCit 

across countries does not vary significantly during the non-crisis period. Next, 

the country-specific VCi is demeaned with the average of VC across countries, 

i.e.  , in order to examine how the variation of VC affects the effects of 

banking crises on innovation.10) For instance, since the 2008-2009 global 

financial crisis, even the VC scores of countries in 2013 were still below the 

pre-crisis level, and most countries except U.K. have still below the VC scores 

reached in 2009 (See Figure 3). This is in line with the general downward trend 

observed in equity markets, in spite of the increasing interest in alternative 

10) We check the robustness of our main analysis with in Table 8.
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instruments by investors, in search for opportunities to diversify their portfolio 

and for higher returns (OECD 2015).

Figure 3. VC Trends

Further, our specification includes a large set of control variables. First, we 

include a vector of control variables that includes Export-USijt and Value-Addedijt. 

Second, we include country-industry-specific fixed effects θij to control for 

unobserved industry-specific heterogeneity in patenting activity within each 

country following Hardy and Sever (2021). Third, we include country-year- 

specific fixed effects θit+1 to control for unobserved non-linear time trends in 

patenting activity of each country. Finally, we cluster standard errors by country 

and industry in order to allow for serial correlation. Table 4 reports the 

descriptive statistics of variables used in Equation (1).
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Table 4. Summary Statistics

Variable N Mean Std. Dev. Min Max

PAT 17,606 2.751 6.688 0 65.631

CIT 17,606 1.559 3.625 0 36.389

ORG 17,606 2.145 5.073 0 43.773

GEN 17,606 2.716 6.534 0 67.584

VC1 14,797 3.786 0.940 1.008 5.93

VC2 5,258 0.067 0.116 0 0.953

VCIPO 17,606 0.021 0.129 0 2.182

Stock 15,211 0.684 0.588 0.012 3.264

EFD 17,606 1.319 0.498 0.305 2.826

High-Tech 17,606 1.067 0.026 1.011 1.115

Export- US 17,606 0.047 0.060 0 0.713

Value-Added 17,606 0.047 0.042 0 0.404

Note: Our sample includes industries with two-digit SIC codes between 20 and 39. The sample period is 
1980−2012. PATijt, CITijt, ORGijt and GENijt denote the share of industry j's in country i's patent 
application, citiation, originality and generality to those of US in year t, respectively. VC1it denotes 
venture capital market development in country i in year t, which is measured by scores ranging from 1 
to 7. VC2it indicates the percentage share of venture capital investment to GDP of country i in year t. 
VCIPOit equals the percentage share of the value of VC-backed IPO deals to GDP of country i in year 
t. EFDj denotes two-digit SIC industry j's dependence on external financing. High-Techj shows the R&D 
intensiveness of two -digit SIC industry j. Export-USijt denotes the share of industry j's in country i's 
export to the US in year t. Value-Addedijt denotes the share of total value-added in industry j from 
country i in year t. 

Ⅳ. Empirical Results

4.1 Baseline Results 

Table 5 reports the empirical results of Equation (1). We focus on the results 

from VC = VC1 as our baseline results and use the other VC measures as 

robustness checks. 

Innovation Activity: Panel A reports the results for patent application. Column 
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1 reports that the coefficient of Crisisit × EFDj is negative and significant. 

Industries depending more on external finance reduce their patenting intensity 

more than industries depending less on external finance. Our result suggests 

that innovators are more likely to reduce innovation during and after banking 

crises due to the tightening of bank financing. Further, the coefficients of two 

control variables in all the regressions are of the expected signs. The coeffi-

cients of Value-Added are positive and significant, suggesting that industries that 

have larger value-added file more patents at the USPTO. These reasonable 

results support the use of our empirical specification. 

Table 5. Baseline Results

Panel A : PAT Panel B : CIT
(1) (2) (3) (4) (1) (2) (3) (4)

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO
Crisis⨯EFD -0.307*** -0.296*** -0.294*** -0.312*** -0.109*** -0.067* -0.105*** -0.110***

(0.113) (0.107) (0.107) (0.115) (0.041) (0.039) (0.040) (0.042)
Crisis⨯EFD⨯
 

 0.203** 2.630** 0.828** 0.079* 0.764** 0.270*

(0.103) (1.038) (0.362) (0.046) (0.366) (0.140)
Export-US 1.080 1.108 1.081 1.075 0.534 0.591 0.534 0.532

(0.727) (0.729) (0.728) (0.727) (0.382) (0.390) (0.382) (0.382)
Value Added 2.020* 2.033* 2.014* 1.999* -0.028 -0.013 -0.030 -0.035

(1.137) (1.136) (1.135) (1.137) (0.683) (0.675) (0.682) (0.684)
Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606
R-squared 0.974 0.974 0.974 0.974 0.965 0.968 0.965 0.965

Panel C : ORG Panel D : GEN
(1) (2) (3) (4) (1) (2) (3) (4)

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO
Crisis⨯EFD -0.162** -0.154* -0.152** -0.165** -0.236*** -0.228** -0.225*** -0.239***

(0.075) (0.071) (0.071) (0.076) (0.082) (0.079) (0.078) (0.083)
Crisis⨯EFD⨯
 

 0.160** 2.147** 0.437* 0.134* 2.233** 0.619**

(0.074) (0.868) (0.235) (0.078) (0.870) (0.264)
Export- US 0.527 0.548 0.527 0.524 1.330* 1.348* 1.330* 1.325*

(0.437) (0.439) (0.437) (0.437) (0.779) (0.780) (0.780) (0.779)
Value Added 0.681 0.692 0.676 0.670 1.360 1.369 1.355 1.344

(0.741) (0.739) (0.739) (0.741) (1.102) (1.101) (1.100) (1.102)
Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606
R-squared 0.978 0.979 0.978 0.978 0.973 0.975 0.973 0.973

Note: This table reports the results of Equation (1) with PAT, CIT, ORG, and GEN as dependent variables. All 
regressions include a set of explanatory variables (Export-US and Value Added), country-industry fixed 
effects, country-year fixed effects and an error term. The statistical inferences (reported in parentheses) 
are based on standard errors clustered by country and industry. ⁎⁎⁎, ⁎⁎, and ⁎ denote statistical 
significance at the 1%, 5%, and 10% levels, respectively. 
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Interestingly, Column 2 reports that the coefficient of Crisisit × EFDj is 

negative and insignificant, and the coefficient of Crisisit × EFDj ×     

is positive and significant. In other words, ∂  ∂ ×  can 

positive when VC market is well-developed. The marginal effect of for this 

specification is as follows : 

∂ × 

∂  
        ×  

The average marginal effect is -0.296. The threshold is at    = 

1.458.11) For economies with     above 1.458, the negative effect of 

the banking crisis on innovation decreases with EFD. Otherwise, for economies 

with     below 1.458, the negative effect of the banking crisis on 

innovation increases with EFD. For instance, the marginal effect of Crisisit × 

EFDj on innovation activity of Israel in 1983 is –0.061 (=-0.296+0.203× 

(4.946-3.786)), and the marginal effect of Crisisit × EFDj on innovation activity 

of Korea in 1997 is -0.392 (=-0.296+0.203×(3.314-3.786)). Had Korea been 

relying more on VC financing, banking crises would have exerted less damage 

on innovation activity in their industries with high EFD. Generally, our results 

suggest that VC financing substitutes bank financing during the banking crisis, 

and the effects are prominent for EFD industries (Conti et al., 2019).

Citation, Originality, and Generality : Panel B, C, and D report the results for 

patent citation, originality, and generality, respectively. Column 2 in each panel 

reports that the coefficient of Crisisit × EFDj is negative and significant, and the 

coefficient of Crisisit × EFDj ×     is positive and insignificant. 

These results are consistent with those reported in Panel A. 

The average marginal effect on citation is -0.067. The threshold is at  

    = 0.848. For economies with     above (below) 0.848, 

11) The threshold is computed by -0.296+0.203×  
  = 0 
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the negative effect of the banking crisis on innovation quality decreases 

(increases) with EFD. The average marginal effect on originality is -0.154. The 

threshold is at     = 0.963. For economies with     above 

(below) 0.963, the negative effect of banking crisis on innovation originality 

decreases (increases) with EFD. The average marginal effect on generality is 

-0.228. The threshold is at     = 1.701. For economies with 

    above (below) 1.701, the negative effect of the banking crisis on 

innovation generality decreases (increases) with EFD. 

In sum, VC financing not only mitigates the adverse effect of the banking 

crisis on patenting activities, but also patenting quality, originality, and 

generality. These results support Hypothesis.

4.2. VC-related Industrial Characteristics 

4.2.1. High-Technology Industry 

High-tech firms often participate in riskier and idiosyncratic projects 

through systematic application of scientific and technical knowledge (Holmstrom, 

1989). External finance is particularly important for high-tech firms that often 

lack internal resources to commercialize innovations (Beck and Demirguc-Kunt, 

2006; Brown et al., 2009). Furthermore, VC is reputed to be the most related 

financing mode for the growth of high-tech firms. Conventional wisdom 

suggests that VC stimulates high-technology development like biotechnology, 

information technology, and e-commerce because VCs could be more able to 

overcome information and agency problems in high-tech industries than banks 

through advanced screening and monitoring (Korterm and Lerner, 2000; 

Avnimelech and Teubal, 2006; Bertoni et al., 2011)

We extend our discussions by replacing EFDj with high-technology inten-

siveness, HTIj.  In the spirit of Rajan and Zingales (1998), we assume that the 

R&D growth of US public firms captures the high-tech intensiveness of all 

industries in other countries. We first compute the time series median of the 

firms’ annual gross growth in R&D expenses during 1980-2012 and then 
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compute the industry-level high-technology intensiveness as the cross-sectional 

median of all firms’ high-tech intensiveness in each industry. 

We report the results with the measure of high-technology intensiveness in 

Table 6. Encouragingly, in Table 6, the coefficients of Crisisit × HTIj × 

   , β2, are positive and significant. The results suggest two possible 

interpretations. First, our results are robust to the use of an alternative measure 

of EFD. Second, the innovation-enhancing impacts of VC during the banking 

crisis are more prevalent for industries with higher tech-intensiveness which is 

the most related factor to access VC financing.    

Table 6. High-Technology Intensive Industries 

Panel A : PAT Panel B : CIT

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯HTI -2.018* -1.575 -1.597 -1.705 -0.873* -0.617 -0.638 -0.678

(1.126) (1.010) (1.010) (1.081) (0.456) (0.421) (0.420) (0.441)

Crisis⨯HTI⨯
  1.938** 17.564* 4.036 0.931** 6.332 1.635

(0.873) (9.252) (3.438) (0.412) (4.255) (1.415)

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.976 0.974 0.974 0.974 0.968 0.965 0.965 0.965

Panel C : ORG Panel D : GEN

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯HTI -1.447* -1.126* -1.143* -1.219* -1.988** -1.615** -1.630** -1.735**

(0.768) (0.683) (0.684) (0.731) (0.841) (0.769) (0.768) (0.819)

Crisis⨯HTI⨯
  1.355** 12.208* 3.121 1.678** 16.213** 4.572*

(0.602) (6.486) (2.378) (0.689) (7.278) (2.731)

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.979 0.978 0.978 0.978 0.974 0.973 0.973 0.973

Note: This table reports the results of Equation (1) with PAT, CIT, ORG, and GEN as dependent variables. HTI 
indicates the R&D intensiveness of industries. All regressions include a set of explanatory variables 
(Export-US and Value Added; results are omitted in the table), country-industry fixed effects, country- 
year fixed effects and an error term. The statistical inferences (reported in parentheses) are based on 
standard errors clustered by country and industry. ⁎⁎⁎, ⁎⁎, and ⁎ denote statistical significance at the 
1%, 5%, and 10% levels, respectively. 
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4.2.2. High-collateral industry

Theoretically, pledging collateral can alleviate information asymmetries, and 

thus allow firms to enhance their own financial capacity (Hart and Moore, 1994; 

Tirole, 2006). A financially developed market eases borrowing constraints by 

narrowing the difference in potential risks of high-collateralized and low- 

collateralized borrowers (Liberti and Mian, 2010). However, the banking crisis 

aggravate the information asymmetry between the lenders and the borrowers, 

which leads to banks limit the risk through a process of credit rationing. Thus, 

firms with higher collateral can access finance more easily than the others at the 

time of the banking crisis (Stiglitz and Weiss, 1981; Bester, 1985). Moreover, a 

bank-dependent firm with a higher fraction of tangible assets can weaken its 

dependence on banks and maintain financial flexibility by raise funds relatively 

easily through other sources over the crisis (Chava and Purnanandam, 2011). 

On the contrary, VC is the most suitable alternative financing for young 

high-tech start-ups have insufficient tangible assets as collateral, but intangibles 

and knowledge assets, such as R&D and design (Lerner, 1995; Gompers, 1995; 

Kaplan and Strömberg, 2004; Chemmanur et al., 2009; Bernstein et al., 2016). 

We compute industry j’s collateral value by measuring firm-level real estate 

holdings following Chaney et al. (2012). First, we calculate the year-end real 

estate assets data of all US public firms listed in the three major US stock 

exchanges with two-digit SIC codes between 20 and 39 from the Compustat 

database. We measure real estate assets as the summation of three items, 

Buildings, Land and Improvement, and Construction in Progress.12) Each 

industry’s collateral value is derived as the median of all firms’ collateral values 

in a year. We then compute as the time series median of industry j’s collateral 

value. 

We report the results with the measure of collateralization in Table 7. Our 

analysis finds that the coefficients of Crisisit × COLj and Crisisit × COLj × 

    are significantly positive and negative, respectively, which suggests 

12) Since these assets are valued at historical cost, we recover their market values following Chaney et al. 
(2012). 
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that our results are robust to the use of this alternative measure of EFD. During 

the banking crisis, industries with higher collateral are more advantageous to 

promote innovation but have less access to the innovation-enhancing impacts of 

VC financing.   

Table 7. High-Collateral Industries

Panel A : PAT Panel B : CIT

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯COL 1.643* 1.586*** 1.594*** 1.674* 0.910** 0.853* 0.863* 0.932**

(0.850) (0.394) (0.394) (0.864) (0.463) (0.447) (0.448) (0.470)

Crisis⨯COL⨯
 

 -1.023* -5.857* -5.127* -1.015** -5.656* -3.603**

(0.546) (3.528) (2.706) (0.476) (3.232) (1.527)

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.974 0.974 0.974 0.974 0.965 0.965 0.965 0.965

Panel C : ORG Panel D : GEN

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯COL 1.170* 1.123*** 1.128*** 1.192* 2.019*** 1.967*** 1.976*** 2.057***

(0.666) (0.275) (0.275) (0.677) -0.746 -0.386 -0.386 -0.757

Crisis⨯COL⨯
 

 -0.844** -4.998** -3.608* -0.922* -5.067 -6.447***

(0.381) (2.459) (2.051) -0.535 -3.458 -2.359

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.978 0.978 0.978 0.978 0.973 0.973 0.973 0.973

Note: This table reports the results of Equation (1) with PAT, CIT, ORG, and GEN as dependent variables. COL 
indicates the real estate holdings of industries. All regressions include a set of explanatory variables 
(Export-US and Value Added; results are omitted in the table), country-industry fixed effects, country- 
year fixed effects and an error term. The statistical inferences (reported in parentheses) are based on 
standard errors clustered by country and industry. ⁎⁎⁎, ⁎⁎, and ⁎ denote statistical significance at the 
1%, 5%, and 10% levels, respectively. 

4.3. Robustness Checks 

In this section, we extend our discussion with alternative industrial charac-

teristics and provide various robustness checks of our empirical results with 

alternative measures of VC, the inclusion of stock market development as a 
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confounder, alternative definition of banking crisis, and a longer post-crisis 

window.

4.3.1. Alternative Measures of VC

Column 3 of Table 5 reports the results from using VC = VC2. For all panels, 

the coefficients of Crisisit × EFDj are negative and significant, and the 

coefficients of Crisisit × EFDj ×      are significantly positive. For 

economies with      above (below) 0.112, (0.137, 0.071, and 0.101), 

the negative effect of banking crises on innovation activity (citation, originality 

and generality) decreases (increases) with EFD. 

Column 4 of Table 5 reports the results from using VC = VCIPO. For all 

panels, the coefficients of Crisisit × EFDj are negative and significant, and the 

coefficients of Crisisit × EFDj ×       are positive and signifi-

cant. For economies with       above (below) 0.377, (0.407, 

0.378, and 0.386), the negative effect of banking crisis on innovation activity 

(citation, originality, and generality) decreases (increases) with EFD. 

Encouragingly, these results are consistent within Column 2 of Table 5, 

which suggests our results are robust to the use of alternative measures of VC.

4.3.2. Time variation in VC

Although we exclude VCit to eliminate the bias from the shrinking impacts of 

the banking crisis on VC investment, our specification might omit the VC 

development patterns (e.g., investment propensity, strategy, policy) that 

change every year. To gain a better understanding of the innovation-supporting 

role of VC over the banking crisis, we perform a robustness check by replacing 

    to     and adding the interaction term, EFDj × 

     to Equation (1) as follow: 
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      ×     ×     ×      

      ×                                                     (2)

Table 8 reports that the innovation-supporting role of VC over the banking 

crisis is positive and significant even considering the time variation of VC. It 

highlights that our results are robust even under an underestimated bias of VC 

from the banking crisis.   

Table 8. Robustness Checks – Time Variation in VC

Panel A : PAT Panel B : CIT

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯EFD -0.307*** -0.009* 0.044 -0.304*** -0.109*** -0.076*
** -0.078** -0.108***

(0.113) (0.049) (0.062) (0.112) (0.041) (0.029) (0.038) (0.041)

 
⨯EFD -0.004 0.136 0.175 -0.014 0.188* 0.067

(0.043) (0.114) (0.114) (0.023) (0.113) (0.050)

Crisis⨯ 
⨯EFD 0.104* 3.316* 0.745** 0.039* -0.133 0.263**

(0.054) (1.848) (0.324) (0.035) (0.773) (0.110)

Observations 17,606 13,185 8,215 17,606 17,606 13,185 8,215 17,606

R-squared 0.974 0.983 0.984 0.974 0.965 0.972 0.972 0.965

Panel C : ORG Panel D : GEN

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯EFD -0.162** -0.032** 0.03 -0.161** -0.236*** -0.006 0.061 -0.233***

(0.075) (0.043) (0.042) (0.075) (0.082) (0.063) (0.079) (0.081)

 
⨯EFD -0.006 0.134 0.054 -0.013 0.205 0.141

(0.026) (0.088) (0.055) (0.043) (0.133) (0.106)

Crisis⨯ 
⨯EFD 0.048* 2.761** 0.306* 0.095** 3.344* 0.673**

(0.040) (1.255) (0.162) (0.046) (1.777) (0.315)

Observations 17,606 13,185 8,215 17,606 17,606 13,185 8,215 17,606

R-squared 0.978 0.986 0.987 0.978 0.973 0.979 0.979 0.973

Note: This table reports the results of Equation (2) with PAT, CIT, ORG, and GEN as dependent variables. All 
regressions include a set of explanatory variables (Export-US and Value Added), country-industry fixed 
effects, country-year fixed effects and an error term. The statistical inferences (reported in parentheses) 
are based on standard errors clustered by country and industry. ⁎⁎⁎, ⁎⁎, and ⁎ denote statistical 
significance at the 1%, 5%, and 10% levels, respectively. 
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4.3.3. Stock Market Development

A potential confounder of our analysis is stock market development. In 

particular, the development of stock markets is shown to promote the 

innovation of industries that are dependent on external finance (Hsu et al., 

2014). More relatedly, market finance substitutes bank finance to supply 

funding during banking crisis (Allen et al., 2012; Levine et al., 2016), stock 

market development may confound the relationship between VC and the 

resilience of innovation during banking crisis. 

To address this concern, we add an interaction term, Crisisit × EFDj × 

 , to Equation (1) to control the impacts of stock market 

development on innovation during banking crisis. The variable Stock equals the 

percentage share of the stock market capitalization to GDP of country i in year t 

  

    ⨯.13) Similar to the VC 

variable, we average Stockit over the pre-crisis periods. Our empirical model is as 

below: 

      ×     ×     ×  

 ×                                        (3)

Encouragingly, Table 9 reports that the impacts of VC on innovation in the 

time of banking crisis are positive and significant even after controlling the 

effects of stock market development. 

13) We collect the annual financial market data from the World Development Indicators (WDI) database.
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Table 9. Robustness Checks – Stock Market Development

Panel A : PAT Panel B : CIT

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯EFD -0.307*** -0.296*** -0.293*** -0.311*** -0.109*** -0.106*** -0.104** -0.108**

(0.113) (0.108) (0.107) (0.117) (0.041) (0.040) (0.040) (0.043)

Crisis⨯EFD⨯
 

 0.212* 2.614** 0.803* 0.034 0.746** 0.151

(0.118) (1.039) (0.525) (0.049) (0.359) (0.208)

Crisis⨯EFD⨯
 

 -0.050 0.063 0.013 0.055 0.07 0.063

(0.153) (0.119) (0.147) (0.073) (0.067) (0.081)

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.974 0.974 0.974 0.974 0.965 0.965 0.965 0.965

Panel C : ORG Panel D : GEN

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯EFD -0.162** -0.155** -0.152** -0.166** -0.236*** -0.229*** -0.225*** -0.240***

(0.075) (0.072) (0.072) (0.078) (0.082) (0.079) (0.078) (0.084)

Crisis⨯EFD⨯
 

 0.180** 2.150** 0.504 0.146* 2.230** 0.681*

(0.082) (0.873) (0.361) (0.088) (0.873) (0.377)

Crisis⨯EFD⨯
 

 -0.106 -0.009 -0.036 -0.064 0.01 -0.033

(0.108) (0.088) (0.108) (0.124) (0.103) (0.121)

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.978 0.978 0.978 0.978 0.973 0.973 0.973 0.973

Note: This table reports the results of Equation (2) with PAT, CIT, ORG, and GEN as dependent variables. All 
regressions include a set of explanatory variables (Export-US and Value Added; results are omitted in 
the table), country-industry fixed effects, country-year fixed effects and an error term. The statistical 
inferences (reported in parentheses) are based on standard errors clustered by industry. ⁎⁎⁎, ⁎⁎, and ⁎ 
denote statistical significance at the 1%, 5%, and 10% levels, respectively. 

4.3.4. Alternative Definition of Banking Crisis

Following the previous studies such as Peia (2017) and Hardy and Sever 

(2021), we check the robustness of our results by using the information on the 

banking crisis from Laeven and Valencia (2020). Their definition is called 

systemic banking crisis that excludes minor bank crisis events, involving only 
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isolated banks. Table 10 reports the results from using that information of 

banking crisis, which produce similar results to our main results. It suggests that 

our results are robust to an alternative dating of the banking crisis. 

Table 10. Robustness Checks – Alternative Dates of Banking Crises

Panel A : PAT Panel B : CIT

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯EFD -0.269*** -0.197** -0.260*** -0.275*** -0.108** -0.108** -0.106** -0.110**

(0.091) (0.083) (0.088) (0.093) (0.048) (0.045) (0.046) (0.049)

Crisis⨯EFD⨯
 

 0.141* 1.779*** 0.640** -0.002 0.431 0.271*

(0.080) (0.659) (0.275) (0.048) (0.353) (0.151)

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.974 0.976 0.974 0.974 0.965 0.965 0.965 0.965

Panel C : ORG Panel D : GEN

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯EFD -0.128** -0.100* -0.121** -0.131** -0.205*** -0.121* -0.197*** -0.209***

(0.059) (0.056) (0.057) (0.060) (0.075) (0.062) (0.073) (0.076)

Crisis⨯EFD⨯
 

 0.100* 1.477** 0.304* 0.106* 1.604** 0.469**

(0.058) (0.664) (0.175) (0.064) (0.677) (0.222)

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.978 0.979 0.978 0.978 0.973 0.975 0.973 0.973

Note: This table reports the results of Equation (1) with PAT, CIT, ORG, and GEN as dependent variables using 
the alternative dates of banking crises (Laeven and Valencia 2020). All regressions include a set of 
explanatory variables (Export-US and Value Added; results are omitted in the table), country-industry 
fixed effects, country-year fixed effects and an error term. The statistical inferences (reported in 
parentheses) are based on standard errors clustered by industry. ⁎⁎⁎, ⁎⁎, and ⁎ denote statistical 
significance at the 1%, 5%, and 10% levels, respectively. 
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4.3.5. Longer Post-Crisis Window

Our results in Table 5 assume the effects of the banking crisis on innovation 

last for five years. We may underestimate the effect if the effects of the banking 

crisis on innovation remain beyond five years. Here, we extend our empirical 

model to allow for more persistent effects:

   ×  ×  ≤ ∆ ≤  ×  ×  ×  ≤ ∆ ≤ 

 ×  ×  ≤ ∆ ≤  ×  ×  ×  ≤ ∆ ≤ 

                      (4)

where the variable ∆     is the time difference between year t and the 

year of the banking crisis. 

We report the results of Equation (4) in Table 11, which are similar to our 

main results. In other words, banking crises affect innovation mostly in the year 

of and the first five years after the crises. This result has two implications. First, 

it suggests our main results do not suffer from misspecification severely. Second, 

Cerra and Saxena (2008) and Teulings and Zubanov (2014) find banking crises 

cause output loss for at least ten years. Our results suggest that such persistent 

impact on output may associate with the innovation loss during the first five 

years after the crises.
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Table 11. Robustness Checks – Longer Post-Crisis Window 

Panel A : PAT Panel B : CIT

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯EFD -0.032*** -0.400*** -0.394*** -0.402*** -0.121** -0.124** -0.122** -0.123*
*

    ⨯1{0≤∆t≤4} (0.009) (0.146) (0.144) (0.149) (0.049) (0.049) (0.049) (0.050)

Crisis⨯EFD -0.021 -0.383 -0.395 -0.371 -0.053 -0.047 -0.057 -0.049

    ⨯1{5≤∆t≤9} (0.009) (0.156) (0.163) (0.150) (0.050) (0.051) (0.051) (0.050)

Crisis⨯EFD⨯
 

 0.323*** 0.341** 0.984*** 0.083* 1.014** 0.302**

    ⨯1{0≤∆t≤4} (0.157) (0.366) (0.430) (0.059) (0.455) (0.152)

Crisis⨯EFD⨯
 

 0.253* 0.318** 0.014 0.115* 1.008** 0.695

    ⨯1{5≤∆t≤9} (0.151) (0.012) (1.921) (0.060) (0.468) (0.972)

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.983 0.987 0.987 0.987 0.969 0.975 0.975 0.975

Panel C : ORG Panel D : GEN

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯EFD -0.160** -0.111** -0.013* -0.010* -0.195** -0.003** -0.006** -0.006*

    ⨯1{0≤∆t≤4} (0.072) (0.010) (0.009) (0.012) (0.007) (0.012) (0.006) (0.007)

Crisis⨯EFD -0.032 -0.023 -0.010 -0.015 -0.004 0.012 0.008 -0.003

    ⨯1{5≤∆t≤9} (0.012) (0.010) (0.021) (0.010) (0.007) (0.009) (0.014) (0.008)

Crisis⨯EFD⨯
 

 0.016*** 0.024** 0.008** 0.014* -0.007 0.004**

    ⨯1{0≤∆t≤4} (0.007) (0.010) (0.004) (0.008) (0.012) (0.002)

Crisis⨯EFD⨯
 

 0.003 -0.005 0.012*** -0.005 -0.022* 0.003

    ⨯1{5≤∆t≤9} (0.011) (0.009) (0.003) (0.011) (0.013) (0.002)

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.983 0.987 0.987 0.987 0.969 0.975 0.975 0.975

Note: This table reports the results of Equation (3) with PAT, CIT, ORG, and GEN as dependent variables. All 
regressions include a set of explanatory variables (Export-US and Value Added; results are omitted in 
the table), country-industry fixed effects, country-year fixed effects and an error term. The statistical 
inferences (reported in parentheses) are based on standard errors clustered by country and industry. 
⁎⁎⁎, ⁎⁎, and ⁎ denote statistical significance at the 1%, 5%, and 10% levels, respectively. 
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4.4. Institutional Environment 

This section examines how institutional environments affect the innovation- 

enhancing effect of VC on innovation in face of banking crises. Here, we extend 

our empirical model to add the institutional environment variables:14)

     ×    ×  ×  

 ×  ×  × ∈             (5)

We construct two dummy variables, namely IPR and POL, for Institution.15) 

First, we define Institution = IPR, which is the time series median level of IPR 

protection (i.e. IPRi = Median(IPRit)) in country i.16) The close relationship 

between the entrepreneur and VCs may incur the threat of VCs expropriating 

her IPR if the institutional environment does not tightly protect it. Ueda (2004) 

explains that tightening IPR is more likely to discourage the incentive of VCs to 

expropriate it. It in turn encourages the innovation effort from entrepreneurs. 

Second, we define Institution = POL, which is the time series median level of 

polity score (i.e. POLi = Median(POLit)) in country i.17) More democratic 

political institutions impose greater restrictions on governments, which in turn 

are more likely to enhance corporate transparency, improve information 

disclosure to investors and reduce expropriation of firms’ property (Bushman et 

al. 2004). Ho et al. (2018) report that political democratization promotes the 

innovation-enhancing effect of VC financing. 

All panels in Table 12 report that the coefficients of Crisisit × EFDj × 

    × IPRi are positive and significant, but the coefficients of Crisisit × 

14) Alternatively, we estimate Equation (4) with sub-sample of high and low IPR (or POL). The results are 
consistent with those reported in this section and available upon request.

15) We use the database of Park (2008) for IPR and the Polity 5 database of Marshall and Gurr (2020) for POL.
16) We employ country-specific value of IPR, IPRi, instead of IPRit to avoid the complexity in interpretation 

and anlysis. We provide Figure 4 including the IPR trend of each country over the sample period to 
justify this specification. Figure 4 shows that the IPR trends in all countries flow similarly, and the 
changes in IPR level and the rank of each country in IPR do not appear to be significant.

17) We employ country-specific value of POL, POLi, instead of POLit to avoid the complexity in inter-
pretation and analysis. We provide Table 14 including the polity score of each country to justify this 
specification. Table 14 shows that the polity score does not change frequently. 
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EFDj ×     are insignificant. Similarly, all panels in Table 13 report 

that the coefficients of Crisisit × EFDj ×     × POLi are positive and 

significant, but the coefficients of Crisisit × EFDj ×     are insignificant 

or significantly negative. These results suggest that the economies with a 
stronger IPR and a higher political democratization are more likely to enhance 
innovation of industries with EFD through VC development during and after 
the banking crises. 

Table 12. Intellectual Property Rights (IPR)

Panel A : PAT Panel B : CIT

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯EFD -0.307*** -0.388*** -0.323*** -0.395*** -0.109*** -0.134*** -0.114*** -0.133**

(0.113) (0.049) (0.105) (0.141) (0.041) (0.030) (0.042) (0.052)

Crisis⨯EFD⨯
 

 -1.957*** -50.993*** -11.560** -0.610** -14.963** -3.148*

(0.428) (16.955) (4.897) (0.266) (6.562) (1.811)

Crisis⨯EFD⨯
 

⨯IPR 0.575*** 15.380*** 3.455** 0.174** 4.511** 0.883

(0.113) (5.082) (1.496) (0.070) (1.964) (0.546)

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.974 0.974 0.974 0.974 0.965 0.965 0.965 0.965

Panel C : ORG Panel D : GEN

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯EFD -0.162** -0.205*** -0.169** -0.214** -0.236*** -0.293*** -0.246*** -0.299***

(0.075) (0.034) (0.073) (0.096) (0.082) (0.048) (0.078) (0.102)

Crisis⨯EFD⨯
 

 -1.051*** -28.698** -6.802** -1.388*** -37.729*** -8.260**

(0.299) (11.885) (3.409) (0.420) (12.375) (3.530)

Crisis⨯EFD⨯
 

⨯IPR 0.323*** 8.847** 2.122** 0.405*** 11.462*** 2.445**

(0.079) (3.546) (1.037) (0.111) (3.696) (1.075)

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.978 0.978 0.978 0.978 0.973 0.973 0.973 0.973

Note: This table reports the results of Equation (3) with PAT, CIT, ORG, and GEN as dependent variables. All 
regressions include a set of explanatory variables (Export-US and Value Added; results are omitted in 
the table), country-industry fixed effects, country-year fixed effects and an error term. We use the 
database of Park (2008) to construct IPR. We measure the country-specific IPR level in country i as the 
time series median level of IPR protection (i.e. IPRi = Median(IPRit)). The statistical inferences (reported 
in parentheses) are based on standard errors clustered by industry. ⁎⁎⁎, ⁎⁎, and ⁎ denote statistical 
significance at the 1%, 5%, and 10% levels, respectively. 
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Table 13. Political Democratization 

Panel A : PAT Panel B : CIT

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯EFD -0.307*** -0.350*** -0.254*** -0.357*** -0.109*** -0.121** -0.096*** -0.124***

(0.113) (0.126) (0.087) (0.127) (0.041) (0.047) (0.036) (0.048)

Crisis⨯EFD⨯
 

 -0.905** -13.139** -6.940** -0.253 -2.65 -2.047*

(0.407) (5.716) (2.944) (0.157) (2.148) (1.117)

Crisis⨯EFD⨯
 

⨯POL 0.129** 2.333** 0.957** 0.035 0.505 0.254*

(0.057) (0.965) (0.410) (0.022) (0.359) (0.150)

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.974 0.974 0.974 0.974 0.965 0.965 0.965 0.965

Panel C : ORG Panel D : GEN

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

Base VC1 VC2 VCIPO Base VC1 VC2 VCIPO

Crisis⨯EFD -0.162** -0.181** -0.128** -0.186** -0.236*** -0.263*** -0.197*** -0.269***

(0.075) (0.085) (0.060) (0.086) (0.082) (0.092) (0.066) (0.093)

Crisis⨯EFD⨯
 

 -0.412 -7.401* -3.347 -0.583* -8.603** -4.591**

(0.297) (4.134) (2.060) (0.309) (4.178) (2.194)

Crisis⨯EFD⨯
 

⨯POL 0.067* 1.413** 0.515* 0.084** 1.603** 0.630**

(0.040) (0.676) (0.284) (0.042) (0.690) (0.298)

Observations 17,606 17,606 17,606 17,606 17,606 17,606 17,606 17,606

R-squared 0.978 0.978 0.978 0.978 0.973 0.973 0.973 0.973

Note: This table reports the results of Equation (3) with PAT, CIT, ORG, and GEN as dependent variables. All 
regressions include a set of explanatory variables (Export-US and Value Added; results are omitted in 
the table), country-industry fixed effects, country-year fixed effects and an error term. We use the 
database of Marshall and Gurr (2020) to construct POL. We measure the country-specific POL in 
country i as the time series median level of Polity Score (i.e. POLi = Median(POLit)). The statistical 
inferences (reported in parentheses) are based on standard errors clustered by industry. ⁎⁎⁎, ⁎⁎, and ⁎ 
denote statistical significance at the 1%, 5%, and 10% levels, respectively. 
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Table 14. Polity Scores 

Year Argentina Australia Austria Belgium Brazil Canada Swit-
zerland Germany Denmark Spain Finland

1981 8 10 10 10 10 4 10 9 10

1986 7 10 10 10 8 10 10 4 10 10 10

1991 7 10 10 10 8 10 10 10 10 10 10

1996 8 10 10 10 8 10 10 10 10 10 10

2001 10 10 10 8 10 10 10 10 10 10

2006 10 10 10 8 10 10 10 10 10 10

2011 10 10 8 10 10 10 10

Year France UK Hungary India Ireland Israel Italy Japan Korea Luxemb
ourg Mexico

1981 9 10 10 10 10 -5

1986 10 10 8 10 6 10 10 -5

1991 10 10 10 8 10 6 10 10 6 0

1996 10 10 10 8 10 6 10 10 6 4

2001 10 10 10 9 10 6 10 10 8 10 8

2006 10 10 10 9 10 6 10 10 8 10 8

2011 10 10 9 10 6 10 10 10 8

Year Malaysia Netherlands Norway New 
Zealand Poland Russia Singapore Sweden South 

Africa

1981 4 10 10 10 -4 10

1986 4 10 10 10 -4 10

1991 4 10 10 10 -4 10

1996 3 10 10 10 9 -4 10 9

2001 3 10 10 10 9 6 -4 10 9

2006 3 10 10 10 10 6 -2 10 9

2011 6 10 10 10 10 4 -2 9
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Figure 4. IPR Trends

  

  

Ⅴ. Conclusion

This paper finds several interesting findings based on an analysis of a panel 

dataset of 31 developed and emerging economies spanning from 1980 to 2012. 

First, the banking crisis causes a lower aggregate rate of innovation for at least 

five years. Second, the innovation dampening effect of the banking crisis is 

stronger for industries relying more on external finance. Third, even for those 

industries relying on external finance, the innovation dampening effect of the 

banking crisis can be mitigated by a well-developed VC market. Lastly, the 
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innovation-enhancing effect of VC can be altered by institutional environment.  

Since banking crises have been frequent, occurring in many countries, and 

costly, it is imperative to explore policies that can mitigate the adverse effects of 

banking crises. The policy implications of our analysis indicate the benefits of 

diversifying financial structure with VC. Policymakers often aware that VC 

promotes economic growth through financing innovation. Our analysis suggests 

that VC also supports economic recovery after banking crises. Therefore, the 

development of VC market is relevant for both long-run growth and short-run 

fluctuations of the economy. Since some leading countries in innovation such as 

Italy and Korea still maintain VC level at a lower than the average in 2019 

(VC1Italy,2019=2.5, VC1Korea,2019=3.4, and   =3.89), we suggest policymakers 

encourage the development of VC market. Further, our analysis highlights the 

benefits of reforming IPR regimes and political institutions. Specifically, if a 

country has an active VC market, it is important for this country to improve its 

IPR protection and enhance its political democracy in order to allow VC 

financing to support innovation in face of banking crises.
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