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Financial Crisis and Corporate Innovation 

 

 

Abstract 

This paper examines the impact of the global financial crisis on corporate innovation. 
Global financial crisis restrains the access to credit that could discourage the firm’s engaging in 
the innovative project, hence reduce the quantity and the quality of innovation. We find that the 
number of patents and citations decrease during the global financial crisis. Both explorative and 
exploitative types of patents decrease significantly. Moreover, we examine how government 
intervention in the finance sector affects a firm’s innovation decisions. Consistent with previous 
literature, the Troubled Asset Relief Program(TARP) brings innovation back to the increasing 
number of patents and citations. Lastly, we also find that firms also cut their R&D expenses and 
the results are concentrated in the financially constrained firms. 



1. INTRODUCTION  

A large number of banks failed or suspended during the Great Recession. From 2007 to 

2010, 295 banks and about 6,000 branches failed, which created bank capital constraint on firms 

(Berger, Imbierowicz, and Rauch, 2016). The health of the financial sector is a crucial factor in 

the corporate decision-making process. Depending on conditions of the financial sector, firms may 

face limited or increased capital availability, higher or lower costs of external funds or difficulties 

in renewing credit lines. Campello, Graham, and Harvey (2010) show that managers had to bypass 

attractive investments and to save more when they face financial constraints. Therefore, access to 

capital is a pivotal factor that affects a manager’s allocation of resources in the firm. Moreover, 

firms are more likely to shift away from risky projects, because financial institutions try to reduce 

uncertainty involved with intangibles. 

This paper examines how credit constraints affect the level of innovation by exploiting the 

negative credit supply shock during the recent financial crisis. Since innovation involves 

intangibles and risky projects, it is more sensitive to the availability of capital. Debt holders would 

concern a firm’s ability to pay back if a firm engages in the risky project. DeHaan (2017) shows 

that credit rating agencies lost their credibility during the financial crisis and sophisticated market 

participants rely on the alternative channel to evaluate the risks. Moreover, banks often use 

performance pricing as a provision in their loan contracting, which reflects borrower’s current 

credit rating or financial ratios into debt pricing (Asquith, Beatty, and Weber, 2005). Thus, a firm 

would not invest in the project that involves intangibles, although it could increase firm values in 

the long term by taking a potential comparative advantage. Overall, a firm’s allocation of resources 

from the riskier to the less risky project can be more significant during the financial crisis. Ivashina 

and Scharfstein (2010) show that new loans to large borrowers fell by 50% after the failure of 



Lehman Brothers. In the same vein, when there exists increase in the supply of credits, firms 

increase the level of innovation of private firms and decrease the state-level aggregated innovation 

(Cornaggia, Mao, Tian, and Wolfe, 2015).  Moreover, Barth and Landsman (2010) also illustrate 

that accounting standard setters enforce banks to increase the disclosure quality on their assets, 

which made banks to be more conservative on risky borrowers. Therefore, we expect that firms 

reduce the level of innovation during the financial crisis.  

More specifically, we test not only the impact of the financial crisis but also that of bank 

failure at a branch level. Testing the impact of bank failure offers insights on how the cost of 

capital and loan contraction affect the intensity of innovations. When a bank fails, the firm needs 

to find a new banking relationship that could increase the cost of capital1. The higher cost of capital 

forces firms to allocate their resources more efficiently. Moreover, banks who survived through 

the financial crisis became more conservative lenders with higher monitoring on borrowers 

(Calomiris and Mason 2003). Therefore, the supply of issuing new loans will decrease with a 

higher percentage of bank failure, which will also restrain a firm’s ability to access credit.  

Next, we examine how government intervention improves the role of bank loans during 

the financial crisis.  Troubled Asset Relief Program (TARP) was implemented to stabilize the 

financial sector during the financial crisis by purchasing up to $700 billion of banking 

organizations’ troubled asset, which would encourage to resume lending (Berger and Roman, 

2017). Thus, TARP could reactivate the primary role of bank loans during the financial crisis. 

Therefore, it could capture the county-level variation of financial constraints that affect the level 

of innovation differently. 

                                                 
1 Ashcraft (2005) shows that cost of capital may increase after the initiation of the new banking relationship.  



We find the series of interesting results. First, the number of patents and citations decrease 

during the financial crisis period, and its impact is stronger for the firms who locate in the county 

with higher levels of bank branch failure. Next, we examine different types of patents: explorative 

and exploitive. Explorative patents are more risky and exploitive patents are relatively less risky 

in nature. However, we find that firms do not differentiate the patents across the different types 

when they face loan supply contraction. Regardless of the types, firms reduce the number of 

patents during the financial crisis and its impact is stronger for the firms that are located in the 

county with a higher percentage of branch failure.  

We also find that government intervention successfully revitalizes the troubled financial 

markets. The infusion of government fund in the finance sector enhance the supply of the loans2, 

which helps firms to pursue risky projects. In other words, firms that are located in the TARP 

recipient county increase the number of patents, citations and that of both explorative and 

explorative patents. Therefore, we find that TARP not only helps local economy and establishes 

competitive advantages over non-TARP-received banks but also benefits to firms by enhancing 

their ability to access external capital.  

Moreover, we also examine how bank distress affects the firms with cross-sectional 

differences. Based on the firm’s dependence on the external capital, we posit that the detrimental 

impact of the bank distress during the financial crisis is greater for the firms that are more 

financially constrained firms (KZ index). Consistent to our expectations, we find that firms further 

decrease their level of innovation if they belong to more financially constrained group.  

                                                 
2 Berger and Roman (2015, 2017) show the benefits of TARP in the banking sector and the local economy.  



Lastly, we examine how bank distress affects the input of innovation, which is a R&D 

expenditure. We find that firms reduce the R&D expenditure, which is a potential proxy for input 

of innovation. However, there is no impact on capital expenditure, which involves tangible assets 

that are less risky than intangible assets.  

Our contribution is two-folds. First, this paper contributes to the literature on how limited 

access to capital affects the resource allocation of the firm. Nanda and Nicholas (2014) analyzed 

the impact of great depression on innovation from 1920 to 1938. It also showed that firms reduced 

the level of innovation when there are negative shocks to the availability of credit. This relationship 

is more significant to the firms that depend more on external financing and located in more 

distressed counties. Nanda and Nicholas (2014) do its best with limited data by using a non-time 

varying measure of the bank-level distress. However, our distress measure is a dynamic and 

branch-level failure, which allows us to estimate the impact of bank distress during the financial 

crisis in detail.  

Second, this paper also contributes to how a government intervention on bank affects 

corporate decisions. To our knowledge, this is the first paper that examines the impact of the TARP 

on corporate innovation decisions. Although a stream of literature examines the consequences of 

the program on the job creation, hiring, bank competitiveness, and investment behavior of banks 

(Veronesi and Zingales, 2010; Duchin and Sosyura, 2014; Berger and Roman, 2015, 2017), our 

paper examines how government aid on banks stabilize the financial sector. Thus, it shows that 

improved financial sector may promote firms to pursue a risky project involving intangibles, which 

can improve the firm value and performance in the long run.  

2. BACKGROUND AND HYPOTHESIS DEVELOPMENT 

2.1 Financial Crisis and Innovation 



Numerous researchers extensively studied the impact of how a financial crisis affects the 

real economy3. When a firm faces a hard time raising capital, a firm has to allocate its limited 

resources to maintain its operations and try to keep its growth. Campello, Giambona, Graham, and 

Harvey (2011) studies how firms manage liquidity and investment when liquidity is scarce during 

the recent financial crisis. They show that credit lines are positively associated with spending and 

firms with limited access to credit lines choose between saving and investing during the crisis. The 

access to capital through the bank debt is very crucial for the firm’s investment decisions because 

firms are not able to substitute bank debt to other sources of capital, such as equity, cash balances, 

and trade credit freely (Lemmon and Roberts, 2010). Due to the accounting standard setters and 

regulators’ concerning the capital markets, firms would increase the reporting quality (Arthur, 

Tang, and Lin, 2015; Filip and Raffournier, 2014). 

Consequently, firms reduce its investment with a reduction of net debt issuance instead of 

manipulating their earnings. We expect this impact will be stronger during the financial crisis 

because Ivashina and Scharfstein (2010) show that new loans to large borrower fell by 47% during 

the financial crisis. Moreover, if a bank uses performance pricing into the debt pricing, then a 

borrower would be more conservative (Asquith et al., 2005). The economic condition around 2008 

forces borrowers to withdraw their short-term debt from the bank, which made banks to reduce the 

supply of credit.  

The most relevant study of our paper is Nanda and Nicholas (2014), which examine the 

impact of distressed banks during the Great Depression. It shows that bank distress is negatively 

associated with the level and the quality of innovation during the Great Depression. However, the 

                                                 
3 Kahle and Stulz (2013) showed that unlevered before the crisis decrease the capital expenditures during the crisis 
more than highly levered firms. Ziebarth (2013) showed the number of workers stayed the same and the number of 
hours worked decreased during the Great Depression.  



existence of large R&D firms in the less distressed county made technological progress. We 

expand this study by utilizing the annual branch-level bank failure measures by the county to 

capture the more precise impact of bank distress on the innovation4. Moreover, the nature of bank 

failure during the recent financial crisis is more severe, because the failure of mega banks, such as 

Lehman Brothers and Washington Mutual, and government takeovers of Fannie Mae, Freddie Mac, 

and AIG create more severe bank panic (Ivashina and Scharfstein, 2010). On the other hand, the 

majority of banks failed during the Great Depression is local community banks.  

Moreover, when there exists increase in the supply of credits, firms increase the level of 

innovation of private firms and decrease the state-level aggregated innovation (Cornaggia, Mao, 

Tian, and Wolfe, 2015). Therefore, the level of innovation varies with the availability of finance. 

Since limited capital access through the bank debt and constrained access to substitute bank debt 

to other sources decrease the net investment, we hypothesize that both quantity and quality of 

innovation and bank failure ratio are negatively correlated during the recent financial crisis.  

H1: The bank failure negatively impacts both the quantity and quality of innovation during the 

financial crisis.  

 We further investigate the impact of bank failure on the different types of innovation. 

Although our first hypothesis tests that firms decrease the quantity and quality of innovation as 

bank failure ratio increases during the financial crisis, it does not reflect the characteristics of an 

investment. March (1991) argues that innovation can be categorized into two different groups: 

explorative innovation and exploitive innovation. Explorative innovation involves more riskiness 

                                                 
4 Nanda and Nicholas (2014) used a static measure of bank distress by using aggregating the number of suspended 
banks during 1930 to 1933 scaled by the number of banks in 1929.  



and because it is different from the firm’s existing patent portfolio. On the other hand, exploitive 

innovation is regarded as a less risky project, because that builds upon the existing patent.  

 Chava, Oettl, Subramanian, and Subramanian (2013) shows that decreasing (increasing) in 

the banks’ bargaining power increases (decreases) explorative innovation. Moreover, it highlights 

the importance of financial developments which decrease the financial constraints of the firms5. 

With less financial constraints firms invest in explorative innovation based on the theory of 

“creative destruction” by Schumpeter (1942). Similar to the classic theory, when a firm faces 

limited access to bank debt and constrained finance, firms may reduce the quantity of explorative 

innovation that involves higher risk. The failure of the risky project during the financial could be 

very detrimental to the firm’s future operations. Thus, we hypothesize that firms will halt the risky 

project when they have limited access to capital during the financial crisis.  

H2: Firms would decrease the quantity of explorative innovation during the financial crisis.  

2.2 Government Intervention and Innovation 

"Arguably the financial shocks of 2008 were bigger than those of 1929. The outcome was 

not as disastrous because the policy responses were quite different," -Jeffrey Shafer, a 

former Federal Reserve, and Treasury official 

 The biggest difference between the Great Depression and the recent financial crisis is the 

infusion of government funds into the financing sector directly, as known as a Troubled Asset 

Relief Program (TARP). TARP was implemented to stabilize the financial sector during the 

financial crisis by purchasing up to $700 billion of banking organizations’ troubled asset, which 

                                                 
5 Hsu, Tian, and Xu (2013) showed that industries that are more dependent on external finance and that are more 
high-tech intensive exhibit higher innovation level in countries with better developed equity markets. However, the 
development of credit markets appears to discourage innovation in industries with these characteristics.  



would encourage to resume lending (Berger and Roman, 2017). Berger and Roman (2015) showed 

that TARP recipients received competitive advantages and increased both their market shares and 

market power because TARP banks are perceived as safer. Increased market shares and powers 

after the TARP made banks to increase their investments in risky securities and reduced their 

allocation to low-risk securities (Duchin and Sosyura, 2014) 

Moreover, not only during the recent financial crisis, but also another financial crisis was 

subject to the government policy implementation. Hundtofte (2018) also showed that forbearance 

during the savings and loan crisis leads to a greater supply of high-risk loans, which eventually 

increase the aggregate output growth in the long run. Apart from the financial crisis, Almeida, Hsu, 

Li, and Tseng (Working Paper) show the 2004 American Jobs Creation Act generate less valuable 

patents than similar firms that could not benefit from this Act. Thus, the level and the quality of 

innovation is very much affected by government policies.  

Thus, a firm can have better access to the bank loans if a firm is located in the county with 

TARP received banks, because lenders have more confidence on their local financial markets and 

the supply of loans on the risky investment is greater than that of non-TARP recipients. With an 

increase in loan supply, firms can allocate more resources into the investment related to the 

innovation. Therefore, we hypothesize that if a firm is located in the TARP received banks, and 

then it will increase both the quantity and quality of the innovation. Due to the sake of the data, 

we also examine the spillover effect of the TARP on the adjacent counties, where there is not 

TARP recipient.  

H3: The government aid, TARP, increases both the quantity and quality of innovation of the firms 

that are located in the county with TARP recipients.  



3. DATA AND IDENTIFICATION METHOD 

3.1 Bank Failure 

We identify failed bank during our sample period, from 1998 to 2010, from the Federal Deposit 

Insurance Corporation (FDIC)’s Failures and Assistance Transactions database. Because most of 

the transactions are through the branch of the bank not through the headquarters, it is necessary to 

use branch-level bank failure data. We gather branch-level deposits data from the FDIC’s Branch 

Office Deposit database. We identify banks and their branches at specific street, city, and county. 

We match the bank failure and branch-level databases by banks’ unique certificate numbers. 

Finally, we aggregate the data at the county-level using U.S. Census Bureau definitions (Contreras, 

Delis, Ghosh, and Hasan, Working Paper). Our main variable of interest, Fail_Dum is equal to one 

if  the total number of failed branch scaled by a total number of the branch for each county is above 

the median value and zero otherwise. 

3.2 Location 

We obtained a firm’s headquarter location data from Prof. McDonald’s Augmented 10-X 

Header data, which captures all the information in the header section in the 10-K or 10-Q6. The 

advantage of using this dataset is that it captures the dynamic location of the headquarter. The 

headquarter location data from the Compustat gets backfilled after the relocation of the headquarter. 

Thus, the location data from the Compustat only reports the most recent headquarter location. 

Since we aim to capture the relationship between country-level bank failure and innovation, 

obtaining historical location data is necessary. By using the Augmented 10-X Header data, we 

were able to match the historical headquarter location based on the county level.   

3.3 Firm Fundamentals 

                                                 
6 https://sraf.nd.edu/data/augmented-10-x-header-data/ 



 To prevent the results are not driven by the individual firm characteristics, we control for 

various firm fundamentals, which are mainly taken from the Compustat. Size is calculated by 

taking logarithms of the market value of equity. Leverage is a total liability scaled by the total 

asset. ROA is earnings before interest, tax, depreciation, and amortization scaled by the total asset. 

RD/CAPX  is R&D expenditure scaled by capital expenditure, which measures the firm’s 

propensity to engage in the investment related to intangibles. Both R&D and capital expenditure 

are scaled by the total asset. MTB is calculated by the market value of equity divided by the book 

value of equity.  Lastly, we also use property, plant, and equipment (PP&E), scaled by total assets, 

to control for the firm’s long-term asset.  

3.4 Summary Statistics and Correlation Matrix 

 Table 1presents the descriptive statistics of the final sample. The average number of patents 

is 25, and a firm receives about 146 citations per year on average. The distribution of the patents 

and citations are highly skewed to the left, which is prevalent in the innovation literature7. The 

average total asset of the sample is $5.5 billion with a minimum of $80 million. When we compare 

the mean values of the R&D and capital expenditures. We find that firms spend a similar portion 

of total assets on the R&D and capital expenditures. Moreover, when we create an R&D to capital 

expenditure ratio, R&D expenditure is 30% greater than capital expenditure. Thus, it tells us that 

firms spend more on the intangibles in general. Failure Ratio is a number of failed branches over 

the total number of branches in a county-year. Deposit Failure is the amount of deposit failed over 

the total amount of deposits in a county-year. The mean values for both Branch Failure and 

                                                 
7 More than half of the sample has no patent, which could create a bias on the sample selection. However, we further 
examine on the limited sample only with positive number of patents and we find consistent results.  



Deposit Failure are around 0.5%. Our sample spans from 1998 to 2011 and the total number of 

firm-year observation is 11,533 for the baseline regression.  

<Insert Table 1> 

 Table 2 illustrates the correlation matrix across both dependent and independent variables. 

Being consistent with the intuition and our regression results, both the number of patents and 

citations are negatively correlated with crisis time dummy variable. More interestingly, branch-

level bank failure increases during the crisis with statistical significance. As fail ratio increases, 

the number of patents and citations decreases, which is consistent with our hypotheses. During the 

financial crisis, as the supply of the loan decreases, firms are less likely to invest in intangibles, 

which leads to a decrease in the innovation. Moreover, we also confirm that the TARP amount is 

positively related to measures of innovation. In addition to the main correlation coefficients based 

on our hypotheses, we also find that innovation is positively related to the R&D expenditure and 

negatively related to the capital expenditure. The more leveraged firms have relatively less 

innovation, and higher growth firms involve the higher level of innovation. With a 1% significance 

level, in the bold, we confirm that most of the correlation coefficient is consistent with our 

hypotheses and regression results.   

<Insert Table 2> 

3.5 Regression Specification 

 Our first hypothesis tests how a recent financial crisis affects corporate innovation. To test 

this hypothesis, we exploit the following regression specification (1) and (2).  

𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1(𝑋𝑋)𝑖𝑖 +  𝛽𝛽4 (𝑍𝑍)𝑖𝑖𝑖𝑖𝑖𝑖 + ∑𝛽𝛽𝑛𝑛 (𝐹𝐹𝐹𝐹) + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖                                                               (1) 



 We do not claim causality in this paper, because the recent financial crisis is not exogenous 

in its nature. However, it is meaningful to show how economic distress is associated with corporate 

investment related to intangibles8, which leads to a potential increase in the quantity and the quality 

of patents.  X denotes for the vector of outcome variables. We use both Crisis indicator variable 

that equals to 1 if the firm-year observation is in between 2008 and 2009 and branch-level bank 

failure percentage measures, which is denoted as a Bank_Failure. To estimate the magnitudes of 

innovation, we use various measures of innovation that we discussed in section 3.2. The vector Z 

denotes for various firm-level control variables. We also use various fixed effects, FE, to get rid 

of systematic variations across the year, industry, and county.  

 Next, we test how distressed financial sector during the financial crisis affects the corporate 

innovation. Similar to the Nanda and Nicholas (2014), we interact Crisis and the percentage of 

branch-level bank failure for each county. The regression specification is the following: 

𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶)𝑖𝑖 + 𝛽𝛽2(𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐹𝐹𝐵𝐵𝐶𝐶𝐹𝐹𝐹𝐹𝐶𝐶𝐹𝐹)𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛽𝛽3(𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 ∗ 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐹𝐹𝐵𝐵𝐶𝐶𝐹𝐹𝐹𝐹𝐶𝐶𝐹𝐹)𝑖𝑖𝑖𝑖𝑖𝑖 +

 𝛽𝛽4 (𝑍𝑍)𝑖𝑖𝑖𝑖𝑖𝑖 + ∑𝛽𝛽𝑛𝑛 (𝐹𝐹𝐹𝐹) + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖                                                                                                    (2) 

 By examining the coefficient of Crisis *Bank Failure, 𝛽𝛽3, we are able to capture how 

distressed banking sector affects the corporate innovation. The impact of bank failure may be more 

severe during the financial crisis, because firms experienced a hard time raising capital through 

the stock market either9. Thus, a firm that is located in the county with a high rate of bank failure 

                                                 
8 Using a R&D expenditure as an outcome variable could be more straight forward. However, sampling bias creates 
problems, because significant portion of the Compustat data has a missing value for R&D expenditure. 
9 However, Fang, Tian, and Tice (2014) showed that increase in the stock liquidity impedes the innovation. 
Although firms can still be actively traded in the stock market, it could also have some negative impact on the 
innovation.  



may reduce the investment related to the intangibles, which will reduce the level of innovation 

eventually.  

4. EMPIRICAL RESULTS 
 

4.1 The Impact of Branch-level Bank Failure on Quantity and Quality Innovation during 

Financial Crisis 

We first examine the individual impact of financial crisis and bank failure on the level of 

innovation. After the collapse of the financial sector including Lehman Brothers, investors lost 

their confidence in the market. Consequently, it made much harder for firms to finance their 

operations with external sources, such as issuing bond, stocks and bank loans. Thus, firms now do 

not have enough ability to acquire external financing for their necessary operations. Because 

investment in innovation involves uncertainty and realizes its return, in the long run, it is 

unavoidable to reduce the investment related to innovations during the financial crisis. Based on 

the columns (1) and (4) from the table 3, panel A, we find that during the financial crisis, firms 

reduce the number of patents and citations that are cumulative for three consecutive years. It is not 

only statistically significant but also economically significant. The number of patents decreased 

by 2.09 and that of citations decreased by 14. Therefore, both the quantity and quality of patents 

significantly decreased during the financial crisis.  

We also examine the individual effect of bank failure on the innovation for the entire 

sample period. Although firms have various other sources to finance their projects, we show that 

bank loans have a significant impact on the level of innovations. Based on the columns (2) and (5), 

we find that both coefficients for patents and citations are negative. In other words, the number of 

patents and citations are negatively associated with the bank failure ratio.  



Finally, we examine how bank failure exacerbates the impact of the financial crisis on 

innovation. By interacting with the financial crisis indicator variable and branch-level bank failure 

ratio for each county, we find that both coefficients for Crisis*Fail_Dum are negative in columns 

(3) and (6). In other words, we find that the impact of bank failure on innovation is stronger during 

the financial crisis due to the limited access to other capital markets. Moreover, both coefficients 

are significant at the 1% level. Although the individual coefficient of Fail_Dum  becomes positive 

and significant at 10% after the inclusion of the interaction term in column (6), the marginal impact 

is negative by summing all three coefficients. Thus, changing the sign for individual terms is not 

a concern. Moreover, we did not include year fixed effects in columns (1), (3), (4), and (6), because 

our Crisis variable itself is a time indicating dummy variable. Including both year fixed effect and 

Crisis variable will suffer from the multicollinearity bias.  

Not only the main variables of interest, but also we find our control variables are consistent 

to our expectation. For example, a larger firm tends to have more, and better innovation compared 

to the small size firms. If a firm is more leveraged, then both the quantity and quality of innovation 

decrease. More importantly, the level of innovation is positively associated with the quantity and 

quality of innovation. Our R-squared values across the different regression models are around 0.50, 

which shows our battery of main and control variables explains a significant portion of the 

variation in the outcome variables.  

 However, investment in innovation may not be the common interest for all firms. Based on 

the summary statistics,  we find that about half of our sample does not have any patent. Although 

we use industry and country fixed effects, it may not get rid of systematic difference across 

innovative and non-innovative firms. To make sure our previous result is not driven by sampling 



bias, we conduct the same regression specification to the limited sample with at least one patent10. 

If we limit the samples to the firms with least one patent, we can partially mitigate the sampling 

bias of comparing innovative versus non-innovative firms in nature. After deleting the samples 

with no patent during our sample period, the number of remaining observations is 5,084.  

 Based on table panel B of the table 3, we find a negative association between financial 

crisis and the quantity and quality of patents. Similarly, we also find that bank failure is also 

negatively correlated with innovation. Moreover, columns (3) and (6) illustrate similar results with 

panel A. The interaction term, Crisis*Fail_Dum is negative and significant at 1% level. Although 

the individual Fail_Dum coefficient is positively associated to the innovation, the marginal impact 

of bank failure ratio is still negative in column (6). Therefore, we confirm that our results are not 

driven by comparing the samples, with innovation and without innovation, which are different in 

nature.  

<Insert Table 3> 

4.2 The Impact of Branch-level Bank Failure on Exploitive and Explorative Innovation during 

Financial Crisis 

We also examine how a bank failure during the financial crisis affects different types of 

innovation. We distinguish innovation into two groups based on the riskiness of the innovation: 

explorative and exploitative innovation (March 1991; Sorenson and Stuart, 2000; Chava, Oetti, 

Subramanian, and Subramanian, 2013). Explorative innovation is regarded as riskier and path-

breaking innovation, and exploitive innovation is regarded as less risky, because it builds upon the 

existing patent of the firm (March 1991). As a firm faces trouble finding enough funding for all 

                                                 
10 Previous results could be driven by comparing the quantity and quality of patents of innovative firms and non-
innovative firms.  



available projects, it is a feasible scenario that a firm has to choose the risky or less risky project 

to pursue. 

Following Sorensen and Stuart (2000), explorative patents are those that do not include 

self-citations and exploitative patents include at least one self-citation by the assignee. Intuitively, 

exploitative patent builds on the existing patent, which makes the nature of patent less risky. On 

the other hand, explorative patents are new to their existing patents, which makes it riskier 

compared to the exploitive patents.   

Our table 4 shows the regression results of the impact of bank failure on different types of 

innovation. Different from our second hypothesis, we observe that there is a decrease in both types 

of innovation. Columns (1) and (4) show that both types of innovation decrease during the financial 

crisis. Columns (2) and (5) show that the branch-level bank failure is also negatively correlated 

with both types of innovation. However, the impact of branch-level bank failure becomes stronger 

and significant during the financial crisis. According to the columns (3) and (6), the interaction 

terms between Crisis*Fail_Dum are negative and statistically significant. Thus, we find that firms 

decrease their investment in innovation regardless of the types of innovation. The results are also 

economically significant; the number of explorative patents decrease by 1.56 and that of exploitive 

patents decrease by 0.71. Comparing the economic significance of the interaction terms in columns 

(3) and (6) shows that firms decrease a greater number of explorative patents than exploitive 

patents. Therefore, it indirectly shows that firms reduce more risky investment.  

<Insert Table 4> 

4.3 The Impact of Government Aid on Innovation during the Financial Crisis 
 

So far, we have examined the detrimental effect of bank failure on innovation during the 

financial crisis. The quantity and quality of innovation decrease with the branch-level bank failure 



ratio and its impact is stronger during the financial crisis. Without distinguishing the different types 

of innovation, firms reduce both explorative and exploitive innovation when they have a hard time 

accessing the capital.  

In this section, we examine the role of the government during the financial crisis. As can 

be seen in the quote above, the biggest difference between the financial crisis and the great 

depression is government intervention. During the Great Depression, the impact of distress in the 

finance sector transferred to other sectors without a buffer from the federal government (Nanda 

and Nicholas,  2014). However, government infused approximately $205 billion to stabilize 

banking sector via capital purchase program during the financial crisis. Thus, we expect 

government aid buffers the adverse effect of bank failure on the firm’s funding allocation, which 

would increase the innovation.  

To examine the impact of TARP during the financial crisis, we limit the samples from 2007 

to 2010, which yields 2,355 number of observations. In table 5 panel A, we show that 

TARP_Branches, county-level TARP measure scaled by number of branches, is positively 

correlated with the number of patents and citations in columns (1) and (2). Moreover, the number 

explorative and exploitive patent increases if a firm locates in the TARP recipient county in 

columns (3) and (4). In other words, a firm invests in the projects that are riskier and increase both 

the quality and quantity of innovation. The results are not only statistically significant, but also 

economically significant. The number of patents increase by 3.27, the number of citations increase 

by 18.24, the number of explorative patents increase by 2.58, and the number of exploitive patents 

increase by 1.16. In panel B, we show how regression results are consistent with different measure 

of TARP, deposit-scaled TARP (Berger and Roman, 2015; Berger and Roman, 2017).  



The results are consistent to previous literature on positive impact of TARP on various 

aspects. TARP received banks took competitive advantage and increased both their market shares 

and market power (Berger and Roman, 2015). Moreover, Berger and Roman (2017) showed that 

TARP significantly improved net job creation and net hiring establishments. In this paper, we show 

that how TARP has a positive spillover effect to the firms that are located in the same counties. It 

not only benefitted banks per se, but also increase the level of innovation of the firms.  

<Insert Table 5> 

We not turn our attention to the cross-sectional difference across the firms. The impact of 

bank distress on firm’s innovation will vary based firm’s fundamental. When a firm can’t make an 

investment on positive present value projects, it is a financially constrained firm. Financially 

constrained firms depend more on the external financing. Local branch failures may affect 

financial constrained firms more severely, because they need to find new banks to replace previous 

bank debt. In table 6, we divide samples into two groups based on KZ index (Kaplan and Zingales, 

1997), low KZ index group and high KZ index group namely. A low KZ index group denotes less 

financially constrained firms and high KZ index group denotes for a group of firms with more 

financially constrained firms.  

In table 6, we show the results that are consistent to our expectations. Columns (1) through 

(4) shows the regression results for less financially constrained firms and columns (5) to (8) shows 

those for more financially constrained firms. Based on the Crisis*Fail_Dum, we see there is no 

statistical significance for less financially constrained firms. However, we confirm that our results 

are concentrated in the more financially constrained firms. In other words, firms that are more 

financially constrained firms reduce the level of innovation if they are located in counties with 

failed branches during the financial crisis.  



<Insert Table 6> 

We have examined how branch-level bank failures are associated with innovation. 

However, the measure of innovation focus on the output rather than their inputs. Thus, we examine 

how firms allocate their inputs across risky versus less risky expenditures. More specifically, we 

test how branch level bank failure is associated with R&D expenditure, capital expenditure, and 

its relative ratio.  

R&D expenditure is deemed to be riskier investment than capital expenditure, because the 

output of R&D investment involves uncertainty. Investors also have difficulties to value R&D 

expenditure due to its intangible nature (Kothari, Laguerre, and Leone, 2002). Moreover, managers 

increase more R&D expenditure than capital expenditure, when they try to implement risky 

financing policies (Coles, Daniel, and Naveen, 2006).  

In table 7, we present regression results that examine how branch-level bank failures are 

associated with risk taking behavior of managers. Our variable of interest is an interaction term, 

Crisis*Failed Branches. Consistent with previous results, we find that branch failures are 

negatively associated with R&D expenditure in column (1) and there is no association with capital 

expenditure in column (2). In column (3), we use the R&D expenditure scaled by capital 

expenditure as an alternative dependent variable to examine the relative importance. Consistent 

with the result in column (1), we also find that R&D expenditure decreases relative to capital 

expenditure as the percentage of branch-level bank failure increases in each county. Thus, we 

confirm that not only the patent, an output of innovation, but also the R&D expenditure, an input 

of innovation, decreases following branch-level bank failure during financial crisis.   

<Insert Table 7> 

4.4 Addressing Potential Endogeneity 



 We have shown that how branch-level bank failure is associated with different types of 

innovation during the financial crisis, when access to external capital is very much limited. 

However, empirical analyses in this paper do not claim or show causal relationship between bank 

failure and the level of innovations.  

 There are two potential endogeneity concerns. The negative relationship between branch-

level failure and  could be driven by unobservable county-level characteristics. Thus, we match 

counties with branch failure and counties without branch failure based on county-level 

characteristics, such as population and income per capita. By using propensity score matching, we 

partially mitigate endogeneity concern.  

In table 8, we show the regression results of using propensity score matched samples. 

Columns (1) through (4) show the impact of bank distress on innovation and columns (5) through 

(8) show the impact of the TARP on innovation during the financial crisis. Consistent with our 

previous results, we find negative and significant coefficients for Crisis*Fail_Dum is negative and 

significant. Although we lose some statistical significance in column (4) that uses the number of 

exploitive patents as a dependent variable, other dependent variables are statistically significant.  

Columns through (5) to (8) illustrate the impact of TARP on innovation with matched 

samples. Consistent with previous results, we find that an interaction term, 

Fail_Branch*TARP_Branch, positive and significant at 1% level. By controlling for unobservable 

characteristics of different counties, we find that branch-level bank failure decreases innovation of 

the firms in the same county. 

<Insert Table 8> 



The next potential endogeneity concern stems from the effect of financial crisis on both 

branch failure and innovation at the same time. This paper primarily focuses on the relationship 

between bank distress and innovation during the financial crisis. Thus, we want to control for 

county-level local economic crisis by using difference between county-level unemployment rate 

and state-average unemployment rate. By following Dell’Ariccia et al. (2008), we confirm that 

including local crisis variable in our regression specification does not change our previous results. 

Thus, we partially address the second endogeneity concern.   

 In table 9, we show regression results of controlling for  local crisis by including triple 

interaction term, Crisis*Fail_Dum*UR_GAP and other double interaction terms. To proxy for 

local crisis, we calculate UR_GAP by subtracting state-average unemployment rate from county-

level unemployment rate. Interestingly, we find that local crisis does not play role in the 

relationship between branch-level failure and innovation (Fail_Dum*UR_GAP). During the 

financial crisis, county-level crisis shows no relationship with innovation (Crisis*UR_GAP). 

Moreover, we even find that local crisis does not moderate relationship between bank distress and 

innovation during financial crisis (Crisis*Fail_Dum*UR_GAP). 

 Through columns (5) to (8), we examine how local crisis plays a role in the effect of TARP 

on innovation during financial crisis. Consistent with columns (1) through (4), we find that the 

impact of bank distress on innovation is not varied by the local crisis (Fail_Dum*UR_GAP). 

Without incorporating the bank distress, we see that impact of TARP is greater on the firms who 

are located in higher magnitude of local crisis. However, we do not see the role local crisis in the 

relationship between TARP and innovation in the counties with branch failure 

(Fail_Branches*TARP_Branches*UR_GAP). Therefore, we partially mitigate endogeneity 

concern regarding the impact of local crisis on the magnitudes of innovation.   



<Insert Table 9> 

4.5 Sensitivity Analyses  

 To make sure that our results are not driven by specific measures or samples, we conduct 

numerous robustness checks. First, we regenerate baseline regression with bank distress measured 

by deposits measure. Second, we focus on the different sample period by assigning different time 

period as a crisis era. Since we assume that the impact of bank distress is sever due to limited 

access to external capital during financial crisis, we expect there would be no or weaker impact of 

bank distress other than actual financial crisis era. Lastly, we get rid of firms that are located in 

California, because it consists of more than 20% of our entire sample.  

 In table 10, we use different measure of branch-level bank failure to make sure our results 

are not driven by branch level failure measure. We calculate Fail_Dum that equals to 1 if county-

level deposit failure scaled by total deposit is greater than media value, 0 otherwise. Similar to 

table 3, we find that coefficients of the interaction term, Crisis*Fail_Dum, is negative and 

significant at 1% level in columns (3) and (6). Thus, using an alternative main explanatory variable 

illustrates consistent results. Moreover, we also confirm that individual coefficients in column (1), 

(2), (4), and (5) show that Crisis and bank distress is negatively associated with the quantity and 

the quality of patents.  

<Insert Table 10 Panel A> 

In table 11, we use different sample period to make sure that our results are not driven by 

ad hoc choices of crisis period. We assume that firms face limited access to external credit during 

the financial crisis. Therefore, we would expect no or weaker impact of branch failure on the 

quantity and quality of patents. In columns (1) to (4), we assign crisis period as 2003 and 2004. In 

columns (5) to (8), we assign crisis period as 2001 to 2002. As we hypothesize, we confirm that 



none of the coefficients is significant during other periods. Therefore, we confirm that firms do 

have limited access to capital and financing from the bank is an important source to allocate their 

resources into innovation related projects during financial crisis period. In other words, during the 

pre-crisis era, when a firm faces capital constraint due to bank distress, it could issue bonds or raise 

capital through equity market. Thus, we do not see significant coefficients of the interaction term, 

Crisis*Fail_Dum,   

<Insert Table 10 Panel B> 

 For next set of robustness test, we get rid of samples that are located in California to make 

sure that our results are not driven by the subset of the sample. We find that firms in California 

takes more than 20% of our entire sample. In table 12, we find consistent results with table 3. 

Coefficients of an interaction term Crisis and Fail_Dum are negative and significant for columns 

(1) and (3). In other words, we still find bank distress has negative impact on the quantity of patents, 

especially on explorative patents.  

<Insert Table 10 Panel C> 

5 CONCLUSION 

In this paper, we examine how a bank failure during the financial crisis affects the firm’s 

investment decisions. The recent financial crisis in 2007 had a detrimental effect on the economy, 

especially through the financial sector. During the crisis, firms had limited access to capital, which 

forced them to allocate their resources to less risky investments. We specifically test the impact 

limited access to bank debt on various characteristics on innovations, measured by patents.  

We find that both quantity and quality, measured by the number of patents and citations, 

decrease during the financial crisis. This detrimental impact of financial crisis on the innovation is 

more significant for the firms that are located in the county with high levels of branch-level bank 



failure ratio. Since not every firm’s core value is not rooted in the innovation, we also examine 

and find that this relationship is stronger for the firms with at least one patent, called R&D firms. 

Moreover, firms may differentiate the types of innovation that they want to cut down during the 

financial crisis. However, we find that both explorative and exploitive innovation decreased as 

bank failure ratio increased during the financial crisis. Lastly, we examine how a TARP improves 

a corporate innovation. We find that firms increase both the quantity and quality of innovation if 

they are located in the county with TARP recipient. We argue that this is a spillover effect of 

TARP, designed to stabilize the banking sector, on firm’s investment decision. Lastly, we find that 

the results are concentrated in the firms that are more financially constrained firms. Moreover, 

firms cut their R&D expenditure when they are located in highly distressed counties.  

The first contribution of this paper is that it shows how limited access to capital, especially 

on bank financing, affects the resource allocation of the firm. Innovation involves risks and 

uncertainty due to the intangibles. It is important to question how a firm manages their investment 

decision based on the risky nature of the investment. Second, this paper also contributes to how a 

government intervention on bank affects corporate decisions. By examining the impact of 

government intervention during the financial crisis, we observe that the intention of the U.S. 

Treasury has been successfully achieved by not only stabilizing the banking sector but also 

promoting the investment on innovation, which could generate economic growth in the long run.  

Lastly, this paper contributes by using a more detailed data on branch- and county-level bank 

distress. By using more detailed measures, our results are more precise due to more variability of 

explanatory variables.  
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Table 1 Descriptive Statistics 

 (1) (2) (3) (4) (5) 
VARIABLES N mean sd min max 
      
Crisis 8,651 0.180 0.384 0 1 
No. Patent 8,651 1.238 1.899 0 7.840 
No. Citation 8,651 1.481 2.389 0 10.38 
Explore 8,651 1.108 1.742 0 7.358 
Exploit 8,651 0.765 1.486 0 7.311 
Branches_Failed 8,651 4.966 21.97 0 282 
Deposits_Failed 8,651 526,594 3.202e+06 0 4.753e+07 
Fail_Dum 8,651 0.189 0.391 0 1 
TARP_Deposit 8,528 0.0106 0.00972 4.19e-05 0.0638 
TARP_Branch 8,651 0.0101 0.00925 0 0.0532 
Size 8,651 7.441 1.465 3.991 11.81 
MTB 8,651 1.887 1.077 0.597 14.25 
ROA 8,651 0.137 0.0869 -0.390 0.427 
Leverage 8,651 0.204 0.161 0 0.688 
PP&E 8,651 0.274 0.218 0.0115 0.912 
CAPX 8,651 0.0542 0.0524 0.00225 0.360 
R&D 8,651 0.0322 0.0526 0 0.383 
RD_CAPX 8,651 1.365 2.860 0 23.53 
KZ 5,932 0.518 0.500 0 1 
Population 8,651 1.616e+06 1.906e+06 20,296 9.825e+06 
Income 8,651 43,873 16,019 19,487 122,103 
      
      

 



Table 2 

Correlation Matrix 

 No Patent No Citation Explore Exploit 
TARP 
Branch 

TARP 
Deposit 

Fail 
Dummy 

Branches 
Failed 

Deposits 
Failed Crisis R&D PP&E 

No Patent 1                  
No Citation 0.94* 1           
Explore 0.99* 0.92* 1          
Exploit 0.94* 0.93* 0.91* 1         
TARP_Branch -0.07* -0.09* -0.07* -0.06* 1        
TARP_Deposit -0.06* -0.08* -0.06* -0.05* 0.93* 1       
Fail_Dum -0.21* -0.22* -0.20* -0.18* -0.08* -0.07* 1      
Branches_Failed -0.09* -0.11* -0.09* -0.09* -0.11* -0.10* 0.46* 1     
Deposits_Failed -0.07* -0.08* -0.07* -0.06* -0.09* -0.08* 0.34* 0.91* 1    
Crisis -0.22* -0.25* -0.21* -0.20* 0.09* 0.07* 0.52* 0.42* 0.31* 1   
R&D 0.37* 0.37* 0.37* 0.32* -0.07* -0.06* 0.02* -0.01 -0.01 -0.01 1  
PP&E -0.15* -0.13* -0.15* -0.11* -0.01 0.01 -0.07* -0.03* -0.02 -0.02 -0.32* 1 

 

This table presents Pearson correlation coefficients. The numbers of coefficients are bold if the p-value is less than the 1%. Detailed 
definitions of variables are included in Appendix I. 



Table 3 The Impact of County-level Branch Failure on the Innovation 

Panel A. Full Sample 

 

 (1) (2) (3) (4) (5) (6) 
VARIABLES No_Patent No_Patent No_Patent No_Citation No_Citation No_Citation 
       
CRISIS -1.299***  -1.080*** -1.772***  -1.573*** 
 (0.0330)  (0.0378) (0.0407)  (0.0441) 
FAIL_DUM  -0.106** 0.127  -0.199*** 0.293* 
  (0.0495) (0.116)  (0.0606) (0.157) 
CRISIS*FAIL_DUM   -0.590***   -0.703*** 
   (0.123)   (0.164) 
SIZE 0.557*** 0.573*** 0.557*** 0.573*** 0.615*** 0.574*** 
 (0.0147) (0.0143) (0.0146) (0.0178) (0.0171) (0.0177) 
LEVERAGE -0.597*** -0.816*** -0.593*** -0.451*** -0.986*** -0.452*** 
 (0.107) (0.106) (0.106) (0.146) (0.141) (0.145) 
ROA 0.427* 0.476** 0.459** -0.0411 0.141 -0.0139 
 (0.231) (0.230) (0.227) (0.340) (0.324) (0.336) 
RD_CAPX -0.0140* -0.0133** -0.0141* -0.0221** -0.0194** -0.0221** 
 (0.00731) (0.00675) (0.00730) (0.0105) (0.00846) (0.0105) 
R&D 6.978*** 6.807*** 7.056*** 8.601*** 8.005*** 8.662*** 
 (0.722) (0.702) (0.723) (0.977) (0.911) (0.977) 
CAPX 0.160 -0.693** 0.0789 0.809* -0.560 0.735 
 (0.333) (0.336) (0.335) (0.467) (0.450) (0.470) 
MTB 0.115*** 0.111*** 0.111*** 0.178*** 0.157*** 0.174*** 
 (0.0331) (0.0328) (0.0315) (0.0541) (0.0502) (0.0526) 
PP&E -0.0425 -0.0427 -0.0487 0.0815 -0.0780 0.0750 
 (0.140) (0.137) (0.139) (0.183) (0.176) (0.182) 
INCOME_PC -9.61e-06*** -6.29e-06*** -8.59e-06*** -1.79e-05*** -6.07e-06*** -1.69e-05*** 
 (1.39e-06) (1.40e-06) (1.40e-06) (1.75e-06) (1.70e-06) (1.76e-06) 
POP -2.14e-08** -1.14e-08 -1.57e-08 -2.52e-08* -1.55e-09 -2.28e-08* 
 (1.02e-08) (1.01e-08) (1.03e-08) (1.32e-08) (1.27e-08) (1.33e-08) 
Constant -3.640*** -3.619*** -3.649*** -3.462*** -3.244*** -3.474*** 
 (0.227) (0.235) (0.227) (0.291) (0.295) (0.291) 
       
Observations 8,651 8,651 8,651 8,651 8,651 8,651 
R-squared 0.517 0.545 0.521 0.483 0.533 0.485 
County FE YES YES YES YES YES YES 
Industry FE YES YES YES YES YES YES 
Year FE NO YES NO NO YES NO 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 



Panel B. Firms with Patent 

 (1) (2) (3) (4) (5) (6) 
VARIABLES No_Patent No_Patent No_Patent No_Citation No_Citation No_Citation 
       
CRISIS -2.152***  -1.748*** -2.934***  -2.570*** 
 (0.0480)  (0.0579) (0.0575)  (0.0649) 
FAIL_DUM  -0.137** 0.206  -0.269*** 0.474** 
  (0.0698) (0.154)  (0.0838) (0.208) 
CRISIS*FAIL_DUM   -1.087***   -1.251*** 
   (0.168)   (0.219) 
SIZE 0.664*** 0.695*** 0.669*** 0.648*** 0.713*** 0.654*** 
 (0.0183) (0.0167) (0.0179) (0.0224) (0.0197) (0.0221) 
LEVERAGE -0.684*** -1.038*** -0.678*** -0.376* -1.166*** -0.381* 
 (0.153) (0.144) (0.151) (0.205) (0.183) (0.204) 
ROA 1.213*** 1.249*** 1.292*** 0.886** 1.082*** 0.948** 
 (0.301) (0.291) (0.295) (0.427) (0.387) (0.420) 
RD_CAPX -0.00981 -0.00674 -0.00961 -0.0245*** -0.0172** -0.0243*** 
 (0.00690) (0.00643) (0.00680) (0.00931) (0.00769) (0.00915) 
R&D 7.160*** 7.031*** 7.383*** 8.717*** 7.922*** 8.889*** 
 (0.662) (0.622) (0.665) (0.895) (0.778) (0.896) 
CAPX 0.286 -1.316* 0.0951 2.185** -1.198 2.035** 
 (0.694) (0.682) (0.699) (1.012) (0.910) (1.014) 
MTB 0.0887*** 0.0785*** 0.0801*** 0.145*** 0.102*** 0.137*** 
 (0.0289) (0.0261) (0.0253) (0.0517) (0.0395) (0.0483) 
PP&E -0.158 -0.156 -0.138 -0.0940 -0.388 -0.0797 
 (0.236) (0.227) (0.235) (0.305) (0.281) (0.304) 
INCOME_PC -1.08e-05*** -6.12e-06*** -8.97e-06*** -2.53e-05*** -7.02e-06*** -2.36e-05*** 
 (1.98e-06) (1.88e-06) (1.97e-06) (2.52e-06) (2.25e-06) (2.54e-06) 
POP -1.61e-08 -6.03e-09 -7.14e-09 -2.31e-08 -1.47e-09 -2.16e-08 
 (1.70e-08) (1.63e-08) (1.72e-08) (2.19e-08) (1.99e-08) (2.22e-08) 
Constant -3.312*** -3.109*** -3.264*** -1.902*** -0.968** -1.853*** 
 (0.443) (0.362) (0.439) (0.543) (0.381) (0.533) 
       
Observations 5,084 5,084 5,084 5,084 5,084 5,084 
R-squared 0.544 0.608 0.557 0.524 0.625 0.531 
County FE YES YES YES YES YES YES 
Industry FE YES YES YES YES YES YES 
Year FE YES YES YES YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 



Table 4 Impact of Bank Failure on Explorative and Exploitive Innovation during Financial 
Crisis 

 (1) (2) (3) (4) (5) (6) 
VARIABLES Explore Explore Explore Exploit Exploit Exploit 
       
CRISIS -1.154***  -0.951*** -0.915***  -0.796*** 
 (0.0305)  (0.0352) (0.0270)  (0.0294) 
FAIL_DUM  -0.0915** 0.104  -0.0976** 0.142 
  (0.0461) (0.109)  (0.0395) (0.0995) 
CRISIS*FAIL_DUM   -0.535***   -0.390*** 
   (0.116)   (0.104) 
SIZE 0.533*** 0.545*** 0.533*** 0.436*** 0.451*** 0.436*** 
 (0.0139) (0.0135) (0.0138) (0.0132) (0.0131) (0.0132) 
LEVERAGE -0.629*** -0.797*** -0.624*** -0.494*** -0.685*** -0.494*** 
 (0.0977) (0.0969) (0.0970) (0.0921) (0.0920) (0.0916) 
ROA 0.396* 0.433** 0.425** 0.479** 0.565*** 0.495** 
 (0.207) (0.207) (0.204) (0.215) (0.213) (0.213) 
RD_CAPX -0.0125* -0.0120* -0.0125* -0.0118* -0.0110* -0.0118* 
 (0.00678) (0.00642) (0.00677) (0.00671) (0.00610) (0.00670) 
R&D 6.429*** 6.317*** 6.502*** 5.109*** 4.924*** 5.148*** 
 (0.671) (0.656) (0.672) (0.592) (0.571) (0.591) 
CAPX 0.161 -0.555* 0.0856 0.125 -0.330 0.0805 
 (0.306) (0.310) (0.308) (0.287) (0.286) (0.287) 
MTB 0.103*** 0.100*** 0.0987*** 0.0982*** 0.0919** 0.0958*** 
 (0.0271) (0.0271) (0.0257) (0.0373) (0.0365) (0.0365) 
PP&E -0.0930 -0.0792 -0.0987 0.0797 0.0121 0.0759 
 (0.126) (0.124) (0.125) (0.122) (0.120) (0.121) 
INCOME_PC -8.45e-06*** -6.22e-06*** -7.50e-06*** -1.03e-05*** -5.98e-06*** -9.73e-06*** 
 (1.29e-06) (1.31e-06) (1.29e-06) (1.16e-06) (1.16e-06) (1.16e-06) 
POP -2.18e-08** -1.39e-08 -1.63e-08* -1.06e-08 -4.24e-10 -8.58e-09 
 (9.37e-09) (9.36e-09) (9.52e-09) (8.34e-09) (8.26e-09) (8.41e-09) 
Constant -3.487*** -3.490*** -3.495*** -2.923*** -2.918*** -2.930*** 
 (0.214) (0.223) (0.214) (0.182) (0.188) (0.181) 
       
Observations 8,651 8,651 8,651 8,651 8,651 8,651 
R-squared 0.513 0.539 0.517 0.445 0.469 0.448 
County FE YES YES YES YES YES YES 
Industry FE YES YES YES YES YES YES 
Year FE YES YES YES YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 



Table 5 The Impact of TARP on Innovation during Financial Crisis 

Panel A. Branch Adjusted Measure 

 (1) (2) (3) (4) 
VARIABLES No. Patent No. Citation Explore Exploit 
     
FAIL_DUM -0.00242*** -0.00217*** -0.00234*** -0.00172*** 
 (0.000931) (0.000698) (0.000908) (0.000501) 
TARP -15.51* -10.61 -13.86* -7.142 
 (8.161) (6.590) (7.521) (4.963) 
FAIL_DUM *TARP 0.530* 0.497** 0.518* 0.417*** 
 (0.282) (0.212) (0.270) (0.155) 
SIZE 0.160*** 0.0990*** 0.156*** 0.0679*** 
 (0.0208) (0.0167) (0.0202) (0.0125) 
LEVERAGE -0.403*** -0.349*** -0.398*** -0.206*** 
 (0.138) (0.107) (0.133) (0.0753) 
ROA 0.472** 0.270 0.472** 0.267* 
 (0.238) (0.189) (0.228) (0.143) 
RD_CAPX -0.0133** -0.00792** -0.0125** -0.00453** 
 (0.00586) (0.00333) (0.00567) (0.00227) 
R&D 2.271*** 1.320** 2.178*** 0.877** 
 (0.726) (0.522) (0.706) (0.396) 
CAPX -1.397*** -0.723* -1.233*** -0.560* 
 (0.477) (0.393) (0.454) (0.309) 
MTB 0.0103 0.0103 0.00843 0.00768 
 (0.0257) (0.0211) (0.0246) (0.0141) 
PP&E -0.0268 -0.104 -0.0403 -0.0806 
 (0.149) (0.117) (0.141) (0.0887) 
INNO_ANY 0.131*** 0.0602** 0.117*** 0.0311* 
 (0.0368) (0.0268) (0.0354) (0.0184) 
INCOME_PC -1.67e-05* -1.41e-05** -1.55e-05* -9.05e-06* 
 (8.68e-06) (6.33e-06) (8.32e-06) (4.70e-06) 
POP -2.48e-06 -1.85e-06 -2.45e-06* -1.30e-06 
 (1.54e-06) (1.19e-06) (1.47e-06) (8.96e-07) 
Constant 4.181 3.349 4.069 2.296 
 (2.788) (2.142) (2.666) (1.628) 
     
Observations 2,355 2,355 2,355 2,355 
R-squared 0.367 0.279 0.362 0.247 
County FE YES YES YES YES 
Industry FE YES YES YES YES 
Year FE YES YES YES YES 

Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 



Panel B. Deposit Adjusted Measure 

 (1) (2) (3) (4) 
VARIABLES No. Patent No. Citation Explore Exploit 
     
FAIL_DUM -0.0187*** -0.0168*** -0.0181*** -0.0119*** 
 (0.00535) (0.00404) (0.00524) (0.00296) 
TARP -5.740 -3.556 -4.484 -1.488 
 (5.236) (3.922) (4.898) (2.848) 
FAIL_DUM *TARP 3.951** 3.555*** 3.833** 2.666*** 
 (1.672) (1.336) (1.608) (0.972) 
SIZE 0.160*** 0.0989*** 0.156*** 0.0679*** 
 (0.0208) (0.0167) (0.0202) (0.0125) 
LEVERAGE -0.407*** -0.352*** -0.402*** -0.208*** 
 (0.138) (0.107) (0.132) (0.0751) 
ROA 0.481** 0.280 0.479** 0.274* 
 (0.239) (0.189) (0.228) (0.143) 
RD_CAPX -0.0135** -0.00811** -0.0128** -0.00469** 
 (0.00588) (0.00333) (0.00570) (0.00226) 
R&D 2.288*** 1.334** 2.198*** 0.889** 
 (0.727) (0.522) (0.707) (0.395) 
CAPX -1.479*** -0.798** -1.315*** -0.619** 
 (0.487) (0.401) (0.464) (0.315) 
MTB 0.0108 0.0109 0.00881 0.00821 
 (0.0258) (0.0211) (0.0247) (0.0141) 
PP&E -0.0175 -0.0956 -0.0301 -0.0748 
 (0.149) (0.118) (0.142) (0.0890) 
INNO_ANY 0.131*** 0.0596** 0.117*** 0.0307* 
 (0.0368) (0.0268) (0.0354) (0.0183) 
INCOME_PC -1.98e-05** -1.67e-05** -1.86e-05** -1.02e-05** 
 (9.08e-06) (6.63e-06) (8.69e-06) (4.95e-06) 
POP -2.40e-06* -1.84e-06* -2.37e-06* -1.27e-06 
 (1.41e-06) (1.11e-06) (1.34e-06) (8.31e-07) 
Constant 4.111 3.406* 3.992 2.259 
 (2.564) (2.008) (2.450) (1.517) 
     
Observations 2,345 2,345 2,345 2,345 
R-squared 0.368 0.280 0.362 0.247 
County FE YES YES YES YES 
Industry FE YES YES YES YES 
Year FE YES YES YES YES 

Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 



Table 6 Financially Constrained Firms prior to the Financial Crisis 

 (1) (2) (3) (4) (5) (6) (7) (8) 
  Low KZ Index Group High KZ Index Group 

VARIABLES No_Patent No_Citation Explore Exploit No_Patent No_Citation Explore Exploit 
         
CRISIS -0.888*** -0.932*** -0.831*** -0.537*** -0.746*** -0.809*** -0.665*** -0.525*** 
 (0.0789) (0.0971) (0.0733) (0.0639) (0.0784) (0.0956) (0.0730) (0.0612) 
FAIL_DUM -0.265 -0.421* -0.232 -0.251** 0.238 0.340 0.195 0.288* 
 (0.167) (0.230) (0.153) (0.128) (0.190) (0.256) (0.175) (0.169) 
CRISIS*FAIL_DUM -0.281 -0.0999 -0.260 -0.0790 -0.763*** -0.828*** -0.695*** -0.573*** 
 (0.178) (0.240) (0.164) (0.137) (0.211) (0.277) (0.195) (0.183) 
SIZE 0.582*** 0.585*** 0.558*** 0.445*** 0.466*** 0.481*** 0.456*** 0.368*** 
 (0.0296) (0.0346) (0.0285) (0.0251) (0.0320) (0.0401) (0.0300) (0.0284) 
LEVERAGE -0.989*** -0.722** -0.987*** -0.693*** -0.360* -0.406 -0.397** -0.376** 
 (0.230) (0.290) (0.211) (0.187) (0.212) (0.280) (0.198) (0.174) 
ROA 0.0147 -0.544 0.113 -0.0642 0.630* 0.132 0.545* 0.813*** 
 (0.377) (0.451) (0.361) (0.280) (0.351) (0.488) (0.328) (0.293) 
RD_CAPX -0.0229** -0.0350*** -0.0257*** -0.0195*** -0.00984* -0.0121* -0.00839 -0.00680 
 (0.0100) (0.0135) (0.00929) (0.00735) (0.00594) (0.00645) (0.00565) (0.00467) 
R&D 0.0673*** 0.0800*** 0.0649*** 0.0442*** 0.0462*** 0.0475*** 0.0428*** 0.0349*** 
 (0.00972) (0.0117) (0.00936) (0.00751) (0.0120) (0.0155) (0.0112) (0.00925) 
CAPX -0.548 -0.759 -0.402 -0.360 0.137 0.421 0.291 -0.374 
 (0.605) (0.802) (0.565) (0.494) (0.505) (0.763) (0.461) (0.410) 
MTB 0.169*** 0.251*** 0.135*** 0.189*** 0.0733** 0.115** 0.0702*** 0.0468 
 (0.0360) (0.0470) (0.0331) (0.0325) (0.0292) (0.0519) (0.0254) (0.0296) 
PP&E 0.706** 1.199*** 0.465 0.763*** -0.530** -0.472 -0.512** -0.263 
 (0.320) (0.373) (0.295) (0.263) (0.268) (0.361) (0.239) (0.233) 
INCOME_PC -2.76e-

05*** 
-8.31e-
05*** 

-2.07e-
05*** 

-3.43e-
05*** 

-3.47e-
05*** 

-9.06e-
05*** 

-2.83e-
05*** 

-3.93e-
05*** 

 (5.98e-06) (8.51e-06) (5.53e-06) (5.16e-06) (6.05e-06) (8.03e-06) (5.64e-06) (4.98e-06) 
POP -2.90e-07 -4.30e-07 -3.20e-07 1.44e-07 2.56e-07 1.44e-07 2.07e-07 3.79e-07* 
 (3.62e-07) (4.95e-07) (3.26e-07) (2.98e-07) (2.75e-07) (3.78e-07) (2.51e-07) (2.22e-07) 
Constant -2.814*** -0.437 -2.812*** -2.606*** -2.248*** -0.415 -2.347*** -1.476*** 
 (0.798) (1.040) (0.725) (0.668) (0.602) (0.806) (0.547) (0.479) 
         
Observations 2,807 2,807 2,807 2,807 3,055 3,055 3,055 3,055 
R-squared 0.651 0.630 0.646 0.609 0.605 0.577 0.599 0.539 
County FE YES YES YES YES YES YES YES YES 
Industry FE YES YES YES YES YES YES YES YES 
Year FE NO NO NO NO NO NO NO NO 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 



Table 7 The Impact of Branch Failure on R&D, Capital Expenditure, and Ratio 

 (1) (2) (3) 
VARIABLES R&D CAPX RD/CAPX 
    
CRISIS -0.00262 -0.00273*** 0.0358** 
 (0.00191) (0.000806) (0.0180) 
FAIL_DUM 0.00333* -0.000107 0.0174* 
 (0.00198) (0.000497) (0.0100) 
CRISIS*FAIL_DUM -0.00328* 0.000125 -0.0175* 
 (0.00198) (0.000496) (0.0100) 
SIZE -0.00496*** -0.00187*** -0.0412*** 
 (0.000517) (0.000268) (0.00605) 
LEVERAGE -0.0326*** -0.00646** -0.333*** 
 (0.00673) (0.00269) (0.0641) 
ROA -0.132*** 0.0234*** -1.102*** 
 (0.0194) (0.00754) (0.126) 
MTB 0.00497* 0.00170** 0.00759 
 (0.00271) (0.000799) (0.00961) 
PP&E -0.00332 0.161*** -2.216*** 
 (0.00728) (0.00548) (0.0740) 
INCOME_PC 2.54e-07*** 3.72e-09 3.29e-06*** 
 (6.48e-08) (2.95e-08) (8.08e-07) 
POP -3.80e-09*** -1.16e-09*** -2.72e-08*** 
 (4.50e-10) (2.85e-10) (5.10e-09) 
Constant 0.154*** 0.0121 2.388*** 
 (0.0148) (0.0104) (0.144) 
    
Observations 4,593 4,593 4,593 
R-squared 0.435 0.487 0.562 
County FE YES YES YES 
Industry FE YES YES YES 
Year FE YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 



Table 8 Propensity Score Matched County 

 (1) (2) (3) (4) (5) (6) (7) (8) 
VARIABLES No. Patent No. Citation Explore Exploit No. Patent No. Citation Explore Exploit 
         
CRISIS -1.155*** -1.646*** -0.994*** -0.972***     
 (0.167) (0.168) (0.158) (0.119)     
FAIL_DUM -0.577*** -0.213 -0.624*** -0.323*     
 (0.201) (0.245) (0.188) (0.165)     
CRISIS*FAIL_DUM -0.424* -0.593** -0.382* -0.178     
 (0.229) (0.259) (0.216) (0.175)     
FAIL_BRANCH     -0.00156 -0.00160** -0.00160 -0.00123** 
     (0.00115) (0.000803) (0.00111) (0.000580) 
TARP     -81.88*** -59.07*** -74.22*** -40.93*** 
     (9.064) (7.078) (8.276) (5.268) 
FAIL_BRANCH*TARP     1.685*** 1.215*** 1.636*** 0.821*** 
     (0.410) (0.294) (0.392) (0.219) 
Constant 2.089*** 2.275*** 1.910*** 1.417*** 1.667*** 1.129*** 1.516*** 0.785*** 
 (0.191) (0.185) (0.182) (0.131) (0.198) (0.158) (0.184) (0.115) 
         
Observations 3,264 3,264 3,264 3,264 2,612 2,612 2,612 2,612 
R-squared 0.549 0.590 0.540 0.544 0.306 0.260 0.297 0.239 
County FE YES YES YES YES YES YES YES YES 
Industry FE YES YES YES YES YES YES YES YES 
Year FE NO NO NO NO NO NO NO NO 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 

 



Table 9. Controlling for Local Economic Crisis 
 (1) (2) (3) (4) (5) (6) (7) (8) 
VARIABLES No. Patent No. Citation Explore Exploit No. Patent No. Citation Explore Exploit 
         
UR_GAP 0.0264 -0.00866 0.0340 0.0431 -0.134* -0.0450 -0.127* -0.0457 
 (0.0426) (0.0592) (0.0394) (0.0396) (0.0694) (0.0498) (0.0657) (0.0357) 
CRISIS -0.830*** -0.874*** -0.763*** -0.551***     
 (0.0444) (0.0543) (0.0416) (0.0365)     
FAIL_DUM -0.0141 -0.0155 -0.0156 0.0130     
 (0.110) (0.144) (0.104) (0.100)     
CRISIS*FAIL_DUM -0.495*** -0.464*** -0.450*** -0.322***     
 (0.118) (0.152) (0.111) (0.105)     
CRISIS*UR_GAP 0.150*** 0.236*** 0.127*** 0.0961***     
 (0.0420) (0.0527) (0.0388) (0.0349)     
FAIL_DUM*UR_GAP -0.0274 -0.0627 -0.0229 -0.0207     
 (0.121) (0.162) (0.118) (0.111)     
CRISIS*FAIL_DUM*UR_GAP -0.203 -0.218 -0.179 -0.120     
 (0.138) (0.181) (0.133) (0.121)     
FAIL_BRANCHES     -0.00126 -0.00121 -0.00131 -0.00113* 
     (0.00111) (0.000901) (0.00108) (0.000649) 
TARP_BRANCHES     -44.14*** -29.29*** -40.15*** -18.15*** 
     (8.912) (6.651) (8.282) (4.803) 
FAIL_BRANCHES * TARP_BRANCHES     0.622** 0.519** 0.605** 0.419*** 
     (0.288) (0.218) (0.276) (0.155) 
FAIL_BRANCHES *UR_GAP     0.00115 0.00103 0.000826 0.000212 
     (0.00226) (0.00206) (0.00217) (0.00157) 
TARP_BRANCHES *UR_GAP     11.17** 2.954 10.84** 2.867 
     (5.140) (3.705) (4.821) (2.889) 
FAIL_BRANCHES * TARP_BRANCHES*UR_GAP     0.359 0.256 0.381 0.321 
     (0.474) (0.432) (0.451) (0.347) 
SIZE 0.458*** 0.456*** 0.446*** 0.390*** 0.156*** 0.0962*** 0.152*** 0.0663*** 
 (0.0159) (0.0193) (0.0151) (0.0144) (0.0211) (0.0168) (0.0205) (0.0125) 
LEVERAGE -0.538*** -0.472*** -0.572*** -0.478*** -0.315** -0.293*** -0.317** -0.172** 
 (0.111) (0.151) (0.103) (0.0994) (0.142) (0.109) (0.136) (0.0769) 
ROA 0.641*** 0.210 0.588*** 0.637*** 0.750*** 0.456** 0.730*** 0.384*** 
 (0.217) (0.316) (0.198) (0.208) (0.239) (0.187) (0.229) (0.141) 
RD_CAPX -0.0114* -0.0175** -0.0102* -0.0103* -0.0132** -0.00778** -0.0125** -0.00448* 
 (0.00651) (0.00882) (0.00622) (0.00592) (0.00645) (0.00357) (0.00622) (0.00240) 
R&D 4.455*** 5.134*** 4.180*** 3.675*** 2.513*** 1.464*** 2.402*** 0.966** 
 (0.617) (0.828) (0.587) (0.539) (0.757) (0.528) (0.735) (0.395) 
CAPX 0.00867 0.482 0.0866 -0.176 -0.600 -0.212 -0.492 -0.243 
 (0.330) (0.469) (0.304) (0.290) (0.496) (0.417) (0.472) (0.326) 
MTB 0.0961*** 0.147*** 0.0873*** 0.0802** -0.0314 -0.0166 -0.0301 -0.00895 
 (0.0315) (0.0513) (0.0263) (0.0357) (0.0254) (0.0208) (0.0244) (0.0138) 
PP&E -0.0907 0.0384 -0.143 0.0554 -0.146 -0.179 -0.153 -0.131 
 (0.141) (0.182) (0.128) (0.127) (0.149) (0.118) (0.141) (0.0884) 
INNO_ANY 0.983*** 1.268*** 0.839*** 0.396*** 0.139*** 0.0630** 0.125*** 0.0325* 
 (0.0376) (0.0494) (0.0347) (0.0304) (0.0375) (0.0269) (0.0361) (0.0184) 
INCOME_PC -2.58e-05*** -8.12e-05*** -1.93e-05*** -3.36e-05*** 4.70e-05*** 2.89e-05*** 4.32e-05*** 1.75e-05*** 
 (3.31e-06) (4.64e-06) (3.07e-06) (2.96e-06) (8.20e-06) (5.75e-06) (7.84e-06) (4.02e-06) 
POP -4.69e-08 -3.28e-07 -8.89e-08 1.43e-07 -5.40e-06*** -3.44e-06*** -5.17e-06*** -2.35e-06*** 
 (1.68e-07) (2.30e-07) (1.52e-07) (1.48e-07) (1.33e-06) (1.02e-06) (1.27e-06) (7.55e-07) 
Constant -2.528*** 0.166 -2.595*** -2.084*** 6.009** 3.929** 5.802*** 2.765** 
 (0.369) (0.494) (0.341) (0.321) (2.352) (1.776) (2.248) (1.329) 
         
Observations 8,651 8,651 8,651 8,651 2,355 2,355 2,355 2,355 
R-squared 0.609 0.585 0.601 0.519 0.325 0.246 0.322 0.222 
County FE YES YES YES YES YES YES YES YES 
Industry FE YES YES YES YES YES YES YES YES 
Year FE NO NO NO NO NO NO NO NO 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 



Table X. Robustness Check 

Panel A. Deposit Failure 

 (1) (2) (3) (4) (5) (6) 
VARIABLES No_Patent No_Patent No_Patent No_Citation No_Citation No_Citation 
       
CRISIS -1.299***  -1.081*** -1.772***  -1.574*** 
 (0.0330)  (0.0378) (0.0407)  (0.0441) 
FAIL_DEPOSIT  -0.108** 0.112  -0.205*** 0.260 
  (0.0498) (0.121)  (0.0608) (0.162) 
CRISIS*FAIL_DEPOSIT   -0.576***   -0.671*** 
   (0.128)   (0.169) 
SIZE 0.557*** 0.573*** 0.557*** 0.573*** 0.615*** 0.574*** 
 (0.0147) (0.0143) (0.0146) (0.0178) (0.0171) (0.0177) 
LEVERAGE -0.597*** -0.816*** -0.592*** -0.451*** -0.986*** -0.450*** 
 (0.107) (0.106) (0.106) (0.146) (0.140) (0.145) 
ROA 0.427* 0.476** 0.459** -0.0411 0.141 -0.0132 
 (0.231) (0.230) (0.227) (0.340) (0.324) (0.336) 
RD_CAPX -0.0140* -0.0133** -0.0141* -0.0221** -0.0194** -0.0221** 
 (0.00731) (0.00676) (0.00730) (0.0105) (0.00847) (0.0105) 
R&D 6.978*** 6.808*** 7.055*** 8.601*** 8.008*** 8.661*** 
 (0.722) (0.702) (0.723) (0.977) (0.911) (0.976) 
CAPX 0.160 -0.699** 0.0854 0.809* -0.572 0.750 
 (0.333) (0.336) (0.334) (0.467) (0.452) (0.467) 
MTB 0.115*** 0.111*** 0.111*** 0.178*** 0.157*** 0.174*** 
 (0.0331) (0.0328) (0.0315) (0.0541) (0.0502) (0.0526) 
PP&E -0.0425 -0.0419 -0.0495 0.0815 -0.0765 0.0732 
 (0.140) (0.137) (0.139) (0.183) (0.176) (0.182) 
INCOME -9.61e-

06*** 
-6.29e-
06*** 

-8.58e-
06*** 

-1.79e-
05*** 

-6.06e-
06*** 

-1.69e-
05*** 

 (1.39e-06) (1.40e-06) (1.40e-06) (1.75e-06) (1.70e-06) (1.76e-06) 
POP -2.14e-08** -1.14e-08 -1.54e-08 -2.52e-08* -1.40e-09 -2.22e-08* 
 (1.02e-08) (1.01e-08) (1.04e-08) (1.32e-08) (1.27e-08) (1.33e-08) 
Constant -3.640*** -3.619*** -3.649*** -3.462*** -3.243*** -3.474*** 
 (0.227) (0.235) (0.227) (0.291) (0.295) (0.291) 
       
Observations 8,651 8,651 8,651 8,651 8,651 8,651 
R-squared 0.517 0.545 0.521 0.483 0.533 0.485 
County FE YES YES YES YES YES YES 
Industry FE YES YES YES YES YES YES 
Year FE YES YES YES YES YES YES 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 



Panel B. Placebo Test 

 (1) (2) (3) (4) (5) (6) (7) (8) 
VARIABLES 2003_2004 

No. Patent 
2003_2004 
No. Citation 

2003_2004 
Explore 

2003_2004 
Exploit 

2001_2002 
No. Patent 

2001_2002 
No. Citation 

2001_2002 
Explore 

2001_2002 
Exploit 

         
CRISIS -0.123** -0.583*** -0.0661 -0.185*** 0.156** -0.0963 0.168*** 0.0952 
 (0.0514) (0.0669) (0.0482) (0.0485) (0.0671) (0.0908) (0.0626) (0.0644) 
FAIL_DUM 0.0599 -0.00176 0.0560 0.0656 0.134 0.236 0.119 0.165 
 (0.125) (0.163) (0.119) (0.116) (0.236) (0.322) (0.228) (0.216) 
CRISIS*FAIL_DUM 0.0110 0.0919 0.0315 -0.0312 -0.181 -0.257 -0.162 -0.187 
 (0.253) (0.311) (0.241) (0.235) (0.277) (0.375) (0.268) (0.255) 
SIZE 0.640*** 0.708*** 0.617*** 0.606*** 0.673*** 0.755*** 0.645*** 0.651*** 
 (0.0215) (0.0262) (0.0205) (0.0212) (0.0274) (0.0343) (0.0259) (0.0283) 
LEVERAGE -0.751*** -0.981*** -0.778*** -0.749*** -0.757*** -0.969*** -0.789*** -0.777*** 
 (0.154) (0.210) (0.144) (0.150) (0.192) (0.264) (0.179) (0.189) 
ROA 1.465*** 1.594*** 1.292*** 1.438*** 1.726*** 1.917*** 1.553*** 1.667*** 
 (0.284) (0.409) (0.266) (0.269) (0.338) (0.493) (0.313) (0.330) 
RD_CAPX -0.00338 -0.00701 -0.00264 -0.00491 -0.000223 -0.00266 0.000181 -0.00196 
 (0.00428) (0.00603) (0.00435) (0.00485) (0.00296) (0.00475) (0.00336) (0.00387) 
R&D 5.511*** 6.867*** 5.142*** 5.029*** 5.048*** 6.326*** 4.650*** 4.700*** 
 (0.780) (1.068) (0.761) (0.709) (0.827) (1.136) (0.806) (0.743) 
CAPX -0.0985 0.0221 0.0860 -0.0847 0.110 0.0389 0.268 0.138 
 (0.449) (0.616) (0.418) (0.426) (0.502) (0.709) (0.467) (0.499) 
MTB 0.0567*** 0.0846** 0.0517*** 0.0438* 0.0465*** 0.0617** 0.0440*** 0.0322 
 (0.0194) (0.0350) (0.0152) (0.0257) (0.0159) (0.0278) (0.0127) (0.0218) 
PP&E -0.462** -0.553** -0.480** -0.263 -0.501* -0.597* -0.504** -0.313 
 (0.212) (0.278) (0.190) (0.212) (0.258) (0.351) (0.230) (0.266) 
INNO_ANY 1.412*** 2.140*** 1.190*** 0.616*** 1.437*** 2.526*** 1.178*** 0.668*** 
 (0.0598) (0.0814) (0.0550) (0.0536) (0.0755) (0.107) (0.0685) (0.0707) 
INCOME -3.22e-

05*** 
-8.59e-
05*** 

-2.41e-
05*** 

-3.64e-
05*** 

-4.04e-
05*** 

-7.29e-
05*** 

-3.35e-
05*** 

-3.72e-
05*** 

 (8.73e-06) (1.16e-05) (8.30e-06) (8.29e-06) (1.22e-05) (1.65e-05) (1.17e-05) (1.15e-05) 
POP -3.68e-07 -6.31e-07 -4.32e-07 -1.10e-07 -1.43e-06* -2.18e-06** -1.44e-06** -1.08e-06 
 (4.15e-07) (5.44e-07) (3.77e-07) (4.07e-07) (7.37e-07) (9.87e-07) (6.64e-07) (7.54e-07) 
Constant -2.833*** -0.835 -2.808*** -2.947*** -0.914 0.922 -0.892 -1.545 
 (0.735) (0.939) (0.683) (0.700) (1.202) (1.592) (1.096) (1.210) 
         
Observations 4,149 4,149 4,149 4,149 2,625 2,625 2,625 2,625 
R-squared 0.738 0.736 0.727 0.659 0.753 0.764 0.740 0.678 
County FE YES YES YES YES YES YES YES YES 
Industry FE YES YES YES YES YES YES YES YES 
Year FE NO NO NO NO NO NO NO NO 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 



Panel C. Subsample (Without California) 

 (1) (2) (3) (4) 
VARIABLES No. Patent No. Citation Explore Exploit 
     
CRISIS -0.901*** -0.997*** -0.817*** -0.607*** 
 (0.0468) (0.0571) (0.0436) (0.0379) 
FAIL_DUM 0.0315 0.0904 0.0280 0.0296 
 (0.132) (0.170) (0.126) (0.121) 
CRISIS*FAIL_DUM -0.302** -0.257 -0.271** -0.174 
 (0.139) (0.178) (0.132) (0.125) 
SIZE 0.419*** 0.429*** 0.404*** 0.358*** 
 (0.0181) (0.0219) (0.0170) (0.0162) 
LEVERAGE -0.342*** -0.162 -0.401*** -0.310*** 
 (0.113) (0.150) (0.104) (0.0979) 
ROA 0.0598 -0.440 0.0625 0.105 
 (0.209) (0.288) (0.188) (0.196) 
RD_CAPX -0.0242*** -0.0341*** -0.0211*** -0.0234*** 
 (0.00674) (0.00886) (0.00627) (0.00562) 
R&D 5.191*** 6.035*** 4.873*** 4.072*** 
 (1.135) (1.461) (1.061) (0.877) 
CAPX -0.517 -0.468 -0.365 -0.688** 
 (0.317) (0.434) (0.288) (0.281) 
MTB 0.181*** 0.276*** 0.157*** 0.169*** 
 (0.0263) (0.0358) (0.0231) (0.0244) 
PP&E -0.136 0.0158 -0.180 -0.0532 
 (0.146) (0.187) (0.131) (0.131) 
INNO_ANY 1.021*** 1.285*** 0.880*** 0.436*** 
 (0.0424) (0.0555) (0.0389) (0.0339) 
INCOME -1.84e-05*** -6.40e-05*** -1.33e-05*** -2.66e-05*** 
 (3.50e-06) (4.86e-06) (3.23e-06) (3.08e-06) 
POP 1.23e-07 -1.20e-07 9.08e-09 3.64e-07** 
 (1.71e-07) (2.36e-07) (1.55e-07) (1.48e-07) 
Constant -2.901*** -0.935** -2.790*** -2.444*** 
 (0.342) (0.456) (0.318) (0.289) 
     
Observations 6,885 6,885 6,885 6,885 
R-squared 0.603 0.572 0.595 0.516 
County FE YES YES YES YES 
Industry FE YES YES YES YES 
Year FE NO NO NO NO 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 



Appendix I. Variable Definitions 

Variables Definition Source 
CRISIS An indicator variable that equals to 1 if a 

firm-year observation is after 2007 
 

No. Patent Log transformed aggregate number of patents 
for time t, t+1, and t+2 

 

No. Citation Log transformed aggregate number of 
citations for time t, t+1, and t+2 

 

Explore Log transformed aggregate number of 
explorative patents for time t, t+1, and t+2 

 

Exploit Log transformed aggregate number of 
exploitive patents for time t, t+1, and t+2 

 

FAIL_BRANCH Number of branches failed scaled by total 
number of branches for each county 

FDIC 

FAIL_DEPOSIT Dollar amount of deposits failed scaled by 
total dollar amount of deposits for each 
county 

FDIC 

FAIL_DUM An indicator variable that equals to 1 if a 
county has at least one failed branch  

 

TARP_Deposit Deposit weighted proportion of banks 
receiving TARP capital in each county 

Berger and 
Roman (2017) 

TARP_Branch Branch weighted proportion of banks 
receiving TARP capital in each county 

Berger and 
Roman (2017) 

SIZE Log transformed market value of equity Compustat 
MTB Market value of equity to book value of 

equity 
Compustat 

ROA Net income scaled by total asset Compustat 
LEVERAGE Total debt scaled by total asset Compustat 

PP&E Property, plant, and equipment scaled by 
total asset 

Compustat 

CAPX Capital expenditure scaled by total asset Compustat 
R&D Research and development expenditure 

scaled by total asset 
Compustat 

RD_CAPX R&D expenditure scaled by capital 
expenditure 

Compustat 

KZ Kaplan and Zingales (1997) index Lamont, Polk, and 
Saa-Requejo (2001) 

POP County-level population Census 
INCOME County-level Income per capita Census 

 


