
 

 

 

 
The Quality of Banks Matters during an Economic Crisis: International 

Evidence from the Covid-19 Crisis* 

 

Ruchith Dissanayakea and Yanhui Wub 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Preliminary and comments welcome. 
 
a QUT Business School - Economics and Finance. Email: r.dissanayake@qut.edu.au.  
b QUT Business School - Economics and Finance. Email: sean.wu@qut.edu.au.

mailto:r.dissanayake@qut.edu.au
mailto:sean.wu@qut.edu.au


   1 

 

 

 

 

 

The Quality of Banks Matters during an Economic Crisis: International 

Evidence from the Covid-19 Crisis* 

 

 

Abstract 

Using a Bayesian principal component analysis, we construct country-level time-varying 

indexes that capture the efficiency in financial institutions (EFI). During economic crises, 

efficient banks supply more credit to non-financial firms. Capital and R&D investment fell 

considerably less during Covid-19 crisis in countries with a high EFI index. Investment effect 

is more pronounced in firms that are more external financing dependent and hold assets that 

can be pledged as collateral. Also, firms retained more employees in economies with a high 

EFI index during the crisis. Employment effect is stronger for countries with high cost of 

alternative employment contracts and firing workers. 
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1. Introduction  

As early as Bagehot (1873), economists have debated the importance of the 

development of banking institutions for economic growth. Literature using cross-country data 

find a robust correlation between external financing and economic growth (King & Levine 

1993; Levine & Zervos 1993; Rajan & Zingales 1998) and productivity (Krishnan et al. 2014). 

Some notable studies have also examined the association between the quality of finance, as 

opposed to the quantity, and economic growth (Jayaratne & Strahan 1996; Levine 1998, 1999). 

However, researchers have not assessed whether banking efficiency, the ability for banks to 

provide credit at a lower cost, influences how firms respond to non-financial economic crises. 

This article is an attempt to fill this gap in the literature.  

Most extant studies focus on supply constraints for bank loans during financial crises.  

For example, Bernanke (1983) and Chodorow-Reich (2013) focus on the supply constraints for 

bank loans during the great depression of the 1930s and the global financial crisis (GFC) in 

2008, respectively. Instead, this paper focuses on non-financial economic crises.1 The Covid-

19 crisis is perhaps the most notable economic crisis in the recent history that originated outside 

of the financial sector. The Covid-19 pandemic is likely the worst shock to hit the global 

economy in the first two decades of this century (Ellul et al. 2020).2 It was also more global 

than the GFC, affected developed and developing nations alike, and did not cause major 

banking problems (Berger & Demirgüç-Kunt 2021). Since the Covid-19 crisis is both a unique 

and an exogenous shock, we employ it as quasi-natural experiment to evaluate how banking 

efficiency influences firm response to a non-financial economic crisis.  

The flow of banking credit is crucial for the efficient functioning of the corporate sector. 

Any disruption in bank credit to firms can have harmful contractionary impacts on firm 

investment and employment, and especially important in times of stress (Kroszner et al. 2007; 

Kroszner & Strahan 2014). Deeper financial systems reduce firm cash constraints (Caballero 

& Krishnamurthy 2001) and impact the cyclical composition of firm investment (Aghion et al. 

2010). Although banks display procyclical lending behavior, they remain the main source of 

liquidity for most firms (Rajan 1994; Acharya & Steffen 2020). In the height of the Covid-19 

crisis, banks faced the largest increase in demand for liquidity ever observed (Li et al. 2020). 

 
1 We define non-financial economic crises as economic downturns that did not originate within the financial 
sector of the economy.  
2 According to the World Economic Outlook by the International Monetary Fund (IMF), global growth is 

expected to be -4.4 percent in 2020 and the recovery from the pandemic is likely long, uneven, and uncertain. 
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We reason that, during an economic crisis, healthy banking institutions are equipped to provide 

the much-needed liquidity at a lower cost for non-financial firms.  

Most studies rely on two broad measures – the ratio of private credit to GDP and stock 

market capitalization – to proxy financial development.3 These proxies measure the size of the 

financial sector, which is only one facet of financial development. In fact, an unsustainable 

expansion of credit can jeopardize financial stability and erode the quality of investments 

(Aizenman et al. 2015).4 The importance of the banking industry goes beyond its mere size. 

Kroszner and Strahan (2014), along with numerous other studies, show that the efficiency of 

the banking sector has significant effects on the overall economic activity. Hence, we focus on 

banking efficiency, which is the ability of banks to provide financial services to non-financial 

firms at a low financing cost.  

The role of banking efficiency during an (non-financial) economic crisis in shaping 

firm outcomes has not been the subject of systematic empirical cross-country analysis. One of 

main limitations has been the lack of an indicator for the overall banking efficiency that is 

consistent, measured systematically over time and across countries, and that is available to 

academics and policymakers. A few studies have attempted to establish country level indexes 

for financial development using broad measures of efficiency (Sahay et al. 2015; Svirydzenka 

2016). However, the treatment of missing variables and weighting of the factors remain a 

concern. They use a combination of back filling and splicing of missing data, which introduces 

bias. This also impacts the weighting of the input variables.  

We take the perspective of using a systematic approach to creating country-level 

indexes of overall efficiency of financial institutions (EFI) that is comparable across countries. 

Although principal component analysis (PCA) is widely used in the literature to extract latent 

factors, the standard procedure requires a complete set of observed data. However, banking 

characteristics are missing or unobserved in the time-series for some international markets. We 

require an algorithm that has the ability to handle missing variables in a systematic way.  

We employ a probabilistic PCA based on the unsupervised machine learning literature 

(Bishop 1998; Tipping & Bishop 1999; Minka 2000; Oba et al. 2003). Specifically, our 

estimation method is based on the Bayesian treatment of PCA (hereafter, B-PCA) which 

consists of three elementary processes: (1) principal component regression, (2) Bayesian 

 
3 See, for example, Rajan and Zingales (1998) and Levine and Zervos (1998). 
4 For example, state-owned banks may channel credit to state-owned firms at the expense of credit to the 

dynamic private sector. Aizenman et al. (2015), for example, show that some of the Asian countries with 

large financial sectors are highly inefficient.  
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estimation, and (3) variational Bayes (VB) repetitive algorithm.5 Based on Cihak et al. (2012), 

we use the lending-deposit spread, non-interest income to total income, banking overhead 

costs, and return on assets (ROA) as our crude input variables for the B-PCA. Using data from 

over 50 countries, we employ the first component as our country-level EFI index.6  

This study evaluates several important interrelated implications of banking efficiency 

on firm investment and employment during the Covid-19 economic crisis. We hypothesize that 

firm investment falls less in response to an economic crisis in economies with efficient banking 

institutions compared to other economies. During an economic crisis, firms face internal cash 

flow constraints. If firms cannot rely on banks as an alternative source of financing, then they 

are likely to suffer more than they would in the presence of efficient banks that provide external 

financing at a low intermediary cost. In contrast, if banks can provide credit to firms – hence a 

“spare tire” effect – during the crisis, then the impact of the crisis on firm investment will be 

ameliorated.7  

We test the impact of the Covid-19 crisis on investment for a sample of publicly listed 

firms from 44 countries using data from the Compustat Global. The key explanatory variable 

is the interaction term between the EFI index, and a Covid-19 crisis dummy variable that equals 

zero for the years 2018 and 2019 (2 years pre-shock) and one for the years 2020 and 2021 (2 

years post-shock). Our empirical setting includes an assortment of time-varying country and 

firm characteristics, as well as country, firm, and time fixed effects. Employing fixed effects 

regressions, we find a positive interaction effect confirming the hypothesis that firm investment 

falls less in response to an economic crisis in economies with high banking efficiency. In other 

words, banking efficiency is positively related with capital investment and R&D expenditure 

during an economic crisis. 

Although our investment finding is appealing, we cannot rule out the possibility that 

the banking efficiency index and firm investment are simultaneously driven by a common 

factor that is not controlled in the empirical analysis. To mitigate such endogeneity concerns, 

some studies have exploited the cross-industry differences in financial dependence (Rajan & 

Zingales 1998; Cetorelli & Gambera 2001; Kroszner et al. 2007). In countries with high 

financial development, industries that require more external finance grow at a faster rate than 

 
5 The algorithm is similar in sprit to expectation–maximization (EM) algorithm. 
6 We limit the sample to countries listed on the Compustat Global dataset. We find similar results relaxing this 

restriction.   
7 The “spare tire” term is coined by Levine et al. (2016). They evaluate the spare tire effect by the stock market 
during banking crises. In similar spirit, we evaluate the spare tire effect by efficient banks during non-financial 

economic crises.  
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industries that can finance investment with internally generated funds. We also employ the 

same strategy. In particular, we investigate whether the impact of banking efficiency on firm 

investment during the crisis was greater in those sectors that are more dependent on external 

sources of financing. Given that banks were the firm’s first choice of liquidity during Covid-

19 crisis (Li et al. 2020), the effects of banking efficiency should have a disproportionately 

greater impact on the sectors that are more dependent on external sources of financing during 

the crisis. 

To capture the asymmetric effect of banking efficiency on sectors that are more 

dependent on external financing during the economic crisis, we introduce a double interaction 

term between the EFI index, the Covid-19 crisis dummy variable, and a dummy variable for 

high external financing dependence sectors. We identify sectors that are more dependent on 

external sources of financing using the methodology developed by Rajan and Zingales (1998). 

We classify high external finance dependence industries as sectors that are above median 

within each country. We find a positive double interaction effect for both capital investment 

and R&D expenditure. This confirms our hypothesis that the effects of banking efficiency on 

firm investment during economic crises are more pronounced in those sectors that are more 

dependent on external financing.8  

We also exploit the cross-industry differences in collateral (e.g., land, buildings, and 

machinery) that can be pledged for bank loans. Since firms have limited debt capacity, 

collateral is generally pledged to secure loans (Hart & Moore 1994; Kiyotaki & Moore 1997). 

Hence, a firm’s collateral value can have an impact the relationship between bank lending and 

firm investment during an economic crisis. Firm investment is positively correlated with 

collateral values (Gan 2007; Chaney et al. 2012). Hence, we hypothesize that the effect of 

banking efficiency on investment during an economic crisis is pronounced in those industries 

that have more assets that can be pledged as collateral to secure bank loans.  

To capture the collateral effect, we introduce a double interaction term between the EFI 

index, the Covid-19 economic crisis dummy variable, and a dummy variable for firms with 

high collateral. Firms with a large fraction of hard-to-measure intangible assets can encounter 

difficulty raising funds from the external sources such as banks (Kroszner et al. 2007). Firms 

with fewer tangible assets are more likely to have restricted access to credit when banks reprice 

 
8 In addition, similar to banking crises (Kroszner et al. 2007; Dell'Ariccia et al. 2008), we also find that 

the investment growth in externally dependent sectors is lower during economic crises regardless of the level of 
banking efficiency. 

 



   6 

 

risk (Berger et al. 1996).  Based on this idea, we use a firm’s tangible assets to total assets as a 

measure of collateral value. We then classify firms that have tangibility above the median 

within each country year as High Tangible firms. As an alternative measure, we use the labor 

intensity, the ratio of total number of employees to firm’s fixed assets based on U.S. data. We 

calculate the median labor intensity at 3-digit SIC industry level per decade. High Labor 

Intensity is an indicator variable with value of one if industry labor intensity measure is above 

the median, and zero otherwise. Using the High Tangible firm indicator, we document a 

positive and statistically significant double interaction for capital investment. The double 

interaction term is negative and statistically for R&D expenditure. We find similar results using 

the labor intensity measure. Hence, during an economic crisis, firm with high collateral secure 

bank loans and re-allocate resources away from risky R&D towards capital investment.  

We extend our work by examining the effects of banking efficiency on firm 

employment decisions. The literature has documented contractionary effects of credit supply 

shocks on firm employment during the Great Depression (Benmelech et al. 2019) and the GFC 

(Chodorow-Reich 2013; Duygan-Bump et al. 2015). If well-functioning banking institutions 

can provide the much-needed credit, then firms have the financial slack to retain a larger 

proportion of employees during an economic crisis. Using our cross-country setting, we test 

the impact of banking efficiency on firm employment during the Covid-19 crisis. The decline 

in employment after the start of the Covid-19 crisis is significantly lower in countries with 

higher EFI indexes than in countries with lower EFI indexes. Hence, banking efficiency plays 

a crucial role in reducing the negative effects of an economic crisis on firm employment.   

To scrutinize the employment result, we exploit the cross-country differences in labor 

regulations. To protect the interests of workers and facilitate a minimum standard of living for 

its population, most countries have adapted employment labor laws, which govern the 

individual employment contract. During an economic crisis, firms in countries with lax 

employment laws can simply reduce the employment to counter cash flow constraints. In 

contrast, given the high cost of firing and the dismissal procedure, firms in countries with 

stricter employment labor laws are better off keeping the labor force given sufficient financial 

slack via bank credit. Hence, we hypothesize that the effect of banking efficiency on 

employment during an economic crisis is stronger for countries with stricter employment labor 

laws. 

To identify country level employment labor laws, we rely on the data collected by 

Botero et al. (2004). We concentrate on the employment laws index, which measures the 

protection of labor and employment laws as the average of alternative employment contracts, 



   7 

 

cost of increasing hours worked, cost of firing workers, and dismissal procedures. The 

countries that score high on the employment laws index have stricter labor laws than their lower 

score counterparts. We find that the effect of banking efficiency on employment during an 

economic crisis is stronger for countries with high employment laws index. We also examine 

the effects from each individual component of the employment laws index: alternative 

employment contracts, cost of increasing hours worked, and cost of firing workers. The effect 

is in particular stronger for countries with high cost of alternative employment contracts and 

high cost of firing workers. 

We also test whether higher quality of banking finance, measured using the EFI index, 

equates to higher quantity of banking credit to the non-financial corporate sector during an 

economic crisis. To examine this link, we use quarterly data from the Bank for International 

Settlements (BIS) on bank credit to the private non-financial sector and total credit to the 

corporate sector. Employing regressions with country, year, and quarter fixed effects, we find 

a positive correlation between country level EFI index and the quantity of credit supply during 

the Covid-19 economic crisis.9 Hence, in addition to lower cost financing, higher quality of 

banking institutions improves the quantity of banking credit to the non-financial corporate 

sector during an economic crisis. 

We perform several tests to confirm the robustness of our results. If efficient banking 

institutions acted as a “spare tire” for firms during the Covid-19 crisis, then we should observe 

a stronger banking effect for those firms that are in low-income countries which experienced 

greater cash flow shocks due to lockdowns and restrictions and had limited economic support 

from the government. We categorize the countries as developed and emerging based on the 

level of economic development as classified by the International Monetary Fund. To gauge the 

level of restrictions in a country, we employ the stringency index from the Oxford Covid-19 

Government Response Tracker (OxCGRT), as per (Hale et al. 2021). For each country, we 

compute the average of the stringency index for the year 2020 and categorize any country that 

is above median as countries with high government restrictions and below median as countries 

with low restrictions. To gauge the level of economic support by the government, we employ 

the OxCGRT economic support index. For each country, we compute the average of the 

economic support index for the year 2020. We then categorize any country that is above median 

 
9 The results are robust to the inclusion of variables that control for the GDP growth, consumer confidence, 

business confidence, and a leading indicator of business cycle conditions. 
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as countries with high government support and below median as countries with low 

government support.  

We split the sample into sub-samples based on developed versus emerging, high versus 

low government restrictions, and high versus low government support. Although banking 

efficiency has a positive impact on investment during the crisis for both samples, the effect is 

stronger for emerging markets than for developed markets. Government restrictions seems to 

matter less; the banking effect is robust across both high and low government restrictions. 

Government support, in contrast, has a significant effect on the banking effect. The banking 

efficiency effect is significantly larger for countries with low government support. For firms in 

countries that had high government support, the need for extra support via banks was 

significantly lower. For these countries, the government acted as a spare tire instead of banking 

institutions during the Covid-19 pandemic.  

We also examine whether the results are robust controlling for other aspects of financial 

institutions development. Specifically, we examine whether our findings are robust controlling 

for financial institutions depth and access. Similar to the construction of the EFI index, we use 

a Bayesian treatment of PCA to construct country-level indexes for access to financial 

institutions (AFI) and the depth in financial institutions (DFI). We continue to find that that 

our baseline results hold controlling for other aspects of financial institutions development. 

This paper is organized as follows. Section 2 develops the testable hypotheses. Section 

3 describes novel measure of banking efficiency. Section 4 describes the data. Section 5 and 6 

reports the empirical results for firm investment and employment, respectively. Section 7 

provides robustness tests and Section 8 concludes.  

 

2. Hypothesis Development 

Researchers have examined how bank credit disruptions alter the ways in which firms 

respond to financial crises (Bernanke 1983; Chodorow-Reich 2013). Levine et al. (2016) argue 

that stock market plays the role of a “spare tire” for firms during banking crises. In similar 

spirit, we examine whether efficient banking institutions act as a spare tire for firms facing a 

non-financial economic crisis.  

Literature show that disruptions in bank credit to firms can have harmful contractionary 

impacts on firm investment and employment (Kroszner et al. 2007; Kroszner & Strahan 2014). 

Since most firms face internal cash flow constraints, they rely on banks as an alternative source 

of financing. During an economic crisis, banking institutions remain the main source of 
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liquidity for most firms. If firms can secure bank credit in the face of cash flow constraints, 

then the economic crisis will have a smaller effect on firm investment. Based on this argument, 

we propose the following hypothesis:  

 

Hypothesis 1: Firm investment falls less in response to an economic crisis in economies with 

efficient banking institutions than in other economies. 

 

In the cross-section, the impact of banking efficiency on firm investment should be 

greater in those sectors that are more dependent on external sources of financing. Rajan and 

Zingales (1998), for example, argue that financial development relaxes credit constraints 

permitting externally dependent sectors to grow faster during normal periods. Kroszner et al. 

(2007) show the asymmetric effect of financial development on sectors that are more dependent 

on external sources of financing during banking crises.  

During an economic crisis, corporate managers are less likely to cut investment if they 

can secure the necessary credit at a lower intermediary cost. The damaging effect of an 

economic crisis on firm investment can be mitigated if those firms that rely on external 

financing can turn to banks to shore up their cash reserves. In contrast, for firms that mostly 

rely on internal financing, the effects of banking efficiency are limited. Given that banks are 

the firm’s first choice of liquidity during a crisis (Li et al. 2020), we expect banking efficiency 

to disproportionately impact the sectors that are more dependent on external sources of 

financing during an economic crisis. Based on the above argument, we propose the following 

hypothesis:  

 

Hypothesis 2: During an economic crisis, the effect of banking efficiency on firm investment 

is more pronounced in those firms that are more dependent on external financing.  

 

Pledging collateral is an important feature of most debt contracts. Tangible asset values 

can play a vital role in increasing debt capacity and investment. Collateral reduces the ex-ante 

information gaps between firms and lenders, limiting the adverse selection and credit rationing 

issues (Stiglitz & Weiss 1981). Additional benefits of collateral include the reduction of moral 

hazard concerns (Boot et al. 1991; Aghion & Bolton 1997; Holmstrom & Tirole 1997) and 

difficulties enforcing contracts (Albuquerque & Hopenhayn 2004; Cooley et al. 2004). 

Collateral assets play an important role in determining the level of firm investment (Gan 

2007; Chaney et al. 2012). To secure additional bank loans, assets must be pledged as collateral 
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(Hart & Moore 1994; Kiyotaki & Moore 1997). Kroszner et al. (2007), for instance, find that 

those firms with a more intangible assets have a tougher time raising external financing from 

the sources such as banks. The impact of an economic crisis is rather mitigated for collateral-

rich firms since they have the ability to renegotiate their bank loans. Based on the arguments, 

we propose the following hypothesis:  

 

Hypothesis 3: During an economic crisis, the effect of banking efficiency on firm investment 

is more pronounced in those firms that have more collateral assets.  

 

Credit supply shocks result in contractionary effects for firm employment as seen 

during financial crises such as the Great Depression in the 1930s and Great Financial Crisis 

(Chodorow-Reich 2013; Duygan-Bump et al. 2015; Benmelech et al. 2019). However, in an 

economic crisis, efficient banks can provide low-cost financing, mitigating some of the 

employment loses. Bertrand et al. (2007) show that efficient banks increase employment and 

increase value added per worker. We conjecture that firms can retain more labor force during 

an economic crisis if there is enough financial slack. Based on this argument, we propose the 

following hypothesis:  

 

Hypothesis 4: Firm employment falls less in response to an economic crisis in economies with 

highly efficient banking institutions than in their inefficient counterparts. 

 

Most countries have adapted employment labor laws, which govern the individual 

employment contract, to protect the interests of workers and facilitate a minimum standard of 

living for its population (Botero et al. 2004). Tougher employment laws imply a higher 

adjustment cost for alternative employment contracts, changing the number of labor hours, and 

firing workers. In economies with stricter labor laws, firms are forced to retain more employees 

given sufficient economic slack. Hence, in an economic crisis, bank financing is even more 

important for those firms in countries with tougher employment laws. In contrast, in countries 

with lenient employment laws, firms can reduce labor input without significant costs to manage 

cash flow constraints. Based on this intuition, we propose the following hypothesis:  

 

Hypothesis 5: During an economic crisis, the effect of banking efficiency on firm employment 

is more pronounced for firms in those countries with tougher labor laws.  
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3. Novel Index of the Banking Efficiency  

 Some studies have attempted to establish a country level index for financial 

development using the crude measures of efficiency (Sahay et al. 2015; Svirydzenka 2016). 

They introduce a weighted index of the factors. However, the treatment of the missing variables 

remains an issue in their studies. They use a combination of back filling and splicing missing 

data, which introduces bias in the results.  

To mitigate such issues, we aim to employ a systematic approach to create country-

level indexes of financial institutions efficiency. Although principal component analysis (PCA) 

is widely used in the literature to extract latent factors, the standard PCA requires a complete 

set of observed data. However, many financial institutions characteristics are missing or 

unobserved for some of the international markets in certain years. Hence, we require an 

algorithm that has the ability to handle such missing variables in a principled way. To do so, 

we employ a probabilistic PCA, as per the machine learning literature (Bishop 1998; Tipping 

& Bishop 1999; Minka 2000; Oba et al. 2003).  

 Our estimation method is based on a Bayesian treatment of PCA (B-PCA) which 

consists of three elementary processes: (1) the principal component (PC) regression, (2) the 

Bayesian estimation, and (3) the variational Bayes (VB) repetitive algorithm.10 We use the first 

component of the B-PCA as our financial institutions efficiency (FIE) index. 

  

3.1. Methodology  

3.1.1. Principal Component (PC) Regression 

Let the 𝐷 × 𝑁 matrix Y represent the dataset of financial institutions characteristics, 

where 𝐷 is the number of financial characteristics and 𝑁 is the number of countries. The (𝑖, 𝑗) 

component of the matrix 𝑦𝑖,𝑗 denote the jth financial institutions characteristic in ith market.  

We start with the case of no missing values in the dataset. PCA represents the variation 

of 𝐷-dimensional financial institutions characteristics vectors 𝒚 as a linear combination of 

principal axis vectors 𝝎𝒍 where 1 ≤ 𝑙 ≤ 𝐾. The observed variable 𝒚 can be defined as a linear 

transformation of 𝝎 with additive Gaussian noise: 

            𝒚 = ∑ 𝑥𝑙𝝎𝒍 + 𝜀.                                                                (1)

𝐾

𝑙=1

 

 
10 The algorithm is similar in sprit to expectation–maximization (EM) algorithm. 



   12 

 

The factor scores are the linear coefficients 𝑥𝑙 and 𝜀 is the error term. The PCA obtains 

𝑥𝑙 and 𝝎𝒍 such that the sum of squared error over the dataset Y is minimized. In the 

conventional PCA, 𝑥𝑙 and 𝝎𝒍 can be calculated when there are no missing values. The 

covariance matrix for the vector 𝑦𝑖 is given by:  

𝑺 =
1

𝑁
∑(𝒚𝑖 − 𝝁)(𝒚𝑖 − 𝝁)𝑇,

𝑁

𝑙=1

 

where 1 ≤ 𝑖 ≤ 𝑁 and 𝝁 is the mean vector of 𝒚. Next, the eigenvectors 𝜇𝑖 and eigenvalues 𝜆𝑖 

of 𝑺 are computed, where 𝑺𝜇𝑖 = 𝜆𝑖𝜇𝑖 and 𝑖 = 1, … , 𝐷. The lth principal axis vector is given by 

𝝎𝒍 = √𝜆𝑙𝜇𝑙 and lth factor score for vector 𝒚 is given by 𝑥𝑙 = (
𝝎𝒍

𝜆𝑙
)

𝑇

 𝒚.  

 A serious problem that we encounter in international banking data is the existence of 

missing values. A large portion of the dataset needs to be removed because of a small number 

of missing data. Instead, we use a Bayesian approach to deal with the missing data issue. We 

estimate the missing part 𝑦𝑚𝑖𝑠𝑠 in the vector 𝒚 from the observed part 𝒚𝑜𝑏𝑠 using the PCA 

results. Let 𝝎𝒍
𝑜𝑏𝑠 and 𝝎𝒍

𝑚𝑖𝑠𝑠  are the parts of each principal axis 𝝎𝒍. Factor scores 𝒙 for the 

vector 𝒚 are obtained by minimizing the error: 

𝑒𝑟𝑟 = ‖𝒚𝑜𝑏𝑠 − 𝑾𝑜𝑏𝑠𝒙‖2, 

where 𝑾𝑜𝑏𝑠 denotes the matrix with column vectors 𝝎𝟏
𝑜𝑏𝑠 , … , 𝝎𝑲

𝑜𝑏𝑠 . The least square 

solution is as follows:  

𝒙 = (𝑾𝑜𝑏𝑠𝑻
𝑾𝑜𝑏𝑠)

−𝟏

𝑾𝑜𝑏𝑠𝑻
𝒚𝑜𝑏𝑠 . 

Using the factor scores, the missing part is estimated as: 

𝒚𝑚𝑖𝑠𝑠 = 𝑾𝑚𝑖𝑠𝑠𝒙. 

 

3.1.2.  Bayesian Estimation 

 Conventional PCA does not define a probability distribution. Tipping and Bishop 

(1999) show that PCA can be reformulated as the maximum likelihood solution of a specific 

latent variable model. Following their work, we assume that the error and the factor scores 

have Gaussian distributions such that 𝑝(𝑥) = 𝒩(0, 𝐼𝐾) and 𝐼𝐾  is the k-dimensional unit matrix 

and 𝜀 is a zero-mean Gaussian distributed vector with covariance (
1

𝜏
) 𝐼𝐷 . The log-likelihood 

function is given by:  

ln 𝑝( 𝒚, 𝒙|𝜽) = −
𝜏

2
‖𝒚 − 𝑾𝒙 − 𝝁‖2 −

𝜏

2
‖𝒙‖2 +

𝐷

2
ln 𝜏 +

𝐾 + 𝐷

2
ln 2𝜋.        (2) 

where 𝜽 ≡ {𝑾, 𝝁, 𝜏} is the parameter set.  
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We use a Bayesian treatment for the probabilistic PCA. The posterior distribution of θ 

and X are estimated according to the Bayes theorem. Following Oba et al. (2003), we assume 

conjugate priors for τ and μ, and a hierarchical prior for W, which is 𝑝(𝑾|𝜏, 𝛼) that is 

parameterized by a hyperparameter 𝛼 ∈ ℝ𝐾 . The parameter estimations are as follows: 

𝑝(𝜃|𝛼) ≡ 𝑝(𝑾, 𝝁, 𝜏|𝛼) = 𝑝(𝝁 | 𝜏)𝑝(𝜏) ∏ 𝑝(𝝎𝒋| 𝜏, 𝛼𝑗),

𝐾

𝑗=1

 

where   

𝑝(𝝁 | 𝜏) = 𝒩 (𝝁|�̅�𝟎, (𝛾𝜇0
𝜏)

−𝟏
𝑰𝒎), 

 𝑝(𝝎𝒋| 𝜏, 𝛼𝑗) =  𝒩 (𝝎𝒋|𝟎, (𝛼𝑗𝜏)
−𝟏

𝑰𝒎), 

𝑝(𝜏) = 𝒢( 𝜏| �̅�0, 𝛾𝜏0
). 

 

𝒢( 𝜏| �̅�, 𝛾𝜏) denotes a Gamma distribution with hyperparameters  �̅� and  𝛾𝜏 . Following Oba et 

al., the deterministic hyperparameters are set to 𝛾𝜇0
= 𝛾𝜏0

= 10−10, �̅�𝟎 = 0, and  �̅�0 = 1, which 

corresponds to an almost non-informative prior. We estimate the posterior distribution of the 

parameter 𝑞(𝜽) = 𝑝(𝜽|𝒀, 𝛼) using a Bayesian estimation.  

 

3.1.3. Variational Bayes (VB) Algorithm  

We compute the posterior distributions for 𝜽 and 𝒚𝑚𝑖𝑠𝑠, 𝑞(𝜽) and 𝑞(𝒚𝑚𝑖𝑠𝑠) by a 

repetitive algorithm. Following Attias (1999) and Sato (2001), we use the variational Bayes 

(VB) algorithm to execute Bayesian estimation. The algorithm is implemented as follows:  

i. the posterior distribution of 𝒚𝑚𝑖𝑠𝑠  is initialized by imputing each of the missing 

values to financial institutions characteristics average,  

ii. the posterior distribution of the parameter 𝜽 and 𝑞(𝜽)  is estimated using the 

subsample data 𝒚𝑜𝑏𝑠 and the current posterior distribution of missing values, 𝑞(𝒚𝑚𝑖𝑠𝑠), 

iii. the posterior distribution of the missing values, 𝑞(𝒚𝑚𝑖𝑠𝑠), is estimated using the 

current 𝑞(𝜽),  

iv. the hyperparameter α is updated using the current 𝑞(𝜽) and the current 𝑞(𝒚𝑚𝑖𝑠𝑠) 

v. repeat (ii)–(iv) until convergence. 

 

Using the VB algorithm, we expect 𝑞(𝜽) and 𝑞(𝒚𝑚𝑖𝑠𝑠) to approach the global optimal 

posteriors.  
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3.2. The Index Construction  

3.2.1.  Crude Banking Efficiency Characteristics  

International studies generally have to rely on crude measures of financial development 

given the limitation of data for more sophisticated measures. The cross-country literature has 

identified crude characteristics that are associated with efficient financial institutions. Cihak et 

al. (2012) argues that the net interest margin, lending-deposits spread, non-interest income to 

total income, overhead costs as a percentage of total assets, and profitability (return on assets, 

return on equity) are related to bank efficiency. We use the Global Financial Development 

Database of the World Bank Group to gather the banking characteristics.  

The net interest margin is the accounting value of financial institution’s net interest 

revenue as a share of its average interest-bearing assets. The lending-deposit spread is the 

difference between the lending and deposit rates. The lending rate is the rate charged by banks 

on loans to the private sector and the deposit interest rate is the rate offered by commercial 

banks on three-month deposits. Bank non-interest income to total income is the income that 

has been generated by noninterest related activities such as net gains on trading and derivatives, 

net gains on other securities, net fees, and commissions as a percentage of total income (net-

interest income plus noninterest income). The overhead cost to total assets ratio is the operating 

expenses of a bank as a share of the value of all assets held. The return on assets (ROA) is the 

commercial banks after-tax net income to yearly averaged total assets.11  

 

3.2.2. Country-level EFI Indexes 

We use the net interest margin, lending-deposits spread, non-interest income to total 

income, overhead costs as a percentage of total assets, and ROA as the inputs to the B-PCA. 

The first Bayesian principal component (B-PC1) captures over 38 percent of the total variation 

in the original characteristics. B-PC1 loads negatively on four of the five banking institutions 

efficiency inputs; there is a negative relationship between B-PC1 and the raw characteristics of 

net interest margin, lending-deposit spread, overhead costs to total assets, and ROA.12 The 

negative association is strongest (above 0.5) for the net interest margin, overhead costs to total 

assets, and ROA.  

 
11 We avoid the use of return on equity (ROE), the commercial banks after-tax net income to yearly averaged 

equity, as an input to the baseline B-PCA given the high volatility. However, our findings are robust to the use 
of a broader B-PCA that includes ROE as a PCA input.  
12 The factor loadings are reported in the Appendix Table A1.  
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For a visual, Figure 1 plots the B-PC1 against B-PC2 and B-PC3. The arrows indicate 

how each of the crude financial institution’s efficiency inputs loads on B-PC1. There is a clear 

pattern. Note that the important dimension for B-PC1 is the x-axis (horizonal line). The net 

interest margin, lending-deposit spread, overhead costs to total assets, and ROA load 

negatively for B-PC1 (x-axis). The length of the loading arrows is significantly larger for net 

interest margin, overhead costs to total assets, and ROA, the indicating the importance of these 

inputs for B-PC1. The negative association between the crude banking characteristics and B-

PC1 implies that higher values of B-PC1 are associated with higher overall banking efficiency. 

We use the first principal component (B-PC1) as our measure of the overall efficiency in 

financial institutions (EFI).  

[Please Insert Figure 1 Here] 

 

Figure 2 shows the correlation between the EFI index and the net interest margin, 

overhead costs to total assets, and ROA for countries with different income levels. We use 

three different income categories: high income, upper middle income, and lower middle 

income. For each of the three raw financial efficiency characteristics, the association with EFI 

index is negative for all three income groups. This confirms that our country level indexes 

capture variation in banking efficiency. In contrast, we find a weak relationship between the 

existing IMF’s financial institutions efficiency index and the crude measures of efficiency, 

especially for lower middle-income countries.13  

[Please Insert Figure 2 Here] 

 

For a clear visual, Figure 3 plots the EFI Index in 2019 for the sample of countries used 

in our analysis. The countries that score high on the EFI Index in 2019 include Netherlands, 

Luxembourg, Australia, Japan, Finland, France, Germany, Spain, Switzerland, and Austria. In 

contrast, Mexico, Indonesia, Russia, Sri Lanka, Philippines, Turkey, Norway, Brazil, 

Argentina, and Colombia have the lowest scores. There is a mix of both developed and 

emerging markets in both high and low EFI groups.  

[Please Insert Figure 3 Here] 

 

 

 
13 We show the relationship between IMF’s financial institutions efficiency (FIE) index and the crude measures 

of efficiency by income groups in the Appendix Figure A2.  



   16 

 

4. Data  

4.1. Accounting Data  

We obtain firm-level yearly financial data from the Compustat Global dataset. We 

exclude financial firms (SIC industry codes between 6000 and 6999), firm-year observations 

with non-positive book value of total assets or book value of common equity, and those with 

missing data. All accounting figures are in U.S. dollars.  

Capital investment is the ratio of annual capital expenditure (CAPX) to book value of 

total assets (AT) at the beginning of the fiscal year. R&D expenditure is the ratio of annual 

R&D expenditure to book value of total assets at the beginning of the fiscal year. Total 

Investment is the ratio of annual total investment (sum of capital expenditure and R&D 

expenditure) to book value of total assets at the beginning of the fiscal year. Cash flow to assets 

is the ratio of annual cash flows to book value of total assets at the beginning of the fiscal year. 

Ln Mkt Cap is the market capitalization in natural logarithm at the end of fiscal year. Tobin’s 

Q is the ratio of book value of assets plus market value of common equity minus book value 

of common equity and deferred taxes to book value of assets as measured at the end of fiscal 

year. Leverage is the ratio of book value of debt divided by book value of total assets at the 

beginning of the fiscal year. Log Employment is the log of annual number of employees in 

millions. 

Table 1 summarizes the key statistics for our international dataset consisting of 44 

countries sampled between 2018 and 2021. All financial variables are winsorized at the 1 and 

99 percentile levels. 

 

4.2. Credit Supply Data 

We use data from the Bank for International Settlements (BIS) to examine the credit 

supply by financial institutions during crisis. BIS compiles country level series by combining 

data from several sources, such as the financial accounts by institutional sector, the balance 

sheets of domestic banks, international banking statistics, and the balance sheets of non-bank 

financial institutions.  

We use quarterly data on the bank credit to the private non-financial sector, which 

includes non-financial corporations, households, and non-profit institutions serving households 

as defined in the System of National Accounts 2008. We also examine the effects on the total 
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credit to the non-financial corporations as a percentage of GDP and total credit to households 

as a percentage of GDP.14  

 

4.3. Summary Statistics   

EFI Index is the country specific overall efficiency in financial institutions. EFI Index 

remain stable for most of economies over the sample period. For most of countries, investment 

and capital expenditure drops during Covid-19 crisis period in 2020 and 2021. However, the 

level of decline is less in economies with high EFI index. Similar pattern is also observed for 

firm employment. 

[Please Insert Table 1 Here] 

 

5. Empirical Results: Firm Investment  

Using the EFI index, we test the hypotheses concerning the relationship between 

banking institutions efficiency and firm investment during an economic crisis.   

 

5.1. Efficiency in Financial Institutions and Investment  

We start by examining the association between the efficiency in financial institutions 

and investment by estimating the following baseline model: 

 

𝐼𝑛𝑣 𝑖,𝑐,𝑡 = 𝛼𝑐 + 𝛼𝑖 + 𝑦𝑡 + 𝛽1 𝐸𝐹𝐼𝑐,𝑡−1+ 𝛽2 𝐸𝐹𝐼𝑐,𝑡−1 ∙ 𝑐𝑟𝑖𝑠𝑖𝑠 + 𝛽3 Χ𝑖,𝑡−1 + 𝜀 𝑖,𝑡 , ⋯ (3) 

 

where i indexes’ firms, c indexes’ countries. 𝛼𝑖 , 𝛼𝑐 , and  𝜏𝑡’s are firm, country, and time fixed 

effects. 𝐼𝑛𝑣 𝑖,𝑡 is the investment by firm i in country c in year t. Our variable of interest in the 

interaction term between the EFI index and the crisis dummy. 𝑋𝑖,𝑡 is the vector of controls. We 

control for firm-level cash flow to assets, log of market capitalization, Tobin’s Q, leverage, and 

the country-level real GDP growth.  

 We examine the effects of banking efficiency on three measures of firm investment: 

capital investment, R&D expenditure, and the combined total investment. A positive 

interaction term (𝛽2 > 0) would imply that, during an economic crisis, firms reduce investment 

to a lesser degree in countries with more efficient banking institutions than in countries with 

less efficient banking institutions. To scrutinize the link, we also split the crisis into a dummy 

 
14 A caveat is that only total credit data is available at the more detailed level. Data on bank credit provided 

to non-financial corporations and bank credit provided to households are not available.  
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variable for year 2020 and a dummy variable for year 2021. We then interact each of the 

dummy variables with the EFI index.  

Table 2 reports the results estimating (3). We find a positive interaction effect for total 

investment, capital investment, and R&D expenditure. The effect of bank efficiency on capital 

investment is significant for both 2020 and 2021 years. However, R&D expenditure is 

significant only for the year 2021. Hence, the response of R&D is stickier. Banking efficiency 

reduces the negative impact on R&D as the economic crisis prolongs. Overall, our results are 

consistent with hypothesis 1 that firm investment falls considerably less in response to an 

economic crisis in economies with efficient banking institutions.  

[Please Insert Table 2 Here] 

 

5.2. Banking Efficiency and Investment: Industry Effects  

Literature, in general, document a positive investment to cash flow relationship (Fazzari 

et al. 1988; Kaplan & Zingales 1997). In our total investment and capital investment 

regressions, we find a strong positive coefficient on cash flow to assets. However, this 

association is negative for R&D expenditure. To understand this anomaly, we examine industry 

effects.  

We re-examine the effects of a change in the EFI index for capital and R&D investment 

for 12 broad industries based on the Fama and French classification. We exclude the finance 

industry from the analysis. The equation (3) is then estimated for each industry. Table 3, Panel 

A and B report the results for capital investment and R&D expenditure, respectively. For 

capital investment, the interaction term between the EFI index and the crisis dummy is positive 

and significant for non-durables, manufacturing, energy, utilities, wholesale and retail, and 

other industry categories. As expected, the investment to cash flow relationship is positive and 

statistically for all industries except for the energy industry.  

For R&D expenditure, we find a more heterogenous effect across industries. The 

interaction term between the EFI index and the crisis dummy is positive for the business 

equipment industry (computers, software, and electronic equipment) and health care industry 

(health care, medical equipment, and drugs). Pharmaceutical industry spent large sums of R&D 

to develop new drugs against the Covid-19 virus. Health care industry also spent large amount 

of R&D to deal with the unprecedented number of sick patients suffering from Covid-19 virus. 

Large research expenditure was also undertaken by the business equipment industry to produce 

new software to facilitate work from home for the labor force and electronic equipment to deal 

with social distancing.  
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For the business equipment and health care industries, the R&D investment to cash 

flow relationship is negative and statistically significant. These industries simultaneously 

experienced significant reductions in cash flow while spending large amount of R&D 

expenditure. Hence, we observe a significant negative relationship between R&D investment 

to cash flow for the business equipment and health care industries.  

[Please Insert Table 3 Here] 

 

5.3. Banking Efficiency and Investment: Dependence on External Financing 

We empirically test the asymmetric effects of banking efficiency on firm investment 

based on an industry’s degree of external finance dependence. Following Rajan and Zingales 

(1998), we measure external finance dependence by summing firm capital expenditure minus 

cash flow over the decade (2010-2019 for our study) and scale it by the sum of capital 

expenditure. We then calculate the median value for the three-digit SIC industries based on the 

U.S. data. We create a dummy variable High External Fin Dependent that equals one if the 

industry external finance dependence is above the median, and zero otherwise. 

The effects of banking efficiency on firm investment during Covid crisis should be 

larger in industries with high level of external finance dependence. To capture this effect, we 

introduce a double interaction term between the EFI index, crisis dummy, and the industry 

dummy variable High External Fin Dependent, 𝐸𝐹𝐼𝑐,𝑡−1 ∙ 𝑐𝑟𝑖𝑠𝑖𝑠 ∙ 𝐸𝑥𝑡𝐹𝑖𝑛. We then estimate 

the model:  

 

𝐼𝑛𝑣 𝑖,𝑐,𝑡 = 𝛼𝑐 + 𝛼𝑖 + 𝑦𝑡 

                   + 𝛽1 𝐸𝐹𝐼𝑐,𝑡−1 +  𝛽2 𝐸𝐹𝐼𝑐,𝑡−1 ∙ 𝑐𝑟𝑖𝑠𝑖𝑠 +  𝛽3 𝐸𝐹𝐼𝑐,𝑡−1 ∙ 𝑐𝑟𝑖𝑠𝑖𝑠 ∙ 𝐸𝑥𝑡𝐹𝑖𝑛  

                   + 𝛽5 𝑐𝑟𝑖𝑠𝑖𝑠 ∙ 𝐸𝑥𝑡𝐹𝑖𝑛 +  𝛽6 Χ𝑖,𝑡−1 + 𝜀 𝑖,𝑡 ,                                                              ⋯ (4) 

 

where the coefficient on the double interaction term 𝛽3 is the variable of interest. We expect 

that 𝛽3 > 0 since the effects of banking efficiency in reducing the contractionary effects on 

firm investment during the economic crisis should be higher for industries that rely more on 

external financing sources such as bank loans.  

Table 4 shows the results estimating (4). The coefficient on the double interaction is 

positive and statistically significant at the conventional 5 percent level for total investment and 

capital expenditure. For R&D expenditure, the coefficient on the double interaction is also 

positive, albeit statistically significant at the 10 percent level. Overall, the results are consistent 
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with hypothesis 2 that, during an economic crisis, the effect of banking efficiency on firm 

investment is more pronounced in those firms that are more dependent on external financing.   

[Please Insert Table 4 Here] 

 

5.4. Banking Efficiency and Investment: Firm Collateral 

We test the hypothesis that effects of banking efficiency on firm investment during the 

crisis should be significantly larger for firms that have assets that can be used as collateral for 

bank loans. To test the collateral effects, we introduce a double interaction term between the 

EFI index, crisis dummy, and a dummy variable for firms with high collateral assets. We then 

estimate the model:  

 

𝐼𝑛𝑣 𝑖,𝑐,𝑡 = 𝛼𝑐 + 𝛼𝑖 + 𝑦𝑡 

                   + 𝛽1 𝐸𝐹𝐼𝑐,𝑡−1 +  𝛽2 𝐸𝐹𝐼𝑐,𝑡−1 ∙ 𝑐𝑟𝑖𝑠𝑖𝑠 +  𝛽3 𝐸𝐹𝐼𝑐,𝑡−1 ∙ 𝑐𝑟𝑖𝑠𝑖𝑠 ∙ 𝑐𝑜𝑙𝑙𝑎𝑡𝑒𝑟𝑎𝑙  

                   + 𝛽5 𝑐𝑟𝑖𝑠𝑖𝑠 ∙ 𝑐𝑜𝑙𝑙𝑎𝑡𝑒𝑟𝑎𝑙 +  𝛽6 Χ𝑖,𝑡−1 + 𝜀 𝑖,𝑡 ,                                                        ⋯ (5) 

 

where the coefficient on the double interaction term 𝛽3 is our variable of interest. According 

to the collateral hypothesis, we expect 𝛽3 > 0.  

 We use two variables to measure a firm’s assets that can be pledged as collateral for 

bank loans. First variable is based on the firm’s tangibility ratio of fixed to total investments 

under the belief that fixed investments such as property plant and equipment are harder to 

recover and repurpose vis-à-vis intangible capital. High Tangibility is an indicator variable 

which equals 1 if firm’s tangibility ratio is above the annual median within country, and zero 

otherwise. Second variable is based on the industry labor intensity, which is the ratio of total 

number of employees to firm’s fixed assets based on U.S. industry data. We calculate the 

median labor intensity at 3-digit SIC industry level per decade (2010-2019 is used in this 

study). High Labor Intensity is an indicator variable with value of 1 if industry labor intensity 

measure is above the median, and zero otherwise.  

 Table 5 shows the results estimating (5). The interaction between the crisis indicator 

and high tangibility is negative and statistically significant at the 5 percent level. Since 

uncertainty is high during an economic crisis, the real option value of delaying irreversible 

investment is high during a crisis. Firms are likely to wait until the cash flow uncertainty is 

partially resolved. The coefficient on the double interaction is positive for capital investment. 

Collateral-rich firms have the ability secure bank credit to hedge against the cash flow 
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uncertainty. Hence, access to efficient banks reverses the value of the real option of delaying 

investment. This confirms our hypothesis 3 that, during an economic crisis, the effect of 

banking efficiency on firm investment is more pronounced in those firms that have more 

collateral assets. 

[Please Insert Table 5 Here] 

 

6. Empirical Results: Firm Employment 

So far, we have shown a that higher banking efficiency improves firm investment 

dynamics during an economic crisis. In this section, we extend our analysis to firm 

employment.  

 

6.1. Efficiency in Financial Institutions and Firm Employment  

We start by examining the association between the efficiency in financial institutions 

and firm employment by estimating the following model: 

 

𝐸𝑚𝑝 𝑖,𝑐,𝑡 = 𝛼𝑐 + 𝛼𝑖 + 𝑦𝑡 + 𝛽1 𝐸𝐹𝐼𝑐,𝑡−1+ 𝛽2 𝐸𝐹𝐼𝑐,𝑡−1 ∙ 𝑐𝑟𝑖𝑠𝑖𝑠 + 𝛽3 Χ𝑖,𝑡−1 + 𝜀 𝑖,𝑡 , ⋯ (6) 

 

where i indexes’ firms, c indexes’ countries. 𝛼𝑖 , 𝛼𝑐 , and  𝜏𝑡’s are firm, country, and time fixed 

effects. 𝐸𝑚𝑝 𝑖,𝑐,𝑡 is the log employment by firm i in country c in year t. 𝑋𝑖,𝑡 consists of the 

baseline controls. Our variable of interest in the coefficient on the interaction term between the 

EFI index and crisis dummy, 𝛽2.  

 Table 6 shows the results. The coefficient on the interaction term is positive and 

statistically significant at the 1 percent level. Hence, during the Covid crisis, the reduction in 

employment was significantly lower in countries with better functioning banks than in 

countries with poorly functioning banks. For a more detailed analysis, we also split the crisis 

dummy into year 2020 and year 2021 and interact each with the EFI index. We find consistent 

results for both interactions. Hence, our results are highly consistent with the hypothesis 4.  

[Please Insert Table 6 Here] 

 

6.2. Efficiency in Financial Institutions and Firm Employment  

Are the effect of banking efficiency on firm employment more pronounced in countries 

with stricter employment labor laws? To test the asymmetric effects, we introduce a double 
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interaction term between the EFI index, crisis dummy, and a dummy variable for firms in 

countries with stricter employment laws. We then estimate the model:  

 

𝐸𝑚𝑝 𝑖,𝑐,𝑡 = 𝛼𝑐 + 𝛼𝑖 + 𝑦𝑡 

                   + 𝛽1 𝐸𝐹𝐼𝑐,𝑡−1 +  𝛽2 𝐸𝐹𝐼𝑐,𝑡−1 ∙ 𝑐𝑟𝑖𝑠𝑖𝑠 +  𝛽3 𝐸𝐹𝐼𝑐,𝑡−1 ∙ 𝑐𝑟𝑖𝑠𝑖𝑠 ∙ 𝑒𝑚𝑝_𝑙𝑎𝑤  

                   + 𝛽5 𝑐𝑟𝑖𝑠𝑖𝑠 ∙ 𝑒𝑚𝑝_𝑙𝑎𝑤 +  𝛽6 Χ𝑖,𝑡−1 + 𝜀 𝑖,𝑡 ,                                                        ⋯ (7) 

 

where the coefficient on the double interaction term 𝛽3 is the variable of interest. According to 

hypothesis 5, we should expect 𝛽3 > 0.  

Table 7 shows the results. The coefficient on the interaction term between the EFI 

index, the crisis dummy, and the employment laws index is positive and statistically significant 

at the 5 percent level. Hence, during an economic crisis, the effect of banking efficiency on 

firm employment is more pronounced for firms in those countries with tougher labor laws than 

for firms in countries with more lenient labor laws. 

We also examine the effect of each sub-component of the employment laws index. 

Column (2), (3), and (4) show the results for alternative employment contracts, cost of 

increasing hours worked, and cost of firing workers, respectively. The coefficient on the double 

interaction term is positive and significant for alternative employment contracts and cost of 

firing workers. Hence, the banking efficiency effect is stronger for countries with high cost of 

alternative employment contracts and high cost of firing workers.  

[Please Insert Table 7 Here] 

  

7. Robustness Analysis  

7.1. The Quality of Financial Institutions and the Supply of Credit During the Crisis 

Do higher quality financial institutions supply higher quantity of credit during the 

Covid-19 economic crisis? To examine this question, we utilize quarterly credit data from 2018 

to 2021 (2 years before crisis and 2 years after the start of the crisis). We estimate a regression 

model with 3 different dependent variables: bank credit to the private non-financial sector, total 

credit to households, and total credit to corporations. We use country, year, quarter fixed 

effects, and real GDP growth as control variables. We create an interaction term between the 

lagged EFI index, and a crisis dummy variable to capture the impact of EFI index on credit 

supply during the Covid 19 crisis.    
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Table 8, Panel A reports the summary statistics for the credit variables. Panel B reports 

the regression results. We find that countries with high EFI indexes provided more credit 

during our sample period. For each of the three credit variables, the interaction term between 

the lagged EFI index and the crisis dummy is positive and significant implying that countries 

with high banking efficiency provided more credit during the Covid-19 crisis. The results are 

significant at the 5 percent level for the non-financial corporations and at the 10 percent level 

for the households.15 

[Please Insert Table 8 Here] 

 

7.2. Sub-sample Analysis 

All evidence presented in the paper points to efficient banking institutions acting as a 

“spare tire” for firms during the Covid-19 crisis. We now perform a sub-sample analysis to 

explore whether the EFI effect on investment is more concentrated in certain samples: 1) 

countries with high income, 2) stricter government restrictions, and 3) low government support. 

We re-run our baseline regression in (3) on each of the sub-samples. 

Table 9 presents the results. If our EFI index is correlated with economic institutions, 

then we are likely to see the EFI effect during the crisis being more concentrated in high income 

economies. However, columns (1) and (2) show that the EFI effect during the crisis is present 

in both the developed and emerging samples. Hence, banking efficiency matters for firm 

investment regardless of the level of income.  

To gauge the level of restrictions in a country, we employ the stringency index from 

the Oxford Covid-19 Government Response Tracker (OxCGRT), as per (Hale et al. 2021). For 

each country, we compute the average of the stringency index for the year 2020 and categorize 

any country that is above median as countries with high government restrictions and below 

median as countries with low restrictions. To gauge the level of economic support by the 

government, we employ the OxCGRT economic support index. For each country, we compute 

the average of the economic support index for the year 2020. We categorize any country that 

is above median as countries with high government support and below median as countries 

with low government support. 

Columns (3) and (4) show that the EFI effect during the crisis is robust for both high 

and low government restrictions samples. Columns (5) and (6) show that the EFI effect during 

 
15 We find that our results are robust to the inclusion of other control factors such as the business confidence, 
consumer confidence, and leading indicator for business cycle movements. The additional results are reported in 

the Appendix. 
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crisis is significantly larger for countries with low government support. Again, this validates 

our argument that efficiently functioning banking institutions provides a “spare tire” effect for 

firms during non-financial economic crises. For firms in countries that had high government 

support, the need for credit via banks was significantly lower. For such countries, the 

government provided the spare tire effect instead of the banking institutions.  

[Please Insert Table 9 Here] 

 

8. Conclusion  

While considerable research analyses the impact of financial development on growth, 

we provide the first assessment of the role of banking efficiency in mitigating the damaging 

effects of an economic crisis on firm investment and employment. To carry out our study,  we 

construct a novel measure that capture banking efficiency that is comparable across countries. 

Since some of the crude banking institutions characteristics are missing or unobserved in the 

time-series for international markets, we use a Bayesian treatment of principal component 

analysis (B-PCA), a machine learning algorithm that has the ability to handle missing variables 

in a systematic manner. We utilize the first principal component from the B-PCA as our 

efficiency in financial institutions (EFI) index. 

The negative effects of an economic crisis on firm investment can be reduced if firms 

have access to bank credit at a low intermediary cost as an alternative source of financing. We 

show that the drop in capital investment and R&D expenditure in response to the Covid-19 

crisis was far less in economies with efficient banking institutions than in other economies. 

The impact of bank efficiency on firm investment during the crisis was greater in those sectors 

that are more dependent on external sources of financing than for sectors that rely more internal 

cash flow. The effect of banking efficiency on investment during the crisis was also 

pronounced in those industries that have more tangible assets. For those firms, more assets can 

be pledged as collateral to secure bank loans during an economic crisis.  

The “spare tire” effect by banking institutions allows firms to retain a greater proportion 

of their labor force during an economic crisis. Consistent with the idea, we find that the decline 

in employment following the Covid-19 crisis was significantly lower in countries with a high 

EFI index than in countries with a low EFI index. In particular, the employment effect is 

stronger for firms in countries with stricter employment labor laws. Having access to 

inexpensive banking credit allows those firms in countries with stricter employment labor laws 

that have high cost of firing and dismissal procedure to retain more employees.  
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Figure 1. Bayesian Principal Components 

 
Note: This figure plots the factor loadings from the Bayesian Principal Component Analysis (B-PCA) for the first 

two principal components. PC1 and PC2 are the 1st and 2nd principal components, respectively. The original crude 

efficiency characteristics are denoted in red: ei01 - net interest margin, ei02 - lending minus deposits spread, ei03 

– noninterest income to total income, ei04 - overhead costs to total assets, and ei05 - return on assets. The vectors 

represent the projected coordinate system for the original efficiency characteristics.  
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Figure 2. EFI index and efficiency characteristics by the level of income 
 

Note: This figure plots the efficiency in financial intuitions (EFI) index and net interest margin, overhead costs to 

total assets, and ROA. EFI index is estimated as the first component using a Bayesian PCA. The crude banking 

characteristics data are from the World Bank. 

 
 

Panel A. EFI Index and Net Interest Margin 

 
Panel B. EFI Index and Overhead Costs to Total Assets 

 
Panel C. EFI Index and ROA 
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Figure 3. EFI Index in 2019 

 
Note: This figure plots the Financial Institutions Efficiency (EFI) index. EFI index is estimated as the first component using a Bayesian PCA using a bank’s net interest margin, 

lending-deposits spread, non-interest income to total income, overhead costs to total assets, and return on assets. The darker (lighter) colors indicate higher (lower) average 

level of EFI index.  
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Table 1. Summary Statistics 

 
Note: This table reports the mean statistics of key variables for a sample of Compustat Global yearly observations between 2018 and 2021. The sample includes publicly listed 

firms in 44 countries. We exclude financial firms, firm-year observations with non-positive book value of total assets or book value of common equity or without accounting 

information that is required for key variable construction. N is the number of firm year observations. EFI Index is the measure of overall efficiency in financial institutions. 

Investment is the ratio of annual total investment (sum of capital expenditure and R&D expenditure) to book value of total assets at the beginning of the fiscal year. Capital 

Investment is the ratio of annual capital expenditure to book value of total assets at the beginning of the fiscal year. R&D Expenditure is the ratio of annual R&D expenditure 
to book value of total assets at the beginning of the fiscal year. Log Employment is the log of annual number of employees in millions. All accounting figures are at U.S. dollars 

and all financial variables are winsorized at 1 and 99 percentiles by country. 

 
  2018-2019 Pre-Covid Shock 2020-2021 Post-Covid Shock 

Country N EFI Index 
Total 

Investment 
Capital 

 Investment 
R&D  

Expenditure 
Log  

Employment 
N EFI Index 

Total 
Investment 

Capital 
 Investment 

R&D  
Expenditure 

Log 
Employment 

Argentina 71 -0.024 0.170 0.169 0.001 1.147 70 -0.034 0.075 0.075 0.000 1.148 

Australia 1440 0.006 0.111 0.082 0.028 2.263 1399 0.011 0.098 0.066 0.031 2.243 

Austria 71 0.005 0.084 0.056 0.028 7.793 68 0.006 0.074 0.049 0.025 8.334 

Belgium 120 0.003 0.070 0.046 0.024 4.169 106 0.003 0.055 0.035 0.020 4.547 

Brazil 267 -0.014 0.040 0.035 0.003 6.371 268 -0.018 0.041 0.037 0.003 7.931 

Bulgaria 92 -0.005 0.040 0.040 0.000 1.089 84 -0.005 0.024 0.024 0.000 1.207 

Canada 177 0.004 0.112 0.068 0.043 5.505 171 0.004 0.104 0.064 0.039 5.855 

Chile 139 0.000 0.045 0.045 0.000 5.695 148 0.001 0.040 0.040 0.000 5.175 

China 7164 0.004 0.075 0.052 0.022 4.993 7640 0.004 0.075 0.051 0.024 5.028 

Colombia 57 -0.035 0.043 0.043 0.000 3.953 29 -0.033 0.035 0.035 0.000 4.087 

Denmark 138 0.001 0.076 0.041 0.034 2.049 139 -0.002 0.069 0.035 0.033 2.032 

Finland 213 0.008 0.081 0.041 0.039 3.056 222 0.008 0.074 0.038 0.035 2.682 

France 778 0.007 0.077 0.041 0.035 5.735 721 0.007 0.068 0.038 0.030 5.586 

Germany 681 0.008 0.080 0.044 0.034 3.693 636 0.008 0.068 0.035 0.032 3.637 

Hong Kong 1954 0.003 0.038 0.031 0.006 2.586 2022 0.004 0.035 0.027 0.007 2.445 

India 4785 0.002 0.053 0.050 0.003 1.855 4706 0.001 0.047 0.043 0.002 1.932 

Indonesia 589 -0.006 0.055 0.054 0.000 3.340 687 -0.005 0.035 0.035 0.000 2.612 

Israel 372 0.003 0.059 0.037 0.022 1.431 380 0.003 0.047 0.031 0.015 1.225 

Italy 373 0.006 0.051 0.037 0.012 3.363 407 0.005 0.044 0.031 0.012 2.302 

Japan 5256 0.009 0.048 0.036 0.011 2.688 5348 0.009 0.042 0.030 0.011 2.663 

Korea  2849 0.004 0.069 0.045 0.023 0.215 2967 0.005 0.063 0.040 0.022 0.242 

Kuwait 144 0.000 0.034 0.034 0.000 3.819 71 0.001 0.028 0.028 0.000 2.842 

Malaysia 1515 0.004 0.036 0.034 0.002 2.584 1560 0.006 0.034 0.032 0.002 2.189 
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Mexico 112 -0.006 0.051 0.051 0.000 18.577 110 -0.006 0.035 0.035 0.000 17.085 

Netherlands  106 0.005 0.059 0.041 0.018 10.763 95 0.011 0.048 0.027 0.020 11.006 

New Zealand 173 0.003 0.094 0.048 0.042 2.359 180 0.003 0.070 0.034 0.034 1.895 

Norway 220 -0.013 0.102 0.071 0.029 1.928 227 -0.013 0.074 0.048 0.024 1.614 

Oman 120 0.000 0.037 0.037 0.000 0.533 119 0.000 0.030 0.029 0.000 0.551 

Pakistan 562 -0.001 0.083 0.082 0.000 1.442 560 -0.003 0.051 0.051 0.000 1.483 

Philippines  262 -0.005 0.049 0.048 0.001 3.976 269 -0.008 0.030 0.029 0.001 3.007 

Poland 903 0.003 0.064 0.057 0.006 3.100 873 0.003 0.060 0.050 0.007 1.412 

Romania 102 0.000 0.053 0.053 0.000 1.794 96 0.003 0.037 0.036 0.001 1.428 

Russia 230 -0.003 0.068 0.068 0.001 22.357 165 -0.007 0.065 0.064 0.001 5.521 

Singapore 823 0.005 0.035 0.032 0.002 1.519 403 0.005 0.027 0.023 0.002 1.320 

South Africa 267 -0.004 0.055 0.052 0.002 5.794 239 -0.004 0.037 0.035 0.001 5.192 

Spain 175 0.010 0.073 0.052 0.016 7.186 156 0.007 0.058 0.041 0.013 7.805 

Sri Lanka 367 -0.009 0.049 0.049 0.000 2.749 183 -0.007 0.033 0.033 0.000 2.386 

Sweden 973 0.002 0.078 0.029 0.046 2.181 1003 0.002 0.066 0.021 0.044 1.329 

Switzerland 233 0.006 0.077 0.043 0.034 4.049 233 0.006 0.070 0.036 0.033 4.121 

Thailand 1062 0.002 0.046 0.046 0.000 9.479 1123 0.002 0.038 0.037 0.000 0.868 

Turkey 399 -0.007 0.070 0.064 0.005 3.146 435 -0.010 0.084 0.075 0.007 2.432 

United Arab Emirates  86 -0.001 0.033 0.033 0.000 13.532 40 -0.001 0.027 0.027 0.000 6.691 

United Kingdom 1338 0.005 0.072 0.040 0.031 2.423 1273 0.005 0.059 0.028 0.030 2.449 

United States 4656 -0.004 0.106 0.047 0.058 11.448 4567 -0.003 0.093 0.037 0.056 11.212 
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Table 2. Efficiency in Financial Institutions and Corporate Investment 

 
Note: This table presents regression estimates of yearly investment on country-level efficiency in financial institutions (EFI) based on a sample of Compustat Global firms from 

2018 to 2021. The sample includes publicly listed firms from 44 countries. We exclude financial firms, firm-year observations with non-positive book value of total assets or 

book value of common equity or without accounting information that is required for key variable construction. EFI Index is the efficiency in financial institutions index. GDP 

Growth is the yearly growth of GDP per capita. Investment is the ratio of annual total investment (sum of capital expenditure and R&D expenditure) to book value of total 

assets at the beginning of the fiscal year. CAPX /AT is the ratio of annual capital expenditure to book value of total assets at the beginning of the fiscal year. R&D/AT is the 
ratio of annual R&D expenditure to book value of total assets at the beginning of the fiscal year. CF/TA is the ratio of annual cash flows to book value of total assets at the 

beginning of the fiscal year. Ln Mkt Cap is the market capitalization in natural logarithm at the end of fiscal year. Tobin’s Q is the ratio of book value of assets plus market 

value of common equity minus book value of common equity and deferred taxes to book value of assets as measured at the end of fiscal year. Leverage is the ratio of book 

value of debt divided by book value of total assets at the beginning of the fiscal year. Crisis is an indicator variable with value of 1 for year 2020 and 2021, zero otherwise. 

Year 2020 is an indicator variable with value of 1 for year 2020 and zero otherwise. Year 2021 is an indicator variable with value of 1 for year 2021 and zero otherwise. All 

accounting figures are in U.S. dollars and all financial variables are winsorized at 1 and 99 percentiles by country. All regressions include country, firm, and year fixed effects. 

t-statistics in parentheses are based on standard errors adjusted for firm clustering. Observations are the total number of firm-year observations. ***, **, *, indicate significance 

at the 1%, 5%, and 10% levels. 

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

Dependent Var = 
Total 

Investment 

Capital 

 Investment 

R&D  

Expenditure 

                    

EFI Index t-1 0.751*** 0.498*** 0.499*** 0.604*** 0.378*** 0.353** 0.073 0.042 0.067 

  (4.534) (3.295) (3.198) (3.929) (2.733) (2.455) (1.606) (0.917) (1.460) 

EFI Index t-1 × Crisis   0.546***     0.488***     0.067**   

    (5.617)     (5.558)     (2.215)   

EFI Index t-1 × Year 2020     0.544***     0.537***     0.019 

      (5.854)     (6.457)     (0.653) 

EFI Index t-1 × Year 2021     0.551***     0.378**     0.175*** 

      (3.432)     (2.552)     (3.675) 

GDP Growth t-1 0.020*** 0.017*** 0.017*** 0.025*** 0.022*** 0.023*** -0.004*** -0.005*** -0.006*** 

  (3.620) (3.092) (3.054) (4.850) (4.371) (4.529) (-2.791) (-2.899) (-3.484) 

CF/TA t 0.025*** 0.025*** 0.025*** 0.047*** 0.047*** 0.047*** -0.021*** -0.021*** -0.021*** 

  (3.940) (3.942) (3.941) (9.712) (9.725) (9.698) (-7.488) (-7.488) (-7.468) 

Ln Mkt Cap t-1 -0.007*** -0.007*** -0.007*** -0.001 -0.001 -0.001 -0.006*** -0.006*** -0.006*** 

  (-7.060) (-6.706) (-6.725) (-1.346) (-0.963) (-1.019) (-13.469) (-13.399) (-13.355) 

Tobin's Q t-1 0.008*** 0.008*** 0.008*** 0.005*** 0.004*** 0.004*** 0.003*** 0.003*** 0.003*** 

  (10.518) (10.438) (10.439) (8.573) (8.471) (8.480) (8.614) (8.593) (8.588) 
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Leverage t-1 -0.099*** -0.098*** -0.098*** -0.085*** -0.084*** -0.084*** -0.010*** -0.010*** -0.010*** 

  (-19.346) (-19.202) (-19.200) (-20.003) (-19.835) (-19.825) (-5.105) (-5.067) (-5.081) 

                    

Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 84,612 84,612 84,612 84,612 84,612 84,612 84,612 84,612 84,612 

Adjusted R2 0.644 0.645 0.645 0.518 0.518 0.518 0.883 0.883 0.883 
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Table 3. Efficiency in Financial Institutions and Corporate Investments: Industry Level Analysis 

 
Note: This table presents regression estimates of yearly investment on country-level efficiency in financial institutions (EFI) for 11 industries (classified with Fama-French 12 

industries) based on a sample of Compustat Global firms from 2018 to 2021. The sample includes publicly listed firms from 44 countries. We exclude financial firms, firm-

year observations with non-positive book value of total assets or book value of common equity or without accounting information that is required for key variable construction. 

Panel A reports the results on capital investments and Panel B reports the results on R&D expenditure. EFI index is the index measuring the efficiency in financial institutions. 

GDP Growth is the yearly growth of GDP per capita. CAPX /AT is the ratio of annual capital expenditure to book value of total assets at the beginning of the fiscal year. 
R&D/AT is the ratio of annual R&D expenditure to book value of total assets at the beginning of the fiscal year. CFTA is the ratio of annual cash flows to book value of total 

assets at the beginning of the fiscal year. Ln Mkt Cap is the market capitalization in natural logarithm at the end of fiscal year. Tobin’s Q is the ratio of book value of assets 

plus market value of common equity minus book value of common equity and deferred taxes to book value of assets as measured at the end of fiscal year. Leverage is the ratio 

of book value of debt divided by book value of total assets at the beginning of the fiscal year. Crisis is an indicator variable with value of 1 for year 2020 and 2021, zero 

otherwise. Year 2020 is an indicator variable with value of 1 for year 2020 and zero otherwise. Year 2021 is an indicator variable with value of 1 for year 2021 and zero 

otherwise. All accounting figures are in U.S. dollars and all financial variables are winsorized at 1 and 99 percentiles by country. All regressions include country, firm, and year 

fixed effects. t-statistics in parentheses are based on standard errors adjusted for firm clustering. Observations are the total number of firm-year observations. ***, **, *, indicate 

significance at the 1%, 5%, and 10% levels. 

 
Panel A. Capital Investments 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

Dependent Var = 
CAPX/AT 

Non-
Durables 

Durables Manufacture Energy Chemicals 
Business 

Equipment 
Telecom Utilities Shops Health Other 

                        

EFI Index t-1 0.086 1.322** 1.334*** 1.262 1.900*** 0.280 0.442 0.724 -0.456 0.163 -0.511* 

  (0.299) (2.238) (3.585) (1.116) (2.686) (0.775) (1.019) (0.848) (-1.153) (0.475) (-1.948) 

EFI Index t-1 × Crisis 0.483*** -0.186 0.675*** 1.874** 0.357 0.016 0.573 0.880*** 0.669*** -0.088 0.450** 

  (2.636) (-0.612) (2.607) (2.069) (1.041) (0.107) (1.496) (2.884) (3.301) (-0.249) (2.269) 

GDP Growth t-1 0.038*** 0.041* 0.049*** -0.088* 0.008 -0.014 0.004 0.064* -0.006 0.032* 0.019 

  (2.946) (1.875) (4.255) (-1.856) (0.383) (-1.090) (0.124) (1.758) (-0.432) (1.908) (1.557) 

CF/TA t 0.041*** 0.065*** 0.073*** 0.030 0.055*** 0.031*** 0.031* 0.219*** 0.074*** 0.016** 0.038** 

  (4.230) (3.466) (5.998) (0.822) (2.887) (3.890) (1.894) (5.967) (5.378) (2.289) (2.279) 

Ln Mkt Cap t-1 -0.000 0.003 0.002 -0.014* 0.002 -0.002 -0.004 0.004 -0.000 -0.002 -0.004 

  (-0.101) (0.915) (0.976) (-1.662) (0.666) (-1.061) (-1.412) (0.622) (-0.324) (-1.157) (-1.485) 

Tobin's Q t-1 0.003*** 0.006*** 0.003** 0.010*** 0.005*** 0.004*** 0.005** 0.013*** 0.002* 0.005*** 0.008*** 

  (2.611) (3.957) (2.300) (2.831) (2.657) (5.392) (2.005) (2.646) (1.897) (5.440) (3.539) 

Leverage t-1 -0.085*** 
-

0.065*** 
-0.101*** 

-
0.149*** 

-0.098*** -0.041*** -0.047* -0.113*** -0.078*** 
-

0.068*** 
-

0.116*** 

  (-8.628) (-4.037) (-9.383) (-3.082) (-5.035) (-4.907) (-1.834) (-3.606) (-10.988) (-5.258) (-9.303) 
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Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 9,218 4,037 16,151 2,015 4,614 13,877 1,278 1,730 8,690 6,595 16,202 

Adjusted R2 0.487 0.506 0.433 0.470 0.488 0.527 0.713 0.653 0.462 0.471 0.550 

 
Panel B. R&D Expenditure 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

Dependent Var = R&D/AT Non-Durables Durables Manufacturing Energy Chemicals 
Business 

Equipment 
Telecom Utilities Shops Health Other 

                        

EFI Index t-1 0.015 0.053 0.060 -0.064 0.273 0.207 -0.111 0.292 0.045 -0.578** 0.073 

  (0.555) (0.222) (1.310) (-0.676) (1.188) (0.795) (-0.733) (0.957) (0.780) (-2.061) (1.375) 

EFI Index t-1 × Crisis -0.015 -0.058 -0.079** 0.134 -0.147** 0.272* 0.096 0.073 -0.000 0.784** 0.035 

  (-0.915) (-0.489) (-2.186) (1.566) (-2.161) (1.777) (0.769) (1.101) (-0.018) (2.573) (1.140) 

GDP Growth t-1 0.002** -0.001 0.001 0.006 0.002 -0.003 -0.025* 0.022 0.000 -0.043*** -0.001 

  (2.222) (-0.309) (0.575) (1.212) (0.627) (-0.406) (-1.767) (1.152) (0.114) (-3.114) (-0.752) 

CF/TA t 0.001 0.018 -0.000 -0.006 -0.017 -0.019*** 0.029 -0.037 0.001 -0.092*** -0.006** 

  (0.580) (0.887) (-0.066) (-1.625) (-1.578) (-2.948) (1.458) (-1.051) (0.485) (-7.537) (-2.112) 

Ln Mkt Cap t-1 -0.000*** -0.004* -0.002*** -0.000 -0.004** -0.013*** -0.007* 0.004 -0.001** -0.025*** -0.001* 

  (-2.597) (-1.722) (-3.784) (-0.814) (-2.380) (-9.408) (-1.728) (0.948) (-2.344) (-9.476) (-1.911) 

Tobin's Q t-1 0.000** 0.002 0.001* 0.001** 0.003** 0.005*** 0.008 -0.001 0.000 0.010*** 0.001 

  (1.974) (1.572) (1.947) (2.372) (2.281) (6.346) (1.504) (-0.657) (1.275) (7.047) (1.293) 

Leverage t-1 -0.005*** -0.013* -0.008*** -0.002 -0.006 -0.025*** 0.025 -0.010 -0.001 -0.026* -0.008*** 

  (-4.566) (-1.776) (-2.904) (-0.775) (-1.603) (-4.138) (1.104) (-0.881) (-1.319) (-1.928) (-3.485) 

                        

Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Firm FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 9,218 4,037 16,151 2,015 4,614 13,877 1,278 1,730 8,690 6,595 16,202 

Adjusted R2 0.862 0.827 0.853 0.691 0.844 0.866 0.808 0.390 0.858 0.878 0.781 
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Table 4. Efficiency in Financial Institutions, Dependence on External Finance, 

 and Firm Investment 

 
Note: This table presents regression estimates of yearly investment on country-level efficiency in financial 

institutions (EFI Index) based on a sample of Compustat Global firms from 2018 to 2021. The sample includes 

publicly listed firms from 44 countries. We exclude financial firms, firm-year observations with non-positive book 

value of total assets or book value of common equity or without accounting information that is required for key 

variable construction. EFI Index is the measure of efficiency in financial institutions. GDP Growth is the yearly 

growth of GDP per capita. Investment is the ratio of annual total investment (sum of capital expenditure and R&D 

expenditure) to book value of total assets at the beginning of the fiscal year. CAPX /AT is the ratio of annual 

capital expenditure to book value of total assets at the beginning of the fiscal year. R&D Expenditure is the ratio 

of annual R&D expenditure to book value of total assets at the beginning of the fiscal year. Crisis is an indicator 

variable with value of 1 for year 2020 and 2021, zero otherwise. Year 2020 is an indicator variable with value of 

1 for year 2020 and zero otherwise. Year 2021 is an indicator variable with value of 1 for year 2021 and zero 
otherwise. Following Rajan and Zingales (1996), we measure external finance dependence by summing firm 

capital expenditure minus cash flows over the decade (2010-2019 for our study) and scale it by the sum of capital 

expenditure, and then calculate the median value at three-digit SIC level base on US data. High External Fin 

Dependent equals one if the industry external finance dependence is above the median, and zero otherwise. All 

accounting figures are in U.S. dollars and all financial variables are winsorized at 1 and 99 percentiles by country. 

All regressions include country, firm, and year fixed effects. t-statistics in parentheses are based on standard errors 

adjusted for firm clustering. Observations are the total number of firm-year observations. ***, **, *, indicate 

significance at the 1%, 5%, and 10% levels. 

 
  (1) (2) (3) 

Dependent Var = 
Total 

Investment 

Capital 

 Investment 

R&D 

Expenditure 

        

EFI Index t-1 0.610*** 0.277 0.254*** 

  (2.716) (1.487) (3.357) 

EFI Index t-1 × High External Fin Dependent -0.146 0.140 -0.290*** 

  (-0.536) (0.597) (-3.253) 

EFI Index t-1 × Crisis 0.258** 0.268*** -0.016 

  (2.096) (2.596) (-0.381) 

EFI Index t-1 × High External Fin Dependent × Crisis 0.391** 0.295* 0.119** 

  (2.252) (1.932) (2.107) 

High External Fin Dependent × Crisis -0.005*** -0.004*** -0.001** 

  (-4.320) (-3.943) (-2.105) 

     

Control Variables Yes Yes Yes 

Country FE Yes Yes Yes 

Year FE Yes Yes Yes 

Firm FE Yes Yes Yes 

Adjusted R2 0.646 0.519 0.883 

 

 

 

 

 

 

 

 

 

 

 

 



   38 

 

Table 5. Efficiency in Financial Institutions, Collateral Assets, and Firm Investment  

 
Note: This table presents regression estimates of yearly investment on country-level efficiency in financial 

institutions (EFI index) based on a sample of Compustat Global firms from 2018 to 2021. The sample includes 

publicly listed firms from 44 countries. We exclude financial firms, firm-year observations with non-positive book 

value of total assets or book value of common equity or without accounting information that is required for key 

variable construction. EFI Index is the efficiency in financial institutions index. Capital Investment is the ratio of 
annual capital expenditure to book value of total assets at the beginning of the fiscal year. R&D Expenditure is 

the ratio of annual R&D expenditure to book value of total assets at the beginning of the fiscal year. Crisis is an 

indicator variable with a value of 1 for year 2020 and 2021, zero otherwise. Year 2020 is an indicator variable 

with a value of 1 for year 2020 and zero otherwise. Year 2021 is an indicator variable with a value of 1 for year 

2021 and zero otherwise. High Tangibility is an indicator variable which equals 1 if firm’s tangibility ratio (fixed 

assets to book value of total assets) is above the annual median within country, and zero otherwise. Labor intensity 

is the ratio of total number of employees to firm’s fixed assets based on U.S. data. We then calculate the median 

labor intensity at 3-digit SIC industry level per decade. High Labor Intensity is an indicator variable with a value 

of 1 if industry labor intensity measure is above the median, and zero otherwise. All accounting figures are in U.S. 

dollars and all financial variables are winsorized at 1 and 99 percentiles by country. All regressions include 

country, firm, and year fixed effects. T-statistics in parentheses are based on standard errors adjusted for firm 

clustering. Observations are the total number of firm-year observations. ***, **, *, indicate significance at the 
1%, 5%, and 10% levels. 

 

Panel A. Asset Tangibility 

  (1) (2) (3) 

Dependent Var = 
Total 

Investment 

Capital 

 Investment 

R&D 

Expenditure 

        

EFI Index t-1 0.545*** 0.480*** -0.020 

  (3.132) (3.148) (-0.290) 

EFI Index t-1 × High Tangibility t-1 -0.098 -0.202 0.120* 

  (-0.498) (-1.136) (1.820) 

EFI Index t-1 × Crisis 0.350*** 0.226** 0.128** 

  (3.098) (2.510) (2.396) 

EFI Index t-1 × High Tangibility t-1 × Crisis 0.418** 0.548*** -0.121** 

  (2.358) (3.467) (-2.107) 

High Tangibility t-1 × Crisis -0.014*** -0.014*** 0.001** 

  (-12.912) (-15.747) (2.128) 

High Tangibility t-1 -0.003** -0.001 -0.003*** 

  (-2.162) (-0.537) (-4.989) 

     

Controls Yes Yes Yes 

Country FE Yes Yes Yes 

Year FE Yes Yes Yes 

Firm FE Yes Yes Yes 

Observations 84,611 84,611 84,611 

Adjusted R2 0.647 0.522 0.883 
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Panel B. Labor Intensity 

  (1) (2) (3) 

Dependent Var = 
Total 

Investment 

Capital 

 Investment 

R&D  

Expenditure 

        

EFI Index t-1 0.660*** 0.502*** 0.117*** 

  (3.224) (2.577) (3.332) 

EFI Index t-1 × High Labor Intensity -0.386 -0.312 -0.160 

  (-1.421) (-1.304) (-1.639) 

EFI Index t-1 × Crisis 0.603*** 0.669*** -0.065*** 

  (4.377) (5.061) (-3.400) 

EFI Index t-1 × High Labor Intensity × Crisis -0.185 -0.542*** 0.377*** 

  (-0.984) (-3.354) (5.099) 

High Labor Intensity × Crisis 0.004*** 0.007*** -0.003*** 

  (3.441) (7.094) (-6.319) 

     

Controls Yes Yes Yes 

Country FE Yes Yes Yes 

Year FE Yes Yes Yes 

Firm FE Yes Yes Yes 

Observations 82,511 82,511 82,511 

Adjusted R2 0.646 0.520 0.883 
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Table 6. Efficiency in Financial Institutions and Firm Employment 

 
This table presents regression estimates of yearly firm employment on country-level efficiency in financial 

institutions (EFI) based on a sample of Compustat Global firms from 2018 to 2021. The whole sample includes 

publicly listed firms from 44 countries. We exclude financial firms, firm-year observations with non-positive book 

value of total assets or book value of common equity or without accounting information that is required for key 

variable construction. EFI index is the index measuring the efficiency in financial institutions. GDP Growth is 
the yearly growth of GDP per capita. Ln(Employee) is the national logarithm of number of employees (in millions) 

at the fiscal year end. CF/TA is the ratio of annual cash flows to book value of total assets at the beginning of the 

fiscal year. Ln Mkt Cap is the market capitalization in natural logarithm at the end of fiscal year. Tobin’s Q is the 

ratio of book value of assets plus market value of common equity minus book value of common equity and 

deferred taxes to book value of assets as measured at the end of fiscal year. Leverage is the ratio of book value of 

debt divided by book value of total assets at the beginning of the fiscal year. Crisis is an indicator variable with 

value of 1 for year 2020 and 2021, zero otherwise. Year 2020 is an indicator variable with value of 1 for year 

2020 and zero otherwise. Year 2021 is an indicator variable with value of 1 for year 2021 and zero otherwise. All 

accounting figures are in U.S. dollars and all financial variables are winsorized at 1 and 99 percentiles by country. 

All regressions include country, firm, and year fixed effects. t-statistics in parentheses are based on standard errors 

adjusted for firm clustering. Observations are the total number of firm-year observations. ***, **, *, indicate 

significance at the 1%, 5%, and 10% levels.  

 

  (1) (2) 

Dependent Var = 

      

EFI Index t-1 -3.132*** -3.434*** 

  (-3.635) (-3.863) 

EFI Index t-1× Crisis 4.397***   

  (8.683)   

EFI Index t-1 × Year 2020   4.973*** 

    (10.365) 

EFI Index t-1 × Year 2021   3.209*** 

    (3.935) 

GDP Growth t-1 0.330*** 0.344*** 

  (9.316) (9.556) 

CF/TA t 0.126*** 0.125*** 

  (4.813) (4.771) 

Ln Mkt Cap t-1 0.151*** 0.150*** 

  (25.998) (25.836) 

Tobin's Q t-1 -0.023*** -0.023*** 

  (-7.888) (-7.886) 

Leverage t-1 0.077*** 0.077*** 

  (2.950) (2.966) 

      

Country FE Yes Yes 

Year FE Yes Yes 

Firm FE Yes Yes 

Observations 63,446 63,446 

Adjusted R2 0.984 0.984 
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Table 7. Efficiency in Financial Institutions and Corporate Employment: 

The Role of Employment Law 

 
This table presents regression estimates of yearly firm employment on country-level efficiency in financial 

institutions (EFI index) based on a sample of Compustat Global firms from 2018 to 2021. The sample includes 

publicly listed firms from 44 countries. We exclude financial firms, firm-year observations with non-positive book 

value of total assets or book value of common equity or without accounting information that is required for key 

variable construction. EFI is the measure of efficiency in financial institutions. Crisis is an indicator variable with 

value of 1 for year 2020 and 2021, zero otherwise. All accounting figures are in U.S. dollars and all financial 

variables are winsorized at 1 and 99 percentiles by country. All regressions include country, firm, and year fixed 

effects. t-statistics in parentheses are based on standard errors adjusted for firm clustering. Observations are the 

total number of firm-year observations. ***, **, *, indicate significance at the 1%, 5%, and 10% levels.  

 
  (1) (2) (3) (4) 
Dependent Var = Ln(Employee) t 

          
EFI Index t-1 -0.481 -4.522 -4.841*** 11.140*** 
  (-0.201) (-1.565) (-3.083) (5.443) 

EFI Index t-1 × Crisis 1.530 -5.058*** 4.388*** 2.081*** 
  (1.407) (-2.832) (6.732) (2.758) 
EFI Index t-1 × Emp laws index -4.619       
  (-1.199)       

EFI Index t-1 × Emp laws index × Crisis 7.587**       
  (2.523)       
Emp laws index × Crisis -0.028       

  (-1.288)       
EFI Index t-1 × Alt emp contracts   2.704     
    (0.716)     
EFI Index t-1 × Alt emp contracts × Crisis   16.304**

* 

    

    (5.392)     
Alt emp contracts × Crisis   -0.060***     
    (-2.682)     

EFI Index t-1 × Increasing hours worked     2.304   
      (1.209)   
EFI Index t-1 × Increasing hours worked × Crisis     0.482   

      (0.220)   
Increasing hours worked × Crisis     -0.002   
      (-0.145)   
EFI Index t-1 × Cost of firing workers       -34.948*** 

        (-7.329) 
EFI Index t-1 × Cost of firing workers × Crisis       9.501*** 
        (3.973) 

Cost of firing workers × Crisis       0.005 
        (0.324) 
      
Controls  Yes Yes Yes Yes 

Country FE Yes Yes Yes Yes 
Year FE Yes Yes Yes Yes 
Firm FE Yes Yes Yes Yes 

Observations 63,345 63,345 63,345 63,345 
Adjusted R2 0.984 0.984 0.984 0.984 
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Table 8. Efficiency in Financial Institutions and Quantity of Credit Supply 

 
Note: This table reports summary of quarterly credit supply (in Panel A) and results of regressions of credits 

supply on efficiency in financial institutions (EFI) controlling for quarterly GDP growth (In Panel B). EFI Index 

is the measure of efficiency in financial institutions. Bank Credit/GDP is the ratio of total credit provided by banks 

to GDP per quarter. Credit to Household/GDP is the ratio of total credit provided to household to GDP per quarter. 

Credit to Corporation/GDP is the ratio of total credit provided to corporations to GDP per quarter. GDP Growth 
is the quarterly growth rate of the real GDP per capita. Crisis is an indicator variable with value of 1 for year 2020 

and 2021, zero otherwise. Year 2020 is an indicator variable with value of 1 for year 2020 and zero otherwise. 

Year 2021 is an indicator variable with value of 1 for year 2021 and zero otherwise. All regressions have country, 

year, and quarter fixed effects. The t-statistics in parentheses are based on heteroskedasticity corrected standard 

errors. Observations are the total number of country-quarter observations. ***, **, *, indicates significance at the 

1%, 5%, and 10% level, respectively. 

 
Panel A. Summary Statistics of Credit Supply  

Variable N 25th Pctl Mean Median 75th Pctl Std Dev 

Bank Credit/GDP 470 55.300 93.944 86.150 127.700 49.787 

Credit to Household/GDP 470 34.800 60.839 59.050 88.200 32.176 

Credit to Corporation/GDP 470 67.200 99.540 92.850 132.900 52.819 

 

Panel B. Efficiency in Financial Intuitions and Credit Supply 

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

Dependent Var = Bank Credit/GDP Credit to Household/GDP Credit to Corporations/GDP 

                    

EFI Index t-1 1.649** 1.469** 1.515** 0.686* 0.634 0.642 1.533** 1.403** 1.453** 

  (2.522) (2.304) (2.344) (1.700) (1.581) (1.574) (2.198) (2.064) (2.124) 

EFI Index t-1 × Crisis   1.256***     0.360*     0.906**   

    (4.403)     (1.920)     (2.352)   

EFI Index t-1 × Year 2020      1.193***     0.348*     0.837** 

      (4.057)     (1.807)     (2.171) 

EFI Index t-1 × Year 2021     1.807*     0.459     1.506 

      (1.807)     (0.656)     (0.902) 

GDP Growth t-1 -0.044 -0.103 -0.104 -0.027 -0.044 -0.045 -0.388*** -0.430*** -0.432*** 

  (-0.440) (-1.030) (-1.047) (-0.457) (-0.747) (-0.752) (-3.112) (-3.557) (-3.578) 

                    

Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Quarter FE Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 470 470 470 470 470 470 470 470 470 

Adjusted R2 0.994 0.994 0.994 0.996 0.996 0.996 0.992 0.992 0.992 
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Table 9. Sub-Sample Analysis 
 

This table presents regression estimates of yearly investment on country-level efficiency in financial institutions (EFI) based on a sample of Compustat Global firms from 2018 

to 2021. The sample includes publicly listed firms from 44 countries. We exclude financial firms, firm-year observations with non-positive book value of total assets or book 

value of common equity or without accounting information that is required for key variable construction. EFI is the measure of efficiency in financial institutions. GDP Growth 

is the yearly growth in real GDP per capita. Investment is the ratio of annual total investment (sum of capital expenditure and R&D expenditure) to book value of total assets at 

the beginning of the fiscal year. Crisis is an indicator variable with value of 1 for year 2020 and 2021, zero otherwise. All accounting figures are in U.S. dollars and all financial 

variables are winsorized at 1 and 99 percentiles by country. All regressions include country, firm, and year fixed effects. t-statistics in parentheses are based on standard errors 

adjusted for firm clustering. Observations are the total number of firm-year observations. ***, **, *, indicate significance at the 1%, 5%, and 10% levels.  

 
  (1) (2) (3) (4) (5) (6) 
Dependent Var = Investment t Developed  

Markets 

Emerging  

Markets 

High  

Stringency  

Low  

Stringency  

High Economic  

Support  

Low Economic  

Support  
              
EFI Index t-1 0.035 1.145*** 0.544*** 0.162 0.540*** 0.552** 
  (0.203) (3.844) (3.075) (0.609) (2.755) (2.429) 

EFI Index t-1 × Crisis 0.550*** 0.850*** 0.534*** 0.700*** 0.020 0.950*** 
  (3.853) (5.788) (3.080) (6.028) (0.098) (6.991) 
GDP Growth t-1 0.001 0.043*** 0.046*** -0.020** 0.049*** 0.011 
  (0.070) (5.525) (5.349) (-2.376) (4.266) (1.520) 

CF/TA t -0.012 0.092*** 0.023** 0.022*** 0.006 0.035*** 
  (-1.385) (11.222) (2.053) (2.813) (0.531) (4.555) 
Ln Mkt Cap t-1 -0.016*** 0.001 -0.005*** -0.010*** -0.011*** -0.006*** 

  (-8.918) (1.104) (-2.920) (-7.512) (-4.972) (-4.780) 
Tobin's Q t-1 0.012*** 0.004*** 0.007*** 0.009*** 0.010*** 0.007*** 
  (11.487) (4.902) (5.271) (11.582) (6.976) (8.219) 

Leverage t-1 -0.091*** -0.107*** -0.117*** -0.086*** -0.105*** -0.094*** 
  (-12.393) (-15.263) (-12.776) (-14.356) (-11.290) (-15.432) 
  

      

Country FE Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes 
Firm FE Yes Yes Yes Yes Yes Yes 
Observations 44,124 40,488 31,696 52,916 33,055 51,557 

Adjusted R2 0.696 0.553 0.545 0.710 0.602 0.661 
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Appendix  
 

Table A1. Bayesian PCA Factor Loadings 

 
Note: This table reports the results factor loadings from the Bayesian Principal Component Analysis (B-

PCA) explained in Section 3. B-PC1 is the first principal component, which we employ as the index that 

measure the efficiency in financial institutions (EFI index).   

       

 B-PC1 B-PC2 B-PC3 

Net interest margin -0.812 0.196 -0.110 

Lending-deposits spread -0.257 -0.068 -0.751 

Non-interest income to total income 0.047 -0.781 -0.073 

Overhead costs to total assets -0.540 -0.521 0.159 

Return on assets -0.681 0.144 0.047 
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Table A2. Variable Description 
 

This table presents detailed description and source of key variables. 

 

Variable Name Description Source 
   

EFI   

AFI   

DFI   

   

Investment 

Investment is the ratio of annual total investment (sum of 

capital expenditure and R&D expenditure) to book value of 
total assets at the beginning of the fiscal year.  

Compustat 

CAPX/AT 
the ratio of annual capital expenditure to book value of total 

assets at the beginning of the fiscal year. 
Compustat 

R&D/AT 
the ratio of annual R&D expenditure to book value of total 

assets at the beginning of the fiscal year.  
Compustat 

CF/TA 
the ratio of annual cash flows to book value of total assets at the 

beginning of the fiscal year.  
Compustat 

Ln Mkt Cap 
the market capitalization in natural logarithm at the end of fiscal 

year. 
Compustat 

Tobin's Q 

the ratio of book value of assets plus market value of common 

equity minus book value of common equity and deferred taxes 

to book value of assets as measured at the end of fiscal year.  

Compustat 

Leverage 
the ratio of book value of debt divided by book value of total 

assets at the beginning of the fiscal year.  
Compustat 

Ln(Employee) 
Ln(Employee) is the national logarithm of number of 

employees (in millions) at the fiscal year end 
Compustat 

ROA 
the ratio of operating income before depreciation to book value 

of total assets at the beginning of the fiscal year.  
Compustat 

Cash Holding 
the ratio of cash and short-term investments to book value of 

total assets at the beginning of the fiscal year.   
Compustat 

GDP Growth the yearly growth of GDP per capita. IMF 
   

Bank Credit/GDP the ratio of total credit provided by banks to GDP per quarter BIS 

Credit to Household/GDP 
the ratio of total credit provided to household to GDP per 

quarter 
BIS 

Credit to Corporation/GDP 
the ratio of total credit provided to corporations to GDP per 

quarter 
BIS 
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Figure A1. IMF’s FIE index and efficiency characteristics by the level of income 
 

Note: This figure plots the efficiency in financial intuitions (EFI) index and three efficiency characteristics. EFI is estimated 
as the first component using a Bayesian PCA. The crude banking characteristics data are from the World Bank. 

 
 

Panel A. IMF’s FIE Index and Net Interest Margin 

 
Panel B. IMF’s FIE Index and Overhead Costs to Total Assets 

 
Panel C. IMF’s FIE Index and ROA 

 


