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ABSTRACT 

 This dissertation topic is on the market discipline of banking institutions during 

the most recent business cycle (i.e., the business cycle surrounding the Great Recession 

of 2007).  Market discipline has been a focal point of banking regulation since the 

implementation of Basel II in June 2004.  In an attempt to provide a comprehensive 

framework that provides international standards on bank supervision, the Basel 

Committee on Banking Supervision designed a complementary three-pillar structure. 

These include: capital requirements, the supervisory review process, and market 

discipline.  Recent research has shown that the success of capital requirement ultimately 

lies in how well it serves market discipline (Gordy and Howells, 2006).  The FDIC 

defines market discipline as:  

The forces in a free market (without the influence of government 

regulation) which tend to control and limit the riskiness of a financial 

institution’s investment and lending activities. Such forces include the 

concern of depositors for the safety of their deposits and the concern of 

bank investors for the safety and soundness of their institutions.  

Source: FDIC Glossary of Definitions 

Thus, regulators must account for market discipline in their design of a new regulatory 

framework. 

 In Chapter 1, I investigate how the yield spreads of debt issued by U.S. 

Systemically Important Banks (SIBs) in the secondary market are associated with their 

idiosyncratic risk factors, as well as bond features, and macroeconomic factors, over a 

complete business cycle across the pre-crisis (2003:Q1 to 2007:Q3), crisis (2007:Q4 to 
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2009:Q2), and post-crisis (2009:Q3 to 2014:Q3) periods.  Both Global and Domestic 

SIBs (G-SIBs and D-SIBs) are considered.  Economic theory suggests that as SIB risk-

levels increase, bond-buyers demand a higher yield spread (lower price) on the debt 

security (Evanoff and Wall, 2000).  However, explicit and implicit government safety 

nets before, during, and after the crisis complicate the market discipline mechanism and 

make a priori predictions of the yield changes in response to increases in risk 

inconclusive.  This renders the issue an empirical exercise.  By stratifying across the most 

recent business cycle, I am able to investigate two broad objectives.  First, I study how 

bond-buyers react to increases in SIB risk across the recent business cycle.  Second, I 

investigate the degree to which the proportion of the variance in yield spreads explained 

by macroeconomic factors changed across the phases of the cycle.  Unusual volatility 

during and after the financial crisis in the macroeconomic realm, and the keen focus by 

regulators, investors, and other stakeholders on idiosyncratic risk makes it theoretically 

unclear which countervailing force is the primary driver of yield spreads in the secondary 

market.  The data includes over 9.7 million bond trades across the 26 SIBs based in the 

U.S.  I obtain several interesting results. First, bond-buyers do react to increases in bank 

risk factors (leverage, credit risk, inefficiency, lack of profitability, illiquidity, and 

interest rate risk) by charging higher yield spreads.  Second, bond buyer response to risk 

is sensitive to the phase of the business cycle.  Third, the proportion of variance in yield 

spreads driven by issuing-firm-specific and bond-specific risk factors (as opposed to 

macroeconomic factors) increased from 29% in the pre-crisis period to 48% and 77% 
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during the crisis and post-crisis periods, respectively. This last finding indicates that 

market discipline greatly improved in the two latter phases of the business cycle, and 

while the literature on market discipline following the 2007-2009 crises is still scant, this 

result is consistent with some extant studies (Balasubramnian and Cyree, 2014).  Despite 

unprecedented accommodative fiscal and monetary policies during and after the financial 

crisis, market discipline in the secondary bond market has strengthened considerably, 

providing evidence that regulatory intervention and market discipline can work in 

tandem.  These results can advise regulators, investors, bank risk managers, and others, 

on how bond traders react to issuing-bank, bond, and macroeconomic factors.  For 

example, regulators and policy makers should acount for the effect of market discipline in 

formulation of their monetary and fiscal policies designed to achieve specific targets 

because, otherwise, they may miss the targets.  

 In Chapter 2, I study the impact of bank risk taking and macroeconomic factors 

on the growth of interest-bearing deposits and interest rates paid on those deposits for 

U.S. commercial banks with less than $10 billion in total assets (known as commercial 

banking organizations or CBOs). The sample period for deposit growth covers the recent 

business cycle (2003:Q1 to 2014:Q4) and it is broken down into pre-crisis (2003:Q1 to 

2007:Q3), crisis (2007:Q4 to 2009:Q2), and post-crisis (2009:Q3 to 2014:Q4) sub-

periods in order to contrast the patterns of effects over these phases of the business cycle.  

Deposit pricing equations are estimated over the post-crisis period only due to data 

limitations.  Separate deposit growth rate equations are estimated across four deposit 
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types (transaction, savings, large, and small time deposits), while separate deposit pricing 

equations are estimated across 30 deposit types (including various terms and balances for 

certificates of deposits as well as personal and business money market accounts and 

interest checking accounts, among others).   Bank heterogeneity is accounted for via 

fixed effects estimation.  I obtain several interesting results.  First, there is a relationship 

between bank risk taking and subsequent deposit withdrawals over the three sub-sample 

periods, indicating that depositors do respond to bank riskiness under the pre-crisis, 

crisis, and post-crisis environments (market discipline).  Second, there is also market 

discipline in deposit pricing as evidenced by the statistically significant and consistent 

relationship between bank risk taking and deposit pricing across all 30 different product 

types I study.  Third, when deposits are disaggregated into insured and uninsured 

components, I find that the uninsured depositors react to changes in bank credit risk via 

deposit withdrawals (during the pre-crisis period) and pricing (during the post-crisis 

period) to a greater extent than do the fully insured depositors, supporting the presence of 

moral hazard.  Fourth, since the pre-crisis period, macroeconomic factors have become 

even a greater force in driving the changes in deposit growth because of market 

intervention and implicit and explicit government guarantees.  As macroeconomic factors 

drive more of the variation in deposit growth, mechanisms to keep CBO risk in check 

depend less on the depositors and banks and more on macroeconomic policy.  

 In Chapter 3, I investigate the impact of the Dodd-Frank Wall Street Reform and 

Consumer Protection Act (Dodd-Frank) of 2010 on accounting fees for commercial 
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banks with less than $10 billion in total assets (known as commercial banking 

organizations or CBOs), while controlling for their litigation risk via legal fees spent on 

outside counsel.  Using panel data from 2008 through 2014 for U.S. CBOs, I find that 

litigation risk is the primary driver of accounting fees for “large” CBOs with $1 billion - 

$10 billion in total assets. This finding is contrary to previous studies, which attribute the 

majority of explained variance in those fees to firm size alone.  To my knowledge, these 

results are the first to explicitly confirm the litigation risk-audit fee hypothesis 

(Seetharaman et al., 2002) for the banking industry.  In terms of magnitude, I find that for 

every one percent increase in legal fees, accounting fees will increase from two to nine 

basis points, depending on CBO size.  Controlling for bank-specific risk and the general 

business cycle, our results show that Dodd-Frank has the greatest impact on accounting 

fees for small CBOs (<$500 million in total assets), which experience an increase in these 

expenses of 73% due to the drafting of the Act, and an increase of 105% due to the 

subsequent passage (compared to an increase of 56% and 86% in accounting fees for the 

large CBO cohort during the drafting and subsequent passage of Dodd-Frank, 

respectively).  I also find that a decrease in bank leverage (for CBOs of all sizes) and an 

increase in real estate loans to total loans (for large CBOs) are indicative of higher 

accounting fees.            
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CHAPTER 1. MARKET DISCIPLINE IN THE BOND MARKET: THE CASE OF 

SYSTEMICALLY IMPORTANT BANKS 

 

1.1. Introduction 

 We investigate how the yield spreads
1
 of debt issued by U.S. Systemically 

Important Banks (SIBs) in the secondary market are associated with their idiosyncratic 

risk factors over a complete business cycle across the pre-crisis (2003:Q1 to 2007:Q3), 

crisis (2007:Q4 to 2009:Q2), and post-crisis (2009:Q3 to 2014:Q3) periods.  Both Global 

and Domestic SIBs (G-SIBs and D-SIBs) are considered.  The yield spread is the 

difference between the yield to maturity on a bond and a risk-free rate (the rate on a 

Treasury security with an identical maturity and similar other features).  We narrow the 

focus of the analysis to the SIB population because, if mandatory debt issuance were to 

be part of the regulatory framework, as suggested by Lang and Robertson (2002),
2
 among 

others, it would likely impact this group of bank holding companies (BHCs) to the 

greatest extent due to their designation as “systemically important Banks” by the 

                                                 

 

1
 We also refer to yield spreads simply as “yields” throughout the paper, for brevity. 

2
 These authors’ recommendation for mandatory issuance of subordinated debt is driven primarily by 

changes in their prices (yields), and this market-based information could be leveraged as an “early 

warning” sign for regulatory action.   
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Financial Stability Board.3  This designation is an indication that the failure of these 

institutions could have serious adverse effects on the global financial markets and 

domestic and/or global economy.  See Table 1.1 for the current list of SIBs broken out by 

domestic (D-SIBs) and global (G-SIBs) designation. 

 The fundamental question we seek to answer is: Do bond investors respond to 

bank-specific risk factors, and, if so, to what extent are these institution-specific factors 

responsible for bond yield movements relative to macroeconomic factors?  As a risk 

factor increases at a given bank, holding all else constant, one would expect its bond 

yield spreads to increase on existing debt (i.e., bond prices to decrease), which would be 

indicative of market discipline by bond traders via an increase in risk premium.  That is, 

in the secondary marketplace, the investor selling the bond is being disciplined by being 

forced to accept a lower price on the debt security as the risk level of the issuing SIB 

increases.  As an analogy, one can think of bond yields as the barometer for market 

discipline, and bank-specific risks as levers which raise or lower the barometer depending 

on the level of risk.  The risk measures we use are CAMELS proxies (followed by the 

Federal Reserve and other banking regulators).  CAMELS proxies characterize Capital 

adequacy, Asset quality, Management, Earnings, Liquidity, and Sensitivity to interest 

rate risk (see Section 1.3 for the variables used in construction of CAMELS rating system  

                                                 

 

3
 Note that “Domestic” systemically important bank is not an official designation by the Financial Stability 

Board.  However, it is implicit that these large domestic banks, which are included in the Comprehensive 

Capital Analysis and Review (CCAR) exercise, would also pose systemic risk if they were to fail.   
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Table 1.1. List of U.S. Systemically Important Banks (SIBs) 

# SIB Name Ticker Designation 

1 Ally Financial ALLY D-SIB 

2 American Express Company AXP D-SIB 

3 Bank of America BAC G-SIB 

4 Bank of New York Mellon BK G-SIB 

5 BB&T BBT D-SIB 

6 BMO Financial BMO D-SIB 

7 Citigroup C G-SIB 

8 Comerica CMA D-SIB 

9 Capital One Financial COF D-SIB 

10 Discover Financial Services DFS D-SIB 

11 Fifth Third Bancorp FITB D-SIB 

12 Goldman Sachs GS G-SIB 

13 Huntington Bancshares  HBAN D-SIB 

14 JP Morgan Chase JPM G-SIB 

15 KeyCorp KEY D-SIB 

16 Morgan Stanley MS G-SIB 

17 M&T Bank MTB D-SIB 

18 Northern Trust NTRS D-SIB 

19 PNC Financial Services Group PNC D-SIB 

20 Royal Bank of Scotland Group RBS D-SIB 

21 Regions Financial  RF D-SIB 

22 State Street STT G-SIB 

23 SunTrust Banks STI D-SIB 

24 U.S. Bancorp USB D-SIB 

25 Wells Fargo WFC G-SIB 

26 Zions Bancorporation ZION D-SIB 

    

Notes: The designation listed above stands for Global or Domestic Systemically 

Important Bank (G-SIB or D-SIB, respectively). 
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proxies).
4
  The CAMELS rating system has evolved over time: from the Uniform 

Financial Institutions Rating System (UFIRS), originally adopted by the Federal 

Financial Examination Council (FFIEC) in 1979, which included five components, to 

include the sixth component (sensitivity to market risks) in 1997.  This rating system 

provides a holistic assessment of a bank’s financial condition and level of risk.  It is used 

by regulators to form a composite rating indicating the overall performance and risk 

management practices of a financial institution.
5
  The question of whether, and to what 

extent, bond investors respond to bank-specific risks is an important empirical issue 

because, if it is shown that bond traders respond to bank risk levels, then yield spreads of 

bank debt could help the regulators, bank managers, and investors in the bond market 

understand how markets react to changes in risk and help them with their decisions.  

From a policy perspective, regulators could incorporate yield spreads on bank debt as an 

early warning sign and could set thresholds as a trigger for regulatory action.  Investors 

and bank managers could also use the information in their choice of a portfolio 

composition and the timing of and yield offering on debt issuance. 

                                                 

 

4
 Since CAMELS ratings are not publically disclosed, bondholders are not privy to these ratings. Thus, we 

proxy for the categories.  See Appendix A of the Comptroller’s Handbook: Bank Supervision Process for 

more information regarding the Uniform Financial Institutions Rating System (UFIRS) or CAMELS rating 

system.  It can be accessed at: http://www.occ.treas.gov/publications/publications-by-type/comptrollers-

handbook/pub-ch-ep-bsp.pdf 

5
 DeYoung et al.  (2001) establish the link between CAMEL ratings and market prices of subordinated 

notes and debentures.  Since CAMEL(S) ratings are private information produced by bank examiners, one 

would expect that bond traders would proxy for CAMEL(S) ratings using publically available information.  
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 We obtain all SIB trades from 2003:Q1 through 2014:Q3, which we segment by 

bond types including subordinate notes and debentures (SND), senior SND, and senior 

secured debt (see Table 1.2 for the number of trades by bond type in the sample).
6
  We 

begin the analysis in 2003 because our interest lies in the most recent business cycle.  We 

also want to avoid the impact of the 2001 recession
7
 such as the market disturbances and 

systemic shocks associated with the aftermath of the 9/11 terrorist attacks and the 

changes in accounting rules associated with The Sarbanes-Oxley Act (2002).  We focus 

on the secondary market because the high volume of transactions in this market 

                                                 

 

6
 We exclude Junior (and Junior Subordinate) debt as well as Senior Secured debt due to low levels of 

liquidity compared to the other categories (together, the categories comprise less than 0.01% of all 

secondary market trades over the period of study).     

7
 According to the NBER, the 2001 recession reached its trough in November 2001, and the business cycle 

reference dates indicate that the peak and trough of the most recent business cycle are December 2007 and 

June 2009, respectively.  The NBER list of U.S. business cycle expansions and contractions can be found 

at: http://www.nber.org/cycles.html 

Table 1.2. Systemically Important Bank (SIB) Debt Trades in the Secondary Market 

Segmented by Bond Type 

 

 

 
Period 

 

Type 

Pre-Crisis 
(2003:Q1 to 

2007:Q3) 

Crisis 
(2007:Q4 to 

2009:Q2) 

Post-crisis 
(2009:Q3 to 

2014:Q3) Total 

No Designation 21,847 17,225 75,608 114,680 

Senior 730,803 721,171 4,929,993 6,381,967 

Senior Subordinate 104,817 21,329 145,706 271,852 

Subordinate 492,608 493,136 1,957,973 2,943,717 

Total 1,350,075 1,252,861 7,109,280 9,712,216 

 
Notes: The table reports the stratification of trades by bond type within the final sample (for e.g., 

after merging all databases, interpolating Treasury rates, adjusting for outliers, etc.).  See Section 

1.5.1 for a description of the process we use to arrive at the final sample of bond trades.    
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(liquidity) provides extensive variation to determine whether secondary market 

participants indeed behave “rationally.”  Furthermore, we examine the proportion of 

explained variance in yield spreads that can be attributed to macroeconomic factors 

versus the proportion driven by SIB-specific and bond-specific features, and investigate 

how this proportion changes over the pre-crisis, crisis, and post-crisis periods.  This 

matter is of special interest to regulators because if yield spreads are used as an early 

warning indicator of SIB risk, the thresholds that trigger regulatory action may need to be 

tailored to the phase of the business cycle.  

    The concept of how the behavior of market participants can serve as a check on 

firm risk-taking is broadly referred to as market discipline.  As Flannery (2001) explains, 

market discipline requires two “distinct components:” [1] market monitoring, which 

suggests that market participants obtain transparent and accurate data on the health of the 

monitored institution, and [2] market activism and influence, suggesting that, once 

investors become privy of a firm’s financial health, they do act on the information and, in 

turn, their actions do exert a significant impact on the behavior (i.e., risk taking) of the 

monitored institutions.  The U.S. banking industry provides an attractive setting for 

testing market discipline due to the extensive and standardized reporting requirements on 

this industry set forth by the FFIEC.  Bank regulators (Federal Reserve, Office of the 

Comptroller of the Currency (OCC), Federal Deposit Insurance Corporation (FDIC), 

Consumer Financial Protection Bureau (CFPB), et al.), investors, researchers, and various 

other stakeholders can use the information available through these reports to learn about 
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the banks and react accordingly.  Presumably, bond-investors would use firm financial 

statement information, in conjunction with macroeconomic and bond-specific 

information, to determine the overall level of risk encompassed (contained) in the bond; 

the riskier a bond is, ceteris paribus, the larger the risk premium demanded by bond-

holders would be to compensate for the risk.  In brief, as BHC risk increases, bond yield 

spreads are expected to increase commensurately.  Assuming transparency, reactions of 

market participants would serve to limit the riskiness of BHCs.  However, government 

assurances, such as “too big to fail” (TBTF) policies, bail outs, emergency lending 

facilities (such as the discount window, Term Auction Facility, Primary Dealer Credit 

Facility, Term Securities Lending Facility, and others), the Troubled Asset Relief 

Program (TARP), and other explicit and implicit safety-nets can decrease, if not 

eliminate, the impact of market discipline since market participants will be less vigilant 

when their investment is guaranteed (while the bonds themselves are not guaranteed, 

government support of the issuing institution reduces their probability of default), 

regardless of bank solvency (see Flannery, 1998).  

 The area of market discipline that this paper focuses on is the pricing of BHC 

debt.  The notion of financial regulators using mandatory issuance of bank debt to 

mitigate risk-taking at these institutions has been investigated for decades (Jagtiani et al., 

1999; Bliss and Flannery, 2002; Lang and Robertson, 2002).  The mandatory issuance of 

BHC debt can mitigate risk taking through two channels: [1] market cost on the issuing 

institution through the primary issuance, and [2] monitoring of debt yields as an indicator 
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of regulatory action as explained below.  The focus of this paper is on the second 

channel.  According to Lang and Robertson (2002), this channel can “become an 

extremely useful tool in the regulatory effort to increase market discipline in the banking 

industry.”  In brief, the rationale is that, as risk-taking at a BHC increases, bond traders 

will demand a greater risk premium when purchasing the debt in the secondary market, as 

reflected through a higher bond yield.  Since the bond yields are indicative of the overall 

risk levels of the institution, regulators can flag elevated yields as an “early warning” sign 

and subsequently take regulatory action.  Our research is timely because, given the recent 

financial crisis, innovative methods to regulate SIBs has garnered even greater attention.  

Also, the size and trading volume of the overall bond market has increased tremendously.  

According to the Securities Industry and Financial Markets Association (SIFMA), the 

amount of outstanding corporate debt and average daily trading volume has grown from 

$4.3 trillion and $18 billion, respectively, in 2003, to over $7.8 trillion and $26.7 billion, 

respectively, by 2014.
8
  The growth in size and liquidity of the corporate bond market is 

partly due to advancements in technology, such as high frequency trading (HFT), which 

has increased the transparency of the bond market.  In fact, according to the Financial 

Times,
9
 bank debt has reached an all-time high, and global banks had more than doubled 

                                                 

 

8
 See SIFMA’s US Bond Market Issuance and Outstanding and US Bond Market Trading Volume reports 

available at: http://www.sifma.org/research/statistics.aspx 

9
 See Christopher Thompson’s article titled: “Bank debt issuance doubles to record levels,” published on 

January 19, 2015. 
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debt issuance to nearly $275 billion in 2014, driven primarily by Basel III requirements 

that stipulate banks holding additional capital in the form of both debt and equity.  

Changes in the regulatory landscape from Basel III coupled with greater transparency in 

the market for corporate debt makes our study at hand even timelier, as bank regulators 

attempt to find the optimal share of equity capital to be held by these large institutions.       

 The crux of this paper, from a policy perspective, is to examine the level as well 

as the change in the explained variation in the SIB debt yield-spreads attributed to SIB 

risk factors, versus that driven by the macroeconomic factors, across the phases of the 

business cycle.  This issue is important because even if bond-buyers do show sensitivity 

to firm risk characteristics, if the market-wide factors largely dominate the yield spread 

behavior, the role of market discipline will be diminished.  Note that by examining the 

proportion of explained variance in yield spreads attributed to macroeconomic and 

idiosyncratic risk factors, we also shed light on the complementarity versus 

substitutability of regulation and market discipline.  Our motivation is to help guide 

policy makers and regulators to understand bond investor behavior in response to 

increased SIB risks in the context of the recent business cycle covering the pre-crisis, 

crisis, and post-crisis periods.  In general, regulators and policy makers should acount for 

the effect of market discipline in formulation of their monetary and fiscal policies 

designed to achieve specific targets because, otherwise, they may miss the targets 

because of the overshooting or undershooting of the policy effects.  Besides policy 

makers, managers of bank risk and investors should also account for the sensitivity of 
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bond yields to the phases of the business cycle, including the stance of monetary and 

fiscal policies in issuing or purchasing bonds because bond yields contain current 

information on the health of banking institutions.               

 We obtain a number of results.  First, we find that market discipline was at a 

relatively low scale during the pre-crisis period, compared to the crisis and post-crisis 

periods, indicating greater risk sensitivity and a lower risk-tolerance on the part of bond 

investors during the latter two phases.
10

  Our results are especially pertinent to the 

renewed interest in the mandatory issuance of subordinated notes and debentures (SNDs) 

by the largest banking institutions (Evanoff at al., 2007).  For example, if it were the case 

that SIBs made regular debt-issuances (e.g., quarterly) leading up to the financial crisis, 

perhaps SIBs would have been more cautious with risk levels.  We do not claim that 

market discipline would have precluded the 2007-2009 crisis, but rather that a heavier 

reliance on market discipline could have served as a mitigating factor.  With our results, 

policy makers will be able to identify the risk factors to which bond investors are likely to 

respond to and the extent of their sensitivity and can then leverage this effect when 

formulating policies, procedures, and guidelines for bank regulation.       

 Second, given the significance of potential policy implications such as mandatory 

SND issuance, we study the interplay between the phases of the recent business cycle and 

                                                 

 

10
 Alternatively, this result could indicate that bond holders had a false sense of security during the pre-

crisis period, rather than failing to react to risk. 
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the sensitivity of debt yields to bond-specific, SIB-specific, and market-specific risk.  We 

find strong evidence of market discipline with respect to SIB-specific risks in the 

secondary market.  In general, we find greater risk aversion during the crisis and post-

crisis period in the sense of demanding a greater risk premium per unit of additional risk 

for some risk measures, and the awakening of market participants to realities of the U.S. 

financial markets and better assessment of risks.  Third, marginal effects on yield spreads 

due to a one standard deviation increase in risk via leverage and credit risk measures 

display the largest magnitudes during the crisis period, reflecting greater risk premiums 

per unit of risk, likely due to investor fear and pessimism or better risk assessment.  

Fourth, we also find that macroeconomic factors drive a smaller proportion of the 

explained variance seen in yield spreads during the crisis and post-crisis periods, 

compared to the pre-crisis period.  In fact, the percentage of variance in yield spreads 

explained by SIB and bond-specific factors climb from 29% to 47% to 77% across the 

pre-crisis, crisis, and post-crisis periods, implying a strengthening of market discipline 

with respect to idiosyncratic vis-a-vis macroeconomic factors, in particular in the post-

crisis period.  Since we show that bond-specific and SIB-specific attributes are 

substantial drivers of yield spreads, these results support the proposal of the mandatory 

issuance of bank debt and the use of yield spreads as “early warning” indicators in 

regulatory policies that leverage market discipline.   

 The rest of the paper proceeds as follows.  In Section 1.2, we review the literature.  

In Section 1.3, we describe the econometric model and introduce the variables in the 
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model.  We outline hypotheses in Section 1.4.  In Section 1.5, we describe our data 

sources and discuss descriptive statistics.  In Section 1.6, we review the methodology and 

report results.  Section 1.7 concludes. 

1.2. Literature Review 

 Research on market discipline of banks is extensive and encompasses a number of 

stakeholders including shareholders (in particular institutional), bond holders, depositors, 

counterparties in derivative positions, and auditors, among others.  In this study, we focus 

on bank debtholders as enforcers of market discipline.
11

  Bank debtholders have been the 

focus of a number of prior studies.  Flannery and Sorescu (1996) use data on SND 

spreads for BHCs from 1983 to 1991 and breakout the data into three separate sub-

samples with different degrees of government protection to SND investors.
12

  They find 

that bond investors do account for bank risk characteristics by demanding higher yeilds 

via option-adjusted SND spreads as asset quality declines or market leverage increases at 

a given BHC.  Furthermore, they find that the effect was most prominent in the period 

spanning from 1989 to 1991, when conjectural government guarutnees no longer covered 

debentures. 

                                                 

 

11
 See De Ceuster and Masschelein (2003) for a survey of the earlier literature for other stakeholders 

including equity holders and depositors. 

12
 We borrow their sub-sample methodology when estimating the proportion of explained variance in yield 

spreads because we separately estimate our model over the pre-crisis, crisis, and post-crisis periods since 

government guarantees differs over these three periods of the recent business cycle.   
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 Morgan and Stiroh (1999) examine nearly 600 fixed-rate bond issuances by banks 

and BHCs from 1993 to 1998 and find that the banking industry prices debt similarly to 

non-bank industries in the sense that the impact of credit ratings on bond spreads are 

virtually identical between the two, despite the regulatory differentials across sectors.  

Furthermore, they find that market participants do account for bank-specific factors when 

pricing debt in the form of requiring higher yield spreads for riskier banks.  The authors 

include bond ratings, time effects to control for macroeconomic factors, along with a 

litany of BHC-specific factors, including asset and liability side balance sheet 

characteristics.  However, they find that larger banks experience market discipline to a 

lesser degree, compared to smaller banks.  They supply two explanations for this finding.  

First, some large banks possess implicit deposit insurance via TBTF designation, which 

results in bank risk and portfolio composition becoming less of a factor in the pricing of 

debt.  Second, it could be argued that market participants could not properly gauge bank 

risk due to opacity in an issuance, where opacity was defined as an issuance where 

Moody’s and S&P had disparate ratings on the bond.         

 Jagtiani et al. (1999) were among the first to study the relationship between the 

risk levels and the return of bonds issued by the largest 100 U.S. commercial banks.  

Their observation period is from 1992 through 1997, where they study year-end 

secondary market observations of subordinated debt for 19 large commercial banks and 

39 BHCs.  The authors find that risk is similarly priced for both BHCs and banks.  That 
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is, market paricipants do respond to accounting risk characteristics of the issuer, as 

evidenced by yield spreads, and the response is equally potent for banks and BHCs.      

 Balasubramnian and Cyree (2011) find a decrease in the sensitivity of SND yield 

spreads to bank risk factors following the issuance of trust-preferred securities (TPSs)
13

 

in 1996 and find a paradigm shift after the bail-out of Long Term Capital Management 

(LTCM) in 1998.  To elaborate, using secondary market transactions of SNDs during the 

1994 to 1999 period, they find a decrease in the statistical significance of firm-specific 

risk factors such as loans to assets, non-performing loans to total loans, net charge-offs, 

etc.  The result is partially due to the tax shield and flexibility in meeting capital 

regulatory requirements associated with TPS, which provides an additional buffer to 

SNDs from default risk.  They also find that after the bail-out of Long-Term Capital 

Management (LTCM), off-balance sheet exposure becomes a determinant of SND yield 

spreads, which the authors attribute to bond market participants becoming more 

cognizant of “hidden leverage.” 

                                                 

 

13
 Trust preferred securities are securities issued from a trust set up by a bank holding company, and the 

trust generally makes quarterly distributions to the TPS holders.  TPSs are subordinated to other debt, but 

are senior to preferred and common stock.  On October 21, 1996 the Board of Governors of the Federal 

Reserve System issued a press release approving the capital treatment of TPSs as Tier 1 capital for BHCs, 

subject to a 25% limit (together with other cumulative preferred stock).  Due to the capital treatment, 

dividend deferral rights (allows deferral for 20 quarters), and favorable tax treatment (dividends are tax 

deductible for the BHC), the issuance of TPSs was an attractive way for BHCs to raise capital without 

stock dilution.  For a high level overview of TPSs, see “A Guide to Trust Preferred Securities” by Alan 

Faircloth (Federal Reserve Bank of Atlanta) available through the following link: 

https://www.frbatlanta.org/banking/publications/financial-update/2014/q1/viewpoint/spotlight-guide-trust-

preferred-securities.aspx    
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 Balasubramnian and Cyree (2014) examine the impact of the Dodd-Frank Wall 

Street Reform and Consumer Protection Act of 2010 (DFA) on market discipline.  They 

find that the passage of the Act decreases the size-discount on yield spreads for too-big-

to-fail (TBTF) and systemically important financial institutions (SIFI).  The rationale is 

that the DFA intention to end TBTF policies (e.g., a living will), resulted in a decrease in 

the size-discount for the large BHCs for which the Federal Reserve Board conducts stress 

tests.  They use daily trading data for SND transactions in the secondary market and use 

firm-specific, market-level, and bond-specific variables to find a 94% decrease in the 

size-discount associated with TBTF institutions along with a 47% discount in the size 

discount across all banks.  They attribute the increase in yield spreads after the passage of 

the DFA (i.e., reduction in the size discount) to an improvement in market discipline due 

to the decrease in TBTF policies.   

 We follow the Balasubramnian and Cyree empirical methodology rather closely, 

but also have important differences.  Our objective is to create an industry benchmark for 

SIB bond trades, and we include over 9.7 million bond trades.  On the other hand, the 

focus of the Balasubramnian and Cyree (2014) study is on the change in the size discount 

associated with the passage of the Dodd-Frank Act, where they leverage around 17,000 

observations.  Furthermore, we include all daily bond trades as separate observations, 

indirectly weighting each firm’s debt to the extent to which it is traded in the market.  

The frequency of bond trades by SIBs across our pre-crisis, crisis, and post-crisis samples 

are reported in Table 1.3.  In this table, the top four firms in term of trading volume are 
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 Table 1.3. Frequency of Bond Trades by SIB  

 

Pre-crisis 

(2003:Q1 to 

2007:Q3) 

 

Crisis 

(2007:Q4 to 

2009:Q2) 

 

Post-crisis 

(2009:Q3 to 

2014:Q3) 

Ticker Freq. Percent 

 

Freq. Percent 

 

Freq. Percent 

         ALLY 0 0.0% 

 

0 0.0% 

 

125,247 1.8% 

AXP 0 0.0% 

 

39,001 3.1% 

 

275,884 3.9% 

BAC 392,502 29.1% 

 

342,591 27.3% 

 

1,481,032 20.8% 

BBT 8,156 0.6% 

 

11,902 0.9% 

 

69,413 1.0% 

BK 0 0.0% 

 

21,235 1.7% 

 

88,423 1.2% 

BMO 1,120 0.1% 

 

0 0.0% 

 

16,554 0.2% 

C 359,007 26.6% 

 

213,382 17.0% 

 

697,841 9.8% 

CMA 3,526 0.3% 

 

2,073 0.2% 

 

9,223 0.1% 

COF 22,424 1.7% 

 

29,705 2.4% 

 

71,086 1.0% 

DFS 0 0.0% 

 

0 0.0% 

 

6,933 0.1% 

FITB 6,324 0.5% 

 

12,494 1.0% 

 

35,539 0.5% 

GS 0 0.0% 

 

95,676 7.6% 

 

1,441,348 20.3% 

HBAN 2,309 0.2% 

 

2,491 0.2% 

 

2,239 0.0% 

JPM 268,198 19.9% 

 

225,850 18.0% 

 

977,125 13.7% 

KEY 11,764 0.9% 

 

13,051 1.0% 

 

34,066 0.5% 

MS 0 0.0% 

 

46,340 3.7% 

 

826,419 11.6% 

MTB 719 0.1% 

 

989 0.1% 

 

2,300 0.0% 

NTRS 3,030 0.2% 

 

2,541 0.2% 

 

11,874 0.2% 

PNC 8,657 0.6% 

 

7,652 0.6% 

 

79,024 1.1% 

RBS 0 0.0% 

 

0 0.0% 

 

88,142 1.2% 

RF 1,100 0.1% 

 

7,701 0.6% 

 

78,023 1.1% 

STI 16,660 1.2% 

 

14,001 1.1% 

 

42,787 0.6% 

STT 1,639 0.1% 

 

2,072 0.2% 

 

19,580 0.3% 

USB 55,583 4.1% 

 

10,317 0.8% 

 

82,053 1.2% 

WFC 185,989 13.8% 

 

147,854 11.8% 

 

487,368 6.9% 

ZION 1,368 0.1%   3,943 0.3%   59,757 0.8% 

Total 1,350,075 100% 

 

1,252,861 100% 

 

7,109,280 100% 

         
Notes: The above table shows the frequency of bond trades by SIB in the secondary market 

sample of bond trades across the three phases of the recent business cycle (pre-crisis, crisis, and 

post-crisis).  The top four firms in terms of trading volume (liquidity) are highlighted in yellow 

during each business cycle period.   
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highlighted.  Balasubramnian and Cyree calculate the daily average yield spread if they 

have multiple transactions for the same bond.  As such, Balasubramnian and Cyree are 

equally-weighting bond trades regardless of intra-day trade frequency.  Additionally, 

keeping our goal of creating an industry benchmark model in mind, we include multiple 

bond types whereas Balasubramnian and Cyree focus solely on SNDs.             

 There have also been studies that empirically estimate the risk-spread relationship 

for non-U.S. banks, including Canadian (Caldwell, 2007), Japanese (Imai, 2007), Swiss 

(Birchler and Facchinetti, 2007), and European (Bruni and Paterno, 1995; Sironi, 2003) 

banks.  Zhang et al. (2014) provide a good overview of the international evidence and 

perform a study of yield spreads of 631 sub-debt issuances in UK’s primary market 

between 1997 and 2009.  These authors find that the yield spreads on this sub-debt do 

vary with the ratings assigned by traditional rating agencies.  Despite this relationship, 

they find that some accounting measures, such as bank leverage, net loans to total assets, 

and liquidity ratio, among others, do not hold significant explanatory power for yield 

spreads.         

 The aforementioned literature using yield spreads of bonds to measure market 

discipline have some common themes.  In general, these studies include some 

combination of institution, security, and macroeconomic specific risk factors as 

determinants of yield spreads.  The literature also studies the impact of bank risk 

measures on yield spreads within the context of the broader regulatory environment.  For 

example, when the government safety net expands (as in the case of bailouts), or new 
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hybrid securities are introduced (as in the case of TPSs), interpretation of bank (or BHC) 

risk measures can be impacted.  We develop our econometric model with these elements 

in mind.             

1.3. Econometric Model and Variables 

 Following previous market discipline studies (most closely, Balasubramnian and 

Cyree, 2014 and Zhang et al., 2014),
 
we model the yield spread on SIB bonds as a 

function of SIB-specific, market-specific, and bond-specific categorizations, as described 

by equation (1) below.
14

 

𝑌𝑆 = 𝑓(𝑆𝐼𝐵 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑅𝑖𝑠𝑘 , 𝑀𝑎𝑟𝑘𝑒𝑡 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐹𝑎𝑐𝑡𝑜𝑟𝑠 ,

𝐵𝑜𝑛𝑑 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐹𝑎𝑐𝑡𝑜𝑟𝑠) +  𝜀  

(1) 

 This model implies that the yield spread 𝑌𝑆 for a bond is a function of risk factors 

inherent to the firm, bond-specific features, and overall macroeconomic conditions.  The 

additive error term 𝜀 accounts for idiosyncratic shocks to the yield spread and possible 

omitted variables. Our model allows us to accurately model market discipline in the 

secondary market because we include all secondary market transactions (after accounting 

for outliers) for all 26 SIBs and include a number of risk factors.  The reduced-form 

model, derived from equation (1), is shown in equation (2) below.  It allows one to 

                                                 

 

14
 Our model specification closely follows prior empirical literature. Theoretically, endogeneity could be a 

concern.  However, our findings are robust to a number of alternative specifications (omission of a various 

control variables) and estimation techniques (such as random effects estimation). 
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determine how market discipline impacts SIB debt yields.  This model is estimated using 

a daily panel of SIB debt from 2003:Q1 through 2014:Q3.   

𝑌𝑆𝑖,𝑏,𝑡,𝑞 = 𝛽0 + 𝛽1 ∗ 𝑐𝑟𝑖𝑠𝑖𝑠 +  𝛽2 ∗ 𝑝𝑜𝑠𝑡𝑐𝑟𝑖𝑠𝑖𝑠 +  𝜷𝐷𝑫𝑏 +  𝜷𝐹𝑭𝑏,𝑞−1

+ 𝜷𝑀𝐷𝑴𝑫𝑡 + 𝜷𝑀𝑄𝑴𝑸𝑞−1  +  𝜷𝑆𝑺𝑖  + 𝒊𝒏𝒕𝒆𝒓𝒂𝒄𝒕𝒊𝒐𝒏𝒔

+  𝜀𝑖,𝑏,𝑡,𝑞  

(2) 

 We will now provide details for each model component.  Using model (2), we 

estimate how the secondary market yield spread 𝑌𝑆𝑖,𝑏,𝑡,𝑞, for bond i at SIB b during day t 

in quarter q, reacts to changes in the SIB-specific, market-specific, and bond-specific 

factors by using panel-data estimation techniques.  We estimate the model on secondary 

market bond trades across the 26 designated global and domestic SIBs.  After merging 

databases and adjusting for outlier treatment, our sample includes over 9.7 million trades.  

The intercept 𝛽0 can shift over time across the three sub-periods and across individual 

SIBs. We include the following dummy variables to reflect these shifts: [1] the crisis 

dummy, 𝑐𝑟𝑖𝑠𝑖𝑠; [2] the post-crisis dummy, 𝑝𝑜𝑠𝑡𝑐𝑟𝑖𝑠𝑖𝑠; and [3] the SIB dummies, 𝑫𝑏.  

The crisis and post-crisis dummy variables serve as a catch-all for macroeconomic factors 

that are shared across all BHCs during the respective business cycle phases that are not 

explicitly included in the specification.  As such, the pre-crisis period serves as the base 

period.  The SIB dummy variables capture all firm-specific factors not accounted for in 

the model, including unobserved heterogeneity such as firm culture, information 

technology (IT) infrastructure, management skills, cyber-security, etc.   
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 All variables we include in the analysis are described here and are also outlined in 

Table 1.4.  Vector 𝑭𝑏,𝑞−1, includes all SIB-specific risk factors lagged by one-quarter.  

These variables are stratified across the CAMELS stripes (see Section 1.1), and are 

lagged by one quarter since consolidated financial statements (FR Y-9C forms) for BHCs 

are made public approximately 45 days after the end of each quarter.  The firm’s Tier 1 

leverage ratio at the BHC consolidated level represents Capital adequacy.  Bank capital 

serves as a cushion that can be used to charge-off bad loans and other non-performing 

investments once the allowances for loan losses are depleted.  However, up to some 

theoretical threshold, one can also view excess bank capital as costly given that these 

funds are not lent out or invested through other means.  Net charge-offs to average loans 

serves as our Asset quality measure and can be viewed as credit risk at a SIB.
15

  Bank 

inefficiency, calculated as non-interest expense (salaries and employee benefits, expenses 

of premises and fixed assets, etc.) less amortization of intangible assets divided by 

average assets, relates to Management inefficiency since it measures how much 

management spent on overhead for every dollar of assets.  Return on average assets 

(ROAA) is a standard measure for Earnings and is calculated as net income divided by 

average total assets.  Our Liquidity measure is the liquidity ratio.  It is calculated as short-

term investments (the sum of interest-bearing bank balances, federal funds sold and 

                                                 

 

15
 Berger and Turk-Ariss (2015) use three different measures of credit risk: nonperforming loans to loans, 

loan loss reserves to total loans, and net charge-offs to total loans, but find consistent results regardless of 

measure used. 
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Table 1.4. Variables Included in the Analysis 

Panel A: SIB 

specific 

variables Source Units Frequency Definition 

lag (Tier 1 

Capital Ratio) 

FR Y-

9C % Quarterly 

Tier 1 Leverage Ratio (BHC Consolidated) calculated as the: 

sum of: total BHC equity capital, qualifying Class A noncontrolling (minority) interest in consolidated 

subsidiaries, qualifying restricted core capital elements, qualifying mandatory convertible preferred 

securities of internationally active BHCs, and other additions to (deductions from) Tier 1 capital,  

less: net unrealized gains (losses) on available-for-sale securities, accumulated net gains (losses on 

cash flow hedges and amounts recorded in AOCI resulting from the initial and subsequent application 

of FASB ASC 715-20 to defined benefit postretirement plans, nonqualifying perpetual preferred stock, 

disallowed goodwill and other disallowed intangible assets, cumulative change in fair value of all 

financial liabilities accounted for under a fair value option that is included in retained earnings and is 

attributable to changes in the BHC’s own creditworthiness, disallowed servicing assets and purchased 

credit card relationships, and disallowed deferred tax assets 

divided by: average total assets for leverage capital purposes  

lag (NCOs / 

Loans) BHCPR % Quarterly Loan & Lease Losses / Average Loans & Leases 

lag 

(Inefficiency 

Ratio)  BHCPR % Quarterly 

The sum of salaries and employee benefits, expense on premises and fixed assets (net of rental 

income), amortization expense of intangible assets, and other non-interest expenses (i.e. total 

noninterest expense) divided by average assets.* 

lag(ROAA)  BHCPR % Quarterly Net Income / Average Assets 

lag (Liquidity 

Ratio)  BHCPR % Quarterly 

Short-term Investments (the sum of interest-bearing bank balances, federal funds sold and securities 

purchased under agreements to resell, and debt securities with a remaining maturity of one year or 

less) / Consolidated Assets* 

lag (Net ST 

Assets / 

Assets)  BHCPR % Quarterly 

The difference between earning assets that are repriceable or that mature within one year and the sum 

of interest-bearing deposit liabilities that reprice or mature within one year and long-term debt that 

reprices within one year divided by total assets.* 

lag (assets) 

FR Y-

9C 

real $ 

($000) Quarterly BHC Consolidated Assets 
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Table 1.4, continued

Panel B: 

Macroeconom

ic variables Source Units Frequency Definition 

Change in 

S&P 500 

Return 

Yahoo! 

Finance % Daily The percent change in the S&P 500 index from the previous trading day. 

Change in 

VIX Index 

Yahoo! 

Finance % Daily The percent change in the VIX Index from the previous trading day. 

Slope of Yield 

Curve 

Board of 

Governo

rs % Daily 20-year minus the 1-year treasury rate 

Change in 

Federal Funds 

Rate  

Board of 

Governo

rs % Daily The percent change in the Effective Federal Funds Rate 

lag (GDP 

Growth) 

U.S. 

Bureau 

of Labor 

Statistic

s % Quarterly 

"Real Gross Domestic Product, Billions of Chained 2009 Dollars, Seasonally Adjusted Annual 

Rate"** ; percent growth over the prior quarter 

lag (M2 

Growth) 

U.S. 

Bureau 

of Labor 

Statistic

s % Quarterly "M2 Money Stock, Billions of Dollars, Seasonally Adjusted "** ; percent growth over the prior quarter 
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Table 1.4, continued 

 

* Definition provided by “A User’s Guide for the Bank Holding Company Performance Report,” which can be accessed at: 

http://www.federalreserve.gov/boarddocs/supmanual/bhcpr/usersguide13/0313.pdf 

**Definition provided by Federal Reserve Economic Data (FRED) repository from the Federal Reserve Bank of St. Louis.   

Notes: A list of all variables included in the model along with the source, unit, and frequency of each variable.  Total Systemically Important 

Bank (SIB) assets (Panel A) and issue size (Panel C) are transformed to real 2014:Q3 dollars using the Consumer Price Index (CPI) for all 

urban consumers (all items) from the U.S. Bureau of Labor Statistics.

Panel C: 

Bond-Specific 

variables Source Units Frequency Definition 

Yield Spread TRACE % Daily  

All bond trades for SIBs are pulled from TRACE based off stock ticker.  Then, based on days to 

maturity, a yield is calculated for an equivalent treasury security via interpolation.  The difference 

between the actual bond yield and the interpolated treasury yield provides the yield spread.  

Callable 

Mergent 

FISD Binary Static A dummy variable indicating if the bond has a call option. 

Time to 

Maturity 

Mergent 

FISD Days Static Maturity date minus the issuance date (if primary market) or trade date (if secondary market). 

Issue Size 

Mergent 

FISD 

real $ 

(thous

ands) Static The par amount of the bond issuance. 

Senior Debt 

Mergent 

FISD Binary Static A dummy variable indicating if the bond is senior debt. 

Senior SND 

Mergent 

FISD Binary Static A dummy variable indicating if the bond is senior subordinated debt. 

SND 

Mergent 

FISD Binary Static A dummy variable indicating if the bond is subordinated debt. 

Non-Specified 

Security Level 

Mergent 

FISD Binary Static A dummy variable indicating if the bond’s security level is non-specified. 
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securities purchased under agreements to resell, and debt securities with a remaining 

maturity of one year or less), divided by total assets.  The last component, Sensitivity to 

interest rate risk, is measured by the funding gap defined as the difference between short 

term assets and short term liabilities divided by total assets.  In addition to these risk 

measures, we also include the lag of the natural log of BHC total assets (in real terms
16

) 

to account for variation in institution size. 

 To accurately model daily yield spreads, we include both daily and quarterly
17

 

macroeconomic control variables in vectors 𝑴𝑫𝑡 and 𝑴𝑸𝑞−1, respectively, to capture 

the daily trading environment within the context of the broader economy.  The daily 

variables we include are the change in S&P 500 return, change in the Chicago Board 

Options Exchange Market Volatility Index (VIX), the slope of the yield curve, and the 

change in the federal funds rate.  The slope of the yield curve is calculated as the 20-year 

minus the 1-year treasury rate.  In “normal” times one expects the yield curve to be 

upward sloping.  However, prior to, and during recessions, an inverted yield curve is not 

uncommon.  The quarterly macroeconomic variables are quarterly lags of GDP and M2 

                                                 

 

16
 All variables we report in real terms throughout our analysis reflect 2014:Q3 dollars based off the 

Consumer Price Index (CPI) for all urban consumers (all items) from the U.S. Bureau of Labor Statistics.  

17
 We do not see an issue including quarterly macroeconomic control variables to model daily yield 

spreads.  Bond traders would account for the daily trading environment within the context of the broader 

economic trends.  Econometrically, we are not concerned with multicollinearty between the daily and 

quarterly market variables due to the relatively low correlations shown in rows 12 and 13 of Table 1.6.        
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growth, which capture the broader health of the economy (including the demand for 

money) and available liquidity, respectively.   

 The last vector 𝑺𝑖 contains the bond-specific features.  Callable is an indicator 

variable.  It equals one if the bond has a built in call option.  The variable remaining 

maturity reflects the number of years until the bond matures.  Log of the issue size relates 

to the log of the total dollar amount (in real terms) of the debt issuance.  The last three 

indicator variables denote the security level of the bond: senior SND, SND, or non-

specified.  We omit senior unsecured debt from the specification as the control group.  

One would expect a discount on senior debt when compared to all other categories since 

senior bondholders are higher in the pecking order if the SIB were to liquidate its assets; 

the same could be said for senior SND with respect to SND. 

 Lastly, the vector 𝒊𝒏𝒕𝒆𝒓𝒂𝒄𝒕𝒊𝒐𝒏𝒔 includes the interaction terms between the crisis 

and post-crisis dummy variables and the SIB-specific, bond-specific, and macroeconomic 

risk factors.  The coefficient estimates on the interaction terms (with continuous 

variables) are interpreted as changes in the slopes during the crisis and post-crisis periods, 

respectively.  Economically, the interaction terms represent the possible change in bond 

investor behavior with respect to SIB, bank, and macroeconomic factors during the crisis 

and post-crisis phases of the business cycle.                     

1.4. Hypotheses 

 We propose four hypotheses (all with a policy focus) with the intention of 

understanding how various risk measures are associated with yield spreads across the 
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business cycle.  In what follows, the first hypothesis is standard in the market discipline 

literature that studies bond yields (see Section 1.2).  That is, the first question examines if 

(and how) the individual risk factors impact yield spreads: when a given risk measure 

increases in magnitude, ceteris paribus, one would expect a corresponding risk premium 

to be paid on the SIB debt, reflected in the form of a higher yield spread.  Thus, 

hypothesis H1 is proposed as follows: 

 H1: An increase in SIB risk is associated with market discipline in the form of a 

higher yield spread. 

 Once the relationship between risk measures and yields spreads is established, we 

ask more penetrating questions (hypotheses H2, H3, and H4) that are not standard in the 

literature. These hypotheses examine how market discipline in bond yields could be a 

viable option for policy makers to leverage.  For example, we suspect that an increase in 

a risk metric will display different sensitivities depending on the phase of the business 

cycle due to varying levels of risk tolerance on the part of the bond market participants.  

In the extreme case, there could be a reversal of a marginal effect, namely what is viewed 

as a viable risk-return trade-off in one business cycle phase could be perceived as 

disadvantageous in another phase.  With this in mind, we propose hypothesis H2:   

 H2: The sensitivity of the yield spread to an increase in SIB risk measures is 

business- phase dependent (i.e., the slope of a risk factor, as measured by its marginal 

impact, will change during the crisis and post-crisis periods (slope shifts)).  
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 Including both crisis and post-crisis dummy variables and their interactions with 

other independent variables allows for changes in slope estimates across the pre-crisis, 

crisis, and post-crisis periods to be measured.  However, it does not allow one to estimate 

how much of the variance in yield spreads is driven by macroeconomic factors versus 

SIB-specific and bond-specific factors during each business cycle phase.  To do so, 

following Peria and Schmukler (2001),
18

 we separately estimate the following analog of 

our main model across the pre-crisis (2003:Q1 to 2007:Q3), crisis (2007:Q4 to 2009:Q2), 

and post-crisis (2009:Q3 to 2014:Q3) periods (instead of pooling data from the three sub-

periods): 

𝑌𝑆𝑖,𝑏,𝑡,𝑞 = 𝛽0 + 𝑑𝑞 + 𝜷𝐷𝑫𝑏 +  𝜷𝐹𝑭𝑏,𝑞−1 + 𝜷𝑀𝐷𝑴𝑫𝑡 + 𝜷𝑀𝑄𝑴𝑸𝑞−1  

+  𝜷𝑆𝑺𝑖  +  𝜀𝑖,𝑏,𝑡,𝑞  

(3) 

 In equation 3, we have added a quarter dummy, 𝑑𝑞 to the earlier model, described 

by Equation (2), to serve as a catch-all of macroeconomic factors within a business-cycle 

phase and remove the crisis and post-crisis dummy variables and all associated 

interaction terms.  That is, we include an indicator variable for each quarter that is 

associated with each daily bond trade, which will capture all factors that are shared across 

SIBs within a given quarter, such as changes in fiscal and monetary policy, technological 

changes, and other systemic shocks.  By comparing the r-squared from the model 

                                                 

 

18
 The authors used deposit growth rates and interest rates paid on deposits as measures of market 

discipline when performing the r-squared decomposition.  We apply the same methodology to the bond 

market.  
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specified in Equation 3 to that of the same model without firm dummy variables, SIB risk 

factors, or bond-specific variables, we can estimate the proportion of explained variation 

that is driven by macroeconomic factors vis-à-vis firm-specific and bond-specific factors.  

From a policy perspective, this is a crucial test because if macroeconomic conditions are 

the primary driver of yield spreads, then bond investors are demanding higher risk 

premiums due to systematic rather than idiosyncratic factors.  If bond investor behavior is 

simply a reflection of the macro environment, then this may serve as an impediment to a 

policy of mandatory debt issuance by the largest BHCs.  To elaborate, if policy makers 

were to implement the mandatory issuance of subordinated debt and monitor yields on 

that debt in the secondary market as an “early warning” sign, they would do so with the 

assumption that bond investors are responding to bank risks through the price they are 

willing to pay on the debt.  If instead, bond investors of SIB debt are simply reacting to 

the economy at large, then bond yields may not be reflective of inherent risk at the 

institution, market discipline is greatly diminished, and the responsibility of policy 

makers to manage macroeconomic conditions to curtail risk becomes greater. Thus, we 

propose our third hypotheses H3 as: 

 H3: SIB and bond-specific factors drive the majority (greater than 50%) of the 

explained variance in yield spreads (i.e., play a dominant role in market discipline) across 

all phases of the business cycle.  

 From a policy perspective, a pertinent question is how the proportion of variation 

due to SIB-specific risk measures and bond-specific factors seen in yield spreads changes 
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across the phases of the business cycle.  During the financial crisis, one might expect that 

bond-holders become more sensitive to bank and bond-specific risks since the banking 

industry was experiencing arguably the most severe liquidity and solvency issues since 

the Great Depression of the 1930’s.  As a result, it could be that the proportion of 

variance driven by macroeconomic factors tends to be smallest during the financial crisis, 

when compared to the pre and post-crisis periods, as bond traders are more attentive to 

idiosyncratic factors during such turbulent times.  Alternatively, it could be the case that, 

during the crisis period, macroeconomic factors dominate all institution-specific risk 

measures because systemic shocks could be seen to dominate bond trader behavior 

instead of idiosyncratic factors.  Thus, determining which force prevails is rendered an 

empirical exercise, which leads us to our fourth hypothesis H4:   

 H4: The proportion of explained variation in market discipline driven by SIB and 

bond-specific factors increases during the crisis period (2007:Q4 to 2009:Q2) when 

compared to the pre-crisis (2003:Q1 to 2007:Q3) and post-crisis (2009:Q3 to 2014:Q3) 

periods.  



   

30 

 

1.5. Data Sources and Descriptive Statistics 

1.5.1. Data Sources 

 Using the stock tickers of the 26 SIBs, we extract the yields and dates of all 

secondary market trades for these banks that are available in TRACE
19

 from 2003:Q1 

through 2014:Q3.
20

  Then, using the daily Treasury constant maturity rates provided by 

the Board of Governors of the Federal Reserve System
21

 as risk-free rates, we interpolate 

(or extrapolate, where necessary) the risk-free rate associated with each trade based upon 

the number of days remaining until the bank’s debt matures, which enables us to 

calculate the yield spread for every bond trade in the sample.
22

  Next, we merge in all 

bond-specific information from the Mergent Fixed Income Securities Databases (FISD).
23

  

                                                 

 

19
 The Trade Reporting and Compliance Engine (TRACE) data was pulled using the Wharton Research 

Data Services (WRDS) data repository.  Per WRDS: “Trade Reporting and Compliance Engine is FINRA's 

over-the-counter (OTC) corporate bond market real-time price dissemination service. Bringing 

transparency to the corporate bond market, it helps create a level playing field for all market participants by 

providing comprehensive, real-time access to corporate bond price information.” 

20
 The sample includes SIB bonds that were traded from 2003:Q1 to 2014:Q3.  Therefore, bonds issued 

prior to 2003 could be included in the sample. 

21
 Daily Treasury rates are available for 1, 3, and 6-month periods and 1, 2, 3, 5, 7, 10, 20, and 30-year 

periods.  Rates can be accessed through the Treasury’s Resource Center: http://www.treasury.gov/resource-

center/data-chart-center/interest-rates/Pages/TextView.aspx?data=yield 

22
 We provide a simple example for clarity of the interpolation procedure: Assume that a bond trade takes 

place on January 5, 2004 with a yield of 5.0%, and the bond has 1 ½ years to maturity.  Furthermore, 

assume that the daily Treasury yield rates for the same day are 1.35% and 1.95% for the 1 year and 2 year 

Treasury bonds, respectively.  Linear interpolation would provide a risk-free rate (Treasury rate) of 

𝑦 =
𝑦1−𝑦0

𝑥1−𝑥0
(𝑥 − 𝑥0) + 𝑦0 =

1.95−1.35

2−1
(1.5 − 1) + 1.35 = 1.65% (in this instance, the arithmetic mean of the 

two Treasury rates).  The procedure is easily performed by the “ipolate” command in Stata.  

23
 The Mergent FISD data was pulled using the Wharton Research Data Services (WRDS) data repository. 
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Using the unique Committee on Uniform Securities Identification Procedures (CUSIP) 

number for each bond, we are able to match the bond-specific variables available in the 

Mergent FISD database, such as callable, time to maturity, issue size, and type, with the 

individual bond trades.   

 After the above steps, we are left with a database of daily yield spreads with 

bond-specific information, but we still need to merge the bank-specific and 

macroeconomic variables to each observation.  Using the stock ticker and quarter as a 

merge identifier, we are able to match the existing database with SIB-specific data from 

FR Y-9C reports and Bank Holding Company Performance Reports (BHCPRs).  Next, 

using the trade date, we merge the macroeconomic variables for the specific day (or 

quarter) during which the trade took place.
24

  Lastly, we remove all observations with 

bond or daily macroeconomic variables that lie above the 99
th

 or below the 1
st
 percentile 

as outlier treatment; the outlier treatment is performed separately across the pre-crisis, 

crisis, and post-crisis periods to account for differences in the levels of variables across 

the business cycle.  The process described provides observations for over 9.7 million 

trades of bank debt across all 26 SIBs.   

 

 

                                                 

 

24
 For data sources of the macroeconomic variables, see the Source column of Table1.4. 
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1.5.2. Descriptive Statistics 

 The secondary market sample includes 9,712,216 bond trades across the 26 SIBs 

from 2003:Q1 through 2014:Q3.  Since we expect variation in the risk measures across 

each time period of the recent business cycle, we stratify the summary statistics across 

the pre-crisis, crisis, and post-crisis periods.  The summary statistics are shown in Table 

1.5.  All variables are segmented into panels A, B, and C, which include SIB, 

macroeconomic, and bond-specific variables, respectively.  Notice that the SIB debt 

sample changes over the business cycle phase. For example, only during the crisis period 

are the bond debts of all 26 SIBs being traded.  Additionally, liquidity is greatest during 

the post-crisis period, which comprises over 7.1 million trades across 2,518 different 

bonds.  The daily mean yield spread for SIB debt traded in the secondary market across 

the pre-crisis, crisis, and post-crisis periods are 1.74%, 5.59%, and 3.67%, respectively, 

demonstrating a big contrast.  The increases in yield spread during the crisis and post-

crisis periods, relative to the pre-crisis period are consistent with the market volatility and 

risk aversion seen during and since the financial crisis of 2007-2009 (Guidolin and Tam, 

2013).  The average term to maturity of traded bonds increases across the business cycle, 

further contributing to the differential yield spreads.  Prior to the financial crisis, shorter-

term bonds were traded with an average remaining maturity of 6.39 years.  The bond 

term increases to 6.82 and 7.18 years in the crisis and post-crisis quarters, respectively, 

likely a reflection of SIBs wanting to lock in historically low interest rates as a result of 

monetary easing on behalf of the Federal Reserve throughout the latter phases.  
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Additionally, advancement in electronic trading technology, such as trading algorithms, 

may have also made longer term bonds more liquid and acceptable for trading, along with 

other changes in the bond market, such as declining transaction costs.    

 The average issue size has increased in real terms over the business cycle, peaking 

in the post-crisis era at around $1.5 billion, with a minimum value of $3.8 million and a 

maximum value of $4.4 billion during that same period.
25

  Again, this could reflect the 

increase in bond liquidity due to technological advancement, mentioned earlier.  The data 

also show an increase in the amount of senior debt issued in the sample.  This is partially 

due to the decrease in investor appetite for SNDs since the financial crisis because of 

their status as junior claimants.  Furthermore, there are new capital requirements in the 

pipeline surrounding SND with the implementation of Basel III reforms, which would 

presumably apply to all 26 SIBs included in the study once the rule is phased in.  

According to the final rule,
26

 the Basel III Capital Framework lists criteria that a financial 

instrument must meet in order to be considered as regulatory capital, and all advanced 

approaches institutions would be treated consistently under this framework.   

                                                 

 

25
 The reported minimum and maximum reflect values after removing all observations below the 1

st
 

percentile and above the 99
th

 percentile for outlier treatment. 

26
 A description of the final rule can be accessed through the OCC website: http://www.occ.gov/news-

issuances/news-releases/2013/2013-110a.pdf 
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Table 1.5. Summary Statistics 

 

Pre-Crisis (2003:Q1 - 2007:Q3) 

Trades = 1,350,075 Bonds = 1,096 

  SIBs = 19 

  mean sd min max 

Panel A: SIB-specific variables 

    lag(Tier 1 Ratio) (%) 6.23 1.34 4.37 17.89 

lag(NCOs / Loans) (%) 0.95 0.49 -0.11 3.56 

lag(Inefficiency Ratio) (%) 0.44 0.51 -2.93 1.84 

lag(ROAA) (%) 1.36 0.43 0.18 3.97 

lag(Liquidity Ratio) (%) 12.39 7.20 0.11 61.34 

lag(Net ST Assets / Assets) (%) 18.81 8.67 -16.41 63.35 

lag(Assets) ($ millions) 852,377 428,453 21,280 1,944,932 

     Panel B: Macroeconomic variables 

    Change in S&P 500 Return (%) 0.06 0.68 -1.82 2.14 

Change in VIX Index (%) -0.08 4.81 -13.23 17.64 

Slope of Yield Curve (%) 1.61 1.51 -0.23 4.09 

Change in Federal Funds Rate (%) 0.17 2.26 -9.01 9.18 

lag(GDP Growth) (%) 0.75 0.39 0.10 1.70 

lag(M2 Growth) (%) 1.30 0.55 -0.10 2.20 

     Panel C: Bond-Specific variables 

    Yield Spread (%) 1.74 1.14 -0.40 5.06 

Callable (Y/N) 0.10 0.30 0.00 1.00 

Bond Age (Years) 3.69 2.77 0.02 12.50 

Time to Maturity (Years) 6.39 6.25 0.16 29.54 

Issue Size ($) 764,296 604,136 3,566 3,431,662 

Non-specified (Y/N) 0.02 0.13 0.00 1.00 

Senior (Y/N) 0.54 0.50 0.00 1.00 

Senior SND (Y/N) 0.08 0.27 0.00 1.00 

SND (Y/N) 0.36 0.48 0.00 1.00 
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Table 1.5, continued 

 

 

Crisis (2007:Q4 - 2009:Q2) 

Trades = 1,252,861  Bonds = 1,227 

 SIBs = 22 

  mean sd min max 

Panel A: SIB-specific variables 

    lag(Tier 1 Ratio) (%) 6.97 2.02 4.03 17.51 

lag(NCOs / Loans) (%) 1.79 1.36 -0.01 7.38 

lag(Inefficiency Ratio) (%) 0.50 1.18 -2.76 20.25 

lag(ROAA) (%) 0.43 0.81 -17.97 2.26 

lag(Liquidity Ratio) (%) 16.42 12.94 0.14 59.18 

lag(Net ST Assets / Assets) (%) 19.71 11.83 -5.37 44.37 

lag(Assets) ($ millions) 1,326,781 659,002 44,365 2,090,597 

     Panel B: Macroeconomic variables 

    Change in S&P 500 Return (%) 0.09 1.93 -5.28 6.47 

Change in VIX Index (%) -0.43 5.86 -15.69 23.84 

Slope of Yield Curve (%) 3.03 0.73 0.74 4.11 

Change in Federal Funds Rate (%) 0.17 10.03 -40.00 39.24 

lag(GDP Growth) (%) -0.93 0.92 -2.10 0.70 

lag(M2 Growth) (%) 2.50 0.88 1.20 3.30 

     Panel C: Bond-Specific variables 

    Yield Spread (%) 5.59 2.51 0.92 15.43 

Callable (Y/N) 0.12 0.32 0.00 1.00 

Bond Age (Years) 3.98 2.86 0.02 13.79 

Time to Maturity (Years) 6.82 7.20 0.20 29.82 

Issue Size ($) 1,304,434 982,690 2,639 4,496,020 

Non-specified (Y/N) 0.01 0.12 0.00 1.00 

Senior (Y/N) 0.58 0.49 0.00 1.00 

Senior SND (Y/N) 0.02 0.13 0.00 1.00 

SND (Y/N) 0.39 0.49 0.00 1.00 
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Table 1.5, continued 

 

Post-Crisis (2009:Q3 - 2014:Q3) 

Trades = 7,109,280 Bonds = 2,518 

 SIBs = 26 

  mean sd min max 

Panel A: SIB-specific variables 

    lag(Tier 1 Ratio) (%) 7.79 1.39 5.13 19.26 

lag(NCOs / Loans) (%) 1.59 1.60 -0.17 8.33 

lag(Inefficiency Ratio) (%) 0.32 1.10 -5.66 10.66 

lag(ROAA) (%) 0.70 0.76 -9.69 3.90 

lag(Liquidity Ratio) (%) 26.13 14.02 0.41 60.86 

lag(Net ST Assets / Assets) (%) 31.98 11.98 -5.21 63.10 

lag(Assets) ($ millions) 1,297,684 748,727 40,049 2,521,099 

     Panel B: Macroeconomic 

variables 

    Change in S&P 500 Return (%) 0.08 0.89 -2.91 2.96 

Change in VIX Index (%) -0.03 5.98 -14.09 24.85 

Slope of Yield Curve (%) 3.20 0.62 2.03 4.19 

Change in Federal Funds Rate 

(%) 
0.13 6.73 -23.08 37.50 

lag(GDP Growth) (%) 0.48 0.42 -0.40 1.10 

lag(M2 Growth) (%) 1.48 0.93 0.00 4.60 

     Panel C: Bond-Specific 

variables 

    Yield Spread (%) 3.67 1.82 0.32 8.12 

Callable (Y/N) 0.20 0.40 0.00 1.00 

Bond Age (Years) 4.13 3.04 0.02 14.79 

Time to Maturity (Years) 7.18 6.86 0.22 28.53 

Issue Size ($) 1,479,686 1,028,006 3,794 4,384,942 

Non-specified (Y/N) 0.01 0.10 0.00 1.00 

Senior (Y/N) 0.69 0.46 0.00 1.00 

Senior SND (Y/N) 0.02 0.14 0.00 1.00 

SND (Y/N) 0.28 0.45 0.00 1.00 

     

Notes: Summary statistics for all secondary transactions for SIBs from 2003:Q1 through 2014:Q3 in the 

Mergent Fixed Income Securities (FISD) database for which there is complete data.  The data is broken 

into three sub-samples across the pre-crisis, crisis, and post-crisis periods.  Total assets and size of the 

issuance are reported in real 2014:Q3 dollars, and are reported prior to log transformation.   
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 There are many control variables that are involved in modeling yield spreads.  In 

our specification, we include a number of independent variables to control for firm-

specific, bond-specific, and macroeconomic-specific variables.  There exists a trade-off 

between the risk of omitting an important variable and that of a kitchen sink model and 

multicollinearity; we feel that the included model strikes a fair balance, similar to that of 

Balasubramnian and Cyree (2011 and 2014).  The correlation matrix of all continuous 

variables included in the analysis is shown in Table 1.6.27  Two relatively high 

correlations between independent variables that may cause concern of multicollinearity is 

that for the inefficiency ratio (variable #3) and the ROAA (variable #4) as well as the 

daily change in S&P 500 (variable #8) and the VIX index (variable #9) which stand at 

negative 0.60 and 0.73, respectively, and are statistically significant.  However, removal 

of the liquidity ratio and/or daily change in the VIX index from the model does not 

significantly impact the results or the conclusions.  Furthermore, we believe the strong 

correlations between the quarterly risk measures (i.e., CAMELS proxies) and the daily 

yield spread provides us with a robust set of independent variables. 

                                                 

 

27
 The correlation matrix for the secondary market sample (i.e., all bond trades of SIBs for debt between 

2003:Q1 through 2014:Q3), and it includes all continuous variables in the analysis, excluding interaction 

terms. 
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Table 1.6. Correlation Matrix 

  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 lag(Tier 1 Ratio) 1.00 
                

2 lag(NCOs / Loans) 0.08 1.00 
               

3 
lag(Inefficiency 

Ratio) 
0.03 0.11 1.00 

              

4 lag(ROAA) 0.11 -0.06 -0.60 1.00 
             

5 
lag(Liquidity 

Ratio) 
-0.28 -0.42 -0.47 -0.06 1.00 

            

6 
lag(Net ST Assets 

/ Assets) 
0.26 -0.51 -0.31 0.09 0.47 1.00 

           

7 lag(log of Assets) -0.55 0.12 0.13 -0.22 0.19 -0.13 1.00 
          

8 
Change in S&P 

500 Return 
0.00 0.02 -0.01 -0.01 0.00 0.00 0.00 1.00 

         

9 
Change in VIX 

Index 
0.01 -0.01 0.00 0.01 0.00 0.01 0.00 -0.73 1.00 

        

10 
Slope of Yield 

Curve 
0.18 0.31 -0.05 -0.20 0.17 0.17 0.04 0.02 -0.01 1.00 

       

11 
Change in Federal 

Funds Rate 
0.00 -0.01 0.01 -0.01 0.00 0.01 0.00 -0.07 0.07 0.00 1.00 

      

12 lag(GDP Growth) 0.00 -0.05 -0.10 0.19 0.11 0.15 -0.05 0.00 0.01 -0.04 0.03 1.00 
     

13 lag(M2 Growth) 0.02 -0.18 0.22 -0.10 0.01 0.08 0.06 -0.02 0.01 -0.11 0.02 -0.34 1.00 
    

14 Yield Spread 0.01 0.21 0.04 -0.36 0.07 -0.03 0.08 0.03 -0.02 0.35 0.00 -0.28 0.07 1.00 
   

15 Bond Age 0.03 0.00 0.09 -0.10 -0.03 -0.02 0.07 0.00 0.00 0.00 0.00 -0.02 0.04 0.01 1.00 
  

16 Time to Maturity -0.09 0.00 -0.02 -0.04 0.08 0.04 0.14 -0.01 0.01 0.00 0.00 0.00 0.00 0.48 -0.08 1.00 
 

17 log(Issue Size) -0.04 -0.02 -0.12 0.05 0.20 0.04 0.06 0.01 -0.01 0.10 0.00 0.00 -0.02 -0.11 -0.13 -0.33 1.00 
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1.6. Methodology and Empirical Results 

1.6.1. Models and Methodology  

 The model described in equation (2) is estimated via the ordinary least squares 

(OLS) technique.  The standard errors are heteroskedasticity robust.
28

  Results for the 

model are presented in Table 1.7.  Column 1 in this table displays the coefficient 

estimates for the risk measures during the pre-crisis period, and columns 2 and 3 reflect 

the change in coefficient estimates during the crisis and post-crisis periods, respectively 

(slope and intercept shifts).  That is, columns 2 and 3 include the coefficient estimate for 

each risk measure interacted with a dummy variables representing the crisis and post-

crisis quarters, respectively (column 1 includes no interaction term, and, thus, reflects the 

pre-crisis phase of the business cycle).  Column 1 includes the intercept shifts due to the 

latter two phases of the business cycle (see the last two variables, Crisis Dummy Variable 

and Post-crisis Dummy Variable for the respective intercept shifts).  The coefficient 

estimates we report in columns 2 and 3 represent the slope (or intercept if interacted with 

another dummy variable) shifts for each pertinent variable.  Thus, to calculate the 

marginal effect of an increase in each risk measure on the average yield spread during the 

crisis or post-crisis period, one simply adds the coefficient estimate in column 2 (for the 

                                                 

 

28
 Note that the choice of standard errors are of little importance; given the large sample size of over 9.7 

million observations, which drives the sampling error toward zero, we find statistical significance 

regardless of standard error methodology (see Nagler and Tucker, 2015). 
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crisis) or column 3 (for the post-crisis) to the coefficient estimate in column 1.  The 

output is stratified across three panels of variables: [1] Panel A contains the SIB-specific 

risk measures; [2] Panel B contains the macroeconomic variables; and [3] Panel C reports 

the bond-specific variables.  SIB fixed effects and a constant term are included in the 

regression, but the output for these variables is omitted to save space (all are statistically 

significant at the 1 percent level).  In what follows, we interpret the results as a change in 

the average SIB’s yield spread in basis-points (bps) attributable to a one standard 

deviation change in the pertinent independent variable, which is generally referred to as 

economic effects (reported in Table 1.8).            

 First, we check to see if the price of debt in the secondary market decreases as 

riskiness at the average SIB rises.  In other words, when the average SIB becomes riskier, 

does one see secondary market participants’ demand a higher yield (lower price) on the 

bank’s debt?  We expect higher yield spreads in response to greater risk because investors 

would require a risk premium to account for the increase in risk.  From a policy 

standpoint, if regulators were to require the regular issuance of debt, such as SNDs, it is 

with the assumption that primary and secondary market participants behave rationally.  

That is, if bond-holders are rational, then there is a natural check on bank risk because 

either the institution (through the primary market) would pay higher interest when issuing 

debt, or existing holders of the debt (through the secondary market) would pay a risk 

premium as yield spreads increase.  Both of these forces in tandem place pressure on the 

BHC to mitigate risk.   
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Table 1.7. Regression Output 

 
(1) (2) (3) 

 

Variable 

w/out 

Interaction 

Interaction 

w/ Crisis 

Dummy 

Interaction 

w/ Post-

crisis 

Dummy 

  

(2007:Q4 to 

2009:Q2) 

(2009:Q3 to 

2014:Q3) 

Panel A: D-SIB Specific 

variables 

   lag(Tier 1 Ratio) -0.1325*** -0.0184*** 0.0225*** 

 

(0.0015) (0.0018) (0.0018) 

lag(NCOs /Loans) 0.1440*** 0.3999*** 0.0420*** 

 

(0.0032) (0.0044) (0.0033) 

lag(Efficiency Ratio) 0.0677*** -0.1302*** -0.3891*** 

 

(0.0025) (0.0054) (0.0026) 

lag(ROAA) -0.1503*** -0.3079*** -0.3419*** 

 

(0.0033) (0.0082) (0.0035) 

lag(Liquidity Ratio) 0.0784*** -0.0377*** -0.0359*** 

 

(0.0003) (0.0003) (0.0003) 

lag(Net ST Assets / Assets) -0.0384*** 0.0020*** -0.0082*** 

 

(0.0002) (0.0003) (0.0002) 

lag(log of Assets) -0.8267*** 0.1541*** 0.0939*** 

 

(0.0047) (0.0034) (0.0026) 

Panel B: Macroeconomic 

variables 

   Change in S&P 500 Return -0.0631*** 0.1719*** 0.0689*** 

 

(0.0015) (0.0022) (0.0017) 

Change in VIX Index -0.0065*** 0.0261*** 0.0029*** 

 

(0.0002) (0.0005) (0.0002) 

Slope of Yield 0.4186*** -0.0207*** -0.1866*** 

 

(0.0011) (0.0036) (0.0013) 

Change in Federal Funds Rate  0.0096*** -0.0180*** -0.0096*** 

 

(0.0003) (0.0004) (0.0003) 

lag(GDP Growth) 0.2076*** -1.8623*** -0.1081*** 

 

(0.0018) (0.0055) (0.0021) 

lag(M2 Growth) -0.0878*** -0.6323*** 0.4709*** 

 

(0.0014) (0.0047) (0.0015) 
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Table 1.7, continued 

Panel C: Bond Specific 

variables 

   Callable -0.1744*** 0.1830*** 0.2533*** 

 

(0.0044) (0.0085) (0.0046) 

Bond Age -0.0324*** 0.0992*** -0.0281*** 

 

(0.0003) (0.0009) (0.0004) 

Time to Maturity 0.0598*** 0.0336*** 0.0945*** 

 

(0.0002) (0.0004) (0.0002) 

log of Issue Size 0.0327*** 0.0821*** 0.0122*** 

 

(0.0008) (0.0021) (0.0009) 

Non-specified (Y/N) 0.2777*** 1.0556*** 0.8385*** 

 

(0.0079) (0.0159) (0.0088) 

Senior SND (Y/N) -0.0561*** 2.5450*** 0.9861*** 

 

(0.0036) (0.0147) (0.0043) 

SND (Y/N) 0.4032*** 0.6008*** 0.2007*** 

 

(0.0017) (0.0048) (0.0021) 

Crisis Dummy Variable -1.5400*** 

  

 

(0.0800) 

  Post-crisis Dummy Variable -0.3503*** 

  

 

(0.0620) 

  Trades 9,712,216 

  Bonds 3,175 

  BHCs 26 

  R-squared 0.6907 

  BHC Effects Yes 

   
Notes: A regression of yield spreads of over 9.7 million SIB debt trades in the secondary market 

against bond, bank, and (daily and quarterly) macroeconomic-specific variables as shown in Equation 

2.  The dependent variable is the spread between the yield on the bond trade and a constant maturity 

Treasury with an equivalent term structure (calculated via interpolation - see Section 1.5).  The 

sample includes bond trades in the secondary market from 2003:Q1 through 2014:Q3, and the 

specification includes dummy variables for the crisis (2007:Q4 to 2009:Q2) and post-crisis (2009:Q3 

to 2014:Q3) periods with interactions for all covariates.  Column 2 and column 3 report the coefficient 

estimate for the interaction terms of each independent variable with a crisis dummy variable and post-

crisis dummy variable, respectively.  Thus, to calculate the marginal effect of an increase in each risk 

measure on the average yield spread during the crisis or post-crisis period, one simply adds the 

coefficient estimate in column 2 (for the crisis) or column 3 (for the post-crisis) to the coefficient 

estimate in column 1.  We use heteroskedasticity-robust standard errors. *, **, and *** denote 

significance at the 10%, 5%, and 1% level, respectively.  SIB fixed effects and a constant are included 

in each regression, but the output is omitted to save space. 
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Table 1.8. Economic Effects of a One Standard Deviation Shock 

Risk Measures 

(CAMELS) Marginal Impacts 

 
Standard Deviations 

 
Economic Effect (in bps) 

 

Pre-Crisis 

(2003:Q1 - 

2007:Q3) 

Crisis 

(2007:Q4 - 

2009:Q2) 

Post-Crisis 

(2009:Q3 - 

2014:Q3) 

 

Pre-Crisis 

(2003:Q1 - 

2007:Q3) 

Crisis 

(2007:Q4 - 

2009:Q2) 

Post-Crisis 

(2009:Q3 - 

2014:Q3) 

 

Pre-Crisis 

(2003:Q1 - 

2007:Q3) 

Crisis 

(2007:Q4 - 

2009:Q2) 

Post-Crisis 

(2009:Q3 - 

2014:Q3) 

lag(Tier 1 

Ratio) 
-0.1325 -0.1509 -0.1100 

 
1.34 2.02 1.39 

 
-18 -30 -15 

lag(NCOs 

/Loans) 
0.1440 0.5439 0.1860 

 
0.49 1.36 1.60 

 
7 74 30 

lag(Inefficiency 

Ratio) 
0.0677 -0.0625 -0.3214 

 
0.51 1.18 1.10 

 
3 -7 -35 

lag(ROAA) -0.1503 -0.4582 -0.4922 
 

0.43 0.81 0.76 
 

-6 -37 -37 

lag(Liquidity 

Ratio) 
0.0784 0.0407 0.0425 

 
7.20 12.94 14.02 

 
56 53 60 

lag(Net ST 

Assets / Assets) 
-0.0384 -0.0364 -0.0466 

 
8.67 11.83 11.98 

 
-33 -43 -56 

            

Notes: The table shows economic effect of a one standard deviation shock to each risk measure, measured in basis points.  To calculate the 

economic effect, one takes the product of the marginal impact and the reported standard deviations (multiplied by 100 to convert to basis 

points).  Economic effects are calculated across the pre-crisis, crisis, and post-crisis periods for all bank-specific risk measures.  
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 Furthermore, when interpreting increases in SIB risk factors, it is necessary to do 

so within the context of the business cycle.  It is reasonable to presume that bond traders 

will interpret an increase in risk for the average SIB differently depending on the business 

cycle phase.  This is why we include interactions for the crisis and post-crisis periods (see 

Flannery and Sorescu, 1996).  For example, secondary market participants may find an 

increase in credit risk for the average SIB to be problematic during the pre-crisis period, 

but this concern is somewhat diminished during a period when the economy is 

experiencing an up-swing.  However, during the financial crisis, when the flow of credit 

was tight and there were numerous bank solvency issues, additional credit risk could be 

seen as even-more de-stabilizing, further contributing to the impact on yield spreads.  

1.6.2. Results for SIB-Specific Variables 

 Panel A in Table 1.7, the panel of primary interest, includes the bank risk 

measures.  The marginal impact and economic effects, which we measure as a one 

standard deviation shock to each pertinent CAMELS risk measure, are stratified across 

the pre-crisis, crisis, and post-crisis periods and are shown in Table 1.8. 

.   

Capital Adequacy 

 Starting with the Tier 1 Capital ratio, the measure of bank leverage or capital 

adequacy, one can see that the marginal effect is negative and highly statistically 

significant across all periods of the business cycle.  The magnitude of the coefficient, 

however, varies across the three phases of the business cycle.  During the pre-crisis 
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period the coefficient takes the value of -0.1325, while during the crisis the marginal 

impact increase in magnitude to -0.1509 and during the post crisis period it decreases 

somewhat to take the value of -0.1100 (see Table 1.8).  The negative marginal effects 

imply that bond traders view an increase in bank equity capital as decreasing bank risk as 

reflected in lower yield spreads on their debt.  The results confirm that there exists a shift 

between business cycle phases regarding the extent to which market participants react to 

changes in risk measures.  It appears that during the crisis period, bond holders are more 

impressed with additions to bank capital, which reflects the largest marginal effect, in 

terms of magnitude, compared to the other two phases of the business cycle.  The 

economic effects show that a one standard deviation increase in Tier 1 capital during each 

period will decrease the yield spread on the average SIB’s debt by approximately 18, 30, 

and 15 basis points in the pre-crisis, crisis, and post-crisis eras, respectively.  It is worth 

noting that the increase in the sensitivity of bond buyer behavior to changes in bank 

capital during the financial crisis period could be related to the distribution of TARP 

capital infusions.  In fact, the largest capital infusions were given to the SIBs including 

Citigroup and Bank of America ($45 billion infusions each) and JP Morgan and Wells 

Fargo ($25 billion infusions each), who together comprise nearly 75% of the bond trades 

during the crisis period (see Table 1.3).  The capital injections may also proxy the effect 

of the psychological signal sent by the regulators that they will stand behind the banks 

and will now allow their failure.      
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Asset Quality 

 The credit risk measure, net charge-offs (i.e., loan and lease losses) to total loans 

ratio, is positive and statistically significant across the entire recent business cycle.  The 

marginal impact of credit risk increases from 0.1440 to 0.5439 from the pre-crisis to 

crisis period.  Per Table 1.8, the economic effects are 7, 74, and 30 basis points across the 

pre-crisis, crisis, and post-crisis periods, respectively, indicating that bond investors in 

the secondary market do appear to account for credit risk exposure of the banks across all 

phases of the business cycle.  These are large effects, a reflection of the fact that charge-

offs impact the profitability, loan rates, and other operations of the bank, and also 

indicate the likelihood of bad loans coming through the pipeline, further contributing to 

additional credit losses in the future.  The impact of credit risk on the average yield 

spread remains consistently positive throughout the business cycle phases, yet the crisis 

period, by far, displays the strongest effect.  The result implies that, during times of 

economic expansion, as in the pre-crisis period, bond investors are less sensitive to 

changes in credit risk, likely a reflection of the robust economy.  Yet, during the financial 

crisis, the bond traders react to credit risk to a much greater extent than all other bank-

specific risk measures that we include in the specification, likely a symptom of the 

turbulent recession leading to investor fear and pessimism, and over-reaction due to 

deeper opacity and complexity of the banks during this period.   
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Management 

 The SIB risk measure we use for bank management, the inefficiency ratio, is 

statistically significant across all three business cycle phases, yet changes sign.  The 

numerator consists of various noninterest expenses including the cost of labor and capital, 

thus a higher ratio indicates a less efficient firm.  The positive marginal effect during the 

pre-crisis period indicates that bond traders treated debt issued by less efficient SIBs as 

riskier and demanded a higher yield spread, as a result.  The coefficient indicates that for 

a one standard deviation increase in the inefficiency ratio (meaning the institution is less 

efficient) during the pre-crisis phase, the yield spread for the average institution will 

increase by a modest 3 basis points.   

 However, there is a paradigm shift with respect to firm inefficiency during the 

crisis and post-crisis periods: the marginal effects switch to negative and significant 

values of -0.0625 and  -0.3214, respectively.  That is, during the latter two phases of the 

business cycle, bond traders viewed SIB expenses on areas such as salaries, employee 

benefits, and premises as risk mitigating factors.  The change in bond investor behavior 

could reflect a shift from the cost-cutting culture of the pre-crisis era or it could imply 

that a bank that has the ability to invest in its employees and infrastructure throughout 

tougher business cycle phases is a safer and more stable institution.  For example, during 

the financial crisis, when the solvency of SIB banks was in doubt and TBTF policies 

were being implemented by fiscal and monetary authorities, if a SIB had the funds 

available to continue paying expenses such as salaries, employee benefits, and various 



   

48 

 

operating expenses, then it would send the message to investors that it has the funds 

available to continue business as usual. 

 

Earnings 

    For the profitability measure, the return on average assets (ROAA), the marginal 

effects are negative and statistically significant at the 1% level for all three periods of 

study.  The results indicate that an increase in SIB profitability is uniformly perceived by 

bond-traders as decreasing the risk of default on bonds by the SIB issuers.  The 

coefficient estimates show marginal effects of -0.1503, -0.4582, and -0.4922 during the 

pre-crisis, crisis, and post-crisis periods, respectively, which correspond to a decrease of 

6, 37, and 37 basis points in the yield spread for a one standard deviation shock during 

each respective business cycle phase.  As was the case with the credit risk measure, there 

is more sensitivity to changes in bank profitability during the crisis compared to the pre-

crisis period.  This result suggests that, during periods of greater macroeconomic 

uncertainty, each unit of SIB risk, measured e.g., by profitability, translates into a greater 

risk premium by bond traders.    

 

Liquidity 

 The marginal effects for the liquidity ratio, defined as short-term assets divided by 

consolidated assets, are positive and statistically significant across all three phases of the 

business cycle, although the effect weakens during the post-crisis phase.  As Berrospide 
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(2012) explains, short term funding had dried up starting at the onset of the crisis during 

the summer of 2007, and the dysfunction, which began in the subprime mortgage market, 

ultimately contributed to the collapse of the securitization market, including the market 

for mortgage-backed securities.  With financial institutions being concerned about 

counterparty, liquidity, and portfolio risk, in particular regarding the size of exposures 

related to sub-prime assets, the interbank market froze, and these firms began to “hoard 

liquid buffers.”  Our summary statistics in Table 1.5 reflect this hoarding of liquidity at 

the SIBs, as we see the liquidity ratio increase from 12.39% to 16.42% to 26.13% across 

the pre-crisis, crisis, and post-crisis periods.  The results in Table 1.8 convey that holding 

excess liquidity is seen as risky and/or costly to the SIB, and thus increases the yield 

spread on outstanding debt for the average SIB.  Economic effects are considerable and 

indicate a one standard deviation increase in asset liquidity would increase the average 

yield spread by 56, 53, and 60 basis points across the pre-crisis, crisis, and post-crisis 

periods, respectively.  From a risk perspective, bond traders of SIB debt may view an 

institution that needs to hold high levels of liquid assets to prepare for negative shocks in 

the near term as risky.  In other words, such a bank may be perceived as being forced to 

hold costly cash assets to meet depositor demand for withdrawals and/or charge off on 

non-performing loans because it is unable to rely on liability management sources of 

liquidity, not doing so voluntarily.  From a cost perspective, holding highly liquid assets 

can be viewed by traders as a suboptimal allocation of resources, since the funds could be 

lent out or invested at a higher interest rate.   
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Sensitivity to Interest Rate Risk 

 The last SIB-specific risk measure is the funding gap ratio (short-term assets less 

short-term liabilities to total assets), which measures the sensitivity to interest rates risk.  

A larger funding gap between short term assets and liabilities means that, if interest rates 

increase, then the SIB will benefit because assets will re-price more quickly than 

liabilities, thus mitigating interest rate risk and resulting in lower debt yields.  The SIFI 

institutions that we include in our analysis have held, on average, more short-term assets 

than liabilities (they have positive gaps).  The summary statistics in Table 1.5 show that 

the average SIB increased their funding ratio from 18.81 to 19.71 to 31.98 percent across 

the pre-crisis, crisis, and post-crisis quarters, respectively.  The climb in the ratio during 

the post-crisis phase of the business cycle reflects SIB expectations that the Federal 

Reserve is likely to increase the federal funds rate, and the banks are hedging against this 

interest rate risk by holding more short-term securities on the asset side of the balance 

sheet.  The funding gap coefficient estimates are all highly statistically significant and 

correspond to marginal effects across the pre-crisis, crisis, and post-crisis periods of -

0.0384, -0.0364, and -0.0466, respectively.  These marginal effects correspond to 

economic effects of a decrease in the average yield spread of 33, 43, and 56 basis points 

for each respective phase of the business cycle.  The result shows lower yields when the 

average SIB widens their positive funding gap by bearing additional net short-term 

assets, further alleviating interest rate risk.  Note how the economic effect is greatest 
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during the post-crisis period, when interest rate increases became more likely because 

interest rates were very low and the Federal Reserve was expected to raise rates in 

2015.
29

   

1.6.3. Pertinent Hypotheses  

 The prior results displayed in column one in Table 1.7 resolutely fail to reject 

hypothesis H1, which posits that an increase in SIB risk measures result in market 

discipline in the form of higher Treasury spreads for bonds traded in the secondary 

market.  Results displayed in columns two and three in Table 1.7 also fail to reject 

hypothesis H2, proposing that secondary bond market participant sensitivity to an 

increase in risk is dependent upon the phase of the business cycle.  Given these results, 

we urge future researchers and policy makers to account for the phase of the business 

cycle when studying market discipline.  Specifically, policy makers need to stay 

cognizant of how the behavior of market participants can change within the context of the 

business cycle.  If regulators were to use yield spreads of SIB debt as an early warning 

indicator, we would recommend that they adjust the policy thresholds based on the state 

of the macroeconomic environment.  These results strongly support the mandatory 

issuance of SIB debt as a method of market discipline, given that bond traders respond to 

increased bank risk in the secondary market by demanding higher yields on SIB debt.  

                                                 

 

29
 See the Federal Reserve Bank of San Francisco Economic Letter published on November 18, 2013 titled: 

“Expectations for Monetary Policy Liftoff”. 
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Thus, fluctuations in yield spreads for SIB debt can serve as a barometer to gauge overall 

risk levels and regulators should utilize this mechanism to curtail risk.     

1.6.4. Results for Macroeconomic and Bond-Specific Variables 

 Although our primary interest resides with SIB-specific risk (Panel A variables), 

we also provide an overview of the results associated with macroeconomic and bond-

specific variables (Panels B and C, respectively).  For the macroeconomic variables (as 

well as their crisis and post-crisis interaction terms), daily measures (the change in the 

S&P 500 return, change in the VIX index, slope of the yield curve, and change in the 

federal funds rate) and quarterly measures (GDP growth and M2 growth) are found to be 

statistically significant at the 1% level.  As expected, the result confirms that bond-traders 

account for the daily trading environment within the context of the economy at large. 

 An interesting issue is how the marginal effect for a given variable changes 

between business cycle phases.  For example, daily change in the return of the S&P 500 

index has a negative coefficient estimate of -0.0631 during the pre-crisis quarters, 

indicating a complementary effect between returns on SIB debt and the broad equity 

index during this period.  To explain, the negative coefficient indicates that as the daily 

S&P 500 return increases, bond yields decrease, on average. This, in turn, implies that 

bond prices increase on the sale of existing SIB debt.  Thus, stock prices and SIB bond 

prices move in the same direction during the pre-crisis phase.  However, during the latter 

two phases of the business cycle, the marginal effect for the broad market index switch to 

a positive sign, indicating a substitution effect between SIB debt and the broad equity 
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market during these time windows.  In other words, when the S&P 500 index rises, bond 

yields on existing bank debt increase (prices fall), indicating a loss for the bond-holders.
30

   

 The coefficient estimates for the bond-specific variables are reported in Panel C.  

The reference group for the bond type is senior debt.  The positive and significant 

coefficients for the SND and non-specified debt types suggest that senior debt will trade 

at a higher price to junior claims regardless of the business cycle phase, thus driving up 

the yield for these latter riskier bond-types.  One interesting result is the negative and 

significant coefficient on senior SND during the pre-crisis period, which changes to a 

positive marginal effect during the crisis and post-crisis periods.  We conjecture that the 

former result could reflect that senior SND must have been seen as relatively safe during 

the pre-crisis period coupled with strong investor demand.  However, when the financial 

crisis hit, the default risk of SIBs increased and bond holders became more sensitive to 

the lower pecking order of senior subordinated debt, requiring a higher premium per unit 

of risk, and as a result bond traders priced this greater risk into the yields much more 

aggressively during the crisis and post-crisis phases of the business cycle.   

                                                 

 

30
 These results reflect the mechanism studied by Baele et al. (2010).  They examine stock and bond return 

co-movements with a focus on their time variation.  The authors find that fundamental factors play a 

relatively large role for bond returns, but, for stocks, liquidity factors and variance premium matter to a 

greater extent.  Some studies (e.g., Connolly et al., 2005) attribute the negative correlation of the stock-

bond returns to “flight-to-safety” during the large negative shocks of 1997 and 1998; the authors find that 

the negative co-movement between stock and bond returns is related to investor uncertatinty.  Specficially, 

they find that the lagged and contemporaenous VIX index have a negative relation with the stock-bond 

return.  However, Campbell et al. (2009) create a pricing model for stock and bond returns where the real 

economy “enables the model to fit the changing covariance of bond and stock returns,” which opens the 

door for additional drivers.      
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 The estimates for time to maturity coefficients are all positive and significant at 

the 1% level across the pre-crisis, crisis, and post-crisis periods; the marginal effects are 

0.0598, 0.0934 (0.0598 + 0.0336), and 0.1543 (0.0598 + 0.0945), implying that for each 

additional year of remaining term to maturity the average yield will increase by 

approximately, 5.9, 3.3, and 15.4 basis points, during the three periods, respectively.  

These results support the liquidity premium theory as an explanation of the term structure 

of interest rates: there is a term premium reflected in the form of higher yields for SIB 

bonds with longer maturity being traded in the secondary market.  

 During the pre-crisis period, the coefficient estimate on the callable dummy 

variable is negative, meaning that the average bond trader viewed a callable bond as less 

risky than a non-callable bond.  Even though we would expect the opposite result, this 

result is a by-product of the rising rate environment during our pre-crisis phase (i.e., the 

effective federal funds rate increased from roughly 1.25 to 5.25 percent from 2003:Q1 to 

2007:Q2, respectively), which means that SIBs were not likely to recall the bonds from 

investors during this time.  However, during the crisis period and, to a larger extent, the 

post-crisis period, the marginal impact of the callable indicator becomes positive, which 

one would expect because bonds with call options admit higher yields since the SIB 

issuer has the right to redeem the bond prior to maturity.  Since the federal funds rate was 

quickly reduced to the zero lower bound during the latter quarters of the financial crisis, 

SIBs were more likely to exert the call option on their debt to refinance at lower rates.  

Marginal effects suggest that the impact of an increase in bond age in the pre-crisis or 
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post-crisis phase will decrease the bond yield versus the crisis period where it will 

increase the yield.  Lastly, during all three phases of the business cycle, an increase in the 

size of the bond issuance positively impacts yield spreads, indicating decreasing returns 

to scale on the average SIB bond issuance (banks have to pay a higher rate to sell a bigger 

volume).   

1.6.5. What Drives the Variation in Yield Spreads? 

 Now that the results have established that bond market participants in the 

secondary market do react to changes in SIB risk and that their behavior is specific to the 

phase of the business cycle, we can test the extent to which the SIB-specific variables 

drive the variation seen in yield spreads, relative to macroeconomic factors.  This is a 

critical exercise from a policy perspective.  Market discipline relies on the premise that 

market participants do react to all publically available information, which in turn keeps a 

check on risk-levels.  If bond market participants are reacting mostly to the overall 

economic environment in lieu of SIB-specific risks, this could pose a serious impediment 

for relying on market discipline because the magnitude of its effect will be slight.   

 To test the proportion of explained variation in yield spreads driven by SIB-

specific factors, versus the macro environment, we separately re-run the  model (equation 

3) including only the macroeconomic factors and quarter time dummies across the pre-

crisis, crisis, and post-crisis periods.  Then, we obtain the r-squared from each of the 

three separate regressions following the method used by Peria and Schmukler (2001).  

Theoretically, the “macro-only” specification would capture all explained variation that 
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arises from macroeconomic factors because the quarter time dummies would serve as a 

catch-all for factors that are shared across all SIBs during the pertinent phase of the 

business cycle.  We then determine the percent of the r-squared from the fully specified 

regression that is comprised by the r-squared from the specification that only includes 

macroeconomic factors.  The exercise reveals the extent to which market participants are 

reacting to the overall economic environment instead of SIB and bond-specific risks, and 

is completed across the pre-crisis, crisis, and post-crisis periods.  Results are shown in 

Table 1.9.     

 Hypothesis H3 states that SIB-specific and bond-specific factors drive the 

majority of variation seen in yield spreads.  Per Table 1.9, the percentage of variance in 

yield spreads attributable to macroeconomic factors is 71%, 52%, and 23% across the 

pre-crisis, crisis, and post-crisis periods, respectively.  Given these percentages, we reject 

hypothesis H3 during the pre-crisis and crisis periods since 29% and 47% of the variation 

in yield spreads is attributable to SIB and bond-specific risks, respectively.  However, we 

cannot reject the hypothesis for the post-crisis period considering that 77% of the r-

squared is attributable to institution and security-specific risk.  Furthermore, we reject 

hypothesis H4, which postulates that the proportion of variance in yield spreads 

comprised of BHC and bond-specific factors peaks during the crisis period since the 

aforementioned results show that such factors dominate in the post-crisis period. These 

are significant shifts in explained variance that show that market discipline has 

considerably strengthened since the pre-crisis era. 
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Table 1.9. Variance Decomposition between Macro and SIB/Bond-Specific Factors 

 

Pre-Crisis Crisis Post-Crisis 

(2003:Q1 to 2007:Q3) (2007:Q4 to 2009:Q2) (2009:Q3 to 2014:Q3) 

A: R-squared (full specification) 0.7106 0.5746 0.7231 

B: R-squared (Macro factors only) 0.5017 0.3007 0.1656 

% Explained by Macro Factors = B/A 71% 52% 23% 

% Explained by SIB and Bond Factors 29% 48% 77% 

    
Notes: Proportion of variance explained by macroeconomic factors only.  We first run the fully specified model across the pre-crisis, crisis, 

and post-crisis periods and report the r-squared.  Next, we run the model without the SIB and bond-specific variables (i.e., only include the 

change in the S&P 500 return, change in the VIX index, the slope of the yield curve, change in the federal funds rate, GDP growth, M2 

growth, and quarter time dummies), which would theoretically capture all macroeconomic effects. We adopt the test from Peria and 

Schmukler (2001). 
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 This begs the fundamental question: Why do bond-traders react much less to 

macroeconomic factors during and since the financial crisis?  We believe a major 

contributing factor is related to the unusual measures implemented by fiscal and 

monetary policy authorities during and after the financial crisis.  For example, during the 

crisis, there were numerous interventions in the banking arena such as the Troubled Asset 

Relief Program (TARP) in late 2008, numerous emergency lending facilities (e.g., Term 

Auction Facility, Primary Dealer Credit Facility, Term Securities Lending Facility, etc.), 

and the bailouts of AIG and Bear Stearns.  There were also macroeconomic interventions 

that remained in effect through the specified post-crisis period, most notably quantitative 

easing programs on behalf of the Federal Reserve.  Such regulatory intervention in the 

markets has likely broadened the explicit and implicit safety-net, which dampened the 

proportion of variation in yield spreads attributable to systematic shocks, as policy 

makers played a larger role in the macro economy.
31

  Other possible reasons that 

contribute to the bond-investor shift from macroeconomic to bank-specific factors could 

be due to the calm environment during the pre-crisis phase, the end of TBTF policies 

with the passage of Dodd-Frank, as well as changes in bond-trading technology 

                                                 

 

31
 The mechanism at work is the financial accelerator, which characterizes how business cycles can impact 

financial factors.  Gertler and Lown (1999) show that the high-yield bond spread reflects information about 

aggregate economic activity.  However, the authors note that “the informativeness of any financial 

indicator is sensitive to the nature of the business cycle and, relatedly, to the conduct of monetary policy.”  

This finding relates to the analysis at hand because as monetary and fiscal policy attempt to dampen the 

financial accelerator mechanism with respect to negative shocks during the crisis and post-crisis periods.  

Thus, bond investors become less concerned with the macroeconomic factors and focus more on the 

institution specific risks.   
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especially during the post-crisis phase, such as more accurate and timely bond pricing 

software.
32

        

1.7. Conclusion 

 This paper investigates whether market participants in the secondary bond market 

for SIB debt react to firm, macroeconomic, and bond-specific features via movements in 

yield spreads.  Furthermore, we study how the behavior of bond-traders changes within 

various phases of the recent business cycle.  Market discipline on SIBs in the market for 

debt is important to study because there has been renewed interest in unorthodox 

regulation as policy makers have been attempting to identify the gaps in the existing 

laws
33

 and to implement new regulations to prevent a similar crisis in the future.  One 

such regulation would be the mandatory issuance of SIB subordinated debt according to 

which regulators would monitor yield spreads as an early warning indicator for regulatory 

actions.  If regulators plan on implementing compulsory debt issuance with the 

expectation that bond investors would keep risk in check, it is imperative to study the 

behavior of these stakeholders to examine if they indeed behave “rationally.” 

                                                 

 

32
 Although there are outside factors that we do not explicitly control for, such as foreign competition (e.g., 

foreign interest rates) for large institutional investors and foreign exchange rates, these factors would 

theoretically be captured by our quarter dummy variable.  Furthermore, residual diagnostics (available upon 

request) confirm that our error term does not contain any systemic bias and has a mean of zero across the 

pre-crisis, crisis, and post-crisis periods, which mitigates our concern that these results could be a reflection 

of omitted variable bias.   

33
 Some would go as far as to say there were “gaping holes” in the financial architecture (for example, see 

Richardson, 2012).   
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 Several interesting results are obtained. First, when we examine the yield spreads 

on over 9.7 million secondary bond market transactions for the 26 U.S. SIBs from 

2003:Q1 to 2014:Q3, we find that bond-traders do account for firm, macroeconomic, and 

bond-specific features as evidenced through statistical significance of bond yield 

sensitivity to changes in the risk measures.  Second, we discover that the sensitivity of 

marginal effects to an increase in SIB risk is dependent upon the business cycle phase 

studied.  For example, coefficient estimates for the credit risk (net charge-offs to total 

loans) show that a one standard deviation increase in the ratio will increase the yield 

spread for the average SIB debt by approximately 7 basis points in the pre-crisis era, but 

increase it by 74 basis points during the crisis period, reflecting heightened fear and 

greater risk aversion on the part of the market investors.  Third, when we test the 

proportion of explained variance in yield spreads that is driven by firm and bond specific 

features vis-a-vis of macroeconomic elements, we find that 71% of movements in yield 

spreads are a result of macroeconomic components in the pre-crisis era, but this 

proportion drops dramatically to 52% and 23% during the crisis and post-crisis periods, 

respectively.  We contribute the drop during the crisis to the broadened implicit and 

explicit government safety nets shifting bond investor focus from the macroeconomic to 

the SIB risk factors.  The even more dramatic shift from macroeconomic to SIB risk 
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factors in the post-crisis period is likely due to the anticipated end of TBTF policy as 

communicated in the Dodd-Frank Act during this last phase of the business cycle.
34

     

 In general, these findings provide evidence that bond-holders do react to changes 

to SIB risk in a rational manner within the context of the business cycle.  Also, market 

discipline through SIB and bond-specific risk measures has increased dramatically in the 

post-crisis era as measured by yield spreads on secondary market debt for these 

institutions.  This provides an opportunity for increased reliance on market discipline via 

mandatory debt issuance and the monitoring of these debt yields.  Specifics on how 

mandatory debt issuance could be implemented are beyond the scope of this paper, but 

we urge regulators and researchers alike to continue to examine its role.  Given that bond 

investors drove a significant proportion of explained variation in yield spreads during a 

time of unprecedented market intervention by fiscal and monetary authorities, it is clear 

that market discipline is a complement to regulation and supervision that can be 

leveraged to the benefit of the banking sector, investors, and ultimately the health of the 

overall economy.              

                                                 

 

34
 Note that technological advancement, such as improvements in bond pricing and increases in liquidity, 

could have also contributed to the shift of investor intention to bond-specific risks during the crisis and 

post-crisis periods from macroeconomic risks during the pre-crisis era.  Additionally, the calm conditions 

of the pre-crisis period of the business cycle phase could have contributed to the focus of bond investors to 

the macro-economy during this time when compared to the latter two phases of the business cycle.   
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CHAPTER 2. DEPOSITOR DISCIPLINE IN RESPONSE TO BANK RISK TAKING: 

AN EMPIRICAL INVESTIGATION 

 

2.1. Introduction 

 The recent financial crisis (2007:Q4 – 2009:Q2)35 froze credit markets and 

introduced substantial adverse effects on the global banking system.  In the aftermath of 

the crisis, policy makers have focused on three major issues: [1] Understanding the gaps 

in the existing legislation that contributed to the banking collapse; [2] Enacting new laws 

to prevent similar crises in the future, with the most sweeping U.S. reform to date being 

the Dodd-Frank Wall Street Reform and Consumer Protection Act of July 2010 (Dodd-

Frank);36 [3] Examining the role that market participants played in regard to the crisis, 

including market discipline (Stephanou, 2010).  

 The focus of this paper is depositor discipline, a subset of market discipline.37  

The FDIC defines market discipline as: 

                                                 

 

35
 We use the quarters specified by the National Bureau of Economic Research (NBER) as the recession 

period: http://www.nber.org/cycles/cyclesmain.html 

36
 Other steps taken by the US regulators include the rescue of Bear Stearns, the takeover Fannie Mae and 

Freddie Mac, the bailout of AIG, the Troubled Asset Relief Program (TARP) as part of the Emergency 

Economic Stabilization Act (2008), the Supervisory Capital Assessment Program (2009), and the Term 

Auction Facility (2007-2010), to name a few.  See Véron (2012) for a more complete list, as well as 

financial reforms in other countries and those on a global scale. 

37
 Other stakeholders playing a role in market discipline are shareholders (in particular institutional 

shareholders), bond holders (junior debt, senior debt, subordinated debt, trust preferred, etc.), consulting 

firms, auditors, contractors, blog owners, etc. 
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The forces in a free market (without the influence of government 

regulation) which tend to control and limit the riskiness of a financial 

institution’s investment and lending activities.  Such forces include the 

concern of depositors for the safety of their deposits and the concern of 

bank investors for the safety and soundness of their institutions.   

Source: FDIC Glossary of Definitions 

Thus, regulators must account for market discipline in their design of a new regulatory 

framework.   

 Market discipline has been a focal point of banking regulation since the 

implementation of the Basel II Accord in June 2004.  In an attempt to provide a 

comprehensive framework that provides international standards on bank supervision, the 

Basel Committee on Banking Supervision designed a complementary three-pillar 

structure. These include: capital requirements, the supervisory review process, and 

market discipline.  Prior research has shown that the success of capital requirement 

ultimately lies in how well it serves market discipline (Gordy and Howells, 2006).  

Charles Plosser, the former President of the Federal Reserve Bank of Philadelphia, has 

also stated that “market discipline can be a powerful tool in controlling the risk-taking of 

financial institutions.”38   

                                                 

 

38
 Plosser presented this view in a speech at the conference on Enhancing Prudential Standards in Financial 

Regulations, on April 8, 2014. The full transcript of the speech can be found at: 

http://www.bis.org/review/r140409b.pdf 
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 The Basel Committee on Banking Supervision has taken the position that 

effective market discipline depends on transparent and consistent financial reporting.39  

Accordingly, U.S. commercial banks submit quarterly Reports of Condition and Income 

(Call Reports) to the Federal Financial Institutions Examination Council (FFIEC).  The 

reports are then made public approximately 45 days after each quarter-end through the 

FFIEC Central Data Repository.40  Bank stakeholders could presumably use the available 

bank data to determine the risk levels of a bank and, subsequently, act upon the 

information. 

 In its most basic form, the business practice of a bank involves acquiring deposits 

(short term funding), and extending loans to consumers and businesses (long-term 

lending).  The timing mismatch between short-term funding (deposits) and long-term 

assets (loans) for banks poses a fundamental risk for the bank and its depositors.  If 

numerous depositors believe that a depository institution (DI) is becoming too risky, 

which could potentially lead to insolvency of the bank, they may choose to liquidate (i.e., 

withdraw) their deposits because they do not want to lose their funds.  However, if many 

depositors attempt to withdraw their funds simultaneously, the DI is not likely to have 

enough cash on hand to meet their demand for funds since loans are tied-up in long-term 

                                                 

 

39
 See the Basel Committee’s “International Convergence of Capital Measurement and Capital Standards: 

A Revised Framework”, June 2004) 

40
 For more information on Call Reports, visit: http://www2.fdic.gov/Call_TFR_Rpts/inform.asp 
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investments.  In the extreme case, this can lead to bank runs (Diamond and Dybvig, 

1983).   

 We focus on market discipline imposed by depositors through the withdrawal of 

interest-bearing deposits including transaction, savings (includes money market deposits 

accounts (MMDAs)), and time deposits, as well as the requirement of higher interest 

rates on 30 different combinations of term and/or balances of various deposit types, 

including both personal and business accounts.  Theoretically, as the perceived risk of a 

DI increases in the eyes of the depositors, the depositors would move their funds to a 

safer DI (or alternative outlets) and/or demand higher interest rates to compensate for the 

greater risk (demand a greater risk premium).                                

 Our focus is on U.S. commercial banking organizations (CBOs) defined as 

commercial banks with total assets under $10 billion.  The reasons for limiting our 

analysis to these institutions are the following.  First, despite having little to no role in the 

events that led to the financial crisis of 2007-2009, these smaller DIs were left to bear the 

brunt of the crisis as over 450 of them failed over our sample period (2007:Q3 to 

2014:Q4) representing nearly 90% of all bank failures over the time period (see 

Appendix A).  Using our definition of CBO,41 we calculate that there were 14,441 

commercial banks in 1984 with less than $10 billion in total assets, which has dropped to 

                                                 

 

41
 A CBO is based off the RSSID unique identifier and includes all state-member, national, and non-

member banks with under $10 billion in total assets. 
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5,638 by 2014.  This trend is worrisome because CBOs play an important role by 

providing liquidity to the local community, including individuals and small businesses 

(Keeton, 2003).  As the number of community banks declines, the funding to local 

individuals, families, and small businesses also dries up (Keeton, 2003).  Thus, regulators 

need to be cognizant of any changes that could place smaller banks under more cost 

pressure, leading to further competitive disadvantages.42   

 Second, the purpose of the paper is to isolate the impact of risk measures on the 

growth rate and price of deposits across the recent business cycle.  With this goal in 

mind, most small commercial banks have a business model that relies on short term core 

deposits for funding long term traditional loans, such as 1-4 family liens.43  In brief, 

CBOs rely on deposits as their primary source of funding.  Indeed, Figure 2.1 shows that 

the value of interest-bearing deposits to total liabilities of the CBO population was 

consistently greater than 75% from 2003 through 2014.  On the other hand, the business 

model for larger banks differs considerably.  They engage in non-traditional banking 

activities such as guarantee services (loan commitments), standby letters of credit, and 

counterparty derivative positions, among others.  Furthermore, large banks have been 

                                                 

 

42
 As of 2014:Q4, CBOs comprise 16.8% and 18.0% of total commercial banking assets and deposits, 

respectively.  Authors’ own calculations from Call Report data. 

43
 As of 2014:Q4, loans secured by real estate as a percentage of total assets are 46.4%, 35.6%, and 19.1% 

for commercial banking organizations (CBO) (less than $10 billion in assets), regional banking 

organizations (RBO) (between $10 and $50 billion in total assets), and large banking organizations (LBO) 

(greater than $50 billion in assets), respectively.  Authors’ own calculations from the Uniform Bank 

Performance Report (UBPR) data.   
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Figure 2.1. Total Interest Bearing Deposits (by Category) for CBO Population from 2003 through 2014 

Notes: Total deposits in thousands (transaction accounts, savings deposits, and time deposits broken out at the $100k threshold) from year-

end 2003 to 2014 for all CBOs (i.e., commercial banks with under $10 billion in total assets).  The right axis shows the average of the four 

deposit categories as a percentage of total liabilities. 
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expanding their income base to include a number of non-interest income activities such 

as brokerage, investment banking, fiduciary, and insurance services (DeYoung and 

Torna, 2013), as well as supplying non-deposit and non-domestic sources of funds, 

including syndicated and larger domestic and international loans.   

 Third, the largest commercial banks may benefit from the too big to fail (TBTF) 

designation, which provides additional guarantees to deposit holders unavailable to 

CBOs.  Together, these factors make the two groups of banks distinct, potentially 

complicating the analysis of the aggregate sector, and, even worse, resulting in spurious 

results if we include the large banking organizations in the analysis at hand.  From a 

regulatory perspective, it is common to analyze the CBO population separately from 

larger banking organizations with respect to risk management practices because of their 

traditional business structure and sensitivity to regulatory burdens.  Thus, any policy 

prescription derived from our results would not necessarily extend to large or mid-sized 

commercial banks.      

 The primary motivation of our paper is to help guide policy makers and regulators 

to understand depositor behavior in response to increased bank risk over the recent 

business cycle.  A second important motivation is to examine depositor behavior in the 

presence of deposit insurance.  Furthermore, the deposit pricing results we find during the 

post-crisis period can also be leveraged as, it is known in industry terms, a “deposit beta” 

model to assist CBOs with pricing their deposits given the level of short-term market 

rates, such as the federal funds rate.  With our results, policy makers will be able to 
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identify the risk factors to which depositors are likely to respond to, and can then 

leverage this effect when formulating policies, procedures, and guidelines for bank 

regulation.  They will also recognize how these factors evolve over the course of the 

business cycle with respect to deposit growth.  The rest of the paper proceeds as follows.  

In Section 2.2, we discuss general trends in deposits and our objectives.  The literature 

review and hypotheses development are presented in Section 2.3 and data are described 

in Section 2.4.  We present the econometric model in Section 2.5.  We analyze results in 

Section 2.6 and conclude in Section 2.7. 

2.2. Recent Trends in Deposits, Objectives, and Findings  

2.2.1. Trends in Interest-Bearing Deposits (2003 – 2014) 

 The three major interest-bearing deposit categories are transaction, savings, and 

time deposits.  Figure 2.1shows the total amount of deposits in the CBO population from 

year-end 2003 through 2014, with time deposits broken out at the $100k threshold.  In 

2003, CBOs as a group held over $1.3 trillion in interest-bearing deposits, which has 

increased to over $1.6 trillion by 2014, an increase of 25 percent.  This tepid growth over 

a span of 10 years has contributed to CBOs losing market share in deposits.  Figure 2.2 

presents the share of total deposits for all commercial banks broken out by CBOs (less 

than $10 billion in assets), regional banking organizations (RBOs) (between $10 and $50 

billion in assets), and large banking organizations (LBOs) (greater than $50 billion in 

assets).  According to this chart, in 2003 there were a little over $5 trillion in total 

deposits (includes both interest and non-interest bearing), which grew to almost $11  
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Figure 2.2. Total Deposit Share by Asset Size Category 

Notes: This chart shows the total share of deposits by all commercial banks broken out by 

commercial banking organizations (CBO) (less than $10 billion in assets), regional banking 

organizations (RBO) (between $10 and $50 billion in total assets), and large banking 

organizations (LBO) (greater than $50 billion in assets).  The number at the top of each bar 

displays the total amount of deposits in billions for the given year. 

trillion by 2014.  However, over this time, CBOs, as a group, have gone from holding 

31% of total deposits to only 18%, while market share of total deposits for the LBOs has 

grown from 52% to 73%.  The consolidation of the commercial banking industry 

mentioned in the prior section has contributed to this trend.  Figure 2.1 also shows that 

savings and total time deposits alternate throughout the time series as the largest interest 

bearing deposit category for CBOs.  For example, in 2006 CBOs as a group held $601 

billion in savings deposits and $790 billion in total time deposits.  In fact, from 2005 

through 2010, depositors held more time deposits than savings deposits.  However, from 
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2011 through 2014 the trend reversed and we see that time depositors moved funds from 

time deposits into savings deposits (and alternate outlets).  Additionally, transaction 

accounts accounted for anywhere between 7 to 11 percent of interest-bearing deposits 

from 2003 through 2014.  Interestingly, depositors are currently holding 10.9% of 

interest-bearing deposits in the form of transaction accounts, the highest proportion over 

the years studied.  This likely reflects households and businesses holding cash for 

liquidity in case the market tightens again as well as a lack of yield in investments in the 

low interest rate environment.    

2.2.2. Objectives and Findings 

 This study has four objectives.  First, we investigate the relationship between 

deposit withdrawals and bank risk over the business cycle surrounding the recent 

financial crisis in order to determine how the effect of depositor discipline in response to 

bank risk taking changed with the phases of the business cycle.  Second, we examine the 

relationship between deposit pricing and bank risk for 30 different deposit products 

during the post-crisis era.44  Third, we study the interaction of the deposit insurance limit 

and depositor discipline to see how the latter changes with the former.  As discussed by 

Flannery (1998), provision of deposit insurance (and government guarantees in general) 

as a safety-net for depositors complicates the market discipline mechanism.  However, 

                                                 

 

44
 Deposit pricing analysis is limited to the post-crisis era due to insufficient data availability in RateWatch. 
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Flannery also discusses how, in general, government oversight can enhance the market’s 

ability to correctly identify risk through increased transparency that enables market 

participants to “understand and value bank condition.”  We hope to provide specific 

findings that allow policy makers to incorporate market forces into their regulatory 

strategy.  Fourth, following Peria and Schmuckler (2001) and Birchler and Maechler 

(2001), we examine the proportion of explained variation in deposit withdrawals 

attributable to macroeconomic factors vis-a-vis bank-specific factors.  If it is the case that 

depositor behavior is driven primarily by macroeconomic factors, instead of bank risk 

characteristics, this could limit the effectiveness of depositors utilizing bank transparency 

to keep bank risk in check.  

 We obtain several interesting results.  First, we find that both insured and 

uninsured depositors do react to changes in bank risk characteristics.  That is, as capital 

leverage or credit risk increases, depositors pull out their funds or demand higher interest 

rates on their deposits.  The requirement by depositors of a risk premium in return for 

higher CBO risk levels holds across all 30 deposit types studied during the post-crisis 

period, in terms of both sign and statistical significance.  Second, we find some evidence 

of moral hazard across the pre and post-crisis business cycle phases in the sense that 

uninsured depositors withdraw a greater percentage of their funds as these risk factors 

increase, compared to their insured counterparts.  Third, moral hazard consistently exists 

with respect to CBO credit risk, in the post-crisis period, for deposit pricing.  These 

results are evidenced by greater coefficient magnitudes for leverage and credit risk 
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measures in the deposit growth and pricing equations for uninsured versus insured 

deposits.  This implies that there is a substitution effect between depositor discipline and 

government deposit insurance (when one increases the other decreases).45  Fourth, market 

discipline via deposit withdrawals has weakened since the pre-crisis period of the 

business cycle as deposit flows are being driven by macroeconomic factors such as GDP 

growth and the federal funds rate to a greater extent.  The implication is that, as the 

macro-economy plays a larger role in depositor behavior, there is an increased reliance on 

state and federal regulators to keep bank risk in check because the market discipline 

mechanism is dampened.  

2.3. Literature Review and Hypotheses 

 Recent literature tests for the existence of market discipline in the presence of 

deposit insurance by using deposit flows and interest rates paid on deposits as measures 

of punishment that result from banks increasing risk levels.  Park and Peristiani (1998) 

investigate depositor responsiveness at U.S. thrift institutions between 1987 and 1991 by 

looking at how the probability of failure, state-level controls, and bank-specific controls, 

impact interest rates paid on deposits and the growth rate of deposits.  They find that 

depositors discipline thrifts in the form of higher interest rates and deposit withdrawals, 

supporting the efficacy of market discipline.  Barajas and Steiner (2000) test for market 

                                                 

 

45
 The trade-off between depositor discipline and deposit insurance should send signals to regulators about 

raising the FDIC insurance limit ceiling.  
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discipline in Colombia by investigating how the level of deposits and interest rates 

respond to specific risk factors such as profitability and liquidity measures.  They find 

that depositors in Columbia respond to bank fundamentals even in the presence of deposit 

insurance and conclude that the power of moral hazard is limited.  Barajas and Steiner 

control for some macroeconomic factors (e.g., changes in GDP growth and interest rates 

on government securities), but do not decompose deposits between insured and uninsured 

deposits.  Maechler and McDill (2006) use Call Report data on U.S. FDIC-insured banks 

from 1987 to 2000 to examine the dynamic impact of the interest rate spread (between 

uninsured and total deposits) on uninsured deposit withdrawals.  They conclude that a 

bank can continue to increase its uninsured deposit base by increasing its rates (a positive 

relationship), if it has strong fundamentals, but this does not hold for weaker banks.  This 

finding provides evidence of market discipline at work because a weaker bank must offer 

a higher risk premium to prevent withdrawals of uninsured deposits.  Berger and Turk-

Ariss (2015) test for depositor discipline via changes in deposit growth rates in response 

to bank leverage, credit risk, the lagged deposit rate premium, bank controls, and country 

differences using a single equation model estimated via random effects.  They also 

investigate whether market discipline has strengthened or weakened from the pre-crisis 

(1997 to 2007) to crisis (2008 to 2009) periods.  The authors separately estimate their 

model across large and small banks for the U.S. as well as EU countries (including 

Switzerland).  They find that depositor discipline is demonstrated when banks increase 



   

75 

 

capital leverage or have deteriorating loan performance.  Based on this literature, we 

propose our first two hypotheses H1 and H2 as: 

 H1: An increase in bank risk will result in depositor discipline in the form of 

deposit withdrawals (tested across the pre-crisis (2003:Q1-2007:Q3), crisis (2007:Q4-

2009:Q2), and post-crisis periods (2009:Q3-2014:Q4)). 

 H2: An increase in bank risk will result in depositor discipline in the form of 

higher deposit interest rates (tested in the post-crisis period only due to data limitations). 

 We have two general regressions, where the dependent variable is either: [1] the 

deposit growth rate, or [2] the deposit interest rate (see Section 2.5).  We test hypotheses 

H1 and H2 by examining the marginal impact of a change in a given risk metric on the 

deposit growth rate or deposit interest rate.   

 Conflicting results have arisen in the literature on the market discipline issue due 

to varying degrees of government intervention.  For example, Demirgüç-Kunt and 

Huizinga (2004) look at the impact of market discipline through deposit interest rates and 

deposit growth across countries.  Since different countries have varying levels of 

government safety nets, the authors estimate the impact of government guarantees on 

market discipline while controlling for deposit insurance.  They find that explicit and 

transparent deposit insurance coverage decreases market discipline.  In other words, 

deposit insurance serves as a substitute for market discipline (they move in opposite 

directions).  Similarly, Imai (2006) utilizes a policy change in Japan to show that 

government guarantee of deposit insurance lessens the impact of market discipline.  In 
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2002, Japan shifted from a system of blanket guarantee on deposits to the implementation 

of a partial deposit insurance scheme on time deposits while still fully insuring ordinary 

deposits.  This provided Imai with a natural experiment to examine the impact of bank 

risk measures on the interest rate paid on deposits during the pre-reform, transition, and 

post-reform periods.  He finds that when the government provided unlimited coverage to 

depositors, no relationship was manifested between the risk profile of a bank and changes 

in deposit levels or interest paid on deposits.  On the other hand, Imai finds that deposit 

insurance reform increased the sensitivity of both deposit rates and growth to bank 

default risk.  Additionally, Berger and Turk-Ariss (2015) find that during the financial 

crisis, when government intervention increased, including expansion of the deposit 

insurance level and the bail-out of troubled institutions, market discipline decreased for 

large U.S. banks (top 10
th

 percentile of assets), but increased for small U.S. banks 

(bottom 10
th

 percentile of assets).  These results suggest that moral hazard is present 

and/or there may be a substitution effect among government safety-nets and market 

discipline.  This leads us to our third hypothesis H3:   

 H3: Insured depositors are less responsive to changes in bank risk than partially 

uninsured depositors in terms of deposit withdrawals and requirement of risk premiums 

on deposits (i.e., moral hazard/substitution effect is present).  

 For time deposits, bank call reports break out the total amount of deposits that fall 

above and below the prior and current insurance thresholds of $100,000 and $250,000, 

respectively.  Therefore, we are able to pool deposit amounts as fully insured and 
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partially uninsured on large and small time deposits across the pre-crisis, crisis, and post-

crisis periods.  We separately compile deposit interest rates from 2010:Q1 through 

2014:Q4 via RateWatch.  We can directly compare the pricing of 3, 6, 12, 24, and 60 

month CDs at the $10,000 vs. $250,000 level.  Additionally, we test the deposit pricing of 

insured versus uninsured personal ($10,000 vs. $250,000 balance) and business ($50,000 

vs. $250,000) money market accounts.  By testing for statistical differences in the 

magnitude of the coefficient estimates for the same risk measure between these large and 

small deposit flows and deposit interest rates, we are able to test if these partially 

uninsured depositors respond to bank risks to a greater extent than their fully insured 

counterparts.     

 Note that hypotheses H1, H2, and H3 are previously studied in the literature.  

Berger and Turk-Ariss (2015) test hypotheses H1 and H3 for deposit growth rates for the 

US and 22 European Union countries from 1997 through 2009.  The advantages of our 

study, compared to the latter paper include the following.  First, we extend their analysis 

through a full business cycle to include also the post-crisis period.  Our sample runs from 

2003 through 2014.  This time expansion is important because our interest lies in how 

market discipline changed over the business cycle.  Second, we use more granular data 

provided by the banks, which allows us to segment between different deposit types 

including transaction, savings, and time deposits instead of grouping all deposits as 

insured and uninsured.  Third, our segmentation of deposit types also allows us to more 

effectively test for market discipline since we are able to distinguish between fully 
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insured and partially uninsured time deposits.   Fourth, Berger and Turk-Ariss focus 

solely on deposit growth rates, whereas we expand their depositor discipline analysis by 

examining deposit pricing.  That is, we include rates on 30 different product types from 

2010:Q1 through 2014:Q4.   

 On the other hand, hypothesis H4, suggesting that bank specific factors drive the 

majority of variation in deposit growth, is not a standard hypothesis as will be detailed 

below.  Despite being motivated by prior research, this latter question is less general, and 

relates to how market discipline has evolved over the most recent business cycle.  We 

discuss and test this hypothesis following the approach of Peria and Schmukler (2001) in 

the remainder of this section. 

 Peria and Schmukler (2001) show how depositors behave differently through the 

phases of the business cycle.  They use CAMEL proxies (from the CAMELS46 rating 

system)47 to find that bank-specific risk factors provide the majority of the variations in 

market discipline in the pre-crisis period, while time effects (i.e., macroeconomic factors) 

provide the vast majority of the variations in deposit levels and interest rates paid on 

                                                 

 

46
 CAMELS stands for Capital adequacy, Asset quality, Management efficiency, Earnings, Liquidity, and 

Sensitivity to interest rate risk.  See Bank Supervision Process (September 2007) for more information on 

the CAMELS rating system. 

47
 The CAMELS rating system provides a holistic assessment of a bank’s financial condition and level of 

risk and are used by regulators to form a composite rating, indicating the overall performance and risk 

management practices of a financial institution.  Since CAMELS ratings are not publically disclosed, we 

proxy for the categories.  See Appendix A of the Comptroller’s Handbook: Bank Supervision Process for 

more information regarding the Uniform Financial Institutions Rating System (UFIRS) or CAMELS rating 

system.  It can be accessed at: http://www.occ.gov/publications/publications-by-type/comptrollers-

handbook/bsp-2.pdf 
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deposits during a crisis.  That is, the authors find less depositor discipline during the 

crisis periods in Argentina, Mexico, and Chile, with a sharp increase in depositor 

responsiveness in the post-crisis period.  The authors provide two explanations.  First, 

they conclude that systemic effects (captured by time dummies in their model) dominate 

during the crisis period, making depositors less responsive to bank fundamentals.  In 

other words the macroeconomic factors dominate and overwhelm the bank-specific 

characteristics.  Second, they posit that the intensity of macroeconomic shocks decreased 

in the post-crisis period, resulting in less government intervention.  That is, the depositors 

could no longer rely as heavily on government intervention during the latter period.   

 To test the view that market-wide influences can outweigh depositor discipline, 

the literature breaks down the explained variance in interest and deposit growth rates into 

the proportion driven by macroeconomic factors and the proportion attributed to bank 

risk factors.  Birchler and Maechler (2001) test for market discipline in Switzerland using 

uninsured deposits.  They find evidence that bank-specific factors can account for up to 

75% of the variation in uninsured savings deposits and that depositors at regional banks 

are more responsive to changes in bank fundamentals compared to cantonal banks.  

However, they do not account for time effects, which would capture all macroeconomic 

factors beyond the three variables included within their specification.  Hence, we propose 

hypotheses H4 and H5 as: 

 H4: Bank-specific factors drive the majority (over 50%) of explained variation in 

deposit growth rates during the pre and post-crisis periods. 
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 H5: The proportion of explained variance in deposit growth driven by 

macroeconomic factors and time effects increases during the crisis period (2007:Q4 - 

2009:Q2), when compared to the pre-crisis (2003:Q1 – 2007:Q3) and post-crisis 

(2009:Q3 – 2014:Q4) periods.  

 We are able to test these last two hypotheses by using a similar methodology to 

that of Peria and Schmukler (2001).  The general methodology consists of estimating a 

restricted specification where only time dummy variables and macroeconomic variables 

are included.  The r-squared of this restricted model is captured and then examined as a 

percentage of the r-squared estimated from the fully specified model.  The percentage 

reflects the proportion of explained variation in the dependent variable(s) (in our case 

deposit growth rates) that is driven by macroeconomic factors.  See Section 2.5 for 

additional details.   

2.4. Data Sources, Variables, and Descriptive Statistics 

2.4.1. Data Sources 

 Bank-specific data, except for deposit interest rates, acquisitions, and that used for 

the Herfindahl-Hirschman Index (HHI) calculations (described below), are extracted 

from Call Reports or the Uniform Bank Performance Reports (UBPRs).  We include all 
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U.S. commercial banks48 with total assets under $10 billion at the firm (non-consolidated) 

level for 48 quarters from 2003:Q1 through 2014:Q4 to provide adequate variation prior 

to and after the onset of the financial crisis.  We begin the sample in 2003 and end it in 

2014 because our interest lies in the most recent business cycle.  In addition, we want to 

avoid the impact of the 2001 recession49 encompassing market disturbances and systemic 

shocks associated with the 9/11 terrorist attacks and the changes in accounting rules 

associated with The Sarbanes-Oxley Act (2002).  Our panel data is unbalanced due to 

acquisitions, failures, and establishment of de novo banks.  We remove all observations 

with bank-specific variables that lie above the 99
th

 percentile or below the 1
st
 percentile 

within each of the three subsamples to control for outlier influence.   There are 8195, 

7089, and 6628 commercial banking entities,50 respectively, over the pre-crisis, crisis, and 

post-crisis periods.  This provides us with 309,604 unique bank-quarter observations over 

the entire panel.  We gather deposit interest rates for 30 different deposit products from 

RateWatch.51  However, our deposit pricing analysis is restricted to the post-crisis period 

                                                 

 

48
 We pull all Federal Reserve member, non-member, and State member commercial banks, and we drop 

banks based in American Samoa, Guam, Micronesia, Puerto Rico, and Virgin Islands. 

49
 According to the NBER, the 2001 recession reached its trough in November 2001.  The NBER list of 

U.S. business cycle expansions and contractions can be found at: http://www.nber.org/cycles.html 

50
 We use the RSSID unique identifier key to designate a commercial bank entity. 

51
 RateWatch obtains rates on 17 “standard” depository products and various other “non-standard” products 

through a number of different mediums including call, email, fax, web, FTP files, and online submissions 

through their website.  According to RateWatch, they capture data from more than 90%, and provide 

deposit rates for approximately 45%, of all U.S. financial institutions.  RateWatch includes a robust system 

of quality assurance to ensure the accuracy of its rates.  The biggest weakness of the database for our 

analysis at hand it that some of the very small depository institutions may not be included in the RateWatch 
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(2009:Q3 through 2014:Q4) due to lack of data availability during earlier quarters.  A 

bank-quarter observation is denoted as making an acquisition of another bank if the given 

commercial bank was listed by SNL Financial as the acquirer in that quarter.  If the 

acquiring institution is a designated bank holding company (BHC), which could be the 

parent company of one of the banks in our sample, we do not account for the acquisition 

because it is not clear which subsidiary commercial bank(s) absorbed the deposits of the 

target firm.52  The Herfindahl-Hirschman Index (HHI) is calculated as the sum of squared 

market shares for all FDIC-insured institutions, at each FIPs county code,53 using data 

from the FDIC’s Summary of Deposits repository.  Our two macroeconomic factors, the 

GDP growth rate and the federal funds rate, are available at the U.S. Bureau of Labor 

Statistics and the Board of Governors of the Federal Reserve System, respectively. 

2.4.2. Variable Definitions and Descriptive Statistics 

 Table 2.1 summarizes the variables included in the analysis along with their 

associated definitions.  The bank-specific risk measures chosen for the deposit growth 

equations are bank leverage and credit quality, proxied by the tier 1 leverage ratio and 

                                                                                                                                                 

 

database.  Thus, our results from the deposit pricing equation could be biased toward the larger CBOs.  

However, coverage of CBO institutions for certificates of deposits ranges (roughly) between 60 to 85 

percent of the CBO population in the post-crisis period, depending on the term and denomination of the 

product.              

52
 If we relax the criteria to include all commercial banks that fall under the BHC as an acquirer for the 

given quarter, our results remain much the same.   

53
 If a bank has multiple branches within a single county, then the deposits are combined across its 

branches when calculating its market share. 
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Table 2.1. Definitions for Variables Used in Analysis 

Variable Name Definition Data Source 

Dependent Variables 

Transaction 

Accounts 

 “Report the quarterly average for interest-bearing transaction accounts (in domestic 

offices): interest-bearing demand deposits, NOW accounts, ATS accounts, and telephone 

and preauthorized transfer accounts (as defined for Schedule RC-E, (part I,) column A, 

"Total transaction accounts"). Exclude noninterest-bearing demand deposits.”* 

Call Report 

Savings Deposits 
“Report the quarterly average for savings deposits.  Savings deposits include money market 

deposit accounts (MMDAs) and other savings deposits.”* 
Call Report 

Time Deposits < 

$100k 

" Report the quarterly average for time deposits of less than $100,000” 

“...all time deposits...with balances of less than $100,000.  This item includes both time 

certificates of deposit and open-account time deposits with balances of less than $100,000, 

regardless of negotiability or transferability. This item also includes time deposits issued to 

deposit brokers in the form of large ($100,000 or more) certificates of deposit that have 

been participated out by the broker in shares of less than $100,000."* 

Note that these deposits are fully insured throughout the entire panel. 

Call Report 

$100k ≤ Time 

Deposits ≤ $250k 

"…all time deposits...with balances of $100,000 through $250,000.  This item includes both 

time certificates of deposit and open-account time deposits with balances of $100,000 

through $250,000, regardless of negotiability or transferability.  NOTE: Banks should 

include as time deposits of $100,000 through $250,000 those time deposits originally issued 

in denominations of less than $100,000 that, because of interest paid or credited, or because 

of additional deposits, now have balances of $100,000 through $250,000."* 

Note that these deposits are fully insured from 2008:Q4 forward. 

Call Report 
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Table 2.1, continued 

Time Deposits > 

$250k 

"…all time deposits...with balances of more than $250,000.  This item includes both time 

certificates of deposit and open-account time deposits with balances of more than $250,000, 

regardless of negotiability or transferability.  NOTE: Banks should include as time deposits 

of more than $250,000 those time deposits  

originally issued in denominations of $250,000 or less that, because of interest paid or 

credited, or because of additional deposits, now have balances of more than $250,000. "* 

Note that these deposits are not fully insured throughout the entire panel. 

Call Report 

APY for Various 

Products (%) 

Quarterly averages (based on weekly data) for the following products: 3, 6, 12, 24, and 60 

month Certificates of Deposit ($10k, $100k, and $250k), Interest Checking ($0 and $2.5k), 

Money Market ($10k, $25k, $100k, and $250k), Business Money Market ($50k, $100k, 

$250k, and $500k), Savings ($2.5k), and Business Interest Checking ($10k, $25k, $50k, and 

$100k) 

RateWatch 

Bank Factors 

Tier 1 Capital 

Ratio (%) 

Tier 1 Leverage Ratio (Tier 1 capital divided by average total assets for leverage capital 

purposes – e.g., less deductions for disallowed goodwill, servicing assets, deferred tax assets, 

etc.)   

Call Report 

PDs/Loans (%) 
“Total 90+ days past due, nonaccrual and 30–89 days past due loans and leases divided by 

gross loans and leases.”** 
UBPR 

Total Assets 

($000) 
Total commercial bank assets at the non-consolidated (RSSD ID) level  Call Report 

Macroeconomic Factors 

GDP Growth  

Rate (%) 

Real Gross Domestic Product, Billions of Chained 2009 Dollars, Seasonally Adjusted Annual 

Rate; percent growth over the prior quarter 

U.S. Bureau 

of Labor 

Statistics  
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Table 2.1, continued 

Federal Funds 

Rate (%) 
Effective Federal Funds Rate, Quarterly Average Rate 

Board of 

Governors of 

the Federal 

Reserve 

System  

Other Factors 

Acquisition A dummy variable equal to one if the commercial bank was an acquirer in a given quarter. 
SNL 

Financial 

HHI (from 0 to 1) HHI calculated using deposits at the county level 

FDIC’s 

Summary of 

Deposits 

 
 

* Definition is pulled from Call Report Instructions 

  

** Definition is pulled from UBPR Instructions 
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past-due loans to total loans ratio, respectively.  These variables are lagged by one quarter 

since Call Reports are made public approximately 45 days after the end of each quarter. 

 The tier 1 leverage ratio, calculated as tier 1 capital divided by average total assets 

(less deductions for leverage ratio purposes), represents Capital adequacy.  Tier 1 capital 

serves as a cushion that can be used to charge-off bad loans and other non-performing 

investments.  Thus, we expect an increase in the tier 1 ratio to increase deposit growth 

rates and decrease the interest rate paid on deposits, given that the CBO would be viewed 

by depositors as less risky, ceteris paribus.    Past due loans (30+ days past due loans plus 

nonaccrual) to total loans serves as our asset quality measure.  An increase in past-due 

loans reflects higher credit risk (decreasing credit quality).  Hence, we expect an increase 

in the ratio to decrease the deposit growth rate and increase the risk-premium paid on 

deposit prices.  In addition to these risk measures, we also include the natural log of total 

assets to control for variations in the CBO’s size.  Our choice of primary risk measures is 

consistent with Berger and Turk-Ariss (2015).    

 Table 2.2 includes the summary statistics for the pre-crisis, crisis, and post-crisis 

periods.  Across these three time periods, the average CBO’s tier 1 capital ratio is 

10.78%, 10.88%, and 10.28%, respectively.  The increase in the tier 1 capital ratio during 

the financial crisis partly reflects the injection of funds into the CBOs via the Capital 

Purchase Program (CPP), a part of the Troubled Asset Relief Program (TARP).  On 
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Table 2.2. Summary Statistics for CBOs across the Pre-crisis, Crisis, and Post-crisis 

Periods 

 

Pre-Crisis (2003:Q1 - 2007:Q3) 

N = 134,598 

 Variable mean sd min max 

Transaction Accounts  ($000) 15,029  21,473  0  641,604  

Savings Deposits  ($000) 61,375  144,525  0  2,991,200  

Time Deposits > $100k  ($000) 32,169  68,659  0  3,418,043  

Time Deposits < $100k  ($000) 45,406  74,596  0  2,567,605  

 $100k < Time Deposits < $250k  ($000) NR NR NR NR 

Time Deposits > $250k*  ($000) NR NR NR NR 

Tier 1 Ratio (%) 10.78 4.82 6.16 60.96 

PDs/Loans (%) 2.09 1.90 0.00 10.68 

Total Assets ($000) 226,400  383,978  9,471  4,001,184  

Acquisition Dummy 0.00 0.06 0.00 1.00 

GDP Growth Rate (%) 0.76 0.38 0.10 1.70 

Federal Funds Rate (%) 3.03 1.73 1.00 5.25 

HHI (0 to 1) 0.22 0.14 0.04 1.00 

 

 

Crisis (2007:Q4 - 2009:Q2) 

N = 46,777 

 Variable  mean sd min max 

Transaction Accounts  ($000) 15,257  25,842  0  862,712  

Savings Deposits  ($000) 69,386  154,772  0  2,314,521  

Time Deposits > $100k  ($000) 43,411  80,191  0  1,648,019  

Time Deposits < $100k  ($000) 59,845  103,916  0  2,170,982  

 $100k < Time Deposits < $250k  ($000) NR NR NR NR 

Time Deposits > $250k*  ($000) NR NR NR NR 

Tier 1 Ratio (%) 10.88 4.84 5.31 54.41 

PDs/Loans (%) 3.24 2.94 0.00 18.28 

Total Assets ($000) 272,045  449,237  11,812  4,302,718  

Acquisition Dummy 0.00 0.01 0.00 1.00 

GDP Growth Rate (%) -0.55 0.87 -2.10 0.50 

Federal Funds Rate (%) 1.82 1.52 0.18 4.50 

HHI (0 to 1) 0.22 0.14 0.05 1.00 
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Table 2.2, continued 

 

Post-Crisis (2009:Q3 - 2014:Q4) 

N = 128,229 

 Variable  mean sd min max 

Transaction Accounts  ($000) 23,008  42,466  0  1,979,979  

Savings Deposits  ($000) 103,994  227,349  0  4,065,223  

Time Deposits > $100k  ($000) 44,745  73,820  0  1,779,090  

Time Deposits < $100k  ($000) 49,487  80,638  0  3,238,403  

 $100k < Time Deposits < $250k  ($000) 30,668 49,406 0 960,596 

Time Deposits > $250k*  ($000) 14,609 30,517 0 660,224 

Tier 1 Ratio (%) 10.28 2.76 3.17 24.50 

PDs/Loans (%) 3.45 3.28 0.00 20.95 

Total Assets ($000) 310,305  495,471  15,271  4,629,304  

Acquisition Dummy 0.00 0.02 0.00 1.00 

GDP Growth Rate (%) 0.54 0.41 -0.40 1.10 

Federal Funds Rate (%) 0.12 0.04 0.07 0.19 

HHI (0 to 1) 0.23 0.14 0.05 1.00 

 

Notes: Summary statistics for the entire panel of banks broken out by pre-crisis, crisis, and post 

crisis periods.  All data are quarterly (interest rates are annualized).  Continuous bank-specific 

variables that fall above the 99
th
 percentile or below the 1

st
 percentile in each subsample are 

removed.  Time deposits and total assets are reported in thousands of dollars.  NR designates 

items that are not reported on the Call Reports for the given time period. 
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January 22, 2009, the Treasury Department announced that it would invest $1.5 billion in 

39 smaller community banks as part of the CCP.54  However, the boost in average capital 

levels was short-lived as bad loans began to come through the pipeline, and the banks 

experienced a decrease in bank capital from the crisis to the post-crisis period.   

 Specifically, the past due loans to total loans ratio is 2.09%, 3.24%, and 3.45% 

across the pre-crisis, crisis, and post-crisis quarters, respectively.  As loan quality began 

to deteriorate during the financial crisis, banks were able to initially use loan loss reserves 

to cover these write-downs.  However, during the post-crisis period, the average CBO 

needed to dip into bank capital to cover loan write-downs, which is reflected in the lower 

tier 1 ratio in the post-crisis phase of the business cycle.   

 The average annual percentage yield (APY) for 30 different deposit products are 

reported in Table 2.3.  The rates reported are compiled from weekly RateWatch surveys, 

which we then average over each quarter during the post-crisis period.  As expected, the 

average interest rate is higher for longer term CDs.  Furthermore, the interest rate paid on 

short-term CDs and money market accounts (personal and business) are comparable in 

magnitude.  In general, the reported rates are historical lows.  The downward trend in 

rates in the post-crisis era is consistent with the general fall in interest rates associated 

with expansionary monetary policy, including quantitative easing starting during the  

                                                 

 

54
 The press release “Treasury Provides TARP Funds to Local Banks” can be accessed here: 

https://www.treasury.gov/press-center/press-releases/Pages/ts01.aspx 
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Table 2.3. Average Quarterly APY for Products from RateWatch during the Post-crisis 

Certificates of Deposit Observations mean sd min max 

 

3 Month CD ($10k) 94,355 0.35 0.31 0.00 2.38 

 

3 Month CD ($100k) 89,220 0.36 0.30 0.00 2.53 

 

3 Month CD ($250k) 63,885 0.23 0.16 0.00 1.76 

 

6 Month CD ($10k) 103,772 0.52 0.39 0.00 2.77 

 

6 Month CD ($100k) 97,889 0.53 0.39 0.00 2.80 

 

6 Month CD ($250k) 70,329 0.35 0.21 0.00 2.01 

 

12 Month CD ($10k) 70,608 0.53 0.26 0.00 2.50 

 

12 Month CD ($100k) 104,168 0.73 0.46 0.01 3.02 

 

12 Month CD ($250k) 98,226 0.74 0.46 0.00 3.40 

 

24 Month CD ($10k) 99,430 1.01 0.54 0.01 3.20 

 

24 Month CD ($100k) 93,420 1.02 0.53 0.01 5.35 

 

24 Month CD ($250k) 67,379 0.77 0.32 0.01 2.65 

 

60 Month CD ($10k) 79,793 1.71 0.67 0.01 4.00 

 

60 Month CD ($100k) 74,374 1.71 0.66 0.01 5.15 

 

60 Month CD ($250k) 54,332 1.43 0.46 0.01 4.00 

Checking 

     

 

Interest Checking ($0) 102,081 0.14 0.15 0.00 3.82 

 

Interest Checking ($2.5) 101,156 0.15 0.16 0.00 3.82 

Money Market 

     

 

Money Market ($10k) 22,734 0.31 0.29 0.00 2.75 

 

Money Market ($25k) 24,905 0.40 0.33 0.00 2.75 

 

Money Market ($100k) 70,550 0.42 0.34 0.00 3.06 

 

Money Market ($250k) 56,839 0.36 0.28 0.00 2.63 

Savings 

     

 

Savings Account ($2.5k) 103,770 0.24 0.22 0.00 3.00 

Business Accounts 

     

 

Business Money Market ($50k) 3,113 0.30 0.22 0.01 2.17 

 

Business Money Market ($100k) 3,178 0.36 0.25 0.01 2.37 

 

Business Money Market ($250k) 3,131 0.38 0.27 0.01 2.37 

 

Business Money Market ($500k) 3,126 0.39 0.27 0.01 2.37 

 

Business Interest Checking ($10k) 11,871 0.11 0.10 0.00 1.25 

 

Business Interest Checking ($25k) 11,890 0.12 0.11 0.00 1.25 

 

Business Interest Checking ($50k) 11,868 0.13 0.11 0.00 1.25 

 

Business Interest Checking ($100k) 11,981 0.13 0.12 0.00 1.40 

 

Notes: Quarterly average APY for various products in the post-crisis period (2009:Q3 to 

2014:Q4).  Quarterly rates are averages of the weekly rates provided by RateWatch.  The 

amounts in parentheses next to the product type reflect the minimum deposit amount required.
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financial crisis and continuing through the post-crisis era.55  Evidence of monetary easing 

is supported by the drop in the quarterly average federal funds rate from 3.03% to 1.82% 

to 0.12% across the pre-crisis, crisis, and post-crisis periods as shown in Table 2.2. 

2.5. Econometric Model 

 From the start of our panel in 2003:Q1 until 2008:Q3, all time deposits of less 

than $100k are fully insured and those greater than or equal to $100k are partially 

uninsured, and starting in 2010:Q1, time deposits were broken out at the updated $250k 

insurance threshold on the Call Reports.  We first estimate our deposit growth equation 

(1) across the pre-crisis (2003:Q1 – 2007:Q3), crisis (2007:Q4 – 2009:Q2), and post-

crisis (2009:Q3 – 2014:Q4) periods, using the updated insurance threshold of $250k, 

where possible.  Equation 1 is estimated separately for transaction, savings, and large 

(greater than $100k during the pre-crisis and crisis, and greater than $250k during the 

post-crisis) and small (less than $100k) time deposits.  Subsequently, we estimate our 

deposit interest rate equation (2) for the 30 deposit products listed in Table 2.3 during the 

post-crisis period only (due to data limitations).      

 

 

                                                 

 

55
 See Driscoll and Judson (2013) for a theoretical and empirical connection between the federal funds rate 

and deposit rates 
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𝛥 𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑠𝑖,𝑡 = 𝑐1 +  𝑑𝑡 +  ∑ 𝛽1𝑗

𝐽

𝑗=1

𝐵𝐹𝑖,𝑡−1
𝑗

+ ∑ 𝛽1𝑚

𝑀

𝑚=1

𝑀𝐹𝑖,𝑡
𝑚 +  𝛾1𝐴𝑐𝑞𝑖,𝑡 + 𝛼1𝐻𝐻𝐼𝑖,𝑡 + 𝜇𝑖  +  𝜀1𝑖,𝑡 (1) 

𝐷𝑒𝑝𝑜𝑠𝑖𝑡 𝐼𝑛𝑡. 𝑅𝑎𝑡𝑒𝑖,𝑡 = 𝑐2 + ∑ 𝛽2𝑗

𝐽

𝑗=1

𝐵𝐹𝑖,𝑡−1
𝑗

+  ∑ 𝛽2𝑚

𝑀

𝑚=1

𝑀𝐹𝑖,𝑡
𝑚 +  𝛾2𝐴𝑐𝑞𝑖,𝑡 + 𝛼2𝐻𝐻𝐼𝑖,𝑡 +  𝜇𝑖  +  𝜀2𝑖,𝑡 (2) 

 Deposit growth is calculated as the difference between the logarithms of deposits 

with the prior quarter value for each category of deposits.
56

  The interest rate paid on 

deposits is the APY of weekly reported rates averaged over each post-crisis quarter.  The 

interest rate paid on deposits embodies a risk premium required by depositors, which 

varies with bank risk taking.  Quarterly time effects are denoted by 𝑑𝑡 and capture factors 

that are shared across all banks in a given quarter.57  These effects serve as a catch-all for 

macroeconomic and other factors specific to quarter 𝑡 that are not explicitly included in 

the model, and any technological change that impacts the banking sector as a whole.  

Following Athanasoglou et al. (2008), Birchler and Maechler (2001), and Maechler and 

McDill (2006) we break the control variables down into bank-specific factors (𝐵𝐹) and 

macroeconomic factors (𝑀𝐹).  The 𝐵𝐹 vector includes the lagged tier 1 ratio, past-due 

loans ratio, and log of assets.  We lag bank-specific variables by one quarter because 

there is a timing difference between quarter end and when the data become publically 

                                                 

 

56
 In general, Δ𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑠𝑖,𝑡  ≡  𝐷𝑒𝑝𝑜𝑠𝑖𝑡 𝐺𝑟𝑜𝑤𝑡ℎ𝑖,𝑡 = [(𝐿𝑜𝑔𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑠𝑖,𝑡) − (𝐿𝑜𝑔𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑠𝑖,𝑡−1)] ∗ 100.   

57
 Quarterly time effects are included in the deposit growth rate equation (1) only.  We did not want to 

include quarter time dummies in the interest rate equation because it was removing explanatory power from 

the federal funds rate, and since a secondary motivation of our paper is the usage of the interest rate 

equation as a deposit beta model to assist bank managers and regulators effectively price deposits. 
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available.  The 𝑀𝐹 vector includes the quarterly growth rate in GDP, and the quarterly 

average of the effective federal funds rate, as explained earlier.  We also include an 

acquisition dummy, 𝐴𝑐𝑞, because, if a bank is an acquirer in a given quarter, it will see an 

increase in deposits and a change in interest expense that is not primarily driven by bank 

fundamentals.  Additionally, we include a Herfindahl-Hirschman Index (HHI) of deposits 

measured at the county-level to control for competition, which should theoretically 

impact the growth and price of deposits at the average CBO.  Lastly, individual bank 

effects (firm fixed effects) are represented by 𝜇𝑖 and include time-invariant unobserved 

bank heterogeneity elements such as firm culture, internal risk management processes 

specific to the bank, and a bank’s information technology structure.  

 It is reasonable to believe that firm fixed effects (𝜇𝑖) are correlated with the other 

regressors in the model (both 𝐵𝐹 and 𝑀𝐹).  For example, one would assume that 

individual bank effects, such as bank culture, would be correlated with bank risk taking 

measures, such as leverage, which makes the fixed effects method the suitable estimation 

technique.58  To account for such correlation, we estimate the model via fixed effect 

                                                 

 

58
 If we assume that there is no correlation between the firm effects (μi) and other regressors (specifically 

that the firm effects are distributed independently of the regressors), then the random effects method would 

be preferred because it is a more efficient estimator than the fixed effects estimator.  However, in the 

presence of fixed effects, the random effects estimator is inconsistent, and the fixed effects estimator should 

be used (see Cameron and Trivedi, 2010).    
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regression by performing the within transformation prior to estimation.59  In addition to 

the robust methodology, we cluster the standard errors at the bank level (see Petersen, 

2009).60  Furthermore, we separately estimate equation 1 across the pre-crisis, crisis, and 

post-crisis time periods to allow for differences in coefficient estimates across phases of 

the business cycle.  

 Lastly, we re-estimate equation 1 for all deposit growth categories, but include 

only the macroeconomic factors.  The purpose is to compare the explanatory power of the 

model with and without the bank-specific factors to determine to what extent they drive 

deposit growth.  The specification only includes the 𝑀𝐹 vector, HHI, acquisition dummy 

variable, and time effects, which should capture factors that are shared amongst all banks 

in a given quarter (i.e., macroeconomic influences).  We still account for the bank 

individual effects by performing the within transformation prior to estimation for 

consistency.  It is possible that, if the variables within the BF and MF vectors are 

correlated, the alternative equations could still pick up the bank specific effects.  

However, because correlations between the bank factors and macroeconomic factors are 

                                                 

 

59
 The within transformation of a given variable, 𝑥𝑖 is �̅�𝑖 =

1

𝑇𝑖
∑ 𝑥𝑖𝑡

𝑇𝑖
𝑡=1  (see Cameron and Trivedi, 2010).  

Once the within transformation is performed for all variables across each bank, ordinary least squares 

(OLS) estimation provides consistent coefficient estimates because the unobserved firm fixed effects (𝜇𝑖) 

are eliminated from the model. 

60
 When using panel datasets, it is very important to cluster for standard errors.  Clustering for standard 

errors assumes observations across each bank are independent, but observations within the same bank are 

correlated over time.  Per Cameron and Trivedi (2010), if regional groupings of data are present (as in a 

grouping by bank) then even the robust estimate of the variance-covariance matrix of the error term can be 

“substantially downward biased.” 
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very low (see Appendix B for correlation matrices for the pre-crisis, crisis, and post-crisis 

periods), we think the bank effects do not drive much of the variation seen in deposit 

growth.   

 We compare the within r-squared61 values from the macro-only equations with the 

fully-specified model in equation 1 (i.e., those that do include the bank-specific 

variables).  This variance decomposition allows us to estimate the proportion of the 

within r-squared attributable to the macroeconomic factors.62  If macroeconomic factors 

drive the majority of changes in deposit growth, this may provide motivation for greater 

government oversight over CBOs to monitor risk levels since depositors would not be 

responsible for much of the explained movements in deposit growth rates.  That is, if 

deposit growth is driven mainly by macroeconomic factors, then there is less reliance on 

market forces to serve as a mechanism to keep bank risk in check, and heavier reliance on 

the government and regulators through targeted regulatory exams. 

 

 

     

                                                 

 

61
 The within r-squared is the appropriate goodness-of-fit parameter because the within transformation was 

used to estimate the equations via fixed effects regression.  The within r-squared is calculated as 𝜌2 =

{(𝑦𝑖𝑡 − �̅�𝑖), (𝑥𝑖𝑡
′ �̂� − �̅�𝑖𝑡

′ �̂�)} where 𝜌2 denotes the squared correlation (from Cameron and Trivedi, 2010) 

and the bar accent represents the within transformation of the pertinent variables.  

62
 For a brief history of the decomposition of the r-squared into marginal contributions from different 

regressors, see Grömping (2007).   
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2.6. Empirical Results 

2.6.1. The Impact of Bank Risk Taking on Deposit Growth 

 Estimation results for the deposit growth model (Equation 1) for the four deposit 

categories across the three sub-sample periods (13 regressions total) are presented in 

Table 2.4.  Hypotheses H1 suggests that as bank risk, measured by bank leverage and 

credit risk, increases, depositors will discipline the bank in the form of deposit 

withdrawals.  In what follows, we discuss results for each of the risk measures. 

 When deposit growth serves as the dependent variable (Table 2.4, columns 1- 13), 

all 13 coefficient estimates for the lagged tier 1 capital ratio are positive, and 12 are 

significant at the 1% level.  The results are as expected and imply that as bank capital 

increases (leverage declines) depositors view the bank as safer and increase their deposits 

at the institution.  The economic effects for the aforementioned coefficients, which we 

measure as the change in deposit growth rate due to a one standard deviation change 

(standard deviations are found in Table 2.2) in tier 1 capital, are reported in Table 2.5 for 

the pre-crisis, crisis, and post-crisis periods, respectively.   As an example, for small time 

deposits during the pre-crisis period (Table 2.5, column 3), the economic effect for the 

tier 1 ratio is 8.86%, which corresponds to over a $4 million change in deposits at the 

average CBO.  As another example, during the financial crisis, large deposits, display an 

economic effect of 4.49% (Table 2.5, column 8), which corresponds to nearly $2 million 

in deposits for the average CBO.  However, note that the economic impact during the 

post-crisis phase is not as large as the prior two phases due to a lower standard deviation  
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Table 2.4. Deposit Growth Results for the Three Subsample Periods 

 

Pre-Crisis (2003:Q1 - 2007:Q3) 

 

Transaction 

Account 

Savings 

Deposits 

Time Deposits 

< $100k 

Time Deposits 

> $100k 

 

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

     lag Tier 1 Ratio 1.0148*** 1.2960*** 1.8368*** 1.7000*** 

 

(0.0929) (0.0735) (0.0835) (0.0861) 

lag PDs / Loans -0.0976 -0.0805 -0.2425*** -0.4761*** 

 

(0.0643) (0.0491) (0.0391) (0.0518) 

lag log(Assets) -5.5984*** -1.5516** -1.9939*** -7.7015*** 

 

(0.7907) (0.6395) (0.6918) (0.7676) 

Acquisition Dummy 36.4009*** 27.7855*** 28.7253*** 23.7152*** 

 

(2.8535) (2.2326) (1.9118) (1.8507) 

GDP Growth (%) -2.2963** 0.0935 -3.1770*** 0.4859 

 

(0.9067) (0.5502) (0.4675) (0.5388) 

Federal Funds Rate 14.0530*** 3.1771* 5.2943*** -5.1583*** 

 

(3.2860) (1.6655) (1.5029) (1.7087) 

HHI -1.1299 2.3373 2.6095 -2.1170 

 

(2.5231) (1.7437) (2.0234) (2.6271) 

Observations 123893 125572 125596 125746 

Banks 7942 8038 8031 8059 

R-squared .0248705 .0361145 .1060153 .0691059 
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Table 2.4, continued 

 

Crisis (2007:Q4 – 2009:Q2) 

 

Transaction 

Account 

Savings 

Deposits 

Time Deposits 

< $100k 

Time Deposits 

> $100k 

 

(5) (6) (7) (8) 

     lag Tier 1 Ratio 0.3155 0.7457*** 1.7086*** 0.9274*** 

 

(0.1969) (0.1685) (0.1541) (0.1547) 

lag PDs / Loans 0.0121 0.0340 -0.1648** -0.1197* 

 

(0.1130) (0.0703) (0.0650) (0.0723) 

lag log(Assets) -11.8090*** -1.3857 -11.2172*** -6.6760* 

 

(4.0058) (3.4972) (2.6986) (3.7076) 

Acquisition Dummy 41.5898*** 38.5807*** 34.2134*** 33.7542*** 

 

(12.1664) (7.2752) (12.8120) (8.8821) 

GDP Growth -0.3855 0.4953 -0.0385 -1.8069*** 

 

(0.5359) (0.3320) (0.2458) (0.2880) 

Federal Funds Rate -8.3860*** -6.8478*** 6.6860*** -11.3205*** 

 

(2.8899) (1.9833) (1.3812) (1.5339) 

HHI -9.8493 11.3038 6.2520 5.1332 

 

(11.1371) (7.2766) (6.5736) (5.9048) 

Observations 45451 46238 46332 46320 

Banks 6947 7025 7039 7041 

R-squared .0040292 .0062117 .0499252 .0203253 
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Table 2.4, continued 

 

Post-Crisis (2009:Q3 - 2014:Q4) Post-Crisis (2010:Q1 - 2014:Q4) 

 

Transaction 

Account 

Savings 

Deposits 

Time 

Deposits < 

$100k 

$100k < 

Time 

Deposits < 

$250k 

Time 

Deposits > 

$250k 

 

(9) (10) (11) (12) (13) 

  

  

   lag Tier 1 Ratio 0.7881*** 0.8145*** 0.5944*** 0.5881*** 1.0403*** 

 

(0.0967) (0.0624) (0.0826) (0.0740) (0.1048) 

lag PDs / Loans -0.0875** -0.1566*** -0.1794*** -0.1579*** -0.2049*** 

 

(0.0397) (0.0276) (0.0263) (0.0324) (0.0527) 

lag log(Assets) -3.1151*** -2.6821*** -2.1218*** -7.3349*** -9.1737*** 

 

(0.9050) (0.5203) (0.6482) (0.8638) (0.9739) 

Acquisition Dummy 27.5518*** 15.4909* 29.2007*** 30.8426*** 32.7863*** 

 

(5.5320) (8.0742) (6.4801) (8.8222) (7.4025) 

GDP Growth -4.1372*** -1.1178*** 0.3756 -0.0292 -0.1052 

 

(0.5453) (0.3500) (0.3674) (0.2790) (0.5277) 

Federal Funds Rate 13.2691 -27.3751* -20.2429 -31.1866** -38.9494* 

 

(22.6485) (15.0737) (15.1200) (12.1637) (22.4427) 

HHI -3.5480 0.0339 -0.8282 -2.3894 -1.3713 

 

(2.8561) (2.6769) (1.9123) (2.6122) (3.5556) 

Observations 125801 127438 127630 108837 103077 

Banks 6528 6596 6604 6380 6253 

R-squared .0091953 .0065533 .0067072 .0112523 .0061201 

 

Notes: We estimate equation (1) via fixed effects regression for four deposit groupings over the 

pre-crisis (2003:Q1-2007:Q3), crisis (2007:Q4-2009:Q2), and post-crisis (2009:Q3-2014:Q4) 

periods.  Time effects and a coefficient are included in the specification, but omitted in the results 

to save space.  We employ cluster-robust standard errors (shown in parentheses) at the bank level 

to account for grouping by bank.  *, **, and *** denote significance at the 10%, 5%, and 1% 

level, respectively.  Variable definitions are as in Table 2.1.
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Table 2.5. Economic Impact of Deposit Growth Results 

 

Pre-Crisis (2003:Q1 - 2007:Q3) 

 

Transaction 

Account 

Savings 

Deposits 

Time Deposits < 

$100k 

Time Deposits > 

$100k 

 

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

     lag Tier 1 Ratio 1.01 1.30 1.84 1.70 

Standard Dev 4.82 4.82 4.82 4.82 

Economic Effect (%) 4.89 6.25 8.86 8.20 

     lag PDs / Loans N/A N/A -0.24 -0.48 

Standard Dev N/A N/A 1.90 1.90 

Economic Effect (%) N/A N/A -0.46 -0.91 

     Avg. Amount ($000) N/A 61,375 45,406 32,169 

Tier 1 Ratio: Economic Impact on Avg. ($000) N/A 3,835 4,021 2,637 

PD Ratio: Economic Impact on Avg. ($000) N/A N/A -210 -292 
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Table 2.5, continued 

 

 

 

 

Crisis (2007:Q4 - 2009:Q2) 

 

Transaction 

Account 

Savings 

Deposits 

Time Deposits < 

$100k 

Time Deposits > 

$100k 

 

(5) (6) (7) (8) 

     lag Tier 1 Ratio N/A 0.75 1.71 0.93 

Standard Dev N/A 4.84 4.84 4.84 

Economic Effect (%) N/A 3.61 8.26 4.49 

     lag PDs / Loans N/A N/A -0.16 -0.12 

Standard Dev N/A N/A 2.94 2.94 

Economic Effect (%) N/A N/A -0.48 -0.35 

     Avg. Amount ($000) N/A 69,386 59,845 43,411 

Tier 1 Ratio: Economic Impact on Avg. ($000) N/A 2,502 4,945 1,947 

PD Ratio: Economic Impact on Avg. ($000) N/A N/A -290 -153 
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Table 2.5, continued 

 

 

 

Notes: We calculate the economic effects, defined as the impact of a one standard deviation change in the tier 1 ratio or past due loans to 

total loans ratio, based on the coefficient estimates.  Specifically, the economic effect is the coefficient estimate multiplied by the standard 

deviation of the variables during the pertinent subsample time period.  If coefficient estimates were not significant at the 10% level, then 

economic effects are not applicable, and are denoted as N/A in the table above.  We then calculate the impact of the economic effect on 

the average CBO holdings for each deposit category.

 

Post-Crisis (2009:Q3 - 2014:Q4) 

 

Transaction 

Account 

Savings 

Deposits 

Time 

Deposits < 

$100k 

$100k < Time 

Deposits < 

$250k 

Time 

Deposits > 

$250k 

 

(9) (10) (11) (12) (13) 

  

  

   lag Tier 1 Ratio 0.79 0.81 0.59 0.59 1.04 

Standard Dev 2.76 2.76 2.76 2.76 2.76 

Economic Effect (%) 2.17 2.25 1.64 1.62 2.87 

  

  

   lag PDs / Loans -0.09 -0.16 -0.18 -0.16 -0.20 

Standard Dev 3.28 3.28 3.28 3.28 3.28 

Economic Effect (%) -0.29 -0.51 -0.59 -0.52 -0.67 

  

  

   Avg. Amount ($000) 23,008 103,994 49,487 30,668 14,609 

Tier 1 Ratio: Economic Impact on Avg. ($000) 500 2,335 811 497 419 

PD Ratio: Economic Impact on Avg. ($000) -66 -534 -291 -159 -98 
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in the tier 1 capital ratio and smaller coefficient magnitudes.  The impact is still quite 

substantial given that well over 70 percent of CBO funding is generated from the deposit 

categories we include in the analysis.  These results support the implementation of the 

Basel III Accord for community banks, which require CBOs to maintain minimum 

capital thresholds.  In fact, our results show that building capital requirements could grow 

the deposit base for the smaller commercial banks, and would thus be in their best 

interest.    

 The impact on growth of time deposits to an increase in past-due loans is negative 

and statistically significant throughout all three phases of the business cycle.  This is 

consistent with our expectations: as a bank’s non-performing assets (credit risk) increase, 

depositors will withdraw their deposits.  The impact is not statistically significant for 

transaction accounts and savings accounts during the pre-crisis and crisis quarters, but is 

significant for these two deposit types in the post-crisis era.  These non-significant results 

could reflect that, in general, savings and transaction accounts are fully insured and 

protected by deposit insurance, but in the post-crisis period, depositor discipline was a 

factor due to the high uncertainty and CBO bank failures during those quarters (see 

Appendix A).   Also, core deposits are rather sticky and quite irresponsive to temporary 

changes in risk.  Transaction balances are based on customer relationship and lending 

relationship, and they may require longer lags to show sensitivity.  The economic impacts 

are shown in Table 2.5, and are generally weaker than those for the tier 1 capital ratio.  A 

one standard deviation increase in past-due loans will decrease deposit growth by roughly 
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one third to half of a percent, corresponding to approximately a couple hundred thousand 

dollars for the average CBO in any given quarter, which is consistent regardless of the 

business cycle phase.  Similar to capital ratios, we conclude that loan performance 

measures can be leveraged for market discipline.  Additionally, our results show that 

banks could limit their loan losses to grow their deposit base by screening more strictly.          

 To summarize, H1 proposes that an increase in bank risk characteristics will result 

in deposit withdrawals.  In general, this hypothesis is upheld with respect to the capital 

adequacy and credit risk measures.  More specifically, we would recommend that policy 

makers (e.g., the Federal Reserve, Office of the Comptroller of the Currency, Federal 

Deposit Insurance Corporation, et al.) leverage capital ratios, such as the tier 1 capital 

ratio, and asset quality measures, such as past due loans to total loans, as part of an “early 

warning” model that bank examiners (and other regulators) could leverage for deposit 

withdrawals.  In other words, if coefficient estimates for risk measures at a particular 

bank (or group of banks) indicate a high sensitivity to risk measures compared to an 

industry benchmark, then this could serve as a trigger for regulatory action.  In theory, an 

early warning tool for deposit withdrawals could conceivably prevent a bank run.   

2.6.2. The Impact of Bank Risk Taking on Deposit Interest Rates 

  We report results for deposit interest rate estimation of equation 2 for 23 of the 30 

deposit types in Table 2.6 (insured certificates of deposit), Table 2.7 (uninsured 

certificates of deposit), Table 2.8 (insured money market accounts), and Table 2.9 

(uninsured money market accounts).  Results for insured business interest checking 
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Table 2.6. Deposit Pricing Results: APY for Insured CDs during the Post-crisis Period (2009:Q3 – 2014:Q4) 

 

Term (Balance) 

 

3 month ($10k) 3 month ($100k) 6 month ($10k) 6 month ($100k) 12 month ($10k) 12 month ($100k) 

 

(1) (2) (3) (4) (5) (6) 

lag Tier 1 Ratio -0.0193*** -0.0200*** -0.0297*** -0.0310*** -0.0381*** -0.0392*** 

 

(0.0023) (0.0023) (0.0029) (0.0029) (0.0034) (0.0035) 

lag PDs / Loans 0.0084*** 0.0099*** 0.0134*** 0.0149*** 0.0188*** 0.0204*** 

 

(0.0010) (0.0011) (0.0013) (0.0013) (0.0016) (0.0016) 

lag log(Assets) -0.5990*** -0.5911*** -0.8184*** -0.8025*** -0.9897*** -0.9667*** 

 

(0.0220) (0.0201) (0.0273) (0.0250) (0.0323) (0.0296) 

Acquisition Dummy -0.0459 -0.0216 -0.0680 -0.0271 -0.0890 -0.0600 

 (0.0482) (0.0519) (0.0417) (0.0631) (0.0556) (0.0752) 

GDP Growth 0.0794*** 0.0934*** 0.1076*** 0.1240*** 0.1279*** 0.1456*** 

 (0.0010) (0.0011) (0.0011) (0.0012) (0.0012) (0.0013) 

Federal Funds Rate 2.2625*** 2.1973*** 3.1618*** 3.0753*** 3.9228*** 3.8091*** 

 (0.0314) (0.0317) (0.0383) (0.0386) (0.0450) (0.0455) 

HHI -0.6716*** -0.6541*** -0.9204*** -0.8752*** -1.1308*** -1.0688*** 

 (0.1133) (0.1218) (0.1421) (0.1525) (0.1714) (0.1824) 

Observations 94042 88988 103427 97632 103821 97966 

Banks 5094 5050 5500 5440 5514 5452 

R-squared .2720631 .2761094 .309385 .3098574 .3302437 .3295505 
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Table 2.6, continued 

 

Term (Balance) 

 

24 month ($10k) 24 month ($100k) 60 month ($10k) 60 month ($100k) 

 

(7) (8) (9) (10) 

lag Tier 1 Ratio -0.0528*** -0.0537*** -0.0782*** -0.0802*** 

 

(0.0041) (0.0042) (0.0057) (0.0059) 

lag PDs / Loans 0.0250*** 0.0269*** 0.0362*** 0.0397*** 

 

(0.0019) (0.0019) (0.0026) (0.0026) 

lag log(Assets) -1.1630*** -1.1401*** -1.3880*** -1.3629*** 

 

(0.0390) (0.0360) (0.0529) (0.0499) 

Acquisition Dummy -0.1287* -0.1417** -0.0984 -0.1295 

 (0.0698) (0.0708) (0.1066) (0.0960) 

GDP Growth 0.1548*** 0.1742*** 0.1852*** 0.2110*** 

 (0.0014) (0.0016) (0.0022) (0.0025) 

Federal Funds Rate 4.8447*** 4.6572*** 5.7498*** 5.4551*** 

 (0.0545) (0.0549) (0.0756) (0.0752) 

HHI -1.3526*** -1.3132*** -2.1723*** -2.1604*** 

 (0.2010) (0.2151) (0.2548) (0.2655) 

Observations 99112 93182 79556 74202 

Banks 5288 5229 4382 4319 

R-squared .3516666 .3491111 .3452802 .3413824 
 

Notes: We estimate equation (2) via fixed effects regression for insured certificates of deposits during the post-crisis (2009:Q3-2014:Q4) 

period.  A coefficient is included in the specification, but omitted in the results to save space.  We employ cluster-robust standard errors 

(shown in parentheses) at the bank level to account for grouping by bank.  *, **, and *** denote significance at the 10%, 5%, and 1% level, 

respectively.  Variable definitions are as in Table 2.1.
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Table 2.7. Deposit Pricing Results: APY for Uninsured CDs during the Post-crisis Period (2009:Q3 – 2014:Q4) 

 

Term (Balance) 

 

3 months ($250k) 6 months ($250k) 12 months ($250k) 24 months ($250k) 60 months ($250k) 

 

(1) (2) (3) (4) (5) 

lag Tier 1 Ratio -0.0187*** -0.0305*** -0.0413*** -0.0568*** -0.0859*** 

 

(0.0014) (0.0020) (0.0026) (0.0034) (0.0055) 

lag PDs / Loans 0.0101*** 0.0149*** 0.0207*** 0.0281*** 0.0426*** 

 

(0.0006) (0.0008) (0.0010) (0.0013) (0.0021) 

lag log(Assets) -0.3135*** -0.4667*** -0.6327*** -0.8237*** -1.1348*** 

 

(0.0142) (0.0187) (0.0236) (0.0320) (0.0515) 

Acquisition Dummy -0.0663*** -0.0660*** -0.1259*** -0.1522*** -0.1371* 

 (0.0162) (0.0220) (0.0235) (0.0277) (0.0751) 

GDP Growth -0.0463*** -0.0658*** -0.0856*** -0.1091*** -0.1454*** 

 (0.0009) (0.0010) (0.0013) (0.0017) (0.0027) 

Federal Funds Rate -0.3677*** -0.5173*** -0.6732*** -0.8714*** -1.5340*** 

 (0.0129) (0.0155) (0.0194) (0.0259) (0.0467) 

HHI -0.2038*** -0.3247*** -0.4178*** -0.6709*** -1.5499*** 

 (0.0702) (0.0881) (0.1212) (0.1521) (0.2503) 

Observations 63771 70199 70478 67259 54238 

Banks 4675 5081 5093 4874 4014 

R-squared .175348 .2095752 .2325414 .2431139 .2242115 
 

Notes: We estimate equation (2) via fixed effects regression for uninsured certificates of deposits during the post-crisis (2009:Q3-2014:Q4) 

period.  A coefficient is included in the specification, but omitted in the results to save space.  We employ cluster-robust standard errors 

(shown in parentheses) at the bank level to account for grouping by bank.  *, **, and *** denote significance at the 10%, 5%, and 1% level, 

respectively.  Variable definitions are as in Table 2.1.



 

 

 

1
0
8
 

Table 2.8. Deposit Pricing Results: APY for Insured MM Accounts during the Post-crisis Period (2009:Q3 – 2014:Q4) 

 

Type (Balance) 

 

Personal ($10k) Personal ($25k) Personal ($100k) Business ($50k) Business ($100k) 

 

(1) (2) (3) (4) (5) 

lag Tier 1 Ratio -0.0275*** -0.0359*** -0.0255*** -0.0326*** -0.0381*** 

 

(0.0042) (0.0047) (0.0031) (0.0098) (0.0103) 

lag PDs / Loans 0.0073*** 0.0114*** 0.0137*** 0.0226*** 0.0272*** 

 

(0.0018) (0.0022) (0.0013) (0.0031) (0.0035) 

lag log(Assets) -0.3529*** -0.4666*** -0.4926*** -0.5892*** -0.7071*** 

 

(0.0358) (0.0398) (0.0263) (0.0898) (0.0999) 

Acquisition Dummy -0.0908* -0.1388** -0.0721 -0.1165*** -0.2113*** 

 (0.0519) (0.0571) (0.0547) (0.0097) (0.0404) 

GDP Growth 0.0463*** 0.0595*** 0.0506*** -0.0469*** -0.0515*** 

 (0.0019) (0.0020) (0.0015) (0.0054) (0.0061) 

Federal Funds Rate 1.4709*** 1.8491*** 1.9034*** -0.4610*** -0.5069*** 

 (0.0587) (0.0652) (0.0433) (0.0915) (0.0938) 

HHI -0.3574** -0.5694*** -0.4323*** -0.3712** -0.4048** 

 (0.1473) (0.1666) (0.1133) (0.1854) (0.1995) 

Observations 22677 24845 70379 3112 3177 

Banks 1572 1687 4527 253 259 

R-squared .1873388 .2254846 .2056946 .2318599 .260516 
 

Notes: We estimate equation (2) via fixed effects regression for insured money market accounts during the post-crisis (2009:Q3-2014:Q4) 

period.  A coefficient is included in the specification, but omitted in the results to save space.  We employ cluster-robust standard errors 

(shown in parentheses) at the bank level to account for grouping by bank.  *, **, and *** denote significance at the 10%, 5%, and 1% level, 

respectively.  Variable definitions are as in Table 2.1.
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Table 2.9. Deposit Pricing Results: APY for Uninsured MM Accounts during the Post-crisis Period (2009:Q3 – 2014:Q4) 

 

Type (Balance) 

 

Personal ($250k) Business ($250k) Business ($500k) 

 

(1) (2) (3) 

lag Tier 1 Ratio -0.0266*** -0.0394*** -0.0392*** 

 

(0.0029) (0.0105) (0.0106) 

lag PDs / Loans 0.0160*** 0.0281*** 0.0293*** 

 

(0.0013) (0.0036) (0.0036) 

lag log(Assets) -0.4314*** -0.7442*** -0.7647*** 

 

(0.0282) (0.1026) (0.1060) 

Acquisition Dummy -0.1353*** -0.1951*** -0.1945*** 

 (0.0282) (0.0354) (0.0342) 

GDP Growth -0.0041* -0.0539*** -0.0543*** 

 (0.0021) (0.0062) (0.0062) 

Federal Funds Rate 0.6787*** -0.5098*** -0.5048*** 

 (0.0493) (0.0940) (0.0978) 

HHI -0.3379*** -0.4044** -0.3896** 

 (0.1208) (0.1954) (0.1896) 

Observations 56740 3130 3125 

Banks 4151 254 252 

R-squared .1406175 .269334 .2739534 
 

Notes: We estimate equation (2) via fixed effects regression for uninsured money market accounts during the post-crisis (2009:Q3-2014:Q4) 

period.  A coefficient is included in the specification, but omitted in the results to save space.  We employ cluster-robust standard errors 

(shown in parentheses) at the bank level to account for grouping by bank.  *, **, and *** denote significance at the 10%, 5%, and 1% level, 

respectively.  Variable definitions are as in Table 2.1.
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accounts and insured interest checking/savings accounts (the remaining 7 products) are 

included in Appendix C and Appendix D, respectively, and their coefficient signs and 

statistical significance are consistent with the other insured products included in Table 

2.6 and Table 2.8, but are omitted to save space.  The equations are estimated over the 

post-crisis period (2009:Q3-2014:Q4) only due to data limitations.  Table 2.6 (columns 1-

10) and Table 2.7 (columns 1-5) show output for insured and uninsured certificates of 

deposits, respectively, at various terms (3, 6, 12, 24, and 60 months) and various 

minimum balances ($10k, $100k, and $250k).  Table 2.8 (columns 1-5) and Table 2.9 

(columns 1-3) show results for insured and uninsured money market accounts, 

respectively, and include personal (minimum balances of $10k, $25k, $100k, and $250k) 

and business (minimum balances of $50k, $100k, $250k, and $500k) deposit types.   

 Hypothesis H2 suggests that as bank risk, measured by tier 1 capital and past-due 

loan ratios, increases, depositors will discipline the bank in the form of requirement of 

greater risk premiums on deposits.  When the interest rate paid on time deposits is the 

dependent variable, the coefficient for the lagged tier 1 capital ratio is negative and 

statistically significant at the 1% level for all 30 regressions, indicating that a decrease in 

CBO leverage will result in a decrease in the interest rate paid on all deposits types, 

regardless of minimum balance or term.  The intuition is that, as leverage decreases at the 

average CBO, it is perceived as safer, and a lower risk premium is required by depositors.  

The reaction of bank depositors to levels of capital is a motivating factor for the passage 

of legislation that requires higher capital requirements for smaller banking entities.  It 
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also supports the issuance of capital from TARP funds through the CCP program, 

mentioned earlier in our paper, because of the positive psychological effects for 

depositors, which our results support.  That is, when the banks hold more capital, there is 

a sense of an additional safety net in the eyes of depositors. 

 Examining the results for insured time deposits, a one percentage point increase in 

the tier 1 capital ratio reveals a low of a 1.93 basis point decrease (for a 3 month term and 

$10k balance, Table 2.6, column 1) to a high of a 8.02 basis point decrease (for a 60 

month term and $100k balance, Table 2.6, column 10) in certificate of deposits rates.  

The coefficient magnitudes increase monotonically as the CD term lengthens and the 

denomination amount of the deposit increases, reflecting a premium for both term and 

balance. Results in Table 2.7, for uninsured time deposits, show that for a 1 percentage 

point increase in the tier 1 capital ratio, the average 3 month CD rate will decrease by 

1.87 basis points whereas the average 60 month CD rate will decrease by 8.59 basis 

points.  Again, the monotonic relationship between CD term length and risk premium 

holds.   

 Results for the insured and uninsured money market accounts show that, for a one 

percentage point increase in the tier 1 ratio, one can expect the interest rate paid on these 

deposits to decrease by a low of 2.55 basis points (personal money market account at 

$100k minimum balance, Table 2.8, column 3) to a high of 3.94 basis points (business 

money market account at $250k minimum balance, Table 2.9, column 2).  The strong 

relationship between deposit interest rates with the tier 1 capital ratio is a consistent 
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finding in our deposit interest rate analysis.  Again, this tends to support capital 

requirements for banks of all sizes, including the CBO cohort that we include in the 

analysis.  

 The impact on the price of deposits to an increase in our credit risk measure (past-

due loans to total loans) is positive and significant at the 1% level for all 30 deposit types 

studied.  The results conform to our a priori beliefs and reflect a risk premium as asset 

quality deteriorates.  For CD rates of insured and uninsured deposits, the same monotonic 

pattern that was seen for the tier 1 ratio emerges for the credit risk measure.  That is, the 

risk premium increases in magnitude as the term length and minimum deposit balance 

increase.  For insured CDs, the smallest impact is for the three month CD with a 

minimum balance of $10k (Table 2.6, column 1) and the largest impact is for the 60 

month CD with a minimum balance of $100k (Table 2.6, column 10).  These results show 

that a one percentage point increase in the past due loans to total loans ratio will increase 

the average interest rate paid by 0.84 and 3.97 basis points, respectively in the post-crisis 

period.  For the average uninsured CD with a 60 month term, the marginal effect jumps to 

a 4.26 basis point increase in the average interest rate paid (difference in coefficient 

estimates is discussed further in section 2.6.3).  For a visual representation of the impact 

of a one percentage point increase in both risk measures, namely, the tier 1 capital ratio 

and past-due loans to total loans, on CD rates, refer to Figure 2.3.  For insured and 

uninsured money market accounts, the impact of a one percent increase in the credit risk 

ratio ranges from under one basis point for a personal money market account with a  
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Figure 2.3. Marginal Impact on CD Rates for Various Terms and Minimum Balance 

Notes: The figure plots the average impact (in basis point) of a one percentage point increase in the tier 1 capital ratio and the ratio of past-

due loans to total loans on rates for certificates of deposit (CDs) of increasing terms and minimum balances (coefficient estimates from Table 

2.6 and Table 2.7).  The sample includes Commercial Banking Organizations (<$10 billion in total assets) only. 
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minimum balance of $10k (Table 2.8, column 1) to almost three basis points for business 

money market accounts with larger minimum balances of $100k (Table 2.8, column 5), 

$250k (Table 2.9, column 2), and $500k (Table 2.9, column 3).  

 We fail to reject hypothesis H2, suggesting that depositors will discipline the bank 

in the form of requirement of greater risk premiums on deposits as risk levels increase.  

We conclude that there exists a strong and significant relationship between bank risk and 

depositor discipline via the interest rate paid by banks on their deposits.  

 Overall, our results indicate that policy makers could take advantage of market 

discipline with respect to the interest rates paid on deposits.  For all 30 deposit products 

included in our analysis, coefficient signs for the capital adequacy and asset quality 

measures are consistent with depositor discipline.  Thus, we recommend that if policy 

makers were to develop a supervisory model for deposit rates, they include a both a 

capital and asset quality measure to control for depositor behavior.  One such example 

would be for a deposit beta model,63 which banks utilize for asset/liability management 

(ALM) and examiners use to inspect a bank’s pricing decisions for deposits.  The next 

fundamental question is: How do these marginal effects to deposit growth and pricing 

                                                 

 

63
 A deposit beta model estimates the sensitivity of deposit interest rates to a short term market rate, such as 

the federal funds rate.  See the article titled “Essentials of Effective Interest Rate Risk Measurement” by 

Emily Greenwald, Assistant Vice President, Federal Reserve Bank of Chicago and Doug Gray, Managing 

Examiner, Federal Reserve Bank of Kansas City published in the Federal Reserve System’s Community 

Banking Connections for an overview of ALM model assumptions.  The article can be accessed through the 

following link: https://www.communitybankingconnections.org/articles/2013/q3/essentials-of-effective-

interest-rate-risk-measurement 
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compare for insured and uninsured depositors, and what can this tell us about moral 

hazard?  As we will expand upon in the following section, changes in deposit growth and 

rates are not always equal in magnitude across insurance thresholds. 

2.6.3. Insured versus Uninsured Deposits: Impact on Market Discipline 

 Now that we have found evidence that both deposit withdrawals and deposit 

pricing show signs of depositor discipline and that the behavior of deposit growth can be 

business-cycle-phase dependent, we study the impact of moral hazard on depositor 

behavior.  Hypothesis H3 purports that insured depositors are less responsive, than 

uninsured depositors, to increases in bank risk because they are covered by government 

guarantees.  In general, many opponents of government safety nets argue that moral 

hazard issues will prevail, namely that insured depositors will no longer monitor the 

health of their banks, or not as seriously, since their deposits are guaranteed (e.g., 

Demirgüç-Kunt and Huizinga 2004).  If this is indeed the case, we should see uninsured 

depositors withdraw more funds and demand higher interest rates on their deposits, when 

bank risk increases, compared to insured depositors.64   

 We do find evidence of the existence of moral hazard, meaning that although 

insured and uninsured depositors both react to increased bank risk via deposit 

                                                 

 

64
 Our results that follow could be impacted by a size effect in addition to moral hazard.  That is, larger 

depositors, such as businesses and institutions, are more well-informed and thus quicker to react to bank 

risk.  However, we do not have information on deposit holder composition, so we are unable to account for 

deposit ownership concentration.    
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withdrawals and pricing, at least, in some instances uninsured depositors react more 

strongly.  We start with the deposit growth results, where evidence of moral hazard is 

weaker than that found with deposit pricing.  Statistical differences between the two 

coefficients from separate regressions mentioned below are measured via a standard z-

test65 (see Clogg et al., 1995).   

 The Z-statistics that test the difference in coefficient estimates between insured 

and uninsured growth rates in time deposits across the pre-crisis, crisis, and post-crisis 

periods (Table 2.4, columns 3 vs. 4, 7 vs. 8, and 11 vs. 13, respectively) are reported in 

Table 2.10.  The Z-stats that show statistical difference at the 10% and 5% levels are 

denoted by * and **, respectively.  During the pre-crisis quarters, the impact of an 

increase in the lag of past-due loans to total loans ratio is larger in magnitude for time 

deposits greater than $100k, compared to time deposits less than $100k at the 5% 

confidence level.  The same evidence of moral hazard exists for the tier 1 ratio during the 

post-crisis quarters; that is, the coefficient magnitudes for the tier 1 ratio are larger for 

uninsured time deposits (over $250k) versus the insured deposits (less than $100k).  

However, over the pre-crisis and crisis periods, the tier 1 capital ratio coefficient 

estimates are greater for insured time deposit growth versus uninsured time deposit  

                                                 

 

65
 𝑧 =  

(�̂�1−�̂�2)

[𝑆𝐸(�̂�1)2+𝑆𝐸(�̂�2)2]1/2.  The z-test assumes independence, large sample sizes, and different error 

variances, which we believe are valid assumptions given that our sub-samples are large and represent 

different deposit product types.  
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Table 2.10. Tests of Moral Hazard: Differences in Coefficient Estimates between Insured 

and Uninsured Certificates of Deposit for Deposit Growth Equations 

 

Pre-crisis 

(2003:Q1-2007:Q3) 

Crisis 

(2007:Q4-2009:Q2)  

Post-crisis 

(2009:Q3-2014:Q4) 

lag Tier 1 Ratio -1.47* -4.38** 3.99** 

lag PDs / Loans -4.38** 0.59 -0.48 
 

Notes: Insured and uninsured CDs defined at the $100k threshold during the pre-crisis and crisis 

periods, and at the $250k threshold during the post-crisis quarters.  The z-stat is reported for the 

lag of the tier 1 ratio and the lag of past due loans to total loans ratio across the pre-crisis, crisis, 

and post-crisis periods.  Statistical difference at the 10% and 5% levels are denoted by * and **, 

respectively. 

 

Table 2.11. Tests of Moral Hazard: Differences in Coefficient Estimates between Insured 

and Uninsured Certificates of Deposit for Pricing Equations 

 

CD Term 

 

3 months 6 months 12 months 24 months 60 months 

lag Tier 1 Ratio 0.43 -0.40 -1.23 -1.17 -1.39* 

lag PDs / Loans 2.83** 1.87** 1.90** 2.38** 3.04** 

 
Notes: Insured and uninsured CDs defined by a minimum balance of $10k and $250k, 

respectively.  The z-stat is reported for the lag of the tier 1 ratio and the lag of past due loans to 

total loans ratio during the post-crisis phase (2009:Q3-2014:q4).  Statistical difference at the 10% 

and 5% levels are denoted by * and **, respectively. 

 

Table 2.12. Tests of Moral Hazard: Differences in Coefficient Estimates between Insured 

and Uninsured Personal and Business Money Market Accounts for Pricing Equations 

 

Money Market Business Money Market 

lag Tier 1 Ratio 0.31 -0.64 

lag PDs / Loans 6.68** 1.52* 
 

Notes: Insured and uninsured personal money market accounts defined by a minimum balance of 

$10k and $250k, respectively.  Insured and uninsured business money market accounts defined 

by a minimum balance of $50k and $250k, respectively  The z-stat is reported for the lag of the 

tier 1 ratio and the lag of past due loans to total loans ratio during the post-crisis phase (2009:Q3-

2014:q4).  Statistical difference at the 10% and 5% levels are denoted by * and **, respectively.
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growth.  The latter result, which shows greater reaction to an increase in leverage for the 

fully insured depositors compared to their uninsured counterparts, during the pre-crisis 

and crisis period, could be due to a wealth effect.  For example, the CDs in 

denominations under $100k that are held as investments could represent a greater 

proportion of household (or small business) wealth.  Thus, we see these depositors react 

more strongly to an increase in bank leverage.  During the crisis period, all depositors 

were somewhat panicked as CBOs began to fail, and depositor fear and pessimism could 

have also contributed the withdrawal of fully insured CDs.  On the other hand, the fully 

insured depositors may display a lesser movement of funds during the financial crisis due 

to the element of hope in expecting bailouts from the government, the consideration of 

switching costs, and lack of alternative investments.  Furthermore, depositors needed to 

maintain the liquidity since other markets were frozen (e.g., auction rate security market). 

 We have shown that evidence of moral hazard is mixed with respect to deposit 

growth, but this is not the case for deposit interest rates, which clearly indicate its 

presence with respect to credit risk.  Table 2.11 and Table 2.12 show the z-stats for the 

difference in coefficient estimates between insured ($10k minimum balance, from Table 

2.6) and uninsured ($250k minimum balance, from Table 2.7) CDs at various terms, and 

insured (personal at $10k and business at $50k minimum balances, from Table 2.8) and 

uninsured (personal and business minimum balances at $250k, from Table 2.9) money 

market accounts, respectively.  For CD interest rates in the post-crisis period, Table 2.11 

clearly shows our credit risk measure displays evidence of moral hazard since uninsured 
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depositors demand a greater risk premium for an increase in past-due loans compared to 

their uninsured counterparts across all reported terms.  Indication of moral hazard also 

exists at the 10% confidence level for the tier 1 capital ratio for CDs with 60 month 

terms.  Table 2.12 confirms that moral hazard exists for both personal and business 

money market accounts as well, as evidenced by different coefficient magnitudes for the 

past-due loans to total loans ratio. 

 These results are very relevant from a policy perspective.  FDIC insurance is a 

double-edged sword in the sense that it can provide a safety-net for depositors, but in 

doing so it provides a calming effect on depositor discipline, neutralizing deposit 

withdrawals and risk premiums to a certain extent.  Our results support the findings of 

U.S. thrifts from the 1987 to 1991 period as evidenced by Park and Peristiani (1998).  It 

also supports findings in other countries such as Argentina, Mexico, and Chile (Peria and 

Schmukler, 2001), Switzerland (Birchler and Maechler, 2001), and Columbia (Barajas 

and Steiner, 2000).  In brief, fully insured depositors do respond to CBO credit risk via 

risk premiums, but not always to the same extent as their uninsured counterparts.  As 

Peria and Schmukler (2001) explain the fact that the fully insured also respond to risk can 

be due to a number of reasons including underfunding of insurance schemes (especially 

when fiscal costs of a bail-out would be large), or other costs associated with a bank 

failure such as the time it takes for depositors to receive repayment (liquidity costs).  In 

addition, there could be a wealth effect for low-income depositors, meaning that the 

interest bearing deposits comprise a significant proportion of their total wealth.    
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 Taken together, we fail to reject hypothesis H3 for interest rate premiums paid on 

deposits and, thus, confirm that moral hazard does impact the behavior of depositors, 

while we do not find as clear-cut evidence to support the presence of moral hazard with 

respect to deposit withdrawals.  The explanation for the latter result is that, during the 

crisis, macro shocks overwhelmed all else and the element of fear was much more 

dominant than in the non-crisis periods.  From a policy perspective, we would 

recommend that if coefficient estimates were used as a trigger for regulatory action, that 

the industry benchmark values should be business cycle-specific.  That is, since insured 

and uninsured depositor sensitivity to bank risk can change depending on the business 

cycle phase, the benchmark values should also be adjusted to accurately reflect depositor 

behavior.  This result will be addressed further in the next sub-section, which examines 

the proportions of explained variance in deposit withdrawals driven by macroeconomic 

factors and bank risk across the business cycle. 

2.6.4. Relative Power of Bank-Specific and Macroeconomic Factors in 

Explaining Depositor Behavior  

 An important test, especially from a policy standpoint, is to examine the 

proportion of explained variation in deposit withdrawals that is contributed by 

macroeconomic factors vis-à-vis bank-specific characteristics.  We have shown that 

depositors do react to CBO risk characteristics via deposit withdrawals across the most 

recent business cycle.  However, the results do not quantify the extent to which these 

bank-specific characteristics are driving depositor discipline.  If macroeconomic factors 
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are found to be responsible for the vast majority of variance in deposit growth, the 

finding could provide additional justification for bank regulators to discipline banks (e.g., 

through targeted exams and issuances of Matters Requiring (Immediate) Attention MR 

(I)As) to limit their riskiness because, compared to macroeconomic effects, depositors do 

not possess enough influence on deposits flows to incentivize banks to manage risk 

properly. 

 To test the proportion of explained variance in deposit growth explained by 

macroeconomic factors (𝑀𝐹), compared to bank risk-factors (𝐵𝐹), we adopt the simple r-

squared decomposition method of Peria and Schmukler (2001) to determine the marginal 

contribution of each set of factors.  To this end, we first run the fully specified model 

(equation 1) and record the within r-squared for each deposit type.  We then drop all 𝐵𝐹 

measures and re-run a restricted model including only the 𝑀𝐹s, HHI at the county level, 

an acquisition dummy, and time dummies.  The latter model captures all macroeconomic 

effects since the time effects include factors that are specific to a given quarter and shared 

across all banks.  We then compute the percentage of the r-squared from the full model 

comprised by the r-squared from the restricted specification.  In principle, this tells us the 

proportion of explained variation in deposit growth that is driven by macroeconomic 

factors (𝑀𝐹).  The results are shown in Table 2.13, from which we are able to test 

hypotheses H4 and H5. 

 Hypothesis H4, proposes that bank risk factors are responsible for the majority 

(i.e., greater than 50%) of variation observed in the deposit growth rate.  Based on 
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Table 2.13. Proportion of Explained Variance (Within R-squared) Driven by Macroeconomic Factors 

  

Growth Rate in Deposits as Dependent Variable 

Time Period   

Growth Rate 

Transaction 

Accounts 

Growth 

Rate 

Savings 

Deposits 

Growth 

Rate Time 

Deposits < 

$100k 

Growth 

Rate Time 

Deposits > 

$100k 

$100k < 

Time 

Deposits < 

$250k 

Time 

Deposits 

> $250k 

Pre-Crisis 

(2004:Q3 to 

2007:Q3) 

R-squared (full specification) 0.0249 0.0361 0.1060 0.0691 N/A N/A 

R-squared (Macro factors only) 0.0142 0.0112 0.0120 0.0122 N/A N/A 

% Explained by Macro Factors  57.1% 31.0% 11.3% 17.7% N/A N/A 

        
Crisis 

(2007:Q4 to 

2009:Q2) 

R-squared (full specification) 0.0040 0.0062 0.0499 0.0203 N/A N/A 

R-squared (Macro factors only) 0.0019 0.0019 0.0080 0.0072 N/A N/A 

% Explained by Macro Factors  46.9% 30.3% 15.9% 35.4% N/A N/A 

        Post-Crisis 

(2009:Q3 or 

2010:Q1 to 

2013:Q4) 

R-squared (full specification) 0.0092 0.0066 0.0067 N/A 0.0113 0.0061 

R-squared (Macro factors only) 0.0073 0.0030 0.0027 N/A 0.0036 0.0017 

% Explained by Macro Factors  79.0% 45.8% 40.8% N/A 31.8% 28.5% 

 

Notes: We first run the fully specified model (equation 1), and report the within r-squared.  Next, we run the model without the bank-specific 

variables (i.e., we include the GDP growth rate, federal funds rate, HHI, acquisition, and time effects), which would theoretically capture all 

macroeconomic effects, and capture the restricted within r-squared. 
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Table 2.13, we fail to reject this hypothesis for large and small time deposit and savings 

deposits across the entire business cycle, but succeed in doing so only during the crisis 

period for transaction accounts.  Interest bearing transaction accounts display the greatest 

sensitivity to macroeconomic factors by far, peaking in the post-crisis period at nearly 

80% of explained variation.  Specifically, transaction accounts during the pre and post-

crisis periods are driven primarily by macroeconomic factors, which is not surprising 

given that individuals use transaction accounts for daily purchases and not for saving 

funds, as is the case for savings and time deposit accounts.  On the other hand, for deposit 

growth in time deposits and savings accounts during the pre-crisis and crisis period, 

bank-specific factors consistently account for well over 60% of the explained variation.  

Our results indicate that the flow of time deposits are least sensitive to changes in the 

economy, likely a reflection of their long-term character, which includes lock-up periods 

that impose penalties on the depositor if funds are prematurely withdrawn.  In other 

words, time deposits are not as liquid as transaction and savings deposits, and, thus, 

macro-factors do not influence time deposits to the same extent as these more liquid 

deposit categories.  From a policy perspective, we recommend that policy makers and 

bank examiners apply models of deposit growth to individual CBOs since these models 

provide insight on the flow of deposits under various macroeconomic and idiosyncratic 

risk profiles.       

 Hypothesis H5 posits that the variation in the deposit growth rate explained by 

macroeconomic factors increases during the crisis period when compared to the pre and 
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post-crisis quarters.  The concept behind this hypothesis is that systemic shocks tend to 

dominate during crisis periods, and that government safety net effects, either explicitly 

(as in the case of increasing the limit on deposit insurance) or implicitly (such as too big 

to fail doctrine), tend to increase.  Per Table 2.13, we fail to reject H5 for all deposit 

categories with the exception of large time deposit holdings.  The percentage of the 

within r-squared for large deposit growth explained by macroeconomic factors is 17.7%, 

35.4%, and 28.5% for the pre-crisis, crisis, and post-crisis periods, respectively, where 

the post-crisis reported percentage reflects the $250k threshold.  The results imply that 

systemic factors dominate variation in the crisis period to a greater extent than the pre 

and post-crisis quarters, but only for large time deposits and not for the other deposit 

categories, which display an even greater jump regarding the extent to which 

macroeconomic factors impact their growth rates.  These results further support our 

policy finding from hypothesis H3, which is that deposit growth models could be 

leveraged by policy makers and bank examiners to identify potential areas of risk, but the 

industry benchmark should be business-cycle specific.   

 For all four deposit categories, there is an increase in the proportion of deposit 

rate variation explained by macro-factors after the pre-crisis period.  We believe a 

contributing factor to this result is the unusual measures implemented through fiscal and 
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monetary policy during and after the financial crisis.66  For example, during the crisis, 

there were numerous interventions in the banking arena.67  There were also 

macroeconomic interventions that remained in effect through the specified post-crisis 

period, most notably quantitative easing programs on behalf of the Federal Reserve.  

Such regulatory intervention in the markets likely dampened the proportion of variation 

in deposit rates attributable to depositors, as policy makers played a larger role in the 

banking sector.  Additionally, in general, movement of funds by depositors will be 

closely tied to the overall health of the macro-economy.  During times of economic 

expansion, such as the pre-crisis quarters, households and businesses will increase cash 

buffers.  However, during time of economic contraction, such as the financial crisis, 

depositors will need to tap into these funds, and thus we see greater sensitivity during 

times of economic stress. 

2.7. Conclusion 

 Following the seminal paper by Park and Peristiani (1998), we advance the 

depositor discipline literature by examining the relationship between bank risk measures 

                                                 

 

66
 The theoretical dynamic relationship between monetary policy and risk premiums on deposits has also 

been developed.  See Drechsler et al. (2014). 

67
 Such interventions include the Troubled Asset Relief Program (TARP) in late 2008, numerous 

emergency lending facilities (e.g., Term Auction Facility, Primary Dealer Credit Facility, Term Securities 

Lending Facility, etc.), the bailouts of AIG and Bear Stearns, increased discount window lending, increase 

Federal Home Loan Bank (FHLB) lending to member banks, among others.  There were also numerous 

hearings and proposed legislation regarding banking reform legislation in the Senate and House of 

Representatives, which eventually became the Dodd-Frank Wall Street Reform and Consumer Protection 

Act. 
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and deposit growth (across the recent business cycle) and pricing (during the post-crisis 

quarters) for U.S. commercial banks with less than $10 billion in assets.  Specifically, we 

examine the impact of capital adequacy, asset quality, and macroeconomic factors on 

deposit growth across four deposit categories (transaction, savings, and large and small 

time deposits) and on deposit pricing across 30 categories, while accounting for bank 

fixed effects.  Additionally, we differentiate between insured and uninsured deposit 

groupings to study the presence of moral hazard, and perform a variance decomposition 

to determine the extent to which macroeconomic factors drive changes in deposit growth 

vis-à-vis bank-specific risks.     

 Our results indicate that bank risk taking, as measured by the tier 1 ratio and past-

due loans ratio, impacts deposit growth and pricing for all major interest-bearing deposit 

types.  We do find that depositor response to increased bank risk at the average CBO is 

consistent in terms of sign and significance for the risk measures, and this holds for risk 

premiums on 30 different deposit products and, separately, deposit growth for insured 

and uninsured time deposits.  Furthermore, our results clearly show that moral hazard 

impacts the behavior of depositors with uninsured time deposits since coefficient 

estimates for the risk factors in the deposit pricing models are consistently and 

statistically larger in magnitude for the uninsured cohort.  There is also some evidence of 

greater time deposit withdrawals in response to increased risk for the uninsured cohort in 

the pre and post-crisis periods.  We also find that macroeconomic factors drive the 

majority of explained variance seen in transaction accounts during the pre and post-crisis 
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period, but this is not the case for time deposits and savings accounts, which are driven 

primarily by bank-specific risks across the entire recent business cycle.  However, we do 

find that macroeconomic factors now drive more explained variation in deposit growth in 

the post-crisis compared to the pre-crisis period.     

 Given the extraordinary events of the recent financial crisis and the subsequent 

regulatory changes that have been implemented in response (i.e., the Dodd-Frank Act), 

studying the relationship between bank risk and all forms of market discipline is relevant.  

If depositor discipline can be shown to incentivize banks to behave properly as the 

delegated monitors on behalf of depositors, then policy makers should find ways to 

exploit this connection.  As macroeconomic factors drive deposit growth to a greater 

extent than bank risk factors, inevitably the burden of discipline moves away from 

depositors and towards regulators.  With this said, our results show that deposit 

withdrawal and pricing via changes in bank risk factors serves as a form of depositor 

discipline, supporting greater transparency regarding a bank’s financial condition in the 

deposit marketplace.   

 Moving forward, it is ultimately the choice of the general public, elected officials, 

and bank regulatory agencies to decide whether the U.S. should rely more heavily on 

market discipline.  Our results show that, with respect to deposits growth and pricing, it is 

an avenue that can and should be pursued.  A potential extension of our research would 

be investigating the role that market discipline could play for non-traditional banking 

activities, including off balance sheet items such as standby letters of credit, futures, 
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option swaps, etc., at larger banking institutions.  Regulators could still play a major role, 

but could also leverage market discipline through avenues such as counterparties in 

derivative positions or buyers of guarantee products.  We urge future researchers to 

investigate these alternative channels of market discipline.   
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CHAPTER 3. THE IMPACT OF LITIGATION RISK ON AUDITING FEES: THE 

CASE OF U.S. COMMERCIAL BANKING ORGANIZATIONS (CBOS) BEFORE 

AND AFTER THE DODD-FRANK ACT 

 

3.1. Introduction 

 The recent financial crisis (2007-2009) was the most severe recession in the U.S. 

since the Great Depression of the 1930’s.  In its aftermath, policy makers have been 

attempting to identify the gaps in the existing laws
68

 and to implement new regulations to 

prevent a similar crisis in the future.  To address the shortcomings in the standing 

financial architecture, the Dodd-Frank Wall Street Reform and Consumer Protection Act 

(henceforth Dodd-Frank, DFA, or the Act) was passed in July of 2010.  The Act spans 

849 pages with 16 titles and 225 new rules
69

 and is by far the most sweeping reform since 

the crisis.  A byproduct of Dodd-Frank is an increase in legal fees and litigation expenses 

spent by banking institutions.  What has been largely overlooked in the news, as well as 

academic literature, is the impact that the exceedingly complex regulatory environment 

has on local community banks, which is the focus of this paper.  

                                                 

 

68
 Some would go as far as to say there were “gaping holes” in the financial architecture (for example, see 

Richardson, 2012).   

69
 Per Richardson (2012).  The full text of the bill as of July 15, 2010 can be accessed at: 

https://www.govtrack.us/congress/bills/111/hr4173/text# 
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 It is critical to understand how Dodd-Frank influences bank expenses, especially 

those of smaller commercial banks that must rely on third parties for accounting and legal 

services and do not benefit from the economies of scale available to larger institutions.  

Marsh and Norman (2013) describe the hearings held by congress to discuss the potential 

unintended consequences of Dodd-Frank on small financial institutions.  The authors 

explain that the numerous complex provisions set forth in the Act impose significant 

costs on institutions of all sizes.  In particular, smaller depository institutions (DIs) do not 

have the same resources available as the large banks to absorb the impact of Dodd-Frank, 

and are, thus, at a competitive disadvantage.  For example, and pertinent to the analysis 

that follows, larger institutions can rely on their internal auditors and accountants, while 

smaller banks must depend more on outside firms to provide these services.     

 The qualitative connection between Dodd-Frank and its impact on legal fees and 

litigation risk is unmistakable.  The American Bankers Association (ABA) highlights 

twelve critical issues regarding the impact of Dodd-Frank on community banks,
70

 many 

of which expose community banks to heightened levels of litigation risk.  For example, 

the ABA claims that the creation of the Consumer Financial Protection Bureau (CFPB) 

requires new “compliance, operational, and recordkeeping burdens on all banks.”  Some 

                                                 

 

70
 The ABA guide is titled: “Dodd-Frank and Community Banks: Your Guide to 12 Critical Issues” and can 

be accessed at: www.aba.com.  The twelve critical issues mentioned are: [1] Capital; [2] Consumer 

Financial Protection Bureau; [3] FDIC Coverage and Assessment Base [4] Housing: Mortgage Finance; [5] 

Housing: Qualified Mortgage (QM) and Qualified Residential Mortgage (QRM); [6] Interchange; [7] 

Municipal Advisors; [8] OTS Merger into OCC; [9] Preemption; [10] Savings and Loan Holding 

Companies; [11] Swaps; [12] Volker Rule  

http://www.aba.com/
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of the changes associated with the CFPB that the report mentions are the implementation 

of new consumer laws, subjection to overlapping rules, enhanced powers of State 

Attorney Generals, additional reporting requirements, including additional Home 

Mortgage Disclosure Act (HMDA) data and expanded account information, among 

others.  As a result, the ABA opines that these changes “mean more money is spent on 

outside lawyers and consultants,” an assertion that our data support.  Another aspect of 

Dodd-Frank that will increase litigation risk is that of new disclosure forms and 

procedures for mortgages along with “stronger legal liabilities in connection with real 

estate finance,” such as the new Home Ownership and Equity Protection Act (HOEPA) 

requirements.  Another impact of Dodd-Frank on litigation risk are risk retention 

requirements for loans sold in the secondary market, and the requirement for the lender to 

demonstrate that borrowers pass the ability to repay test.  The lender requirement can be 

brought to court for the life of the loan, the ABA contends this raises “the risk of 

litigation tremendously.”  

 This paper explores the impact of litigation risk on accounting and auditing fees, a 

theory known as the litigation risk-audit fee hypothesis.  My focus is on commercial 

banking organizations (CBOs), which include all U.S. commercial banks with under $10 

billion in total assets because, despite having little to no role in the events that led to the 

financial crisis, they were left to bear the brunt of it as over 450 of these institutions 
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failed (see Appendix A).
71

  I examine this relationship in light of the Dodd-Frank Act to 

examine a potential unintended consequence of the act on the smaller banking cohort, 

namely an increase in the reliance on third-party vendors for accounting and legal 

services.  Our results have implications on the ability of community banks to remain 

competitive in the post Dodd-Frank regulatory environment due to these new cost-

pressures. 

 For the empirical analysis that follows, I will frequently segment the commercial 

banks based on asset size into small (less than $500 million in assets), medium (between 

$500 million and $1 billion in assets), and large (between $1 billion and $10 billion in 

assets) groups because there are differences in regulatory reporting requirements based 

on these size groupings.  The segmentation scheme is not arbitrary.  Insured depository 

institutions with over $500 million in total assets are required by law, under the “Annual 

Independent Audit and Reporting Requirements,”
72

 to file an independent public 

accountant’s report on the audited financial statement.  There are additional reporting 

requirements for an insured depository institution with more than $1 billion in total 

assets, one report being an “independent public accountant’s attestation report concerning 

the institution’s internal control structure over financial reporting that includes the Call 

                                                 

 

71
 As a caution to future researchers, the study at hand would likely not be suitable for regional or large 

banking organizations because these institutions rely heavily on internal departments for legal counsel as 

well as accounting and auditing.  As a result, fees for external auditing and legal functions will not 

consistently appear on their Call Reports, or other regulatory forms, as they do with CBOs. 

72
 See Part 363 under Section 2000, Rules and Regulations of the FDIC Law, Regulations, Related Acts 
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Report…”
73

  While depository institution with less than $500 million are not required by 

law to have an annual audit opinion of their financial statements, bank regulators 

encourage these “small banks” to adopt an external auditing program.
74

  This 

segmentation enables us to examine if the implementation of Dodd-Frank impacts the 

CBO size cohorts differently.  

3.2. Objectives, Contributions, and Findings 

 Since the 1980’s the link between audit fees and litigation risk has been studied 

extensively in the non-banking sector.  In general, the studies investigating U.S. firms 

find that audit fees are sensitive to the auditee’s litigation risk (Simunic, 1980; Palmrose, 

1986; Simunic and Stein, 1995).  The litigation risk-audit fee hypothesis states that 

auditor remuneration should rise as litigation risk of the auditee increases.  Seetharaman 

et al. (2002) blend prior literature to describe the theory, and explain that higher litigation 

risk will result in an increase in effort on behalf of the auditors (Simunic, 1980; Simunic 

and Stein, 1995) and/or result in an insurance premium to cover the potential future 

losses from lawsuits (Pratt and Stice, 1994; Gramling et al., 1998).
75

  Furthermore, 

Seetharaman et al. (2002) justify two necessary components to comprehensively study 

                                                 

 

73
 See SR Letter 13-11 issued on May 20, 2013 by the Board of Governors of The Federal Reserve System. 

74
 See SR Letter 99-33 titled “Interagency Policy Statement on External Audits of Banks With Less Than 

$500 Million in Total Assets” issued on November 18, 1999 by the Board of Governors of The Federal 

Reserve System. 

75
 My measure for litigation risk does not account for an insurance premium as this is not reported in the 

Call Report. 
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the litigation risk-audit fee hypothesis.  First, there must be public disclosure of auditor 

fees so that data are available.  Second, there must exist a litigious environment.  The 

granular detail provided in Call Reports with respect to other noninterest expenses, 

namely accounting and auditing fees and legal fees, coupled with the litigious U.S. 

banking environment in the past decade, provides me with an ideal setting for a natural 

experiment, which enables me to consider five broad objectives.   

 First, I have the necessary elements to test the basic constructs of the litigation 

risk-audit fee hypothesis, which has not been explicitly studied for the banking sector.  

Second, I study the impact of the drafting and passage of Dodd-Frank on accounting fees 

by inclusion of dummy variables in the specification indicating the drafting period 

(2009:Q2 to 2010:Q2) and implementation period (2010:Q3 to 2014:Q4) of the Act.  

Third, I study how, and if, economies of scale impact accounting and auditing fees within 

the CBO cohort, which would enable larger CBOs to shift accounting services internally, 

a benefit that would not be available to the smaller CBO cohort due to size constraints.  

Fourth, I examine if bank-specific risk metrics
76

 impact the fees that auditors charge to 

CBOs.  Fifth, I determine the extent to which accounting fees are driven by litigation risk 

vis-a-vis the bank’s size. 

 Using legal fees and expenses spent by CBOs as a proxy for litigation risk, I can 

test if an increase in legal risk for banks ultimately increases the prices that accounting 

                                                 

 

76
  The bank risk factors include the Tier 1 capital ratio and real estate loans to total loans ratio. 
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firms charge for their services.  Thus, a key element of my analysis is the connection 

between legal fees spent by CBOs and litigation risk.  The legal fees included on bank 

Call Reports include the following:
77

 “Retainer fees, legal fees, and other fees and 

expenses paid to attorneys who are not bank officers or employees and to outside law 

firms.”  In business jargon, this would include all fees spent on “outside counsel.”  

Litigation risk is the risk that legal action will be taken against the bank.  Therefore, an 

assumption of my analysis is that the current amount that a bank spends on legal fees is a 

proxy for litigation risk.      

 The relationship between litigation risk and auditing fees for CBOs in the period 

surrounding the DFA is worthwhile to study because the number of commercial banks 

has dwindled considerably over the past decades and, in particular, during the period 

immediately before the DFA and after, as shown in Figure 3.1.  As we show in Section 

3.3, the drafting and passing of the Dodd Frank Act has coincided with a substantial 

increase in the amount of funds spent on legal counsel by CBOs, which we attribute, to 

some extent, to the increase in litigation risk.  These additional expenses have placed 

banks with under $10 billion in total assets under further cost pressure.  In 1984 there 

were over 14,000 commercial banks in the U.S., but, by 2014, the number has dropped to 

well below 6,000.  This trend is worrisome because CBOs provide an important role by 

                                                 

 

77
 The definition can be found in the line item instructions for the consolidated report of income available 

at: https://www.fdic.gov/regulations/resources/call/crinst/2015-03/315RI_033115.pdf 
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providing liquidity to the local community, including individuals and small businesses 

(Keeton, 2003).  As the number of community banks decline, the funding to local 

individuals, families, and small businesses also dries up.  This assumes that the branches 

of bigger banks fail to fill the void, which is likely for the less profitable locales, such as 

those in less populated regions of the country.  Thus, regulators need to be cognizant of 

any changes that could place smaller banks under more cost pressure, leading to a further 

competitive disadvantage, and resulting in more acquisitions and consolidation of the 

banking industry.  

Source: Federal Financial Institutions Examination Council (FFIEC) 

 This study provides a number of contributions to the literature.  First, I am not 

aware of any prior empirical literature that analyzes the relationship between accounting 

expenses and legal fees spent on non-bank employees from the Call Report.  Given the 

Figure 3.1. Number of U.S. Commercial Banks 
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tremendous cost-pressure experienced by CBOs in the new regulatory environment, it is 

important to examine the cost relationship for two elements, namely, accounting and 

legal fees, that are a growing proportion of non-interest expense.  Second, I am among 

the first to analyze the impact of the drafting and passage of the Dodd-Frank Act on 

accounting fees.
78

  Third, I provide a unique proxy for litigation risk; namely, legal fees 

and expenses spent on non-bank employees, which has not been used in prior research 

(see Section 3.4.1 for other alternatives used in the literature).  I feel this serves as an 

excellent gauge of expected litigation risk because a CBO will increase expenditure on 

outside counsel as its legal exposure increases.   

 Towards these objectives, I report several findings.  I find that a one percent 

increase in bank legal fees increases accounting fees by around two to nine basis points 

(bps), depending on the size of the community bank.  This confirms the litigation risk-

audit fee hypothesis, purporting that an increase in litigation risk will be priced into the 

fees that auditors charge, for the commercial banking sub-sector with under $10 billion in 

assets.  I also find that the drafting phase of Dodd-Frank resulted in a 73% increase in 

                                                 

 

78
 Chan et al. (2012) study the impact of compensation recovery provisions (known as “clawbacks”) on 

accounting restatements.   Section 954 of the Act includes a section on the repayment of compensation by 

bank executives for material misstatements.  For firms that adopt these clawbacks, auditors charge 6.5% 

less in audit fees on average since auditors interpret adopters as less likely to have internal audit control 

weakness.  The study includes all firms in the Russell 3000 Index, whereas our study focuses exclusively 

on commercial banks.  This was the only study I was able to find that directly relates the passage of the Act 

to accounting fees.  A related study from a methodological standpoint is that of Balasubramnian and Cyree 

(2014).  They examine the impact of Dodd-Frank on the yield spread for subordinated notes and 

debentures.  The authors find that, after the implementation of Dodd-Frank, BHCs no longer have as large 

of a size or TBTF discount on their debt. 
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accounting fees for small CBOs, and a 56% rise in these fees for large CBOs. 

Furthermore, I find that the passage of Dodd-Frank resulted in a 105% and 86% increase 

in accounting expenses for the small and large-sized CBOs, respectively.  I attribute these 

results to the ability of the large cohort to shift accounting resources internally, a benefit 

not available to the smaller banks, which my results empirically support.  My results also 

show that third-party accountants are less sensitive to legal fees at small CBOs since 

implementation of the Act, which I attribute to CBOs and outside vendors alike settling 

into the new regulatory framework. This finding could reflect that accountants may have 

less of a focus on litigation risk at the smallest commercial banks (less than $500 million 

in total assets), since the largest too-big-to-fail (TBTF) banks have disproportionately 

experienced the most amounts of fines and lawsuits resulting from the fallout of the 

financial crisis.  The implication is that the smallest banks have been able to offset some 

of the rise in legal fees by paying relatively less for the accounting premium associated 

with this increase.  Contrary to prior research across other industries, I find that asset size 

alone does not always account for the majority of variation found in accounting fees.  In 

fact, our results show that over 23% of explained variance in accounting fees at large 

commercial banks is driven by legal expenses, our proxy for litigation risk.  Lastly, our 

results indicate that accounting ratios that measure bank risk hold some explanatory 

power with respect to fees charged by accountants and auditors, but the results depend on 

the accounting measure used.  
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 The rest of the paper proceeds as follows.  Section 3.3 examines recent trends 

with respect to legal fees and accounting expenses on third-party vendors.  Section 3.4 

reviews the literature on the litigation risk-audit fee hypothesis.  Section 3.5 discusses the 

econometric model and develops hypotheses to be tested.  Section 3.6 explores the data 

sources.  Section 3.7 reports the results, and Section 3.8 concludes.      

3.3. Recent Trends in Third-party Fees for Legal Counsel and Accounting for CBOs 

 As shown in Figure 3.2, total noninterest expense is comprised of five categories: 

[1] salaries and employee benefits; [2] expenses of premises and fixed assets; [3] 

goodwill impairment losses; [4] amortization expense and impairment losses for other 

intangible assets; and [5] other noninterest expense.  Our interest lies in the last category 

because, despite its nondescript name, it contains a significant percentage of total 

noninterest expense for CBOs as shown in Figure 3.3; from 2004:Q1 through 2014:Q4, 

on average, other noninterest expense constitutes over 30% of total noninterest expenses.  

There is a general decline in this percentage from 2004 through 2007, followed by a 

considerable jump in 2009:Q2 at the end of the financial crisis, which coincides with the 

release, fact sheets, and white paper on financial regulatory reform that included a 

number of proposed reforms by the Treasury Department that would eventually morph 
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Figure 3.2. The Breakdown of Noninterest Expense and Other Noninterest Expense as reported on the Call Report
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Figure 3.3. Total CBO Noninterest Expense Breakdown 

Notes: Annualized total noninterest expense broken down by the “other” category by the CBO population (i.e., commercial banks with under 

$10 billion in total assets).  Other noninterest expense as a percentage of total is reported on the right axis.  The crisis period is shaded in grey.  

Reported figures are in thousands of real 2014:Q4 dollars.
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into the Dodd-Frank Act.
79

  This rise in noninterest expense is partly the result of CBOs 

hiring third-party vendors as they tried to navigate the new legislative environment.  In 

fact, according to the Law Librarians’ Society of Washington, DC, there were 18 

different text versions of the bill on financial regulatory reform from June 2009 through 

July 2010 leading up to the enactment of H.R. 4173, or the Dodd-Frank Act as it is now 

known.  Moving forward, I refer to these quarters (2009:Q2 to 2010:Q2) as the pre-DFA 

period, which coincides with the initial spike in the fees related to the obtainment of 

outside counsel by CBOs, as these banks attempted to familiarize themselves with the bill 

and how it would affect their banking operations.  Likewise, I will refer to quarters 

2010:Q3 through 2014:Q4 as the post-DFA period, which is where I see a levelling effect 

after the initial “learning curve” associated with the implementation of the law.  Mid-way 

through 2010, other noninterest expense as a percentage of total noninterest expenses 

looks to level out and then decline through 2014.  The levelling-out and subsequent 

decline in other noninterest expense during the post-DFA quarters is a result of cost-

shifting and not due to a drop in the reliance on outside vendors for accounting and legal 

services, which I detail in the rest of this section.  

 As shown in Figure 3.2, other noninterest expense is further broken-down into a 

number of different categories.  The two categories of interest are those I use to test the 

                                                 

 

79
 For the legislative history of the Dodd-Frank Wall Street Reform and Consumer Protection Act, visit the 

website of the Law Librarians’ Society of Washington, DC at: http://www.llsdc.org/dodd-frank-legislative-

history 

http://www.gpo.gov/fdsys/pkg/BILLS-111hr4173enr/pdf/BILLS-111hr4173enr.pdf
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litigation risk audit-fee hypothesis: [1] accounting and auditing expenses
80

 (which I 

simply refer to throughout the paper as “auditing fees”); and [2] legal fees and expenses.  

Both categories represent fees for third-party vendors that the CBO hires (i.e., non-bank 

employees).  Figure 3.4 shows total CBO accounting and legal fees from 2008:Q1 

through 2014:Q4.
81

  The right axis displays these combined fees as a percentage of other 

noninterest expense as well as total noninterest expense.  From 2008:Q1 to 2014:Q4, 

accounting and legal fees spent on outside vendors have gone from 5.4% to 7.4% of other 

noninterest expense and from 1.6% to 2.4% of total noninterest expense.  Taken at face 

value this may not seem like a large proportion for small commercial banks, but these 

percentages could very well be the difference between a profitable or unprofitable 

quarter.  Furthermore, the higher relative expenditure on accounting and legal fees 

suggests that these commercial banks may be compensating by reducing expenditure 

within other areas of noninterest expense, such as salaries and employee benefits or data 

processing expenses, that could prove troublesome for bank operations in due time.         

  

                                                 

 

80
 The Call Report item is RIADF556.  According to the ‘Line Item Instructions for the Consolidated 

Report of Income’, the line item contains: “Fees for accounting, auditing, and attestation services; retainer 

fees; and other fees and expenses paid to accountants and auditors who are not bank officers or 

employees.”  The instructions can be found at: http://www.fdic.gov/regulations/resources/call/crinst/2014-

06/614RI_063014.pdf 

81
 The graph starts in the first quarter of 2008 because Call Reports did not begin to break out the 

accounting and auditing fees line item until this time.   
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Figure 3.4. Total CBO Accounting & Auditing Expenses and Legal Fees 

Notes: Total accounting and auditing expenses and legal fees by the CBO population (i.e., commercial banks with under $10 billion in total 

assets).  The sum of these two categories as a percentage of total and “other” noninterest expenses are reported on the right axis.  Reported 

figures are in thousands of real 2014:Q4 dollars.
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 The time series trend for legal fees as a percentage of total noninterest expense for 

the average CBO by size cohort is shown in Figure 3.5.  The spike in legal fees for CBOs 

from 2008:Q1 to 2011:Q4 is clear; average legal fees to total noninterest expense by 

small, medium, and large CBOs had gone from 0.69%, 0.74%, and 0.80% to 1.32%, 

1.40%, and 1.57% over this four year time span, respectively.  The trend exhibits a 

steeper trajectory during the pre-DFA period before levelling out and then falling in the 

post-DFA period, reflective of the “learning curve” associated with CBOs familiarizing 

themselves with the Dodd-Frank Act that I had mentioned earlier.  The chart clearly 

shows that CBOs substantially increased their dependence on outside counsel during the 

drafting of the Act.  However, the CBOs have been quite successful in restoring relative 

legal fee expenditures to pre-DFA levels as these smaller banks settle in to the new 

regulatory framework.   

 For many community banks, the audit functions are outsourced to small or mid-

sized accounting and consulting firms.
82

  Accounting expenses for non-bank employees 

as a percentage of total noninterest expense by CBOs from 2008:Q1 to 2014:Q4 can be 

found in Figure 3.6.  In general, the growth in accounting fees as a percentage of total 

noninterest expense has shown a modest upward trend, which is not quite as rapid as the 
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 See the article in the Federal Reserve System’s Community Banking Connections written by Cynthia L. 

Course, from the Federal Reserve Bank of San Francisco, titled “Considerations When Outsourcing 

Internal Audit at Community Banks.”  It can be accessed through the following link: 

https://www.communitybankingconnections.org/articles/2014/q1/considerations-when-outsourcing-

internal-audit-at-community-banks 



   

146 

 

rise in legal fees during the drafting of Dodd-Frank.  From 2008:Q1 to 2014:Q4, 

accounting and auditing fees as a percentage of total noninterest income for small, 

medium, and large CBOs have gone from 0.93%, 0.72%, and 0.67% to 1.62%, 1.02%, 

and 0.70%, respectively.  The drop in the proportion of accounting fees for the large peer 

group throughout the drafting and subsequent passage of the Dodd-Frank Act is likely 

due to the larger CBOs’ ability to shift some of the auditing function in-house, a benefit 

not as readily available to the small and medium-sized cohorts.  In what follows, I study 

the link between the increase in litigation risk and accounting expenses for CBOs as a 

result of Dodd-Frank.   

Figure 3.5. Average of Legal Fees to Total Noninterest Expense by Size Cohort 
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Figure 3.6. Average of Accounting and Auditing Expenses to Total Noninterest Expense 

by Size Cohort 

 

3.4. Literature Review and Theoretical Model 

3.4.1. Literature Review 

 Theoretical and empirical literature on the determination of audit fees is pioneered 

by Simunic (1980).  Simunic develops the framework for audit fee determination based 

on microeconomic theory (i.e., profit maximization / cost minimization) and shows that 

monopoly pricing by auditors will decrease the quality of auditee financial statements 

because the quantity demanded of external auditing will decrease, and the auditee will 

move from using a specialized auditor to internal auditing resources, which the author 
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assumes are less productive.  Subsequent to Simunic’s seminal paper, there have been a 

plethora of studies that examine the impact of firm risk characteristics on audit fees.  

Some studies revolve around the impact of auditor size on audit fees (e.g., DeAngelo, 

1981; Francis, 1984; Palmrose, 1986; Craswell et al., 1995).  Auditee characteristics are 

also taken into account, leading to the general conclusion that auditee size is regarded as 

a main driver in audit fee determination (e.g.’s, Simunic, 1980; Francis 1984; Francis and 

Stokes, 1986).  In brief, auditor size and auditee size were found to be the main 

determinants of cost. Chan et al. (1993) summarize the link between firm size and audit 

fees: 

The most consistent result in all the previous research has been that 

auditee size is by far the most significant explanatory variable in 

determining audit fees. The majority of these previous studies have used 

total assets as a measure of size. If audit firms adopt an audit approach 

which is essentially balance sheet based then this may be the most suitable 

measure. 

Source: Chan et al. (1993) 

  

 Hay et al. (2006) examine the vast body of research on the determination of audit 

fees from 1980 to 2005 and provide a table that consists of 186 different independent 

variables used in 147 different empirical studies.  Through their meta-analysis, the 

authors confirm conclusions from earlier studies that find control variables for size, 

complexity, and risk correlate with audit fees.    

 There is also a strand of the literature that specifically studies the connection 

between litigation risk and audit fees for the non-banking sectors, which provides some 

creative proxies for litigation risk.  Simunic (1980) includes a binary variable that takes a 
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value of one if the auditee was subject to a qualified audit opinion in the year of measure 

and finds a positive and significant impact on audit fees.  Palmrose (1986) uses a sample 

of over 350 audits during the early 1980’s and finds that publically owned firms and 

firms with a larger number of modifications (a.k.a., qualifications) are associated with 

higher audit fees.  This can be interpreted as the audit firm covering potential litigation 

risk.  Simunic and Stein (1995) provide a comprehensive overview of the earlier literature 

relating to litigation risk and prices charged for an audit.  The authors conclude that 

empirical evidence does find a link between an increase in audit fees and higher litigation 

risk.  Furthermore, in their paper, they explicitly investigate the relationship between 

audit pricing and litigation risk.  Using a sample of 249 audits executed by a Big 6 

auditor firm in 1989, they find a positive relationship between audit fees and three 

variables they describe as measures of litigation risk (i.e., publicly held company, 

leverage, and inherent risk).    

 These papers lay the groundwork for more recent studies that examine the 

relationship between litigation risk and audit fees.  Seetharaman et al. (2002) find that 

auditors of U.K. firms charge higher fees to companies that have their stocks cross-listed 

in U.S. capital markets.  The authors attribute this increase in fees to additional work 

(e.g., conforming to U.S. Generally Accepted Accounting Principles (GAAP)) and/or the 

increase in litigation risk associated with accessing the U.S. market.  Venkataraman et al. 

(2008) use IPOs as a natural experiment to study the effect of litigation risk on fees 

charged by auditors since, when a firm registers for an IPO, it files under the Securities 
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Act of 1933.  Once public, the firm files under the Securities Exchange Act of 1934. 

Litigation risk exposure is lower under the 1934 Act, and the authors find that, as a result, 

auditors charge higher fees to pre-IPO clients.   

 Despite the extensive literature studying the link between firm characteristics and 

audit fees, researchers have done very little investigating this relationship in the banking 

industry.  As noted by Fields et al. (2004) this is likely the result of the unique business 

model of banks that differs from that of traditional firms.  For example, banks do not 

permit the use of traditional corporate risk proxies such as a current ratio, inventories, or 

receivables.  To the best of my knowledge, these authors were the first to examine the 

impact of bank risk characteristics on audit pricing by using a sample of 277 banking 

organizations from the year 2000.  The authors find that banks with more transaction 

accounts, less securities as a percentage of total assets, lower efficiency levels, and more 

credit risk pay higher auditing fees.  Following this formative paper, there were a few 

articles that began to study the determinants of audit fees within the banking industry.  

Boo and Sharma (2008) examine a sample of bank holding companies (BHCs) and study 

the impact of proxies for bank size, audit risk, audit complexity, and other auditor-

specific factors to determine the impact on audit fees.  They find a positive association 

between the aforementioned characteristics and audit fees.  Swanson (2008) runs a simple 

regression of audit fees on bank size characteristics for the largest 37 financial 

institutions.  He finds a positive relationship between bank size (measured by the log of 

total assets and the log of sales revenue) and audit fees.  Kanagaretnam et al. (2010) study 
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the relationship between audit fees and earnings management via loan loss provision 

(LLP).  The authors determine that small banks are able to influence the decisions of 

external auditors because the auditors rely on fees paid by the bank and auditors are not 

required under the Federal Deposit Insurance Corporation Act (FDICIA) to evaluate 

internal controls over financial reporting, as is the case with large banks.  This control is 

manifested through the auditors’ acceptance of abnormal LLP.  Ettredge et al. (2011) use 

bank holding company (BHC) data from 2008 through 2011 for public firms and find a 

positive association between the proportion of fair-value priced assets and audit fees.  

Their main finding is consistent with the proposition that audit risk and effort increase 

when fair-value asset comprise a larger share of total consolidated assets.  

 The innovation in the current study is the introduction of a novel measure for 

litigation risk in the banking literature and including it as a primary input of audit fee 

determination.  This is important because most previous studies attempt to indirectly 

measure litigation risk through ex-post measures, such as qualified audit opinions, or 

indirectly through other risk measures, such as institution size.  On the other hand, using 

legal fees spent on outside counsel in this study allows me to measure litigation risk as it 

arises at an institution.  To elaborate, as legal woes impact a CBO, the institution would 

be required to spend more on outside counsel, and we are able to capture this relationship 

with our measurement.  Using this novel measure of litigation risk, I am the first, to the 

best of knowledge, to explicitly study the litigation risk-audit fee hypothesis within the 

banking sector.            
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3.4.2. Theoretical Model 

 I use the O’Keefe, Simunic, and Stein (1994) theoretical model of audit fee 

determination.
83

  If one assumes that the market for auditing is competitive and takes the 

client’s firm structure as predetermined, then the auditor’s decision can be formulated as 

the following cost minimization problem: 

minimize c(𝐡, 𝐱) (1) 

𝒉   

such that �̅� = 𝑝(𝒉, 𝒙) (2) 

where: 

𝑐(∙) = audit cost function  

𝒉 

𝒙 

= (ℎ1, … , ℎ𝑗) is a vector of audit inputs that are endogenous to the auditor 

= (𝑥1, … , 𝑥𝐼) is a vector of exogenous firm specific characteristics 

 

�̅� = the output of the audit which is the level of assurance associated with a 

given audit firm
84

 

 

𝑝(∙) = audit firm’s production function (i.e., the audit firm is the producer)  

 This is a simple cost minimization problem from the perspective of the auditor.  

The auditor uses auditee firm characteristics as inputs to provide a fixed level of service 

                                                 

 

83
 Although the theoretical model is identical to the authors’, I change some of the variable notation to 

remain consistent with our reduced form model in Section 3.5. 

84
 The assurance level is fixed in the short run, which is relevant to my analysis because I use quarterly 

data. 
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to the auditee.  The relationship between litigation expenses and auditing fees can be 

exploited via estimation of a demand for inputs equation.  The authors derive the 

functional form for the demand function by inverting equation (2) to get: 

 𝒉𝑗
∗ = 𝑝−1(�̅�, 𝒙)         ∀  𝑗 = 1, … , 𝐽 (3) 

where 𝒉𝑗
∗ denotes the optimal combination of auditor inputs and assurance.  At the 

optimum, input quantities are determined simultaneously and the ratio of marginal factor 

cost to marginal assurance product is equal for each input.  The vast majority of empirical 

literature, as mentioned in Section 3.4.1, begins with trying to estimate the structural 

model in equation (3). 

3.5. Econometric Model and Hypotheses 

 There is no agreed upon functional form in the literature for equation (3).  I start 

with the underlying production function that is commonly used in the audit fee literature, 

which includes total assets of the auditee as a primary input and other auditee 

characteristics that enter the production function exponentially (e.g., Simunic, 1980; 

Carcello et al., 2002; Goodwin‐Stewart and Kent, 2006; Singh and Newby, 2010).  I 

proxy for output 𝒉𝑗
∗ using auditing fees for firm f  (AFf), the standard measure in the 
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literature, and include legal fees spent on outside counsel by firm f (LFf) as a primary 

input, which is my innovative proxy for expected litigation expenses.
85

   

 𝐴𝐹𝑓 = 𝑒𝛾0+∑ 𝛾𝑖
𝐼
𝑖=1 𝑋𝑓

𝑖

 𝑇𝐴𝑓
𝛼1  𝐿𝐹𝑓

𝛼3 (4) 

 In equation (4), 𝑇𝐴𝑓 are total assets for bank 𝑓.  The variable 𝑋𝑓 represents other 

bank risk factors that accountants and auditors would theoretically consider when 

determining a price for its services, which, in my analysis, include the Tier 1 ratio (bank 

leverage), the ratio of real estate loans to total loans, and a bank acquisition indicator.  

The addition of legal fees as a primary input to the production function allows me to 

interpret its coefficient as an elasticity once equation (4) is linearized.  In order to 

linearize the demand function for audit inputs, I take the natural log of equation (4) to 

obtain the following: 

 
𝑙𝑛 𝐴𝐹𝑓 = 𝛾0 +  ∑ 𝛾𝑖𝑋𝑓

𝑖 + 𝛼1𝑙𝑛 𝑇𝐴𝑓

𝐼

𝑖=1

+ 𝛼3𝑙𝑛𝐿𝐹𝑓 (5) 

 The standard estimation technique in the literature for a linear demand for audit 

inputs is ordinary least squares (OLS). However, I expand upon the extant literature by 

adding a dynamic element to the demand function by including a quarterly time 

                                                 

 

85
 The more the firm has spent on legal fees for outside counsel could reflect that it has addressed the 

litigation problem, although it could also mean there are larger litigation problems in the pipeline.  It is not 

possible to subdivide these fees into addressed vs. expected legal issues without examining each legal bill 

at every CBO, an infeasible task.  The line item on the Call Report, my empirical proxy, is the most 

granular level I was able to find. 
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component to the function.
86

  Furthermore, I lag the input variables by one quarter, which 

mitigates bias from simultaneous causality, and, also, I include the lagged national 

unemployment rate to control for the broader business cycle, which enables me to isolate 

the impact of the Dodd-Frank Act on accounting fees.  The panel set-up allows me to 

measure the dynamic impact of litigation fees on auditing expenses prior to and after 

Dodd-Frank while controlling for unobserved bank heterogeneity using fixed effects 

estimation.  This segmentation of pre and post-DFA is necessary because, as shown by 

accounting and legal fee charts in Section 3.3, there was a learning curve in the quarters 

leading up to the implementation of Dodd-Frank followed by a levelling-out effect.  

Presumably, auditors would use the bank’s financial information to determine bank risk 

and ultimately the price they will charge the bank for services.  Including the dynamic 

element, the reduced form model that I estimate is given by equation (6):  

𝑙𝑛 𝐴𝐹𝑓,𝑡 = 𝛾0 +   ∑ 𝛾𝑖𝑋𝑓,𝑡−1
𝑖 + 𝛼1𝑙𝑛 𝑇𝐴𝑓,𝑡−1

𝐼

𝑖=1

+  𝛼2𝑙𝑛 𝑇𝐴𝑓,𝑡−1
2 + 𝛼3𝑙𝑛𝐿𝐹𝑓,𝑡−1

+ 𝛼4𝑃𝑟𝑒𝐷𝐹𝐴𝑡 + 𝛼5𝑃𝑜𝑠𝑡𝐷𝐹𝐴𝑡 + 𝛼6𝑃𝑟𝑒𝐷𝐹𝐴𝑡 ∗ 𝑙𝑛𝐿𝐹𝑓,𝑡−1

+  𝛼7𝑃𝑜𝑠𝑡𝐷𝐹𝐴𝑡 ∗ 𝑙𝑛𝐿𝐹𝑓,𝑡−1 +  𝛼7𝑈𝑛𝑒𝑚𝑝𝑡−1 +  𝜇𝑓 +  𝜀𝑓,𝑡 

(6) 

 I add a square term for the log of total assets, 𝑙𝑛 𝑇𝐴𝑓,𝑡−1
2 .  This allows me to test 

for scale economies, which one may suspect for the larger CBO cohort.  PreDFA is an 

                                                 

 

86
 To my knowledge, adapting the production function to panel data was first used by Schmidt and Sickles 

(1984) and has since been widely used in panel data applications. 
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indicator equal to one for the quarters 2009:Q2 through 2010:Q2, during which time there 

were 18 different drafts of the Dodd-Frank Act.  PostDFA is an indicator equal to one 

during the post Dodd-Frank quarters (2010:Q3 to 2014:Q4), when there was a levelling-

out effect with respect to accounting and legal expenses.  I include the interaction of legal 

fees with each indicator.  Individual bank effects are captured by 𝜇𝑓 and include time-

invariant unobserved bank heterogeneity such as firm culture, internal risk management 

processes specific to the bank, a bank’s information technology structure, etc.  Estimating 

equation (6) allows us to test a number of different hypotheses.     

 Since the banking industry is distinct in many ways from other industries (see 

Fields et al., 2004), it is worth noting that the hypotheses that follow are specific 

questions that I raise motivated by trends in the data.  Despite the empirical focus of these 

hypotheses, the questions that follow are guided by prior theoretical literature in the 

domain of audit fee determination (mostly non-banking) and, separately, market 

discipline (banking), which I mention in what follows.          

 I begin by investigating the litigation risk audit-fee hypothesis, a term first coined 

by Seetharaman et al. (2002).  Auditors are continuously monitoring their liability 

exposure and take litigation risk into account when planning an audit for a client as well 

as deciding what fees to ultimately charge the auditee.  Specifically, the hypothesis 

proposes that, as litigation risk increases for a given firm, the auditors will charge the 

firm higher fees to account for the increase exposure to lawsuits.  In brief, audit fees are 

litigation adjusted.  Legal fees serve as an excellent proxy for litigation exposure because 
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a firm that has high exposure to current and expected lawsuits is inclined to spend more 

on outside counsel to protect itself against the potential legal liability.  The coefficient for 

the log of legal fees, 𝛼3, will provide us with the impact that a marginal increase in legal 

fees has on accounting and auditing fees from 2008:Q1 through 2009:Q1 (i.e., 

𝑃𝑟𝑒𝐷𝐹𝐴𝑡 = 𝑃𝑜𝑠𝑡𝐷𝐹𝐴𝑡 = 0).  For brevity, I refer to these quarters as the non-DFA 

period.  In Section 3.3, I showed that the percentage increase in accounting fees has not 

been as substantial relative to legal fees, so I expect the legal fee elasticity of accounting 

fees to be inelastic.  Thus, I propose my first hypothesis H1: 

 H1: All else equal, prior to influences of financial reform related to the financial 

crisis (the non-DFA period), the legal fee elasticity of accounting fees is positive and 

inelastic (i.e., 0 < 𝛼3 < 1).   

 The year leading up to the passage of Dodd-Frank (2009:Q2 through 2010:Q2), 

when white papers, fact sheets, and various documentation related to proposals of 

financial reform were released, quarterly legal and accounting fees for all U.S. 

commercial banks increased compared to the non-DFA period; this was partly a 

reflection of banks hiring third parties to help deal with the new and complex regulatory 

environment as it unfolded, although it could have been due to problems associated with 

the financial crisis as well.  Subsequently, with the passage of the Act, I see a levelling 

out effect of both legal and accounting fees, followed by a drop in these expenses towards 

the latter quarters.  Equation (6) presents marginal effects (a) through (e) to study the 

drafting and implementation of Dodd-Frank: 
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 𝜕𝑙𝑛 𝐴𝐹𝑓,𝑡

𝜕𝑃𝑟𝑒𝐷𝐹𝐴𝑡
= 𝛼4 +  𝛼6𝑙𝑛𝐿𝐹𝑓,𝑡−1 (a) 

 𝜕𝑙𝑛 𝐴𝐹𝑓,𝑡

𝜕𝑃𝑜𝑠𝑡𝐷𝐹𝐴𝑡
= 𝛼5 +  𝛼7𝑙𝑛𝐿𝐹𝑓,𝑡−1 (b) 

 𝜕𝑙𝑛 𝐴𝐹𝑓,𝑡

𝜕𝑙𝑛𝐿𝐹𝑓,𝑡−1
= 𝛼3 + 𝛼6𝑃𝑟𝑒𝐷𝐹𝐴𝑡 +  𝛼7𝑃𝑜𝑠𝑡𝐷𝐹𝐴𝑡 (c) 

 𝜕2𝑙𝑛 𝐴𝐹𝑓,𝑡

𝜕𝑙𝑛𝐿𝐹𝑓,𝑡−1𝜕𝑃𝑟𝑒𝐷𝐹𝐴𝑡
= 𝛼6 (d) 

 𝜕2𝑙𝑛 𝐴𝐹𝑓,𝑡

𝜕𝑙𝑛𝐿𝐹𝑓,𝑡−1𝜕𝑃𝑜𝑠𝑡𝐷𝐹𝐴𝑡
= 𝛼7 (e) 

 

 Marginal effect (a) shows the impact of the learning curve stages of financial 

reform (𝑃𝑟𝑒𝐷𝐹𝐴𝑡 = 1) on accounting fees, holding all else constant.  My focus lies in 

the coefficient 𝛼4, which estimates the shift in the intercept attributable to the pre-DFA 

era (i.e., when one assumes the level of legal fees for a given bank are effectively zero).  

Marginal effect (b) is the analog of (a) for the post-DFA period, so coefficient 𝛼5 

represents the shift of the intercept after the passage of the Act.  Accordingly, I introduce 

the following two hypotheses, H2 and H3:   

 H2: All else equal, the learning curve time period for CBOs leading up to the 

implementation of Dodd-Frank (2009:Q2 to 2010:Q2, where 𝑃𝑟𝑒𝐷𝐹𝐴𝑡 = 1) results in an 

increase in the level (intercept) of accounting fees (i.e., 0 <  𝛼4).   
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 H3: All else equal, the passage of Dodd-Frank (2010:Q3 to 2014:Q4, where 

𝑃𝑜𝑠𝑡𝐷𝐹𝐴𝑡 = 1) results in an increase in the level (intercept) of accounting fees for CBOs 

(i.e., 0 <  𝛼5). 

 According to the litigation risk-audit fee hypothesis, if auditors become less 

sensitive to the legal liability of their CBO clients during the drafting of and/or after the 

implementation of Dodd-Frank, I would see this through a decrease in the legal fee 

elasticity of accounting fees.  I expect a decrease in the legal fee elasticity of accounting 

fees during the post-DFA quarters because Figure 3.3 shows a steeper trend in legal fees 

during the drafting period of the bill for CBOs compared to when Dodd-Frank was 

implemented.  Marginal effect (c) quantifies the sensitivity of audit fees to an increase in 

legal fees, with coefficients 𝛼6 and 𝛼7 representing the change in the slope of the line 

(interpreted as an elasticity) one would associate with the pre and post-DFA periods, 

respectively.  The second partial derivatives shown by marginal effects (d) and (e) also 

highlight the sensitivity interpretation of coefficients 𝛼6 and 𝛼7 since they represent the 

impact of pre and post-DFA periods, respectively, on the slope with respect to legal fees.  

This leads us to our fourth hypothesis, H4:  

 H4: The legal fee elasticity of accounting fees drops during the post-DFA 

compared to the pre-DFA period (i.e., 𝛼7 <  𝛼6), reflecting a decrease in the sensitivity 

of auditors to the litigation risk of CBOs’ after the passage of the Act when compared to 

the drafting of the bill. 
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 Next, I shift our focus from one primary input, namely legal fees and expenses, to 

our other primary input, total assets of the auditee bank.  Bank size is a primary input 

because larger banks generally offer more services, have more complex operations than 

their smaller counterparts, and are subject to greater customer lawsuits.  For example, 

most small commercial banks have a business model that relies on short term core 

deposits for funding long term traditional loans, such as 1-4 family liens.  On the other 

hand, larger banks have been expanding their income base to include a number of non-

interest income activities such as brokerage, investment banking, fiduciary, and insurance 

services (DeYoung and Torna, 2013) as well as obtaining non-deposit and non-domestic 

sources of funds, including syndicated and larger domestic and international loans.  I 

check to see if there are scale economies in effect, which I suspect for the large CBO 

cohort ($1billion to $10 billion in total assets).  Bell et al. (1994) find that audit fees are 

increasing in client size, but do so at a decreasing rate.  I expect the same result for larger 

community banks, a reflection of economies of scale.  To test this, I examine the 

coefficient estimates for the non-squared and squared log of assets terms through 

hypothesis H5:   

 H5: There are scale economies for the large CBO cohort, meaning that accounting 

and auditing fees increase with firm size, but do so at a decreasing rate (i.e., 𝛼1 >

0 𝑎𝑛𝑑 𝛼2 < 0). 

 Furthermore, O’Keefe, Simunic, and Stein (1994) explain how prior studies find 

that auditee firm size explains over 50% of the variation in audit fees, and over a decade 
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later Hay et al. (2006) examine 87 audit fee studies that include auditee size (typically 

measured as total assets) as a control variable and find that size typically explains over 

70% of the variation in audit fees.  Furthermore, in the market discipline literature, Peria 

and Schmukler (2001) use a variance decomposition to determine the extent to which 

different drivers impact their dependent variables (namely, the growth and price of 

deposits).  As such, I form hypotheses H6:   

 H6: Bank size accounts for more than 50% of the explained variation in auditing 

fees across all size cohorts (i.e., small, medium, and large CBOs). 

 Lastly, I consider the impact of other bank risk measures, namely the Tier 1 ratio 

and the ratio of real estate loans to total loans, on accounting fees.  In the scarce literature 

on the determination of audit fees in the banking industry, audit fees are in log form as 

the dependent variable and the log of assets and accounting ratios (in levels) are 

independent variables.  Per the structural model in Section 3.4.2, the accounting ratios 

can be thought of as the secondary inputs in the demand function for auditing services 

because they enter the production function exponentially (i.e., indirectly), whereas total 

assets (and in my case legal fees) are the primary inputs that enter directly into the 

production function as shown in equation (4).  Broadly speaking, one would expect that 

an increase in bank risk via bank leverage or concentration in real estate loans would 

result in higher accounting and auditing fees because, as Fields et al. (2004) suggested, 

“the audit function should be driven by variables and ratios that [sic] regulators consider 

important.”  Lapses in risk management practices could ultimately impact the bank itself, 
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as well as the third party accountant or auditor, through reputational loss and/or an 

increase in liability exposure.  To account for the increase in exposure, the accounting 

firm would increase fees charged for services.  This leads us to our seventh and final 

hypothesis, H7:  

 H7: All else equal, an increase in CBO risk measured via the tier 1 ratio (bank 

leverage) and the ratio of real estate loans to total loans will result in higher accounting 

fees.    

3.6. Data Overview 

 Table 3.1 summarizes the variables included in the analysis along with their 

associated definitions, and Table 3.2 reports the summary statistics for all variables, 

broken out by small, medium, and large community bank cohorts.  All bank-specific data 

are from the bank call reports or the uniform bank performance reports (UBPRs).  The 

bank acquisition dummy variable is derived from the SNL Financial database.  I include 

all U.S. commercial banks
87

 with under $10 billion in total assets at the company level 

(i.e., non-consolidated level) from 2008:Q1 through 2014:Q4 to provide adequate 

variation prior to and after the implementation of Dodd-Frank.
88

  I begin the analysis in 

2008 because Call Reports did not report accounting and auditing expenses under  

                                                 

 

87
 I drop commercial banks based in American Samoa, Guam, Micronesia, Puerto Rico, and Virgin Islands. 

88
 Since all control variables are lagged by one quarter, the effective start date of the analysis is 2008:Q2. 
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Table 3.1. Definitions for all Variables Used in the Analysis 

Type Variable Name Definitions 

Data 

Source 

Dependent 

Variable 

Accounting and 

Auditing 

Expenses 

(annualized) 

"Fees for accounting, auditing, and attestation 

services; retainer fees; and other fees and expenses 

paid to accountants and auditors who are not bank 

officers or employees."* 

Call Report 

Independent 

Variable of 

Interest 

lag(Legal Fees 

and Expenses) 

(annualized) 

"Retainer fees, legal fees, and other fees and 

expenses paid to attorneys who are not bank officers 

or employees and to outside law firms."* 

Call Report 

Bank Specific 

Controls 

lag(Tier 1 

Ratio) (%) 

"Total Tier 1 Risk-based capital to adjusted average 

assets and adjusted for financial subsidiaries if 

reported”** 

Uniform 

Bank 

Performance 

Report 

(UBPR) 

lag(Real Estate 

Loans/ Loans) 

(%) 

"Total real estate loans in domestic and foreign 

offices divided by average gross loans and leases."** 

Uniform 

Bank 

Performance 

Report 

(UBPR) 

Acquisition 
A dummy variable indicating if the commercial bank 

completed an acquisition in the pertinent quarter. 

SNL 

Financial 

lag (log of total 

Assets) 

The natural log of total bank assets in 2014:Q4 

dollars 
Call Report 

Macroeconomic 

Control 

lag 

(Unemployment 

Rate) 

Seasonally Adjusted, Quarterly Average National 

Unemployment Rate (U-3 measure of labor) 

US. Bureau 

of Labor 

Statistics 

 
   

 

*  Definition is pulled from Schedule RI Income Statement individual schedule 

instructions, which can be found at: 

https://www.fdic.gov/regulations/resources/call/crinst/2011-03/311RI033111.pdf 

 

** Definition is pulled from UBPR 
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Table 3.2. Summary Statistics for Variables Included in the Analysis 

CBO Asset Size: 
Small (< $500 mm) 

N = 140,196 

  mean sd min max 

Accounting Fees ($000) 54 71 0 1,103 

Legal Fees ($000) 51 123 0 4,064 

Assets ($000) 145,594 108,130 86 498,052 

Tier 1 Ratio (%) 10.53 3.70 0.00 518.26 

RE Loans / Total Loans (%) 68.52 18.42 0.00 99.63 

Acquisition (Binary) 0.00 0.01 0.00 1.00 

Unemployment Rate (%) 8.0 1.4 5.3 9.9 

 

CBO Asset Size: 
Medium ($500 mm to $1 bn) 

N = 14,357 

  mean sd min max 

Accounting Fees ($000) 159 173 0 1,094 

Legal Fees ($000) 217 338 0 7,283 

Assets ($000) 652,396 133,519 446,353 993,536 

Tier 1 Ratio (%) 9.58 2.73 0.06 157.51 

RE Loans / Total Loans (%) 74.98 16.15 0.00 100.00 

Acquisition (Binary) 0.00 0.03 0.00 1.00 

Unemployment Rate (%) 8.0 1.4 5.3 9.9 
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Table 3.2, continued 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: All figures in levels are reported in thousands of real 2014:Q4 dollars.  Accounting & 

auditing fees and legal fees & expenses are annualized.  Sample includes all U.S. commercial 

banks under $10 billion in total assets.  All observations with bank-specific variables (excluding 

total assets) that fall above the 99.5th percentile or below the .5th percentile are removed from the 

sample as outlier treatment.  All accounting fees and legal fees reported as negative values by 

commercial banks are assumed to be reporting errors and are dropped from the sample. 

CBO Asset Size: 
Large ($1 bn to $10 bn) 

N = 10,023 

  mean sd min max 

Accounting Fees ($000) 210 287 0 1,104 

Legal Fees ($000) 570 1,678 0 132,299 

Assets ($000) 2,182,929 1,611,524 892,214 9,944,819 

Tier 1 Ratio (%) 9.49 2.90 0.59 45.66 

RE Loans / Total Loans (%) 71.53 19.33 0.00 99.15 

Acquisition (Binary) 0.00 0.01 0.00 1.00 

Unemployment Rate (%) 8.0 1.4 5.3 9.9 
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Schedule RI-E Explanations section until the first quarter of that year.  Ideally one would 

prefer to have data further back; however, I maintain this provides me with sufficient 

variation to accurately measure the impact of legal fees and other bank risk measures on 

accounting fees given my econometric model.
89

  The panel is unbalanced due to bank 

acquisitions, failures, and de novo institutions.  For outlier treatment, all bank-specific 

variables (excluding total assets) that fall above the 99.5 and below the .5 percentile are 

dropped from the sample.  Over the entire panel there are 7,190 separate banks
90

 which 

provide me with 164,576 unique bank-quarter observations (140,196; 14,357; and 10,023 

observations for the small, medium, and large-sized CBOs, respectively).  Accounting 

and legal fees are annualized,
91

 and are reported as zero if they fall below 3% of total 

other noninterest expense or are less than $25,000.  Due to this censoring, our results that 

pertain to a shift in the intercept resulting from the drafting and passage of the Act are 

downward biased (i.e., conservative estimates). 

                                                 

 

89
 With this said, I provide caution when extending my conclusions to time periods beyond those included 

in the analysis.   

90
 Unique identifier is based on the RSSID to designate a commercial bank entity. 

91
 For flow variables (i.e., variables pulled from the Income Statement), the figures are adjusted to represent 

annual values.  For example, to calculate legal fees for the third quarter, one multiplies the bank’s reported 

value by 4/3.    
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3.7. Empirical Results 

3.7.1. Primary Inputs and the Dodd-Frank Act Implementation 

 Parameter estimates based on random effects (RE) and fixed effects (FE) 

estimation methods are shown in Table 3.3.  Columns 1, 2, and 3 pertain to RE and 4, 5, 

and 6 pertain to FE parameter estimates for the small (< $500 million in assets), medium 

($500 million to $1 billion in assets), and large ($1 billion to $10 billion in assets) CBO 

sub-samples, respectively.  In what follows, I describe the results using coefficient 

estimates from the FE estimation.  However, in general, the RE method provides results 

that are consistent in terms of sign, magnitude, and significance and further validates the 

FE results.   

  I begin with testing the litigation risk-audit fee hypothesis through hypothesis H1, 

which proposes that, prior to the implementation of Dodd-Frank, auditors charged higher 

fees to CBOs that experienced higher litigation risk, but did so less than proportionately.  

This is important because we want to quantify the extent to which auditing fees increase 

for every dollar increase in legal expenses.  This granularity is missing in the prior 

literature that commonly uses a binary variable (e.g., qualified audit opinion used in at 

least 46 prior studies according to Hay et al., 2006) as a measure for litigation risk.  I 

begin with testing the litigation risk-audit fee hypothesis through hypothesis H1, which 

proposes that, prior to the implementation of Dodd-Frank, auditors charged higher fees to 

CBOs that experienced higher litigation risk, but did so less than proportionately.  This is 

important because we want to quantify the extent to which auditing fees increase for 
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Table 3.3. Results From our Reduced Form Model 

 

Random Effects Estimation of Equation (6) 

 

Fixed Effects Estimation of Equation (6) 

CBO Asset Size: 

Low 

(< $500 

mm) 

Medium 

($500 mm to 

$1 bn) 

High 

($1 bn to $10 

bn)   

Low 

(< $500 

mm) 

Medium 

($500 mm 

to $1 bn) 

High 

($1 bn to 

$10 bn) 

  (1) (2) (3)   (4) (5) (6) 

        lag (log of Legal Fees) 0.0369*** 0.0628*** 0.1101*** 

 

0.0237*** 0.0476* 0.0922*** 

 

(0.0078) (0.0233) (0.0295) 

 

(0.0081) (0.0243) (0.0309) 

pre-DFA dummy 0.4893*** 0.4998*** 0.5434*** 

 

0.5470*** 0.4692*** 0.4462*** 

 

(0.0275) (0.1128) (0.1546) 

 

(0.0300) (0.1188) (0.1697) 

post-DFA dummy 0.6238*** 0.7897*** 0.7568*** 

 

0.7159*** 0.7493*** 0.6212*** 

 

(0.0286) (0.1499) (0.1606) 

 

(0.0334) (0.1622) (0.1812) 

pre-DFA x lag (log of Legal Fees) -0.0122* -0.0100 -0.0369 

 

-0.0099 -0.0062 -0.0352 

 

(0.0074) (0.0218) (0.0281) 

 

(0.0074) (0.0223) (0.0285) 

post-DFA x lag (log of Legal Fees) -0.0198** -0.0417* -0.0285 

 

-0.0188** -0.0340 -0.0236 

 

(0.0081) (0.0253) (0.0297) 

 

(0.0082) (0.0260) (0.0304) 

lag (log of Assets) 1.0751** -17.1324 7.5764*** 

 

0.1863 -17.5623 6.8364*** 

 

(0.4373) (10.5468) (2.2020) 

 

(0.5300) (11.1745) (2.5133) 

lag (log of Assets Squared) -0.0258 0.6508 -0.2929*** 

 

0.0037 0.6688 -0.2593*** 

 

(0.0192) (0.3981) (0.0772) 

 

(0.0229) (0.4221) (0.0899) 

lag (Tier 1 Ratio) 0.0174*** 0.0599*** 0.0319 

 

0.0097** 0.0664*** 0.0437* 

 

(0.0036) (0.0205) (0.0199) 

 

(0.0044) (0.0236) (0.0232) 
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Table 3.3, continued 

lag (Real Estate Loans / Loans) 0.0089*** 0.0141** 0.0170*** 

 

0.0030 0.0064 0.0211* 

 

(0.0013) (0.0061) (0.0064) 

 

(0.0018) (0.0116) (0.0119) 

Acquisition -0.0518 -0.4792 -0.1870 

 

-0.0424 -0.5886 -0.2476 

 

(0.3500) (0.5982) (0.2025) 

 

(0.3513) (0.5885) (0.1547) 

lag (Unemployment Rate) -0.1115*** -0.1131*** -0.2082*** 

 

-0.1235*** -0.1057*** -0.1855*** 

 

(0.0060) (0.0260) (0.0332) 

 

(0.0065) (0.0271) (0.0365) 

Constant -6.8654*** 114.5307 -46.3465*** 

 

-0.0175 117.5826 -43.1780** 

 

(2.4809) (69.8131) (15.6367) 

 

(3.0941) (73.8674) (17.5021) 

# of Observations 140196 14357 10023 

 

140196 14357 10023 

# of Bank Entities (RSSIDs) 6295 1046 657 

 

6295 1046 657 

R-squared 0.1714 0.0651 0.2002 

 

0.0323 0.0279 0.0304 

 

Results from our reduced form model specified in equation (6).  Columns 1, 2, and 3 show results when estimating via Random Effects for 

the low (< $500 mm), medium ($500 mm to $1 bn), and high ($1 bn to $10 bn) asset classes, respectively.  Columns 4, 5, and 6 show results 

when estimating via Fixed Effects for the low, medium, and high asset classes, respectively.  Standard errors are clustered at the bank level.  

*, **, and *** denote significance at the 10%, 5%, and 1% level, respectively.  Variable definitions are as in Table 3.1.  For outlier treatment 

all variables above the 99.5th percentile and below the .5th percentile are removed prior to estimation.
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every dollar increase in legal expenses.  This granularity is missing in the prior literature 

that commonly uses a binary variable (e.g., qualified audit opinion used in at least 46 

prior studies according to Hay et al., 2006) as a measure for litigation risk.  The 

coefficient estimate of log of legal fees, 𝛼3̂, is positive and significant at the 1% level (for 

small and large CBOs) or 10% level (for medium-sized CBOs), suggesting a positive 

relationship between litigation risk and accounting and auditing fees during the non-DFA 

quarters of 2008:Q2 through 2009:Q1 (i.e., with the pre- and post-DFA dummies set to 

zero).  The coefficient estimates for the small, medium, and large-sized banks are 0.0237, 

0.0476, and 0.0922, respectively, which implies that prior to the drafting and 

implementation of the Act, for a one percent increase in bank legal fees, accounting 

expenses increased by 2.37, 4.76 and 9.22 basis points for the average commercial bank 

within each size grouping.  Per Table 3.2, the average small, medium, and large sized 

CBO held $54, $159, and $210 thousand in annualized accounting fees, which means a 

ten percent increase in legal fees would increase accounting fees by approximately $128, 

$757, and $1,936, for an average CBO within each respective size cohort, respectively.  

The finding of a positive sign supports the litigation risk audit fee hypothesis, namely that 

auditors will take the auditee’s risk for litigation into account when pricing auditing 

services since they can be found liable for any misstatements or violating auditing 

industry standards.  Given the trends described in Section 3.3, the inelastic relationship 
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between legal and audit fees is as expected, but the difference in magnitudes between size 

cohorts is of particular interest.  The z-score
92

 of statistical difference between the small 

and large CBO coefficients’ is 2.14, which confirms a difference at the 5% level.  That is, 

large banks display a larger audit fee elasticity of legal fees compared to the small CBOs 

by nearly seven basis points before the pre and post-DFA quarters, meaning that auditors 

penalize the average large community bank relatively more when litigation risk increases.  

There could be a number of reasons for this difference in elasticity between the small 

(<$500 million in assets) and large ($1 to $10 billion in assets) cohorts.  First, the larger 

CBOs have more money available to pay potential claimants, and, therefore, are targets 

for more lawsuits compared to the smaller CBOs.  This explanation is commonly referred 

to as the “deep pockets theory.”  Second, lawyers are also aware of their clients’ revenue 

stream, and will charge larger clients disproportionately more.  Third, larger CBOs 

extend more loans and typically have a larger geographic footprint, which would expose 

them to a greater possibility of lawsuits.           

 Hypotheses H2 and H3 suggest, respectively, that the drafting of the bill (learning 

curve period for CBOs) and subsequent implementation of Dodd-Frank have resulted in 

an increase in the level of accounting fees for all commercial banks under $10 billion in 

total assets, which I measure through the shift in intercept.  Results in Columns 4, 5, and 

                                                 

 

92
 All z-scores mentioned in the paper are calculated as z =  (�̂�1 − �̂�2) √𝑆𝐸2(�̂�1) +  𝑆𝐸2(�̂�2)⁄  .  See Clogg 

et al. (1995) for more details on this z-score calculation. 
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6 from Table 3.3 support these hypotheses for all CBO size groupings, which show 

coefficient estimates for the pre and post-DFA dummies (𝛼4̂ and 𝛼5̂) that are positive and 

statistically significant at the 1% level.  When controlling for CBO risk factors, 

unobserved heterogeneity, and the broader business cycle via the national unemployment 

rate, these coefficient estimates translate to a 73%, 60%, and 56% increase in accounting 

fees due solely to the drafting Dodd-Frank, and an increase in accounting fees of 105%, 

112%, and 86% due to the subsequent passage of the Act for the small, medium, and 

large-sized CBOs, respectively.
93

  For the CBO population, I accept hypotheses H2 and 

H3 due to the positive and significant coefficient estimate for the pre and post-DFA 

dummy variables.  As I suspected, the results suggest that the impact of Dodd-Frank on 

accounting fees is relatively larger for the smaller CBOs compared to the larger 

community banks, when controlling for legal fees.  The relatively greater increase in 

accounting costs for small CBOs due to the drafting and passage of Dodd-Frank is likely 

due to the ability of the larger CBOs to shift accounting resources internally.  This 

economies of scale is a benefit that their smaller counterparts cannot leverage due to size 

limitations (empirical verification of this claim is detailed later in this section, when I 

discuss the relationship between auditing fees and bank size), and, hence, the smaller 

CBOs must rely more heavily on outside vendors for expertise.  To elaborate, hiring 

                                                 

 

93
 When the pre and post-DFA dummy variable changes from 0 to 1, the percentage impact on accounting 

fees is [exp (𝛼4̂) − 1] ∗ 100 and [exp (𝛼5̂) − 1] ∗ 100, respectively, assuming zero legal fees. 
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internal staff to perform audit duties has higher fixed overhead costs compared to the 

variable costs of hiring consultants, and the larger CBOs have the ability to hire, or rely 

more heavily on, internal staff compared the smaller institutions.  A possible implication 

of the larger impact on accounting fees via the passage of Dodd-Frank for the smaller 

CBO cohort, although beyond the scope of this paper, is that smaller CBOs may have to 

be taken over by larger CBOs or bank holding companies (BHCs) to deal with additional 

regulatory requirements, as was the case with updating antiquated mainframe systems 

leading up to Y2K (the “Year 2000 Problem”). 

 During the drafting of the bill, I see an increase in legal fees until the time trend 

levels out when the Act was passed in 2010:Q3, as shown earlier in Figure 3.3.  Marginal 

effect (c) in Section 3.5 shows that the pre and post-DFA dummies can potentially 

change the legal fee elasticity of accounting fees.  Thus, hypothesis H4 poses that the 

legal fee elasticity of accounting fees was relatively smaller during the post versus the 

pre-DFA period, which I can test by comparing the coefficient estimates for the 

interaction terms pre-DFA x log of Legal Fees and post-DFA x log of Legal Fees (i.e., 

test if  𝛼6̂ >  𝛼7̂).  I fail to reject the hypothesis for the small-sized CBOs, which exhibit a 

statistically significant negative coefficient estimate for the post-DFA dummy, indicating 

a drop in the legal fee elasticity of accounting fees to 0.0049 (0.0237 – 0.0188) compared 

to 0.0237 in the pre-DFA quarters.  The result means that accountants have become less 

sensitive to increases in legal fees only at the smallest community banks (<$500 million 

in total assets) as a result of the Act, whereas all other coefficients for the legal fee 



   

174 

 

interaction terms are not statistically significant, indicating that, for medium and large 

CBOs, there has not been a change in the sensitivity of accountants to legal fees as a 

result of the drafting and passage of Dodd-Frank.  To be clear, the results imply that the 

legal fee elasticity of accounting fees is unchanged from the non-DFA period for medium 

and large CBOs (i.e., the drafting and implementation of Dodd-Frank did not impact the 

elasticity).  This result could stem from the fact that the majority of litigation since the 

financial crisis has been levied against the large, TBTF institutions.  That is, while the 

level of litigation risk has gone up for all banks, the largest firms receive a 

disproportionate amount of legal cases, which could lessen, or leave unchanged, the 

auditor’s sensitivity toward the smaller depositories included in the study at hand.   

 The positive relationship between firm size and auditing fees is extensively 

documented as discussed in Section 3.4.  The explanation of this result is that larger 

firms, in general, exhibit more diverse and complex operations, which gives rise to 

additional work to complete an audit and also increases the probability of auditor error, 

thus increasing liability exposure.  Thus, I develop hypothesis H5, which suggests that 

accounting fees increase with assets size for large-sized CBOs, but that they do so at a 

decreasing rate due to scale economies.  The coefficient estimate for the log of assets is 

6.8364 for the large CBOs (Column 6) and it implies that, for every percentage increase 

in bank assets, one can expect accounting fees to increase by around 6.8% (i.e., the asset 

elasticity of accounting fees is highly elastic).  Additionally, this elasticity increases at a 

decreasing rate, as evidenced by the negative and significant coefficient on the square 
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term.  The results support the theory of scale economies for the large-sized CBOs, and I 

fail to reject H5.   

 Another interesting result with respect to bank size arises for the small 

commercial banks.  The low asset CBO category displays a negative and significant 

coefficient for the log of assets with a positive, albeit not significant, coefficient estimate 

for the squared term.  The results indicate that, as the average small bank increases its 

asset base, its accounting fees decrease at an increasing rate.  I theorize that the result 

reflects the ability for small banks to hire additional employees as it grows its asset base 

and, since the new hires can perform accounting and auditing duties that the bank 

previously delegated to third-parties, it can decrease auditing fees.  This logic is unique to 

CBOs with less than $500 mm in total assets because they do not fall under the purview 

of regulators with respect to the Annual Independent Audit and Reporting Requirements, 

yet are encouraged to adopt outside auditing programs.   

 Now that I have established the relationship between CBO assets and accounting 

fees, it is worthwhile to examine the percentage of the explained variance driven by total 

assets across our three size cohorts.  First, I run the fully specified model (equation 6) for 

each size cohort and record the within r-squared.  I then drop all independent variables 

with the exception of the log of total assets and it squared term and re-run the analysis.  

The latter specification will capture the explained variation in accounting fees associated 

with bank size alone.  I then compute the percentage of the within r-squared from the 

fully specified model comprised by the within r-squared from the second specification.  
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In principle, this tells us the proportion of variation in accounting fees that is driven by 

bank size within the specified size grouping.  Through this analysis, I can test hypotheses 

H6, which proposes that bank size alone accounts for more than 50% of the variation in 

accounting fees across all size groupings.   

 The results are shown in Table 3.4.  Bank asset size comprises 48.3%, 35.6%, and 

3.9% of the total explained variation in accounting fees for small, medium, and large 

CBOs, respectively.  Our findings are contrary to a number of previous studies, which 

find that firm size comprises over 50% of the variation in accounting fees, and thus I 

reject hypothesis H6.  This begs the question, why do these results differ from prior 

literature?  I am among the first to explicitly attempt to measure litigation risk,
94

 which I 

do by including legal fees as a primary input in the production function for auditing fees.  

Many of the prior studies include asset size as the sole primary input, which absorbs 

much of the explanatory power in accounting fees.  In fact, our results show that legal 

fees alone account for 1.3%, 8.0%, and 23.5% of the explained variation, which other 

authors would attribute to total assets.  In brief, litigation risk plays an integral role in the 

determination of accounting fees, especially for the larger community banks, and thus 

legal fees take on much of the explanatory power that other studies would attribute to 

firm size.  The results confirm the decision to use a proxy for litigation risk as a primary  

                                                 

 

94
 According to Hay et  al. (2006), there were eight prior studies that use legal costs as a measure of audit 

problems, but six were part of a single paper, and, to my knowledge, none were related to the financial 

industry.   
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Table 3.4. Proportion of Explained Variance Driven by Primary Inputs 

Asset Size Specification 
Within R-

Squared 

% of total 

variance 

explained 

Small 

(less than $500 million) 

Full specification 0.0323 N/A 

lag (Log of assets only)* 0.0156 48.3 

lag (Log of legal fees only) 0.0004 1.3 

Primary Inputs Total 

 
49.7 

    
Medium 

(between $500 million 

and $1 billion) 

Full specification 0.0279 N/A 

lag (Log of assets only)* 0.0099 35.6 

lag (Log of legal fees only) 0.0022 8.0 

Primary Inputs Total 

 
43.6 

    
Large 

(between $1 billion and 

$10 billion) 

Full specification 0.0304 N/A 

lag (Log of assets only)* 0.0012 3.9 

lag (Log of legal fees only) 0.0072 23.5 

Primary Inputs Total 

 
27.4 

    * Includes log of assets and log of assets squared 

   

Notes: This table shows the proportion of explained variance driven by primary inputs 

(bank size and legal fees).  I first run the fully specified model given in equation (6), and 

report the within r-squared.  Next, I run the model only including the log of total assets 

and log of total assets squared as explanatory variables, which would theoretically 

capture all variation.in accounting fees that is driven by bank size.  Then I report the 

within r-squared from the latter model as a percentage of the within r-squared from the 

fully specified model.  I repeat the exercise using log of legal fees as the only explanatory 

variable. 
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input in the production function for accounting fees and researchers should keep this in 

mind for future studies. 

3.7.2. Secondary Inputs: Bank Risk Measures 

 The bank risk measures (our secondary inputs), which include bank leverage (the 

tier 1 ratio) and a loan composition measure of real estate loans, shed more light on how 

accounting firms price their services.  Hypothesis H7 posits that, as a risk measure for a 

bank incrementally changes so that it exposes the bank to greater risk, fees charged by 

third-party accountants and auditors should increase.  The theory is that a riskier 

institution is more prone to litigation, which increases the liability exposure of the auditor 

(as well as the bank itself), so the accountants and auditors will charge the auditee a 

higher price for services rendered to account for potential future liability.  Furthermore, 

since regulators find these ratios (and similar ratios) important in gauging the overall 

levels of bank risk, they should drive the audit function to some extent.   

 The tier 1 ratio, a measure for capital adequacy, measures the amount of leverage 

at the depository institution.  An increase in bank leverage (i.e., a lower tier 1 ratio) 

would signify more risk, as losses would be magnified to a greater extent.  On the other 

hand, the larger the tier 1ratio, the less levered the firm.  Therefore, ex-ante, I associate a 

marginal increase in tier 1captial to assets with less risk at the institution, and one would 

expect accounting and auditing fees to decrease as a result.  However, contrary to 

expectations, the coefficient for equity to assets is positive and statistically significant 

across all three size groups.  The result is robust to a number of different proxies for 
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capital adequacy, such as the total bank equity and Tier 2 capital ratios.  The result could 

reflect statistical discrimination on behalf of third party accounting firms.  That is, it may 

be the case that accounting and auditing firms are aware that banks with large capital 

buffers have the resources available to compensate the former for services provided, and 

the accounting and auditing firms capitalize on this information by levying higher fees.  

On the other hand, the result could be driven by the CBOs themselves, in that sense that 

community banks with larger capital buffers are able to afford more thorough accounting 

reviews and/or have the funds for higher quality reviews.  Alternatively, Fields et al. 

(2004) find the same coefficient sign for their capital adequacy measure and suggest that 

the result could reflect that riskier banks are being required by the regulators to hold 

additional capital.       

 Contrary to the tier 1 ratio, the impact of the ratio of real estate loans to total loans 

on accounting fees conforms to expectations.  Given that the housing market crash 

precipitated the financial crisis, one would expect that a community bank with more 

exposure to real estate loans would expose itself to additional litigation risk.  For 

example, a bank that issued additional real estate loans prior to and during the financial 

crisis opens itself up to lawsuits related to predatory lending for loans issued (prior to the 

financial crisis) or foreclosure practices (during and after the housing crash).  Indeed, the 

coefficient for the ratio of real estate loan composition is positive and significant for the 

large CBO cohort. 
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 In general, our findings are mixed regarding hypothesis H7, which states that third 

party accountants and auditors will charge higher prices to CBOs as accounting ratios 

indicate more risk.  Coefficient estimates for the tier 1 ratio indicate that as community 

banks become less risky, in terms of leverage, they pay more towards accounting and 

auditing fees.  However, as the average large CBO acquires more real estate loans, 

indicating higher exposure to litigation risk associate with the financial crisis, it does 

increase the amount spent on accounting and auditing, reflective of a litigation-risk 

premium.          

3.8. Conclusion 

 I use data on third-party accounting and legal fees to determine the impact of 

litigation risk on the prices that accountants and auditors charge to small (<$500 million 

in total assets), mid-size ($500 million to $1 billion in total assets), and large ($1 billion 

to $10 billion in total assets) commercial banking organizations (CBOs).  I believe I am 

the first to explicitly test (and confirm) that the litigation risk-audit fee hypothesis holds 

in the banking sector; the impact is greatest for large CBOs, which show that for every 

1% increase in legal fees, accounting fees will increase by 9.22 bps (compared to 2.37 

bps for small CBOs).  I am able to assess the impact of the Dodd-Frank Act on 

accounting fees, and find that the Act has had a more negative effect on CBOs with less 

than $500 million in total assets compared to their large-sized ($1 billion to $10 billion) 

counterparts.  While controlling for various factors, including legal fees, observable and 

unobservable bank factors, and the general business cycle via the national unemployment 
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rate, small CBOs experienced a 73% and 105% increase in accounting fees due to the 

drafting and subsequent passage of the Dodd-Frank Act, respectively.  The impact on 

accounting fees was relatively less for large community banks, which experienced a 56% 

and 86% increase, due to the drafting and passage of the law, respectively.  I conclude 

this is a result of larger community banks relying on economies of scale (by shifting 

accounting services internally) to offset these costs, which is supported by my results.  I 

find that legal expenses alone account for roughly 24% of the explained variance in 

accounting fees for large community banks.  My results are contrary to prior research that 

shows the majority of variation in accounting fees is attributable to firm size alone, and 

thus, I urge future researchers to include measures of litigation risk when modelling 

accounting fees.  The results also show that third-party accountants and auditors do 

account for certain risk ratios when determining prices for their services, such as real 

estate loans to total loans; however, the results are specific to the measure used because a 

decrease in bank leverage, which is associated with lower overall risk, indicates higher 

accounting fees.     

 There were over 14,000 commercial banks in the U.S. in 1985; as of the time this 

paper was written there are well under 6,000.  The consolidation, acquisition, and closure 

of community banks pose a potential risk to the flow of liquidity and the distribution of 

capital across the country.  Community banks have a competitive advantage in navigating 

their complex regions and extending credit that the large institutions would arguably not 

consider as viable investments.  The CBOs as a group had little to do with the events of 
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the 2007-2009 financial crisis, yet this paper shows that these institutions have 

experienced unintended consequences due to changes in the regulatory landscape. 
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APPENDIX A. NUMBER OF BANK FAILURES FROM 2007:Q3 TO 2014:Q4  

Quarter 

# of Bank 

Failures 

As a Percent of 

Total Failures 

(2007 - 2014) 

# of CBO 

Failures 

CBOs as % 

of Failures 

for the 

Quarter 

2007:Q3 1 0.2% 0 0% 

2007:Q4 1 0.2% 1 100% 

2008:Q1 2 0.4% 2 100% 

2008:Q2 2 0.4% 2 100% 

2008:Q3 9 1.8% 6 67% 

2008:Q4 12 2.4% 10 83% 

2009:Q1 21 4.1% 20 95% 

2009:Q2 24 4.7% 21 88% 

2009:Q3 50 9.8% 41 82% 

2009:Q4 45 8.8% 36 80% 

2010:Q1 41 8.1% 37 90% 

2010:Q2 45 8.8% 42 93% 

2010:Q3 41 8.1% 33 80% 

2010:Q4 30 5.9% 27 90% 

2011:Q1 26 5.1% 24 92% 

2011:Q2 22 4.3% 20 91% 

2011:Q3 26 5.1% 25 96% 

2011:Q4 18 3.5% 18 100% 

2012:Q1 16 3.1% 13 81% 

2012:Q2 15 2.9% 15 100% 

2012:Q3 12 2.4% 12 100% 

2012:Q4 8 1.6% 8 100% 

2013:Q1 4 0.8% 4 100% 

2013:Q2 12 2.4% 12 100% 

2013:Q3 6 1.2% 6 100% 

2013:Q4 2 0.4% 2 100% 

2014:Q1 5 1.0% 5 100% 

2014:Q2 7 1.4% 7 100% 

2014:Q3 2 0.4% 2 100% 

2014:Q4 4 0.8% 4 100% 

Total 509 100% 455 89% 

 

Source: FDIC Failed Bank List merged with total assets from the Call Report. 
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APPENDIX B. CORRELATION MATRICES (PRE-CRISIS, CRISIS, AND POST-

CRISIS) FOR CHAPTER 2 ANALYSIS 

Pre-crisis (2003:Q1 - 2007:Q2) 

      

  
1 2 3 4 5 6 

1 lag Tier 1 Capital Ratio 1.00 

     2 lag PDs / Loans -0.01 1.00 

    3 lag log(Assets) -0.27 -0.19 1.00 

   4 GDP Growth -0.04 0.04 -0.04 1.00 

  5 Federal Funds Rate 0.07 -0.07 0.07 -0.54 1.00 

 6 HHI 0.01 0.16 -0.12 0.00 0.00 1.00 

        Crisis (2007:Q3 - 2009:Q2) 

      

  
1 2 3 4 5 6 

1 lag Tier 1 Capital Ratio 1.00 

     2 lag PDs / Loans -0.08 1.00 

    3 lag log(Assets) -0.30 -0.01 1.00 

   4 GDP Growth 0.01 -0.04 -0.01 1.00 

  5 Federal Funds Rate 0.04 -0.16 -0.02 0.57 1.00 

 6 HHI -0.03 0.02 -0.10 0.00 0.00 1.00 

        Post-crisis (2009:Q3 - 2014:Q4) 

      

  
1 2 3 4 5 6 

1 lag Tier 1 Capital Ratio 1.00 

     2 lag PDs / Loans -0.10 1.00 

    3 lag log(Assets) -0.19 0.03 1.00 

   4 GDP Growth 0.01 -0.01 0.00 1.00 

  5 Federal Funds Rate -0.03 0.10 -0.03 -0.15 1.00 

 6 HHI 0.03 -0.02 -0.09 0.00 -0.02 1.00 
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APPENDIX C. DEPENDENT VARIABLES: APY FOR INSURED BUSINESS 

INTEREST CHECKING ACCOUNTS FOR CHAPTER 2 ANALYSIS 

 

Balance 

 

$10k $25k $50k $100k 

 

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

lag Tier 1 Ratio -0.0123*** -0.0133*** -0.0150*** -0.0156*** 

 

(0.0021) (0.0022) (0.0023) (0.0026) 

lag PDs / Loans 0.0042*** 0.0040*** 0.0048*** 0.0050*** 

 

(0.0008) (0.0008) (0.0009) (0.0009) 

lag log(Assets) -0.1134*** -0.1196*** -0.1294*** -0.1276*** 

 

(0.0156) (0.0169) (0.0179) (0.0196) 

Acquisition Dummy -0.0484 -0.0512 -0.0410 -0.0608 

 (0.0617) (0.0606) (0.0647) (0.0575) 

GDP Growth -0.0122*** -0.0128*** -0.0133*** -0.0153*** 

 (0.0011) (0.0012) (0.0014) (0.0015) 

Federal Funds Rate -0.0764*** -0.0763*** -0.0723*** -0.1007*** 

 (0.0205) (0.0206) (0.0239) (0.0228) 

HHI -0.0438 -0.0463 -0.0092 0.0020 

 (0.0598) (0.0626) (0.0696) (0.0700) 

Observations 11865 11883 11862 11975 

Banks 959 957 954 967 

R-squared .1083914 .1063207 .1123271 .0999486 
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APPENDIX D: DEPENDENT VARIABLES: APY FOR INSURED INTEREST 

CHECKING ACCOUNTS AND SAVINGS ACCOUNT FOR CHAPTER 2 ANALYSIS 

 

Type (Balance) 

 

Interest Checking 

($0) 

Interest Checking 

($2.5k) Savings ($2.5k) 

 

(1) (2) (3) 

lag Tier 1 Ratio -0.0063*** -0.0066*** -0.0101*** 

 

(0.0010) (0.0010) (0.0014) 

lag PDs / Loans 0.0019*** 0.0021*** 0.0038*** 

 

(0.0004) (0.0004) (0.0006) 

lag log(Assets) -0.1562*** -0.1651*** -0.2798*** 

 

(0.0083) (0.0087) (0.0129) 

Acquisition Dummy -0.0450*** -0.0529*** -0.0471 

 (0.0139) (0.0128) (0.0348) 

GDP Growth 0.0168*** 0.0179*** 0.0293*** 

 (0.0005) (0.0005) (0.0006) 

Federal Funds Rate 0.6057*** 0.6479*** 1.0805*** 

 (0.0142) (0.0149) (0.0211) 

HHI -0.0869** -0.1037*** -0.1543*** 

 (0.0342) (0.0356) (0.0557) 

Observations 101775 100853 103430 

Banks 5462 5441 5496 

R-squared .1298397 .1334842 .1875561 

 

  


