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ABSTRACT 

This dissertation examines several aspects of U.S. financial institutions’ real estate-

related activity. The first two essays examine the impact of Federal Home Loan Bank 

(FHLB) membership and funding on bank and thrift holding company (BHC and THC) 

risk and returns. The first essay uses risk measures derived from BHC and THC stock 

prices, while the second essay uses risk measures based upon BHC and THC bond prices. 

The third essay studies the impact of BHC investment in real estate on risk and returns 

using measures based on stock prices.   

In the first essay, BHC and THC stock portfolios are formed along several 

dimensions. Bivariate generalized autoregressive conditional heteroskedasticity 

(GARCH) models are estimated to produce measures of total risk, market risk, and 

interest rate risk for the time period from the beginning of 2001 through 2009. Two sets 

of results related to FHLB activity are obtained. First, FHLB membership is found to be 

associated with lower total risk and market risk while having no association with interest 

rate risk. Second, and similarly, greater reliance on FHLB advances is associated with 

lower total risk and market risk but is not associated with interest rate risk. These results 

are consistent with the view that the risks created by government backing of the FHLB 

system and some of the system’s policies are mitigated by FHLB policies and products 

that reduce risk. In addition, THC stocks are found to have lower total and market risk 

than the portfolio of BHC stocks.  

 The second essay investigates the relationship of both FHLB membership and 

funding with BHC and THC risk by using the cost of uninsured debt as a measure of risk. 
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These relationships are analyzed in a simultaneous equation regression framework using 

data from the start of the third quarter of 2002 through the end of the first quarter of 

2009. The cost of uninsured debt is proxied by yield spreads calculated from trading data 

on holding company (HC) bonds. Several interesting results are obtained. Reliance on 

advances is found to have a negative effect on the cost of debt throughout the sample 

period (the third quarter of 2002 through the first quarter of 2009). Cost of debt has a 

significant effect on the level of advances only during the recent financial crisis (the third 

quarter of 2007 through the first quarter of 2009), when the effect is negative. The 

negative association between cost of debt and the level of advances suggests that BHCs 

and THCs, on the whole, do not use FHLB advances to make unusually risky loans and 

supports the argument that FHLB policies and services have some risk-reducing effects. 

FHLB membership, independent of advances, is found to have no influence on HC cost 

of debt. Additional analysis indicates that THC status is associated with higher cost of 

debt than BHC status.  

The third essay examines the influence of real estate investment by BHCs from 

the third quarter of 1990 through the fourth quarter of 2010 on their risks and returns. 

Portfolios are formed of BHC stocks according to BHCs’ ratio of real estate investment 

to total assets and according to the type of regulation – lenient or strict – under which 

they invest in real estate. Tests of differences in median portfolio returns between these 

portfolios are performed. In addition, the effects of real estate investment on risk and 

return are estimated using univariate GARCH models of portfolio returns. The main 

results are as follows: 1) BHCs that invest in real estate have greater total risk and lower 
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risk-adjusted returns than those that do not; 2) greater real estate investment is associated 

with lower returns and greater market risk for some types of BHCs while it is not 

associated with significant differences in total risk or risk-adjusted returns; and 3) BHCs 

that invest in real estate under relatively lenient rules have lower returns, greater total 

risk, and lower risk-adjusted returns than those that invest in real estate under relatively 

strict rules. The results indicate that benefits from real estate investment by banks – such 

as diversification of cash flows, economies of scale and scope, and increased charter 

value – are outweighed by greater variability of returns and lower returns due to BHCs’ 

lack of expertise in the field. The findings also provide evidence that rules granting banks 

greater freedom to invest in real estate result in increased risk but not increased returns.  
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CHAPTER 1 

THE ASSOCIATION BETWEEN FEDERAL HOME LOAN BANK 

MEMBERSHIP AND FUNDING AND BANK AND THRIFT 

HOLDING COMPANY RISK 

1.1 Introduction 

The Federal Home Loan Banks (FHLBs) are an important source of funding and 

liquidity for the U.S. mortgage market. Ashcraft, Bech, and Frame (2010) document that, 

during the early stages of the recent financial crisis, the FHLBs provided emergency 

funding to financial institutions (FIs) before the Federal Reserve opened special liquidity 

facilities and the Treasury Department intervened through the Troubled Asset Relief 

Program (TARP). During the second half of 2007, after the three major credit rating 

agencies downgraded securities backed by subprime mortgages, the total outstanding 

value of FHLB loans to members, called ―advances,‖ grew 36.7%, from $640 billion to 

$875 billion. Ashcraft et al. (2010) call the FHLB system ―the lender of next to the last 

resort.‖  

Some authors (Nickerson & Phillips, 2004; Stojanovic, Vaughan, & Yeager, 2008) 

argue, however, that FHLBs may elevate the financial system’s risk by enabling their 

members to make riskier loans than they could without FHLB funds. This potential risk 

contribution exists because interest rates on FHLB advances do not vary with member 

risk and because government backing of FHLBs may lead FHLB regulators and 

managers to weakly monitor FHLB member behavior. Other authors (Scott & Hein, 

2009; Scott & Hein, 2011) counter that FHLB membership actually reduces FI risk. 

Collateral requirements on advances, requirements that FHLB members purchase FHLB 
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stock in proportion to their borrowing of advances, services as a ―lender of second-to-last 

resort,‖ and FHLB-provided risk management services are some of the channels through 

which FHLBs can reduce member risk.  

According to FHLB system reports, FHLB member FIs had $631 billion in advances 

outstanding on Dec. 31, 2009. That was roughly 5.4% of the $11.7 trillion in residential 

mortgage debt that the Federal Reserve Board of Governors reported as outstanding in 

the U.S. at that time.
1
 The financial crisis of 2007-2009 made it plainly evident that the 

U.S. mortgage market’s behavior considerably influences both the U.S. and world 

financial systems. It follows that, as a significant player in the U.S. mortgage market, 

FHLBs can significantly influence the U.S. and, consequently, the world economies. 

The objective of this paper is to examine the influence of both FHLB membership 

and dependence on FHLB funding on the riskiness of bank and thrift holding companies 

(BHCs and THCs). Stock market data are used to test the hypotheses that parent holding 

company (HC) control of FHLB member subsidiaries is associated with lower levels of 

total risk, market risk, and interest rate risk. Additionally, the data are used to test 

hypotheses that greater HC reliance on FHLB advances is associated with lower levels of 

those three types of risk. Results of these tests could help policymakers to determine 

whether and how to change the structure of the FHLBs and regulations on advances. 

They could also help financial institution managers assess the payoffs of funding 

strategies that involve FHLB advances. 

                                                
1 FHLB system-wide financial data are available in the system’s Combined Financial 

Reports. See http://www.fhlb-of.com/ofweb_userWeb/pageBuilder/fhlbank-financial-data-

36. The figure on U.S. mortgage debt outstanding comes from the Federal Reserve Board 

of Governors. See http://www.federalreserve.gov/econresdata/releases/mortoutstand/  

current.htm. 
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Data are examined from both BHCs, which were and continue to be regulated by the 

Federal Reserve, and THCs, which were regulated by the Office of Thrift Supervision 

(OTS) during the period studied. This allows tests of the hypothesis that markets viewed 

BHCs as less risky than THCs. This issue is interesting because some of the largest FIs 

which collapsed or nearly collapsed in the recent crisis (in the second half of 2008) were 

THCs. Examples include AIG, which was rescued by the government shortly before 

collapsing; Lehman Brothers, which filed for bankruptcy protection; and Washington 

Mutual, which went into Federal Deposit Insurance Corporation (FDIC) receivership. 

The Dodd-Frank Wall Street Reform and Consumer Protection Act of 2010 eliminated 

the OTS and divided thrift and THC regulation among the Federal Deposit Insurance 

Corporation (FDIC), the Office of the Comptroller of the Currency (OCC), and the 

Federal Reserve.
2
 

 This study contributes to the investigation of the FHLB system’s effects in three 

ways. First, data series employed include HC stock returns from the Center for Research 

on Security Prices (CRSP). This is the first time stock market data, as opposed to 

accounting data, are used to study the relationship between FHLB membership/funding 

and FHLB member risk. (The advantages of market data are described in more detail in 

the Section 1.4.) Second, existing studies on the relationship between FHLBs and the 

performance of FHLB members have focused on commercial banks alone. In this study, 

bank data are complemented by thrift data for the first time, widening the sample under 

                                                
2 H.R. 4173--111th Congress: Dodd-Frank Wall Street Reform and Consumer Protection 

Act. (2010). Available at http://frwebgate.access.gpo.gov/cgibin/getdoc.cgi?dbname = 

111_cong_bills&docid=f:h4173enr.txt.pdf.  
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consideration and allowing tests of differences between the two groups. Third, variables 

in this study are measured at the HC level. Previous research on FHLBs has employed 

subsidiary-level data, which may lead to under- or overestimates of bank risk because 

parent HCs can shift risk among subsidiaries. For example, a bank will appear less risky 

if its parent shifts the bank’s riskiest or poorest-performing assets to healthier affiliates.  

Three main sets of results are obtained: one on the effects of FHLB membership, 

another on the effects of FHLB advances, and a third on the effects of HC type (BHC or 

THC). The first set of results is related to the effect of FHLB membership on three types 

of risk: total risk, market risk, and interest rate risk. The total risk of a portfolio of HCs 

that control FHLB member subsidiaries is smaller than that of a portfolio of HCs that do 

not when risk is measured using the conditional volatility of portfolio returns derived 

from estimates of a bivariate generalized autoregressive conditional heteroskedasticity 

(GARCH) model. According to the difference in mean daily portfolio Value at Risk 

(VaR), the total risk difference associated with FHLB membership is economically 

significant   more than 0.1 percent of an investment in a portfolio of stocks formed 

according to FHLB membership. During some parts of the recent financial crisis, the 

FHLB member portfolio exhibited a smaller spike in total risk than the non-member 

portfolio, possibly demonstrating an additional risk-moderating effect of FHLB 

membership.  

Throughout the time period studied, market risk, as measured by the portfolio’s 

market betas, is found to be smaller for the FHLB member portfolio. Interest rate risk as 

measured by the portfolios’ interest rate betas, is found not to have a significant 
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relationship with FHLB membership. This indicates that FHLB membership/funding 

does not encourage banks to adopt wider funding, maturity, or duration gaps.  

The second set of results pertains to HCs with FHLB member subsidiaries and 

whether their degree of reliance on FHLB advances influences total risk, market risk, and 

interest rate risk. Greater reliance on FHLB advances is associated with lower total risk. 

Specifically, on the majority of trading days studied, a portfolio of stocks of HCs that 

control FHLB-member subsidiaries and rely the most on FHLB advances has lower total 

risk than a portfolio of stocks of HCs that control FHLB members and rely the least on 

advances. Based on the difference in mean VaR, however, the relationship is not 

economically significant. Greater reliance on FHLB advances is associated with lower 

market betas, indicating lower market risk. Finally, greater reliance on FHLB advances 

does not exhibit a significant positive or negative relationship with interest rate risk, as 

measured by the portfolios’ interest rate betas.  

The first two sets of results are evidence that the risk-reducing effects of FHLB 

membership and advances outweigh the risk-increasing effects. The third set of results 

pertains to the differences in total risk, market risk, and interest rate risk between a 

portfolio of stocks issued by BHCs and a portfolio of stocks issued by THCs. The BHC 

portfolio has greater total risk, as measured by the conditional variance of the returns, 

than the portfolio of THC stocks. The differences in VaR indicate that the differences are 

economically significant. In addition, BHC market risk is significantly greater than THC 

market risk. No significant difference is found between BHC and THC interest rate risk. 

The majority of THCs in the sample are small or mid-sized. The results therefore suggest 
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that, in spite of the notable problems at several large THCs during the financial crisis, 

THCs on average were less risky than BHCs. This may be because thrift and THC rules 

and OTS regulation were better suited to small and medium thrifts and THCs than to 

large thrifts and THCs.  

This essay proceeds as follows. Section 1.2 reviews the literature on the 

relationship between FHLB lending and member risk as well as a theory of the 

relationship between FI reliance on FHLB funding and FI risk. Section 1.3 describes the 

econometric model and estimation techniques. Section 1.4 describes data sources and 

portfolio construction. Section 1.5 reports empirical results. Section 1.6 concludes. 

1.2 Literature Review and Theory 

Congress and President Herbert Hoover created the FHLB system in 1932, during 

the Great Depression, to ensure liquidity in the mortgage market.
3
 The system includes 

12 FHLBs, each of which is owned nearly entirely by private FIs, is governed by its own 

board of directors, and serves a district comprised of two or more states. Following 

changes in the membership rules enacted by Congress in the 1980s and 1990s, 

membership is now available to all U.S. depository institutions (DIs) with more than 10 

percent of their portfolios in residential mortgage-related assets. In addition, commercial 

banks with total assets less than $1 billion, public housing authorities, and life insurance 

companies (LICs) are all allowed to join the FHLBs. According to data provided by the 

Federal Housing Finance Agency (FHFA), system membership rose from about 3,200 

institutions at the end of 1989 to about 8,100 in the fourth quarter of 2009. This number 

                                                
3
  Hoffmann (2001) summarizes the legislative history of the FHLBs. 
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exceeds the membership in the Federal Reserve, which stood at 2,380 at the same time. 

The 8,100 members include nearly all U.S. thrifts and about 80% of U.S. commercial 

banks. Though FHLBs have some discretion over their policies, they have always been 

federally regulated by the Federal Home Loan Bank Board (FHLBB) from their creation 

until 1989, the Federal Housing Finance Board (FHFB) from 1989 until 2008, and the 

FHFA since 2008. 

Through a central Office of Finance, the FHLBs issue debt for which they bear joint 

and several liability. This means that individual members are each responsible for 

repaying the debt incurred by another member if that member defaults. Several privileges 

afforded by legislation lower the default risk and increase the liquidity of FHLB debt, 

leading investors to demand lower interest rates on it than on debt issued by other private 

FIs. First, the FHLBs have a line of credit at the Treasury allowing them to borrow from 

the federal government in emergencies. Second, FHLB debt is included among the 

securities eligible for purchase by the Federal Reserve in its open market operations. 

Third, because of the previously perceived, now actual, federal guarantee of the housing-

related government sponsored enterprises (GSEs), FHLB debt is unlikely to encounter 

low demand associated with general credit crunches. Fourth, the Competitive Equality 

Banking Act (CEBA) of 1987 grants FHLBs a ―super lien‖ that gives them priority over 

other creditors in the event of the failure of a member institution. The lower interest rates 

these privileges confer have been documented by Ambrose and Warga (2002) and 

Nothaft, Pearce, and Stevanovic (2002). These low interest rates are then passed on to 

FHLB members in the form of relatively low interest rates on FHLB advances. 
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Several authors have argued that weaknesses in FHLB regulations and policies allow 

FHLB members to use advances to make risky loans. These authors claim that this is 

possible because government backing of FHLB system debt reduces expected losses for 

FHLBs and their members in the event of a default on system debt. This in turn reduces 

the incentive for FHLB members to monitor behavior by fellow members within their 

FHLBs as well as the incentive for FHLB managers to monitor behavior at other FHLBs. 

In addition, interest rates on advances do not vary according to borrower risk, removing 

another possible way to discipline risky advance borrowers. Studying data from the 

1980s, the time of the thrift crisis, Ashley, Brewer, and Vincent (1998) show that 

advances as a percentage of total assets were higher at thrifts that were insolvent, 

reorganized, or closed than those that were not. 

Legislation following the thrift crisis of the 1980s reformed the regulation, 

governance, and structure of the FHLB system. The Financial Institutions Reform, 

Recovery and Enforcement Act of 1989 (FIRREA) abolished the FHLBB and transferred 

oversight of the FHLBs to the newly-created FHFB (which was replaced by the FHFA in 

2008). It also opens FHLB membership, previously restricted to thrifts and LICs, to 

banks and credit unions. The Gramm-Leach-Bliley Act of 1999 (GLBA) requires FHLBs 

to submit capital plans to the FHFB (now the FHFA) to show that they meet minimal 

capital requirements.  

Despite the reforms, Nickerson and Phillips (2004) find other causes for concern 

about the FHLB system. Among them are similarities between the FHLB system and the 

U.S. farm credit system, which the federal government bailed out in the 1980s. Like the 
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FHLBs, the institutions comprising the farm credit system bore joint and several liability 

for their system’s debt, and both systems share similar rules on member stock ownership. 

Citing a theory of group borrowing presented in Che (2002), Nickerson and Phillips 

(2004) argue that because individual FHLBs may obtain funding for advances from the 

Office of Finance without direct permission from the other FHLBs, the FHLB system 

does not enjoy the risk reduction associated with joint liability found in the theories of 

cooperative borrowing proposed by Stiglitz (1990) and Ghatak and Guinnane (1999). 

They add that the federal guarantee on FHLB system debt further reduces monitoring 

incentives for individual FHLB managers. Flannery and Frame (2006) argue that 

member-ownership of individual FHLBs does not reduce members’ risk-taking 

incentives because shares of FHLBs are not tradable and require six months to five years 

advance notice to sell. This makes it difficult for FHLB members to exercise the sort of 

equity market discipline exercised by shareholders of publicly-traded corporations. 

Providing empirical support to these arguments is a study by Bennett, Vaughan, and 

Yeager (2005) in which the authors find that advances to total assets ratios are positively, 

though modestly, correlated with the likelihood of an FDIC supervisory rating 

downgrade. 

Stojanovic et al. (2008) examine data from call reports and supervisory ratings from 

1992 to 2005 and conclude that greater reliance on advances is associated with an 

economically significant increase in bank risk for only a few accounting-based risk 

measures out of many measures considered. They find no economically significant 

relationship between banks’ advances to total assets ratios and two measures of credit 
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risk: the ratio of non-performing loans to total loans and the ratio of commercial real 

estate loans to total assets. They find a negative relationship between reliance on 

advances and interest rate risk, with interest rate risk measured two ways: 1) the 1-year 

―GAP,‖ the absolute value of the difference between assets and liabilities that reprice 

within one year and 2) the simulated impact of a 200 basis point interest rate increase on 

the bank’s Economic Value of Equity (EVE), a duration-based measure of interest rate 

risk. They find no difference between members’ and non-members’ probability of failure 

according to the Federal Reserve’s System to Estimate Examination Ratings (SEER) 

scores. Stojanovic et al. (2008) do, however, find that after banks become FHLB 

members, they exhibit economically significant increases in liquidity risk, measured by 

the non-core-funding-to-total-assets ratio, and leverage risk, measured by the equity-to-

total assets ratio. The sample used in Stojanovic et al. (2008) includes subsidiary-level 

banks rather than BHCs, meaning their results may be affected by risk-shifting among 

subsidiaries by BHCs. In addition, their sample covers a relatively quiet period for the 

U.S. banking industry. 

The empirical findings of Stojanovic et al. (2008) as well as arguments in Scott 

and Hein (2011) suggest that several factors contribute to negative relationships between 

FI risk and FHLB membership and FI risk and the level of FHLB advance-borrowing. 

First, as mentioned in Section 1.1, FHLBs have always been required to meet federal 

regulations. An example of these regulations, mentioned in Section 1.1, is that under the 

Gramm-Leach-Bliley Act (GLBA) of 1999, all FHLBs must submit capital plans to the 

regulator to demonstrate that they meet minimal capital requirements. These capital plans 
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generally require FHLB members to purchase more stock as they borrow more advances. 

As a result, the cost of advances to member FIs is greater than their interest rate alone.
4
 

Scott and Hein (2011) present several more reasons FHLB membership and advance 

usage tend to reduce risk. FHLBs officers may read confidential regulatory examination 

reports, enhancing their knowledge of members’ risk. Scott and Hein (2011) also point 

out (and FHLB officials confirmed in interviews with the author) that FHLBs require 

members to post collateral in proportion to their advances. When FHLB members show 

signs of default, FHLBs halt new advances and take ―physical possession‖ of the 

collateral through a custodial service instead of increasing interest rates on advances. 

FHLB members know they could suffer a reduction or cessation in advances if they 

appear too risky to their FHLBs. Thus, FHLB membership and advance-borrowing carry 

incentives to avoid risky lending. In addition, FHLBs provide small member institutions 

with risk management resources, such as interest rate swaps, that they otherwise could 

not afford in the market place. FHLBs also offer advances with maturities as long as 30 

years, which helps lower member interest rate risk and liquidity risk. Finally, FHLBs 

provide emergency funding in credit crunches, reducing members’ liquidity risk.  

Scott and Hein (2009) compare risk-related accounting ratios for pairs of banks 

matched by size and location. In each pair, the first bank joined an FHLB sometime 

between 1992 and 2004 while the second bank was a non-FHLB member that did not join 

an FHLB within two years of the first bank. Scott and Hein (2009) find that new 

                                                
4Federal Home Loan Bank Office of Finance (2010). Discussion of the FHLBanks’ Capital Structure and 

Regulatory Capital Requirements. Retrieved Aug. 10, 2010 from  

 http://www.fhlb-of.com/ofweb_userWeb/resources/capitalqanda.pdf. See also Federal Home Loan Bank of 

Pittsburgh (2010). Capital Plan of the Federal Home Loan Bank of Pittsburgh. Retrieved Aug. 10, 2010 

from http://www.fhlb-pgh.com/pdfs/capitalplan/capplanpgh.pdf. 
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membership was not followed within two years by significant increases in leverage, as 

measured by declines in equity to total assets ratios. They also find no significant 

differences within two years between the new members and comparably matched non-

members in terms of total asset growth, real estate loans relative to total assets, and loan 

loss provisions relative to total loans.  

In summary, previous research on FHLBs shows that opposing forces drive the 

relationships between FHLB membership and risk and FHLB advance-borrowing and 

risk. Hence, the net effect is an empirical question. In this paper, data on HC stocks are 

employed to study these relationships. These stocks are used to form portfolios of HCs 

that control FHLB member banks and thrifts and HCs that do not. If FHLBs have policies 

that discourage risky lending by members and provide risk-reducing products and 

services not available elsewhere, then a portfolio of FHLB member stocks can be 

expected to exhibit lower conditional variance of returns than a portfolio of non-member 

stocks. The following hypothesis is therefore tested (hypotheses are summarized in Table 

1-1):  

H1A: FHLB-membership of subsidiary banks and thrifts is associated with lower 

total risk of parent HCs, where risk is measured by the conditional variance of HC stock 

returns. 
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Table 1-1: Hypotheses and Portfolio Descriptions 
Panel 1 
 Hypothesis Statement of Hypothesis 

H1A FHLB-membership of subsidiary FIs is associated with lower total risk of parent HCs, where 
risk is measured by the conditional variance of HC stock returns. 

H1B HCs with FHLB-member subsidiaries exhibited smaller increases in total risk during the 
financial crisis than those with only non-member subsidiaries. 

H1C FHLB membership of subsidiary FIs is associated with lower market risk for parent HCs, where 
market risk is measured by the market beta from a two-factor model of stock returns. 

H1D FHLB membership of subsidiary FIs is associated with lower interest rate risk for parent HCs, 
where interest rate risk is measured by the interest rate beta from a two-factor model of stock 
returns. 

H2A Greater reliance on advances is associated with lower total risk (conditional variance of returns) 
for HCs. 

H2B Greater bank and thrift reliance on advances is associated with smaller spikes in total risk 
(conditional variance of returns) for parent HCs during the financial crisis. 

H2C Greater bank and thrift reliance on advances is associated with lower market risk (market beta) 
for parent HCs. 

H2D Greater bank and thrift reliance on advances is associated with lower interest rate risk (interest 
rate beta) for parent HCs. 

H3A BHCs have lower total risk (conditional variance of returns) than THCs. 

H3B BHCs experienced smaller increases in total risk (conditional variance of returns) during the 
financial crisis than THCs. 

H3C BHCs have lower market risk (market beta) than THCs. 

H3D BHCs have lower interest rate risk (interest rate beta) than THCs. 

Panel 2  

Portfolio 
Name 

Description 

MEMBER Stocks issued by HCs that control FHLB members. 
NONMEMBER Stocks issued by HCs that do not control FHLB members. 

HIGH_ADV 
Stocks issued by HCs that control FHLB members and have advances to total liabilities ratios in 
the highest quartile of the sample. 

LOW_ADV 
Stocks issued by HCs that control FHLB members and have advances to total liabilities ratios in 
the lowest quartile of the sample. 

THC Stocks issued by THCs. 
BHC Stocks issued by BHCs. 
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Figures 1-1 to 1-6 show that a period of increased volatility in HC stock returns 

began in the third quarter of 2007 and continued at varying degrees of severity through 

the end of 2009. During the third quarter of 2007, losses on subprime mortgage-backed 

securities initiated a panic in the market for repurchase agreements. At that time, interest 

rates rose for a variety of liabilities used by FIs and remained elevated through the end of 

the study (Gorton, 2010). If FHLBs provide liquidity to their members during credit 

crunches, FHLB members can be expected to demonstrate smaller increases in risk 

during this period. This leads to testing of the following hypothesis: 

H1B: HCs with FHLB-member subsidiaries exhibited smaller increases in total risk 

during the financial crisis (the third quarter of 2007 through the end of 2009) than those 

with only non-member subsidiaries. 

Stock market data make possible the estimation of the portfolios’ market risk and 

interest rate risk using two-factor econometric models of returns that include as 

dependent variables the returns on a market portfolio and a measure of long-term interest 

rates. A negative relationship between FHLB membership and market risk can be 

expected if FHLB policies reward members for reducing credit risk. BHCs and THCs that 

control FHLB members can be expected to be less sensitive to market fluctuations that 

affect borrower creditworthiness. The following hypothesis is therefore tested: 

H1C: FHLB membership of subsidiary FIs is associated with lower market risk of 

parent HCs, where market risk is measured by the market beta from a two-factor model 

of stock returns. 
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Figure 1-1: HIGH_ADV Portfolio Daily Returns, 2001-2009 

 

Figure 1-2: LOW_ADV Portfolio Daily Returns, 2001-2009 

 

Figure 1-3: MEMBER Portfolio Daily Returns, 2001-2009 
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Figure 1-4: NONMEMBER Portfolio Daily Returns, 2001-2009 

 

Figure 1-5: BHC Portfolio Daily Returns, 2001-2009 

 

 

Figure 1-6: THC Portfolio Daily Returns, 2001-2009 
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In regards to interest rate risk, BHC and THC assets typically have longer maturities 

than their liabilities. As a result, when interest rates rise, the value of their assets falls 

more than the value of their liabilities, engendering a loss in the firm’s net worth. BHCs 

that hedge against interest rates fluctuations reduce the sensitivity of their returns to 

interest rate changes. If FHLBs offer products that help lower interest rate risk, HCs with 

member subsidiaries will likely exhibit lower interest rate risk. This motivates the 

following hypothesis: 

H1D: FHLB membership of subsidiary banks and thrifts is associated with lower 

interest rate risk of parent HCs, where interest rate risk is measured by the interest rate 

beta from a two-factor model of stock returns. 

To test hypotheses regarding the relationship between reliance on FHLB advances 

and risk, additional stock portfolios are formed according to HCs’ advances to total 

liabilities ratios. If FHLBs restrict the quantity and raise the cost of advances to risky 

members, the risk of a portfolio of HCs that control FHLB-member subsidiaries and are 

most reliant on FHLB advances can be expected to be less than the risk of a portfolio of 

HCs that control FHLB-member subsidiaries and are least reliant on FHLB advances. 

The following hypothesis is, therefore, tested: 

H2A: Greater bank and thrift reliance on advances is associated with lower total risk 

(conditional variance of returns) of the parent HCs. 

If FHLB advances are issued on risk-reducing terms to members, and if FHLBs 

provide additional advances to relatively low-risk institutions during credit crunches, the 

negative relationship between reliance on advances and total risk that is hypothesized to 
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have existed before mid-2007 can be expected to strengthen afterward. Therefore, the 

following hypothesis is also tested: 

H2B: Greater bank and thrift reliance on advances is associated with smaller spikes 

in total risk (conditional variance of returns) of parent HCs during the financial crisis 

(the third quarter of 2007 through the end of 2009).  

If FHLB advances are more costly for risky members, it is likely that HCs with 

relatively low market risk will be able to obtain more advances than those with relatively 

high market risk. This implies the following hypothesis: 

H2C: Greater bank and thrift reliance on advances is associated with lower market 

risk (market beta) for parent HCs.  

If FHLB advances with long maturities help lower FHLB members’ interest rate 

risk, it is likely that HCs that fund a greater proportion of their lending with advances will 

have lower interest rate risk. The following hypothesis is, therefore, tested: 

H2D: Greater bank and thrift reliance on advances is associated with lower interest 

rate risk (interest rate beta) of parent HCs.  

As mentioned earlier, the federal governments’ thrift and THC regulator, the OTS, 

was eliminated by the Dodd-Frank Act of 2010. The agency’s demise followed a number 

of criticisms of its regulation of large FIs that failed or nearly failed during the financial 

crisis. For instance, the Treasury department and FDIC’s inspectors general reported in 

April 2010, ―a number of weaknesses in OTS oversight of Washington Mutual.‖ This 

included failures to ensure that Washington Mutual, then the nation’s largest savings and 

loan (S&L), corrected problems with loan underwriting weakness in management, and 
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inadequate internal controls.
5
 In contrast, the Dodd-Frank Act granted the federal BHC 

regulator, the Federal Reserve, greater regulatory powers even though many of the BHCs 

it oversaw were troubled as well, as evidenced by the many BHCs that received 

substantial bailout funds through the TARP program.
6
 While a few large THCs 

contributed to systemic problems, it is possible that small and mid-sized THCs were no 

more risky than BHCs and may be even safer. The system of thrift chartering and 

regulation initially developed in the early part of the 20
th

 century in order to address 

issues related to small, community-based financial institutions. The system may have 

remained adequate for managing the risks of smaller institutions, though not for giant 

THCs. Inclusion of thrift and THC data in the sample enables tests of differences in the 

riskiness of BHCs and THCs. The following hypotheses, parallel to the hypotheses 

presented above, are also tested:  

H3A: BHCs have lower total risk (conditional variance of returns) than THCs.  

H3B: BHCs experienced smaller increases in total risk (conditional variance of 

returns) during the financial crisis than THCs. 

H3C: BHCs have lower market risk (market beta) than THCs.  

H3D: BHCs have lower interest rate risk (interest rate beta) than THCs.  

                                                
5 Department of the Treasury and Federal Deposit Insurance Corporation (2010). Evaluation of Federal 

Regulatory Oversight of Washington Mutual Bank. Retrieved Aug. 10, 2010 from 

http://www.ustreas.gov/inspector-general/audit-reports/2010/10-002EV.pdf. 
6
 The Treasury Department lists all TARP recipients, which include dozens of BHCs, in monthly reports to 

Congress that were mandated in Section 105(a) of the Emergency Economic Stabilization Act of 2008. As 

of May 6, 2011, these reports were available on the World Wide Web at 

http://www.treasury.gov/initiatives/financial-stability/briefing-room/reports/105/Pages/default.aspx 
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1.3 Model and Methodology 

This section presents the econometric approach used to test the hypotheses 

described above. It includes a description of the GARCH approach to modeling asset 

returns, the specification of the mean and variance equations, an explanation of the 

estimation approach, and a discussion of how the model estimates will be used to test the 

hypotheses and interpret the results. 

Since their introduction in the 1980s, GARCH models have frequently been used 

to study the behavior of asset returns. Surveys of the literature on GARCH models 

include Bollerslev (1992), Engle (2001), and Bauwens, Laurent, and Rombouts (2006). 

The GARCH(1,1) approach, which is used in this study, models the period t conditional 

variance of an asset’s return as a function of the period t-1 squared residual (the ARCH 

term) and the t-1 conditional variance estimate (the GARCH term). In this study, the 

period t conditional variance estimate measures the volatility of HCs’ stock returns and 

proxies for the HCs’ expected total risk. GARCH models offer advantages over simpler 

mean regression models because they do not assume the variance of the regression error 

term is constant over time; they allow researchers to model the dynamics of conditional 

variance; and they need not assume that stock returns are distributed normally. This 

framework enables one to model a stock or a portfolio’s total risk as it changes over time.  

GARCH studies related to the stock returns of FIs include Song (1994), who 

studies the interest rate risk and market risk of portfolios of DI stocks; Elyasiani and 

Mansur (1998), who use GARCH-in-mean (GARCH-M) models to study the impact of 

return volatility and interest rate volatility on BHC portfolio returns; Elyasiani, Mansur, 
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and Pagano (2007), who use multivariate GARCH models to study inter-industry 

spillovers of risk on the stock returns of several types of FIs; and Elyasiani, Mansur, and 

Wetmore (2010), who use multivariate GARCH models to study the equity returns and 

return volatilities of real estate investment trusts (REITs), BHCs, S&L holding 

companies, and LICs. 

In this study, bivariate GARCH models are employed to describe the conditional 

means and conditional variances of pairs of portfolio return series. For portfolios indexed 

by i = 1 or 2, the conditional means of returns (Rit) are modeled using two factors: the 

market return (RMt) and the lagged change in the level of long-term interest rates (∆IR10t-

1). Akella and Chen (1990); Bae (1990); Browne, Carson, and Hoyt (1999); Elyasiani and 

Mansur (2003); Elyasiani and Mansur (2004); and Elyasiani et al. (2007) find that market 

returns and long-term interest rates have significant effects on BHC stock returns. Due to 

the non-stationarity of the daily long-term interest rate series, the differenced series is 

used here, as in Elyasiani et al. (2007). The lagged value of the differenced interest rate is 

used to avoid endogeneity bias which may arise from contemporaneous correlation of 

shocks to the financial markets, represented by the error term, and innovations in the 

interest rate. The two-factor model enables the estimation and comparison of each 

portfolio’s market risk and interest rate risk, represented by the market and interest rate 

betas. Simultaneous estimation of the two return models allows Wald tests of cross-

equation equality of market and interest rate betas as well as cross-equation equality of 

the parameters in the conditional variance equation. 
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The GARCH (1,1) models of the conditional variance terms (hii,t) are augmented 

by variables that represent the average size of the HCs in portfolio i (SIZEit,) as well as 

dummy variables representing three phases of the financial crisis (D1, D2, and D3, 

described below). SIZEit is included because market participants may think that large HCs 

are ―too big to fail,‖ limiting the amount by which their prices may fall, which in turn 

reduces the volatility of the large HCs’ returns.
7
 SIZEit is computed as the logarithm of 

the average market value (price times thousands of shares outstanding) of the HCs in the 

portfolio each day. Market value is used rather than total assets because daily data are 

available for it. The logarithm is used because of the substantial skewness of the market 

value distributions.   

In Figures 1-1 to 1-6, it is evident that a period of sustained volatility in HC stock 

returns began in the third quarter of 2007 and continued at varying degrees of severity 

through the end of 2009. The beginning of the period corresponds with news of mounting 

losses on subprime mortgage-backed securities, which initiated a panic in the market for 

repurchase agreements (repos) for which such securities served as collateral. At that time, 

interest rates rose for a variety of liabilities used by FIs and remained elevated through 

the end of the study (Gorton, 2010). Return volatility increased further in the third quarter 

of 2008, when the collapse of Lehman Brothers sparked a widespread credit crunch. In 

May 2009, credit and security markets reacted favorably to the results of the Treasury 

Department’s Supervisory Capital Assessment Program, or ―stress tests,‖ for 19 large 

                                                
7
 Nine of the country’s largest HCs were the first in which the federal government took equity positions as 

part of the Troubled Asset Relief Program (TARP). These HCs were Bank of America, JPMorgan Chase, 

Wells Fargo, Citigroup, Merrill Lynch, Goldman Sachs, Morgan Stanley, Bank of New York Mellon, and 

State Street. 
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U.S. FIs (Mishkin, 2011). Figures 1-1 to 1-6 indicate that by the third quarter of 2009, 

HC return volatility had reverted to levels seen from the middle of 2007 through collapse 

of Lehman Brothers, though not to levels seen before mid-2007. 

 To model the fluctuations in volatility that are common to all six portfolios during 

the financial crisis, three dummy variables representing three phases of the crisis are 

included in the conditional variance model. The variable D1 takes the value of one from 

the start of 2007:3 through the end of 2008:2, a period starting about the time the troubles 

began in the repo market and ending shortly before the Lehman Brothers collapse. During 

this period, the FHLBs substantially increased advances to improve members’ liquidity 

(Ashcraft, Bech, & Frame, 2010). Variable D2 equals one from the start of 2008:3 to 

2009:2. This period includes the collapse of Lehman Brothers and runs until shortly after 

the stress test results were announced. Variable D3 takes the value of one from the start of 

2009:3 to the study’s conclusion at the end of 2009:4.
8
  

The estimated systems each include five equations written as follows:  

                                (1-1) 

                   
                                               (1-2) 

                                (1-3) 

                   
                                               (1-4) 

                                         (1-5) 

         
              

                                                
8
 The increase in portfolio return volatility during the financial crisis dwarfs the increases that occurred at 

various times from 2001 through 2003, a period that included the deflation of the ―dot-com bubble,‖ the 

September 11, 2011 terrorist attacks, and a series of accounting scandals at large, publicly-traded 

corporations such as Enron and WorldCom. The model was estimated with dummy variables representing 

these periods; the coefficients on the dummy variables were not statistically significant. 
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The conditional variance-covariance relationship (Equation 1-5) is modeled so 

that the conditional variances (hii,t and hjj,t) may change but the correlation (ρij) between 

the series is constant. The value of ρij is estimated with the other parameters. The constant 

correlation specification of multivariate GARCH models was first proposed in Bollerslev 

(1990). Unlike some other multivariate GARCH models, it ensures the conditional 

variance-covariance matrix of returns is positive semi-definite. 

The models are estimated using the method of maximum likelihood using the 

optimization algorithm of Berndt, Hall, Hall, and Hausman (1974). Initial values were 

taken from the corresponding parameter estimates from univariate GARCH models. 

Because maximum likelihood estimates of GARCH models may be sensitive to 

differences in initial values, each model was estimated using 10 different sets of initial 

values. The results reported here are based upon the set of initial values that produced the 

largest value of the log likelihood function.  

In the system specified above, R1t and R2t vary depending on which of the three 

pairs of portfolios discussed earlier are under consideration. The first pair includes a 

portfolio of FHLB members (MEMBER) and a portfolio of FHLB non-members 

(NONMEMBER). The second pair includes a portfolio of firms that are most reliant on 

FHLB advances (HIGH_ADV) and a portfolio of HCs that are least reliant on advances 

(LOW_ADV). The third pair includes a portfolio of BHCs (BHC) and a portfolio of THCs 

(THC). Portfolio construction methods are described in more detail in Section 1.4.2. 

The period t conditional variances of the portfolios, h11,t and h22,t, are interpreted 

as the portfolios’ total risk. Two tests are performed to assess whether there are 
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significant differences in total risk between the portfolios in each pair. First, t-tests are 

performed to test for differences in mean total risk. Conclusions from this test, however, 

rely on the assumption that the variables under consideration are normally distributed. 

Histograms of the conditional variances indicate the distributions of those variables are 

skewed right. For this reason, differences in the median total risk of the portfolios are 

calculated, and non-parametric, Mann-Whitney tests of differences in distribution are 

performed. Depending on the pair of portfolios under consideration, these tests provide 

evidence regarding hypotheses H1A (FHLB membership is associated with lower total 

risk), H2A (greater reliance on advances is associated with lower total risk), and H3A (OTS 

regulation is associated with lower total risk).  

To put the differences in total risk in economic terms, the model estimates are 

used to compute the one-percent, one-day Value at Risk (VaR) for each day studied. 

(Appendix A contains an explanation of VaR and how it is computed). The VaR 

estimates allow comparison of the losses on hypothetical $1 million investments in the 

portfolios that would occur on days with unusually large, negative returns. As with total 

risk, the t- and Mann-Whitney tests are used to test for differences in the daily VaR 

means and distributions. The threshold for economic significance is set at a difference in 

one-percent, one-day VaR of $1,000, or 0.1% of the hypothetical $1 million investment. 

This is assumed to be an amount that, for a hypothetical investor, would justify the 

transaction cost of switching from the higher VaR portfolio to the lower VaR portfolio, 

given equal expected returns. 
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The coefficients on the conditional variance equations’ dummy variables, ϕi1, ϕi2, 

and ϕi3, represent the change in portfolio i’s (i =1,2) total risk during the three phases of 

the financial crisis (described above) relative to the 2001:1 to 2007:2 base period. Wald 

statistics are calculated to test equality of the dummy variable coefficients across 

portfolios. Depending on the pair of portfolios under consideration these tests provide 

evidence regarding hypotheses H1B (FHLB membership is associated with a smaller 

increases in total risk during the financial crisis), H2B (greater reliance on advances is 

associated with a smaller increase in total risk during the crisis), and H3B (OTS regulation 

is associated with a smaller increase in total risk during the crisis).  

Portfolio i’s market beta, βi1, is interpreted as the portfolio’s market risk. Wald 

statistics are calculated to test the hypothesis of equality of market betas across portfolios, 

providing evidence regarding hypotheses H1C (FHLB membership is associated with 

lower market risk), H2C (greater reliance on advances is associated with lower market 

risk), and H3C, (OTS regulation is associated with lower market risk).  

Portfolio i’s interest rate beta, βi2, is interpreted as the portfolio’s interest rate risk, 

the sensitivity of the portfolio’s returns to fluctuations in interest rates. Differences in 

interest rate betas are computed and Wald statistics are calculated to test the hypothesis of 

equality of interest rate betas across portfolios, providing evidence regarding hypotheses 

H1D (FHLB membership is associated with lower interest rate risk), H2D (greater reliance 

on advances is associated with lower interest rate risk), and H3D (BHC status is associated 

with lower interest rate risk).  
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1.4 Data 

This section describes the sources of data and the methods used to form the 

portfolios as well as the advantages of the data employed. Previous research (Bennett et 

al., 2005; Stojanovic et al., 2008) has relied on risk measures based on accounting data 

and confidential supervisory ratings. Accounting-based data have several disadvantages: 

they are backwards looking, reporting the past behavior of FIs; they fail to incorporate 

information about systemic or macroeconomic risk; and they are subject to managers 

―window dressing‖ through the discretion allowed by accounting rules and by timing the 

reporting of bad news. Confidential supervisory ratings have the disadvantage of being 

unavailable to the public. Market data, on the other hand, incorporate investors’ 

knowledge of economy-wide conditions, their expectations for future HC performance, 

and information that HC managers do not release in accounting statements. In this study, 

HC stocks are assembled into portfolios according to the following criteria: FHLB 

membership (a portfolio of HCs that control FHLB member subsidiaries and a portfolio 

of HCs that do not); dependence on FHLB advances (a portfolio of the HCs that control 

FHLB members and are most reliant on advances and a portfolio of HCs that control 

FHLB members and are least reliant on advances); and HC type (a portfolio of BHCs and 

a portfolio of THCs). Portfolios condense information from hundreds of HCs into a few 

relatively easy-to-compare assets and smooth out noise from short-term shocks to 

individual HCs while allowing examination of differences in behavior among different 

classes of HCs. 
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1.4.1 Data Sources 

All data on stocks come from the Center for Research on Security Prices (CRSP) 

by way of Wharton Research Data Services (WRDS). Returns on all stocks (Rt) include 

dividends. The return on the market portfolio (RMt) is the return on the CRSP equally-

weighted market portfolio including dividends. The differenced long term interest rate 

(∆10YT) is the differenced yield on the 10-year constant maturity Treasury, the data for 

which come from the Federal Reserve Board of Governors. For commercial bank 

subsidiaries of BHCs, accounting data come from Call Reports. For BHCs, accounting 

data come from BHC (Y-9C) reports. Both Call Reports and Y-9C reports are supplied 

by the Federal Reserve Bank of Chicago. For thrift subsidiaries, the corresponding data 

come from Thrift Financial Reports (TFRs) supplied by the OTS. For THCs these data 

come from Standard & Poor’s Compustat database.
9
 Advances to total liabilities ratios 

are calculated by aggregating the advances reported by each HC’s subsidiaries in the call 

reports or TFRs and dividing them by the HC’s total liabilities from the BHC reports or 

Compustat. FHLB membership information comes from the FHFA.  

The study covers the period from the start of 2001, when advances data for banks 

are first available in the Call Reports, through the end of 2009. For the years 2001 

through 2007, BHC accounting data were matched to stock market data using a listing of 

BHCs’ Federal Reserve and CRSP identification numbers produced by the Federal 

Reserve Bank of New York. In 2008, BHCs began reporting their Committee on Uniform 

Security Identification Procedures (CUSIP) numbers in BHC reports. Those CUSIP 

                                                
9
 The OTS does not make THC accounting data public, hence the need to obtain this data from Compustat. 
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numbers were used to match BHC accounting data to CRSP data for 2008 and 2009. For 

all years, THC accounting data were matched to CRSP stock return data using THC 

ticker symbols supplied by the OTS. In any given time period, HCs are included in the 

sample if stock market data and accounting data are both available. HCs listed in the 

FHFA data as controlling FHLB-member LICs are excluded because data on LIC 

advances are not available. 

 Some descriptive statistics for the HCs in the sample are presented in Table 1-2. 

In terms of size, the HCs represent a broad range of U.S. BHCs and THCs, although mid-

sized and large HCs are disproportionately represented because they are more likely to 

issue stocks. HCs in the sample reported total assets between $63 million (University 

Bank of Ann Arbor, Michigan in the first quarter of 2006) to $2.3 trillion (Bank of 

America in the first quarter of 2009). Aggregate advances held by HCs in the sample 

range from $232 billion to $497 billion, depending on the quarter of the observation. 

Given that system-wide FHLB advances outstanding ranged from $473 billion to $928 

billion during this time, the sample includes firms that were using roughly 40% to 60% of 

all advances outstanding, depending on the date. The advances to total liabilities ratios 

have a mean of 10.0 percent, a median of 7.8 percent, and a range from 0 to 62.0 percent 

HCs have advances to total liabilities ratios greater than 50 percent for only 13 

observations, and the 99
th

 percentile of the advances to total liabilities ratio is 39.8 

percent. 
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Table 1-2 

Descriptive Statistics on Bank and Thrift Holding Companies in the Sample (2001-2009) 

 N Mean Median Minimum Maximum Std. Dev. 

Total Assets ($1,000s)  20,223   15,943,239   1,137,122   63,094  2,323,415,453   88,745,796  
Total Liabilities ($1,000s)  20,223   14,446,191   1,019,647   28,215  2,081,904,631   80,856,281  

Advances ($1,000s)  20,223   584,284   71,227  0  72,452,269   3,185,016  

Advances to Total Liabilities Ratio  20,223  0.100  0.078  0 0.620 0.094 

Aggregate Advances (quarterly, $1,000s) 36 328,221,567  319,968,377  231,613,495  497,819,836   63,278,687  

This table presents some descriptive statistics on the bank and thrift holding companies studied. Figures come from quarterly regulatory reports and the 

Compustat database. For total assets, total liabilities, advance, and advances to total liabilities ratio, each observation is the figure for one BHC or one 

THC for one quarter. Aggregate advances is the quarterly sum of advances taken by all BHCs and THCs in the sample.  
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1.4.2 Portfolio Formation  

Six equally-weighted portfolios of HC stocks are formed and grouped into three 

pairs for comparison. (See Table 1-1, Panel 2 for brief portfolio descriptions, tables 1-3 

and 1-4 for descriptive statistics for each portfolio, and Section 1.5.1 for more descriptive 

statistics.) Studying portfolio returns offers several advantages over studying the cross-

section of HC returns. Portfolios combine data from hundreds of HCs into a few assets 

that are relatively easy to compare. In addition, portfolios smooth out sudden 

fluctuations, or noise, in returns from short-term shocks to individual HCs while allowing 

examination of differences in behavior among different categories of HCs. 

The first two portfolios are formed according to HC control of FHLB-member 

subsidiaries. The HCs that control at least one FHLB-member subsidiary enter a portfolio 

called ―MEMBER‖ while the HCs that do not are placed in a portfolio called 

―NONMEMBER.‖ The portfolios change each quarter as BHCs enter and leave the 

sample and change their membership status. These portfolios allow tests of the 

hypotheses regarding the relationship between FHLB membership and total risk, changes 

in total risk during the financial crisis, market risk, and interest rate risk (H1A, H1B, H1C, 

and H1D). 

 The second pair of portfolios is formed according to HC reliance on advances. The 

HIGH_ADV portfolio contains HCs in the top quartile of advances to liabilities ratio 

among HCs that control at least one FHLB member. The LOW_ADV portfolio contains 

HCs in the bottom quartile of HCs that control at least one FHLB member. The advances-

to-total liabilities ratio quartiles are recomputed each quarter, and the portfolio 
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Table 1-3, Panel 1: Descriptive Statistics on Portfolios, 2001-2009 

 

N Mean Median Std. Dev. Min. Max. 

Number of Stocks 

MEMBER 2246 541.3 554 32.97 464 587 

NONMEMBER 2246 22.2 22 4.95 13 31 

HIGH_ADV 2246 139 143 8.53 119 150 

LOW_ADV 2246 139.7 143 8.44 119 151 

BHC 2246 428.6 443 28.08 362 459 

THC  2246 138.1 138 9.88 117 156 

Advances to Total Liabilities Ratio 

MEMBER 2246 0.104 0.107 0.008 0.083 0.116 

NONMEMBER 2246 0 0 0 0 0 

HIGH_ADV 2246 0.232 0.238 0.02 0.18 0.263 

LOW_ADV 2246 0.007 0.007 0.004 0.001 0.018 

BHC 2246 0.083 0.083 0.008 0.07 0.101 

THC  2246 0.153 0.159 0.018 0.109 0.188 

This table contains descriptive statistics on the portfolios used in the study. Statistics are calculated using the daily observations on 

each portfolio. The section headed ―Number of stocks‖ contains figures on the number of stocks in each portfolio each day. ―Advances 

to Total Liabilities Ratio‖ contains descriptive statistics on the average advances to total liabilities ratio of the HCs included in each 

portfolio. For each HC, the advances to total liabilities ratio is the sum of all subsidiary advances divided by HC total liabilities.  
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Table 1-3, Panel 2: Descriptive Statistics on Portfolios, 2001-2009 

 N Mean Median Std. Dev. Min. Max. 

Total Assets ($1,000s) 

MEMBER 2246 13,515,470 12,223,533 2,825,458 10,428,433 20,104,632 

NONMEMBER 2246 63,888,046 61,471,086 33,136,239 20,423,400 148,575,873 

HIGH_ADV 2246 5,266,515 5,168,659 1,392,995 3,102,288 8,350,828 

LOW_ADV 2246 40,487,245 40,848,206 7,535,775 26,113,600 56,868,320 

BHC 2246 11,707,024 10,671,830 2,266,727 9,020,855 17,079,367 

THC  2246 30,031,822 29,100,703 8,945,055 16,473,047 45,855,479 

Market value ($1,000s) 

MEMBER 2246 1,940,304 2,047,217 512,815 459,500 2,852,798 

NONMEMBER 2246 21,552,720 23,910,453 8,288,447 5,843,844 38,064,438 

HIGH_ADV 2246 679,053 704,721 219,519 197,201 1,121,530 

LOW_ADV 2246 7,392,323 7,924,812 1,904,946 2,331,645 10,650,930 

BHC 2246 1,852,184 1,993,068 396,778 507,479 2,459,470 

THC  2246 5,546,043 5,818,158 1,997,312 1,472,982 8,951,534 

This table contains descriptive statistics on the portfolios used in the study. Statistics are calculated using the daily observations on each 
portfolio. The section headed ―Total Assets‖ has the quarterly average total assets of the HCs in each portfolio. ―Market value‖ shows 

figures on the daily average market value of the HCs in each portfolio. Market value is the price of the HC’s stock times the number of 

shares outstanding in thousands.  
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Table 1-4: Descriptive Statistics of Variables Used in Analysis – Returns and Long-Term Interest Rate, 2001-2009 
 Returns -

MEMBER  

Returns -

NONMEMBER 

Returns - 

HIGH_ADV  

Returns - 

LOW_ADV 

Returns - 

THC  

Returns -  

BHC 

Market 

Return (RM)  

∆10YT 

N 2,246 2,246 2,246 2,246 2,246 2,246 2,246 2,246 

Mean 0.00044 0.00061 0.00040 0.00048 0.00049 0.00044 0.00073 -0.00047 

Std. Dev. 0.01086 0.01706 0.00954 0.01349 0.01010 0.01147 0.01199 0.06579 

Minimum 0.08859 0.11506 0.06946 0.11588 0.08055 0.09169 0.06724 0.25000 

Maximum -0.07479 -0.12710 -0.05906 -0.10311 -0.06503 -0.08099 -0.08031 -0.51000 

Median 0.00059 0.00059 0.00066 0.00068 0.00072 0.00058 0.00142 0.00000 

J-B (MSL) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Skewness 0.476 0.232 0.319 0.465 0.204 0.530 -0.418 -0.040 

Kurtosis 12.647 10.727 9.461 13.704 9.552 13.215 6.632 2.723 

Q(10) 30.921** 25.558** 36.462** 40.959** 26.622** 32.602** 72.249** 20.448** 

Q(20) 56.687** 52.361** 65.539** 69.672** 40.220** 62.499** 95.410** 30.875* 

Q(30) 76.505** 83.862** 75.718** 99.917** 61.602** 81.859** 123.058** 41.803* 

Q2(10) 1,432.049** 1,365.230** 1,622.791** 1,645.428** 1,854.062** 1,328.448** 2,767.534** 184.599** 

Q2(20) 2,529.507** 2,499.106** 2,674.927** 3,056.188** 2,993.537** 2,421.741** 4,741.611** 298.769** 

Q2(30) 3,346.071** 3,417.193** 3,461.831** 4,172.824** 3,892.806** 3,224.097** 6,322.004** 428.329** 

This table presents descriptive statistics for some of the variables used in this study. The first six columns have descriptive statistics on the daily returns on the 
following portfolios: MEMBER, the portfolio of stocks issued by HCs that control FHLB member subsidiaries; NONMEMBER, the portfolio of stocks issued by 
HCs that do not control FHLB member subsidiaries; HIGH_ADV, the portfolio of stocks issued by HCs that control an FHLB member subsidiary and have 

advances to total liabilities ratios above the top quartile of HCs that control an FHLB member; LOW_ADV, the portfolio of stocks issued by HCs that control an 
FHLB member subsidiary and have advances to total liabilities ratios above the top quartile of HCs that control an FHLB member; BHC, the daily returns on a 
portfolio of BHC stocks; THC, the portfolio of THC stocks. The market return (RM) is the return on the CRSP equal-weighted market portfolio. ∆IR10 is the 
daily change in the yield on a constant maturity 10-year Treasury bond. J-B is the Jarque-Bera joint normality test statistic. MSL stands for marginal significance 
level. Q(n) and Q2(n) are the Ljung-Box test statistics for the 10th, 20th, and 30th order autocorrelation in return and squared return series. The critical values at the 
5% level for 10, 20, and 30 degrees of freedom are 18.30, 31.41, and 43.77, respectively.  
***, **, and * represent significance at the 1%, 5%, and 10% levels, respectively. 
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compositions change accordingly. These portfolios allow tests of the hypotheses 

regarding the relationship between reliance on advances and the various types of risk 

(H2A, H2B, H2C, and H2D).  

The third pair of portfolios is formed according to HC type. HCs are classified as 

BHCs if they are regulated by the Federal Reserve and, hence, appear in the BHC reports. 

The portfolio of BHC stocks is called BHC. HCs are classified as THCs if they are 

regulated by the OTS and, hence, appear in the OTS data. THC stocks are included in a 

portfolio called THC. These portfolios allow tests of the hypotheses regarding the 

relationship between HC type and the various types of risk (H3A, H3B, H3C, and H3D).  

1.5 Empirical Results 

This section presents the empirical analysis. Descriptive statistics, model 

diagnostics, and a brief summary of model estimates are reported first. They are followed 

by results of tests concerning the relationship between risk and FHLB membership, 

reliance on advances, and HC type.  

1.5.1 Descriptive Statistics and Model Diagnostics  

This section summarizes the descriptive statistics, presented in tables 1-3, 1-4, and 1-

5. The sample contains 2,246 daily observations taken from the first day of 2001 through 

the last day of 2009. Model estimates use 2,244 observations because two observations 

are lost to the lagging and differencing of the 10-year Treasury yield series. The 

MEMBER portfolio contains between 464 and 587 stocks with a mean of 541.3. The 

NONMEMBER portfolio contains between 13 and 31 stocks and has a mean of 22.2. The 

HIGH_ADV portfolio contains between 119 and 150 stocks, depending on the quarter, 
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with a mean of 139 stocks. The LOW_ADV portfolio contains a minimum of 119 stocks, 

a maximum of 151 stocks, and a mean of 139.7. The BHC portfolio contains between 362 

and 459 stocks and has a mean of 428.6. The THC portfolio contains between 117 and 

156 stocks and has a mean of 138.1.  

Ljung-Box Q statistics were computed for the return and squared return series at 10, 

20, and 30 lags (Table 4). All of these statistics lead to rejection of the hypothesis of no 

autocorrelation in the return and squared return series, supporting the use of GARCH 

models. Jarque-Bera tests for normality as well as tests of skewness and kurtosis indicate 

the return series are non-normal and skewed, further supporting GARCH modeling of the 

return series. Dickey and Fuller (1979) and Phillips and Perron (1988) unit root tests were 

conducted on all portfolio return series, the market return series (RMt), all log market 

value (SIZEit) series, and the series of undifferenced 10-year Treasury yields. The null 

hypothesis of a unit root is rejected for all series except the 10-year Treasury yields. Once 

differenced, the null of a unit root is rejected for the 10-year Treasury yields. This 

supports the use of the first difference of 10-year Treasury yields in the models.  

Table 1-6 presents the estimates of the bivariate GARCH model for the MEMBER, 

and NONMEMBER portfolios; Table 1-7 presents the estimates for the HIGH_ADV and 

LOW_ADV portfolios; and Table 1-8 presents the estimates for the BHC and THC 

portfolios. Before examining the relationships of interest, three details about these 

estimates are noted. First, the sums of the ARCH(1) and GARCH(1) parameters for each 

portfolio (λi1 +αi1) are at least 0.849 and less than 1. These parameter sums measure the 

persistence of portfolio return volatility. The values imply that the proportion of a shock
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Table 1-5: Descriptive Statistics of Variables Used in Analysis – Average Logarithms of Market Values (SIZE), 

2001-2009 

 SIZE  - 
HIGH_ADV 

SIZE  - 
LOW_ADV 

SIZE  - 
MEMBER 

SIZE  - 
NONMEMBER 

SIZE  - 
THC 

SIZE  - 
BHC 

N 2,246 2,246 2,246 2,246 2,246 2,246 

Mean 11.855 12.762 12.206 14.615 12.492 12.256 

Std. Dev. 0.336 0.253 0.325 0.450 0.398 0.327 

Minimum 12.280 13.223 12.606 15.474 13.105 12.608 

Maximum 10.906 12.169 11.184 13.648 11.532 11.170 

Median 11.926 12.767 12.276 14.806 12.595 12.316 

J-B (MSL) 0.000 0.000 0.000 0.000 0.000 0.000 

Skewness -0.738 0.087 -0.808 -0.453 -0.165 -1.042 

Kurtosis -0.522 -1.114 -0.295 -0.979 -1.395 0.206 

Q(10) 22,361.267** 21,861.749** 22,377.054** 21,934.136** 22,422.007** 22,365.120** 

Q(20) 44,469.864** 42,844.909** 44,513.011** 42,986.222** 44,681.355** 44,469.936** 

Q(30) 66,302.572** 63,019.575** 66,356.947** 63,150.570** 66,715.217** 66,272.183** 

Q2(10) 22,363.806** 21,874.997** 22,383.274** 21,930.183** 22,425.992** 22,372.109** 

Q2(20) 44,481.838** 42,888.117** 44,538.981** 42,975.797** 44,699.641** 44,498.923** 

Q2(30)  66,331.718** 63,102.763** 66,416.213** 63,128.585** 66,759.498** 66,337.844** 

This table presents descriptive statistics for the daily average logarithm of market value, denoted SIZE, of the HCs included in the six portfolios studied. The 
portfolios are as follows: MEMBER, the portfolio of stocks issued by HCs that control FHLB member subsidiaries; NONMEMBER, the portfolio of stocks 
issued by HCs that do not control FHLB member subsidiaries; HIGH_ADV, the portfolio of stocks issued by HCs that control an FHLB member subsidiary and 
have advances to total liabilities ratios above the top quartile of HCs that control an FHLB member; LOW_ADV, the portfolio of stocks issued by HCs that 
control an FHLB member subsidiary and have advances to total liabilities ratios above the top quartile of HCs that control an FHLB member; BHC, the daily 
returns on a portfolio of BHC stocks; THC, the portfolio of THC stocks. J-B is the Jarque-Bera joint normality test statistic. MSL stands for marginal 
significance level. Q(n) and Q2(n) are the Ljung-Box test statistics for the 10th, 20th, and 30th order autocorrelation in return and squared return series. The 

critical values at the 5% level for 10, 20, and 30 degrees of freedom are 18.30, 31.41, and 43.77, respectively.  
***, **, and * represent significance at the 1%, 5%, and 10% levels, respectively. 

 

 



38 

 

Table 1-6: Bivariate GARCH Model Estimates 2001-2009, MEMBER and 

NONMEMBER Portfolios 
Coefficient Variable MEMBER NONMEMBER 

βi0 Intercept (×10-5) -1.485 -15.340 

  (-0.211) (-1.305) 

βi1 RMt      0.652***      0.996*** 

  (84.014) (74.251) 

βi2 ∆10YTt-1     -0.00338*** -0.001700 

  (-2.828) (-0.808) 

νi1 ARCH(0) (×10-5) 2.083*** 7.034*** 

  (3.424) (4.126) 

λi1 ARCH(1)      0.093***      0.104*** 

  (6.384) (6.435) 

αi1 GARCH(1)      0.777***      0.745*** 

  (21.984) (17.308) 

ϕi1 2007:Q3-2008:Q2 (×10-5) -0.159*** -0.450*** 

  (-3.341) (-4.084) 

ϕi2 2008:Q3-2009:Q2 (×10-5) 0.421*** 0.720*** 

  (4.063) (4.423) 

ϕi3 2009:Q3-2009:Q4 (×10-5) 1.702*** 7.376*** 

  (4.355) (4.794) 

ϕi4 SIZEit (×10-5) 0.159** 0.907*** 

  (2.115) (3.427) 

ρ12 Correlation 0.364***  

  (20.536)  

λi1+ αi1 ARCH(1)+GARCH(1) 0.871 0.849 

Model Diagnostics   

 Likelihood 17475.766  

 Q(10) 201.447*** 0.000 

 Q(20) 283.432*** 0.000 

 Q(30) 343.645*** 0.000 

 Q2(10) 38.933 0.518 

 Q2 (20) 85.610 0.313 

 Q2 (30) 123.433 0.396 

N No. of Obs. 2,244  

This table presents parameter estimates and diagnostic statistics for bivariate GARCH models of the 
daily returns on portfolios of BHC and THC stocks. The model estimated is: 

                                 
                   

                                               

                                 
                   

                                               

                            ,              
             

Results here are for the model estimated using the daily returns on the portfolios MEMBER (HCs that 

control FHLB member subsidiaries) and NONMEMBER (HCs that do not control FHLB member 

subsidiaries).          is the lagged difference of the yield on the 10-year constant maturity Treasury. 

        is the logarithm of the average market value of the stocks in the portfolio. t-values are in 

parentheses. Q(n) are the multivariate Ljung-Box test statistics for the 10th, 20th, and 30th order 

autocorrelation for standardized and squared standardized residuals. The critical values at the 5% level 

for 10, 20, and 30 degrees of freedom are 18.30, 31.41, and 43.77, respectively. ***, **, * represent 

significance at the 1%, 5%, and 10% levels, respectively. 
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Table 1-7: Bivariate GARCH Model Estimates, 2001-2009, HIGH_ADV and 

LOW_ADV Portfolios 
Coefficient Variable HIGH_ADV LOW_ADV 

βi0 Intercept (×10-5) 5.087 1.087 

  (0.686) (0.134) 

βi1 RMt      0.561***      0.757*** 

  (67.999) (84.343) 

βi2 ∆10YTt-1     -0.00324***     -0.00380*** 

  (-2.514) (-2.832) 

νi1 ARCH(0) (×10-5) 1.155*** 0.8122*** 

  (2.896) (3.064) 

λi1 ARCH(1)      0.050***      0.051*** 

  (5.404) (5.957) 

αi1 GARCH(1)      0.864***      0.892*** 
  (31.092) (51.580) 

ϕi1 2007:Q3-2008:Q2 (×10
-5

) -8.918*** -5.812*** 

  (-2.826) (-2.936) 

ϕi2 2008:Q3-2009:Q2 (×10-5) 3.042*** 2.087*** 

  (3.617) (4.766) 

ϕi3 2009:Q3-2009:Q4 (×10-5) 9.648*** 1.730*** 

  (3.856) (4.464) 

ϕi4 SIZEit (×10-5) 0.372*** 0.285*** 

  (3.058) (2.726) 

ρ12 Correlation 0.722***  

  (74.829)  

λi1+ αi1 ARCH(1)+GARCH(1) 0.914 0.943 

Model Diagnostics   

 Likelihood 18855.198  

 Q(10) 182.405*** 0.000 

 Q(20) 247.028*** 0.000 

 Q(30) 295.444*** 0.000 

 Q2(10) 54.061* 0.068 
 Q2 (20) 106.352** 0.026 

 Q2 (30) 142.892* 0.076 

N No. of Obs. 2,224  

This table presents parameter estimates and diagnostic statistics for bivariate GARCH models of the 

daily returns on portfolios of BHC and THC stocks. The model estimated is: 

                                 
                   

                                               

                                 
                   

                                               

                            ,              
             

Results are for the portfolios HIGH_ADV (HCs that control an FHLB member subsidiary and have 

advances to total liabilities ratios above the top quartile of HCs that control FHLB members) and 

LOW_ADV (HCs that control an FHLB member subsidiary and have advances to total liabilities ratios 

below the bottom quartile of HCs that control FHLB members).          is the lagged, differenced 

yield on the 10-year constant maturity Treasury.         is the logarithm of the average market value of 

the portfolio’s stocks. t-values are in parentheses. Q(n) are the multivariate Ljung-Box test statistics for 

the 10th, 20th, and 30th order autocorrelation for standardized and squared standardized residuals. The 5% 

critical values for 10, 20, and 30 degrees of freedom are 18.30, 31.41, and 43.77, respectively. ***, **, * 

represent significance at the 1%, 5%, and 10% levels, respectively. 
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Table 1-8: Bivariate GARCH Model Estimates, 2001-2009, BHC and THC Portfolios 
Coefficient Variable BHC THC 

βi0 Intercept (×10-5) -4.543 2.981 

  (-0.599) (0.450) 

βi1 RMt      0.687***      0.654*** 
  (83.264) (85.918) 

βi2 ∆10YTt-1     -0.00398***     -0.00328*** 

  (-3.033) (-2.776) 

νi1 ARCH(0) (×10-5) 2.429*** 9.302*** 

  (3.381) (3.664) 

λi1 ARCH(1)      0.058***      0.072*** 

  (5.752) (6.586) 

αi1 GARCH(1)      0.839***      0.821*** 

  (28.044) (29.020) 

ϕi1 2007:Q3-2008:Q2 (×10-5) -0.1870*** -0.067*** 

  (-3.333) (-3.549) 

ϕi2 2008:Q3-2009:Q2 (×10-5) 0.264*** 0.220*** 

  (4.002) (3.663) 

ϕi3 2009:Q3-2009:Q4 (×10-5) 1.529*** 0.767*** 

  (3.991) (3.993) 

ϕi4 SIZEit (×10-5) 0.338*** 0.281*** 

  (2.541) (3.361) 

ρ12 Correlation 0.711***  
  (69.772)  

λi1+ αi1 ARCH(1)+GARCH(1) 0.897 0.893 

Model Diagnostics   

 Likelihood 19309.891  

 Q(10) 212.067*** 0.000 

 Q(20) 279.281*** 0.000 

 Q(30) 322.601*** 0.000 

 Q2(10) 59.128** 0.026 

 Q2 (20) 97.942* 0.084 

 Q2 (30) 137.900 0.126 
N No. of Obs. 2,244  

This table presents parameter estimates and diagnostic statistics for bivariate GARCH models of the 

daily returns on portfolios of BHC and THC stocks. The model estimated is: 

                                 
                   

                                               

                                 
                   

                                               

                            ,              
 

            

Results here are for models estimates using the daily returns on the portfolios BHC (BHC stocks) and 

THC (THC stocks).          is the lagged difference of the yield on the 10-year constant maturity 

Treasury.         is the logarithm of the average market value of the stocks in the portfolio. t-values are 

in parentheses. Q(n) are the multivariate Ljung-Box test statistics for the 10th, 20th, and 30th order 

autocorrelation for standardized and squared standardized residuals. The critical values at the 5% level 

for 10, 20, and 30 degrees of freedom are 18.30, 31.41, and 43.77, respectively. ***, **, * represent 

significance at the 1%, 5%, and 10% levels, respectively. 
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that remains after five days is at least (0.849)
5
 or 44.1%. The fact that the sums are less 

than one indicates the variance process is second-order stationary. Second, for all six 

portfolios, the coefficients on the dummy variables representing the three phases of the 

financial crisis are positive and significant. In all six cases the largest of these coefficients 

is associated with D2, representing the phase from the third quarter of 2008 through the 

second quarter of 2009, the period of credit crunch. These results imply prices of the 

stocks in these portfolios all became substantially more volatile in the third quarter of 

2007 and saw particularly large volatility spikes during the peak phase of the credit 

crunch. Third, the coefficient on SIZEit (ϕi1) is negative and significant for all six 

portfolios. This supports the claim that greater HC size is associated with lower total risk 

because market participants think larger HCs are more likely to receive government 

support if they encounter problems.  

1.5.2 FHLB Membership and Risk 

In this section, results are presented regarding H1A, H1B, H1C, and H1D, the 

hypotheses regarding the relationships between FHLB membership and total risk, total 

risk during the financial crisis, market risk, and interest rate risk. The analysis focuses on 

estimates of the bivariate GARCH model, described by equations (1-1) to (1-5), of 

returns on the MEMBER and NONMEMBER portfolios. The MEMBER portfolio contains 

stocks issued by HCs that control at least one FHLB member subsidiary. The 

NONMEMBER portfolio contains stocks issued by HCs that do not.  
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1.5.2.1  FHLB membership and total risk 

First, results are presented regarding H1A (FHLB membership is associated with 

lower total risk as measured by the conditional variance of returns). As Table 1-9 shows, 

the mean and median daily total risk of the MEMBER portfolio are both less than those of 

the NONMEMBER portfolio. The t-test and the Mann-Whitney test reject at the one 

percent level the hypotheses that the means and distributions, respectively, are the same 

(see Table 1-9). In economic terms, the estimated difference (MEMBER minus 

NONMEMBER) in mean one-day, one percent VaR on a $1 million investment is -$7,515 

while the difference in the median is -$5,793. The absolute values of both figures are 

above the $1,000 threshold for economic significance.  

This evidence supports H1A (FHLB membership is associated with lower total 

risk). The risk difference may be explained by two factors. First, FHLBs require members 

to increase their FHLB stock holdings as a condition for obtaining more advances. This 

policy increases the cost of advances, deterring members from using FHLB funds for 

risky loans. Second, FHLBs also increase collateral requirements for outstanding 

advances when members become riskier, further deterring risk taking by members.  

1.5.2.2 FHLB membership and total risk during the financial crisis 

The coefficients on the dummy variables D1, D2, and D3 (ϕi1, ϕi2, and ϕi3 for 

portfolios i=1,2) may be interpreted as measuring changes in total risk during the three 

phases of the financial crisis, all relative to the pre-crisis period, which lasts from the first 

quarter of 2001 through the end of the second quarter of 2007. Table 1-6 presents these 

coefficient estimates. Table 1-9 reports the differences in the coefficient estimates and the 
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Table 1-9: Tests of Risk Equality, MEMBER and NONMEMBER Portfolios, 2001-

2009 

Test (2,244 observations) Difference p-value 

Difference in Total Risk and VaR tests 

Equal mean daily total risk (t-test) (×10-5) -6.117*** <0.001 

Equal daily total risk distributions (Mann-Whitney test) (×10-5) -2.822*** <0.001 

Equal mean daily VaR (t-test) -$7,515*** <0.001 

Equal daily VaR distributions (Mann-Whitney test) -$5,793*** <0.001 

Wald Tests   

Equal total risk increase from 2007:Q3 to 2008:Q2:         (×10-6) -2.991 0.121 

Equal total risk increase from 2008:Q3 to 2009:Q2:         (×10-5) -5.674*** <0.001 

Equal total risk increase from 2009:Q3 to 2009:Q4:         (×10-6) -6.895* 0.0186 

Equal market risk:         -0.0343*** <0.001 

Equal interest rate risk:         (×10-3) -1.676 0.411 

This table shows the results of tests of equality of total risk, daily VaR, total risk increases during the 

financial crisis, market risk, and interest rate risk. Tests of equal daily total risk (conditional variance of 

returns) and Value at Risk (VaR) are performed using t-tests and Mann-Whitney tests. VaR is the 

portfolio’s one-day, 1% value at risk, the change in the value of a $1 million investment in the portfolio 

if the portfolio’s realized return is equal to the first percentile of its expected return distribution. The 

remaining tests of equal risk are performed using Wald statistics. Estimates from the following bivariate 

GARCH model are used to calculate the test statistics and VaR figures: 
                                 

                   
                                               

                                 

                   
                                               

                            ,              
             

For portfolio i (i = 1,2), hii,t is the conditional variance, interpreted as total risk, βi1 is the market beta, 

interpreted as market risk, and βi2 is the interest rate beta, interpreted as interest rate risk. MEMBER is a 

portfolio of stocks issued by HCs that control FHLB-member subsidiaries, while NONMEMBER is a 
portfolio of stocks issued by HCs that do not. Values in the ―Difference‖ column are the MEMBER 

values minus the NONMEMBER values. ***, **, * represent significance at the 1%, 5%, and 10% 

levels, respectively. 
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Wald tests of coefficient equality between the MEMBER and NONMEMBER portfolios. 

For the dummy variable D1, the test does not reject equality of the coefficients. For D2 

and D3, the coefficient estimates for the MEMBER portfolio are significantly less than 

that of the NONMEMBER portfolio. These results provide partial support for H1B (FHLB 

membership is associated with smaller spikes in total risk during the financial crisis). The 

dummy variable D1 represents the early stage of the financial crisis, the period from the 

third quarter of 2007 through the second quarter of 2008, when the credit crunch was 

largely limited to the mortgage sector. The dummies D2 and D3 represent the latter two 

phases of the financial crisis, lasting from the third quarter of 2008 through the fourth 

quarter of 2009, after the credit crunch spread from the mortgage markets to other 

sectors. Although FHLB membership does not guarantee banks and thrifts a backup 

source of funds during credit crunches, it makes it a possibility. The risk reduction 

associated with this possible liquidity source appears after the mortgage crisis turned into 

a general credit crunch. This suggests that FHLB funding is more important for non-

housing finance than housing finance; otherwise, a significant risk reduction would be 

associated with FHLB membership during the first phase of the crisis as well. This result 

is consistent with the results of Frame, Hancock, & Passmore (2007) who find that FHLB 

advances are as likely to fund other types of bank credit as single-family mortgages. 

1.5.2.3 FHLB membership and market risk 

The discussion now turns to H1C (FHLB membership is associated with lower 

market risk). The market betas, β11 and β21, may be interpreted as the portfolios’ 

systemic, or market, risk. Consistent with H1C, the MEMBER market beta is 0.343, or 
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34.3 basis points, less than the NONMEMBER market beta (see tables 1-6 and 1-9). 

Equality of market betas between the MEMBER and NONMEMBER portfolios is rejected 

at the one percent level of significance. The difference is above the 10 basis point 

threshold for economic significance. Investors appear to believe that FHLB members, 

with their potential access to services such as advances during liquidity crunches, are less 

sensitive to changes in general market conditions than FHLB non-members.  

1.5.2.4 FHLB membership and interest rate risk 

Next, results are examined with regards to H1D (FHLB membership is associated 

with lower interest rate risk). The interest rate betas, β12 and β22, are interpreted as the 

portfolios’ sensitivity to fluctuations in long-term interest rates. Table 1-6 presents the 

interest rate beta estimates, while Table 1-9 presents the differences between the two 

portfolios and the Wald test results. The interest rate beta of the MEMBER portfolio is not 

significantly different from that of the NONMEMBER portfolio, contrary to H1D. 

Although FHLB membership brings access to some interest rate risk management tools, 

such as long-maturity advances and interest rate swaps, these tools apparently do not 

provide a significant advantage over the tools and methods used by banks and thrifts that 

do not join FHLBs. It is also possible that given these risk management tools, member 

firms are emboldened to take greater interest rate risk. 

1.5.3 Reliance on FHLB Advances and Risk 

 This section presents results concerning the hypotheses regarding the 

relationships between the strength of HC reliance on advances and total risk, total risk 

during the financial crisis, market risk, and interest rate risk (H2A, H2B, H2C, and H2D). 
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The analysis focuses on estimates of the bivariate GARCH model, given in equations (1-

1) to (1-5), of returns on the HIGH_ADV and LOW_ADV portfolios. The HIGH_ADV 

portfolio contains stocks issued by HCs that control FHLB member subsidiaries and have 

advances to liabilities ratios in the sample’s top quartile. The LOW_ADV portfolio 

contains stocks issued by HCs that control FHLB member subsidiaries and have advances 

to liabilities ratios in the sample’s bottom quartile.  

1.5.3.1 Reliance on FHLB advances and total risk 

If FHLB policies tend to raise the cost of advances to risky members through 

higher collateral requirements, the estimation results can be expected to support H2A 

(greater HC reliance on advances is associated with lower total risk, measured by the 

conditional variance of returns). Because the cost of advances is higher for riskier firms, 

the high advance borrowers will tend to be safer HCs. As Table 1-10 shows, the mean 

and median differences in daily total risk between the HIGH_ADV and the LOW_ADV 

portfolios (HIGH_ADV minus LOW_ADV) are negative and significant at the one percent 

level, implying that the HIGH_ADV portfolio has significantly less total risk than the 

LOW_ADV portfolio. In economic terms, the HIGH_ADV portfolio’s mean one-day, one 

percent VaR for a $1 million investment is $2,085 less than that of the LOW_ADV 

portfolio, while the median is $714 less. The difference in mean is above the $1,000 

threshold of economic significance but the difference in median is not. The difference in 

median VaR implies that on the majority of days, the difference in VaRs is not 

economically significant, even though it is statistically significant. The figure for the 
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mean, however, implies that relatively large differences occur on some days, raising the 

mean well above the median and skewing the distribution of the differences to the right.  

The results provide evidence in favor of H2A. The difference may be explained in 

part by FHLB policies requiring members to increase their FHLB stock holdings in order 

to obtain more advances. FHLBs may further deter risk-taking with advances by 

increasing collateral requirements for outstanding advances if members become risky. By 

increasing the marginal cost of advances, these policies take away the advantage of 

advances over other sources of liabilities such as jumbo CDs or bonds.  

1.5.3.2 Reliance on FHLB advances and total risk during the financial crisis 

The discussion now turns to a comparison of the changes in portfolio total risk 

during the financial crisis, from the third quarter of 2007 through the end of the sample 

period, the fourth quarter of 2009. The positive coefficients on the dummy variables D1, 

D2, and D3 (ϕi1, ϕi2, and ϕi3 for portfolios i=1,2) are interpreted as increases in total risk 

during the three phases of the financial crisis relative to the first six-and-a-half years of 

the study (the first quarter of 2001 through the third quarter of 2007). Table 1-7 presents 

these dummy variable coefficient estimates, and Table 1-10 presents the differences 

between the dummy coefficients for the two portfolios (HIGH_ADV dummy coefficient 

minus LOW_ADV dummy coefficients) and Wald tests of dummy coefficient equality 

between the portfolios. For the coefficients on D1 and D3, there is no significant 

difference between the HIGH_ADV and LOW_ADV portfolios, implying that the 

volatility increases during the early and late phases of the crisis (the third quarter of 2007 
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Table 1-10: Tests of Risk Equality,  HIGH_ADV and LOW_ADV portfolios, 2001-

2009 
Test (2,244 observations) Difference p-value 

Difference in Total Risk and VaR tests 

Equal mean daily total risk (t-test) (×10-5) -2.302*** <0.001 

Equal daily total risk distributions (Mann-Whitney test) (×10-6) -1.506*** <0.001 

Equal mean daily VaR (t-test) -$2,085*** <0.001 

Equal daily VaR distributions (Mann-Whitney test) -$713* 0.014 

Wald Tests   

Equal total risk increase from 2007:Q3 to 2008:Q2:         (×10-6) 9.556 0.284 

Equal total risk increase from 2008:Q3 to 2009:Q2:         (×10-6) -7.665* 0.072 

Equal total risk increase from 2009:Q3 to 2009:Q4:         (×10-7) 8.714 0.551 

Equal market risk:             -0.196*** <0.001 

Equal interest rate risk:         (×10-4) 5.634 0.559 

This table shows the results of tests of equality of total risk and calculations of differences in daily VaR as 

well as tests of equality of total risk increases during the financial crisis, equality of market risk, and 

equality of interest rate risk. Tests of equal daily total risk (conditional variance of returns) and Value at 

Risk (VaR) are performed using t-tests and Mann-Whitney tests. VaR is the portfolio’s one-day, 1% value 

at risk, the change in the value of a $1 million investment in the portfolio if the portfolio’s realized return is 

equal to the first percentile of its expected return distribution. The remaining tests of equal risk are 

performed using Wald statistics. Estimates from the following bivariate GARCH model are used to 

calculate the test statistics and VaR figures: 
                                 

                   
                                               

                                 

                   
                                               

                            ,              
             

For portfolio i (i = 1,2), hii,t is the conditional variance, interpreted as total risk, βi1 is the market beta, 

interpreted as market risk, and βi2 is the interest rate beta, interpreted as interest rate risk. This table 

contains results for HIGH_ADV, a portfolio of stocks issued by HCs in the top quartile of the sample in 

advances-to-liabilities ratio and LOW_ADV, a portfolio of stocks issued by HCs in the bottom quartile of 

the sample in reliance upon advances. Values in the ―Difference‖ column are the HIGH_ADV values minus 

the LOW_ADV values. ***, **, * represent significance at the 1%, 5%, and 10% levels, respectively. 
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through the second of quarter 2008 and the third quarter of 2009 through the fourth 

quarter of 2009, respectively) were statistically identical for the HIGH_ADV and 

LOW_ADV portfolios. The HIGH_ADV coefficient on D2, representing the peak of the 

general credit crunch (from the third quarter of 2008 through the second quarter of 2009), 

is smaller in magnitude than that of LOW_ADV, with the difference being significant at 

the 10% level. This indicates that stocks issued by HCs that were most reliant on 

advances experienced a significantly smaller jump in volatility during the period of the 

general credit crunch but not during the time of the mortgage credit crunch. As with the 

results for the MEMBER and NONMEMBER portfolios in Section 5.2.2, this is evidence 

that banks and thrifts relied on FHLB funds to support a broad range of activities in 

addition to housing finance. 

1.5.3.3 Reliance on FHLB advances and market risk 

The market betas, β11 and β21, are interpreted as each portfolio’s systematic, or 

market, risk. The HIGH_ADV market beta is 0.196, or 19.6 basis points, less than the 

LOW_ADV market beta (see Table 1-7 for the estimates and Table 1-10 for the 

differences in and Wald tests of coefficient equality). Equality of market betas is rejected 

at the one percent level of significance. The difference is greater than the 10 basis point 

threshold of economic significance. This result is consistent with H2C (greater HC 

reliance on advances is associated with lower market risk). This may occur because 

FHLB advances provide banks and thrifts with an additional liquidity cushion that 

dampens the effects of systemic shocks.  
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1.5.3.4 Reliance on FHLB advances and interest rate risk 

The interest rate betas, β12 and β22, measure the interest rate risk of the 

HIGH_ADV and LOW_ADV portfolios, respectively. With a variety of maturities 

available for FHLB advances, FHLB members that use advances more than others can be 

expected to have lower interest rate risk because advances can be used to narrow their 

funding and maturity gaps. The Wald test (Table 1-10), however, fails to reject the 

hypothesis of equal interest rate betas, contradicting H2D (greater HC reliance on 

advances is associated with lower interest rate risk). One possible explanation for this 

result is that many of the banks and thrifts that use the fewest advances are exposed to 

less interest rate risk. For that reason they have less need for advances for hedging it than 

banks and thrifts. It is also possible that banks with high advances are emboldened to take 

on more interest rate risk by other means. 

1.5.4 HC Type and Risk 

In this section, results are presented regarding H3A, H3B, H3C, and H3D, the 

hypotheses regarding the relationships between HC type and total risk, total risk during 

the financial crisis, market risk, and interest rate risk. The analysis focuses on estimates 

of the bivariate GARCH model, described by equations (1-1) to (1-5), of returns on the 

BHC and THC portfolios. The BHC portfolio contains stocks issued by BHCs, defined as 

HCs that control banks alone and are thus regulated by the Federal Reserve. The THC 

portfolio contains stocks issued by THCs, defined as HCs that control at least one thrift 

(and possibly one or more banks) and are thus regulated by the OTS. 
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1.5.4.1 HC type and total risk 

The conditional variance estimates provide evidence regarding H3A (BHC status is 

associated with lower total risk as measured by the conditional variance of returns than 

THC status). As Table 1-11 shows, the difference in mean and median daily total risk 

between the BHC portfolio and the THC portfolio (BHC minus THC) is positive, not 

negative as it would be if BHC total risk were less than THC total risk. The t-test and 

Mann-Whitney test reject equality of the means and distributions, respectively, at the one 

percent level of significance. In economic terms, the BHC portfolio’s mean one-day, one 

percent VaR exceeds that of the THC portfolio by $2,098, while the median was $1,267 

greater. Both differences are above the $1,000 threshold of economic significance, 

indicating that the riskiness of BHCs exceeds that of the THCs significantly in both 

statistical and economic terms. This finding is surprising because some of the most 

notable HCs that failed in the financial crisis (Washington Mutual, Lehman Brothers, and 

AIG, for example) were THCs. One explanation for this result is that thrift regulations 

and supervision were more effective at reducing the risk of small and medium thrifts and 

THCs than large thrifts and THCs. The median total assets of the THCs in the sample is 

$1 billion, and 75 percent of the THCs had total assets less than $5.6 billion. Small and 

mid-sized THCs therefore have the greatest influence over the THC portfolio’s behavior. 

Another contributing factor may be that many BHCs were in poor condition as well, as 

demonstrated by the numerous BHCs that received emergency capital from the federal 

government through the TARP program.  
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Table 1-11: Tests of Risk Equality, BHC and THC portfolios, 2001-2009 

Test (2,244 observations) Difference p-value 

Difference in Total Risk and VaR tests 

Equal mean daily total risk (t-test) (×10-5) 1.397*** <0.001 

Equal daily total risk distributions (Mann-Whitney test) (×10-6) 2.757*** <0.001 

Equal mean daily VaR (t-test) $2,098*** <0.001 

Equal daily VaR distributions (Mann-Whitney test) $1,267*** <0.001 

Wald Tests   

Equal total risk increase from 2007:Q3 to 2008:Q2:         (×10-7) 4.400 0.588 

Equal total risk increase from 2008:Q3 to 2009:Q2:         (×10-6) 7.615* 0.065 

Equal total risk increase from 2009:Q3 to 2009:Q4:         (×10-7) 5.635 0.706 

Equal market risk:              0.0327*** <0.001 

Equal interest rate risk:         (×10-4) -7.065 0.456 

This table shows the results of tests of equality of total risk, daily VaR, total risk increases during the 

financial crisis, market risk, and interest rate risk. Tests of equal daily total risk (conditional variance of 

returns) and Value at Risk (VaR) are performed using t-tests and Mann-Whitney tests. VaR is the 
portfolio’s one-day, 1% value at risk, the change in the value of a $1 million investment in the portfolio if 

the portfolio’s realized return is equal to the first percentile of its expected return distribution. The 

remaining tests of equal risk are performed using Wald statistics. Estimates from the following bivariate 

GARCH model are used to calculate the test statistics and VaR figures: 
                                 

                   
                                               

                                 

                   
                                               

                            ,              
             

For portfolio i (i = 1,2), hii,t is the conditional variance, interpreted as total risk, βi1 is the market beta, 

interpreted as market risk, and βi2 is the interest rate beta, interpreted as interest rate risk. BHC is a portfolio 

of stocks issued by BHCs. THC is a portfolio of stocks issued by THCs. Values in the ―Difference‖ column 

are the BHC values minus the THC values. ***, **, * represent significance at the 1%, 5%, and 10% levels, 

respectively. 
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1.5.4.2 HC type and increase in total risk during the financial crisis 

The discussion now turns to H3B (BHC status is associated with a smaller increase 

in total risk during the financial crisis). The coefficients on the binary variables D1, D2, 

and D3 (ϕi1, ϕi2, and ϕi3 for portfolios i=1,2), reported in Table 1-8, are interpreted as 

increases in total risk during the three phases of the financial crisis relative to the base 

period (the first quarter of 2001 through the second quarter of 2007). Table 1-11 presents 

the differences in the dummy coefficient estimates (BHC minus THC) with Wald tests of 

cross-equation equality of the coefficients. The coefficient on D2 is greater for the BHC 

portfolio, and the difference is significant at the 10% level. The differences in the other 

two coefficients are not significantly different from zero. These results contradict H3B. On 

the whole, despite their focus on real estate, THCs did not face a greater increase in risk 

than the BHCs during the mortgage credit crunch (from the third quarter of 2007 through 

the second quarter of 2008). In fact they faced a smaller spike in their risk during the 

widespread credit crunch (from the third quarter of 2008 through the second quarter of 

2009). One reason may be that the real estate-related assets of most thrifts (as opposed to 

the larger thrifts that encountered severe troubles) were less risky than those of most 

banks because they concentrated on these types of loans.  

1.5.4.3 HC type and market risk 

The next set of results relates to H3C (BHC status is associated with lower market 

risk). The market betas, β11 and β21, may be interpreted as each portfolio’s systemic, or 

market, risk. Table 1-8 presents the market beta estimates. Table 1-11 presents the 

differences in the market beta estimates between BHCs and THCs (BHC minus THC) and 
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the Wald tests of coefficient equality. The BHC market beta is 0.033, or 3.3 basis points, 

greater than the THC market beta. The Wald test rejects equality of market betas at the 

one percent level of significance. In economic terms, the systematic risk investors in the 

BHC portfolio faced is below the economic significance threshold of 10 basis points. 

This result contradicts H3C (BHC status is associated with lower market risk). This 

finding is evidence that THCs were less sensitive to systemic perhaps because at most 

THCs credit risk management was better than at most BHCs.  

1.5.4.4 HC type and interest rate risk 

Finally, results are examined with regards to H3D (BHC status is associated with 

lower interest rate risk than THC status). The interest rate betas, β12 and β22, show the 

sensitivities to fluctuations in long-term interest rates of the BHC and THC portfolios, 

respectively. The Wald test does not reject equality of the interest rate betas for the BHC 

and THC portfolios (See Table 1-11). The result is evidence against H3D, indicating that 

on the whole, THCs and BHCs managed their interest rate risks equally well. For DIs, 

interest rate risk is likely to stem from mismatches in the maturities of assets and 

liabilities. The results are evidence that THCs address this issue as well as BHCs. 

1.6 Conclusions 

Bivariate GARCH models of HC stock portfolios are estimated in this chapter to 

study the relationships between HC risk and FHLB membership, FHLB advances, and 

HC type. The main finding is that, throughout the time period studied (the beginning of 

2001 through 2009) HC control of FHLB member subsidiaries is associated with lower 

total risk, as measured by GARCH estimates of the conditional variance of returns. The 
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difference in total risk is found to be economically significant when VaR is used to 

measure economic significance. Most financial institutions experienced a large jump in 

return volatility during the financial crisis that was ongoing from the middle of 2007 

through the end of 2009. The jumps in volatility were the same for HCs that controlled 

FHLB members and those that did not from mid-2007 through mid 2008, when the 

financial crisis was largely confined to the mortgage market. From the third quarter of 

2008 through the end of 2009, when the financial crisis spread throughout the financial 

industry, the volatility spike was smaller for FHLB members. The portfolio of HCs that 

controlled FHLB members also exhibited lower market risk, as measured by the market 

beta from a two-factor model of portfolio returns. No significant difference is found in 

interest rate risk, measured by the interest rate beta from the two-factor model. 

In addition, a negative and at times economically significant relationship between 

the degree of reliance on FHLB advances and total risk is found by testing for differences 

in the conditional variance estimates for two portfolios of HCs that controlled FHLB 

members, one of which relied the most on advances and one of which relied the least on 

advances. Greater reliance on FHLB advances is found to be associated with lower 

market risk throughout the sample period, although no significant difference in interest 

rate risk is found between the two portfolios.  

Some features of the FHLB system tend to increase risk. FHLBs do not discipline 

risk-taking by raising interest rates on advances to risky members, and government 

backing of the system creates a moral hazard in which FHLBs may not suffer the full 

consequences of lending to risky members. These results indicate that those features are 
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outweighed by FHLB policies and behavior that tend to reduce risk. FHLBs discourage 

risk by increasing collateral requirements for risky advance borrowers and by requiring 

members to purchase more capital in FHLBs as they increase their advance-borrowing. 

During the mortgage credit crunch, from the third quarter of 2007 through the 

second quarter of 2008, HCs that controlled FHLB member subsidiaries did not exhibit 

significantly different increases in volatility than those that did not control FHLB 

members. But during the general credit crunch that began in the third quarter of 2008, 

HCs that controlled FHLB member subsidiaries saw significantly smaller increases in 

volatility than those that did not control FHLB members. The results are consistent with 

the notion that during credit crunches, FHLBs reduce bank and thrift risk by providing a 

source of backup funds in addition to the Federal Reserve’s discount window. They also 

suggest that FHLB member banks and thrifts use advances to support a variety of 

activities other than housing finance.  

For policy makers, these results are evidence that FHLBs do not increase financial 

system risk by making advances to banks and thrifts which in turn make risky loans. 

They also are evidence that FHLBs help to stabilize banks and thrifts during credit 

crunches. The results also imply that FHLB advances support not only housing finance 

but a variety of bank and thrift activity.   

The data are also used to study the relationship between risk and HC type (BHC 

or THC). The portfolio of stocks issued by BHCs has greater total risk and market risk 

than the portfolio of THC stocks from 2001 to 2009. The differences are economically 

significant. THC portfolio interest rate risk is not significantly different from that of BHC 
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portfolios. The results indicate that, in spite of several major failed or nearly-failed THCs, 

the risk of the average THC was less than that of the average BHC. Because the THC 

portfolio is dominated by small and mid-sized thrifts, the findings suggest that thrift and 

THC rules and regulations may have been well-suited for small and mid-sized thrifts and 

THCs, but not for some large or systemically important thrifts or THCs such as AIG, 

Lehman Brothers, and Washington Mutual. 
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CHAPTER 2 

THE COST OF DEBT AND FEDERAL HOME LOAN BANK 

FUNDING AT U. S. BANK AND THRIFT HOLDING COMPANIES 

2.1 Introduction 

The Federal Home Loan Bank (FHLB) system is one of the largest sources of 

funding and liquidity to the U.S. mortgage market. According to the FHLB system’s 

2009 year-end combined financial report, FHLB member financial institutions (FIs) owed 

$631 billion on outstanding FHLB loans, called advances, on Dec. 31, 2009. According 

to the Federal Reserve Board of Governors, this is equivalent to 5.4% of the $11.7 trillion 

in residential mortgage debt outstanding in the U.S. at that time.
10

 By comparison, 

according to 10-K forms filed with the Securities and Exchange Commission (SEC), 

fellow housing-related government-sponsored enterprises (GSEs) Fannie Mae and 

Freddie Mac reported total liabilities of $884 billion and $837 billion, respectively, on the 

same date. The financial crisis of 2007-2009 made it plainly evident that the U.S. 

mortgage market can affect both the U.S. and world financial systems considerably. It 

follows that, as a major player in the U.S. mortgage market, the FHLBs’ behavior can 

significantly influence the U.S. and world economies.  

Congress and President Herbert Hoover created the FHLB system in 1932, during 

the Great Depression, to ensure liquidity in the mortgage market.
11

 The system includes 

12 FHLBs, each owned nearly entirely by private FIs, governed by its own board of 

                                                
10

 The FHLB combined financial report was retrieved on August 5, 2010 from http://www.fhlb-

of.com/ofweb_userWeb/resources/09yrend.pdf. The figure on U.S. mortgage debt outstanding comes from 

http://www.federalreserve.gov/econresdata/releases/mortoutstand/current.htm. 
11

  Hoffmann (2001) summarizes the legislative history of the FHLBs. 
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directors, and serving a district comprised of two or more states. Following the changes 

in membership rules enacted by Congress in the 1980s and 1990s, membership is now 

available to all U.S. depository institutions (DIs) with more than 10 percent of their 

portfolios in residential mortgage-related assets. In addition, all commercial banks with 

total assets of less than $1 billion, public housing authorities, and life insurance 

companies are allowed to join FHLBs. According to data provided by the Federal 

Housing Finance Agency (FHFA), system membership rose from about 3,200 institutions 

at the end of 1989 to about 8,100 in the fourth quarter of 2009. This number exceeds the 

membership in the Federal Reserve, which stood at 2,380 at the same time. The 8,100 

members include nearly all U.S. thrifts and about 80% of U.S. commercial banks.  

Though FHLBs have some discretion over their policies, they have always been federally 

regulated, first by the Federal Home Loan Bank Board (FHLBB) from their creation in 

1932 until 1989, next by the Federal Housing Finance Board (FHFB) from 1989 until 

2008, and then by the Federal Housing Finance Agency (FHFA) since 2008. 

A central Office of Finance issues bonds for the entire FHLB system. It distributes 

the funds from the bond issues to individual FHLBs on terms negotiated with each FHLB 

on a case-by-case basis. Individual FHLBs bear joint and several liability for the debt, 

meaning they are each and all responsible for repaying the debt incurred by the Office of 

Finance. Investors demand lower interest rates on FHLB debt than on debt issued by 

other private FIs with otherwise comparable risk characteristics. One reason is that the 

legislation that created the FHLBs granted them a line of credit at the Treasury and 

included FHLB debt among securities eligible for Federal Reserve open market 
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purchases. These privileges reduce the default risk of FHLB system debt and increase its 

liquidity. Before the recent financial crisis, they also contributed to a perception of an 

implicit federal guarantee of FHLB debt. The perception became reality in 2008 when 

Congress authorized the Treasury department to purchase FHLB, Fannie Mae, and 

Freddie Mac bonds. Additionally, the Competitive Equality Banking Act (CEBA) of 

1987 grants FHLBs a ―super lien‖ that gives them priority over other creditors if an 

FHLB member institution fails. Ambrose and Warga (2002) and Nothaft, Pearce, and 

Stevanovic (2002) present evidence of the lower interest rates conferred by these 

privileges. FHLBs pass these low interest rates to their members by charging relatively 

low interest rates on advances. 

In addition to providing low-cost funding in normal times, FHLBs provide members 

with emergency funding during credit crunches, as the system’s creators intended. For 

example, Ashcraft, Bech, and Frame (2010) document that the FHLBs provided 

emergency funding to FIs during the early stages of the credit crunch of 2007-2009. 

Specifically, in the second half of 2007, after the three major credit rating agencies 

downgraded securities backed by subprime mortgages, the FHLBs increased advances by 

36.7% from $640 billion to $875 billion. Because the Federal Reserve opened crisis-

related lending facilities in December 2007, and because those facilities did not exceed 

the FHLBs’ crisis-related lending until March 2008, Ashcraft et al. (2010) call the FHLB 

system ―the lender of next to last resort.‖  

Arguments can be made both for and against the proposition that FHLBs increase 

the financial system’s risk. Some authors (Nickerson & Phillips, 2004; Stojanovic, 
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Vaughan, & Yeager, 2008) argue that FHLBs allow their members’ to increase their risk 

by providing them with funds to make risky loans that they otherwise would not have 

been willing and able to make. According to these arguments, by taking advances FHLB 

members can make risky loans while avoiding market discipline in the form of higher 

cost of uninsured debt. This can occur because interest rates on advances are the same for 

all FHLB members, regardless of the degree of riskiness of their loans.  In contrast, Scott 

and Hein (2011, 2009) argue that FHLB membership and advances both reduce, rather 

than increase, risk. Regulatory oversight of FHLBs, collateral requirements on advances, 

required purchases of FHLB stock in proportion to advance usage, rationing of advances 

to riskier members, and FHLB-provided risk management services are channels that 

could reduce FHLB member risk. The net effect of these countervailing forces is an 

empirical question.  

This paper has three objectives. The first is to study the relationship between bank 

holding companies’ (BHCs’) and thrift holding companies’ (THCs’) dependence on 

FHLB funding and their cost of debt, a measure of risk that, for reasons discussed below, 

is superior to risk measures based on holding company (HC) accounting statements. A 

study of the effect of advances on cost of debt can provide evidence regarding the 

competing theories of the relationship between HC reliance on FHLB funds and HC risk.  

The second objective is to examine the relationship between FHLB membership, 

independent of advance-taking, and cost of debt. Markets may price a different risk 

premium on debt issued by HCs that have an FHLB-member subsidiary, regardless of 

whether and how much advances are taken. This could occur if FHLB policies lead to 
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reduced or increased member risk, or because FHLB members have the option to obtain 

FHLB advances when other sources of funding dry up or become relatively expensive.  

The paper’s third objective is to test the hypothesis that markets viewed the soon-to-

be-defunct Office of Thrift Supervision’s (OTS’s) regulation as weaker than that of the 

Federal Reserve. This test will be conducted using data from both Federal Reserve-

regulated BHCs and OTS-regulated THCs. This issue is interesting because the OTS 

oversaw some of the largest FIs to fail or nearly fail during the recent crisis. Examples 

include Washington Mutual, which OTS seized and placed into Federal Deposit 

Insurance Corporation (FDIC) receivership in September 2008; AIG, which the Federal 

Reserve took over in September 2008; and Lehman Brothers, which filed for bankruptcy 

protection in September 2008. The July 2010 Dodd-Frank Wall Street Reform and 

Consumer Protection Act ordered the elimination of the OTS and divided thrift and THC 

regulation among the FDIC, the Office of the Comptroller of the Currency (OCC), and 

the Federal Reserve.
12

  

A simultaneous equation system model is developed in order to carry out tests of 

hypotheses related to these three objectives. The system model accounts for the 

possibility that HC cost of debt and reliance on advances are jointly determined. Each of 

the two equations in the model accounts for a partial adjustment mechanism allowing for 

the possibility that bond markets require multiple quarters to learn about and adjust to 

changes in levels of advances. This framework also accounts for the possibility that HCs 

                                                
12

 H.R. 4173--111th Congress: Dodd-Frank Wall Street Reform and Consumer Protection Act. (2010). 

Available at http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=111_cong_bills&docid= 

f:h4173enr.txt.pdf. 
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require multiple quarters to adjust their advances in responses to changes in the cost of 

debt. The model estimation results can help guide policymakers as they consider changes 

in the regulation and structure of the FHLBs and the two better-known major housing 

GSEs: Fannie Mae and Freddie Mac. The results could also help HCs assess the effect of 

FHLB borrowing on their cost of debt.  

This paper’s contributions include the following. First, market data are used to 

develop a measure of HC risk: the yield spread on HC bonds. Previous research on the 

relationship between FI risk and FHLB funding has relied on risk measures created from 

accounting data and, thus, have several disadvantages. The latter measures are backwards 

looking, reflecting the past behavior of FIs. Moreover, they fail to incorporate 

information about systemic or macroeconomic risk. Thus, if the financial system or the 

macro-economy is likely to experience troubles in the future, market-based risk measures 

are more likely than accounting-based measures to reflect it. In addition, these measures 

allow managers to ―window dress‖ the results and time the reporting of bad news. Market 

data incorporate investors’ knowledge of economy-wide conditions, expectations for 

future HC performance, and information that HC managers do not release in financial 

statements.  

Second, this study contributes to the literature by using bond data rather than stock 

data as the market-based risk measure. Because bonds have well-defined future payoffs, 

bond pricing models are more reliable than stock valuation models such as the capital 

asset pricing model (CAPM). Thus, they are less subject to the criticism that the 

empirical findings on yields might be driven by model misspecification (Klock, Mansi, & 
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Maxwell 2005). The bond market also merits attention because of its size and the large 

share of bonds relative to a typical corporation’s total assets. According to the Federal 

Reserve’s June 2010 Flow of Funds Accounts,
13

 bonds issued by U.S. corporations were 

valued at roughly $9.9 trillion in the first quarter of 2010 compared to a market value of 

$17.1 trillion for all outstanding U.S. corporate equities.  

Third, this study employs bond market data from a relatively new source, the 

Financial Industry Regulatory Authority’s (FINRA’s) Trade Reporting and Compliance 

Engine (TRACE), which records 99 percent of U.S. corporate bond trading activity. 

When bond market data have been used in academic research on corporate bond pricing 

and the cost of funding for FIs, the data have frequently come from the Lehman Brothers 

Bond Database (LBBD). Examples include Bhojraj and Sengupta (2003), Deng, 

Elyasiani, and Mao (2007), King and Khang (2005), Klock et al. (2005), and Yu (2005). 

TRACE offers two advantages over the LBBD.  First, it gives researchers data on nearly 

all individual corporate bond trades in the U.S. while the LBBD provides monthly 

summary data on bonds selected by Lehman Brothers. Second, the LBBD ends in 1998, 

while TRACE data, which begin in the third quarter of 2002, are updated on an ongoing 

basis. The period studied here begins at the start of the third quarter of 2002 and ends at 

the end of the first quarter of 2009. 

Fourth, in this study bank data are complemented by thrift data to draw a more 

complete picture of the effect of FHLB membership and advance provision. Recent 

research on the relationship between FHLBs and their members has focused on 
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 Retrieved August 5, 2010 from http://www.federalreserve.gov/econresdata/releases/statisticsdata.htm. 
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commercial banks alone. Inclusion of thrifts not only widens the sample but also allows 

tests of differences between the two groups, which until recently were overseen by 

separate regulatory authorities.  

Fifth, variables in this study are measured at the HC level, while previous research 

on FHLBs has employed subsidiary-level data. Studies using subsidiary-level data may 

under- or overestimate the risk of individual banks and thrifts because parent HCs may 

shift risk among their subsidiaries. For example, a bank that uses FHLB advances to fund 

risky loans will appear less risky if its parent shifts some of its risky assets to healthier 

subsidiaries.  

Sixth, this study accounts for the possibility of a simultaneous relationship between 

the determinants of FI risk and reliance on FHLB advances by using a two-equation 

system model. Previous studies (Ashley, Brewer, & Vincent, 1998; Stojanovic et al., 

2008) have studied the effects of advances on risk in single-equation models. A system of 

equations models a simultaneous relationship between cost of debt and reliance on 

advances. Endogeneity tests and instrumental variables (IV) estimates ensure that results 

are robust to possible endogeneity bias caused by a simultaneous relationship.   

Several interesting results are obtained. First, diagnostic tests as well as regression 

results indicate that cost of debt and reliance on advances are not jointly determined. 

Second, in a regression of cost of debt on reliance on advances and other variables, 

reliance on advances is found to have a negative effect on the cost of debt throughout the 

period studied. In economic terms, the effect is equivalent to a reduction of $542,000 in 

the annual interest payment on a bond issue of $315 million, the mean bond issue size in 
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the sample. Third, this negative relationship strengthens during what is defined here as 

the second phase of the recent financial crisis, from the third quarter of 2008 to the first 

quarter of 2009, bringing the reduction to $2.5 million. As expected, markets value this 

emergency source of funds to a greater extent during the crisis as it reduces the 

probability of bankruptcy. Fourth, in a regression of reliance on advances on cost of debt 

and other variables, cost of debt is found to have a negative effect throughout the 

financial crisis (from the third quarter of 2007 through the first quarter of 2009), but no 

effect during the other periods of the study. Fifth, FHLB membership, independent of 

advances, does not appear to influence cost of debt. Sixth, THCs’ cost of debt is 

significantly higher than that of BHCs in both statistical and economic terms.  

This essay proceeds as follows. Section 2.2 reviews previous literature on the 

relationship between FHLB lending and member risk and presents the hypotheses to be 

tested. Section 2.3 describes the econometric model, the variables included in that model, 

and estimation techniques. Section 2.4 describes the data sources, how the sample was 

selected, and how variables are calculated. Section 2.5 reports empirical results. Section 

2.6 concludes.  

2.2 Literature Review and Theory 

This section reviews previous research regarding the relationship between FHLB 

membership and advance taking on the one side and member riskiness on the other. 

Several authors have argued that flawed regulations and policies allow FHLB members to 

use advances to fund risky loans. This can happen because of weak incentives for FHLB 

members to monitor FHLB lending to other members, weak incentives for FHLB 
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managers to monitor one another, and the practice of individual FHLBs charging the 

same interest rates on advances to all borrowers.  

Studying data from the 1980s, the time of the thrift crisis and before new regulations 

were imposed on the FHLBs by the Financial Institutions Reform, Recovery and 

Enforcement Act of 1989 (FIRREA), Ashley et al. (1998) show that advances as a 

percentage of total assets were higher at thrifts that were insolvent, reorganized, or closed 

than those that were not, after controlling for other factors. Viewing the system more 

recently, Nickerson and Phillips (2004) find similarities between the FHLB system and 

the U.S. farm credit system, which the federal government bailed out in the 1980s. Like 

the FHLBs, the institutions comprising the farm credit system bore joint and several 

liability for their system’s debt, and both systems share similar rules on member stock 

ownership. Stiglitz (1990) and Ghatak and Guinnane (1999) have developed theories of 

cooperative borrowing in which joint liability reduces credit risk. But citing another 

theory of group borrowing presented in Che (2002), Nickerson and Phillips (2004) argue 

that such risk reduction does not accrue to the FHLB system because individual FHLBs 

may obtain new debt from the Office of Finance without direct permission from other 

FHLBs. Flannery and Frame (2006) argue that member ownership of individual FHLBs 

does not reduce risk-taking incentives because shares of FHLBs are not tradable and 

require six months to five years notice to sell. FHLB members are, thus, unable to 

exercise the sort of equity market discipline shareholders of publicly traded corporations 

may exercise by quickly selling their shares.  
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Stojanovic et al. (2008) point out that interest rates on advances do not vary 

according to borrower risk.
14

 Assuming FHLBs do not ration advances to risky 

borrowers, they propose a theoretical model (presented in more detail below) of FHLB 

funding that implies member reliance on advances and member risk are jointly 

determined and have a positive bidirectional relationship. However, using bank-level 

accounting data, they present empirical results that suggest increased reliance on 

advances is not associated with economically significant increases in risk for most of the 

risk measures they consider. In some cases, greater reliance on advances is associated 

with lower risk. For example, they find no economically significant relationship between 

banks’ advances to total assets ratios and two measures of credit risk, the ratio of non-

performing loans to total loans, and the ratio of commercial real estate loans to total 

assets. They find a negative relationship between reliance on advances and interest rate 

risk, with interest rate risk measured two ways: 1) the 1-year GAP, the absolute value of 

the difference between assets and liabilities that reprice within one year, and 2) the 

simulated impact of a 200 basis point interest rate increase on the bank’s Economic Value 

of Equity (EVE), a duration-based measure of interest rate risk. They find no difference 

between members’ and non-members’ probability of failure according to the Federal 

Reserve’s System to Estimate Examination Ratings (SEER) scores. Stojanovic et al. 

(2008) do, however, find that after banks become FHLB members, they exhibit 

economically significant increases in liquidity risk, measured by the non-core-funding-to-

total-assets ratio, and leverage risk, measured by the equity-to-total assets ratio. The 
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 Interest rates on advances do not vary among borrowers within individual FHLBs, but they do vary 

across FHLBs. Each FHLB determines its own interest rates on advances. 
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sample used in Stojanovic et al. (2008) includes subsidiary-level banks rather than BHCs, 

meaning their results may have been affected by risk-shifting among subsidiaries by BHC 

managers. In addition, their sample covers the time period from 1992 to 2005, a relatively 

quiet period for the U.S. banking industry.  

The findings of Stojanovic et al. (2008) as well as arguments in Scott and Hein 

(2011, 2009) suggest that several factors actually generate negative relationships between 

FI risk on the on hand and FHLB membership and advance-taking on the other. First, as 

mentioned in Section 2.1, FHLBs have always been required to meet federal regulations. 

These regulations were enforced by the FHLBB from 1932 to 1989, by the FHFB from 

1989 to 2008, and by the FHFA from 2008 to the present. One example of these 

regulations is that under the Gramm-Leach-Bliley Act (GLBA) of 1999, all FHLBs must 

submit capital plans to their regulator. These capital plans generally require FHLB 

members to purchase more stock as they use more advances. As a result, the opportunity 

cost of advances is greater than their interest rates alone.
15

 

Second, as Scott and Hein (2009) write, FHLB officers have access to confidential 

regulatory examination reports, enhancing their knowledge of member risk. Third, as 

Scott and Hein (2011) also point out and FHLB officials confirmed in interviews, FHLBs 

require members to post collateral in proportion to their advances. When FHLB members 

show signs of an increase in their default risk, FHLBs may halt new advances, require 

members to post more collateral, and take ―physical possession‖ of collateral through a 

                                                
15Federal Home Loan Banks Office of Finance (2010). Discussion of the FHLBanks’ Capital Structure and 

Regulatory Capital Requirements. Retrieved Aug. 10, 2010 from  

 http://www.fhlb-of.com/ofweb_userWeb/resources/capitalqanda.pdf. See also Federal Home Loan Bank of 

Pittsburgh (2010). Capital Plan of the Federal Home Loan Bank of Pittsburgh. Retrieved Aug. 10, 2010 

from http://www.fhlb-pgh.com/pdfs/capitalplan/capplanpgh.pdf. 
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custodial service. Managers of FHLB member FIs know, therefore, that they could suffer 

a reduction or cessation in advances if they appear too risky to their FHLB officers. 

Fourth, as Scott and Hein (2009) have pointed out, FHLBs provide small member 

institutions with risk management resources, such as interest rate swaps, that they 

otherwise could not afford. Fifth, FHLBs offer advances with maturities as long as 30 

years and emergency funding in credit crunches, both of which lower members’ liquidity 

risk.  

In summary, previous research on FHLBs shows that opposing forces drive the 

relationship between BHC and THC risk on the one hand and FHLB membership and 

reliance on FHLB advances on the other. Which of these forces prevails is an empirical 

question. To answer this question, this study examines the relationship between HC cost 

of debt and the percentage of BHC and THC liabilities that is comprised of advances. 

Tests are conducted of the following hypotheses, which are listed with other hypotheses 

in Table 2-1: 

H1: Cost of debt and reliance on advances are jointly determined as proposed in 

Stojanovic et al. (2008).  

The rationale for this hypothesis is that if they are jointly determined, cost of debt 

will be endogenous in a regression of reliance on advances on it, and vice versa. The 

endogeneity feature would lead to biased estimates rendering the inferences suspect. A 

system model could help address the endogeneity bias. 

If banks and thrifts can take advances without limit to avoid market discipline 

through higher cost of debt, a positive relationship can be expected between HC cost of 
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Table 2-1: Hypotheses 
Abbreviation Hypothesis 

H1 Cost of debt and reliance on advances are jointly determined. 

H2 A negative relationship exists between HC cost of debt and reliance on advances.  

H3 The relationship between HC cost of debt and reliance on advances became more negative 

from the middle of 2007 forward.  

H4 Lower cost of debt is associated with FHLB membership. 

H5 The relationship between HC cost of debt and FHLB membership became more negative 

from the middle of 2007 forward.  

H6 The cost of debt for THCs, which were regulated by the OTS during the period studied, is 

greater than the cost of debt for BHCs, which were regulated by the Federal Reserve.  
H7 The risk premium associated with THC status grew larger during the financial crisis.  

 

 

debt and reliance on the advances. If, on the other hand, FHLBs restrict advance taking 

by risky members through policies on capital purchases and collateral requirements, a 

negative relationship can be expected between cost of debt and advances. For the 

purposes of this study, the latter possibility is hypothesized and tested as follows: 

H2: After controlling for bond, firm, and market characteristics, there is a negative 

relationship between HC cost of debt and reliance on advances.  

Beginning in the third quarter of 2007, investors and the public became more 

sensitive to the downside risks associated with mortgage-backed securities (MBSs). If a 

negative relationship existed between FHLB advances and HC cost of debt before the 

crisis, this relationship may have strengthened from then onward as FHLBs could be 

expected to further restrict advances to members that were heavily invested in these risky 

securities. The following hypothesis, therefore, is tested: 

H3: The negative relationship between HC cost of debt and reliance on advances 

strengthens from the start of the crisis in mid-2007 until the end of the sample in early 

2009.   
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If cost of debt and advances are related, it is possible that FHLB membership, 

independent of advance-taking, is related to cost of debt in the same way. Scott and Hein 

(2009) study this question by comparing pairs of FHLB member and non-member banks 

that were at least five years old and matched according to size and geography. They find 

that membership was not followed by significant declines in equity-to-total assets ratios 

or significantly larger increases in levels of total assets, residential mortgage loans, or 

loan loss provision ratios. The data set used in the current study contains HCs that control 

FHLB-member subsidiaries and HCs that do not. This data will be used to test the 

following hypothesis:  

H4: After controlling for bond, firm, and market characteristics, lower cost of debt is 

associated with FHLB membership.  

Just as the relationship between cost of debt and advances is expected to be 

magnified during the financial crisis, the relationship between cost of debt and FHLB 

membership is expected to be magnified as well. Thus, the following hypothesis is also 

tested: 

H5: The negative relationship between HC cost of debt and FHLB membership 

becomes stronger from the middle of 2007 forward.  

As mentioned earlier, the federal governments’ thrift and THC regulator, the OTS, 

was eliminated by the Dodd-Frank Act of 2010. The agency’s demise followed a number 

of criticisms of its regulation of large THCs that failed or nearly failed during the 

financial crisis. For instance, in April 2010 the Treasury department and FDIC’s 

inspectors general reported, ―a number of weaknesses in OTS oversight of Washington 
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Mutual,‖ including failure to ensure the nation’s largest savings and loan (S&L) corrected 

problems with loan underwriting, weakness in management, and inadequate internal 

controls.
16

 In contrast, the federal government’s BHC regulator, the Federal Reserve, 

which was also criticized, became the THC regulator under the Dodd-Frank Act. The 

inclusion of thrift and THC data in the sample enables tests of differences in the cost of 

debt between BHCs and THCs. If OTS regulation was weaker than the Federal 

Reserve’s, the following hypotheses are expected to hold:  

H6: After controlling for bond, firm, and market characteristics, the cost of debt for 

THCs is greater than the cost of debt for BHCs.  

H7: After controlling for bond, firm, and market characteristics, the difference in 

THC and BHC cost of debt grew larger during the recent financial crisis.  

2.3 Models 

This section presents the econometric model used to test the hypotheses listed above 

and describes the methods used to estimate it. But first, the theoretical model underlying 

the econometric model is presented. 

2.3.1 Theoretical Model 

Figure 2-1 (based on Stojanovic et al., 2008)
17

 illustrates the theoretical model upon 

which the econometric model is based. This model is based on the premise that FHLBs 

make advances available in virtually unlimited quantities at the same interest rate to each 

                                                
16 Department of the Treasury and Federal Deposit Insurance Corporation (2010). Evaluation of Federal 

Regulatory Oversight of Washington Mutual Bank. Retrieved Aug. 10, 2010 from 

http://www.ustreas.gov/inspector-general/audit-reports/2010/10-002EV.pdf 
17

 An identical figure appears in the article by these authors. This article was published in the Journal of 

Banking and Finance, Vol. 32, by Dusan Stojanovic, Mark D. Vaughan, and Timothy J. Yeager, ―Do 

Federal Home Loan Bank membership and advances increase risk-taking?‖ pp. 690-608, Copyright 

Elsevier (2008). 
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of their members regardless of their risk. A hypothetical FI chooses a quantity of loans 

(Q), shown on the horizontal axis, that sets the marginal cost of funds equal to the 

marginal revenue from loans. Cost and revenue are measured as interest rates, which 

appear on the vertical axis. The upward sloping line represents the marginal cost of 

insured deposits (MCid), which is assumed to increase with quantity. The downward 

sloping line represents the marginal revenue from lending (MRl), which declines with 

quantity either because of capital regulations, declining monitoring expertise, or both.  

Uninsured deposits, such as jumbo CDs, are assumed to be available in effectively 

unlimited quantities and to be priced in a national market for which each FI is a price 

taker. The two horizontal lines represent the marginal cost of uninsured deposits (MCud) 

in two situations. Initially, the FI’s risk of failure is low enough that interest rates on 

uninsured deposits are the same as those on FHLB advances. Hence, MCud is equal to the 

marginal cost of advances (MCadv). Under those assumptions, the bank’s marginal cost of 

funding curve is the darkened line ABCD. After the FI reaches the quantity Qid in insured 

deposits, it switches to cheaper uninsured deposits. The FI maximizes profit at loan 

quantity Q* and uninsured deposit cost r*, where the marginal revenue from lending 

equals the marginal cost of borrowing.  

Now consider what happens if the FI undertakes risky activities that increase its 

failure probability. The interest rate on uninsured deposits increases in response. If FHLB 

advances continue to be available at interest rate r*, the FI will borrow from the FHLBs 

and will continue lending a quantity Q*. In that case there is a positive relationship 

between cost of debt and reliance on advances. If, however, FHLBs restrict advances, the   
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Figure 2-1: Model of Financial Institution (FI) Funding Decision 

 

FI’s marginal cost curve becomes the line AEFG, leading to a lower loan quantity, Q’ 

and higher interest rate r’. In that case a negative relationship exists between the FI’s cost 

of debt and reliance on advances, as in H2. In either event, the FI’s cost of debt and 

advances to liabilities ratio are jointly determined, as in H1. If they are jointly determined, 

cost of debt will be endogenous in a regression of reliance on advances on it and other 

variables, and vice versa. 

2.3.2 Econometric Model Specification 

 This section contains a description of the econometric model and justifications of 

the variables included in the model. Because the theoretical model implies that HC cost 

of debt and reliance on advances are jointly determined, the econometric model is a 

system of two equations that allows these two variables to be treated as endogenous if 
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necessary. Cost of debt and reliance on advances are proxied by bond yield spreads 

(SPREAD) and advances to total liabilities ratios (ADVANCES), respectively.
18

  

Each equation includes the one-period lagged value of the dependent variable, 

making them partial adjustment models. The choice of partial adjustment models is 

justified on the grounds that SPREAD and ADVANCES may be reasonably assumed to 

require multiple periods to reach equilibrium following changes in their determinants. In 

the case of SPREAD, this could be because bond trading is relatively infrequent, meaning 

prices take time to reflect new market perceptions of HC risk. Another reason could be 

that regulatory reports, which contain data on HC advances, total liabilities, and other 

variables, are released about 45 to 60 days after the end of each quarter. News of changes 

in yield spread determinants may, therefore, reach some investors the quarter after they 

occur. In the case of ADVANCES, multi-period adjustment may be a result of prepayment 

penalties and other restrictions that slow the adjustment of advances and other debt 

instruments in an HC’s funding mix.  

The model produces estimates of both short-run effects and long-run effects of 

changes in the independent variables on the dependent variable. The tables of results and 

the analysis below include short-run and long-run effects as well as long-run elasticities, 

which are calculated to provide an economic interpretation of the results. Appendix B 

contains a more detailed description of the partial adjustment model. 

                                                
18

 Previous research uses the advances to total assets ratio to represent reliance on advances. The advances 

to total liabilities ratio is used here because liabilities represent all HC funds for activities. The correlation 

coefficient between advances to total assets and advances to total liabilities is between .99 and 1. Models 

were estimated using the advances to total assets ratio, and the results were nearly the same.  
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In the first equation of the two-equation system, SPREAD is modeled as a function 

of the following: the previously mentioned ADVANCES; a binary variable (FHLBMEM) 

that equals one if the bond-issuing HC controls an FHLB-member subsidiary; a binary 

variable (THC) that equals one if the bond-issuing HC is a THC; a set of interactions of 

ADVANCES, FHLBMEM, and THC with binary variables representing two phases of the 

recent financial crisis; a set of control variables that previous research has found to 

influence yield spreads; and the one-period lagged value of SPREAD.
19

 The coefficient 

estimate on ADVANCES will be used to test H2 (there is a negative relationship between 

advances and cost of debt). The coefficient on FHLBMEM will be used to examine H4 

(lower cost of debt is associated with FHLB membership). The coefficient on THC will 

be used to examine H6 (THCs have higher cost of debt than BHCs). 

The interaction terms in the SPREAD equation are used to study H3, H5, and H7, 

regarding the relationships of interest during the financial crisis. The interaction terms are 

constructed by multiplying the variables of interest (ADVANCES, FHLBMEM, and THC) 

by EARLYCRISIS and LATECRISIS, binary variables that equal one between 2007:3 and 

2008:2 and between 2008:3 and 2009:1, respectively. The resulting interaction terms are 

denoted EARLYCRISIS*ADVANCES, LATECRISIS*ADVANCES, 

EARLYCRISIS*FHLBMEM, LATECRISIS*FHLBMEM, EARLYCRISIS*THC and 

LATECRISIS*THC.  

The model employs two binary variables representing two phases of the financial 

crisis because the condition of the financial system and the behavior of the FHLBs 

                                                
19

 Section 4 includes descriptions of these and other variables’ sources and computation. 
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differed in the two phases. In the early phase, represented by EARLYCRISIS, credit 

ratings were slashed on subprime mortgages, funding for mortgages became more 

difficult to obtain, and the FHLBs rapidly increased advances to members. In the late 

phase, represented by LATECRISIS, large FIs went bankrupt or were rescued by the 

government, sending shock waves throughout financial markets. Emergency funding 

from the Federal Reserve began to exceed the FHLBs’ emergency funding during this 

period.
20

 The coefficients on EARLYCRISIS*ADVANCES and LATECRISIS*ADVANCES 

are interpreted as changes in the slope of the relationship between SPREAD and 

ADVANCES during the two phases of the recent financial crisis.  The coefficients on 

EARLYCRISIS*FHLBMEM, LATECRISIS*FHLBMEM, EARLYCRISIS*THC, and 

LATECRISIS*THC are interpreted as changes in the shifts of the intercepts that are 

associated with control of an FHLB member or THC status, respectively, during the two 

phases of the recent financial crisis. 

The SPREAD equation also includes variables that control for the influence of HC 

characteristics, bond characteristics, and time effects on yield spreads. HC characteristics 

include measures of the bond-issuing HCs’ market-value volatility (VOL), its ratio of 

debt to value (LEVERAGE), its size (SIZE), its return on assets (ROA), and an indicator of 

its involvement in deposit-taking (DIFOCUS). Bond-specific variables include the time 

since the bond was issued (AGE), the dollar amount of the bond issue at offering 

(OFFAMT), a call-option indicator (CALL), a put-option indicator (PUT), and an 

indicator representing the bonds’ seniority (SENIOR). Time effects are represented by six 

                                                
20

 For descriptions of the FHLBs’ behavior during this period, see Ashcraft et al. (2010). For descriptions 

of the stages of the financial crisis, see Gorton (2010) and Mishkin (2011). 
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binary variables that equal one during six respective periods within the study: 2003:3-

2004:2, 2004:3-2005:2, 2005:3-2006:2, 2006:3-2007:2, 2007:3-2008:2, and 2008:3-

2009:1. The base period is 2002:3 to 2003:2. 

The inclusion of these variables is justified as follows. VOL and LEVERAGE are 

included because bond-valuation theory predicts corporate yield spreads will vary 

according to market-value volatility and debt-to-value ratios (Merton, 1974). SIZE is 

included because larger HCs may have more credit risk-reducing advantages such as the 

ability to obtain derivatives for hedging, staff with specialized risk-management skills, 

and expensive, indivisible technology. ROA is included because more-profitable HCs are 

less likely to default and should, therefore, have a lower cost of debt. DIFOCUS is 

included because some of the HCs in the sample are not BHCs or THCs in the 

commonly-understood sense that their primary business is collecting deposits and making 

loans.
21

 Depending on the quarter, between one and 15 of the HCs in the sample fall into 

this category. It is possible that investors view HCs without substantial DI operations as 

less likely to default because they obtain income from operations such as equipment or 

automobile sales that are not subject to bank-style ―runs.‖  AGE is included based on the 

finding in Sarig and Warga (1989) that bond liquidity risk increases with time because 

the fraction of bond issues that settle into inactive portfolios tends to increase with time. 

OFFAMT is justified because large bond issues are likely to be better known to the 

investing public and, therefore, have lower liquidity risk. CALL is included because 

                                                
21

 For example, farm equipment manufacturer John Deere is in the sample because it operates an 

equipment financing unit that includes a thrift. The sample also includes FIs such as Legg Mason for which 

deposit-taking and lending are not significant operations relative to their investment management and 

advising operations. 
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yields on bonds with call options are likely to be influenced by early payment risk. 

SENIOR is included because senior debt holders recover more on average than junior 

debt holders in the event of a default. The time variables are included based on evidence 

in Collin-Dufresne, Goldstein, and Martin (2001) that much of the variation in bond 

prices is due to supply and demand factors specific to the bond market. Yearly variables 

are used rather than quarterly variables to make the model more parsimonious. Recent 

studies that include these variables, with the exception of DIFOCUS, in regression 

models of yield spreads include Bhojraj and Sengupta (2003), Klock et al. (2005), Deng 

et al. (2007), Elyasiani, Jia, and Mao (2010), King and Khang (2005), and Yu (2005).  

In the second equation in the system,  ADVANCES are modeled as a function of 

SPREAD; interactions of EARLYCRISIS and LATECRISIS with SPREAD 

(EARLYCRISIS*SPREAD and LATECRISIS*SPREAD); a set of control variables 

representing other determinants of HC reliance on advances; binary variables 

representing time effects; and the one-period lagged value of ADVANCES. Including 

ADVANCES allows examination of H2 (after controlling for bond, firm, and market 

characteristics, there is a negative relationship between HC cost of debt and reliance on 

advances). The coefficients on EARLYCRISIS*SPREAD and LATECRISIS*SPREAD are 

interpreted as changes in the slope of the relationship between ADVANCES and SPREAD 

during the phases of the recent financial crisis. They are used to study H3 (the negative 

relationship between HC cost of debt and reliance on advances strengthens from mid-

2007 until the end of the sample in early 2009). 
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The control variables in the ADVANCES equation include the HCs’ core deposits 

ratio (CORE), loans to deposits ratio (LDRATIO), size (SIZE), the FHLB membership 

binary variable (FHLBMEM), and the time dummies. CORE is included because 

ADVANCES substitute for core deposits, which can fluctuate because of competition and 

economic conditions specific to the HCs’ market. Mays and DeMarco (1989) use this 

measure in a model of demand for advances. LDRATIO is included because a change in 

loan demand can affect an FI’s liquidity position (Saunders & Cornett, 2006) thus 

influencing its demand for advances. SIZE is included because larger HCs are likely to 

have more potential funding sources than smaller HCs. Large HCs, therefore, are more 

likely to complement ADVANCES with other types of funds. Size is also included in the 

analysis of Mays and DeMarco (1989). FHLBMEM is included because HCs that do not 

control FHLB members cannot obtain advances. Finally, the same time-related binary 

variables that were included in the SPREAD equation are included in the ADVANCES 

equation. These represent time-varying factors such as mortgage interest rates and 

demand for owner-occupied housing that affect demand for advances.  

The two-equation system is written as follows: 

                                            

                    

 

   

                      

                                         

                                           

              

 

   

                  

(2-1) 
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2.3.3 Estimation 

This section presents the estimation methods used in the empirical analysis. In the 

model proposed by Stojanovic et al. (2008), advances and cost of debt are determined 

simultaneously. If this is the case, the error term in the SPREAD equation would be 

correlated with ADVANCES while the error term in the ADVANCES equation would be 

correlated with SPREAD. This would render the ordinary least squares (OLS) estimates 

biased due to endogeneity of the regressors.  

Instrumental Variable (IV) methods, though less efficient, reduce the bias when 

regressors are truly endogenous and valid instruments are used. However, the bias of the 

IV estimates can be worse than that of the OLS estimates in the presence of weak 

instruments (as argued in Bound, Jaeger, and Baker (1995)) or if a supposed endogenous 

regressor is actually exogenous (Wooldridge, 2002). Four statistics are obtained from the 

single-equation IV estimates to assess the need for IVs as well as the IVs’ statistical 

validity. They include the C-statistic described in Hayashi (2000), for testing whether the 

supposed endogenous variables should be treated as exogenous; the J-statistic of Hansen 

(1982), for testing the orthogonality conditions; and the partial R
2
 and F statistics 

recommended by Bound, Jaeger, and Baker (1995), for testing the strength of the 
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instruments’ correlation with the supposed endogenous variables. More details on these 

statistics are in Appendix C.  

Assuming ADVANCES and SPREAD are endogenous and the instruments are valid, 

IV methods are most appropriate. If these assumptions do not hold, then OLS is more 

appropriate. Results are, therefore, reported from the diagnostic tests described above as 

well as estimates using OLS, a single-equation IV estimation method, and a multiple-

equation IV method. The single-equation IV approach is the two-step generalized method 

of moments (GMM). Two-step GMM is used rather than two-stage least squares (2SLS) 

because the former is more efficient in the presence of heteroskedasticity (Wooldridge, 

2002). In the SPREAD equation, ADVANCES is instrumented by the regressors in the 

ADVANCES equation that are excluded from the SPREAD equation. In the ADVANCES 

equation, SPREAD is instrumented by the regressors in the SPREAD equation that are 

excluded from the ADVANCES equation. The multiple-equation IV approach is three-

stage least squares (3SLS). This method may improve upon the efficiency of the two-step 

GMM estimates by accounting for correlation between the equations’ residuals. If the 

model is misspecified, however, the 3SLS estimates may be more severely biased than 

those of single-equation methods (Wooldridge, 2002). 

2.4 Data 

This section contains descriptions of variable calculations, bond selection, and data 

sources. All data are quarterly. Some of the data were converted to quarterly frequency 

using methods described below.  
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2.4.1 Variable Calculations 

The methods employed to calculate the variables used in the regression analysis are 

summarized here and in Table 2-2. SPREAD is the quarterly median of the average daily 

yield spread, where yield spread is the difference between the percent yield on HC bonds 

and the percent yield on risk-free bonds with comparable time to maturity. HC bond 

yields are calculated as the yields implied by the bonds’ prices, coupon interest rates, 

coupon frequencies, and time to maturity. Yields on risk-free securities of comparable 

maturity are calculated by interpolating the constant maturity Treasury yield curve for the 

day the bond-trade settles. ADVANCES is the sum of FHLB advances taken by the HCs’ 

subsidiaries divided by the HCs’ total liabilities. It is measured in percentage terms. 

FHLBMEM is set to one for HCs that control subsidiaries listed as FHLB members in 

FHFA membership records and zero otherwise. THC is set to one for HCs listed in the 

OTS’s THC database and zero otherwise. VOL is the quarterly standard deviation of 

HCs’ stock prices. LEVERAGE is HCs’ ratio of equity to total assets, with equity 

calculated as the difference between total assets and total liabilities. ROA is HCs’ net 

earnings plus extraordinary items divided by total assets. SIZE is the logarithm of HCs’ 

total assets. The logarithmic transformation is used under the assumption that the effect 

of a unit increase in size on SPREAD diminishes as size increases. DIFOCUS is set to 

one for HCs with subsidiary total deposits greater than or equal to 25 percent of the HC’s 

total assets and zero otherwise. AGE is calculated by adding one to each bond’s age in 

years, then taking the logarithm. One is added before taking the logarithm to avoid 

negative values for bonds that are less than one year old. The logarithmic transformation 
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is used under the assumption, again, of convexity in the relationship with SPREAD. 

OFFAMT is the logarithm of the dollar amount of the bonds’ issue size at offering, with 

the logarithmic transformation performed under the assumption of convexity. CALL, 

PUT, and SENIOR are set to one if the bond is callable, putable, or senior debt, 

respectively. CORE is the HCs’ subsidiaries’ total deposits minus brokered deposits 

divided by the HCs’ total liabilities, expressed in percent. LDRATIO is the sum of the 

HCs’ subsidiaries’ total loans divided by their total deposits, expressed in percent.  

2.4.2 Data Sources 

Data from multiple sources are combined to compute the variables. Bond-related 

data come from TRACE, the Federal Reserve, and the FISD. TRACE provides bond 

prices and trade dates. The Federal Reserve Board of Governors is the source for constant 

maturity Treasury yields. The FISD is the source of all other data on bonds: coupon 

interest rates, coupon frequency, maturity dates, convertibility, currency denomination, 

offering amount, issue date, callability, putability, and seniority.  

HC-related data come from the Federal Reserve Bank of Chicago, the OTS, and 

Standard & Poor’s Compustat database. The Chicago Fed’s database of call reports is the 

source for bank subsidiary advances, deposits, and total loans. The corresponding data for 

thrifts come from TFRs provided by the OTS. BHC total assets, total liabilities, net 

income, and extraordinary items come from the Chicago Fed’s BHC (Y-9C) report 

database. Because the OTS did not release financial data it collected on THCs,
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Table 2-2: Variable Descriptions 
Variable Description 

ADVANCES HC ratio of advances to total liabilities, in percent. 

AGE Logarithm of the age of the bond in years. 

CALL Binary variable that equals one if the bond is callable. 

CORE HC ratio of core deposits to total liabilities, in percent. 

DIFOCUS Binary variable that equals one if deposits comprise less than 25 percent of HC total 

liabilities. 

EARLY*ADVANCES Interaction of binary variable indicating the quarter is in 2007:3 to 2008:2 and 

ADVANCES. 

LATE*ADVANCES Interaction of binary variable indicating the quarter is in 2008:3 to 2009:1 and 
ADVANCES. 

EARLY*FHLBMEM Interaction of binary variable indicating the quarter is in 2007:3 to 2008:2 and 

FHLBMEM. 

LATE*FHLBMEM Interaction of binary variable indicating the quarter is in 2008:3 to 2009:1 and 

FHLBMEM. 

EARLY*SPREAD Interaction of binary variable indicating the quarter is in 2007:3 to 2008:2 and 

SPREAD. 

LATE*SPREAD Interaction of binary variable indicating the quarter is in 2008:3 to 2009:1 and 

SPREAD. 

EARLY*THC Interaction of binary variable indicating the quarter is in 2007:3 to 2008:2 and THC. 

LATE*THC Interaction of binary variable indicating the quarter is in 2008:3 to 2009:1 and THC. 
FHLBMEM Binary variable that equals one if HC controls an FHLB member subsidiary. 

LDRATIO HC's ratio of total loans to total deposits, in percent. 

LEVERAGE HC's total liabilities divided by its sum of total liabilities and market value, in 

percent. 

OFFAMT The bond’s issue size, in thousands of dollars. 

PUT Binary variable that equals one if the bond is putable. 

ROA HC's ratio of net income with extraordinary items to total assets, in percent. 

SENIOR Binary variable that equals one if the bond is senior debt.  

SIZE HC total assets in thousands of dollars. 

SPREAD Quarterly median of daily average yield spreads. 

THC Binary variable that equals one if the HC is a THC. 

VOL Standard deviation of the HC's stock return. 
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Compustat is the source of those variables for THCs. HC stock return data and 

acquisition dates come from CRSP.
22

 

2.4.3 Bond selection 

The Mergent Fixed Income Security Database (FISD) is the starting point for the 

selection of bonds in the sample. Bonds are screened out of the sample if their Committee 

on Uniform Security Identification Procedures (CUSIP) number does not match the 

CUSIP number of a BHC or THC in the Federal Reserve or OTS databases. Bonds are 

also screened out if they are convertible to stocks, denominated in foreign currency, have 

variable rate coupons, or have coupons that are not semi-annual. Using semi-annual 

coupon bonds makes the yields comparable to the yields reported for constant maturity 

Treasuries, which are calculated as if they had semi-annual coupons. Bonds are excluded 

if they are issued by HCs that control FHLB member insurance companies, because data 

are not available on advances taken by insurance companies. If an HC was acquired by 

another firm, its bonds are excluded from the sample beginning with the quarter the 

acquisition was announced. Finally, to reduce the influence of outliers, if a bond was 

traded fewer than five times in a quarter, it was screened from the sample for that quarter.  

2.5 Empirical Results 

This section contains descriptive statistics, results of endogeneity and IV suitability 

tests, and estimation results regarding the relationships between FHLB advances and cost 

of debt, FHLB membership and cost of debt, and THC status and cost of debt.  

                                                
22

 Mergent FISD, TRACE, Compustat, and CRSP data come from Wharton Research Data Services 

(WRDS). 
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2.5.1 Descriptive Statistics  

Table 2-3 presents descriptive statistics for the variables used in the model. Panels A 

and B of this table contain statistics on bond-specific and HC-specific variables, 

respectively. The initial sample contains 9,321 observations from 27 quarters, beginning 

in 2001:3, when TRACE began collecting bond trading data, and ending in 2009:1. 

Estimation, however, is carried out on 8,223 observations over 26 quarters because 

lagged dependent variables are included in the models. The sample used in the estimation 

includes 759 bonds issued by 59 HCs.  

The mean yield spread is 0.474 percentage points, or 47.4 basis points, with a 

standard deviation of 1.508 percentage points, or 150.8 basis points. The mean bond age 

is 3.735 years, with the youngest bond trading on its issue date and the oldest bond 

trading 19.92 years from its issue date. The mean time to maturity is 11.1 years, with the 

range of remaining maturities a minimum of 0 (bonds trading on their maturity date) to a 

maximum of 94.33 years (a bond issued with a maturity of 100 years). 

The mean bond offering amount (OFFAMT) is about $315 million, with a minimum 

of $582,000 and a maximum of $5 billion. About 94 percent of the observations are of 

bonds issued by HCs that control FHLB members. Advances to liabilities ratios 

(ADVANCES) range from 0 to 35.81 percent, with a mean of 2.589 percent. The mean of 

DIFOCUS is 0.78, implying that 78 percent of the observations are of bonds issued by 

HCs with deposits greater than or equal to 25 percent of their total liabilities. The mean 

value of the THC dummy variable, 0.222, implies that 22.2 percent of the observations 

are of bonds issued by THCs. HC total assets range from $1.638 billion to $2.323 trillion  
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Table 2-3: Descriptive Statistics 
Variable N Mean SD Median Min Max 

Panel A: Bond-specific variables 

AGE (years) 9321 3.735 2.956 3.197 0 19.92 
CALL (binary) 9321 0.539 0.498 1 0 1 

OFFAMT ($millions) 9321 314.6 605.4 26.06 0.582 5000 

PUT (binary) 9321 0.013 0.111 0 0 1 

SENIOR (binary) 9321 0.410 0.492 0 0 1 

SPREAD (percentage points) 9321 0.474 1.508 0.195 -7.590 16.85 

Number of bonds in sample 759    

 

Panel B: HC-specific variables 

ADVANCES 9321 2.589 4.099 1.719 0 35.81 

CORE (%) 9321 38.63 21.31 44.64 0 93.28 

DIFOCUS (binary) 9321 0.780 0.414 1 0 1 

FHLBMEM (binary) 9321 0.943 0.231 1 0 1 
LDRATIO (%) 9321 107.4 62.56 109.4 0 1369 

LEVERAGE (%) 9321 85.16 11.65 86.34 6.681 99.64 

ROA (%) 9321 0.295 0.572 0.306 -7.166 5.384 

SIZE ($billions) 9321 1021 686.6 1251 1.638 2323 

THC (binary) 9321 0.222 0.416 0 0 1 

VOL  9321 0.028 0.034 0.012 0.005 0.206 

Number of HCs in sample 59      

Variables are as defined in Table 2-2. 

 

 

with a mean of approximately $1 trillion and a median of about $1.25 trillion. The sample 

is, thus, comprised of bonds issued by mid-sized to large HCs, with bonds issued by large 

HCs comprising the majority of the observations. The conclusions based on this analysis 

may, therefore, not apply to small HCs. 

2.5.2 Endogeneity and Instrument Suitability Tests
23

 

In this section, results of endogeneity and instrument suitability tests are presented. 

Implications are discussed for model estimation as well as theories of cost of debt and 

reliance on FHLB advances. The results of endogeneity and instrument suitability tests 

(described in Section 2.3.3 and Appendix C) are presented in Table 2-4. These results 

                                                
23

 The J and C statistics presented here, as well as the 2SLS estimates presented in Appendix D, were 

computed with the Stata user-written ivreg2 command of Baum, Schaffer, and Stillman (2007). 
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provide evidence against hypothesis H1 (cost of debt and reliance on advances are jointly 

determined). For the SPREAD equation, the C-statistic has a p-value of 0.259, indicating 

ADVANCES may be treated as exogenous to the cost of debt. For the ADVANCES 

equation, the C-statistic has a p-value of 0.354, failing to reject the hypothesis that 

SPREAD is exogenous to advances. The exogeneity results also imply that IV estimation 

techniques are inappropriate for these models, as they would increase the bias. The 

ensuing discussion will, therefore, focus on the OLS results. For comparison, the two-

step GMM and 3SLS results are reported in Appendix D. The results of the OLS and 

3SLS estimates are broadly similar. The two-step GMM results differ from OLS and 

3SLS in terms of significance, but not of sign, of the coefficient estimates for the 

variables of interest.  

 

Table 2-4: Endogeneity and Instrumental Variable Suitability Tests 
Test Purpose Statistic p-value 

Panel A: SPREAD equation (ADVANCES treated as endogenous variable) 

J Exogeneity and exclusion of IVs from model 0.016 0.898 
Partial R2 Correlation of IVs with endogenous variable 0.007 N/A 

F Correlation of IVs with endogenous variable 1.72 0.179 

C Endogeneity of ADVANCES 1.273 0.259 

Panel B: ADVANCES equation (SPREAD treated as endogenous variable) 

J Exogeneity and exclusion of IVs from model 81.79 0.000 

Partial R2 Correlation of IVs with endogenous variable 0.167 N/A 

F Correlation of IVs with endogenous variable 18.78 0.000 

C Endogeneity of ADVANCES 0.858 0.354 

This table presents the results of four tests that asses the suitability of instrumental variables and assess the 

endogeneity of ADVANCES and SPREAD in the models in which they could be treated as endogenous 

variables. The J-statistic is used to test the joint hypothesis that the IVs are uncorrelated with the error term 

and they are correctly excluded from the equation. The partial R2 and the F-statistic come from ―first-stage‖ 

regressions of the IVs on the endogenous variable and indicate the correlation of the IVs with the supposed 
endogenous regressor. The C-statistic is used to test the null hypothesis that the supposed endogenous 

regressor may be treated as exogenous.  
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OLS estimates are presented in tables 2-5 and 2-6 with the standard errors of White 

(1980), which are robust to general heteroskedasticity, and Rogers (1993), which account 

for both heteroskedasticity and error correlation within observations, or ―clusters,‖ of the 

same bonds. Petersen (2009) argues that within-cluster correlation is likely to be present 

when Rogers’, or ―cluster-robust,‖ standard errors are greater than White’s standard 

errors. Correlation within the observations on bonds may occur in this sample because 

some bond characteristics, such as the initial offering amount (OFFAMT), remain stable 

or relatively stable over time. In the estimates presented here, the cluster-robust errors are 

generally greater than White’s. Therefore the results are discussed below using cluster-

robust standard errors.  

2.5.3 Cost of Debt and FHLB Advances 

 In this section, the analysis focuses on the relationship between HC cost of debt 

and HC reliance on FHLB advances. As noted in the description of partial adjustment 

models (Section 2.3), the coefficient estimates are interpreted as the short-run effects of 

one unit changes in the independent variables on the dependent variables. Long-run 

effects are computed by dividing the short-run effects by 1-λ, where λ is the coefficient 

on the lagged dependent variable on the right side of the equation. In the case of the 

SPREAD equation, long-run and short-run effects are discussed in terms of basis point 

changes in yields to avoid ambiguity between relative and absolute changes in yields. For 

the same reason, in the case of the ADVANCES equation, long-run and short-run effects 

are discussed in terms of percentage point changes in the advances to liabilities ratio. 
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Table 2-5, Panel 1: SPREAD Equation, Variables of Interest, OLS Estimates 

 

Short-run effect 

(Rogers’ errors) 

Short-run effect 

(White’s errors) Long-run effect 

Long-run 

elasticity 

ADVANCES -0.016*** -0.016*** -0.042 -0.335 

 

(0.005) (0.004) 

  FHLBMEM -0.062 -0.062 -0.161 -0.446 

 

(0.056) (0.045) 

  THC 0.403*** 0.403*** 1.050 0.707 

 

(0.113) (0.089) 

  EARLYCRISIS*ADV 0.004 0.004 0.010 0.024 

 

(0.005) (0.006) 

  LATECRISIS*ADV -0.057*** -0.057*** -0.148 -0.152 

 

(0.020) (0.020) 

  EARLYCRISIS*FHLB -0.002 -0.002 -0.004 -0.003 

 

(0.080) (0.101) 

  LATECRISIS*FHLB -0.015 -0.015 -0.039 -0.017 

 

(0.109) (0.148) 

  EARLYCRISIS*THC 0.181*** 0.181*** 0.468 0.062 

 

(0.039) (0.050) 

  LATECRISIS*THC 0.153 0.153 0.398 0.031 

 

(0.099) (0.104) 

  Number of observations 8223 8223 

  R2 0.718 0.718 

  Note: This table reports the OLS estimation results for the regression model of yield spreads (SPREAD). 

The first and second columns contain the coefficient estimates, which are interpreted in the context of a 

partial adjustment model as short-run effects. White’s standard errors are reported in parentheses in the first 

column. Rogers’ cluster-robust standard errors are in parentheses in the second column, with clustering 

defined with respect to bonds. The third column contains long-run effects, computed by dividing the short-

run effects by the adjustment term, which is the coefficient on SPREADt-1 subtracted from 1. The fourth 
column contains long-run elasticities. *,**, and *** indicate statistical significances at the 10%, 5%, and 

1% level, respectively. 
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Table 2-5, Panel 2: SPREAD Equation, Control Variables, OLS Estimates 

 

Short-run effect 

(Rogers’ errors) 

Short-run effect 

(White’s errors) Long-run effect 

Long-run 

elasticity 

VOL 7.980*** 7.980*** 20.700 1.600 

 

(0.995) (0.898) 

  LEVERAGE 0.003 0.003 0.007 0.220 

 

(0.003) (0.002) 

  ROA -0.107*** -0.107*** -0.277 -0.250 

 

(0.032) (0.033) 

  SIZE -0.045*** -0.045*** -0.116 -6.870 

 

(0.013) (0.009) 

  DIFOCUS 0.494*** 0.494*** 1.280 3.000 

 

(0.134) (0.104) 

  AGE 0.216*** 0.216*** 0.560 1.640 

 

(0.020) (0.019) 

  OFFAMT 0.031*** 0.031*** 0.081 0.237 

 

(0.007) (0.006) 

  CALL 0.040 0.040* 0.103 0.162 

 

(0.026) (0.021) 

  PUT -0.437*** -0.437*** -1.130 -0.045 

 

(0.152) (0.071) 

  SENIOR -0.288*** -0.288*** -0.746 -0.861 

 

(0.040) (0.027) 

  SPREADt-1 0.614*** 0.614*** 

  

 

(0.018) (0.010) 

  INTERCEPT 0.601* 0.601** 

  

 

(0.315) (0.245) 

  TIME DUMMIES Included Included 

  Number of observations 8223 8223 

  R2 0.718 0.718 
  Note: This table reports the OLS estimation results for the regression model of yield spreads (SPREAD). 

The first and second columns contain the coefficient estimates, which are interpreted in the context of a 
partial adjustment model as short-run effects. White’s standard errors are reported in parentheses in the first 

column. Rogers’ cluster-robust standard errors are in parentheses in the second column, with clustering 

defined with respect to bonds. The third column contains long-run effects, computed by dividing the short-

run effects by the adjustment term, which is the coefficient on SPREADt-1 subtracted from 1. The fourth 

column contains long-run elasticities. Variables are as defined in Table 2-2, except for SIZE, AGE, and 

OFFAMT. Here, SIZE is the logarithm of total assets in thousands of dollars, AGE is calculated by adding 

one to the bond’s age in years then taking the logarithm, and OFFAMT is the logarithm of the bond’s issue 

size in thousands of dollars. Time dummies are six binary variables that equal one if the observation is in, 

respectively, 2003:4 to 2004:2, 2004:3 to 2005:2, 2005:3 to 2006:2, 2006:3 to 2007:2, 2007:3 to 2008:2, or 

2008:3 to 2009:1, and zero otherwise. *,**, and *** indicate statistical significances at the 10%, 5%, and 

1% level, respectively. 
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Table 2-6: ADVANCES Equation, OLS Estimates 

 

Short-run effect 

(Rogers’ errors) 

Short-run effect 

(White’s errors) Long-run effect 

Long-run 

elasticity 

SPREAD 0.013 0.013 0.429 0.054 

 

(0.010) (0.010) 

  EARLYCRISIS*SPREAD -0.217*** -0.217*** -7.250 -0.253 

 

(0.036) (0.028) 

  LATECRISIS*SPREAD -0.067*** -0.067*** -2.240 -0.244 

 

(0.022) (0.022) 

  CORE (×10-3) 1.490*** 1.490*** 0.050 0.721 

 

(0.533) (0.577) 

  LDRATIO (×10-3) 0.348*** 0.348*** 0.012 0.468 

 

(0.125) (0.064) 

  SIZE -0.013 -0.013 -0.417 -3.090 

 

(0.008) (0.009) 

  FHLBMEM 0.121*** 0.121*** 4.030 1.400 

 

(0.029) (0.021) 

  ADVANCESt-1 0.970*** 0.970*** 

  

 

(0.006) (0.006) 

  INTERCEPT -0.022 -0.022 

  

 

(0.141) (0.146) 

  TIME DUMMIES Included Included 

  Number of observations 8223 8223 

  R2 0.967 0.967 

  Note: This table reports the OLS estimation results for the regression model of the advances to liabilities 

ratio (ADVANCES). The first and second columns contain the coefficient estimates, which are interpreted 

in the context of a partial adjustment model as short-run effects. White’s standard errors are reported in 

parentheses in the first column. Rogers’ cluster-robust standard errors are in parentheses in the second 
column, with clustering defined with respect to bonds. The third column contains long-run effects, 

computed by dividing the short-run effects by the adjustment term, which is the coefficient on 

ADVANCESt-1 subtracted from 1. The fourth column contains long-run elasticities. Variables are as defined 

in Table 2-2, except for SIZE, which is the logarithm of total assets in thousands of dollars. Time dummies 

are six binary variables that equal one if the observation is in, respectively, 2003:4 to 2004:2, 2004:3 to 

2005:2, 2005:3 to 2006:2, 2006:3 to 2007:2, 2007:3 to 2008:2, or 2008:3 to 2009:1, and zero otherwise. 

*,**, and *** indicate statistical significances at the 10%, 5%, and 1% level, respectively. 
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To provide an economic interpretation of the results, the model parameter estimates 

are used to compute estimates of the long-run change in the typical HC’s cost of debt that 

would arise from a substantial change in that HC’s reliance on advances. The change in 

the typical HC’s cost of debt is represented by the change in the annual interest on a bond 

of offering size equal to the sample mean offering size, which is $315 million. A 

substantial change in the HC’s reliance on advances is represented by a change equal to 

the sample standard deviation of the advances to liabilities ratio (ADVANCES), which is 

4.033 percentage points. The effects of FHLB membership and THC status on the cost of 

debt are estimated by computing the change in interest on the mean bond issue that would 

arise from unit increases in the binary variables FHLBMEM and THC, respectively. The 

effects are considered economically significant if a one standard deviation change in 

advances results in a $315,000 long-run change in the annual interest on the bond issue, 

equivalent to 0.1% of the mean bond issue size. In addition, long-run elasticities are 

calculated and presented in the tables. 

2.5.3.1. SPREAD equation  

The model estimates support hypothesis H2 (after controlling for bond, firm, and 

market characteristics, there is a negative relationship between HC cost of debt and 

reliance on advances). In the OLS estimate of the SPREAD equation (Table 2-5), the 

coefficient on ADVANCES is negative and significant at the 1% level, with a coefficient 

of -0.016, or -1.6 basis points. The estimated long-run effect of a one percentage point 

increase in the advances to liabilities ratio is a 4.2 basis point decrease in the yield spread. 

Following a one standard deviation change in ADVANCES of 4.099 percentage points, 
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the interest savings on the mean bond issue of $315 million would be roughly $542,000, 

an economically significant effect. SPREAD is inelastic with respect to ADVANCES, with 

an estimated long-run elasticity of -0.335. The results support H2 and the arguments that 

FHLBs monitor their member banks and thrifts and take actions, such as raising collateral 

requirements, to restrict advances when they appear risky. 

Next for consideration are the interaction terms involving advances and binary 

variables representing the phases of the recent financial crisis. The coefficients on these 

variables measure the response of HC cost of debt to advance-taking during that period. 

The coefficient on EARLYCRISIS*ADVANCES, representing the period between 2007:3 

and 2008:2, is not significantly different than zero. The coefficient estimate on the 

interaction term LATECRISIS*ADVANCES is -0.057, or -5.7 basis points and is 

significant at the 1% level. This indicates that between 2008:3 and 2009:1, the most 

severe period of the credit crunch, the slope of the relationship between ADVANCES and 

SPREAD became more negative. Combined with the baseline short-run effect from the 

coefficient on ADVANCES, the expected short-run effect of a one percentage point 

increase in ADVANCES during this period is a reduction in the cost of debt of 7.3 basis 

points. The estimated long-run effect of a one percentage point increase in the advances 

to total liabilities ratio is a 14.8 basis point decrease in cost of debt. The combined long-

run effect is a 19 basis point decrease.  In economic terms, a one standard deviation 

increase in ADVANCES is associated with an expected long-term savings on the mean 

bond of $2.5 million, an economically significant amount. This is consistent with H3, (the 

negative relationship between cost of debt and advances strengthened during the recent 
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financial crisis). During the credit crunch, FHLB funds helped HCs reduce their risk by 

providing them with greater liquidity. 

2.5.3.2 ADVANCES equation 

In the OLS estimate of the ADVANCES equation (Table 2-6), the coefficient on 

SPREAD is not significantly different from zero. One cannot reject the hypothesis that, 

over the time period of the study as a whole, SPREAD has no effect on ADVANCES. This 

is inconsistent with H2, which posits a negative relationship between SPREAD and 

ADVANCES. This finding also supports rejection of H1, that cost of debt and reliance on 

FHLB advances are jointly determined. Over the entire time period of the study and after 

controlling for other relevant factors, investors’ assessments of HC credit risk do not 

appear to have influenced HC reliance upon FHLB advances. 

The absence of a relationship does not continue during the financial crisis, however, 

as the coefficients on the financial crisis interactions with SPREAD are negative and 

significant. The coefficient on EARLYCRISIS*SPREAD is -0.217 and significant at the 

1% level, implying a 0.217 percentage point decrease in advances to liabilities ratio is 

associated with a 100 basis point increase in the yield spread during this period. The 

coefficient on LATECRISIS*SPREAD is -0.067 and also significant at the 1% level. The 

respective long-run effects are -7.25 and -2.24 percentage points. In economic terms, a 

100 basis-point increase in an HC’s cost of debt during the first year of the recent 

financial crisis is associated with a long-term 7.25 percentage point decrease in reliance 

on advances, an economically significant change in an FI’s funding mix. A 100 basis 
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point increase in an HC’s cost of debt during the second phase is associated with a -2.24 

percentage point decrease in reliance on advances, also economically significant. 

These results are consistent with H3 (the negative relationship between cost of debt 

and advances becomes stronger during the recent financial crisis). During periods when 

the FHLBs are known to have significantly increased advances and when credit markets 

were the tightest, a negative relationship emerges between cost of debt and advances. 

This relationship could occur if FHLBs’ crisis-related funding went to subsidiaries of 

relatively low-risk HCs, providing them additional liquidity in the credit crunch.  

Taken as a whole, the results reported in this section support the argument that, after 

controlling for other relevant factors, as advances increase, cost of debt decreases. This 

effect is more pronounced during the later stages of the financial crisis, and it is 

economically significant. Over the entire period of the study, from 2002:3 to 2009:1, the 

reverse relationship does not hold – that is the cost of debt does not exert a significant 

effect on reliance on advances. This contradicts H1, the hypothesis that cost of debt and 

reliance on advances are jointly determined. During the subprime crisis, however, greater 

cost of debt is associated with less reliance on advances. These findings are consistent 

with the arguments of Scott and Hein (2011, 2009) that FHLBs can limit or reduce the 

risk of advance takers by requiring purchases of FHLB capital as advances increase, 

taking possession of collateral as risk increases, improving FI liquidity, and offering other 

risk-management products and services. These results also support the argument that 

FHLBs provided relatively safer HCs with more liquidity during the early stages of the 

financial crisis, thus reducing their riskiness.  
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2.5.4 Cost of Debt and FHLB Membership 

This section presents results regarding the relationship between cost of debt and 

FHLB membership, independent of HCs’ reliance on advances. If FHLB advances are 

associated negatively with the cost of debt, it is possible that FHLB membership alone 

carries a similar relationship, because membership provides HC subsidiaries with the 

option to take advances.  

The estimation results for the SPREAD equation provide no evidence that FHLB 

membership has an effect, positive or negative, on the cost of debt. The OLS estimate 

(Table 2-5) of the coefficient on FHLBMEM in the SPREAD equation is not significantly 

different from zero. The same is true of the coefficient estimates on the interaction terms 

EARLYCRISIS*FHLBMEM and LATECRISIS*FHLBMEM. 

These results fail to support either H4 (lower cost of debt is associated with FHLB 

membership) or H5 (the relationship became more negative from the middle of 2007 

forward). This finding may indicate that cost of debt and the decision to join an FHLB 

are independent from one another. It may also indicate that FHLBs do not restrict 

membership according to risk; otherwise there would be a negative relationship between 

membership and risk as reflected in the firm’s cost of debt. Combined with the results 

regarding the relationship between advance taking and risk, FHLBs appear to address 

member risk through policies on advances. Another explanation for the results regarding 

membership involves the costs of joining and leaving a FHLB. Although a bank or thrift 

may join its FHLB with a nominal purchase of stock, under the provisions of GLBA, FIs 

that leave their FHLBs may not rejoin them for 5 years. A bank or thrift that loses access 
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to advances because of risky behavior has, therefore, a strong incentive to remain an 

FHLB member.  

2.5.5 Cost of Debt and THC Status 

In this section, results are presented regarding the relationship between the cost of 

debt and THC, as opposed to BHC, status. In response to concerns about weaknesses and 

redundancy in regulation of THCs by the OTS, Congress and President Barack Obama 

eliminated the agency as part of the Dodd-Frank financial system reform bill. The 

estimates presented below indicate that THC status is associated with higher cost of debt 

and, by implication, higher credit risk. 

The OLS coefficient on THC in the SPREAD equation (Table 2-5) is positive and 

significant at the 1% level, with a magnitude of 0.403, or 40.3 basis points. This indicates 

that THC status is associated with a cost of debt that in the short-run is 40.3 basis points 

higher than that of BHCs. The long-run effect of THC status on the cost of debt is 105 

basis points. For the sample mean bond issue of $315 million, this translates to an 

increase in the annual cost of debt of $3.4 million, an economically significant amount. 

The increase in cost of debt associated with THC status is substantially larger than the 

decrease in cost of debt of $542,000 associated with a one standard deviation increase in 

ADVANCES.  

The results support the hypothesis that OTS regulation is associated with greater 

credit risk and, thus, higher cost of debt. This could occur if OTS regulation was less 

strict than that of the Federal Reserve, inducing riskier HCs to choose OTS as their 

regulator. It could also occur if the rules the OTS applied to THCs were weaker or 
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promoted greater risk taking than the rules applied to BHCs. To qualify as thrifts, FIs 

must satisfy rules that encourage real estate lending, and that could encourage them to 

engage in less diversification of assets than banks typically do.  

The estimates on the interaction terms EARLYCRISIS*THC and LATECRISIS*THC 

provide evidence of an additional risk premium on THCs, compared to BHCs, during the 

early stages of the recent financial crisis. This means that at the time of crisis and credit 

shortage, investors viewed THCs as being in worse conditions than BHCs. The 

coefficient on EARLYCRISIS*THC is estimated to be 0.181, or 18.1 basis points, and 

significant at the 1% level. The estimated long-run effect is 46.8 basis points. The 

coefficient on LATECRISIS*THC is not significantly different from zero. For the sample 

mean bond issue of $315 million, the additional increase in the annual cost of debt 

experienced by THCs during the period from 2007:3 to 2008:2 is an estimated $1.5 

million, an economically significant amount. The results suggest that market participants 

were concerned that THCs were more exposed to risk from real estate lending during the 

early stage of the crisis. The effect may not have persisted into the late stage because the 

bonds of the riskiest THCs, which include Lehman Brothers, AIG, and Washington 

Mutual, leave the sample then. Following the collapse or takeovers of these THCs, their 

bonds stopped trading. 

2.6 Conclusion 

Previous research has produced differing conclusions regarding the relationship 

between FI cost of debt and reliance on FHLB advances. Some argue that a positive 

relationship can be expected because insufficient incentives exist for FHLB managers to 
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monitor member risk and because interest rates on advances do not change with member 

risk. Others argue the opposite, because the FHLBs are overseen by federal regulators, 

the FHLBs can cut off advances to risky members or raise collateral requirements to 

increase the cost of advances to riskier borrowers, and the FHLBs offer risk management 

resources to which some members might not otherwise have access. This study examines 

the issue using data from the third quarter of 2003:3 to the first quarter of 2009:1, with 

yield spreads on HC bonds proxying for risk and HC advances to liabilities ratios 

representing reliance on advances. A two-equation system of partial adjustment models is 

estimated. Tests are conducted regarding the simultaneity of risk (cost of debt) and 

reliance on advances, as well as the direction of the relationships between cost of debt 

and reliance on advances, cost of debt and FHLB membership, and cost of debt and OTS 

regulation. 

The results indicate that HC risk and reliance on advances are not jointly determined. 

The empirical analysis further finds that in a regression model of yield spreads, higher 

reliance on advances is associated with lower cost of debt. Cost of debt is inelastic with 

respect to advances, although a one standard-deviation increase in advances does have an 

economically significant effect on HC cost of debt. The negative effect of advances on 

cost of debt strengthens during the later phase of the recent financial crisis, from 2008:3 

to 2009:1. In a regression model of advances, however, cost of debt does not have a 

significant effect on the advances to total liabilities ratio over the entire time period 

studied. During the period from 2007:3 to 2009:1, however, cost of debt is negatively 

associated with greater reliance on advances. FHLB membership, independent of advance 
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taking, is found to have no significant effect on cost of debt. Relative to BHCs, the cost 

of debt for THCs is found to be greater by a margin that is economically significant. The 

margin increases during the financial crisis.  

These results imply that FHLB policies toward advances do more to discourage risky 

lending than encourage it. For policy makers, the results suggest that FHLBs advances 

support homeownership without adding to financial system risk. They also provide 

evidence that FHLB advances serve as a back-up funding source for relatively low-risk 

banks and thrifts during credit crunches, reducing systemic risk. As calls for the 

elimination of Fannie Mae and Freddie Mac increase, Congress and the President should 

consider the performance of the FHLBs separately from their fellow housing GSEs. For 

BHC and THC managers, the results imply that reliance on FHLB advances may signal 

to markets that their firms are relatively less risky. The results regarding THCs support 

the decision to eliminate OTS. One should note, however, that the sample includes 

primarily mid-sized and large BHCs and THCs, so results should be applied with caution 

to small BHCs and THCs. 
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CHAPTER 3 

THE EFFECT OF BANK HOLDING COMPANY REAL ESTATE 

INVESTMENT ON RISK AND RETURN: A GARCH APPROACH 

3.1 Introduction 

The deregulation movement in the U.S. banking industry in the last three decades 

has been far-reaching. For example, the Riegle-Neal Interstate Banking and Branching 

Efficiency Act of 1994 permitted Bank Holding Companies (BHCs) to acquire banks in 

other states and, with some restrictions, allowed all Federal Deposit Insurance 

Corporation- (FDIC-) insured banks to branch interstate. Similarly, the Gramm-Leach-

Bliley Act (GLBA) of 1999 allowed commercial banks, investment banks, and insurance 

companies to combine to form financial services holding companies. In brief, the former 

act gave banks the power to engage in geographic diversification while the latter 

deregulated product diversification.
24

  

The trend in deregulation stopped short of allowing commercial banks to engage in 

extensive non-traditional real estate activities such as developing real estate, purchasing 

real estate for resale as an investment, or providing real estate brokerage services. Such 

activity by banks is permitted in other countries with relatively stable banking systems 

including Canada and Germany.
25

 In the U.S., federal and some state statutes severely 

                                                
24

 The Dodd-Frank Wall Street Reform and Consumer Protection Act of 2010 requires the Federal Reserve 

to restrict proprietary trading of securities, commodities, and derivatives by BHCs and forbids BHCs from 

investing in hedge funds and private equity firms. It does not, however, re-impose restrictions on interstate 

branching or ownership of investment banks and insurance companies that were relaxed earlier. See H.R. 

4173--111th Congress: Dodd-Frank Wall Street Reform and Consumer Protection Act. (2010). Available 

at: http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=111_cong_bills&docid=f:h4173enr.txt.pdf 
25

 Recent World Bank surveys of national differences in bank regulations, including restrictions on real 

estate activity, have been led by James Barth, Gerard Caprio, and Ross Eric Levine. Results of those 

surveys are available at: http://econ.worldbank.org.  
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restrict, but do not entirely prohibit, real estate activity by banks and BHCs. All banks 

and BHCs are allowed to own real estate for current and future operations. The degree of 

restriction beyond that differs depending on whether the institution is a BHC, a national 

bank (NB), a state-chartered Federal Reserve-member bank (SMB), or a state-chartered 

Federal Reserve-non-member bank (SNMB).
26

  

Federal Reserve Regulation Y authorizes BHCs to engage in certain nonbank 

activities, such as investment in real estate for purposes other than operations, only with 

the permission of the Federal Reserve Board of Governors. The National Bank Act of 

1864 allows NBs to own real estate only for bank operations, as payment for loans (with 

a five-year time limit on such ownership), or if the real estate was acquired as a result of 

a default.
 
Under Federal Reserve Regulation H, SMBs are authorized to invest in real 

estate for purposes other than operations only with the prior approval of the Federal 

Reserve Board of Governors.
27

 The least restrictive rules apply to SNMBs that are 

chartered in states that have relatively lenient rules on bank real estate investment. 

According to data supplied to the author by the Conference of State Bank Supervisors, 39 

states and the District of Columbia allow banks to either take equity stakes in real estate, 

develop real estate, or both. SNMBs in the remaining 11 states and Puerto Rico follow 

rules similar to or more restrictive than those followed by NBs and SMBs. (The various 

real estate investment rules are summarized in Table 3-1.) 

                                                
26

 The Federal Reserve Act of 1913 requires NBs to join the Federal Reserve System. 
27 See the following links for information on the cited laws and regulations:  

U.S. Code Title 12 Section 29 (National Bank Act section on real estate ownership by national banks): 

vlex.com/vid/sec-power-hold-real-property-19225851. 

Federal Reserve Regulations H and Y: www.federalreserve.gov/bankinforeg/reglisting.htm. 
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Table 3-1: Real Estate Investment Rules for U.S. BHCs and Banks 
Institution Type Rules 

Bank Holding Companies (BHCs) Only with permission of Federal Reserve Board of Governors 

National Banks (NBs) 

Allowed for the following:  

 Payment for loans (five-year time limit on such ownership) 

 Acquired as a result of a default. 

State Fed-member Banks (SMBs) Only with permission of Federal Reserve Board of Governors 

State Fed-non-member Banks 
(SNMBs) 

Varies according to state as follows: 

 

States that allow equity ownership:  

Alabama, Alaska, Delaware, District of Columbia, Georgia, 

Hawaii, Rhode Island, South Dakota 

 

States that allow development: 

New Mexico, South Carolina, Wyoming 

 

States that allow ownership and development: 
Arizona, Arkansas, California, Colorado, Connecticut, Florida, 

Idaho, Illinois, Iowa, Kentucky, Maine, Massachusetts, Michigan, 

Missouri, Nevada, New Hampshire, New Jersey, New York, 

North Carolina, Ohio, Oklahoma, Pennsylvania, Tennessee, 

Texas, Utah, Virginia, Washington, West Virginia, Wisconsin 

 

States that do not allow real estate activity: 

Indiana, Kansas, Louisiana, Maryland, Minnesota, Mississippi, 

Montana, Nebraska, North Dakota, Oregon, Puerto Rico, Vermont 

This table summarizes rules on real estate investment for bank holding companies (BHCs) and banks in the 

United States. Although it is not specified in each row of the table above, all U.S. BHCs and banks are 
allowed to own real estate for their own current and future operations. 



107 

 

 

Real estate investment can have both positive and negative effects on BHC 

performance. Among the potential benefits are diversification of cash flows and 

economies of scale and/or scope, resulting in higher charter values.
28

 The potential 

downsides are threefold. First, real estate investment returns may be more volatile than 

returns from traditional banking assets, thus raising, rather than lowering, overall BHC 

risk. Second, insufficient expertise may result in poor real estate investment and real 

estate management choices by BHCs, harming their return and risk performance. Third, 

greater complexity of BHCs that invest in real estate may make them more opaque and 

complicate their regulation and monitoring.  

The purpose of this study is to empirically investigate the effects of real estate 

investment by U.S. BHCs on their stock returns; their total risk as measured by the 

conditional variance of their stock returns; their risk-adjusted stock returns as measured 

by their Sharpe ratios; and their market risk as measured by the market betas of their 

stocks. This study focuses on real estate investment activity outside of traditional real 

estate lending such as residential mortgage loans and commercial real estate loans. The 

non-traditional real estate activity studied here includes the limited activities allowed by 

federal authorities as well as the more extensive activity allowed in 39 states and the 

District of Columbia. An extended generalized autoregressive conditional 

heteroskedasticity (GARCH) framework of analysis is employed for this purpose. 

GARCH models are used to produce quarterly estimates of the volatility of the returns on 

                                                
28

 Gonzales (2005) and Ramirez (2002) are two studies that provide empirical support for the proposition 

that diversification of bank activity is associated with greater charter values.  
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BHC stock portfolios, the portfolios’ market risk, and the impact of real estate investment 

on returns.  

Portfolios are formed according to several criteria. Some are formed according to 

BHCs’ ratio of investment in real estate to total assets. These portfolios are used to 

examine hypotheses concerning the effects of the presence of real estate investment and 

increases in real estate investment on BHC returns and risk. Other portfolios are formed 

according to the type of regulation – lenient or strict – under which BHCs invest in real 

estate. This enables the study of hypotheses concerning the relationship between the type 

of regulation and the returns and risk of BHCs. 

To the author’s knowledge, this is the first study to examine the effects of real estate 

investment on U.S. BHC risk and returns without using a simulation. Previous research 

(summarized in Section 3.2) has either examined data on thrifts (a different class of 

depository institutions) during a deregulated period in the 1980s; simulated the effects of 

direct real estate investment on U.S. bank and BHC returns and risk; or studied the 

effects of other (non-real estate) non-traditional banking activities on U.S. bank and BHC 

returns and risk. In addition, the approach taken in this study has two sets of advantages 

over the approaches taken in previous related studies. The first set of advantages comes 

from measuring risk and return with market data rather than accounting data. Market data 

are forward looking, incorporating investors’ beliefs about BHCs’ prospects. Accounting 

data are backwards looking, providing data on BHCs’ past conditions. Unlike accounting 

data, market data on are not subject to managers’ ―window dressing‖ of the results by, for 

example, spreading losses over time (smoothing). Additionally, if external factors are 
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likely to impact BHC performance in the future, market-based risk measures are more 

likely than accounting-based measures to reflect it. The second set of advantages comes 

from estimating GARCH models of quarterly stock returns. The GARCH estimates result 

in quarterly estimates of the conditional variance of returns, which are interpreted as 

measures of BHCs’ total risk. This allows the use of quarterly accounting data on real 

estate investment (the only readily available and useful public data on BHC real estate 

investment) to estimate the effects of real estate investment on the market-based 

measures of total risk as well as return.  

The empirical analysis provides evidence that, rather than improving BHC 

performance, real estate investment has a net negative effect on it in many respects. 

Portfolios of BHCs that invest in real estate show no significant difference in returns and 

display greater total risk and lower risk-adjusted returns than portfolios of BHCs that do 

not. Portfolios of BHCs that invest under relatively lenient rules have lower returns, 

greater total risk, and lower risk-adjusted returns than portfolios of BHCs that invest 

under stricter rules. Greater real estate investment is associated with lower returns for 

some portfolios of BHCs that invest in real estate. Specifically, this is the case for 

portfolios of BHCs that make the greatest investments in real estate as a proportion of 

their total assets and for portfolios of BHCs that invest in real estate under relatively strict 

rules (in this case, stricter rules are associated with worse performance). For the other 

portfolios, increased investment in real estate is found to have no significant effect on 

returns. Greater real estate investment is also found to increase market risk for portfolios 

of all BHCs that invest in real estate, portfolios of BHCs that invest the most in real 
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estate, and portfolios of BHCs that invest in real estate under relatively lenient rules. 

Increases in real estate investment do not result in significant differences in total risk for 

any of the portfolios studied. Among BHCs that invest in real estate, a portfolio of BHCs 

that invest the most as a proportion of total assets has risk-adjusted returns that are not 

significantly different from the risk-adjusted returns of a portfolio of BHCs that invest the 

least. 

These results are evidence that benefits from diversification, economies of scale 

and/or scope, and increases in charter value are outweighed by greater variability of 

returns, greater BHC complexity, and lack of BHC expertise in real estate investment, at 

least at the limited level of engagement in real estate activity exhibited by BHCs in the 

sample. If these results can be generalized to larger and wider activity levels in real estate 

by banks, the implication for policy makers is that loose restrictions on real estate 

investment allow BHCs to take greater risks that do not result in corresponding increases 

in returns. It is possible, however, that removing constraints on the level and the nature of 

activity in real estate by banks will allow them to overcome certain indivisibility 

constraints and produce more positive effects in the short-run or the long-run. Because 

the share of real estate investment in the total assets of the BHCs in the sample is 

relatively small, the current results should not be taken as ruling out the possibility of a 

threshold level of real estate investment above which BHCs exhibit significant benefits 

from development of expertise and economies of scale within the field of real estate 

investment.  
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The remainder of the paper is organized as follows. Section 3.2 covers the 

theoretical underpinnings of the subject of real estate investment by banks and reviews 

the related literature. Section 3.3 describes the data. Section 3.4 explains the empirical 

approach. Section 3.5 presents the results of the empirical analysis. Section 3.6 

concludes.  

3.2 Theory and Literature Review   

Diversification of BHCs into real estate activities could produce several effects. 

According to modern portfolio theory (Lintner, 1965; Markowitz, 1959; Mossin, 1966; 

Sharpe, 1964), if profits from real estate and non-real estate activities are not perfectly 

correlated, BHC portfolios’ efficient frontiers including the two lines of activities will 

shift up, reflecting greater returns for each level of risk. In addition, fewer regulatory 

restrictions allow banks and BHCs to take advantage of economies of scale, scope, or 

both, as argued in Claessens and Klingebiel (2000), and to overcome indivisibilities of 

modern technology, resulting in greater bank charter values compared to their 

competitors (Ramirez, 2002). Increased charter value, in turn, gives banks incentives to 

reduce risk (Acharya, Santos, & Yorulmazer, 2010). 

On the other hand, real estate investment could increase BHC risk because returns from 

real estate activity may exhibit greater variance than returns from traditional banking 

activities such as intermediation (Rosen, Lloyd-Davies, Kwast, & Humphrey, 1989). Real 

estate investment may increase BHC risk through other channels as well. By investing in 

real estate, banks and BHCs may enter an area of activity in which they have little expertise, 

exposing themselves to considerable downside risk and the possibility of failure. Finally, 
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Barth, Caprio, and Levine (2004) argue that by engaging in non-traditional activities such as 

real estate investment, banks become more complex and, hence, more opaque, which in turn 

makes them more difficult for regulators and investors to monitor.  

Empirical research must answer the question of whether real estate investment by 

BHCs results in a net improvement in performance. Previous studies on the effects of real 

estate investment by depository institutions (DIs) in the U.S. have used data from thrifts 

in the 1980s. The Depository Institutions Deregulation and Monetary Control Act 

(DIDMCA) of 1980 and the Garn-St. Germain Act of 1982 gave thrifts greater latitude to 

invest in a range of nontraditional assets, including equity stakes in real estate and real 

estate development ventures. Following a wave of thrift failures and a taxpayer-funded 

bailout of the thrift system, the Financial Institutions Reform, Recovery, and 

Enforcement Act (FIRREA) of 1989 again imposed relatively strict restrictions on these 

activities. 

Rosen et al. (1989) analyze data from 1980 to 1985 on the returns on direct 

investments in real estate assets by thrift service corporations,
29

 market equity returns of 

real estate investment trusts (REITs), and profits of commercial banks that operated 

under strict restrictions on real estate investment. In their analysis, the low correlation 

between returns on real-estate and non-real-estate assets is outweighed by the greater 

variability of real estate returns when real estate investment exceeds a relatively low 

threshold around 4 percent of total assets. They conclude that, if allowed, real estate 

                                                
29

 Thrift service corporations are subsidiaries of thrift holding companies that are authorized to engage in 

any activity regulators deem reasonably related to the business of thrifts (Williams, 1988).  
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investment by banks should be restricted to a small percentage of total assets or should 

carry an additional capital requirement.  

McKenzie, Cole, and Brown (1992) estimate the average returns on a set of 

nontraditional assets, including real estate, in which thrifts were allowed to invest 

following passage of DIDMCA and the Garn-St. Germain Act. The authors use data from 

one-year periods ending on June 30, 1987 and June 30, 1988. (The authors chose the 

dates to reduce the effects on returns of the high initial costs of investing in nontraditional 

assets that were incurred in the years following the passage of the acts in 1980 and 1982.) 

The authors find that average returns on real estate investment were significantly lower 

than average returns on traditional assets, although they also acknowledge the study was 

performed during a period in which real estate investments in general performed poorly. 

The results were more pronounced at capital-deficient institutions. At the time, the 

deposit insurance system for thrifts did not alter insurance premia according to asset risk. 

McKenzie et al. (1992), therefore, argue that with little capital to lose, managers of 

capital-deficient thrifts rationally obtained high-risk, high-potential-return assets in the 

presence of moral hazard because any losses would be borne by the deposit insurance 

fund. McKenzie et al. (1992) did not examine the effects of real estate investment on any 

formal measure of risk. 

As is well-known, the 1980s ended in crisis for the U.S. thrift industry, with 

regulators closing or placing into receivership more than 1,000 thrifts. Several authors 

(Cole, McKenzie, & White, 1990; Cole, 1993; Pantalone & Platt, 1987; Rudolph & 

Hamden, 1988) show that these institutions held shares of nontraditional assets, including 
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equity stakes in commercial real estate, in their portfolios that were relatively large in 

comparison with well-capitalized thrifts. Using data from 1984 to 1989, Cole and 

McKenzie (1994) estimate mean-variance efficient portfolio frontiers for well-capitalized 

thrifts and insolvent thrifts. They find that well-capitalized thrifts chose portfolios that 

were close to their efficient frontiers, protecting their equity capital. Insolvent thrifts, 

however, chose high-risk, high-return portfolios that ex post produced returns far below 

the efficient frontier. These results provide further support to the hypothesis that 

managers of weak thrifts invested in risky real estate in part because losses would be 

borne by the deposit insurance fund. 

Boyd, Graham, and Hewitt (1993) examine the effect of expansion into nonbank 

activities by simulating mergers of randomly selected BHCs and nonbank firms. The 

authors find that BHC risk usually increases from simulated mergers with firms in real 

estate and real estate development as well as securities firms and insurance agencies and 

brokerages. However, BHC risk was reduced through simulated mergers with life 

insurance and property and casualty insurance firms. 

Other related studies focus on U.S. commercial bank and BHC expansion into non-

traditional banking activities without specifically examining real estate investment. Boyd 

and Graham (1986) examine the effect of BHC expansion into nonbank activities 

permitted by the Federal Reserve using data from 1971 to 1983. They find that from 1971 

to 1977, when the Federal Reserve’s regulatory policy was more permissive, BHCs’ 

degree of involvement in nonbanking activity was positively associated with risk, 

measured by the standard deviation of BHCs’ returns on assets (ROA) and BHC Z-
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scores.
30

 From 1978 to 1983, when Federal Reserve regulation was more stringent, they 

find no statistically significant relationship between the extent of nonbank activity and 

risk. Wall (1987) examines data on BHCs with nonbank subsidiaries and finds that 

nonbank subsidiaries tend to increase the risk of BHCs with less risky banks and decrease 

the risk of BHCs with high-risk banks. Similarly, Brewer (1989) studies BHC stock 

market data from 1978 to 1986 and finds a weak negative relationship between BHC risk, 

measured by the volatility of BHC stock returns, and level of nonbanking activity, 

measured by one minus the ratio of the BHCs total banking assets to total assets. Stiroh 

(2004) finds that greater reliance on noninterest income – a category that includes 

fiduciary income, service charges, trading revenue, and fees – is associated with lower 

risk-adjusted profits and higher risk at U.S. commercial banks from 1978 to 2001. Using 

data from U.S. financial holding companies from 1997 to 2002, Stiroh and Rumble 

(2006) conclude that gains from diversification made possible by deregulation are more 

than offset by the costs of increased exposure to volatile activities. Marginal increases in 

revenue diversification are not associated with better performance, while marginal 

increases in non-interest income are associated with lower risk-adjusted profits. Geyfman 

and Yeager (2009) study equity-based measures of risk taken from 1990 to 2007 and find 

that U.S. banks involved in investment banking had similar systematic risk but sharply 

higher total and unsystematic risk than more traditional banks. 

                                                
30

 The Z-score is a measure of the probability that a BHC will fail. It is calculated as the sum of mean ROA 

and mean equity capital ratio, divided by the standard deviation of ROA. It measures the number of 

standard deviations below mean that ROA must fall in order to bankrupt the firm. See Lown, Osler, 

Strahan, and Sufi (2000) for more details. 
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Several studies have used international data to test the effects of banking activity 

restrictions on bank performance. Barth et al. (2004) compute an index of national 

restrictions on banking activity that accounts for restraints on real estate investment as 

well as securities investment and ownership of non-financial firms. They include this 

index with other variables on the right hand side of regression models of various bank 

risk indicators. With data from 107 countries from the 1990s and early 2000s, they find 

that greater banking activity restriction is associated with a greater likelihood of a 

banking crisis.  

Gonzales (2005) tests the effects of banking activity restrictions using a data set of 

251 banks in 36 countries from 1995 to 1999. He finds that banks in countries with 

greater restrictions on banking activities have lower charter values after controlling for 

the presence of deposit insurance, the quality of countries’ rule of law, the historic origins 

of countries’ legal systems, and balance sheet variables. He also finds evidence that 

greater bank risk is associated with reductions in charter value. 

In summary, this literature review shows that in theory real estate investment by 

banks and BHCs can have both positive and negative effects on bank performance as 

measured by risk, returns, and risk-adjusted returns. The net effect is an empirical 

question. Previous empirical studies (cited above) find that the negative effects have 

outweighed the positive effects for U.S. depository institutions. The studies discussed 

here, however, primarily rely on data on thrifts from the 1980s, when the pricing of 

deposit insurance created incentives for these institutions to take greater risks through 

non-traditional banking activities. Since the passage of the Federal Deposit Insurance 
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Corporation Improvement Act of 1991 (FDICIA), the Federal Deposit Insurance 

Corporation has been required to set premiums based on risk (Acharya et al., 2010). More 

recent studies (also mentioned above) typically find increased risk, lower risk-adjusted 

returns, or both when U.S. banks and BHCs engage in a range of non-traditional 

activities. Evidence from some international studies finds improvements in risk and 

returns associated with lower restrictions on banking activities including, but not limited 

to, real estate investment. This study is intended to contribute additional empirical 

evidence regarding the relationship between U.S. bank and BHC real estate investment 

with risk and return by using market data from the last 20 years and looking at risk and 

return effects within the same framework.  

3.3 Data  

Quarterly data on investment in real estate by BHCs come from the BHC Reports 

available on the Federal Reserve Bank of Chicago Web site. BHCs have reported figures 

on real estate investment since the third quarter of 1990 on form FR Y9-C. Hence, the 

sample period runs from the third quarter of 1990 through the fourth quarter of 2010, 82 

quarters. Of 4,187 BHCs that filed Y9-C reports during this time period, 595 reported 

positive real estate investment for at least one quarter during the sample period. The 

subset of that group that is publicly traded and for which stock price information is 

available numbers 204. (More descriptive statistics are in Section 3.5.1).  

Real estate investment data come from series BHCK3656 (―Direct and Indirect 

Investments in Real Estate Ventures”) in the Y9-C reports. They include real estate held 

for investment and development; loans secured by real estate that have virtually the same 
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risks and rewards as the real estate used as security; investments in ventures that are 

primarily engaged in holding real estate for development or investment; and property 

originally acquired for future expansion but no longer intended for that purpose. The real 

estate investment to total assets ratio (denoted RE), measured in percent, is calculated for 

each BHC for every quarter that it appears in the Y-9C reports. Series BHCK3656 

excludes real estate used for the operation of the BHC and its subsidiaries as well as real 

estate acquired to satisfy previously contracted debts, such as foreclosed-upon properties. 

Such real estate is reported, but it is excluded from this study because it is not acquired as 

a return-generating investment.  

Each BHC’s quarterly stock returns are calculated from monthly return data from the 

Center for Research on Security Prices (CRSP) by way of Wharton Research Data 

Services (WRDS). Six portfolios of BHC stocks are formed in the following manner 

(Table 3-2 summarizes the portfolio construction criteria). First, BHCs that report 

positive investment in real estate are ranked each quarter by RE. Two portfolios are then 

formed, one called HIGH_HALF that includes BHCs with RE in the top half of the 

ranking and one called LOW_HALF that includes BHCs with RE in the bottom half of the 

ranking. The composition of each portfolio changes each quarter as BHCs’ values of RE 

change. Construction of these portfolios allows one to study whether greater investment 

in real estate is associated with different BHC risk and return characteristics.  
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Table 3-2: Portfolio Descriptions 

Portfolio Name Criteria for Inclusion 

HIGH_HALF 

 

BHC reports investing in real estate during the quarter; real estate 

investment to total assets ratio (RE) is among the top half of BHCs 

that quarter. 

 

LOW_HALF 

 

BHC reports investing in real estate during the quarter; real estate 

investment to total assets ratio (RE) is among the bottom half of 

BHCs that quarter. 

 

INVEST 

 

BHC reports investing in real estate during the quarter. 

 

NO_INVEST 

 

BHC reports no real estate investment during the quarter. 

 

LENIENT 

 

BHC reports investing in real estate during the quarter; BHC 

controls a subsidiary bank that may invest in real estate under rules 

that allow equity purchases of real estate and real estate 

development. 

 

STRICT 

 

BHC reports investing in real estate during the quarter; BHC does 

not control a subsidiary bank that may invest in real estate under 

rules that allow equity purchases of real estate and real estate 

development. 
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In addition to studying whether BHC risk and return are influenced by the level of 

real estate investment, it is of interest to determine whether they are influenced by the 

simple presence of real estate investment. To investigate this issue, stocks of BHCs that 

invested in real estate are assembled into a portfolio called INVEST. A BHC is included 

in INVEST in a given quarter only if it reports positive real estate investment in that 

quarter. For comparison, BHCs that report no real estate investment are included in a 

portfolio called NO_INVEST. The composition of the two portfolios changes each quarter 

as BHCs’ start or stop investing in real estate.  

Finally, two portfolios are formed to examine differences between BHCs that invest 

in real estate under lenient rules and BHCs that invest in real estate under strict rules. Call 

report data are used to identify SNMBs in the 39 states and the District of Columbia that 

allow banks to either buy equity stakes in real estate, develop real estate, or both. Their 

data are then matched with BHC data using identifiers common to both data sets. The 

BHCs that control SNMBs in this group and that invested in real estate are included in a 

portfolio called LENIENT, because such BHCs are able to invest in real estate under 

relatively lenient rules (rules on real estate investment are summarized in Section 1 and 

Table 3-1). The remaining BHCs control only NBs that fall under the relatively strict 

regulations of the National Bank Act, SMBs under the relatively strict Regulation H, or 

SNMBs that operate under similarly strict state rules (see Section 1). The BHCs that 

invested in real estate under relatively strict rules are included in a portfolio called 

STRICT. Again, the composition of the two portfolios changes each quarter as some 
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BHCs begin investing in real estate under lenient or strict regulations and others stop 

doing so. Table 3-2 provides summary descriptions of the portfolios used in this study. 

Portfolio returns (R) are calculated by averaging individual stock returns plus 

dividends with equal weights on each stock. Using equal weights prevents the stocks of 

large BHCs from disproportionately affecting the results. Other authors who use equal 

weights in studies of BHC stock portfolios include Elyasiani and Mansur (1998) and 

Elyasiani, Mansur, and Pagano (2007). The real estate investment to total assets ratio 

(RE) of each portfolio in each quarter is calculated by averaging the real estate 

investment to total assets ratio of each stock in the portfolio in each quarter with an equal 

weight on each stock. The portfolio construction process filters out possible noise that 

would obscure the effects of real estate investment or real estate investment rules on a 

single stock’s returns and return volatility. This methodology is based on the assumption 

that the noise factors are not correlated with real estate investment. This process has been 

previously used in the literature by the authors cited earlier in this paragraph. Section 3.4 

contains descriptions of the hypotheses involving these and the other portfolios. 

3.4 Econometric Model, Methodology, and Hypotheses 

The econometric modeling framework employed is an expanded generalized 

autoregressive conditional heteroskedasticity (GARCH) capital asset pricing model 

(CAPM). GARCH models, such as those employed here, include equations for both the 

conditional mean and the conditional variance of the dependent variable, which in this 

case is the return on a stock portfolio (R). GARCH models are frequently employed to 

model the behavior of financial time series such as stock returns because many financial 
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time series exhibit time-varying variances (Campbell & Hamao, 1992; Hamilton, 1994; 

Greene, 2003). Furthermore, GARCH models allow investigation of the effects of 

changes in real estate investment to total assets ratios (RE) not only on BHC stock returns 

but also on the conditional variance of those returns. The effect of RE on the conditional 

variance is measured using an augmented GARCH (1,1) structure. One of the two 

GARCH models estimated, denoted Model 1, is expressed by equations (3-1) to (3-2) 

below: 

                                               

           
                      

         
        

The model parameters are estimated using the method of maximum likelihood using 

the optimization algorithm of Broyden, Goldfarb, Fletcher, and Shanno (see Broyden, 

1970). Histograms (in Figure 3-1) and kurtosis estimates (in Table 3-6) indicate that the 

distributions of returns for most of the portfolios have fatter tails than the normal 

distribution. In addition, the histograms show relatively large cusps, or flat regions, at the 

peaks of some of the distributions. Occurrence of large cusps implies that more values of 

the portfolio returns are near the median than would be the case under the normal 

distribution. For this reason the likelihood function is constructed using an error term that 

is assumed to follow the generalized error distribution (GED), which includes the normal 

distribution as a special case.
31

 The GED has a shape parameter, the estimates of which 

                                                
31

 A possible alternative distribution, the t-distribution, allows for fat tails but has a peak rather than a cusp 

at the origin. 
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Figure 3-1: Portfolio Return Histograms  
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are reported in the tables of regression results. When the shape parameter is equal to two, 

the GED is equivalent to the normal distribution.  

The dependent variable is the quarterly return (R), including dividends, on a 

portfolio of BHC stocks. The first independent variable in the mean equation is the 

quarterly return on the market portfolio (      ). The market portfolio, constructed by 

CRSP, includes all of the stocks traded on the New York Stock Exchange (NYSE), the 

American Stock Exchange (AMEX), and the NASDAQ Stock Market (NASDAQ). Each 

stock in the market portfolio is given equal weight, and dividends are included in the 

returns. The quarterly return is calculated from CRSP monthly return data. The 

coefficient on MARKET, βM, also called the market beta, is interpreted as the portfolio’s 

market (systematic) risk.  

The portfolio’s mean real estate investment to total assets ratio (RE) is included in 

the conditional mean equation to test whether changes in real estate investment are 

associated with changes in returns (R). A positive (negative) and significant estimate of 

the coefficient βRE is interpreted as evidence that increases in real estate investment are 

associated with higher (lower) BHC returns. A second additional variable in the 

conditional mean model is an orthogonalized version of the interaction between the 

MARKET and RE variables. To compute this variable, the product of MARKET and RE is 

regressed on a constant, MARKET, and RE and the regression’s residuals (denoted as 

MARKET*RE) are included in the conditional mean equation of Model 1. The coefficient 

on the orthogonalized interaction term (βINT) may be viewed as a pure interaction effect 
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because the individual influences of MARKET and RE have been removed.
32

 The 

coefficient βINT’s sign is interpreted as the direction in which an increase in RE affects the 

portfolio’s market beta.  

The GARCH (1,1) structure models the conditional variance as a linear function of 

the squared lagged error term and the lagged conditional variance. RE is also included in 

the conditional variance equation to test whether increased real estate investment is 

associated with changes in the conditional variance of returns, or total risk. A positive 

estimate of the coefficient θRE is interpreted as evidence that greater real estate 

investment is associated with greater total risk and vice versa.  

The maximum likelihood procedure produces estimates of the portfolio return’s 

conditional variance, ht for each period t. The estimated conditional variance is 

interpreted as the portfolio’s total risk. A single-tailed, Wilcoxon matched-pair signed-

rank test (described in introductory statistics textbooks such as Berenson, Krehbiel, and 

Levine, 2006) is used to test the null hypothesis that the median difference in conditional 

variances of the two portfolios is zero against the alternative that the median is positive. 

(Specific tests are described later in this section.) The Wilcoxon test of the medians is 

used rather than the t-test of the means because the conditional variance distributions are 

skewed. Quarterly values of each portfolio’s Sharpe ratio are calculated by dividing each 

portfolio’s quarterly returns by its corresponding estimated return standard deviation (the 

square root of the estimated return conditional variance). The Sharpe ratio is a measure of 

                                                
32

 For a more detailed explanation of orthogonalized interaction terms, see (Aiken & West, 1991). 
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returns that adjusts for risk. This allows further comparison of the performance of the 

various types of BHCs studied. 

A second model, Model 2, is estimated without RE in the conditional mean and 

conditional variance equations and without MARKET*RE in the conditional mean 

equation. This modification allows estimation of the model for the NO_INVEST portfolio 

returns, which would otherwise suffer from exact collinearity due to RE always taking the 

value of zero for that portfolio. Model 2 is estimated for the other five portfolios as well. 

Analytically, Model 2 may be written as follows, 

                         

           
               

         
       

Attempts were made to compute estimates for models that include on the right side 

of the conditional mean equation the quarterly change in a long-term interest rate, the 

quarterly change in a broad measure of the exchange rate, and various transformations of 

the conditional variance. Attempts were also made to compute estimates for models that 

include on the right side of the conditional variance equation dummy variables 

representing various periods of increased return volatility including the period of the 

recent financial crisis. Results for these models are not reported because algorithms for 

calculating maximum likelihood estimates of their parameters frequently fail to converge. 
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This likely occurs because the number of model parameters is high relative to the number 

of observations (82).
33

 

Estimation of the preceding models’ parameters for each portfolio’s return series 

allows testing of ten hypotheses which are summarized in Table 3-3 and explained in the 

remainder of this section. As discussed in Section 3.2, because of economies of scope and 

scale, greater investment in real estate could produce greater profits and, hence, greater 

stock returns. But BHCs may lack sufficient expertise to choose real estate investments 

that are more profitable than traditional BHC investments. Based on previous empirical 

research described in Section 3.2, the expectation here is that greater investment in real 

estate is associated with lower returns. Three hypotheses related to real estate investment 

and returns are tested as follows: 

H1-RET: Greater investment in real estate by BHCs is associated with lower returns.  

This hypothesis is tested by noting the sign and testing the significance of the 

coefficient on REt (βRE) in the conditional mean equation in Model 1 (Equation (3-1)). 

This hypothesis is also tested by applying the Wilcoxon matched-pair signed-rank test of 

the null hypothesis that the median difference in the HIGH_HALF and LOW_HALF 

portfolios’ returns (HIGH_HALF minus LOW_HALF) is zero.
34

 A one-tailed test is 

                                                
33
 Because the portfolio mean BHC size varies widely from portfolio to portfolio, each model was 

estimated for each portfolio with the logarithm of the total assets included in the conditional variance 

equation. The coefficient on this variable is not significant for any of the portfolios, so the results presented 

in the text come from models estimated without it. The results related to the hypotheses of interest obtained 

from this model are similar to those that come from the model without the size variable. (Appendix E 

contains tables of results for these models.)  
34

 The HIGH_HALF and LOW_HALF portfolios are formed as follows: BHCs that report positive 

investment in real estate are ranked each quarter by RE. HIGH_HALF includes BHCs with RE in the top 

half of that ranking. LOW_HALF includes BHCs with RE in the bottom half of that ranking. 
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Table 3-3: Hypotheses 

Hypothesis 

abbreviation 
Hypothesis statement 

H1-RET 

 

Greater investment in real estate by BHCs is associated with lower returns. 
 

H1-TR 

 

Greater investment in real estate by BHCs is associated with greater total risk. 

 

H1-RAR 

 

Greater investment in real estate by BHCs is associated with lower risk-adjusted 

returns. 

 

H1-MR 

 

Greater investment in real estate by BHCs is associated with greater market risk. 

 

H2-RET 

 

BHCs that invest in real estate have lower returns than BHCs that do not. 
 

H2-TR 

 

BHCs that invest in real estate have greater total risk than BHCs that do not. 

 

H2-RAR 

 

BHCs that invest in real estate have lower risk-adjusted returns than BHCs that do 

not. 

 

H3-RET 

 

BHCs that invest in real estate under relatively lenient rules have lower returns 

than BHCs that invest under relatively strict rules. 

 

H3-TR 

 

BHCs that invest in real estate under relatively lenient rules have greater total risk 

than BHCs that invest under relatively strict regulations. 

 

H3-RAR 

 

BHCs that invest in real estate under relatively lenient rules have lower risk-

adjusted returns than BHCs that invest under relatively strict rules. 
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performed by using the alternative hypothesis that the median difference is negative. The 

alternative implies that returns on the HIGH_HALF portfolio are less than those of the 

LOW_HALF portfolio.  

H2-RET: BHCs that invest in real estate have lower returns than BHCs that do not.  

This proposition is tested with the Wilcoxon test of the null hypothesis that the 

median difference in the INVEST and NO_INVEST portfolios’ returns is zero against the 

alternative that it is negative. (The difference in returns is calculated as INVEST returns 

minus NO_INVEST returns.) 

H3-RET: Investment in real estate under relatively lenient rules is associated with 

lower returns than investment under relatively strict rules.  

Again, a Wilcoxon test provides evidence. In this case, the test is of the null 

hypothesis that the median difference in returns on the LENIENT and STRICT portfolios 

is zero against the alternative that it is negative. Differences in returns are calculated as 

the LENIENT returns minus the STRICT returns. 

The relationship between real estate investment and total risk depends on whether 

risk reduction from diversification is outweighed by greater variance of returns from real 

estate investments relative to traditional banking investments. The studies reviewed in 

Section 3.2 produced mixed conclusions on whether diversification into non-traditional 

activities is associated with greater risk. Based on the most closely related research, on 

thrifts in the 1980s, the conjecture here is that greater investment in real estate is 

associated with greater total risk. Three hypotheses on the relationship between real 

estate investment and total risk are tested as follows: 
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H1-TR: Greater investment in real estate by BHCs is associated with greater total 

risk.  

A positive and significant estimate of the coefficient on RE in the conditional 

variance equation in Model 1 (θRE) is interpreted as evidence in support of this 

hypothesis. Evidence also comes from a Wilcoxon test of the null hypothesis that the 

median difference in conditional variances     of the HIGH_HALF and LOW_HALF 

portfolios is zero against the alternative that the difference (HIGH_HALF minus 

LOW_HALF) is positive. To put the differences in median total risk in economic terms, 

each portfolio’s median 1%, one-quarter Value at Risk (VaR) is calculated. This enables 

comparison of potential losses on investments in the portfolios from unexpectedly bad 

quarters. (For a lengthier description of VaR and how it is calculated, see Appendix A.) 

H2-TR: BHCs that invest in real estate have greater total risk than BHCs that do not.  

This hypothesis is tested by computing the medians of the conditional variance, 

  
 for the returns on the INVEST and NO_INVEST portfolios. Then a Wilcoxon test is 

performed with the null hypothesis that the difference in medians (INVEST minus 

NO_INVEST) is zero against the alternative that it is positive. As with hypothesis H1-TR, 

each portfolio’s median 1%, one-quarter Value at Risk (VaR) is calculated so a 

comparison may be made of potential losses on investments in the portfolios from 

unexpectedly bad quarters.  

H3-TR: BHCs that invest in real estate under relatively lenient regulations have 

greater total risk than BHCs that do so under relatively strict regulations.  
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BHCs operating under lenient rules can be expected to operate with greater prudence 

if greater freedom to invest in real estate confers greater charter value. But if real estate 

investments allowed under lenient rules are riskier than the real estate investments 

allowed under strict rules, then the total risk of BHCs investing under the lenient rules 

should be greater. The net effect is assessed by computing the median difference in the 

estimated conditional variances of the LENIENT and STRICT portfolios and testing the 

hypothesis that the difference in actual conditional variances is zero using the Wilcoxon 

test. As with hypotheses H1-TR and H2-TR, each portfolio’s median 1%, one-quarter Value 

at Risk (VaR) is calculated so a comparison may be made of potential losses on 

investments in the portfolios from unexpectedly bad quarters.  

If greater investment in real estate is associated with lower returns, as proposed in 

H1-RET, or greater total risk, as proposed in H1-TR, or if both are true, then it follows that 

greater investment in real estate will be associated with lower risk–adjusted returns. 

Previous research, such as Stiroh (2004), has indicated that banks involved in non-

traditional banking activities exhibit lower risk-adjusted returns. 

H1-RAR: Greater investment in real estate by BHCs is associated with lower risk-

adjusted returns.  

This hypothesis is tested using the Wilcoxon test of the null hypothesis that the 

median difference in Sharpe ratios (return divided by conditional variance) of the 

HIGH_HALF and LOW_HALF portfolios is zero against the alternative that the 

difference (HIGH_HALF minus LOW_HALF) is negative. 
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H2-RAR: BHCs that invest in real estate have lower risk-adjusted returns than BHCs 

that do not.  

Evidence regarding this hypothesis is obtained using the Wilcoxon test of the null 

hypothesis that the median difference in the Sharpe ratios of the INVEST and 

NO_INVEST portfolios is zero against the alternative that the median difference (INVEST 

minus NO_INVEST) is negative. 

H3-RAR: Investment in real estate under relatively lenient rules is associated with 

lower risk-adjusted returns than investment under relatively strict rules.  

Again, a Wilcoxon test is used, this time of the null hypothesis that the median 

difference in the Sharpe ratios of the LENIENT and STRICT portfolios is zero against the 

alternative that the difference (LENIENT minus STRICT) is negative. 

The last hypothesis has to do with market risk. The returns from real estate 

investment are expected to be sensitive to macroeconomic fluctuations, and hence carry 

greater market risk, than returns from other assets because recessions in the U.S. are 

frequently associated with downturns in the real estate market (Leamer, 2007). 

H1-MR: Greater investment in real estate by BHCs is associated with greater market 

risk.  

A positive and significant estimated coefficient on the orthogonalized interaction 

term MARKET*RE in Model 1 (βINT) is a measure of the shift in the market risk in 

response to increased real estate investment and is interpreted as evidence in favor of this 

hypothesis.  
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3.5 Empirical Results 

This section presents the results of the empirical analysis. First are descriptive 

statistics, which provide opportunities to test some of the hypotheses listed in Section 3.4. 

Second, results concerning the effects of greater real estate investment on returns and risk 

are discussed. Third, results related to differences between BHCs that invest in real estate 

and BHCs that do not are analyzed. Finally, results regarding differences between BHCs 

that invest in real estate under relatively lenient rules and those that invest in real estate 

under relatively strict rules are presented. 

3.5.1 Descriptive Statistics, Difference in Return Tests, and GARCH Model Estimates 

3.5.1.1 Descriptive statistics 

Table 3-4 presents some descriptive statistics on the BHCs that were listed in CRSP 

and invested in real estate during the period studied. (Some other descriptive statistics on 

these BHCs are discussed in Section 3.3.) Total assets range from $96.2 million (for 

BMR Financial Group of Florida in the second quarter of 1993) to $2.4 trillion (Bank of 

America, second quarter 2010). The mean total assets was $89.1 billion while the median 

was $1.2 billion, reflecting the right-skewness of the total assets distribution. Real estate 

investment to total assets ratios range from near zero (Keystone Financial Corp. of 

Pennsylvania, fourth quarter 1994) to 4.54 percent (Fremont Bancorporation of 

California, fourth quarter 1992) with a mean of 0.22 percent. As described in Section 3.1, 

federal laws and some state laws strictly limit the types of real estate in which many 

banks and BHCs may invest. Even in states with lenient rules, however, real estate 

investment is a small part of BHC portfolios. The aggregate investment in real estate by 
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BHCs that issued stock ranges from $320 million (third quarter of 1993) to $23.4 billion 

(first quarter of 2010) with a mean of $5.9 billion. 

 

Table 3-4: Descriptive Statistics on Bank Holding Companies in the Sample, 1990:3 to 

2010:4 

 
N Mean Median Minimum Maximum Std. Dev. 

Total Assets ($1000s) 3,002 89,137,005 1,232,907 96,227 2,366,086,945 292,580,704 

Real Estate Investment 

($1000s) 
3,002 160,258 0 1 7,878,130 776,147 

Real Estate Investment 

Ratio (%) 
3,002 0.22 0 2.12×10-5 4.54 0.38 

Aggregate Real Estate 

Investment ($1000s) 
82 5,866,994 2,293,334 320,255 23,415,123 7,000,302 

This table presents descriptive statistics on the mean total assets, mean real estate investment, and mean 

real estate investment to total assets ratio of the bank holding companies (BHCs) represented in each 

portfolio in each quarter. It also contains statistics on aggregate BHC real estate investment in each 

quarter. The first three rows contain statistics taken from 3,002 observations taken over 82 quarters on 

204 BHCs. The fourth row contains aggregate statistics for each of the 82 quarters. 

 

Table 3-5 presents descriptive statistics on the number of stocks in each portfolio in 

each quarter as well as descriptive statistics on the quarterly mean total assets and the 

quarterly mean real estate investment to total assets ratio (RE) of the BHCs represented in 

each portfolio. The HIGH_HALF and LOW_HALF portfolios have means of 18.6 and 18 

stocks, respectively. The INVEST portfolio has a mean of 36.6 stocks while the 

NO_INVEST portfolio has a mean of 329.1 stocks, reflecting the fact that far fewer BHCs 

invested in real estate than did not. The LENIENT portfolio has a mean of 25 stocks while 

the STRICT portfolio has a mean of 11 stocks.  

Over the period studied, the median of the quarterly average total assets for the 

INVEST portfolio was $55.6 billion, a figure substantially larger than the corresponding 

$7.9 billion figure for NO_INVEST. This reflects the fact that larger BHCs were more 
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Table 3-5: Descriptive Statistics on Portfolios, 1990:3 to 2010:4 

 

N Mean  Median Minimum  Maximum Std. Dev. 

Number of Stocks 

HIGH_HALF  82 18.6 18.5 7 31 8.3 

LOW_HALF  82 18.0 17.5 6 31 8.4 

INVEST  82 36.6 36 13 62 16.6 

NO_INVEST 82 329.1 322 244 425 56.4 

LENIENT  82 25.5 25.5 5 50 14.0 

STRICT  82 11.0 10 2 20 3.9 

Mean Real Estate Investment to Total Assets Ratio (RE) (%) 

HIGH_HALF  82 0.427 0.415 0.237 0.901 0.140 

LOW_HALF  82 0.034 0.024 0.009 0.100 0.023 

INVEST  82 0.218 0.229 0.127 0.463 0.075 

NO_INVEST 82 0 0 0 0 0 

LENIENT  82 0.233 0.212 0.132 0.501 0.086 

STRICT  82 0.207 0.192 0.082 0.371 0.086 

Mean Total Assets ($1000s) 

HIGH_HALF  82 116,779,117  42,610,119    6,685,982     547,467,488    135,633,441  

LOW_HALF  82 145,638,248  69,859,535  22,438,236     475,992,504    131,051,076  

INVEST  82 130,879,831  55,589,373  17,564,179    453,635,206   129,356,061  

NO_INVEST 82     8,851,690  7,907,469    5,568,107       17,970,468        3,127,877  

LENIENT  82 221,630,076  71,997,610  17,467,053  1,068,064,194    254,767,836  

STRICT  82   31,207,795  15,413,529    3,875,554     113,725,786     31,107,898  

This table contains descriptive statistics on the portfolios used in the study. The section headed ―Number 

of stocks‖ contains figures on the number of stocks in each portfolio each day. ―Mean Real Estate 

Investment to Total Assets Ratio‖ contains descriptive statistics on the mean real estate investment to 
total assets ratios of the BHCs included in each portfolio. ―Mean Total Assets‖ gives the quarterly 

average total assets of the HCs in each portfolio. The data cover the period from 1990, third quarter, 

through 2010, fourth quarter. Portfolio descriptions are in Section 3.3.  
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likely to invest in real estate than smaller BHCs. Among the BHCs with data in CRSP 

during this period, 14.5 percent with above-median total assets reported positive 

investment in real estate while 5.5 percent with below-median total assets reported 

positive investment in real estate. Among all BHCs filing regulatory reports between 

1990 and 2010, 8.1 percent with above-median total assets reported positive investment 

in real estate while 2.7 percent with below-median total assets reporting positive 

investment in real estate. Among BHCs that invest in real estate, however, the BHCs that 

invest the most tend to be smaller than the BHCs that invest the least. For the 

HIGH_HALF portfolio the median of the quarterly average total assets is $42.6 billion, 

while the corresponding figure for the LOW_HALF portfolio was $69.8 billion. The 

BHCs that invested in real estate under lenient rules were substantially larger than those 

that invested under strict rules. The median of the quarterly mean total assets for the 

LENIENT portfolio averaged $72.0 billion, compared to $15.4 billion for the STRICT 

portfolio. 

The median real estate investment to total assets ratio (RE) for the HIGH_HALF 

portfolio is 0.415 percent. For the LOW_HALF portfolio, the median is 0.024 percent. For 

INVEST, the median RE is 0.229. For NO_INVEST, the median RE is zero because, by 

definition, it includes only stocks of BHCs that do not invest in real estate. The median 

RE for the LENIENT portfolio is 0.212 percent. It is 0.192 percent for the STRICT 

portfolio. For each of the three pairs compared (HIGH_HALF and LOW_HALF; INVEST 

and NO_INVEST; LENIENT and STRICT), Wilcoxon tests reject at the 5 percent level of 

significance or lower the hypotheses that the median differences are zero.  
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Table 3-6: Descriptive Statistics on Portfolio Returns, 1990:3 to 2010:4 
 HIGH_HALF LOW_HALF INVEST NO_INVEST LENIENT STRICT 

N 82 82 82 82 82 82 

Mean 0.027 0.029 0.028 0.033 0.021 0.038 

Median 0.049 0.030 0.041 0.042 0.042 0.037 

Std. Dev. 0.122 0.123 0.118 0.093 0.135 0.106 

Minimum -0.486 -0.347 -0.363 -0.235 -0.475 -0.308 

Maximum 0.246 0.333 0.272 0.212 0.295 0.231 

J-B (MSL) 0.000*** 0.017** 0.000*** 0.001*** 0.000*** 0.002*** 

Skewness -1.628 -0.466 -1.164 -0.855 -1.485 -0.742 

Kurtosis 4.469 1.230 2.411 1.059 3.878 1.164 
Q(5) 10.495* 2.049 5.898 12.287** 8.780 5.528 

Q(10) 15.573 9.949 12.962 15.751 14.554 13.842 

Q2(5) 22.725*** 24.244*** 26.366*** 18.240*** 25.173*** 19.072*** 

Q2(10) 25.378*** 31.736*** 32.133*** 22.435** 28.198*** 25.300*** 
This table presents descriptive statistics for the returns on the portfolios used in this study. The portfolios are described 
in Section 3.3. J-B is the Jarque-Bera joint normality test statistic. MSL stands for marginal significance level. Kurtosis 
figures are in excess of three. Q(n) and Q2(n) are the Ljung-Box test statistics for the 5th and 10th order autocorrelation 

in return and squared return series. The critical values at the 5% level for 10, 20, and 30 degrees of freedom are 18.30, 
31.41, and 43.77, respectively.  
***, **, and * represent significance at the 1%, 5%, and 10% levels, respectively.  

 

Descriptive statistics on the quarterly portfolio return series are presented in Table 3-

6. Tests of differences in quarterly portfolio returns series appear in Section 3.5.1.2. For 

the moment, note that Ljung-Box Q statistics were computed for each return and squared 

return series at 5 and 10 lags. All of these statistics lead to rejection of the hypothesis of 

no autocorrelation in the return and squared return series at high levels of significance, 

supporting the use of GARCH models. Jarque-Bera tests for normality as well as tests of 

skewness and kurtosis indicate that the return series are non-normal and skewed, further 

supporting GARCH modeling of the return series.  

3.5.1.2 Tests of median differences in returns 

Median differences in returns and results of Wilcoxon tests are reported in Table 3-7. 

Table 3-7 and other tables of Wilcoxon test results (tables 3-9 to 3-11) contain p-values 

for the test of the null hypothesis that the median difference in return (D) is zero against 
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two alternatives: 1) D > 0 and 2) D < 0. The alternative hypothesis of interest depends on 

the variable under consideration. In these tables, the alternative hypothesis of interest for 

each variable is in bold face. 

 

Table 3-7: Wilcoxon Tests of Median Differences: Portfolio Returns, 1990:3 to 2010:4  
Portfolios Median Difference (D) 

(FIRST – SECOND) 

Test Statistic 

(W) 

p-value 

HA: D > 0 
p-value 

HA: D < 0 

HIGH_HALF-LOW_HALF 0.001 0.178 0.429 0.571 
INVEST-NO_INVEST -0.006 -1.264 0.896 0.104 

LENIENT- STRICT -0.011 -2.129 0.983 0.017 

This table presents results of Wilcoxon matched-pair signed-rank tests of median differences in portfolio 

returns. Each row presents the results of tests of the null hypothesis that the median difference in returns of 

two portfolios is zero against two alternative hypotheses: 1) that the difference is positive and 2) that the 

difference is negative. The portfolio pairs are listed in the first column. Differences in returns are calculated 

by subtracting the returns of the portfolio named second from the return of the portfolio named first. The 

rightmost column is in bold because it displays p-values for the alternative hypothesis of primary concern 

in the main text. The other set of p-values is given in this and other tables of Wilcoxon test results because 

they are occasionally discussed in the text, too.  

  

For evidence regarding H1-RET (greater investment in real estate by BHCs is 

associated with lower returns), a Wilcoxon test is performed for the returns on the 

HIGH_HALF portfolio (the portfolio of BHCs in the top half of the real estate investment 

to total assets (RE) distribution) and the LOW_HALF portfolio (BHCs that invest in real 

estate but are in the bottom half of the RE distribution). The Wilcoxon test fails to reject 

the hypothesis that the median difference (HIGH_HALF minus LOW_HALF) is greater 

than zero against the alternative that it is negative. The result provides no support for H1-

RET. The positive effects of economies of scope, scale, or both that might arise from 

greater real estate investment appear to be balanced by the negative effects arising from 

lack of expertise in real estate investment. The possibility remains that there exists a 

threshold level of real estate investment below which the risk and return effects are 
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unfavorable but above which the gains outweigh the losses. This could occur if BHCs 

start to benefit from expertise and economies of scale within the specialty of real estate 

investment above a certain level of activity. The real estate investment to total assets 

ratios of the BHCs in this sample are no greater than 4.54 percent. If the threshold at 

which real estate investment improves performance is near or above this level, these 

results would not reflect it.  

No significant difference is found between the returns of BHCs that invest in real 

estate and BHCs that do not. For the INVEST and NO_INVEST portfolios, the Wilcoxon 

paired samples signed-rank test fails to reject at a conventional level of significance the 

hypothesis that the median difference in returns (INVEST minus NO_INVEST) is zero 

against the alternative that it is less than zero (Table 3-7). This is taken as evidence 

against H2-RET (BHCs that invest in real estate have lower returns than BHCs that do not). 

In this case, BHCs’ lack of expertise in real estate management does not significantly 

outweigh positive effects of economies of scope and/or scale.   

Finally, hypothesis H3-RET (investment in real estate under relatively lenient rules is 

associated with lower returns than investment under relatively strict rules) is considered 

by examining the median difference in returns for the LENIENT and STRICT portfolios. 

The median difference is negative, implying that the LENIENT portfolio had lower 

returns than the STRICT portfolio. The Wilcoxon test supports rejection of the hypothesis 

of no difference in median returns in favor of the alternative that the median difference is 

negative (Table 3-7). Lenient real estate investment rules create more opportunities to 

take advantage of economies of scale and scope, but they also provide more opportunities 
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to exercise poor judgment in choosing real estate investments. As with the results for the 

INVEST and NO_INVEST portfolios, BHCs’ lack of expertise in real estate management 

appears to reduce returns more than economies of scope and scale increase them.  

3.5.1.3 GARCH model estimates 

Before proceeding to the remaining tests, two features of the GARCH model 

estimates (shown in tables 3-8 and 3-9) are noted here. First, for all five portfolios for 

which Model 1 was estimated, the sums of the ARCH parameter (θ1) and the GARCH 

parameter (θ2) are between 0.745 (for the STRICT portfolio) and 0.961 (for LOW_HALF). 

For the six portfolios for which Model 2 was estimated, these parameter sums range 

between 0.812 (for LENIENT) to 0.98 (for STRICT). These parameter sums measure the 

persistence of portfolio return volatility. The values from these two models imply that the 

proportion of a shock that remains after four quarters is at least (0.745)
4
 or 30.8%. The 

fact that the sums are less than one indicates the variance process is second-order 

stationary.
35

  

Second, the market betas are positive and significant at the 1% level for all portfolios 

in both Models 1 and 2. Though statistical tests for differences in the market betas are not 

possible because they are not estimated within the same model, comparisons of their 

values may be made. For Model 1, the market beta estimate for the HIGH_HALF 

portfolio (0.554) is 10.5 basis points greater than the market beta estimate for the 

LOW_HALF portfolio (0.449), indicating that the former portfolio is riskier. In contrast, 

                                                
35

 Chi-square tests of the restriction θ1+ θ2=1 were performed for each model estimate for each portfolio. 

In each case, the restriction was rejected at the 1% level of significance.  
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Table 3-8: Estimates of Model 1, 1990:3 to 2010:4 
Coefficient Variable HIGH_HALF LOW_HALF INVEST LENIENT STRICT 

Α Intercept 0.074*** 0.034*** 0.049 0.021 0.081** 

  (69.952) (2.401) (1.426) (0.802) (2.120) 

βM MARKET 0.554*** 0.449*** 0.530*** 0.568*** 0.484*** 

  (566.234) (5.319) (6.556) (7.019) (5.240) 

βRE RE -0.151*** -0.271 -0.137 -0.025 -0.286* 

  (-65.752) (-0.945) (-0.898) (-0.235) (-1.734) 

βINT MARKET*RE 0.853*** -4.841 2.152*** 1.748*** 0.487 

  (222.988) (-1.302) (2.667) (2.685) (0.240) 

Φ ARCH(0) 0.001** 0.001 0.001 0.003 0.003 

  (2.144) (1.548) (0.569) (1.078) (0.901) 
θ1 ARCH(1) 0.137 0.537*** 0.310 0.324** 0.138 

  (0.857) (2.557) (1.604) (2.299) (0.955) 

θ2 GARCH(1) 0.662*** 0.425*** 0.561*** 0.449*** 0.607*** 

  (5.223) (3.118) (3.642) (2.537) (2.383) 

θRE RE 0.000 -0.001 0.000 -0.002 -0.004 

  (0.174) (-0.587) (0.004) (-0.209) (-0.562) 

 SHAPE 1.946*** 1.042*** 1.308*** 1.190*** 1.734*** 

  (4.615) (3.474) (3.818) (4.513) (3.977) 

θ1+ θ2 ARCH 

+GARCH 

0.799 0.961 0.871 0.773 0.745 

 
Model Diagnostics 

 Log Likelihood 88.324 81.353 89.527 80.440 90.065 

 Q(5) 0.153 0.710 0.373 0.773 0.096 

 Q2(5) 0.039 0.000 0.000 0.000 0.707 

 No. of Obs. 82 82 82 82 82 

This table presents parameter estimates and diagnostic statistics for GARCH(1,1) models of the quarterly 

returns on portfolios of BHC stocks. The model estimated is: 

                                                         
  
          

                                                                                
The model is estimated using the method of maximum likelihood under the assumption that the error term 

follows the generalized error distribution (GED). Rt is the portfolio return, MARKETt is the return on the 

market portfolio, REt is the mean real estate investment to total assets ratio of the BHCs in the portfolio in 

period t, and MARKET*REt is an orthogonalized interaction of MARKETt and REt. Portfolios are formed 

as described in Section 3.4. Data cover the period from the 3rd quarter of 1990 through the fourth quarter 

of 2010. t-values are in parentheses. Q(5) and Q2(5) are the Ljung-Box test statistics for the 5th order 

autocorrelation for standardized and squared standardized residuals. The critical values at the 5% level for 

10, 20, and 30 degrees of freedom are 18.30, 31.41, and 43.77, respectively. ***, **, * represent 

significance at the 1%, 5%, and 10% levels, respectively 
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Table 9: Estimates of Model 2, 1990:3 to 2010:4 
Coefficient Variable HIGH_HALF LOW_HALF INVEST NO_INVEST LENIENT STRICT 

α Intercept 0.023** 0.023** 0.022** 0.026*** 0.017 0.023*** 

  (2.255) (2.189) (2.249) (3.151) (1.616) (2.962) 

βM MARKET 0.443*** 0.458*** 0.462*** 0.408*** 0.509*** 0.440*** 

  (5.329) (5.363) (5.612) (6.175) (5.542) (6.720) 

ϕ ARCH(0) 0.001 0.001 0.001 0.001 0.002* 0.001 
  (1.122) (1.507) (1.281) (1.149) (1.869) (0.909) 

θ1 ARCH(1) 0.435* 0.514*** 0.438** 0.438 0.342** 0.469 

  (1.715) (2.542) (2.125) (1.586) (2.214) (1.282) 

θ2 GARCH(1) 0.507*** 0.437*** 0.490*** 0.522*** 0.471*** 0.511*** 

  (3.875) (3.435) (3.317) (2.556) (2.939) (2.878) 

 SHAPE 1.224*** 0.998*** 1.142*** 1.053*** 1.191*** 1.463*** 

  (3.377) (3.524) (3.448) (4.249) (4.531) (3.842) 

θ1+ θ2 ARCH+GARCH 0.943 0.952 0.929 0.960 0.812 0.980 

 

Model Diagnostics 

 Log Likelihood 86.055 79.736 86.707 102.078 78.578 87.787 

 Q(5) 0.101 0.702 0.324 0.090 0.215 0.289 

 Q2(5) 0.039 0.000 0.000 0.000 0.000 0.639 

 No. of Obs. 82 82 82 82 82 82 

This table presents parameter estimates and diagnostic statistics for GARCH(1,1) models of the quarterly returns on portfolios of BHC stocks. The 
model estimated is: 

                                   

  
          

                             
The model is estimated using the method of maximum likelihood under the assumption that the error term follows the generalized error 

distribution (GED). Rt is the portfolio return and MARKETt is the return on the market portfolio. Portfolios are formed as described in Section 4. 
Data cover the period from the 3rd quarter of 1990 through the fourth quarter of 2010. t-values are in parentheses. Q(5) and Q2(5) are the Ljung-

Box test statistics for the 5th order autocorrelation for standardized and squared standardized residuals. The critical values at the 5% level for 10, 

20, and 30 degrees of freedom are 18.30, 31.41, and 43.77, respectively. ***, **, * represent significance at the 1%, 5%, and 10% levels, 

respectively.  
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using Model 2, the market beta for HIGH_HALF (0.443) is 1.5 basis points less than the 

market beta of LOW_HALF (0.458). These results do not provide clear evidence on the 

relationship between real estate investment and market risk, which under hypothesis H1-

MR is expected to be positive. For estimates of Model 2, the INVEST market beta (0.462) 

is 5.4 basis points greater than the NO_INVEST portfolio market beta (0.408), suggesting 

BHCs that invest in real estate have greater market risk than BHCs that do not (Model 1 

cannot be estimated for the NO_INVEST portfolio because RE always equals zero for that 

portfolio). In both models 1 and 2, the LENIENT portfolio market beta is greater than the 

STRICT portfolio market beta – 8.4 basis points greater for Model 1 (0.568 compared to 

0.484) and 6.9 basis points greater for Model 2 (0.509 compared to 0.440). Though the 

result is not from a formal test, it suggests that less-regulated real estate investment is 

associated with greater market risk than strictly regulated real estate investment. Section 

3.5.2.4 presents more evidence on market risk using tests of the significance of the 

coefficients βINT on the orthogonalized interaction terms MARKET*RE from the estimates 

of Model 1.  

3.5.2 Effects of Increases in Real Estate Investment on Returns and Risk 

3.5.2.1 Effects of increases in real estate investment on BHC returns 

From Model 1, the estimates of the coefficient βRE on the real estate investment to 

total assets ratio (RE) in the conditional mean equation provide evidence regarding H1-RET 

(greater investment in real estate by BHCs is associated with lower returns). Model 1 is 

estimated for the five portfolios with varying values of RE: INVEST, HIGH_HALF, 

LOW_HALF, LENIENT, and STRICT. (Model 1 was not estimated for NO_INVEST 
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because the value of RE for that portfolio is always zero). Difference in return tests, 

presented in Section 3.5.1.2, contradict H1-RET, but the Model 1 estimates provide some 

evidence to support it. The coefficient βRE is not significant for INVEST, LOW_HALF, 

and LENIENT, but it is negative and significant for HIGH_HALF and STRICT (Table 3-

8). 

The results for the INVEST portfolio indicate that, on average, BHCs do not exhibit a 

significant difference in returns as they increase their real estate holdings. But the results 

for the HIGH_HALF portfolio suggest that, for BHCs that invest the most in real estate, 

real estate investment is associated with a negative effect on returns. This could occur if 

BHCs that have relatively large real estate holdings give up more profitable investments 

when they increase the proportions of real estate in their portfolios or that the former 

constitute a better niche for the bank. The results for the STRICT portfolio imply that 

increases in real estate investments under strict rules produce returns that are lower than 

BHCs could earn if they invested in other assets.  

3.5.2.2 Effects of increases in real estate investment on BHC total risk 

The coefficient on RE in the conditional variance equation of Model 1, θRE, as well 

as the total risk estimates from models 1 and 2 for the HIGH_HALF and LOW_HALF 

portfolios provide evidence regarding hypothesis H1-TR (greater investment in real estate 

by BHCs is associated with greater total risk). The coefficient θRE is not significantly 

different from zero for any of the portfolios (see Table 3-8). For both models 1 and 2, the 

Wilcoxon test fails to reject the hypothesis that the median difference in total risk of the 

HIGH_HALF and LOW_HALF portfolios is equal to zero against the alternative that the 
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median difference (HIGH_HALF minus LOW_HALF) is greater than zero (Table 3-10). 

This evidence contradicts H1-TR (increased real estate investment is associated with 

greater total risk). One explanation is that the risk reduction brought about by 

diversification is not significantly greater than or less than the greater variance of returns 

from real estate investments relative to alternative investments. It is also possible that the 

diversification reduces risk, but the BHC organization becomes more complex, resulting 

in greater agency and monitoring problems that offset the former effect. 

 

Table 3-10: Wilcoxon Tests of Median Differences: HIGH_HALF and LOW_HALF, 

1990:3 to 2010:4 
Portfolios Median Difference (D) 

(HIGH_HALF – 
LOW_HALF) 

Test Statistic 

(W) 

p-value 

HA: D > 0 

p-value 

HA: D < 0 

Panel A - Model 1 Results 

Total Risk  0.0001775 -0.685 0.246 0.753 

VaR  $7,448 0.243 0.404 0.596 
Sharpe Ratio -0.0278 -0.460 0.677 0.323 

 

Panel B – Model 2 Results 

Total Risk  0.0005753 0.485 0.314 0.686 

VaR  $7,0003 -2.790 0.449 0.551 

 Sharpe Ratio  0.07117 0.918 0.179 0.821 

This table presents results of Wilcoxon matched-pair signed-rank tests of median differences in a set of 

estimated series for the HIGH_HALF and LOW_HALF portfolios. Panel A reports results for series 

obtained by estimating Model 1. Panel B reports results for series obtained by estimating Model 2. Each 

row presents the results of tests of the null hypothesis that the median difference in the series is zero against 

two alternative hypotheses: 1) that the difference is positive and 2) that the difference is negative. 

Differences are calculated by subtracting the value for the LOW_HALF portfolio from the value for the 
HIGH_HALF portfolio. Rows labeled ―Total Risk‖ give results for estimated conditional variance series; 

rows labeled ―VaR‖ give results for 1%, one-quarter portfolio Value at Risk series; rows labeled ―Sharpe 

Ratio‖ give results for portfolio Sharpe ratio series (returns divided by conditional standard deviations). 

The p-values given in bold are associated with the alternative hypothesis of primary concern in the main 

text. The other set of p-values is given in this and other tables of Wilcoxon test results because they are 

occasionally discussed in the text, too.  

 

3.5.2.3 Effects of increases in real estate investment on risk-adjusted returns 

The previous two sections presented results on the effects of increased real estate 

investment on returns and risk. Attention now turns to the relationship between the level 
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of real estate investment and risk-adjusted returns. The Sharpe ratios for the 

HIGH_HALF and LOW_HALF portfolios provide evidence on H1-RAR (greater investment 

in real estate by BHCs is associated with lower risk-adjusted returns). For both models 1 

and 2, the Wilcoxon tests lead to non-rejection of the hypothesis of no difference in 

median (see Table 3-10). Increases in real estate investment do not reduce risk-adjusted 

returns, as hypothesized. BHCs that invest in real estate exhibit neither declines nor 

improvements in risk-adjusted returns when they increase their investments. As discussed 

in Section 3.5.1.2, these results do not rule out the possibility of a threshold effect, by 

which BHCs that invest in real estate above a given threshold would exhibit performance 

improvements. In the current sample, the real estate investment to total assets ratio for all 

BHCs falls below 4.6 percent.  

3.5.2.4 Effects of increases in real estate investment on market risk 

Through the coefficients βINT on the orthogonalized interaction terms MARKET*RE, 

estimates of Model 1 provide evidence related to H1-MR (greater investment in real estate 

by BHCs is associated with greater market risk). The coefficient βINT is positive and 

significant for the INVEST, HIGH_HALF, and LENIENT portfolios; it is insignificant for 

the LOW_HALF and STRICT portfolio (Table 3-8). The positive coefficient for the 

INVEST portfolio implies that, for the average BHC that invests in real estate, greater real 

estate investment increases market risk. The positive coefficient for the HIGH_HALF 

portfolio indicates that this effect is due to BHCs ranked in the top 50 percent for real 

estate investment. For BHCs with relatively small investments in real estate, increases in 

real estate investment have no significant effect on market risk, as implied by the 
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insignificant coefficient for the LOW_HALF portfolio. The positive result for the 

LENIENT portfolio implies that under relatively lenient state rules, increases in real estate 

investment are associated with greater market risk. The insignificant result for the 

STRICT portfolio implies that increases in real estate investments made under relatively 

strict rules do not affect BHCs’ market risk.  

3.5.3 BHCs That Invest in Real Estate vs. BHCs That Do Not 

3.5.3.1 Total risk of BHCs that invest in real estate vs. BHCs that do not 

To examine hypothesis H2-TR (BHCs that invest in real estate have greater total risk 

than BHCs that do not), Model 2 was estimated for the INVEST and NO_INVEST 

portfolios, producing quarterly conditional variance estimates for each portfolio. (No 

comparison of the portfolios can be made using Model 1 because the real estate 

investment to total assets ratio (RE) is always zero for the NO_INVEST portfolio.) The 

median difference in conditional variances (INVEST minus NO_INVEST) is positive 

(Table 3-11). The Wilcoxon test supports rejection of the hypothesis that the median 

difference is zero in favor of the alternative that is greater than zero. Greater total risk is 

associated with BHCs that invest in real estate, supporting H2-TR. BHCs that invest in real 

estate could have greater total risk because they lack expertise in real estate investment, 

returns on real estate are more volatile than returns on alternative investments, or both. 

The risk increase from these factors outweighs the risk reduction that comes from greater 

diversification of assets.  

To put the difference in total risk in economic terms, the median difference in 1%, 

one-quarter VaR for $1 million investments in the two portfolios is $32,151. The 
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Wilcoxon test supports rejection of the hypothesis of equal medians in favor of the 

alternative that the median VaR of INVEST is greater. At a little more than 3% of the 

portfolio value, the difference in median VaR is economically significant.  

 

Table 3-11: Wilcoxon Tests of Median Differences: INVEST and NO_INVEST, 1990:3 to 

2010:4  
Variable Median Difference (D) 

(INVEST – NO_INVEST) 

Test Statistic 

(W) 

p-value 

HA: D > 0 

p-value 

HA: D < 0 

Total Risk  0.001586 6.521 0.000 >0.999 

VaR  $32,151 6.886 0.000 >0.999 
Sharpe Ratio  -0.1843 -2.489 0.994 0.005 

This table presents results of Wilcoxon matched-pair signed-rank tests of median differences in a set of 

estimated series for the INVEST and NO_ INVEST portfolios. Panel A reports results for series obtained by 

estimating Model 1. Panel B reports results for series obtained by estimating Model 2. Each row presents 

the results of tests of the null hypothesis that the median difference in the series is zero against two 

alternative hypotheses: 1) that the difference is positive and 2) that the difference is negative. Differences 

are calculated by subtracting the value for the NO_ INVEST portfolio from the value for the INVEST 

portfolio. Rows labeled ―Total Risk‖ give results for estimated conditional variance series; rows labeled 

―VaR‖ give results for 1%, one-quarter portfolio Value at Risk series; rows labeled ―Sharpe Ratio‖ give 

results for portfolio Sharpe ratio series (returns divided by conditional standard deviations). The p-values 

given in bold are associated with the alternative hypothesis of primary concern in the main text. The other 

set of p-values is given in this and other tables of Wilcoxon test results because they are occasionally 
discussed in the text, too.  

 

3.5.3.2 Risk-adjusted returns of BHCs that invest in real estate vs. BHCs that do not 

The total risk of the INVEST portfolio is greater than the total risk of the 

NO_INVEST portfolio, and as mentioned in Section 3.5.1.2, the returns on the INVEST 

portfolio are not significantly different than those on the NO_INVEST portfolio. It comes 

as no surprise then that the median Sharpe ratio of the INVEST portfolio is less than that 

of the NO_INVEST portfolio (Table 3-11). The Wilcoxon test does not lead to rejection 

of the hypothesis that the median difference is zero when the alternative hypothesis is that 

the median difference is positive. On the other hand, when the alternative hypothesis is 

that the median difference is negative, the Wilcoxon test supports rejection. This is 

evidence that supports H2-RAR (BHCs that invest in real estate have lower risk-adjusted 
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returns than BHCs that do not). BHCs that invest in real estate may exhibit lower Sharpe 

ratios because they make poor real estate investment choices, or because they do not own 

enough real estate to diversify within this field of activity. This forces returns down, 

while return volatility increases due to the poor choices and the relatively volatile nature 

of real estate investment. As mentioned in previous sections, given the low real estate 

investment to total assets ratios of the BHCs in the sample, the results do not preclude a 

threshold effect by which BHCs exhibit performance improvements when investing more 

than a given proportion of their portfolio in real estate. 

3.5.4 Effects of Rules on Real Estate Investment  

3.5.4.1 Effects of rules on real estate investment on total risk 

Table 3-12 shows the results of tests for differences in the total risk of the LENIENT 

and STRICT portfolios taken from estimates of models 1 and 2. These tests give evidence 

on H3-TR (BHCs that are able to invest in real estate under relatively lenient regulations 

have greater total risk than BHCs that do so under relatively strict regulations). For both 

models, the median difference in total risk (LENIENT minus STRICT) is positive. In both 

cases, the Wilcoxon test rejects the hypothesis of equal medians in favor of the 

alternative that the median difference is greater than zero. These tests support the 

proposition that BHCs that invest in real estate under relatively lenient regulations have 

greater total risk than BHCs that do so under relatively strict regulations. The expanded 

scope of real estate investment allowed in some states is associated with greater return 

volatility. The results indicate that returns from real estate investment for resale or 
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development are more volatile than returns on the few types of real estate investment 

allowed by the stricter rules.  

Table 3-12: Wilcoxon Tests of Median Differences: LENIENT and STRICT, 1990:3 to 

2010:4  
Variable Median Difference (D) 

(LENIENT – STRICT) 
Test Statistic (W) 

p-value 

HA: D > 0 

p-value 

HA: D < 0 

Panel A - Model 1 Results 

Total Risk  0.0003627 1.727 0.042 0.958 

VaR  $12,141 3.474 0.000 >0.999 

Sharpe Ratio  -0.146 -1.431 0.924 0.076 

Panel B – Model 2 Results 

Total Risk  0.001228 2.420 0.008 0.992 

VaR  $15,777 3.049 0.001 0.999 

Sharpe Ratio  -0.1503 -2.110 0.983 0.017 

This table presents results of Wilcoxon matched-pair signed-rank tests of median differences in a set of 

estimated series for the LENIENT and STRICT portfolios. Panel A reports results for series obtained by 

estimating Model 1. Panel B reports results for series obtained by estimating Model 2. Each row presents 
the results of tests of the null hypothesis that the median difference in the series is zero against two 

alternative hypotheses: 1) that the difference is positive and 2) that the difference is negative. Differences 

are calculated by subtracting the value for the STRICT portfolio from the value for the LENIENT portfolio. 

Rows labeled ―Total Risk‖ give results for estimated conditional variance series; rows labeled ―VaR‖ give 

results for 1%, one-quarter portfolio Value at Risk series; rows labeled ―Sharpe Ratio‖ give results for 

portfolio Sharpe ratio series (returns divided by conditional standard deviations). The p-values given in 

bold are associated with the alternative hypothesis of primary concern in the main text. The other set of p-

values is given in this and other tables of Wilcoxon test results because they are occasionally discussed in 

the text, too.  

 

3.5.4.2 Effects of rules on real estate investment on risk-adjusted returns 

The total risk estimates and the data on returns were used to compute Sharpe ratios 

for the STRICT and LENIENT portfolios in order to test hypothesis H3-RAR (investment in 

real estate under relatively lenient rules is associated with lower risk-adjusted returns than 

investment under relatively strict rules). Lenient rules are associated with lower returns 

and greater total risk (see sections 3.5.1 and 3.5.4.1, respectively). It follows that the risk-

adjusted returns are lower for LENIENT as well, supporting H3-RAR. For models 1 and 2, 

the Wilcoxon test confirms this, rejecting the hypothesis that median difference in Sharpe 

ratios is zero in favor of the alternative that it is negative (Table 3-12).  
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3.6 Conclusions 

This study examines the influence of real estate investment on the risk and returns of 

U.S. BHCs between 1990 and 2010. The analysis is performed by forming portfolios of 

BHC stocks according to BHCs’ ratios of real estate investment to total assets as well as 

the type of regulations – lenient or strict – under which they may invest in real estate. 

Tests for differences in portfolio returns are performed, and the effects of real estate 

investment on other measures of risk and performance are estimated using generalized 

autoregressive conditional heteroskedasticity (GARCH) models of the portfolio returns. 

The results provide evidence that the benefits of allowing BHCs to invest in real estate, 

which could stem from diversification of cash flows, economies of scale and/or scope, or 

increased charter value, are outweighed by the additional variance of returns that could 

come from the volatility of real estate prices and BHCs’ possible lack of expertise in real 

estate investment. 

The empirical analysis reveals that increases in real estate investment are associated 

with lower returns for portfolios of BHCs that make the greatest investments in real estate 

as a proportion of their total assets and for portfolios of BHCs that invest in real estate 

under relatively strict rules. For the other portfolios of BHCs, greater investment in real 

estate does not have a positive effect on return; in those cases the effect is not statistically 

significant. Increases in real estate investment are found to increase market risk for 

portfolios of all BHCs that invest in real estate, BHCs that invest the most in real estate, 

and BHCs that invest in real estate under relatively lenient rules. Increases in real estate 
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investment do not result in significant differences in total risk or risk-adjusted returns for 

the portfolios studied.  

The simple presence of real estate investment by BHCs is also associated with poor 

performance relative to non-investment in real estate. A portfolio of BHCs that invest in 

real estate shows no significant difference in returns, greater total risk, and lower risk-

adjusted returns than a portfolio of BHCs that do not. It is noted, however, that the results 

do not rule out the existence of a threshold of real estate investment beyond which BHCs 

exhibit improved performance. None of the BHCs in the sample invest more than 4.6 

percent of their total assets in real estate, leaving the possibility that BHCs may not invest 

in enough real estate to develop expertise and take advantage of economies of scale or 

economies of diversification within that area of specialization.  

The analysis also provides evidence that looser restrictions on real estate do not 

result in better performance relative to real estate investment under strict rules. Portfolios 

are formed according to whether BHCs invest in real estate under relatively lenient or 

relatively strict rules. BHCs that invest under rules which allow purchase of real estate 

for development or equity stakes in real estate have lower returns, greater total risk, and 

lower risk-adjusted returns than BHCs that invest in real estate under relatively strict 

rules.  

For policy makers, these results argue against allowing BHCs greater freedom to 

invest in real estate. Real estate investment is associated with lower BHC returns while 

resulting in greater BHC risk. The results also provide evidence that strict rules on real 
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estate investment do a better job of mitigating risk from real estate investment than 

lenient rules. 
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APPENDIX A 

VALUE AT RISK (VaR) 

Value at Risk (VaR) can be viewed as the most that an investor could expect to lose from a 

financial position during a given time period for a given probability. A stock portfolio’s one- 

percent, one-day VaR is the amount by which the value of an investment in the portfolio would 

change if the portfolio’s realized one-day return equals the first percentile of its expected return 

distribution.
36,37

 For example, if the first percentile of the expected return distribution is -5 

percent, the change in the value of a $1 million investment in the portfolio is expected to be no 

worse than a decline of $50,000 on 99 percent of all trading days. The expected return 

distribution of a portfolio with high total risk has a low first percentile because the distribution 

has a large variance and, thus, a wide distribution of possible returns. A portfolio with high total 

risk is, therefore subject to high losses on unusually ―bad‖ days and, as a result, has a greater 

VaR.  

For this study, portfolios’ expected return distributions are calculated under the assumption 

that they are normal with mean equal to the estimated model’s predicted return and variance 

equal to the estimated conditional variance, or total risk, for that day. The formula for VaR under 

these assumptions is: 

         
       (A-1) 

where I is the initial value of the investment,   
  is the predicted return, z is the value of the 

standard normal distribution at the desired percentile, and σt is the standard deviation of the 

expected return distribution. 

                                                
36

 Daily value at risk is sometimes called daily earnings at risk, or DEAR. 
37

 A stock portfolio’s one-percent, one-quarter VaR (used in Chapter 3) is the amount by which the value of an 

investment in the portfolio would change if the portfolio’s realized quarterly return equals the first percentile of its 

expected return distribution. 
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Suppose a portfolio’s predicted return for the quarter is 0.1 percent with estimated 

conditional standard deviation of 0.0006. Then the one-percent, one-day VaR on a $1 million 

investment would be 

                                              (A-2) 

The negative sign on VaR indicates that the change in portfolio value would be a loss. In the 

text, absolute values of VaR are reported. 
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APPENDIX B 

PARTIAL ADJUSTMENT MODELS 

Partial adjustment models combine models of the long-run, equilibrium level of the 

dependent variable and the dependent variable’s adjustment to equilibrium. For the yield spread 

(SPREAD), the long-run equilibrium model is written 

        
     

    
    

     
  (B-1) 

where Z is the vector of independent variables, i is an index representing the bond, t represents 

the quarter of the observation, and *’s denote long-run values. The adjustment model is written  

                                  
               (B-2) 

where (1-λ) is called the adjustment parameter or the percentage of the gap closed each period. If 

the adjustment equation is solved for SPREADit, and the right side of the equilibrium equation is 

substituted for         
 , the resulting equation is  

            
         

         
                      

  (B-3) 

Alternatively, the model may be written in condensed form, without asterisks, as follows 

                  
                  (B-4) 

The partial adjustment model for ADVANCES combines long-run equilibrium and adjustment 

models in the same way. 

The α1 coefficients in Equation (B-4) are interpreted as the short-run effects of unit changes 

in the independent variables on the dependent variable. The short-run effects are divided by the 

adjustment parameter, (1-λ), to compute long-run effects. The tables of results and the analysis 

below include short-run and long-run effects as well as long-run elasticities, which are calculated 

to provide an economic interpretation of the results.  
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APPENDIX C 

ENDOGENEITY AND INSTRUMENT SUITABILITY TESTS 

A set of four statistics are employed to test whether the supposed endogenous variables are 

endogenous as well as whether the proposed instruments for those variables are appropriate. The 

J-statistic of Hansen (1982), denoted ―J‖ in the tables, tests the joint hypothesis that the 

instruments are uncorrelated with the error term and are correctly excluded from the equation. It 

is computed as the value of the GMM objective function evaluated at the efficient GMM 

estimator. The J-statistic is distributed chi-square. A large value of J and a corresponding low p-

value imply that these conditions are not met.  

The second and third statistics, denoted ―Partial R
2
‖ and ―F‖ in the tables, are used to assess 

the correlation of the instruments with the supposed endogenous regressors. Bound et al. (1995) 

argue that when excluded instruments are weakly correlated with endogenous regressors, IV 

estimates may not significantly reduce bias relative to OLS, even in large samples. The partial R
2
 

of the excluded instruments in the ―first-stage‖ regression of the IVs on the supposed 

endogenous regressor measures the strength of the correlation, Bound et al. (1995) write. The 

bias of the IV estimates relative to OLS is approximately the inverse of the F-statistic from the 

first-stage regression, they write. An F-statistic near one suggests that the efficiency loss 

associated with IV methods is not justified by the reduction in bias. The fourth statistic, denoted 

―C,‖ is used to test the endogeneity of ADVANCES and SPREAD in their respective equations.  

The C-statistic, recommended by Hayashi (2000), is computed using two J-statistics, one 

from a model estimate that treats the suspected endogenous regressor as endogenous, the other 

from a model estimate that treats it as exogenous. The difference in the statistics is distributed 
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chi-square with one degree of freedom. The null hypothesis is that the endogenous regressors 

may be treated as exogenous. A low p-value implies that the regressors are endogenous.
38

 

                                                
38

 Under homoskedasticity, the C-statistic in this case would be equivalent to the commonly-used Hausman (1978) 

test statistic. The theory underlying the Hausman test statistic depends on the assumption of homoskedasticity. The 

Hausman test may be generalized to the case of heteroskedasticity but the degrees of freedom cannot be calculated, 

making the test impractical. See Hayashi (2000) and Newey (1985). 
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APPENDIX D 

TWO-STEP GMM AND 3SLS ESTIMATION RESULTS 

Table 2-4 contains the results of the tests of the suitability of the instruments selected 

for the two-step GMM estimates. For the spread equation, in which ADVANCES is 

treated as endogenous, the J-statistic has a p-value of 0.898, indicating the instruments 

CORE and LDRATIO are not correlated with the error and are correctly excluded from 

the SPREAD equation. The partial R
2
, however,

 
is 0.007, indicating weak correlation 

between ADVANCES and its instruments. The F-statistic is 1.72, suggesting IV 

estimation provides little reduction in bias relative to OLS.   

For the ADVANCES equation, with SPREAD treated as an endogenous variable, the 

J-statistic has a p-value less than 0.0005, indicating some of the instruments for SPREAD 

are either correlated with the error term or should be included in the ADVANCES 

equation. The partial R
2
 is a relatively high 0.167, indicating strong correlation between 

the instruments and SPREAD. The first-stage F-statistic is 18.78, indicating the IV 

estimators, if they were appropriate, would significantly reduce bias relative to OLS. 

Similar results are obtained when the instrument set is reduced. 

Results of the two-step GMM and 3SLS estimates are presented in tables D-1 to D-

4. In the 3SLS estimate of the SPREAD equation (Table D-1), the coefficient estimate on 

ADVANCES of -0.020 is close to the OLS estimate, and it is significant at the 1% level. 

The coefficient estimate on EARLYCRISIS*ADVANCES is not significantly different 

from zero. The coefficient estimate for LATECRISIS* ADVANCES is -0.057 and 

significant at the 1% level. These results are similar to the OLS results and support H2 (a 
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negative relationship exists between HC cost of debt and reliance on advances). Perhaps 

due to lower efficiency, the two-step GMM estimates on ADVANCES, EARLYCRISIS* 

ADVANCES, and LATECRISIS* ADVANCES are not significantly different from zero 

(Table D-2). The two-step GMM results do not provide evidence in favor of H2.  

In the ADVANCES equation, the 3SLS estimates (Table D-3) of the coefficients on 

SPREAD, EARLYCRISIS*SPREAD, and LATECRISIS*SPREAD are not significantly 

different from zero, -0.215 and significant at the 1% level, and -0.065 and significant at 

the 1% level, respectively. These are nearly identical to the OLS estimates. In the two-

step GMM estimate (Table D-4), the estimated coefficients on SPREAD and 

LATECRISIS*SPREAD are not significantly different from zero. The estimated 

coefficient estimate on EARLYCRISIS*SPREAD is a significant -0.175, similar to the 

OLS and 3SLS results.  

The 3SLS estimates (Table D-1) of the THC, EARLYCRISIS*THC, and 

LATECRISIS*THC coefficients in the SPREAD equation are, respectively 0.457, 0.172, 

and 0.145. All are significant at the 1% level. The two-step-GMM estimates (Table D-2) 

of the THC, EARLYCRISIS*THC, and LATECRISIS*THC coefficients are not 

significantly different from zero.  
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Table D-1, Panel 1: SPREAD Equation, Variables of Interest, 3SLS Estimates 

 

Short-run effect Long-run effect Long-run elasticity 

ADVANCES -0.020*** -0.051 -0.404 

 

(0.004) 

  FHLBMEM -0.059 -0.152 -0.419 

 

(0.045) 

  THC 0.457*** 1.180 0.800 

 

(0.079) 

  VOL 7.970*** 20.600 1.600 

 

(0.629) 

  EARLYCRISIS*ADV 0.004 0.011 0.024 

 

(0.005) 

  LATECRISIS*ADV -0.057*** -0.147 -0.151 

 

(0.011) 

  EARLYCRISIS*FHLB -0.003 -0.009 -0.005 

 

(0.100) 

  LATECRISIS*FHLB -0.017 -0.043 -0.018 

 

(0.118) 

  EARLYCRISIS*THC 0.172*** 0.447 0.059 

 

(0.050) 

  LATECRISIS*THC 0.145** 0.376 0.029 

 

(0.069) 

  N 8223 

  R2 0.718 

  Note: This table reports the 3SLS estimation results for the regression model of yield spreads (SPREAD). 
The first column contains the coefficient estimates, which are interpreted in the context of a partial 

adjustment model as short-run effects. The second column contains long-run effects, computed by 

dividing the short-run effects by the adjustment term, which is the coefficient on SPREADt-1 subtracted 

from 1. The third column contains long-run elasticities. Variables are as defined in Table 2-2. *,**, and 

*** indicate statistical significances at the 10%, 5%, and 1% level, respectively. 
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Table D-1, Panel 2: SPREAD Equation, Control Variables, 3SLS Estimates  

 

Short-run effect Long-run effect Long-run elasticity 

LEVERAGE 0.003 0.007 0.223 

 

(0.002) 

  ROA -0.107*** -0.278 -0.251 

 

(0.021) 

  SIZE -0.046*** -0.120 -7.100 

 

(0.009) 

  DIFOCUS 0.556*** 1.440 3.380 

 

(0.089) 

  AGE 0.216*** 0.560 1.640 

 

(0.017) 

  OFFAMT 0.032*** 0.082 0.241 

 

(0.006) 

  CALL 0.039* 0.100 0.157 

 

(0.020) 

  PUT -0.432*** -1.120 -0.044 

 

(0.070) 

  SENIOR -0.289*** -0.747 -0.862 

 

(0.026) 

  SPREAD(t-1) 0.614*** 1.590 1.100 

 

(0.009) 

  INTERCEPT 0.569** 1.470 0.000 

 

(0.236) 

  TIME DUMMIES Included Included 

 N 8223 

  R2 0.718 

  Note: This table reports the 3SLS estimation results for the regression model of yield spreads (SPREAD). 

The first column contains the coefficient estimates, which are interpreted in the context of a partial 

adjustment model as short-run effects. The second column contains long-run effects, computed by 

dividing the short-run effects by the adjustment term, which is the coefficient on SPREADt-1 subtracted 

from 1. The third column contains long-run elasticities. Variables are as defined in Table 2, except for 

SIZE, AGE, and OFFAMT. Here, SIZE is the logarithm of total assets in thousands of dollars, AGE is 

calculated by adding one to the bond’s age in years then taking the logarithm, and OFFAMT is the 
logarithm of the bond’s issue size in thousands of dollars. Time dummies are six binary variables that 

equal one if the observation is in, respectively, 2003:4 to 2004:2, 2004:3 to 2005:2, 2005:3 to 2006:2, 

2006:3 to 2007:2, 2007:3 to 2008:2, or 2008:3 to 2009:1, and zero otherwise. *,**, and *** indicate 

statistical significances at the 10%, 5%, and 1% level, respectively. 
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Table D-2, Panel 1: SPREAD Equation, Variables of Interest, Two-step GMM Estimates 

 

Short-run effect 

(Rogers’ errors) 

Short-run effect 

(White’s errors) Long-run effect 

Long-run 

elasticity 

ADVANCES -0.076 -0.080 -0.203 -1.610 

 

(0.074) (0.050) 

  FHLBMEM -0.003 0.004 0.010 0.028 

 

(0.120) (0.073) 

  THC 1.340 1.400* 3.560 2.410 

 

(1.190) (0.792) 

  EARLYCRISIS*ADV 0.016 0.016 0.041 0.094 

 

(0.015) (0.012) 

  LATECRISIS*ADV -0.032 -0.030 -0.078 -0.080 

 

(0.038) (0.028) 

  EARLYCRISIS*FHLB -0.034 -0.037 -0.095 -0.057 

 

(0.089) (0.110) 

  LATECRISIS*FHLB -0.064 -0.073 -0.186 -0.079 

 

(0.133) (0.158) 

  EARLYCRISIS*THC 0.060 0.052 0.132 0.018 

 

(0.159) (0.116) 

  LATECRISIS*THC 0.101 0.096 0.245 0.019 

 

(0.109) (0.110) 

  N 8223 8223 

  R2 0.709 0.708 

  Note: This table reports the two-step GMM results for the regression model of yield spreads (SPREAD). 

The first and second columns contain the coefficient estimates, which are interpreted in the context of a 

partial adjustment model as short-run effects. White’s standard errors are reported in parentheses in the first 

column. Rogers’ cluster-robust standard errors are in parentheses in the second column, with clustering 

defined with respect to bonds. The third column contains long-run effects, computed by dividing the short-

run effects by the adjustment term, which is one minus the coefficient on SPREADt-1. The fourth column 

contains long-run elasticities. Variables are as defined in Table 2-2. *,**, and *** indicate statistical 

significances at the 10%, 5%, and 1% level, respectively. Results in bold face are discussed in the text. 

  



 

171 

 

Table D-2, Panel 2: SPREAD Equation, Control Variables, Two-step GMM 

Estimates  

 

Short-run effect 

(Rogers’ errors) 

Short-run effect 

(White’s errors) Long-run effect 

Long-run 

elasticity 

VOL 8.130*** 8.130*** 20.700 1.600 

 

(1.030) (0.897) 

  LEVERAGE 0.003 0.003 0.008 0.263 

 

(0.004) (0.002) 

  ROA -0.106*** -0.106*** -0.269 -0.243 

 

(0.034) (0.033) 

  SIZE -0.069* -0.071*** -0.181 -10.700 

 

(0.037) (0.023) 

  DIFOCUS 1.590 1.650* 4.200 9.850 

 

(1.370) (0.918) 

  AGE 0.218*** 0.219*** 0.557 1.630 

 

(0.024) (0.019) 

  OFFAMT 0.041*** 0.041*** 0.104 0.304 

 

(0.013) (0.009) 

  CALL 0.020 0.018 0.047 0.073 

 

(0.039) (0.028) 

  PUT -0.364** -0.362*** -0.922 -0.036 

 

(0.179) (0.092) 

  SENIOR -0.301*** -0.302*** -0.769 -0.886 

 

(0.047) (0.030) 

  SPREAD(t-1) 0.608*** 0.607*** 1.550 1.070 

 

(0.020) (0.012) 

  INTERCEPT -0.026 -0.055 -0.140 

 

 

(0.862) (0.574) 

  TIME DUMMIES Included Included 

  N 8223 8223 

  R2 0.709 0.708 

  Note: This table reports the two-step GMM results for the regression model of yield spreads (SPREAD). 

The first and second columns contain the coefficient estimates, which are interpreted in the context of a 

partial adjustment model as short-run effects. White’s standard errors are reported in parentheses in the first 

column. Rogers’ cluster-robust standard errors are in parentheses in the second column, with clustering 

defined with respect to bonds. The third column contains long-run effects, computed by dividing the short-

run effects by the adjustment term, which is one minus the coefficient on SPREADt-1. The fourth column 

contains long-run elasticities. Variables are as defined in Table 2, except for SIZE, AGE, and OFFAMT. 

Here, SIZE is the logarithm of total assets in thousands of dollars, AGE is calculated by adding one to the 

bond’s age in years then taking the logarithm, and OFFAMT is the logarithm of the bond’s issue size in 

thousands of dollars. Time dummies are six binary variables that equal one if the observation is in, 
respectively, 2003:4 to 2004:2, 2004:3 to 2005:2, 2005:3 to 2006:2, 2006:3 to 2007:2, 2007:3 to 2008:2, or 

2008:3 to 2009:1, and zero otherwise. *,**, and *** indicate statistical significances at the 10%, 5%, and 

1% level, respectively. Results in bold face are discussed in the text. 
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Table D-3: ADVANCES Equation, 3SLS Estimates 

 

Short-run effect Long-run effect 

Long-run 

elasticity 

SPREAD 0.008 0.266 0.033 

 

(0.017) 

  EARLYCRISIS*SPREAD -0.215*** -7.170 -0.250 

 

(0.025) 

  LATECRISIS*SPREAD -0.065*** -2.180 -0.237 

 

(0.024) 

  CORE (×10-3) 1.496*** 0.050 0.724 

 

-0.481 

  LDRATIO (×10-3) 0.348** 0.012 0.468 

 

-0.142 

  SIZE -0.013* -0.427 -3.170 

 

(0.007) 

  FHLBMEM 0.120*** 4.020 1.400 

 

(0.044) 

  ADVANCES(t-1) 0.970*** 32.400 32.000 

 

(0.002) 

  INTERCEPT -0.008 -0.278 0.000 

 

(0.133) 

  TIME DUMMIES Included Included 

 N 

   R2 

   Note: This table reports the 3SLS estimation results for the regression model of the advances to liabilities 

ratio (ADVANCES). The first column contains the coefficient estimates, which are interpreted in the context 

of a partial adjustment model as short-run effects. The second column contains long-run effects, computed 

by dividing the short-run effects by the adjustment term, which is the coefficient on ADVANCESt-1 

subtracted from 1. The third column contains long-run elasticities. Variables are as defined in Table 2, 

except for SIZE, which is the logarithm of total assets in thousands of dollars. Time dummies are six binary 

variables that equal one if the observation is in, respectively, 2003:4 to 2004:2, 2004:3 to 2005:2, 2005:3 to 
2006:2, 2006:3 to 2007:2, 2007:3 to 2008:2, or 2008:3 to 2009:1, and zero otherwise. *,**, and *** 

indicate statistical significances at the 10%, 5%, and 1% level, respectively. 
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Table D-4: ADVANCES Equation, Two-step GMM Estimates 

 

Short-run effect 
(Rogers’ errors) 

Short-run effect 
(White’s errors) Long-run effect 

Long-run 
elasticity 

SPREAD 0.034 0.065** 1.910 0.241 

 

(0.028) (0.033) 

  EARLYCRISIS*SPREAD -0.219*** -0.247*** -7.310 -0.256 

 

(0.040) (0.041) 

  LATECRISIS*SPREAD -0.092*** -0.083** -2.450 -0.268 

 

(0.034) (0.038) 

  CORE (×10-3) 1.232*** 2.253*** 0.067 0.971 

 
(0.444) (0.401) 

  LDRATIO (×10-3) 0.162 0.252*** 0.007 0.302 

 

(0.117) (0.064) 

  SIZE 0.007 -0.000 -0.012 -0.088 

 

(0.005) (0.005) 

  FHLBMEM 0.009 0.068*** 2.020 0.704 

 

(0.024) (0.018) 

  ADVANCES(t-1) 0.979*** 0.966*** 

  

 
(0.006) (0.005) 

  INTERCEPT -0.219* -0.268** 

  

 

(0.113) (0.120) 

  TIME DUMMIES Included Included 

  N 8223 8223 

  R2 0.967 0.967 

  Note: This table reports the two-step GMM results for the regression model of the advances to liabilities 

ratio. (ADVANCES). The first and second columns contain the coefficient estimates, which are interpreted 

in the context of a partial adjustment model as short-run effects. White’s standard errors are reported in 

parentheses in the first column. Rogers’ cluster-robust standard errors are in parentheses in the second 

column, with clustering defined with respect to bonds. The third column contains long-run effects, 

computed by dividing the short-run effects by the adjustment term, which is the coefficient on 

ADVANCESt-1 subtracted from 1. The fourth column contains long-run elasticities. Variables are as defined 

in Table 2, except for SIZE, which is the logarithm of total assets in thousands of dollars. Time dummies 

are six binary variables that equal one if the observation is in, respectively, 2003:4 to 2004:2, 2004:3 to 
2005:2, 2005:3 to 2006:2, 2006:3 to 2007:2, 2007:3 to 2008:2, or 2008:3 to 2009:1, and zero otherwise. 

*,**, and *** indicate statistical significances at the 10%, 5%, and 1% level, respectively. Results in bold 

face are discussed in the text. 
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APPENDIX E 

ESTIMATES OF MODELS THAT INCLUDE SIZE VARIABLES 

Table E-1 

Estimates of Model 1 With Size Variable (1990:3 to 2010:4) 
Coefficient Variable HIGH_HALF LOW_HALF INVEST STRICT LENIENT 

α Intercept 0.068*** 0.033*** 0.050 0.083*** 0.022 

  (17.478) (2.441) (1.457) (60.409) (0.670) 

βM MARKET 0.546*** 0.455*** 0.531*** 0.509*** 0.552*** 

  (110.360) (5.796) (6.721) (55.631) (6.126) 

βRE RE 0.775*** -5.037 2.260*** 0.135 1.936* 

  (31.281) (-1.391) (2.537) (0.818) (1.735) 

βINT MARKET*RE -0.131*** -0.261 -0.138 -0.294*** -0.008 

  (-27.969) (-0.957) (-0.924) (-71.323) (-0.059) 

ϕ ARCH(0) -0.003 0.004*** -0.003 0.034 -0.006 

  (-0.506) (3.411) (-0.552) (1.275) (-0.764) 

θ1 ARCH(1) 0.100 0.536*** 0.276 0.110 0.288** 
  (0.762) (2.643) (1.551) (1.153) (2.015) 

θ2 GARCH(1) 0.716*** 0.417*** 0.599*** 0.616*** 0.502*** 

  (3.419) (3.803) (3.803) (3.322) (2.599) 

θ3 SIZE 0.000 -0.000 0.000 -0.002 0.001 

  (0.833) (-1.439) (0.748) (-1.191) (0.925) 

θRE RE -0.001 -0.001 -0.001 0.012 -0.001 

  (-0.413) (-0.395) (-0.215) (0.839) (-0.104) 

 SHAPE 1.809*** 1.060*** 1.239*** 1.791*** 0.968*** 

  (4.097) (3.730) (4.048) (5.422) (2.773) 

θ1+ θ2 ARCH+GARCH 0.816 0.953 0.875 0.726 0.791 

 
Model Diagnostics 

 Log Likelihood 88.670 81.386 89.770 90.789 81.421 

 Q(5) 0.152 0.722 0.377 0.130 0.146 

 Q2(5) 0.031 0.000 0.000 0.633 0.000 

 No. of Obs. 82 82 82 82 82 

This table presents parameter estimates and diagnostic statistics for GARCH(1,1) models of the quarterly 

returns on portfolios of BHC stocks. The model estimated is: 

                                                         
  
          

                                                                   
The model is estimated using the method of maximum likelihood under the assumption that the error term 

follows the generalized error distribution (GED). Rt is the portfolio return, MARKETt is the return on the 

market portfolio, REt is the mean real estate investment to total assets ratio of the BHCs in the portfolio in 

period t, MARKET*REt is an orthogonalized interaction of MARKETt and REt, and SIZEt is the mean total 

assets of the BHCs in the portfolio. Portfolios are formed as described in Section 4. Data cover the period 

from the 3rd quarter of 1990 through the fourth quarter of 2010. t-values are in parentheses. Q(5) and Q2(5) 

are the Ljung-Box test statistics for the 5th order autocorrelation for standardized and squared standardized 

residuals. The critical values at the 5% level for 10, 20, and 30 degrees of freedom are 18.30, 31.41, and 
43.77, respectively. ***, **, * represent significance at the 1%, 5%, and 10% levels, respectively. 
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Table E-2: Estimates of Model 2 with size variable, 1990:3 to 2010:4 
Coefficient Variable HIGH_HALF LOW_HALF INVEST NO_INVEST LENIENT STRICT 

α Intercept 0.023** 0.023** 0.022*** 0.027*** 0.020* 0.021*** 

  (2.234) (2.187) (2.477) (3.008) (1.939) (2.953) 

βM MARKET 0.447*** 0.458*** 0.462*** 0.401*** 0.491*** 0.441*** 
  (5.219) (5.673) (5.422) (5.845) (5.703) (7.541) 

ϕ ARCH(0) -0.001 0.001 -0.000 -0.007 -0.005 0.022 

  (-0.197) (1.321) (-0.053) (-0.500) (-0.802) (1.411) 

θ1 ARCH(1) 0.393 0.514*** 0.428** 0.417* 0.322** 0.536 

  (1.497) (2.571) (2.007) (1.950) (2.138) (1.617) 

θ2 GARCH(1) 0.521*** 0.438*** 0.499*** 0.547*** 0.496*** 0.410** 

  (3.530) (3.499) (3.213) (3.028) (3.238) (2.174) 

θ3 SIZE 0.000 0.000 0.000 0.001 0.000 -0.001 

  (0.357) (0.264) (0.207) (0.535) (0.996) (-1.366) 

 SHAPE 1.226*** 0.995*** 1.133*** 1.002*** 1.036*** 1.551*** 

  (3.526) (3.393) (3.427) (3.731) (3.658) (5.011) 

θ1+ θ2 ARCH+GARCH 0.914 0.953 0.928 0.964 0.818 0.946 

 

Model Diagnostics 

 Log Likelihood 86.122 79.736 86.729 102.237 79.402 88.631 

 Q(5) 0.102 0.702 0.324 0.088 0.203 0.289 

 Q2(5) 0.039 0.000 0.000 0.000 0.000 0.648 

 No. of Obs. 82 82 82 82 82 82 

This table presents parameter estimates and diagnostic statistics for GARCH(1,1) models of the quarterly returns on portfolios of BHC stocks. 

The model estimated is: 

                                                        
  
          

                                     
The model is estimated using the method of maximum likelihood under the assumption that the error term follows the generalized error 

distribution (GED). Rt is the portfolio return, MARKETt is the return on the market portfolio, and SIZEt is the average total assets of the BHCs 

in the portfolio. Portfolios are formed as described in Section 4. Data cover the period from the 3rd quarter of 1990 through the fourth quarter 

of 2010. t-values are in parentheses. Q(n) are the Ljung-Box test statistics for the 5th order autocorrelation for standardized and squared 

standardized residuals. The critical values at the 5% level for 10, 20, and 30 degrees of freedom are 18.30, 31.41, and 43.77, respectively. ***, 

**, * represent significance at the 1%, 5%, and 10% levels, respectively.  

 


