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Abstract of Dissertation

Empirical Essays on Strategic Behaviors: Application to Banking and
Financial Institutions

My dissertation research focuses on the strategic behaviors of banks and financial
intermediaries, with regard to the loans they issue or service. It contains three em-
pirical essays: the first examining the effects of short-selling ban on banks’ lending
behaviors, the second studying borrowers’ strategic behaviors to exercise delinquency
option and default option, and the third analyzing the strategic behaviors of banks
as sellers and servicers in the transitional performance of mortgage loans.

My first chapter examines the effects of the 2008 short-selling ban on banks’
lending behaviors. Comparing the affected banks with other banks of similar char-
acteristics, I find that the treated banks enjoy more adequate capital reserves and
a higher perceived financial stability, as reflected by their CDS spreads and traded
options. Those banks were also more able to increase equity issuance, maintain a
higher deposit growth rate, and keep more adequate capital reserves. Subsequently,
affected banks extended credit at lower markups and experienced lower loan default
rates. These effects are temporary as they manifest during the short-selling ban but
disappear after the ban is lifted.

My second chapter studies borrowers’ strategic behaviors to exercise delinquency
option and default option. The Basel capital rule framework and much of the re-
cent literature on mortgage default have used 60-day or 90-day delinquency to define
mortgage default; yet the differences between default (here meaning actual loss of
the property) and delinquency have been neither clearly recognized nor well under-
stood. By distinguishing borrowers’ delinquency option (borrowing by not making
payments) from default option (giving up property in exchange for the mortgage), I

find that borrowers’ delinquency options are more affected by personal trigger events



or shocks, while default options are mostly affected by negative equity. Moreover,
while origination underwriting standards contributes to increasing delinquencies, its
influence on default, on the other hand, is decreasing over the years. As a result stud-
ies that have used delinquency in models designed to analyze actual losses appear to
have made major errors in understanding causes of financial losses during the Great
Recession.

Following up with my previous chapters, Chapter Three analyzes the roles of
banks as a seller or servicer in the transition probabilities from delinquency to default
and other outcomes. Previous literature have overlooked the effects of mortgage
banks as sellers or servicers on loan performance. My results suggest that banks’
balance sheet health and business incentive structure play a crucial role in the loan
performance. For banks with higher retail funding, higher equity ratio, better credit
rating, and less servicing automation, their loans have lower transitional probabilities

from delinquency to default, and higher probabilities to get modified.
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Chapter 1

Curb Shorts and Boost Capital:
The Effects of Short-selling Ban on Bank Lending Activities

Abstract

The paper examines the effects of the 2008 short-selling ban on treated banks. Comparing
the treated banks with other banks of similar characteristics, I find that the treated banks
enjoy more adequate capital reserves and a higher perceived financial stability, as reflected
by their CDS spreads and traded options. Those banks were also more able to increase
equity issuance, maintain a higher deposit growth rate, and keep more adequate capital
reserves. Subsequently, affected banks extended credit at lower markups and experienced
lower loan default rates. These effects are temporary as they manifest during the short-
selling ban but disappear after the ban is lifted.



[The short-selling ban] helps prevent illegitimate naked short selling and po-
tential “distort and short” manipulation. ... the Commission will continue ex-
ploring other remedies for the broader marketplace to further protect investors
from distort and short artists.

— Christopher Cozx, Chairman, Security Exchange Commission

Introduction

At the peak of the financial crisis of 2008, stock prices of financial institutions
around the world have seen a dramatic fall and the investors of these stocks blamed
their loss on predatory short sellers. For fear that short selling would further cause
turbulence in the secondary market and even the collapse of the banking sector, the
Security Exchange Commission (SEC) announced a ban of short-selling on stocks of
select financial institutions. The ban was designed to “combat market manipulation
that threatens investors and capital markets” and to “restore equilibrium to markets”
(SEC Chariman Cox, 2008). The short-selling ban was later followed by several
European central banks in 2011 during the midst of sovereign debt crisis. These
policies triggered a renewed interest from scholars to study their impacts on the
financial markets and the economy. Despite numerous studies debate about the price
impacts of short-selling bans (Autore et al. (2011), Boehmer et al. (2013), Beber
and Pagano (2013), Beber et al. (2014), Boehmer et al. (2012), Harris et al. (2013),
Helmes, et al. (2010), Marsh and Payne (2012)), it remains under-studied how a short-
selling ban on the financial sector can influence the real economic sectors through a
credit-provision channel.

This study examines the effects of the 2008 short-selling ban (SEC 2008—211)EI on
the financial sector. In particular, I aim to understand the impact of the ban on the

perceived stability, balance sheet strength, and lending activities of banks. Banks are

Thttps://www.sec.gov/news/press/2008/2008-211.htm



important intermediaries for the financing activities of corporations and households.
For example, syndicated loans from banks provide a major source of financing for
U.S. corporations (Sufi (2007)). Bank lending in the form of consumer credits and
mortgages also consists almost all of household finances in the United States. Under-
standing the effects of the short-selling ban on bank stability and lending activities
can thus shed light on how security regulations may affect the access to credit by
industrial sectors and ultimately, and how these regulations may affect real economic
growth.

Subject to stringent capital regulations, banks also provide a unique setting to
study the effects of short-selling bans. The Basel Accords require banks to main-
tain a certain level of core capital to absorb potential asset value declines. Due to
such regulations, banks are vulnerable to predatory short-selling, as depressed stock
prices can lead to sudden withdrawals of funding from depositors, repo counterpar-
ties, and credit market (Diamond and Dybvig (1983), Brunnermeier (2009), Bebchuk
and Golstein (2011), Martin et al. (2014)). Large swings of stock prices often af-
fect how market investors perceive banks’ financial stability. Sudden price declines
can thus lead risk averse investors to withdraw from providing funds to these banks
(e.g., Golstein et al. (2013)). This inability to obtain funding can intensify banks’
capital constraints and force banks to sell off long-term assets to comply with these
constraints (Brunnermeier and Oehmke (2013)), ultimately reducing banks’ lending
capacity and even their chance of survival.

I focus on a sample of 389 banks (SIC = 6020) among all financial institutions
that are subject to the 2008 short-selling ban. To understand the effect of the ban
on the lending behavior and performance of these affected banks (treated group), I
compare them to banks that are not subject to the ban but have similar balance sheet

strength and credit conditions (control group). To construct this matched sample of



banks, I collect bank balance sheet information from various databases, including the
Federal Reserve Call Report, Bloomberg, and Compstat. I then match every treated
bank with three control banks according to their size, equity ratio, and credit ratings.
I also require them to be both included in or excluded from the Troubled Asset Relief
Program (TARP).

With the matched sample of banks, I first verify the effect of the short-selling ban
on the banks’ balance sheet strength and their perceived financial health by market
participants. I then investigate their performance and lending terms. Overall, I am
interested in the differences across the above dimensions between the treated and
control banks both during and after the short-selling ban.

Brunnermeier and Ochmke (2013) and Liu (forthcoming) theorize that predatory
short-selling can tip banks’ capital reserve out of balance, suppress banks’ external
funding sources, and potentially lead to bank failure. A ban on the short-selling can
help limit predatory short-selling activities, restore investors’ belief in bank health,
and allow banks to obtain external financing. Perceived bank health by investors,
according to Brunnermeier and Oehmke (2013) and Liu (forthcoming), plays an im-
portant role in determining banks’ access to funding from the capital market.

I first examine the effect of the short-selling ban on investors’ perceived stability
of the treated banks. Given that the short-selling ban is implemented to stabilize
market prices and to prevent wide-spread panic (SEC order (2008)), I expect the ban
to improve the perceived financial health of affected banks[]| I verify this conjecture
by gauging investors’ perception in two ways: credit default swaps (CDS) and out-of-
the-money (OTM) put options. Both of these instruments offer a protection against

downside risks of a bank’s asset. Their traded prices thus reflect perceived probability

2Also see SEC Issues Temporary Ban against Short Selling, Wall Street Journal, September 19,
2008.



of downside risks (Cao et al. (2010)).

First, I compare the CDS spreads for the treated and control banks. I collect
information regarding 1-year and 5-year traded CDS contracts from Markit database,
and examine how their spreads change around the short-selling ban. I find that treated
banks experience a larger decrease in CDS spreads than the control banks when the
ban is in effect, indicating that creditors consider the treated banks to have lower
credit risk. However, this difference soon reversed once the short-selling ban is lifted,
indicating that investors consider these banks riskier as they are no longer protected
from short-sellers.

Second, I examine the implied volatility of banks’ traded options. I focus on deep
OTM put options, whose trading prices reflect a bank’s downside risk as perceived by
investors, especially the risk of failure. I examine the implied volatility, a measure that
reflects the option’s price level and is comparable across different contract features.
Consistently, I find that the treated banks experience a reduction in the implied
volatility of their deep OTM put options during the short-selling ban. This result
suggests that investors are less concerned about the downside risks for the treated
banks, paying a lower “premium” to insure against downside risks.

If investors consider the treated banks to have lower downside risks, they should
be more likely to provide funding to the bank. To test this mechanism, I examine
the actual external financing activities by the sample banks around the short-selling
ban, including equity issuance and deposit growth. Comparing with control banks,
the treated banks conduct more equity issuances and raise a greater amount of funds
during the short-selling ban, but not after the ban was lifted. Similarly, treated banks
also experience a higher deposit growth during the short-selling ban. With improved
access to external financing, the treated banks should also enjoy an improved capital

adequacy. I measure capital adequacy using the Tier-1 capital ratio, which is a widely



used measure in banking regulations (see Basel Capital Accord (1998)). Compared
with the control group, the treated banks experience a 2% greater increase in their
Tier-1 capital ratios during the effective span of the short-selling ban, suggesting that
the short-selling ban effectively improved the balance sheet strength of treated banks.

I then examine the impacts of the short-selling ban on the banks’ lending terms
and fundamental performance. Given that the short-selling ban restores investors’
confidence and relieves banks’ capital constraints, I expect the treated banks to be
able to extend more credit and achieve a higher earnings capacity. I start by examining
the lending terms granted by treated and control banks using information regarding
syndicated loans from the LPC Dealscan database. I find that during the short-selling
ban, treated banks reduced loan spreads to a greater extent by 89 basis points than
control banks. This is a considerable difference given the average loan spreads of 225
basis points in the sample. Consistently, once the ban is lifted, I no longer observe a
difference in loan terms between the treated and control banks.

With the treated banks having an improved ability to extend credit, it is a natural
concern that they may relax screening standards and be again exposed to a higher
credit risk. To understand the quality of syndicated loans extended by the treated
banks, I examine the loan amount extended by these banks and their loan default
rates around the short-selling ban. Treated banks reduce the amount of syndicated
lending to a greater extent than control banks during the ban, but their loans are of
higher quality. To wit, the loans extended by treated banks are 35% less likely to
experience default, defined as the incidence where a borrower receives S&P ratings
“SD”, “RD”, or “D” before its loan matures. Taken together, these results suggest
that the treated banks concentrate their lending to a smaller group of loans, but are
able to exert greater screening efforts, leading to a less risky loan portfolio.

Finally, I examine whether the short-selling ban helps improve the performance of



affected banks. I find that the treated banks enjoy a higher investment gain during
the short-selling ban, indicating that with a more adequate capital reserve, banks are
able to increase screening efforts and invest in more profitable projects. This result
provides preliminary evidence that the short-selling ban promotes the performance
and efficiency of major banks during the financial crises, which likely also benefits the
non-financial sectors.

This study is the first to document the effect of the 2008 short-selling ban on banks’
balance sheet strength and lending activities. It is related to a growing literature on
the role of short-selling during the financial crises as well as the effect of short-selling
bans. The literature is divided regarding the effects of short-selling bans. For example,
Boehmer et al. (2013), Boehmer and Wu (2013), and Beber and Pagano (2013) find
little price impacts and worsened market liquidity from short-selling bans, while other
studies argue that short-selling bans effectively increase prices and reduce negative
skewness for U.S. stocks (Autore et al. (2011), Stambaugh, Yu, and Yuan (2012), and
Harris et al. (2013)). Various studies focus on short-selling bans globally and study
their effects on financial institutions. Still, they provide mixed evidence regarding
whether short-selling bans indeed support price level and reduce volatility of affected
stocks (Marsh and Payne (2012), Harris et al. (2013), Helmes et al. (2010), Bailey and
Zheng (2012), Beber et al. (2014)). Contributing to this debate, the study shows that
the short-selling ban in 2008 effectively restores investors’ confidence in the affected
banks and their capital adequacy. More importantly, this contributes to an improved
lending capacity and fundamental performance, benefiting other economic sectors.
the results thus suggest a positive, real impact of the short-selling ban.

This study also relates to a large body of literature on the relation between bank
capital and banks’ lending capacity. Extant theoretical and empirical literature un-

cover a strong linkage between banks’ capital adequacy and bank lending activities



(e.g., Stiglitz and Weiss (1981), Thakor (1996), VanHoose (2007), Khwaja and Mian
(2008), Paravisini (2008), and Schnabl (2012)). These studies show that as banks
face a positive (negative) liquidity shock, they will expand (shrink) lending accord-
ingly. The liquidity shock could arise from changes to deposits, investment gains and
losses, government intervention, or the condition of the interbank lending market. the
study adds to this literature by showing that the short-selling ban helps a bank be-
come more financially healthy, maintain more sufficient bank capital, enjoy improved
performance and offer better lending terms.

This paper develops as follows: Section (1| introduces the progress of the short-
selling ban in 2008. Section [1| discusses the related literature. Section [1| describes the
data source and empirical methodology. Section [1| provides results from the empirical

tests. Section [1l concludes.

Timeline of Events

On July 21, 2008, U.S. Securities and Exchange Commission (SEC) issued an
emergency order to ban naked short selling of 19 financial firms (the July Order).
The SEC later issued another order on September 17 to extend the short-selling ban
on 797 financial firms, among which 389 institutions are banks.

The July Order restricted naked short selling of 19 financial firms, which include
17 banks (and Freddie Mac and Fannie Mae). Though a small group in number,
these banks are among the largest not only in terms of stock market capitalization
but also in terms of lending activities in the syndicated loan market: these 17 banks
issue around half of the total syndicated loans. The July Order expired on August
12, 2008, yet market participants expected the ban to continue, as Christopher Cox,

the SEC chairman, informed lawmakers that the agency was considering to broaden



the ban. Pl

On September 18, 2008, SEC issued a new, more extensive emergency order which
banned the naked short selling of 797 financial firms (The September Order). Cox
stated that the intension is to “preserve investor confidence” in the stock markets.
The Order became effective on September 19, 2008, and was to be terminated on
October 2, 2008. Further technical amendments were introduced on September 21,
2008 that allow the listing markets to modify the list of banned financial firms, in
case the original ban omitted some financial institutions due to “difficulties with the
classification criteria.” As a result, over one hundred additional firms were subse-
quently added by stock exchanges. On the other hand, a few financial firms asked
to be removed from the list during this period. Though SEC extended the ban to
October 17, 2008 initially, the ban expired on October 8, 2008, following the initiation
of TARP.

TARP was approved by congress on October 3, 2008 and its exact plan layout was
released on October 13, 2008. There is a concern that studies of the short-selling ban
could be confounded if a bank is included both in the short-selling ban and TARP
(Beber and Pagano (2013) and Boehmer et al. (2013)). Such a concern is mitigated
in the study as I compare treated and control banks that are both included in TARP,
or if neither is included in TARP.

Literature Review

This paper is related to two strands of literature. One strand studies the effects
of short sales and short-selling bans, and the other studies the effects of bank capital

on banks’ ability to extend credit.

Shttps://www.sec.gov/news/press/2008/2008-155.htm



Effects of Short Sales and Short-Selling Bans

Previous studies about short-selling constraints mostly focus on two aspects. One
focuses on the impact on price efficiency and trading liquidity of affected stocks and
their derivative securities. The other focuses on their impact on firms’ investment,
performance, and the ability to survive the crises.

A number of studies examine the effect of short-selling constraints on security
prices, yet the results are mixed. For example, Boehmer et al. (2013) and Beber
and Pagano (2013) do not find any effects of short-selling bans on security prices.
Others document that short-selling bans lead to elevated prices and reduced negative
skewness for U.S. stocks (Jones and Lamont(2002), Bris et al. (2007), Autore et al.
(2011), Stambaugh, Yu and Yuan (2012), Harris et al. (2013)).

Several studies further document that short-selling bans impede price discovery
and increase trading frictions (e.g. Crotty (2012) and Boehmer and Wu (2013)).
Studies such as Battalio and Schultz (2011) and Grundy et al. (2012) investigate
the market for equity options and find that short-selling constraints increase bid-ask
spreads for option trading. Focusing on financial institutions, several studies examine
the effects of short-selling bans on their stock price levels, market quality, and price
volatilities (Marsh and Payne (2012), Harris et al. (2013), Helmes et al. (2010),
Bailey and Zheng (2012), Beber et al. (2014)). Still, results are mixed. Helmes et
al. (2010) and Marsh and Payne (2012) draw inferences from international financial
institutions, and show that short-selling bans did little to prevent price from dropping
and are detrimental to market quality. Bailey and Zheng (2012) find small stabilizing
effects of the short-selling bans, yet the effects vanish quickly. Harris et al. (2013), on
the other hand, find inflated price level of the banned financial stocks. These studies,

however, are silent on the real impact of short-selling activities and restrictions.
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Grullon et al. (2015) study the real impact of short-selling bans, and specifically,
how the relaxing of short-selling constraints affects the financing and investment deci-
sions of affected firms. They find that more short-selling leads to lower equity prices,
less equity issuance, and reduced investments. Brunnermeirer and Oehmke (2013)
analyze through a theoretical perspective why a short-selling ban is necessary for
financial institutions when they are vulnerable to predatory short-selling activities.
They argue that without constraints, short sellers can force financial institutions to
liquidate long-term investments at loss, and banks with high leverage are subject
to runs by their investors. Liu (forthcoming) proposes a theoretical scenario where
aggressive short-selling attacks can reduce price informativeness and increase the fun-
damental uncertainty faced by creditors. The creditors, wary of downside risks, will
in turn withdraw from the bank. The short-selling activity can thus lead to a self-
enforcing bank run by both equity investors and creditors, ultimately leading to bank
failures.

Despite the rich theoretical work, there has been limited empirical evidence on
the implications of short-selling bans on banks’ performance and lending activities. A
related study to the research, Beber et al. (2014) compares various types of financial
institutions in difference countries to estimate the effects from short-selling bans.
They find that on average, short-selling bans do not relate to greater stability in the
financial sector. However, their cross-country comparison and their broad sample
of financial institutions allows less focus on banks’ liquidity provision abilities. the
paper focuses on US banks and their credit provisions. I thus contribute to the
literature by documenting a positive, restorative effect of the 2008 ban on banks’
balance sheet strength, credit provision, and profitability. The results can shed light
on a stabilizing role of short-selling bans on financial institutions, and a potential

spillover effect benefiting the real sectors of the economy.
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Bank Capital and Bank Credit Provision

A large body of theoretical literature analyzes how the bank liquidity and capital
regulation can affect banks’ lending activities. This literature largely agree that the
availability and regulation of bank capital have significant effects on banks’ credit
provision and loan rates (e.g., Stiglitz and Weiss (1981), Thakor (1996), and VanHoose
(2007)).

Empirical studies also document a strong relationship between banks’ capital ad-
equacy and bank lending activities (e.g., Khwaja and Mian (2008), Paravisini (2008),
and Schnabl (2012)). Liquidity shocks to banks can cause banks to change their sup-
ply of credit accordingly. Khwaja and Mian (2008) use a Pakistan nuclear test and
a hault in foreign currency exchange as a negative shock to bank capital, and show
that this shock leads to a reduction in bank lending. Paravisini (2008) shows that
with government injection of funds, Argentinian banks expand lending drastically.
Schnabl (2012) further documents that Peruvian banks reduce lending following a
negative liquidity shock accompanied by the 1998 Russian default.

I find that the 2008 short-selling ban helps banks restore their balance sheet
strength, achieve better performance, and offer cheaper loan rates. The results are
consistent with the extant research that positive liquidity shocks and a stronger bal-

ance sheet are associated with an improved lending capacity.

Empirical Methodology

Data and Sample

The goal is to examine the impacts of short-selling ban on banks’ lending terms and

performance. To do so, I collect information regarding bank fundamentals, syndicated
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loan terms, and their traded CDS and equity options.

I start with the list of 389 banks that are covered in the short-selling bans. In-
cluded in the list are both domestic and foreign banks. I thus match the names of
these banks to their identity and collect their balance sheet information from sev-
eral data sources, including the Federal Reserve Call report, Bloomberg as well as
Compustat Bank, North America, and Global databases. By combining all these
data sources, I am able to obtain fundamental information for a wide coverage of 140
banks out of 389 that are covered in the short-selling ban.

I obtain detailed information regarding syndicated loan contracts from Loan Pric-
ing Corporation (LPC) Dealscan database. To construct a treated sample consisting
of banks that are covered by the short-selling ban, I hand match Dealscan lenders
with the lists of banks in July Order and September Order. Out of 17 banks in
the July Order, I am able to identify 16 with Dealscan information (except Allianz
SE). I am also able to match 140 banks on the September short-selling ban list with
Dealscan information.

The initial sample of syndicated loans consists of 13,599 loans issued by 321 unique
banks to 2,830 borrower during the period of 2007 to 2009. I link the borrower
names in Dealscan to their Compustat identifiers following Chava and Roberts (2008),
and exclude loans whose borrowers belong to financial and utility sectors and whose
lenders do not have available bank fundamental information. Finally, I require the
loans to be extended during the sample period from one year before the start of the
ban (July 21, 2007) till one year after the lift of the ban (October 8, 2009). These
restrictions leave us 5,344 loans issued by 226 banks.

To study the effect of the short-selling ban on the treated banks (treated), I
compare these banks to a group of similar banks whose lending and performance

can serve as a benchmark. To do so, I construct a control group of banks that
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are not subject to the short-selling ban, but have similar size, equity ratio, and
credit conditions. I also require the treated and control banks to be either both
included in the TARP program later (in October 2008), or excluded from the TARP
program. This helps us distinguish the stabilizing effect of the TARP program from
the persistent effects of the short-selling ban.

I employ propensity score matching to construct the control group: for each
treated bank, I choose three banks that are not included in the short-selling ban
but are the “closest neighbors” of the treated bank in terms of the matching criteria.
Given that bank characteristics may go through considerable changes throughout the
2008 crises, I allow the control group to change for every event-length (78 days) win-
dow. In this way, I am able to compare a treated bank to a control bank of similar
characteristics at all times. The matching procedure identifies 399 pairs of treated
and control banks during the one year before the start of the short-selling ban (July
21, 2008), 69 pairs during the effective span of the ban (July 21, 2008-October 8,
2008), and 258 pairs during the one year after the lift of the banf_f]

Throughout the analysis, I maintain a loan-level sample to facilitate the under-
standing of bank lending behaviors. The final sample consists of 3,650 syndicated

loans that are extended by 56 treated banks and 56 matched control banks.

Time and Event Windows

Given the short span of the 2008 short-selling ban, I am able to closely examine
the effects of the initiation and the removal of the ban on the same group of treated
banks. I study the initiation effects of the ban by comparing banks’ behaviors before

the ban is initiated and when the ban is effective. I then study the removal effects

4To test the robustness of the results, I also use a constant control group over all event windows,
and arrive at similar results.
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of the ban by comparing between the effective period and the period after the ban is
lifted.

I thus define three event windows: a one-year pre-event window that ends when
the first short-selling ban is initiated (July 21, 2007 — July 20, 2008), a during-event
window for which the short-selling ban is in effect for a given bank (July 21 — August
12, 2008 for July banks and September 18, 2008 — October 8, 2008 for September
banks), and a one-year post-event window that starts when the September short-
selling ban is lifted (October 9, 2008 — October 8, 2009). Accordingly, I define three
time variables: Before is a dummy variable indicating the one-year pre-event window,
During indicates the effective span of the ban, and After indicates the one-year post-
event window )| Figure shows in more detail the definition of the event windows

and variables.

CDS and Options

To understand investors’ perception about the sample banks’ financial stability,
I examine measures of downside risks extracted from the traded derivatives of these
banks. To understand the beliefs of both creditors and equity investors, I examine
the secondary market trading prices of banks’ CDS contracts and equity options.
CDS contracts provide insurance against banks’ defaults or other credit events. The
spreads on these contracts thus reflect the insurance premium that buyers and sellers
consider “fair” to compensate for these credit events. Spreads thus positively correlate
with the perceived credit risk of banks. I collect CDS information from the Markit
Pricing database, which reports the spreads and liquidity of CDS contracts on a daily

frequency. With this database, I examine the spreads of both 1-year and 5-year CDS

5To test the robustness of the results across different definitions of event window, I also use a
“rough” definition of event window, assigning all dates in between July 21 — September 18, 2008
as “During” the short-selling ban. This time variable assignment generates similar results.
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contracts, which are commonly used maturities in the literature to reflect underlying
firms’ default risks and credit conditions (Longstaff et al.(2005), Jorion and Zhang
(2009), Galil et al. (2014)).

In addition, I examine banks’ equity options, whose prices reflect the belief of
equity investors. I collect options trading information from OptionMetrics. Among
a variety of oustanding option contracts, I focus on deep OTM put options, defined
as options whose moneyness is lower than 85%. Deep OTM put options have very
low strike prices and they only become valuable as the underlying equity price drops
to a level that is below the strike prices. The prices of these options thus reflect
investors’ belief of the probability that a bank’s equity value will drop significantly.
The prices of these options provide a proxy for the perceived downside risks (Day and
Lewis (1992), Christensen and Prabhala (1998), Bollen and Whaley (2004), Benzoni
et al. (2005), Cao et al. (2010)). Following prior literature (Black and Scholes
(1973), Dumas et al. (1998), and An et al. (2014)), I collect the Black-Sholes implied
volatility of these options, which is positively related to option price and provides a
measure that is comparable across underlying security prices and contract features.
I focus on only options that have 1-3 months to maturity. These close-to-maturity
options can provide a more accurate proxy for investors’ concern that the underlying

security could face a large loss in the near future.

Equity Issuance and Deposits

Investors’ perception about bank risk is only a first step that the short-selling
ban can affect bank fundamentals. Yet investors’ perception alone does not directly
change a bank’s operating and lending activities. For the short-selling ban to affect
such activities, I should first observe its effect on a bank’s access to outside financing,

especially equity issuance. If the short-selling ban restores investors’ belief about
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banks’ likelihood of survival, I expect these banks to issue equity with larger amount
and higher frequency in the capital market.

I investigate this channel by examining the actual equity issuance activity by the
sample banks. To do so, I collect the information regarding equity issuance of the
banking sector from SDC platinum database. I measure issuance activities in two
ways. First, I measure the frequency of issuance by counting how many times a bank
issues equity in a given quarter (# Fquity Issuance). Second, I measure the amount
of equity issued using the log of the total amount of equity financing raised for a
bank-quarter (FEquity Issuance Amount). 1 expect treated banks to increase their
equity issuance activities along the above dimensions during the short-selling ban.

I supplement this test examining the deposit growth of treated and control banks.
I measure deposit growth using the percentage annual change in deposit from balance
sheet information (Deposit Growth). With creditors considering the treated banks as

having a lower credit risk, I expect these banks to enjoy a greater deposit growth.

Bank Balance Sheet Strength

If the short-selling ban allows the affected banks to obtain more equity financing,
these banks will then enjoy a more adequate capital reserve, indicating a stronger
balance sheet. To verify this effect, I extract and combine banks’ balance sheet
information from several sources, including Federal Reserve Call Report, Compustat,
and Bloomberg. I measure banks’ balance sheet strength using Tier-1 capital ratio,
which includes its common equity and retained earnings, which are of the highest
quality capital components (“core capital”). The Basel Accord strictly maintains a
minimum Tier-1 capital ratio, stating that a higher ratio indicates that a bank has
more adequate resources to absorb future losses. I present the Tier-1 capital ratio in

percentage points.
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I next study the effect of the short-selling ban on banks’ profitability using the
ratio of investment gains to total assets. Higher levels of investment gains indicating
a higher earnings capacity for the banks. I expect the treated banks to enjoy a higher
level of investment gains during the short-selling ban.

Finally, I construct bank characteristics that are used in the matching procedure,

including size, equity ratio, and credit ratings.

Lending and Performance

I examine the effect of short-selling ban on banks’ lending activity and fundamen-
tal performance. This linkage helps us evaluate whether the ban has “real” impacts
that extend beyond the financial sector. To do this, I extract information from LPC
Dealscan database, which provides detailed information regarding syndicated loan
contracts.

Rhodes (2000) and Murfin (2012) show that loan terms are negotiated around
three months in advance of a facility’s start date reported in Dealscan. The reason is
that syndicated loans often take two months to become effective after the borrower
awards the lead bank a mandate (syndication/documentation process), and another
one month between the time a bank approves of a term sheet and the time it receives
a mandate (mandate process). Therefore, a loan that is recorded to start in December
could be contracted as early as in September. Naturally, in deciding the contracting
terms of this loan, banks are likely to take into account their financial conditions in
September rather than in December. Following Murfin (2012), I incorporate this time
lag by accounting for the contracting date of a loan as 90 days before its reported
start date.

To gauge the impact on banks’ lending activities, I consider three dimensions:

loan markups, lending capacity, and loan quality. I measure interest rate markups
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specified on the loan contracts. Following previous literature (Roberts and Suri (2009)
and Campello et al. (2011)), I extract syndicated loan terms from Dealscan database,
and measure markups using the “All-in-Drawn” spread in basis points over LIBOR
(Loan Spread). Loan Spread aggregates the coupons and annual fees charged by
a lending bank, and it reflects the bank’s risk tolerance and its capacity for credit
provision.

Next, I directly measure banks’ lending capacity by counting the number of syn-
dicated loans extended by each bank to its individual borrowers (#Loans). Finally,
I examine the quality of loans extended by the sample banks using the default likeli-
hood of loans extended around the short-selling ban. I define a dummy variable Loan
Failure that equals 1 if the borrower company is rated as default (“SD”, “RD”, or
“D”) before the loan matures. Low default rates suggest better quality lending and
a higher screening effort. It also helps assess a more subtle implication to the policy,

i.e. whether the short-selling ban could induce lax credit extension.

Controls

Despite that the sample of banks are matched based on important bank-level
characteristics, I control for various covariates that could correlate with the variables
of interests. For bank-level panels, I control for bank characteristics, such as bank
size, equity ratio, ratings, and a dummy variable TARP indicating whether the bank
is later included in the TARP program. For the samples that include loan-level
outcomes, I control for loan-level characteristics such as spreads, maturity, the number
of covenants, loan size, and an indicator for term loans. 1 also include syndicate
structure such as the number of lenders involved in the syndicate as well as the
number of facilities included in the same loan package. In additional, I construct and

control for borrower characteristics including size, age, tangibility, market-to-book,
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leverage, and ratings. I winsorize all the continuous variables within the 5th and 95th

percentiles, and I limit leverage to be within 0 and 1.

Empirical Framework

To examine the effect of the short-selling ban on treated and control banks, I
employ a differences-in-differences approach, regressing the variables of interest on the
interaction of Treated and time variables During and After. Specifically, I consider

the following regression model:

Yi,;j += Bo + BiDuring + fTreated x During + BsAfter

+ BiTreated x After + BsControls + Z &+ Z Gi + Z M+ €, (1.1)

where Y indicates the variables of interest. It includes CDS spreads, implied volatility,
equity issuance, deposit growth, Tier-1 capital ratio, loan spreads, number of loans
issued, loan failure, and bank performance. Treated is a dummy variable that equals
1 if the loan is extended by a treated bank and 0 if the loan is extended by a matched
control bank; Controls include bank characteristics (e.g., size, equity ratio, and rat-
ings), policy features (e.g., whether the bank is included in the July short-selling
ban list, and whether the bank is involved in the TARP program), loan character-
istics (maturity, covenants, term loan, etc.), and borrower characteristics (size, age,
leverage, etc.). & stands for bank-fixed effects, ¢ stands for borrowers’ sector-fixed
effects, and 7 stands for year-quarter-fixed effects. Note that Treated is absorbed by
bank-fixed effects, but the time variables are not. This is because the short-selling
ban does not start exactly at the beginning of a fiscal quarter for every bank.

In Eq. [I.1], T am interested in coefficient /32, which represents the difference in the

changes in the variables of interest from before the ban to during the ban between
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treated and control banks. It suggests the effects of the short-selling ban on banks’
balance sheet conditions and lending behaviors.

In the next section, I report the results of the analysis in stages. I first present
the differences-in-differences results controlling for fixed effects. I then report results
controlling for bank characteristics and policy features. For loan-level tests, I further

add in controls for loan characteristics and borrower characteristics.

Results

Summary

Table shows the summary statistics of the characteristics for the treated and
control banks before, during, and after the event periods. It compares the charac-
teristics with which I match the treated and control samples, including bank size,
equity ratio, ratings, and whether a bank is included in TARP. There is no significant
difference in any matching characteristics between the treated and control banks,
with p-values largely above 10% for both before and during the short-selling ban.
After the short-selling ban was lifted, the treated banks are similar to their matched

counter-parties, except that they have a slightly higher equity ratio.

TABLE [1.1l ABouT HERE

Figure further illustrates the matching process. Panel (a) displays the dis-
tribution of the computed propensity score for the affected and unaffected banks by
the short-selling ban before the matching and Panel (b) shows the distribution of
propensity scores for the matched treated and control banks. In each figure, the red

line demonstrates the distribution of treated banks and the green dashed line demon-
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strates that of control banks. The patterns in these figures suggest that the affected
and unaffected banks by the short-selling ban have very different characteristics be-
fore the matching. Yet the matched treated and control banks have very similar

characteristics, which suggest close propensities of receiving the treatment.

Perceived Financial Health

I first examine whether the short-selling ban changes investors’ percetion about
banks’ stability and risk. To do this, I focus on the CDS spreads and the implied
volatility of deep OTM equity options of the sample banks.

CDS contracts are insurance agreements against credit events such as default,
missing payments, and downgrades. The spreads on these contracts reflect banks’
credit risk perceived by their creditors. I examine the CDS contracts for all banks
with 4-digit SIC code between 6020 and 6719, which is the same range as the SEC
order dictated. I then construct a matched treated-control sample with 51 treated
banks and 29 control banks with available CDS trading information around the short-
selling ban.

Figure illustrates how the 5-year CDS spreads of the matched sample banks
evolve on a daily basis around the short-selling ban. The red line represents the CDS
spreads for treated banks, while the green dashed line represents the CDS spreads
for control banks. The blue columns represent the difference between treated and
the control groups. Prior to the ban, the 5-year CDS contracts of treated banks are
traded at a higher spread than those of control banks, reflecting investors’ concerns
about the default risk of the treated banks. As the short-selling ban is initiated, the
CDS spreads of treated banks decline to a level that is lower than those of control
banks. After the ban is lifted, the treated banks see their CDS spreads increase again,

passing the level of the control banks. These patterns suggest that the short-selling

22



ban helps reduce investors’ concern regarding the credit risks of treated banks.

I then formally test the effect of the short-selling ban on the CDS spreads of
affected banks. Following prior literature (Zhang et al. (2009), Coro et al. (2013), and
Galil et al. (2014)), T adopt daily frequency to better capture the trading dynamics
of the CDS market. I control for macro conditions that can affect CDS spreads,
including interest rates, VIX index, inflation, credit spreads, term spreads, and equity
market return. I also control for each bank’s equity volatility, which is an indicator
of fundamental risk.

Table[L.2shows the results for banks’ CDS spreads. Columns (1) through (3) show
the effect of the short-selling ban on 5-year CDS spreads for treated and control banks.
Columns (4) through (6) show the effect on 1-year CDS contracts. For each dependent
variable, I present the results in 3 steps. I first report results from regressing CDS
spreads on the interaction of Treated and time variables, controlling only for fixed
effects. Next, I report results with controls of macroeconomic variables. Finally, I
report results with controls of bank characteristics, such as size, equity ratio, leverage,
rating, TARP dummy, and equity volatility.

In all regressions, the coefficient of the interaction term Treated x During indicates
the difference-in-differences results, i.e., the difference in the changes of CDS spreads
from the period before the ban was initiated to the period during the ban between
treated and control banks. The interaction term attracts negative, significant coeffi-
cients for both 5-year and 1-year CDS contracts, indicating that the short-selling ban
enhances the perceived credit worthiness of treated banks relative to that of control
banks. The coefficient from column (3) suggests that the treated banks experience a
151-basis point reduction in CDS spreads than the control banks. These results are
consistent with the findings in Figure that the treated banks are perceived as less

risky during the ban. However, Treated x After also attracts significant, negative
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coefficients, indicating a persistent effect of the ban on investors’ belief.

TABLE [1.21l ABOUuT HERE

I then examine the perceived downside risk of the sample banks from an equity
investors’ perspective. To do so, I focus on the Black-Scholes implied volatilities of
banks’ traded options. Since implied volatility covaries with option prices, it provides
information on investors’ belief of the likelihood of the option to be in the money.
To understand banks’ downside risk, I investigate deep out-of-the-money (OTM) put
options, defined as moneyness (strike/stock price) being less than 85%. The implied
volatility of these options reflects investors’ perception of the banks’ downside risk. If
the short-selling ban indeed reduces investors’ concern about downside risk, I should
expect the implied volatility of deep OTM put options to increase during the ban.

Table shows the results for banks’ traded options. In these tests I deviate
from the baseline controls and include features of the options contracts and of the
underlying securities that can affect the trading of options contracts (Harvey and
Whaley (1992), Figlewski and Webb (1993), Bollen and Whaley (2004)). Column (1)
reports the regression results of option implied volatility on the interaction of Treated
and time variables, controlling only fixed effects. Column (2) further controls for
option characteristics such as remaining time to maturity and moneyness. Column
(3) controls for features of underlying securities, including price, return, volatility,

and market capitalization. Finally, column (4) controls for bank characteristics.

TABLE [1.3l ABOUuT HERE

In all regression specifications, Treated x During attracts negative and significant

coefficients, suggesting that equity investors are less concerned about the downside
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risk of treated banks when the short-selling ban is in place. However, Treated x After
attracts positive coefficients for trading volumes, indicating a reversal of such a belief

after the ban was lifted.

Equity Issuance

It is important to understand how the regulation on secondary market trading
behaviors affect banks’ performance and the lending decisions. One important chan-
nel, as suggested by preceding theoretical work, is that when the regulatory entity
halts aggressive short-selling activities, it effectively reduces the probability of a run
from investors (Brunnermeier and Oehmke (2013) and Liu (forthcoming)). With the
short-selling ban in place, these banks are likely to avoid a run from investors. This
enables them to raise finances from the capital market and maintain a stable balance
sheet.

I verify this economic channel by examining banks’ equity issuance. I measure
equity issuance in two ways. First, I count the number of equity issuance by a bank
during a certain quarter and define it as # FEquity Issuance. 1 also measure the
amount of equity capital raised by a bank using the log amount of principals it issues
in a given quarter (Equity Issuance Amount). Employing the same difference-in-
differences design as shown by eq. [I.I| T compare the issuance activity by treated
banks and control banks during the short-selling ban.

Table shows the results for equity issuance and deposits. In all specifications,
Treated x During attracts positive, significant coefficients. Columns (1) and (2) show
the results for the number of equity issues. The estimates in column (2) suggest that
treated banks conduct one more issuance during the short-selling ban than control
banks. Columns (3) through (4) show the results for the amount of equity issued. The

estimates in column (4) indicate that treated banks are able to obtain more funding
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from outside equity investors, around 4.43% more than the control banks. Treated
x After, on the other hand, does not attract a significant coefficient, suggesting that
the effect from the short-selling ban on issuance activities is attenuated when the ban

was lifted.

TABLE [1.4] ABoUT HERE

Taken together, these results suggest that the treated banks enjoy a better access

to external financing when the short-selling ban is in place.

Capital Adequacy and Deposits

Aside from increased equity financing, banks may also benefit from lower perceived
risks from investors by maintaining stronger deposit growth. As creditors consider
the treated banks as having lower default risks, it is natural to conjecture that treated
banks are better able to maintain their deposit growth rates than comparable banks.
Columns (1) and (2) of Table[L.F|show the regression results for banks’ deposit growth.
In both columns, Treated X During attracts significant, positive coefficients across
all specifications. The estimates suggest that treated banks maintain a significant
stronger deposit growth, by 2% during the short-selling ban than control banks.

With better access to external financing both on the equity and liability side,
treated banks should be better able to reserve capital on their balance sheet. Columns
(3) and (4) of Table thus examine whether treated banks enjoy a higher Tier-1
capital ratio. Tier-1 capital ratio is defined by the Basel Accord in 1988 as the ratio of
banks’ core equity and reserves to its total risk-weighted assetsﬁ It is considered to be
the highest quality capital and an important measure of a bank’s capital adequacy. In

the tests for capital ratio, Treated x During attracts significant, positive coefficients,

6See Basel Capital Accord (1988).
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indicating that treated banks enjoy more sufficient capital reserves than control banks
during the term of the ban. The estimates suggest that on average, treated banks
sustained capital ratios by 16 basis points higher than the control banks, around 2%
of the sample average level, 9 percentage pointsm This effect, although seemingly
small, is consistent with the magnitudes of equity issuance over total banking assets.
This increase in capital adequacy for treated banks, however, does not persist once
the ban is lifted, as the coefficients of Treated x After are insignificantly different
from zero. This suggests a short-lived effects from the short-selling ban, consistent

with its short effective span.

TABLE [1.5l ABouT HERE

Figure further illustrates the variations of Tier-1 capital ratio of treated and
control banks around the short-selling ban. The red line represents the average capital
ratio of treated banks, while the green dashed line represents the average capital ratio
of control banks. Before the ban was implemented, treated banks have a lower level
of capital ratio than control banks, yet their capital ratios experience a similar trend
prior to the initiation of the ban. During the ban, the capital ratio of treated banks
maintains steadily at 8.5%, while that of control banks experiences a sharp decline.
This leads to the treated banks having a higher level of capital ratio following the

short-selling ban.

Bank Lending and Performance

I next examine the effects of the short-selling ban on banks’ lending activities and

fundamental performance. With a more adequate capital reserve to absorb potential

"In columns (3) and (4), the capital ratios are presented in percentage points, so 0.16 stands for
16 basis points.

27



losses, I expect the treated banks to be able to provide cheaper credits to real economic
sectors.

Table[L.6]compares the loan spreads extended by treated and control banks around
the short-selling ban. The coefficient of Treated x During is significantly negative
across all specifications. The estimates suggest that treated banks extend loans with
around 89 basis point more reduction in spreads than control banks during the short-
selling ban. This difference is economically large compared to the sample average
spreads of around 225 basis points. However, the coefficient of Treated x After is
insignificantly different from zero, indicating that the loan spreads imposed by treated
banks are similar to those of control banks after the ban is lifted. These results suggest
that the short-selling ban helps the treated banks maintain a better lending capacity
and these banks are able to extend cheaper credit during the ban. Once the ban is

lifted, these banks raise spreads back to the pre-event level.

TABLE [1.6l ABoUT HERE

One may be concerned that lower loan markups could reflect that banks, instead of
extending credit to lower-risk borrowers, exercise a lax lending standard and quote low
rates to high-risk borrowers. If this is the case, the short-selling ban would induce
more risk-taking behavior by the affected banks. To understand the implications
of the loan markup differences, I examine other aspects of lending behaviors and
bank performance associated with such lending behaviors. Specifically, I examine the
number of loans extended by banks, the likelihood of the bank incurring loan failure,
and banks’ investment gains.

Table shows the results. Columns (1) through (3) show the results for the

number of loans. The coefficients of Treated x During are significantly negative, and
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the coefficients of Treated x After remain insignificantly different from zero. These
estimates suggest that treated banks lend one fewer loan than comparable banks
during the short-selling ban. Columns (4) through (6) show the results for loan
failure rate. The dependent variable is Loan Failure, a dummy variable that equals
one if the borrower is rated as “SD”, “RD”, or “D” before the loan matures, and zero
otherwise. The interaction term Treated x During attracts significantly negative
coefficient, suggesting that the loans extended by treated banks during the ban are of
lower credit risk. The estimates show that treated banks observe 43% less subsequent
loan defaults than control banks. The results from columns (1) through (6) seem to
suggest that the treated banks scale back their loan portfolios to borrowers of higher
quality.

Columns (7) through (9) present results for banks’ investment gains over total
assets. The coefficient of Treated x During is significantly positive, indicating an
increased investment efficiency for the treated banks during the short-selling ban.
These effects are also short-lived, disappearing after the ban is lifted.

Taken together, results from Table suggest that treated banks did not relax
their lending decisions, despite being protected by the short-selling ban. Treated
banks scale back lending to a select group of borrowers, and enjoy a lower loan failure
rate and a higher investment efficiency. These results provide additional evidence

that the short-selling ban restores stability to the banking sector.

TABLE [I.8] ABouT HERE

Robustness

I further examine the robustness of the main results towards alternative empir-

ical specifications. Focusing on the central tests, e.g., ones regarding bank capital
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adequacy and bank lending, I vary several of the design choices in structuring these
tests.

First, I vary the length of the before- and after-event windows from one year
to 4 and 6 times of the event duration (78 days) around the short-selling ban, to
test whether the results are sensitive to the choice of event window length. Second,
I define the During event dummy according to a “rough” definition of event time.
Given that there are two consecutive orders of the short-selling ban (the July order
and the September order), some July banks may be still under the influence of the
ban even in September and investors may anticipate potential impacts for September
banks even in July. Accounting for such a possibility, I define During to be 1 between
July 21st to Oct 8th, 2008 for all bank, instead of only during the exact treatment
dates. This test helps clarify whether the results arise from the short-selling ban or
from investors’ anticipation of it. Finally, I remove July banks from the sample and
only focus on the effect of the September order. The result from this test helps us
identify whether the baseline results are driven simply by the large banks included in
the July order or reflect the effects on all banks subject to both orders.

Table reports the results for Tier-1 capital ratio and loan spreads according to
the above specifications. Panel A of this table reports the results for capital ratio, and
Panel B presents the results for loan spreads. Columns (1) and (2) of both panels show
the results by extending the event window. Column (3) shows the results from using
a rough definition of time variables, inclusive of both the July and September orders.
Column (4) shows the results from only including September banks in the sample.
The results remain robust across all these specifications: treated banks experience
a significant increase in capital adequacy during the short-selling ban, and extend

cheaper credit to their borrowers. Such effects disappear after the ban is lifted.
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TABLE [1.91 ABoUT HERE

Bank Capital and Effects of the Short-Selling Ban

To support the argument that the short-selling ban affects the lending activities
of treated banks by strengthening their balance sheet, I explore cross-sectional vari-
ations in banks’ balance sheet strength before the initiation of the ban. Specifically,
I partition the sample of banks according to whether a bank’s Tier-1 capital ratio
is above or below the sample median prior to the ban, and examine whether the
effects of the ban vary across the subsamples. If the short-selling ban affects banks
by strengthening their balance sheet, I should expect the effect of the ban to mostly
arise from banks with low capital reserves. For banks with sufficient reserves, the
effects should be weak.

Table shows the results for the subsample tests. The dependent variable
is loan spreads extended by treated and control banks. Columns (1) through (3)
show the results for loan spreads extended by banks with lower than median cap-
ital reserves prior to the ban, and columns (4) through (6) show the results for
loan spreads by banks with higher capital reserves. Consistent with the expectation,
Treatedx During attracts negative and significant coefficients only for banks with low
capital prior to the short-selling ban, and the coefficients show stronger magnitudes
than those in Table [1.6| However, for banks with high capital reserves, the coeffi-
cients for Treatedx During are low in magnitude and statistically indistinguishable

from zero.

TABLE [1.10l ABoUT HERE
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The results in this section lend support to the argument that the short-selling ban
strengthens banks’ balance sheet, whereby affecting banks lending behaviors. Banks
with insufficient capital reserves benefit more from the short-selling ban, and are able

to extend cheaper credits to the non-financial sectors.

Conclusion

This paper examines how the 2008 short-selling ban regarding financial institutions
affects banks during the peak of the financial crises. Using a propensity matched
treated and control sample of banks, I find that the short-selling ban has a stabilizing
effect on the treated banks. Market participants perceive these banks as less risky,
and these banks are able to sustain external financing through equity issuance and
new deposits. As a results, the banks included in the short-selling ban maintain a
higher level of Tier-1 capital ratios, which facilitates a better lending capacity. In
addition, I find that the treated banks did not relax their lending standards, as these
banks restrict their loan portfolio to a smaller group of borrowers, and the loans they
extended during the short-selling ban exhibit lower likelihood to default. Finally, I
find that these banks enjoy a higher investment gain during the short-selling ban,
suggestive of a higher earnings capacity.

The central results are robust to various alternative specifications, and are man-
ifested among banks with lower capital ratios prior to the short-selling ban. The
results provide empirical support for the notion that the short-selling ban reduces
banks’ exposure to predatory short sellings, facilitates their access to external financ-
ing, and supports their ability to lend to other economic sectors. This suggests that
the short-selling ban played an important role in stabilizing the banking sector during

the crises, ultimately benefiting the economy through banks’ credit extension.
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Variable Definitions

Bank-level Variables

Tier-1 Capital: The ratio of the bank’s Tier-1 risk adjusted capital/total asset
Non-performing Assets: The ratio of non-performing assets/total asset
Investment Gains: The ratio of investment security gains (losses)/total asset
Bank Size: Log(total asset)

Bank Equity Ratio: The ratio of bank’s equity/total asset

Bank Rating: A dummy variable that equals 1 if the bank is rated investment
grade, and 0 otherwise

Equity Vol: The volatility of daily equity returns over the past 10 days
Trading Volume: Daily reported equity trading volume

Borrower Characteristics

Borrower Size: Log(total asset)
Borrower Age: The number of years a firm exists in Compustat
Borrower Tangibility: Property, plant and equipment/total asset

Borrower MB: Market-to-book ratio, defined as (stock prices x stock outstand-
ing + total assets - common equity)/total asset

Borrower Leverage: Book leverage, defined as (long-term debt+ short-term
debt) /total asset

Borrower Rating: A dummy variable that equals 1 if the firm has available S&P
ratings, and 0 otherwise

Loan-level Variables

Loan Spread: Loan spreads in basis points over LIBOR
Loan Maturity: Loan maturity in months

Loan Covenants: The number of restrictive covenants specified in bank loan
contracts

Loan Size: Log(total loan amount)

Term Loan: A dummy variable that equals 1 if the loan is a term loan, and 0
otherwise

# Lenders: The number of lenders that participate in the syndicated loan

# Facilities: The number of facilities included in a loan package
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Features of Short-selling Policies

e July Program: A dummy variable that equals 1 if the bank is included in the
July program in the short-selling ban, and 0 otherwise

e TARP: A dummy variable that equals 1 if the bank is included in the TARP
program in a given quarter, and 0 otherwise

e Treatment Duration: The number of days that a bank is subject to the short-
selling ban

Macroeconomic Variables

e Federal Fund Rate: The interest rate at which depository institutions trade
federal funds (balances held at Federal Reserve Banks) with each other overnight

e Tbill Rate: The rates on 1-month treasury bills

e VIX: The implied volatility of S&P 500 index options

e Inflation: The level of Consumer Price Index

e Market Return: Property, plant and equipment /total asset

e Term Spread: The rate spreads between 10-year treasury and 1-year treasury
notes

e Credit Spread: The rate spreads between corporate AAA-rated bonds and trea-
sury bonds
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Figure 1.1. Timeline of event periods. This figure shows the definition of the pre-event, during-
event, and post-event windows. For all banks, the pre-event window is defined as one year prior to
the start of the July Order and the post-event window is defined as one year following the end of
the September Order. For banks only affected by the July order, the during-event window is July
21, 2008 to August 12, 2008. For banks only affected by the September order, the during-event
window is September 18, 2008 to October 8, 2008. For banks affected by both orders, the during
event window is both periods.
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Propensity Score Before Matching Propensity Score After Matching
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Figure 1.2. Distribution of propensity score before and after matching. This figure shows
the propensity scores of being treated for the sample banks before and after the matching. Panel
(a) shows the distribution of the propensity scores for the affected and unaffected banks before the
matching. Panel (b) shows the distribution of the propensity scores for the treated and control banks
after the matching. In each panel, the green dashed lines represent the propensity score distribution
of treated banks, and the red lines represent that of the control banks.
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Bank Tier-1 Capital Ratio (%) Around Short-selling Ban
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Figure 1.3. Tier-1 capital ratios of treated and control banks around the short-selling
ban. This figure compares the Tier-1 capital ratios of treated and control banks before, during,
and after the short-selling ban. The horizontal axis shows the number of quarters following the
short-selling ban, and quarter 0 indicates the period of July 21—October 8, 2008, during which the
ban was in effect. The red line represents the average capital ratio of treated banks, while the blue
line represents the average capital ratio of control banks.
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Figure 1.4. CDS spreads of treated and control banks around the short-selling ban.
This figure shows the 5-year CDS spreads of treated and control banks around the short-selling ban.
The horizontal axis shows dates around the short-selling ban, from February 2007 to March 2009.
The red line represents the CDS spreads for treated banks, while the green dashed line represents
the CDS spreads for control banks. The blue columns represent the difference between treated and
the control groups.
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Bank Loan Spread Around Short-selling Ban
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Figure 1.5. Loan spreads extended by treated and control banks around the short-
selling ban. This figure compares the loan spreads extended by treated and control banks before,
during, and after the short-selling ban. The horizontal axis shows the number of quarters following
the short-selling ban, and 0 indicates the period of July 21 — October 8, 2008, during which the ban
was in effect. The red line represents the loan spreads extended by treated banks, while the blue
line represents the loans spreads extended by control banks.
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Table 1.1

Summary Statistics

This table reports the summary statistics of bank characteristics and performance for both treated
and control banks. Treated banks are defined as the banks included in the short-selling ban list; and
control banks are the banks not included, but having similar characteristics with treated banks. The
matching is conducted in every quarter. Panel A compares the characteristics of treated and control
banks during different event periods (Before, During, and After), and Panel B compares their loan
spreads, capital adequacy, and performance. The sample spans from one year prior to the start of
the short-selling ban, to one year after the lift of the Ban. All continuous variables are winsorized
within 5 and 95 percentile.

Panel A: Comparison of bank characteristics

Treated Control Difference p-value On Support

Before

Size 9.99 9.95 0.04 0.74 399
Equity Ratio 2.80 2.64 0.16 0.63 399
Rating 0.77 0.77 -0.00 0.99 399
TARP 0.00 0.00 0.00 1.00 399
During

Size 10.40 10.02 0.38 0.21 69
Equity Ratio 2.11 1.97 0.14 0.76 69
Rating 0.87 0.87 0.00 1.00 69
TARP 0.00 0.00 0.00 1.00 69
After

Size 10.35 10.20 0.15 0.51 258
Equity Ratio 2.50 2.01 0.49 0.06 258
Rating 0.73 0.70 0.03 0.63 258
TARP 0.06 0.06 0.00 0.98 258

Panel B: Comparison of loan characteristics

Treated Control Difference p-value On Support

Before

Loan Spreads 211.52 132.29 79.23 0.00 2058
Tier-1 Capital 8.67 9.19 -0.53 0.00 2058
Non-Performing Assets — 0.45 0.64 -0.19 0.00 2058
Investment Gains 0.08 0.02 0.06 0.00 2058
During

Loan Spreads 200.88 198.19 2.69 0.85 310
Tier-1 Capital 9.09 9.31 -0.22 0.33 310
Non-Performing Assets  0.60 0.74 -0.13 0.06 310
Investment Gains 0.16 -0.00 0.16 0.02 310
After

Loan Spreads 329.67 29148 38.20 0.00 923
Tier-1 Capital 11.25 9.95 1.29 0.00 923
Non-Performing Assets  0.89 1.02 -0.12 0.10 923
Investment Gains -0.01 -0.03 0.02 0.01 923
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Table 1.5

Capital Adequacy

This table shows the effect of the short-selling ban on banks’ capital adequacy. The dependent
variable is banks’ Tier-1 capital ratio. The sample spans from one year prior to the start of the
short-selling ban, to one year after the lift of the Ban. Treated is a dummy variable that equals 1 if
the loan is issued by a bank affected by the short-selling ban, and 0 otherwise. During is a dummy
variable that equals 1 if the loan is issued during the short-selling ban, and 0 otherwise. After is a
dummy variable that equals 1 if the loan is issued after the lift of the Ban, and 0 otherwise. Column
1 shows the regression results of loan spread on the full interaction of Treated with During and
After, controlling for loan and borrower characteristics. Column 2 controls further for features of
the short-selling ban. Column 3 adds bank characteristics as controls. All regressions use bank-,
borrowers’ sector-, and year-quarter-fixed effects.

Dep. Var.: Tier-1 Capital (1) (2) (3)
During -8.22%** -8.21%** -8.37H**
(-28.59) (-28.30) (-28.78)
After 1.74%%% 1.73%%* 1.17%*
(3.09) (3.05) (2.00)
Treated x During 8.70%** 8.69%** 8. 72%H*
(35.30) (35.05) (36.96)
Treated x After 0.36 0.36 0.66%*
(1.54) (1.53) (2.52)
Loan Spread 0.00 0.00 0.00
(0.23) (0.22) (0.71)
Loan Maturity 0.00 0.00 0.00
(0.05) (0.06) (0.67)
Loan Covenants -0.01 -0.01 0.01
(-0.24) (-0.25) (0.23)
Loan Size 0.04 0.04 0.02
(1.08) (1.09) (0.71)
Term Loan 0.05 0.05 0.04
(0.78) (0.79) (0.76)
# Lenders -0.00 -0.00 -0.00
(-0.03) (-0.04) (-0.25)
# Facilities 0.00 0.00 0.00
(0.43) (0.44) (0.56)
Borrower Size -0.04 -0.04 -0.02
(-0.82) (-0.83) (-0.41)
Borrower Age 0.00 0.00 0.00
(0.80) (0.78) (0.36)
Borrower Tangibility -0.27 -0.28 -0.20
(-0.85) (-0.87) (-0.59)
Borrower MB -0.02 -0.02 -0.02
(-0.39) (-0.39) (-0.35)
Borrower Leverage 0.25 0.25 0.23
(1.08) (1.08) (1.02)
Borrower Rating 0.05 0.05 0.04
(0.64) (0.64) (0.62)
July Program T2.71HF* 49.01%***
(15.72) (6.90)
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Treatment Duration
TARP

Bank Size

Bank Equity Ratio
Bank Rating

Bank FE

Borrowers’ Sector FE
Year-Quarter FE

Observations
R-squared

Yes
Yes
Yes
922
0.93

1.20%%*
(15.93)
0.07
(0.24)

Yes
Yes
Yes
922
0.93

0.81 %45
(7.10)
0.12
(0.43)
-0.02
(-0.41)
0.12%%%
(3.72)
111%
(2.30)

Yes
Yes
Yes
911
0.94

Robust t-statistics in parentheses

K p<0.01, ** p<0.05, * p<0.1
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Table 1.6
Loan Spreads

This table shows the effect of the short-selling ban on bank loan spreads. The dependent variable is
loan spreads in basis points over LIBOR. The sample spans from one year prior to the start of the
short-selling ban, to one year after the lift of the ban. Treated is a dummy variable that equals 1 if
the loan is issued by a bank affected by the short-selling ban, and 0 otherwise. During is a dummy
variable that equals 1 if the loan is issued during the short-selling ban, and 0 otherwise. After is a
dummy variable that equals 1 if the loan is issued after the lift of the ban, and 0 otherwise. Column
1 shows the regression results of loan spread on the full interaction of Treated with During and
After, controlling for loan and borrower characteristics. Column 2 controls further for features of
the short-selling ban. Column 3 adds bank characteristics as controls. All regressions use bank-,

borrower-sector-, and year-quarter-fixed effects.

Dep. Var.: Loan Spreads (1) (2) (3)
During 66.47 68.62 79.51%
(1.47) (1.51) (1.74)
After 141.30%* 138.41%* 158.42%**
(2.48) (2.42) (2.77)
Treated x During -68.40%* -69.63%F  -79.07***
(-2.28) (-2.32) (-2.58)
Treated x After -24.28 -21.45 -39.40
(-0.96) (-0.85) (-1.41)
Loan Maturity -0.15 -0.15 -0.20
(-0.70) (-0.68) (-0.92)
Loan Covenants 10.83%** 10.56%** 11.48%%*
(2.86) (2.77) (2.96)
Loan Size S11.33%F* _11.17FF* _10.62%**
(-3.36) (-3.29) (-3.03)
Term Loan 41.72%%* 41.60*** 41.29%%%*
(6.46) (6.45) (6.36)
# Lenders -0.74 -0.75 -0.63
(-1.15) (-1.16) (-0.95)
# Facilities 0.48 0.50 0.45
(0.74) (0.77) (0.64)
Borrower Size 1.96 2.00 0.59
(0.40) (0.41) (0.12)
Borrower Age -1.02%* -1.05%* -1.19%*
(-2.29) (-2.35) (-2.55)
Borrower Tangibility -21.36 -24.97 -21.82
(-0.59) (-0.69) (-0.59)
Borrower MB -26.25%F* 26, 31%FF* 25 24%**
(-5.51) (-5.52) (-4.83)
Borrower Leverage 141.91°F%%  142.94%F*  138.02%**
(5.83) (5.82) (5.60)
Borrower Rating S3T.07FRK 3T 48FKK 33, 9TH**
(-4.40) (-4.45) (-3.96)
July Program -141.44**  -151.37**
(-2.53) (-2.57)
Treatment Duration -1.24%** -1.26**
(-2.18) (-2.18)
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TARP
Bank Size
Bank Equity Ratio

Bank Rating

Bank FE Yes
Borrowers’ Sector FE Yes
Year-Quarter FE Yes
Observations 1,529
R-squared 0.72

40.29
(1.36)

Yes
Yes
Yes
1,529
0.72

44.44
(1.40)
4.92
(0.95)
-2.26
(-0.65)
~110.84%%
(-1.99)

Yes
Yes
Yes
1,466
0.73

Robust t-statistics in parentheses
¥ p<0.01, ** p<0.05, * p<0.1
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Table 1.9

Robustness Tests

This table shows alternative specifications for the tests for capital adequacy and loan spreads. Panel
A of this table shows the results for banks’ capital adequacy. The dependent variable is banks’
Tier-1 capital ratio. Panel B shows the results for bank loan spreads. The dependent variable is
loan spreads in basis points over LIBOR. Column (1) shows the specification where pre-event and
post-event windows are 312 days in length (4 times the length of the short-selling ban). Column
(2) shows the specification where pre- and post-event windows are 468 days in length (6 times the
length of the short-selling ban). Column (3) shows a “Rough Timing” specification where “During”
is defined as when either the July Order or the September Order is in effect. Column (4) shows
the specification where July banks are excluded from the sample. Treated is a dummy variable that
equals 1 if the loan is issued by a bank affected by the short-selling ban, and 0 otherwise. During is
a dummy variable that equals 1 if the loan is issued during the short-selling ban, and 0 otherwise.
After is a dummy variable that equals 1 if the loan is issued after the lift of the ban, and 0 otherwise.
All regressions use bank- and year-quarter-fixed effects.

Panel A: Tier-1 Capital Ratio

(1) (2) (3) (4)
4 windows 6 windows  Rough Timing Only Sept Ban
During -0.01 -0.01 0. 11K -0.01
(-0.49) (-0.49) (-2.92) (-0.46)
After -0.13%%* -0.217%%* -0.20%%* -0.20%%*
(-2.76) (-4.44) (-4.59) (-4.01)
Treated x During 0.08%* 0.09%* 0.14%%* 0.09**
(2.01) (2.03) (2.59) (1.99)
Treated x After 0.07 0.07 0.00 0.02
(1.48) (1.61) (0.06) (0.35)
Treatment Duration 0.39%%* 0.41%** 0.45%** 0.41%%*
(5.29) (5.74) (6.12) (5.26)
Bank Size -2.02%%* -1.68%** -1.52%%* -1.68%%*
(-9.72) (-9.77) (-8.22) (-9.53)
Bank Equity Ratio 66.48*** 69.72%** T1.40%** 70.03%%*
(25.00) (31.10) (31.53) (30.20)
Bank Rating -0.51%%* -0.52%* -0.54%* -0.52%*
(-2.89) (-2.45) (-2.38) (-2.48)
TARP 0.80%** 0.73*** 0.72%%* 0.79%+*
(12.75) (12.95) (12.74) (12.25)
Bank FE Yes Yes Yes Yes
Year Quarter FE Yes Yes Yes Yes
Bank Type FE Yes Yes Yes Yes
Observations 6,233 6,988 6,243 6,419
R-squared 0.95 0.94 0.95 0.95

Robust ¢-statistics in parentheses
*E p<0.01, ** p<0.05, * p<0.1
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Panel B: Loan Spreads

1) ) 3) (1)
4 windows 6 windows  Rough Timing Only Sept Ban
During 58.02 76.07* 77.63% 140.85%**
(1.00) (1.80) (1.67) (3.83)
After 138.93** 169.36*** 158.02%** 174.86***
(2.06) (3.20) (2.79) (3.88)
Treatedx During -66.09* -89.13%** -T7.19%* -107.33**
(-1.79) (-3.07) (-2.44) (-2.41)
Treatedx After -58.89* -44.48* -42.21 -22.07
(-1.86) (-1.84) (-1.58) (-1.05)
Loan Maturity -0.07 -0.11 -0.21 -0.81%%*
(-0.27) (-0.56) (-0.96) (-2.99)
Loan Covenants 18.62%** 7.53%* 11.46%+* 16.69%**
(3.81) (2.25) (2.94) (4.21)
Loan Size -11.67%%* -9.67FF* -10.77%** -9.09**
(-2.77) (-3.19) (-3.06) (-2.26)
Term Loan 39.90%** 36.62%** 41.84%** 48.03***
(5.11) (6.16) (6.45) (6.26)
# Lenders -2.25%*% -0.85 -0.67 -0.95
(-2.67) (-1.51) (-1.00) (-1.20)
# Facilities 0.03 0.64 0.50 -0.27
(0.04) (1.02) (0.74) (-0.46)
Borrower Size 5.91 -4.14 0.41 3.61
(1.01) (-0.93) (0.08) (0.72)
Borrower Age -2.62%%* -0.93%* -1.20%* -2.16%%*
(-4.71) (-2.43) (-2.58) (-3.78)
Borrower Tangibility 13.22 -40.64 -19.82 -21.48
(0.28) (-1.25) (-0.54) (-0.52)
Borrower MB -29.21%** -20.00%** -25.T1¥** -31.90***
(-4.81) (-5.06) (-4.91) (-5.44)
Borrower Leverage 141.16%%* 145.48%%* 137.16%** 207.13%**
(4.41) (6.92) (5.58) (7.03)
Borrower Rating -12.51 -20.92%** -33.78%** -23.08%*
(-1.20) (-4.29) (-3.90) (-2.31)
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July Program
Treatment Duration
TARP

Bank Size

Bank Equity Ratio
Bank Rating

Bank FE

Borrowers’ Sector FE
Year-Quarter FE

Observations
R-squared

-143.63%*
(-2.08)
“1.13*
(-1.71)

57.52

(1.42)
-1.12
(-0.21)
-0.64
(-0.09)

~131.52%*

(-2.38)

Yes
Yes
Yes
1,133
0.76

~130.87%%*
(-2.78)
1.1
(-2.77)
41.89
(1.50)
6.61
(1.36)
0.38
(0.12)
~120.58%*
(-2.38)

Yes
Yes
Yes
1,770
0.73

-145.36%*
(-2.51)
~1.19%
(-2.09)

41.14
(1.30)
5.87
(1.15)
2.11
(-0.60)

127 47%%

(-2.41)

Yes
Yes
Yes
1,460
0.73

16.11
(1.15)
0.01
(0.08)
50.28*
(1.82)
-3.16
(-1.07)
3.04%
(1.80)
21.16*
(1.74)

Yes
Yes
1,185
0.70

Robust t-statistics in parentheses
R 9<0.01, ** p<0.05, * p<0.1
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Chapter 2

Mortgage Delinquency and Default:
A Tale of Two Options

Abstract

The Basel capital rule framework and much of the recent literature on mortgage default
have used 60-day or 90-day delinquency to define mortgage default; yet the differences be-
tween default (here meaning actual loss of the property) and delinquency have been neither
clearly recognized nor well understood. By distinguishing borrowers’ delinquency option
(borrowing by not making payments) from default option (giving up property in exchange
for the mortgage), I find that borrowers’ delinquency options are more affected by personal
trigger events or shocks, while default options are mostly affected by negative equity. More-
over, while origination underwriting standards contributes to increasing delinquencies, its
influence on default, on the other hand, is decreasing over the years. As a result studies
that have used delinquency in models designed to analyze actual losses appear to have made
major errors in understanding causes of financial losses during the Great Recession.
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Introduction

This study is the first to empirically document the differences between delinquency
options and default options. It is related to a large body of literature on mortgage per-
formance. The literature recently is treating delinquency options the same as default
options. Basel II and the literature have conventionally used mortgage delinquency
status of various severities as the definition of actual default — events where actual
losses take hit (Archer et al. (2002), Basel Accords (2004), Cowan and Cowan (2004),
Mian and Sufi (2009), Haughwout et al. (2010), Jagtiani and Henderson (2010), De-
myanyk and Van Hemert (2011), Jagtiani and Lang (2011), Guetter et al. (2011),
Eriksen et al. (2013), Chan et al. (2014)). The results thus suggest it is important to
distinguish delinquency option from default options, in order to understand mortgage
loan performance and related puzzles.

The financial crisis of 2007-2008 was a crisis of both mortgage delinquency (miss-
ing payments) and default (occurring actual losses). Triggered by a sharp decline
in the house prices, massive delinquencies and defaults of mortgages and mortgage-
related securities prompted great losses in banks, leading to a global-level financial
crisis. Yet differences between default and delinquency were neither clearly recognized
nor understood. Though numerous studies, such as Foster and Van Order (1984),
Deng, Quigley, and Van Order (2000), Cowan and Cowan (2004), and Demyanyk and
Van Hemert (2011), have adopted the option theory to study the borrowers default
behaviors, hardly any clearly distinguishes delinquency option from default option. I
show that delinquency option is very different from the default option, and the two
are driven by different factors.

In much recent research default has been measured by 60-day or 90-day delin-

quency (Archer et al. (2002), Basel Accords (2004), Cowan and Cowan (2004), Mian
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and Sufi (2009), Haughwout et al. (2010), Jagtiani and Henderson (2010), Demyanyk
and Van Hemert (2011), Jagtiani and Lang (2011), Guetter et al. (2011), Eriksen
et al. (2013), Chan et al. (2014)). However, delinquency and defaults are related
but distinctively different behaviors; many delinquent borrowers do not end up with
default. Flanagan and Paxson (2012) theorize that delinquency option is an interim
step before terminal states of mortgages. Borrowers may choose to exercise the delin-
quency option to defer mortgage payment, either triggered by events or to strategically
maximize their equity wealth, without necessarily losing the property (i.e. default).
By comparison, the default option is traditionally interpreted as implying that the
borrowers choose to give up the house, if the option is in-the-money—having negative
equity in their house (Deng, Quigley, and Van Order (2000)). The choice of delin-
quency rather than default is understandable: Delinquency data show up sooner, and
defaults are complicated and take; but the two are different, and default captures the
things that cause distress to financial institutions.

This paper aims to examine the differences between borrowers delinquency be-
haviors and default behaviors in light of option theory. I first test if the delinquency
option is the same as default option. If delinquency option is not the same as default
option, studies and risk management models that use delinquency as proxy for default
to calculate actual losses could be misleading. The results show that delinquency is
not a constant predictor of default, and the delinquency option is quite different from
the default option. Borrowers might choose to exercise the delinquency option, hop-
ing to get cured or modified later, without necessarily exercising the default option
(also see evidence in Mayer et al (2014)).

I find that borrower delinquencies are more affected by personal trigger events or
local economic shocks, while defaults are more affected by negative equity.

I also find-for data on prime fixed rate mortgages- that focus on delinquency
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over-estimated the role of unobservable changes in underwriting. When looking at
default I find that unobserved underwriting improved through the millennium, but
that unexpected increases in the willingness to default were quite important. It looks
the focus on low quality borrowers has been misplaced and that the rise in defaults
was more about negative equity and changing attitudes about default than it was
about careless underwriting.

I use the loan-level single family dataset from Freddie Mac, matched with bank-
level information from Compustat Bank and North America database. The richness
of the data allows us to analyze how the predictive power of delinquency varies across
time, and how bank balance sheet health and business incentive structures affect
post-delinquency transitional probabilities.

First, to distinguish between the delinquency and default option, I verify whether
the delinquency option is the same as default options using a multinomial logit model
with a competing risk (default or delinquency and prepayment) model, as in Deng,
Quigley, and Van Order (2000). Comparing post-delinquency outcomes across the
years, based on all the loans as well as subsamples, I find that the relationship between
default and delinquency is not constant over time, but rather increases during the
market boom, and decreases during the market bust, reaching the trough at the peak
of the 2007 crisis.

Second, to further examine the differences between the delinquency and default
option, I construct parallel binomial and multinomial regressions with competing risks
for both delinquency and default options, and compare the differences between their
coefficients. The results show that the exercise of the delinquency option is more
sensitive to borrowers personal trigger events and local shocks, while negative equity
in the property affects the value of default option to a larger extent.

I also compare origination-year fixed effects with exposure-year fixed effects be-
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tween delinquency and default. While changes in unobserved underwriting, as mea-
sured by origination year fixed effects, contribute to increasing delinquencies, their
influence on default, actually decreases over time. Similarly, for exposure year fixed
effects I find little effect for delinquency but large increases in default over time.

Third, to properly detangle borrowers’ decisions to exercise the delinquency option
from the default option, I use two-step regressions to examine the two options. Since
defaults are mostly only observable post delinquency, I implement a Heckman two-
step selection model, following Heckman (1978) and Lekkas et al. (1993). I first
estimate a delinquency model-the probability of first time seriously delinquent, and
I use this as a variable in the second stage, which looks at all delinquent loans and
models the probability of default. The results again show that the factors that trigger
borrowers’ decisions for delinquency are not the same as those that trigger default.
While borrowers’ credit and employment status are important in making the decision
to skip payments, changes in home equity and overall economy, i.e. negative equity
in the home, are more critical factors in determining default, given the estimate of
the probability of delinquency.

Fourth, I employ two quasi-natural experiments to differentiate the exercise of the
delinquency option from that of the default option. The Home Affordable Modifi-
cation Program (HAMP) increases Loan modification prospective, and decreases the
cost of delinquency option, while should have no effect on default option. Conse-
quently, I conjecture to see an increase in the exercise of delinquency option while
no change in default option. HAMP is designed to help modify delinquent loans,
lower borrowers’ monthly mortgage payments. Only delinquent loans originated be-
fore January 1, 2009 are eligible for HAMP, and only a certain number of mortgage
servicers are participating in this program. Hence, loans under HAMP have higher

probability of loan modification, during program duration from 2009 to 2016. By com-
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paring the loans eligible for HAMP with those not, I can identify strategic behavior
of delinquency option exercise.

California deficiency statue offers us another quasi-natural experiment to differen-
tiate the exercise of default option from that of delinquency option. Under California
Civil Code of Procedure 580b, purchase loans are non-recourse, meaning there is no
personal liability after default, while refinance loans are recourse, meaning borrowers
are personally liable for their mortgages and lenders can go after them to recover
losses after default. The personal liability character of refinance loans largely in-
creases the cost of default option, and decreases the exercise of default option. On
the other hand, recourse character of refinance loans hold borrowers personally liable
only after they default, and therefore should not affect those borrowers who exercise
delinquency option. By comparing the refinance loans with purchase loans, I can
identify strategic behavior of default option exercise.

This paper develops as follows: Section [2 discusses the related literature. Section
develops the hypotheses to test. Section [2] describes the data source and empirical

methodology. Section [2| provides results from the empirical tests. Section [2| concludes.

Literature Reviews

This paper is related to two strings of intersecting literature. One is regarding
mortgages studies, specifically the definition of default in the current literature; and
the other is related to the transitional probabilities post delinquency. This paper
contributes to the literature by differentiating default and delinquency, and the results

shed light on the determinants of delinquency and default behaviors respectively.
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Mortgage Delinquency and Default

A large number of studies examine mortgage performance, especially default, using
different models. However, the differences between default and delinquency were
neither clearly recognized nor understood. Though the earlier studies (such as Deng,
Quigley and Van Order (2000)) define default based on events where actual losses
occur, such as REO or actual claim, recent studies predominately switch to the use of
delinquency to various degrees as definition of default ((Archer et al. (2002), Cowan
and Cowan (2004), Mian and Sufi (2009), Haughwout et al. (2010), Jagtiani and
Henderson (2010), Demyanyk and Van Hemert (2011), Jagtiani and Lang (2011) ,
Guetter et al. (2011), Eriksen et al. (2013), Chan et al. (2014)).

The reasons behind such switch of default definition from actual loss to delin-
quency are two folds. The first is because the number of mortgage termination routes
post delinquency increases tremendously, as a result of financial innovation. Each
ending status, such as REO, short sale, or third party sale, has varying terms and
termination procedures. In comparison, delinquency is much more homogeneous, and
only varies by the number days since the borrower misses a payment.

The second rationale behind the switch is that the timeline of actual losses has
become more difficult to depict. Factors such as legal differences in foreclosure laws
affect not only the timeline of actual loss events but also the propensity to default
(Pence (2006), Ghent (2012), Mian et al. (2015)). Take foreclosure for example, the
length of time between initial mortgage delinquency and completion of foreclosure
delinquent status could vary from as little as one or two months in some non-judicial
states up to around one year in some judicial states (Mian et al. (2015)). In compari-
son, the timeline of delinquent is much more straightforward: once a borrower misses

a payment, the date is marked as the time of delinquency.
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For reasons mentioned above, delinquency status, 30-day, 60-day, and especially
90-day delinquency, has recently become a well-established definition of default in
both academic research and industrial practices. Mian and Sufi (2009)) use 30-day
or more delinquent as their definitional of default, and find that the expansion in
subprime mortgage credit to subprime ZIP codes is associated with the increase in
securitization of subprime mortgages. They also adopt a 60-day or more delinquent
as a stricter definition to run robustness tests.

Studies, such as Jagtiani and Henderson (2010) Piskorski et al. (2010), and De-
myanyk and Van Hemert (2011), use at least 60 days past due as default definition.
Demyanyk and Van Hemert (2011) study the quality of loans before and post the
2008 financial crisis, and find the quality of loans deteriorated before the crisis, but
were masked by high house price appreciation during that period. In addition, both
the Mortgage Banks Association (MBA, (2008)) and the Office of Thrift Supervision
use 60-day or more delinquency as default definition.

The majority of recent studies define default as occurrence of 90-day delinquency
to examine various aspects of mortgages (e.g. Archer et al. (2002), Cowan and Cowan
(2004), Keys et al. (2008), Haughwout et al. (2010), Jagtiani and Henderson (2010),
Jagtiani and Lang (2011), Guetter et al. (2011), Eriksen et al. (2013), Chan et al.
(2014)). By studying multifamily mortgage default, Archer et al. (2002) find that
loan-to-value ratio (LTV) is endogenous to the loan origination and property sale pro-
cess, while property features better predict defaults. By analyzing early defaults90
day or more days delinquent within the first year after origination, Haughwout et al.
(2010) find changes in the economy, especially house price change, were more impor-
tant in determining the probability of an early default, in addition to credit standards.
Jagtiani and Lang (2011) shows that homeowners might default on their mortgage

even when they are able to make payment, and negative equity has been the primary
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reason for homeowners to default on their mortgage. Eriksen et al. (2013) refine the
definition of default as first occurrence of a borrower being 90 days in delinquency.
By analyzing borrowers with a second loan, they find that such borrowers are more
likely to default on their primary loans conditioning on the attributes of the primary
loan, yet less defaults conditioning on the combined attributes.

In particular, the use of 90-day delinquency as default definition is also incorpo-
rated in the Basel II criteria when calculate capital requirement for banks. Basel
Accord (2004) states that “in the case of qualifying residential mortgage loans, when
such loans are past due for more than 90 days they will be risk weighted at 100%, net
of specific provisions.” The occurrence of 90 day delinquent as definition of default
is directly linked with the amount of capital that banks are required to hold. Using
the same definition under Basel II framework, Jagtiani and Henderson (2010) study
different default prediction models under Basel II and find the calculated amount of
capital that banks are required to hold varies considerably.

This is limited empirical evidence that recognize or distinguish delinquency from
default. In addition, the factors that affect the delinquency and default option val-
ues are relatively unexplored by the literature. The paper thus contributes to the
literature by documenting the differences between delinquency and default. The re-
sults show that delinquency and default are two related but distinctively different

behaviors, and are affected by different factors.

Mortgage Post Delinquency

After documenting that delinquency is different from default, this paper analyzes
possible driving factors of delinquency and default post delinquency. Therefore, stud-
ies on mortgage termination post delinquency are also relevant. Only a few papers

explore the final resolution of loans primarily because of limited data availability
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(Chan et al. (2014)).

Most studies link the probability of post-delinquent outcomes with borrower-level
and loan-level characteristics. Studies such as Danis and Pennington-Cross (2005),
Danis and Pennington (2008), and Pennington-Cross (2010) find that higher credit
score and longer period of delinquency are associated with higher probabilities of
prepayment and lower probabilities of default.

Capozza and Thomson (2006) study the transition process for subprime mortgages
that were seriously delinquent on September 30, 2001. They find that, compared with
prime loans, seriously-delinquent subprime loans are about twice as likely to become
REOQO, and that foreclosure is more likely for loans with high LTVs and interest rate
premiums. Chan et al (2014) examine the process of mortgage default from delinquent
to final resolution of the property in New York City, using a two-stage competing risk
hazard model. Their results show that borrowers’ credit score, current LTV, house
price and income are associated with the foreclosure outcomes. Schmeiser and Gross
(2015) also find high LTV is the greatest contributor to foreclosure, by analyzing the
subprime mortgages post modification performance.

This study also relates to a growing literature on loan modification post delin-
quency and some corporate debt literature in corporate finance. Extant theoretical
and empirical literature uncovers a strong linkage between the prospect of loan mod-
ification and delinquency (Hart and Moore (1994), Djankov et al. (2008), and Favara
et al (2012)). Other researches such as Adeline et al.(2009), Piskorsi et al.(2010) and
Adeline et al.(2014) investigate the impact of securitization on mortgage modification
and termination. By comparing securitized loans with bank-held loans, Piskorski et
al. (2010) find that the foreclosure rate of bank-held loan is lower than similar secu-
ritized loans. Adeline et al.(2014) find that securitized mortgages are more likely to

be modified and less likely to be foreclosured on.
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I find that borrower delinquencies are more affected by personal trigger events or
local economic shocks, while defaults are more affected by negative equity. This paper
thus contributes to the literature by differentiating the delinquency option from the

default option and documenting the differences between the two.

Hypotheses Development

Delinquency and Default

Based on the literature, I are interested in differentiating delinquency and default.
If delinquency is the same as default, then the relationship between delinquency status
and default should be constant over time. Furthermore, by defining delinquency as
default, extant literature assumes that the determinants that trigger a borrower’s
decision to skip a loan payment is the same as the decision to default. Therefore, I
propose the first set of hypotheses as following:

Hypothesis 1 Hy: The delinquency option is the same as the default option.

Hypothesis 1 H,: The delinquency options is not the same as the default option.

Identify Factors that Affect Delinquency and Default

To better examine borrowers’ decision making process of delinquency and default,
I treat the borrowers choice of whether to stay in delinquency or to default as the
exercise of put options. Preceding literature, such as Lekkas et al. (1993), Deng et al.
(2000) and Elul et al.(2010), view house equity, measured by updated loan-to-value
ratio, as a measure of the extent to which the default option is in-the-money. Simi-
larly, I test the factors that affect the exercise of the delinquency option. Borrowers

compare the value of execising the put option with the value of not execising, and
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make choices accordingly.

Since delinquency and default are closely related, I examine factors that trig-
ger borrowers decisions of delinquency and default simultaneously. Since defaults
are mostly only observable post delinquency, I implement a Heckman two-step se-
lection model to correct for such potential bias (see Heckman (1979) and Lekkas et
al. (1993)). I first estimate a delinquency model-the probability of first time seri-
ously delinquent, and I use this as a variable in the second stage, which looks at all
delinquent loans and models the probability of default.

I hereby test the second set of hypotheses:

Hypothesis 2 Hy: The same factors trigger borrowers’ decisions to skip a pay-
ment and to default on the property.

Hypothesis 2 H,: The factors that trigger borrowers’ decisions to skip a payment
is not the same as those trigger defaults.

I further illustrate the hypothesis 2 in Table

Categories Factors Effects on Deling.,
Compared with Default

Borrowers” PersonalFICO scores, Debt-to-Income, Stronger
Trigger Events Unemployment, etc.
Local Economy Local GDP growth, Local Stronger
Shocks House Price Growth, etc.
Negative Equity LTV, CLTV, Weaker

Updated LTV, etc.

Table 2.1

The Effects of Determinants on Delinquency Option Compared with Default Option

Differentiate the Exercise of Delinquency from Default Option

To test the conjecture that delinquency option is different from default option, I

employ two quasi-natural experiments to differentiate the exercise of the delinquency
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option from that of the default option.

HAMP and Delinquency Option

The first quasi-natural experiment is the Home Affordable Modification Program
(HAMP), which aims to lower monthly mortgage payments of delinquent loans. On
March 4, 2009, the U.S. Department of the Treasury announced details of the HAMP.
Delinquent loans that originated before January 1, 2009 and whose mortgage banks
and companies participate in Making Home Affordable (MHA) programs are eligible
for HAMP. The application deadline is supposed to be December 30, 2016.

As HAMP aims to reduce delinquent borrowers monthly payments through loan
modification, this program also lowers the potential costs of delinquency and increases
the value of the delinquency option. I therefore conjecture that compared with non-
HAMP loans, loans eligible for HAMP are more likely to delinquent after the initiation
of the program.

On the other hand, for those borrowers who choose to strategically exercise the
default option, the prospect of loan modification via HAMP should not affect their
decision to give up the property. Hence, I conjecture that HAMP may not affect
borrowers exercise of the default option after the initiation of the program.

Hypothesis 3 Hy: The prospect of loan modification via HAMP has no effect
on the exercise of delinquency option or default option.

Hypothesis 3 H,: The prospect of loan modification via HAMP increases the
exercise of delinquency option, yet may not affect borrowers exercise of the default
option after the initiation of the program.

To test the above hypothesis, I only focus on mortgages obtained on or before
January 1, 2009. I pair a HAMP eligible loan (i.e. whose mortgage company partic-

ipating in MHA) with a loan not eligible for HAMP (i.e. whose mortgage company
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not participating in MHA), and compare their performance after the initiation of the

program in 2009.

’

California Deficiency Statue and Default Option

California deficiency statue offers us another quasi-natural experiment to differ-
entiate the exercise of default option from that of delinquency option.

Under California Civil Code of Procedure 580b, purchase loans are non-recourse,
meaning there is no personal liability after default, while refinance loans are recourse,
meaning borrowers are personally liable for their mortgages and lenders can go after
them to recover losses after default. The personal liability character of refinance
loans largely increases the cost of default option, and decreases the exercise of default
option. I conjecture that compared with purchase loans, refinance loans with recourse
character are less likely to default.

On the other hand, recourse character of refinance loans hold borrowers person-
ally liable only after they default, and therefore should not affect those borrowers who
exercise delinquency option, with no intention to lose their property. Hence, I con-
jecture that compared with purchase loans, refinance loans with recourse character
are NOT less likely to delinquent.

Hypothesis 4 Hy: Recourse character has no effect on the exercise of delinquency
option or default option.

Hypothesis 4 H,: Compared with purchase loans, refinance loans with recourse
character are less likely to default, but NOT less likely to delinquent.

To test the hypothesis, I only focus on loans of California in order to get clean
comparison on homogeneous loans. I also drop loans originated after 2013, because

there is a change in the regulation and I dont have enough data to study the change.
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Specifically, according to newly passed California Code of Civil Procedure 580b(c), for
the refinance of purchase loan occurring after January 1, 2013, there is non-recourse
feature.

I match a refinance loan with recourse character with a non-recourse purchase

loan, and compare their performance after the initiation of the program in 2009.

Data and Methodology

Data and Sample

The goal of this paper is to examine the role of banks on the mortgage transition
from delinquency status to other statuses including actual foreclosure or REO. There-
fore, I combine data from a number of sources to get information about mortgages
and bank fundamentals.

The mortgage loan-level data is from Freddie Mac Single Family Loan-level dataset,
at a monthly frequency from 1999 to 2014. The dataset contains a sample of 50000
mortgage loans, randomized from each full vintage year. All loans included are fully
amortized 30-year fixed-rate mortgages, with verified or waived documentation (i.e.
“full documentation”). Freddie Mac collects origination information for each bor-
rower, such as credit score or debt-to-income (DTI) ratio, as well as for each loan,
such as loan-to-value (LTV) ratio or mortgage insurance percentage. For a given
loan, Freddie Mac also discloses its monthly performance information, including delin-
quency and default status.

This dataset also provides seller name and servicer name for each loan. Freddie
Mac only discloses the name of seller or servicer with a total original unpaid principal

balance (UPB) presenting 1% or more out of all loans for a given calendar quarter.
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In the sample I hand match the names with servicers that participate in HAMP.

I construct the final data sets using macroeconomic variables from several data
sources at both the state and the Metropolitan statistical area (MSA) levels. MSA-
level house price data are from the FHFA House Price Index (HPI) database, which
is a weighted, repeat-sales index, measuring average price changes in repeat sales or
refinancings on the same single-family houses. Information about state-level GDP
growth, 30-year fixed-rate mortgage rates, 10-year Treasury bill rates, and state-level
unemployment rates are from Federal Reserve of St. Louis.

To test the first set of hypothesis, I subset the sample into originanation year
cohorts, and run regressions on each sample, in order to mitigate potential concerns
about changes in underwriting standards over time. The main variable of interest,
delinquency, is a dummy that equals 1 if the loan is in a delinquent status ¢ months
ago (i €{1, 2, 3, 4, 5, 6}). Since being delinquent ¢ yield similar results, I only
present results using defintion of delinquency three months ago. All the continuous
variables are winsorized within the 5th and 95th percentiles. Detailed definition for

the dependent and independent variables are shown in [2

Empirical Framework

The objective of this paper is to study the predicting power of delinquency status
on default, and determinants of variation of such predicting power, in particular the
role of banks. Using loan-level sample, I regress the outcome variables on delinquency
and bank balance sheet variables, while controlling for loan-, borrower-, and macro-
level covariates.

Follow previous literature, such as Capozza et al (1998), Deng, Quigley and Van
Order (2000), Capozza and Thomson (2006), and Chan et al (2014), I employ a dis-

crete time hazard framework with competing risks to explore the relationship between
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delinquency and default outcomes.

To test hypothesis 1, I consider the following regression model:

Y (outcome = i) = Mulinomial Logit Function(By + £1 X (variable = j)
+ By BorrowerControls + B3MacroControls

+ ByLoanControls + Z &+ Z G+ Z ne+e€), (2.1)

where Y €({ Prepayment, Default}, { Prepayment, Default, Modified, Cured}, or { Prepayment,
Foreclosure, REO, Repo, Modified, Cured}). where X €&(Delinquency, Refinance,
HAMP, etc). For example, Delinquency is a dummy variable that equals 1 if the loan

is in delinquency status; Controls include loan characteristics (CLTV, RLTV, num-

ber of units, etc.) borrower characteristics (FICO, DTI, etc.), and macroeconomic
variables (e.g., GDP growth, 10-yearThill rate, HPI, etc.). & stands for origination-
year-fixed effects, ¢ stands for exposure-year-fixed effects, and 7 stands for state-fixed

effects.

I also estimate a Heckman selection model to examine determinants of delinquency
options and default options.I first estimate a delinquency model-the probability of first
time seriously delinquent, and I use this as a variable in the second stage, which looks
at all delinquent loans and models the probability of default.

Specifically, I fit the model in step-2

Y (outcome) = By + B1BorrowerControls

+ BoMacroControls + B3 LoanControls + Z G+e) (2.2)
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conditional on being delinquent in step-1, asuming that default is observed if

Yo + 1 BorrowerControls 4+ vy MacroControls + 3 LoanControls 4+ ea > 0), (2.3)

The two equations of outcome and delinquency are estimated simultaneously. To
get consistent estimates of behavioral default coefficients, I include the Mills ratio of
the step-1 selection regression as an additional variable in the step-2 regressions (see
Heckman(1976), and Lekkas, Quigley and Van Order (1993)).

In addition, to further distinguish the exercise of delinquency option and de-
fault option, I employ a Difference-in-Difference framework to test the effects of two
quasi-natural experiments on the options. I first match each HAMP (refinance) loan
with another non-HAMP (purchase) loan with similar characteristics, such as FICO,
CLTV, DTI, and UPB, etc. Then I run difference-in-difference regressions on the

matched sample.

Yi,j = DBo + 1 Post09 + B HAM P x Post09

+ B3Controls + Z &+ Z G+ Z M+ €irjots (24)

where Y €{ Delinquency, Default, etc.}.

Results

Summary Statistics

Figure [2.1] shows the summary statistics for the characteristics of mortgage loans

at origination in the sample. The charts show histogram as well as both normal
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and kernel distributions for loan-to-value ratio (LTV), combined loan-to-value ratio
(CLTV), credit score FICO, original interest rate of the loan, original unpaid principle
balance (UPB), and debt-to-income ratio (DTI). Both the LTV and CLTV charts
show large proportion of loans with a LTV or CLTV value of 80, compared with
neighboring bins of the histogram. The proportion of LTV and CLTV being 80 is
more than twice that of just 70 or 90, indicating discontinuity in the distribution.
Such discontinuity pattern and concentration on 80 is probably due to the fact that
borrowers with higher than 80% LTV ratio will need additional insurance on the
mortgage, and those with lower than 80% will need down payments upfront. The
FICO score has a mean of 725, and is skewed towards higher scores towards the
800-FICO zone, indicating most of the borrowers in the Freddie Mac sample are of
good credit. Since all mortgages loans are government-sponsored enterprises (GSE)
loans, which are loans issued by Freddie Mac or Fannie Mae etc., the original unpaid
principle balances (UPB) are mostly below the jumbo loan cutoff of $417,000, with
majority below $250,000. Mortgage interest rates and DTI ratios at origination are

generally normally distributed.

Delinquency Option and Default Option

The first question this paper tries to answer is whether delinquency options are
the same as default options. To test the first hypothesis, I start with univariate tests
and then move on to multivariate tests.

The proportion of loans that become delinquent are very different from that of
default. Figure shows the simple proportion of delinquency and default out of
the whole sample by origination year and exposure year respectively. The patern of
delinquency differs from that of default, the trend by origination year also differs from

that by exposure year. The proportion of loans that default out of delinquency also
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shows similar story.

Delinquent loans do not usually end up with default, and the proportion of delin-
quent loans that end in default varies each year. Figure [2.3]illustrates the proportions
of ending events conditional or unconditional on being 90-day delinquent out of the
total loans in each origination year. Each data point in the charts shows the ultimate
ending status of the loans originated each year as of September 30, 2014, the data
cutoff date. The upper two charts show unconditional proportions, while the bottom
two charts show proportions conditional on ever being 90-day delinquent. The left
two charts contrast prepayment with default, while the right two charts decompose
default into foreclosure, REO and Repo. I see REO taking the largest share, followed
by foreclosure. The unconditional charts of ending events show the proportion of de-
fault was hovering below 1% between origination year 1999 and 2004, before it started
climbing in the 2004 cohort, reaching its peak in 2007 cohort at still lower than 10%.
Yet once conditional on being 90-day delinquent, the proportion of default increases
to around 50% for the loans originated between 1999 and 2001, decreases in 2002 and
2003, before it climbs up and peaked around 55% in 2006. This leads to loans ever
being 90-day delinquent having much higher proportion ending in default, and much
lower in prepayment. Yet such proportion varies across the origination years, and
follows a different pattern from the unconditional one.

While Figure [2.3] only looks at the ultimate ending status of every loan as of
September 30, 2014, the variation of proportion might due to the fact that loans
originated in more recent years longer time to default. Accounting for such potential
timing bias, Figure focuses on a loans performance one to six months after being
60-day or 90-day delinquent. The upper two charts show the proportions of all ending
status except for REO are relatively constant from one month to six months, indicat-

ing that the fate of delinquent loans is almost decided immediately after being serious
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delinquent. The decision on REO, on the other hands, takes some additional two to
three months. This echoes the accusation of automated default process in servicing
industry, which pushed delinquent loans into foreclosure without taking much time
and human efforts. The bottom two charts show the proportions of loan status by
origination year, three months after being delinquent. It reveals similar storyline as
in Figure that the predicting power of delinquent on default and other ending
status is constant.

Table reports the coefficient estimates from a simplified version of Eq. 2.0]
which includes only year- and state-level fixed effects. The dependent variable is a
factor that indicating whether the loan is in default, prepayment, or current status. I
run separate regressions with competing risks on subsamples of each origination year,
cohort, to mitigate potential concerns about changes in underwriting standards over
time. Each column shows the estimated coefficient of delinquency from a multinomial
logit model with competing risks for a given origination year. Panel A shows the
coefficient estimates for 90-day delinquency status three months ago, while Panel B
shows those for 60 delinquency three months ago. In Panel A, all the coefficients,
except for 2011, are significant at the 1% level. However, the coefficient estimates of
delinquency are not constant across different cohorts: the magnitude of the estimates
increases from 2.51 in 2001to 3.72 in 2003, and decreases monotonically to 1.81 in
2007. The year 2003 was a watershed time, when private label mortgages started to
boom and the quality of loans start to decrease. To sum up, I see delinquency option

behave very differently from default option. Panel B also show similar patterns.

TABLE 2.2l ABOUuT HERE

To test robustness, I repeat the same tests for 60-day and 90-day delinquency
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dummy one month ago, two months ago, and up to six months ago. Figure and
Figure plot the coefficients on delinquency dummies. The two sets of figures
nicely illustrate the increase from 2000 to 2003, and drop from 2003 all the way to
the deepest swamp in the 2007-2008 financial crisis. In other words, the predicting
power of delinquency increases during the market boom, and decreases during the
market bust, reaching the trough at the peak of the crisis. Hereby, I conclude that

delinquency and default are two related yet but distinctively different behaviors.

Factors that Affect Delinquency and Default Option

Parallel Regressions of Delinquency and Default

To further examine the differences between the delinquency and default option,
I construct parallel binomial and multinomial regressions with competing risks for
both delinquency and default options, and compare the differences between their
coefficients.

Table examines the delinquency option using a multinomial logit model with
competing risks, following Deng, Quigley, and Van Order (2000). Delinquency hereby
is defined as the first time a borrower misses payment for over 90 days. Column
(1) to (2) show results controlling for borrower characteristics, origination-year and
exposure-year fixed effects. Column (3) to (4) also control for macro-economic vari-
ables and loan level variables. This shows the standard methodology in much recent

literature to study mortgage default.

TABLE [2.31l ABouT HERE

TABLE 2.4 ABouT HERE
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For comparison, I run the same multinomial logit regressions with competing risks
on default (see Table 2.4). Default hereby includes terminations of the loans when
actual losses occur, i.e. REO, foreclosure and repo. As in previous literatures, I
find that the coefficients of FICO credit score are significantly negative in both the
delinquency regressions and default regressions. Borrowers with better credit scores
are less likely to delinquent or default on their loans. Updated LTV, a proxy for
negative equity, on the other hand, attracts significantly positive coefficients. Deeper
the options, both delinquency and default, are in the money, more likely the borrowers

will exercise the options.

TABLE 2.5l ABouT HERE

TABLE [2.61 ABoUuT HERE

Yet, the magnitude of coefficients of delinquency is significantly different from that
of default. To better compare the magnitude of coefficients across default regressions
and delinquency regressions, I run another standardized multinomial logit tests, so
that the variances of all the independent variables are 1 (see Table 77 and Table [2.6).

Table shows the simple difference between the coefficients of standardized
regressions on the two options. In other words, I run standardized regressions on
delinquency and default respectively with exactly the same controls and fixed effects,
and then calculate simple difference as the coefficients of the default regressions minus
those of the delinquency regressions.

I find that delinquency is more responsive to FICO scores, debt-to-income ratio,
and number of borrowers. For example, FICO scores is negatively associated with
delinquency and default, as shown in Table andTable 2.6l A positive difference

(0.0038) between default and delinquency regressions suggest that default coefficient
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of FICO is less negative and smaller in absolute terms, and hence I conclude that
FICO scores affect delinquency to a greater degree, compared with default. Updated
loan-to-value, on the other hand, is positively associated with default and delinquency.
Therefore, the coefficients difference of updated loan-to-value ratio between default
and delinquency is also positive, suggesting that updated LTV affects the default

option more than the delinquency option.

TABLE 2.7 ABoUT HERE

TABLE 2.8l ABouT HERE

To test whether the two sets of regression coefficients are significantly different
from each other, I run a combined regression that stack delinquency data with de-
fault data, and introduce a dummy variable for grouping (1 for default and 0 for
delinquency) to interact with independent variables as in separate regressions. The
coefficients from the interaction term of grouping variable and independent variables
depict the coefficient differences between delinquency and default with significance.
Table H shows similar results in terms of signs and magnitudes as in Table .
FICO scores attract significantly positive coefficient (0.0038). Given higher FICO
scores are associated with less delinquency and default, the result suggests that default
coefficient of FICO is significantly less negative than delinquency. In other words,
compared with default, delinquency is more responsive to FICO scores. Similar to
the results in Table 2.7, updated loan-to-value ratio attracts significantly positive
coefficients, meaning that default option is more responsive to updated LTV than

delinquency option.

'T only show coefficents of the interaction terms between the grouping variable and independent
variables to highlight the coefficient differences. Full combined regression results can be provided.
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In addition, I repeat the tests on a subsample of data before the crisis. Compared
with crisis period, results in Table and Table show that negative equity
is a less important factor before the crisis, while personal trigger events and local

economic factors are more important.

TABLE 2.9 ABouT HERE

TABLE [2.10l ABouT HERE

Overall, the results show that the exercise of the delinquency option is more
sensitive to borrowers personal trigger events and local shocks, while negative equity
in the property affects the value of default option to a larger extent.

I also compare origination-year fixed effects with exposure-year fixed effects be-
tween delinquency and default. Figure shows origination year fixed effects and
exposure year fixed effects from multinomial logit models with competing risks of
both delinquency and default. In such models, I also control for all the borrower-
level, macro-level, and loan-level factors. While changes in unobserved underwriting,
as measured by origination year fixed effects, contribute to increasing delinquencies,
their influence on default, actually decreases over time. Similarly, for exposure year
fixed effects I find little effect for delinquency but large increases in default over time.

As a robustness test, I repeat the same tests using binomial logit models of both
delinquency and default. Figure 2.9 show similar patterns as in Figure 2.8 Such
results suggest-for data on prime fixed rate mortgages- that focus on delinquency
over-estimated the role of unobservable changes in underwriting. When looking at
default I find that unobserved underwriting improved through the millennium, but
that unexpected increases in the willingness to default were quite important. It looks

the focus on low quality borrowers has been misplaced and that the rise in defaults
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was more about negative equity and changing attitudes about default than it was

about careless underwriting.

Two-Stage Regressions of Delinquency and Default

To properly detangle borrowers’ decisions to exercise the delinquency option from
the default option, I propose two-step regressions to examine the two options. Since
defaults are mostly only observable post delinquency, I implement a Heckman two-
step selection model, following Heckman (1978) and Lekkas et al. (1993). First, I
estimate a delinquency model-the probability of first time 90-day delinquent, and then
use predicted probability of delinquency as an additional variable in the second stage,
which models the probability of default post delinquency. I repeat such Heckman
selection regression by each origination year, to account for potential changes in the
underwriting quality each origination year (Piskorski et al. (2010)).

Table[2.12show results of two-step model on the whole sample, while Table[2.13khow
such results on subsample of each origination cohort. Both show similar robust re-
sults. The first step shows that FICO score, number of borrower, debt-to-income
ratio, GDP growth, and unemployment all attracts significant coefficients in the ex-
pected directions. Yet in the second stage, the dominant factor is updated LTV.
Borrowers’ personal trigger events, such as FICO score, number of borrower, debt-
to-income ratio, and local economic factors, such as GDP growth, and local HPI, are
also no longer significant. The results show that the factors that trigger borrowers’

decisions for delinquency are not the same as those that trigger default.

TABLE [2.12] ABoUuT HERE

The first-step regressions of Table [2.13] examines the factors of borrowers decision
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of delinquency. The coefficients for credit score FICO are significant, negative across
all the origination years, indicating that borrowers with higher credit scores are less
likely to skip payments and become delinquent in their loans. Unemployment rate
attracts significantly positive coefficient estimates, suggesting that borrowers who lost
their jobs are more likely to exercise delinquency options. The coefficient estimates for
risk premium, illustrated as the difference between original mortgage loan rates and
current 10-year Treasury rate, are positively significant. Facing high mortgage interest
payments due to high original mortgage, borrowers are more likely to tip toward not
making payments. To sum up, the borrowers choice to exercise the delinquency option
is largely affected by personal status and trigger events, such as credit rating, divorce,
or employment status.

The second-step regressions of Table [2.13], on the other hand, show the factors of
borrowers decision of default. The coefficients for credit score FICO turn to be mostly
insignificantly positive, suggesting that conditional on being 90-day delinquent, FICO
scores no longer have the same significantly negative relationship as in the first step of
delinquency regressions. The coefficients for unemployment also have been insignif-
icantly different from zero. The coefficients for home equity, measured by updated
loan-to-value ratio, are positively significant, indicating that the more the default
option is in-the-money, the borrowers are more likely to exercise the option. To sum
up, the borrowers decision to default is less linked with his or her personal status,

such as unemployment, but more associated with home equity and house price.

TABLE [2.13] ABouT HERE

Overall, this is consistent with alternative hypothesis that the factors that trigger

borrowers decision of delinquency are not the same as those trigger default. The
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results again show that the factors that trigger borrowers’ decisions for delinquency
are not the same as those that trigger default. While borrowers’ credit and employ-
ment status are important in making the decision to skip payments, changes in home
equity and overall economy, i.e. negative equity in the home, are more critical factors

in determining default, given the estimate of the probability of delinquency.

HAMP and Delinquency Option

the Home Affordable Modification Program (HAMP) provides a quasi-natural
experiment to separate delinquency option from default option. Loan modification
prospective could decrease the cost of delinquency option, while should have no effect
on default option. Consequently, I conjecture to see an increase in the exercise of
delinquency option while no change in default option. HAMP is designed to help
modify delinquent loans, lower borrowers’ monthly mortgage payments. Only delin-
quent loans originated before January 1, 2009 are eligible for HAMP, and only a
certain number of mortgage servicers are participating in this program. Hence, loans
under HAMP have higher probability of loan modification, during program duration
from 2009 to 2016. By comparing the loans eligible for HAMP with those not, I can
find strategic behavior of delinquency option exercise.

Table 2.14] shows the difference-in-difference results for HAMP’s effect on delin-
quency option. The coefficient of HAMP*Post 2009 is significantly positive, meaning

that higher probability of loan modification increase the probability of delinquency.

A

TABLE [2.14] ABoUuT HERE

2In a separate regression, I also run a placebo test on year 2008, the year before HAMP was
initiated, and I don’t find similar results.
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On the other hand, Table shows the difference-in-difference results for HAMP’s
effect on default option. The coefficient of HAMP*Post 2009 is not significant, mean-

ing that higher probability of loan modification has no effect on default option.

TABLE [2.15] ABouT HERE

Overall, the results are consistent with my conjecture, that delinquency option
are different from default option, and higher probability of loan modification lowers
the cost of delinquency option, hence increases the probability of delinquency, yet has

no effect on default option.

California Deficiency Statue and Default Option

California deficiency statue offers us another quasi-natural experiment to differen-
tiate the exercise of default option from that of delinquency option. Under California
Civil Code of Procedure 580b, purchase loans are non-recourse, meaning there is no
personal liability after default, while refinance loans are recourse, meaning borrowers
are personally liable for their mortgages and lenders can go after them to recover
losses after default. The personal liability character of refinance loans largely in-
creases the cost of default option, and decreases the exercise of default option. On
the other hand, recourse character of refinance loans hold borrowers personally liable
only after they default, and therefore should not affect those borrowers who exercise
delinquency option.

Table 2.16 shows whether and how refinance loans with recourse character behave
differently from purchase loans in terms of the delinquency option. The coefficient
of Refinance is significantly positive, meaning that refinance loans are more likely to

delinquent. This is consistent with previous literature that refinance loans can be
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riskier, which predict higher default rates if the exercise of delinquency option and

default are not separated.

TABLE [2.16]l ABouT HERE

On the other hand, Table shows whether and how refinance loans with re-
course character behave differently from purchase loans in terms of the default option.
The coefficient of Refinance is significantly negative, meaning that refinance loans
are much less likely to default. This is contrary to previous literature that refinance
loans can be riskier than purchase loans, and suggesting that recourse character of
refinance loans significantly affect borrowers’ exercise of default option. Recourse

character largely reduces default, while does not reduce delinquency.

TABLE P17 ABouT HERE

Overall, the results are consistent with my conjecture, that compared with pur-
chase loans, recourse character reduces borrowers’ exercise of the default option, but
does not reduce borrowers’ exercise of the delinquency option.

The two quasi-natural experiments show two situations where the exercise of delin-
quency option are separated from the exercise of default option, and borrowers’ be-

havior of delinquency and default are affected by different factors.

Conclusion

This paper first distinguishes delinquency options from default options. By dis-
tinguishing borrowers’ delinquency option (borrowing by not making payments) from

default option (giving up property in exchange for the mortgage), I find that borrow-
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ers’ delinquency options are more affected by personal trigger events or shocks, while
default options are mostly affected by negative equity. Moreover, while origination
underwriting standards contributes to increasing delinquencies, its influence on de-
fault, on the other hand, is decreasing over the years. As a result studies that have
used delinquency in models designed to analyze actual losses appear to have made

major errors in understanding causes of financial losses during the Great Recession.
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Variable Definitions

Borrower Characteristics

e Borrower FICO: Credit Score (Initial FICO), a number, prepared by third
parties, summarizing the borrower’s creditworthiness

e Borrower Debt-to-Income Ratio:The ratio of the borrower’s monthly debt pay-
ments divided by the total monthly income at origination

e # Borrowers: The number of borrowers who are obliged to repay the mortgage

Loan-level Variables

e Original Loan-To-Value (LTV): The ratio of the original mortgage loan amount
by the mortgage property’s appraised value or purchase price at origination

e Original Combined Loan-To-Value (CLTV): The ratio of the original mortgage
loan amount plus any secondary mortgage loan amount by the mortgage prop-
erty’s appraised value or purchase price at origination

e Revised Loan-To-Value (RLTV): Combined Loan-To-Value at origination® (end-
ing balance/Original unpaid principal balance (UPB))/(House Price Index (HPI)/House
Price Index at origination)

e Original Interest rate: The original interest rate of mortgages
e Original UPB: The unpaid principal balance at loan origination

e Mortgage Insurance Percentage: The percentage of loss coverage on the loan at
origination

o # Units: The number of units of a mortgage

e Occupancy Status: Occupancy status of the mortgage, indicating whether the
property is owner-occupied, second home, or investment property

e Channel: The channel through which the loan is originated, indicating whether
through retail, broker, or correspondent

e Prepayment Penalty Mortgage (PPM) Flag: A dummy variable that if a mort-
gage has a prepayment penalty

e Property Type: The type of the property secured by the mortgage is a condo-
minium, leasehold, planned unit development, cooperative share, manufactured
home, or single family home

e Loan Purpose: A variable indicating whether the mortgage loan is a cash-out
refinance mortgage, no cash-out refinance mortgage, or a purchase mortgage

o Clurrent Interest Rate: The current interest rate on the mortgage loan
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e [nterest Difference: The difference between the original interest rate and current
interest rate

e Risk Premium: The difference between the original interest rate and 30 year
mortgage rate

e Loan Age: The number of months since the origination month of the mortgage

Macroeconomic Variables
e 30_Year Mortgage Rate: Contract interest rates on commitments for fixed-rate
first mortgages from Primary Mortgage Market Survey data provided by Freddie
Mac
e 10_Year Tbill Rate: The rates on 1-month treasury bills
e GDP Growth: The GDP growth rate

e HPI: Quarterly FHFA HPI index by MSA

95



References

Adelino, Manuel, Kristopher Gerardi, and Paul Willen, 2014. “Identifying the ef-
fect of securitization on foreclosure and modification rates using early payment
defaults.” The Journal of Real Estate Finance and Economics 49, 352-378.

Agarwal, Sumit, Gene Amromin, Itzhak Ben-David, Souphala Chomsisengphet, and
Douglas D. Evanoft, 2014. “Predatory lending and the subprime crisis.” Journal
of Financial Economics 113, 29-52.

Agarwal, Sumit, Yan Chang, and Abdullah Yavas, 2012. “Adverse selection in
mortgage securitization.” Journal of Financial Economics 105, 640-660.

Archer, Wayne R., Peter J. Elmer, David M. Harrison, and David C. Ling, 2002.
“Determinants of multifamily mortgage default.” Real Estate Economics 30,
445-473.

Basel Accord, 2004. “International Convergence of Capital Measurement and Cap-
ital Standards.”

Calem, Paul S., and Michael LaCour-Little, 2004. “Risk-based capital requirements
for mortgage loans.” Journal of Banking and Finance 28, 647-672.

Capozza, Dennis R., and Thomas A. Thomson, 2006. “Subprime transitions: Lin-
gering or malingering in default?” The Journal of Real Estate Finance and
Economics 33, 241-258.

Chan, Sewin, Claudia Sharygin, Vicki Been, and Andrew Haughwout, 2014.“ Path-
ways after default: what happens to distressed mortgage borrowers and their
homes?” The Journal of Real Estate Finance and Economics 48, 342-379.

Cowan, Adrian M., and Charles D. Cowan, 2004. “Default correlation: An empirical

investigation of a subprime lender.” Journal of Banking and Finance 28, 753-
771,

Dagher, Jihad, and Kazim Kazimov, 2015. “Banks liability structure and mortgage
lending during the financial crisis.” Journal of Financial Economics 116, 565-
582.

Danis, Michelle A., and Anthony Pennington-Cross, 2008. “The delinquency of
subprime mortgages.” Journal of Economics and Business 60, 67-90.

Demyanyk, Yuliya, and Otto Van Hemert, 2011. “Understanding the subprime
mortgage crisis.” The Review of Financial Studies 24, 1848-1880.

Deng, Yongheng, John M. Quigley, and Robert Van Order, 2000. “Mortgage termi-
nations, heterogeneity and the exercise of mortgage options.” Econometrica 68
(2) (03): 275-307.

Djankov, Simeon, Oliver Hart, Caralee McLiesh, and Andrei Shleifer, 2008. “Debt
enforcement around the world.” Journal of Political Economy 116, 11051149.

Elul, Ronel, Nicholas S. Souleles, Souphala Chomsisengphet, Dennis Glennon, and
Robert Hunt, 2010. “What ”triggers” mortgage default?”” The American FEco-
nomic Review 100, 490-494.

Eriksen, Michael D., James B. Kau, and Donald C. Keenan, 2013. “The impact
of second loans on subprime mortgage defaults.” Real Estate Economics 41,
85H8-886.

Favara, Giovanni, Enrique Schroth, and Philip Valta, 2012. “Strategic default and

96



equity risk across countries.” Journal of Finance 67, 2051-2095.

Flanagan, Michael, and Dean Paxson, 2011. “Strategic delinquency options in US
residential mortgages.” Working paper.

Foote, Chris, Kristopher Gerardi, Lorenz Goote, and Paul S. Willen, 2010. “Reduc-
ing Foreclosures: No Easy Answers.” NBER Macroeconomics Annual 2009 24,
89-138.

Foster, Chster, and Robert Van Order, 1984. “An Option-based Model of Mortgage
Default.” Housing Finance Review 3(4): 351-72.

Guettler, Andre, Ulrich Hommel, and Julia Reichert, 2011. “The influence of spon-
sor, servicer, and underwriter characteristics on RMBS performance.” Financial
Markets and Portfolio Management 25, 281-311.

Haughwout, Andrew, Richard Peach, and Joseph Tracy, 2008. “Juvenile delinquent
mortgages: Bad credit or bad economy?” Journal of Urban Economics 64, 246-

Hart, Oliver, and John Moore, 1994. “A theory of debt based on the inalienability
of human capital.” Quarterly Journal of Economics 109, 841879.

Heckman, J., 1978. “Sample selectivity problems as a specification error.” Econo-
metrica 44.

Jagtiani, Julapa, and Christopher, Henderson, 2010. “Can banks circumvent min-
imum capital requirements? The case of mortgage portfolios under Basel I1.”
Working paper.

Jagtiani, Julapa, and William W. Lang, 2011. “Strategic defaults on first and second
lien mortgages during the financial crisis.” Journal of Fized Income 20, 7-23.

Khwaja, Asim I., and Atif Mian, 2008. “Tracing the impact of bank liquidity shocks:
Evidence from an emerging market.” American Economic Review 98, 1413-1442.

Lekkas, Vassilis, John M. Quigley, and Robert Van Order, 1993. “Loan loss severity
and optimal mortgage default.” Journal of the American Real Estate and Urban
Economics Association V21, 4: 353-371.

Levitin, Adam J. and Tara Twomey, 2011. “Mortgage Servicing.” Yale Journal on
Regulation 28.1.

Mayer, Christopher, Edward Morrison, Tomasz Piskorski, and Arpit Gupta, 2014.
“Mortgage modification and strategic behavior: evidence from a legal settlement
with countrywide.” American Economic Review 104(9), 2830-2857.

Meyerson, Lee, 2011. “U.S. banking regulators order changes to policies and prac-
tices of major mortgage servicers.” The Banking Law Journal 128, 501.

Mian, Atif, and Amir Sufi, 2009. “The consequences of mortgage credit expan-
sion: evidence from the U.S. mortgage default crisis.” The Quarterly Journal
of Economics 124, 1449-1496.

Mian, Atif, Amir Sufi, and Francesco Trebbi, 2015. “Foreclosures, house prices, and
the real economy.” Journal of Finance 60, 2587-2634.

Nadauld, Taylor D., and Shane M. Sherlund, 2013. “The impact of securitization
on the expansion of subprime credit.” Journal of Financial Economics 107,

97



454-476.

Pence, Karen M., 2006. “Foreclosing on opportunity: state laws and mortgage
credit.” The Review of Economics and Statistics 88, 177-182.

Pennington-Cross, Anthony, 201. “The Duration of Foreclosures in the Subprime
Mortgage Market: A Competing Risks Model with Mixing.” The Journal of
Real Estate Finance and Economics 40, 109-129.

Pennington-Cross, Anthony, and Souphala Chomsisengphet, 2007. “Subprime refi-

nancing: Equity extraction and mortgage termination.” Real Estate Economics
35, 233-263.

Paravisini, Daniel, 2008. “Local bank financial constraints and firm access to exter-
nal finance.” Journal of Finance 5, 2161-2192.

Piskorski, Tomasz, Amit Seru, and Vikrant Vig, 2010. “Securitization and distressed
loan renegotiation: Evidence from the subprime mortgage crisis.” Journal of
Financial Economics 97, 369-397.

Schmeiser, Maximilian D., and Matthew B. Gross, 2015. “The determinants of
subprime mortgage performance following a loan modification.” The Journal of
Real Estate Finance and Economics, 1-27.

98



LTV Distribution CLTV Distribution
Normal_— —— Kernel I" Normal ——— Kemel i
504
[
60
404
= a0 = 304
5 H
I} o
5 =
o o
204
20
104
0 T T T T T T T T T T T T T 0 T T T
0 10 20 3 40 50 60 70 8O0 90 100 110 120 0 10 20 30 40 5 60 70 B8O G0 100 110 120
Itw cltv
FICO Distribution Interest_Rate Distribution
Normal_— — — Kemel 0 2 Nomal_——— Kernel
Il
204 [
|
1
JF 164
15 |l
71\
H | H
5 I 2 104
5 1 5
o 10 &
U
p
5 o7
I
\
0 T T T T T T T T T T T T T T T T T T T 0 T T T T T T T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 0 05 1 15 2 25 3 35 4 45 6 55 6 65 7 76 8 85 9 85 10
fica int_rt
Original_Balance Distribution Debt_to_Income Distribution
28 [—Tomal ——— ren@h, 1 Normal ——— Fenel
\/ AN
Y B
l' !
20 1
| 154
]
]
154 I
E ! €
o I o \
104 I
i S
£ I
I
| \
’l
0- T T T T T T T 0- T T T T T T
-1ES 0 100000 200000 300000 400000 500000 05 500 55 B0 B
orig_upb dti

Figure 2.1. Summary of Loan Characteristics at Origination.This figure shows a summary
of loan characteristics at origination.The charts show both normal and kernel distributions for loan-
to-value ratio (LTV), combined loan-to-value ratio (CLTV), credit score FICO, original interest rate
of the loan, originial unpaid principle balance (UPB), and debt-to-income ratio (DTI).
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delinquent, by Origination Year and Exposure Year.
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Figure 2.5. Coefficients of Competing Risk Regressions of Ending Status on 90-Day
Delinquency.The figures show coeflicients of separate competing risk regressions of ending status on
90-day delinquency by each origination year. For example, the first chart show regression coefficients
of 90-day delinquency (1 month lag), which is a dummy that equals 1 if a loan is in 90-day delinquency
status one month ago, by each origination year.
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Figure 2.6. Coefficients of Competing Risk Regressions of Ending Status on 60-Day
Delinquency.The figures show coeflicients of separate competing risk regressions of ending status on
90-day delinquency by each origination year. For example, the first chart show regression coefficients
of 60-day delinquency (1 month lag), which is a dummy that equals 1 if a loan is in 60-day delinquency
status one month ago, by each origination year.
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Figure 2.7. Origination Year Fixed Effects Coefficients, by Delinquency and Default.The
top two figures show the origination year fixed effects coefficients from a multinomial logit regression
model with competing risks on delinquency. And the bottom two charts show origination year fixed
effects coefficients from a multinomial logit regression model with competing risks on default.
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Figure 2.8. Origination Year Fixed Effects and Exposure Year Fixed Effects Coeffi-
cients, by Delinquency and Default.The top two figures show the origination year fixed effects
and exposure year fixed effects coefficients from a multinomial logit regression model with competing
risks on delinquency. And the bottom two charts show origination year fixed effects and exposure
year fixed effects coefficients from a multinomial logit regression model with competing risks on

default.
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Table 2.12

Two-Step Model with Competing Risks of Delinquency and Default

This table shows the results from Two-Step Models with Competing Risks of Delinquency and
Default. I control for both origination-year-fixed effects and exposure-year-fixed effects.

Step One Step Two
Prepayment Delinquency Prepayment  Default
Dep. Var.: Two-Stage (1) (2) (3) (4)
FICO Score 0.0023***  -0.012%**  0.0024*** 0.0124**
(0.0000)  (0.0001)  (0.0007)  (0.0010)
Combined Loan-to-Value 0.0073***  0.0032***  _0.011%** 0.0067
(0.0001)  (0.0005)  (0.0037)  (0.0058)
Updated Loan-to-Value Ratio -0.008***  (0.0248*%**  _0.030***  0.0177***
(0.0001)  (0.0003)  (0.0031)  (0.0027)
# Borrowers=1 -0.232%*F* (0.4912*%**  _0.158** -0.124
(0.0034)  (0.0117)  (0.0732)  (0.1013)
Debt-to-Income Ratio 0.0017***  0.0175***  -0.006%** 0.0008
(0.0001)  (0.0005)  (0.0033)  (0.0046)
GDP Growth 1.1278%**%  _5.563%**  4,2213%** -0.275
(0.1024)  (0.3400)  (1.4793)  (2.0715)
Unemployment 0.0049***  0.0659***  -0.124%*%*  -0.120**
(0.0013)  (0.0047)  (0.0247)  (0.0310)
HPI 0.0038***  (0.0024***  0.0034*** -0.002
(0.0000)  (0.0002)  (0.0010)  (0.0020)
30-Year Mortgage Rate -0.648***  _0.055%**
(0.0058)  (0.0209)
10-Year Thill Rate 0.0179***  _0.035%**
(0.0028)  (0.0119)
Log (UPB) 0.5612%%%  0.4706%**
(0.0837)  (0.1284)
loan-age -0.013%F*  (0.0132%**
(0.0019)  (0.0035)
Loan Purpose-Cash out -0.280%** -0.103
(0.0584)  (0.0786)
Loan Purpose-No Cash out -0.151%%* 0.0584
(0.0556)  (0.0807)
Original Rate-Current Rate 0.2418 -0.551%*
(0.1707)  (0.3061)
Original Rate-30yr Mtg Rate 0.041 0.3534***
(0.0585)  (0.0936)
Nonrecourse State -0.148* 0.2384**
(0.0862)  (0.1118)
# Foreclosure Process Days -0.000%* -0.002%**
(0.0003)  (0.0007)
Intercept -3.412%F%* 2 105%** -9.265 -23.73
(0.0555)  (0.1924)  (4.855)  (2.6905)
Origination Year FE Yes Yes Yes Yes
Ezxposure Year FE Yes Yes Yes Yes
N 32507755 32507755 32507755 32507755
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Robust t-statistics in parentheses
¥ p<0.01, ** p<0.05, * p<0.1
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Chapter 3

What do Basel and Risk Management Miss:
Transitional Probabilities and the Role of Banks

Abstract

The literature have conventionally overlooked the effects of mortgage banks as sellers or
servicers on loan performance. This paper analyzes the role of banks as sellers or servicers
the transition probabilities from delinquency to default and other outcomes. Banks’ balance
sheet health and business incentive structure play a crucial role in the change in predicting
power of delinquency. For banks with higher retail funding, higher equity ratio, better credit
rating, and less servicing automation, their loans have lower transitional probabilities from
delinquency to default, and higher probabilities to get modified.

Key words:
JEL classification:
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Introduction

The recent financial crisis of 2007-2008 was a crisis of mortgages and banks.
Triggered by a sharp decline in the house prices, massive delinquencies and defaults
of mortgages and related securities further prompted great losses in banks, leading
to a global-level financial crisis. Basel II framework and risk management modeling
were in place to ensure that banks hold a sufficient buffer capital in a time like this.
Yet, the recent crisis indicates that such framework is insufficient and inadequate in
that the roles of banks as sellers and servicers.

This study examines the accuracy and predicting power of using delinquency as
default definition, and determinants of transitional probabilities from delinquent to
default and other outcomes, in particular, banks. I aim to understand the roles of
bank in the transitional process from serious delinquency (i.e., 60-day or 90-day delin-
quency) to default and other loan resolutions. Banks are important intermediaries for
the mortgages industry, as they not only underwrite and sell the mortgage loans, but
also act as servicers, making crucial decisions about whether to extend credit, modify
a delinquent loan, or push it into default, such as foreclosure or REO (Piskorski et al.
(2010), Levitin and Towmey (2011), and Dagher and Kazimov (2015)). Legal articles
such as Levitin and Towmey (2011) have wider coverage of the role of banks in mort-
gages, compared with those in finance journals. Effects of banks characteristics and
behaviors on the transitional probabilities can thus shed light on why delinquency
is not a sufficient proxy for default, and how loans transition from delinquency to
default and other outcomes.

The relevance of this research is underscored by the fact that despite tremendous
efforts after the crisis to develop a better Basel framework and credit risk modeling,

there has still been dissatisfaction with the adequacy of calculated Capital Adequacy
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Ratio (CCAR) (see Jagtiani and Henderson (2010)). Both regulators and practi-
tioners can benefit from a better understand of banks’ role as mortgage sellers and
servicers. The role of banks in the transitional process from delinquency to default
and other outcomes suggest additional factors to consider when examine mortgage
loans and related securities.

I use the loan-level single family dataset from Freddie Mac, matched with bank-
level information from Compustat Bank and North America database. The richness
of the data allows me to analyze how the predicting power of delinquency varies
across time, and how bank balance sheet health and business incentive structures
affect post-delinquency transitional probabilities.

I first investigate the effects of banks on the transitional probabilities to default
and other outcomes. Given that banks as servicers have very different incentive
structures from banks lender, I should observe loans with the same bank as both
seller and servicer should behave differently from the others. While I don’t find
evidence to support Levitin and Towmey (2011)’s statement that principal-agent
problem resulting from incentive structures increases credit risk, the results suggest
that banks serving only as servicer focuses on reducing the prepayment risk, compare
with banks serving both as seller and servicer.

Secondly, I analyze the impact of bank’s servicing business model on transitional
probabilities. Recent legal cases against mortgage servicers suggest that some bank
servicers automate the process of default, with neither personal knowledge nor hands-
on loss mitigation of the delinquent loans. Using market shares as a proxy for eco-
nomic of scales and servicing automation, I find that, for banks with larger market
shares, the loans they service have significantly higher propensity to transition from
delinquency to default, and lower propensity to get modified.

Thirdly, I study the effects of bank balance sheet health on the transitional prob-

147



abilities from delinquency to default and other outcomes. Several studies document
how banks’ balance sheet health, in particular core deposits to assets (CDA) ratio,
capital ratio, and credit rating, can affect banks’ credit extension and loan perfor-
mance (e.g. Khwanja and Mian (2008), Paravisini (2008), He et al (2012), and Dagher
and Kazimov (2015)). In addition, since loan modifications can be costly for the banks
(Piskorski et al. (2010) and Levitin and Towmey (2011)), banks with more abundant
funding (i.e. higher CDA ratio or equity ratio) can afford higher costs and are more
likely to modify mortgage loans that are in serious delinquency. The results show that
for banks with higher CDA ratio, higher equity ratio, and better credit rating, their
loans have lower transitional probabilities from delinquency to default, and higher
probabilities to get modified.

Last but not least, I zoom in on one particular bank, Countrywide, which faced
potential bankruptcy risk during the subprime mortgage crisis and got taken over by
Bank of America. It was one of the biggest mortgage banks before the crisis. In 2006,
Countrywide financed 20% of all mortgages in the United States. I look at only the
loans either originated or serviced by Countrywide in order to understand the roles
this bank play during the crisis. The results point out that it is bad servicing rather
than bad loans that lead Countrywide to turmoil.

This paper develops as follows: Section [3]discusses the related literature. Section
develops the hypotheses to test. Section [3| describes the data source and empirical

methodology. Section [3|provides results from the empirical tests. Section [3|concludes.

Literature Reviews

This paper is related to two strings of literature that intersect together. One is

regarding mortgages studies, specifically the definition of default in the current litera-
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ture and the Basel Accord II as well as the transitional probabilities post delinquency;
and the other is related to the effects of banks’ balance sheet health and reputation
on banks’ behaviors. The intersection between the two different strings of literature
is much less well studied. This paper contributes to the literature by documenting
the insufficiency of current definition of default, and the results shed light on the roles

of banks in the process of loans entering from serious delinquency to actual losses.

Mortgage Default and Termination

When a mortgage borrower misses his or her monthly payment for a certain
amount of time, such loan is usually marked as delinquent. For example, if a bor-
rower misses the payment for three months, the loan is in 90-day delinquency. From
the point of being in delinquent status going onwards, the mortgage might transit
to several different situations or states, as illustrated by Figure (1) If the bor-
rower is able to and decides to make payment again, the mortgage will no longer
be delinquent, but become current and get “cured”. (4) If the borrower not only
starts to make payments, but also pays off the remaining portion of the mortgage
once for all, such mortgages get terminated via prepayment. (2) On the other hand,
the borrower might be still unable to make the payment and falls into more severe
delinquency. (3) In that case, the mortgage servicers might step in and interfere with
the mortgage and modify loan contractual terms and structures, such as rates and
principal reduction, so it can avoid an immediate foreclosure. (5) In the case of Real
Estate Owned (REO), the lender takes tile of the property and will try to sell the
property on its own. (6) If the mortgage gets pushed through foreclosure process, it
could undergo short sale, third party sale, charge off or note sale. (7) Or the mortgage
originators might be obliged to repurchase (Repo) the mortgages that are either in

serious delinquency or violate terms and warranties, prior to the property disposition.
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REQ, foreclosure, and repo are the cases when actual losses take place.

Mortgage Modification and Termination

After documenting that delinquency is not a constant and perfect predictor of
the final resolution of the loans, this paper analyzes possible determinants of post-
delinquent outcomes. Therefore, studies on mortgage modification and termination
are also relevant. Only a few papers explore the final resolution of loans primarily
because of limited data availability (Chan et al. (2014)).

Most studies link the probability of post-delinquent outcomes with borrower-level
and loan-level characteristics. Studies such as Danis and Pennington-Cross (2005),
Danis and Pennington (2008), and Pennington-Cross (2010) find that higher credit
score and longer period of delinquency are associated with higher probabilities of
prepayment and lower probabilities of default.

Capozza and Thomson (2006) study the transition process for subprime mortgages
that were seriously delinquent on September 30, 2001. They find that, compared with
prime loans, seriously-delinquent subprime loans are about twice as likely to become
REOQO, and that foreclosure is more likely for loans with high LTVs and interest rate
premiums. Chan et al (2014) examine the process of mortgage default from delinquent
to final resolution of the property in New York City, using a two-stage competing risk
hazard model. Their results show that borrower’s credit score, current LTV, house
price and income are associated with the foreclosure outcomes. Schmeiser and Gross
(2015) also find high LTV is the greatest contributor to foreclosure, by analyzing the
subprime mortgages post modification performance.

Other researches such as Adeline et al.(2009), Piskorsi et al.(2010) and Adeline
et al.(2014) investigate the impact of securitization on mortgage modification and

termination. By comparing securitized loans with bank-held loans, Piskorski et al.
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(2010) find that the foreclosure rate of bank-held loan is lower than similar securitized
loans. Adeline et al.(2014) find that securitized mortgages are more likely to be
modified and less likely to be foreclosured on.

Yet the role of banks in determining a loan’s path after delinquency towards
their final resolution is relatively unexplored. The paper thus contributes to the
literature by documenting that banks’ balance sheet health leads to lower transitional
probabilities from delinquency to default, and higher probabilities from delinquency

to modification.

Bank Health and Bank Behavior

A large body of theoretical literature analyzes how bank balance sheet health
affects bank lending behaviors. The literature generally agree that banks core deposit
ratio, capital availability, and credit rating have significant effects on banks’ credit
extension and their securities performance (e.g. Khwanja and Mian (2008), Paravisini
(2008), He et al (2012), and Dagher and Kazimov (2015)). Using residential subprime
loans from an anonymous subprime lender, Cowan and Cowan (2004) find default
correlation is substantial for this single lender, and the significance of such default
correlation increases as the internal credit rating declines. Guetter et al. (2011)
assess how sponsor, servicer, and underwriters’ characteristics affect the default rates
of mortgage-backed securities and home equity loans. Their results indicate that the
larger and healthier the sponsor is, the lower the default frequency of the securitized
loans. He et al (2012) Initial yields on both AAA-rated and non-AAA rated mortgage-
backed security (MBS) tranches sold by large issuers are higher than yields on similar
tranches sold by small issuers during the market boom years of 2004 to 2006. Dagher
and Kazimov (2015) find that banks with lower core deposit to assets (CDA) have

higher rejection rate of mortgage applications. The shift from CDA to short-term
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rollover wholesale funds increases banks’ vulnerability to the market wide shock.

Yet very few studies systematically examine the how bank health is associated with
banks’ role as mortgage loan sellers or servicers during the process from delinquency to
final resolution. Servicers of mortgages make the crucial decision whether to foreclose
a delinquent mortgage, and they start to interfere with a certain loan usually after its
being serious delinquency (Piskorski et al. (2010)). However, such topic is of greater
importance and coverage in the legal articles. Levitin and Towmey (2011) examine
the incentive structure and business model of the mortgage servicing industry from a
legal perspective, and state that misalignment of interests between the servicer and
lender would lead to increased foreclosure rates.

This is limited empirical evidence on the discrepancies between using delinquency
status as default definition, versus using the actual loss. In addition, the transition
from initial delinquency to final resolution of the mortgage loans when actual loss
occurs is relatively unexplored by the literature. Even fewer studies analyze the role
of banks play in the default process from delinquency to actual loss. This paper
thus contributes to the literature by documenting that for banks with higher CDA
ratio, higher equity ratio, and better credit rating, their loans have lower transitional
probabilities from delinquency to default, and higher probabilities to get modified.
The results can shed light on how to improve risk management and stress tests that

involve mortgage loans.
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Hypotheses Development

Role of Banks in Loan Transitional Probabilities

I next move on to examine the determinants of the transition probabilities from
delinquency to default and any other state. This will shed light on the reasons why
the predicting power of delinquency status on actual default varies across time, if it
is inconstant. As literature review above suggests, banks as servicers play a crucial
role in determining the final resolutions of a mortgage loan after it is in serious
delinquency (i.e. 60-day or 90-day payments past due). They make decisions about
whether to modify the terms and rates of the delinquent loan or to push it into
foreclosure process. Yet the role of banks in the loan transitions from delinquent to
default and other status is relatively unexplored by the literature. Therefore, I focus
on the effects of banks on loan transitional probabilities post delinquency, controlling
for other determinants already examined by previous researches, such as LTV, house

price, and income.

Incentive structure

Servicer collects fees, which are annually about 20 to 50 basis points of the remain-
ing balance of loans, and they need to pay costs and efforts in loan modifications,
which could be as high as $1000 per loan (Piskorski et al. (2010)). Lenders, on
the other hand, sometimes are still bounded by mortgage repo clause in case loans
perform poorly, even after they sold the loans to GSEs.

According to Levitin and Towmey (2011) and some other legal articles, servicers’
compensation structures create a principal-agent problem between the banks and

investors, and because they share no credit risk on the loans, but only prepayment
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risk, they tend to foreclosure more often and more uneconomically. On the other hand,
according to practitioners, servicers do have an incentive to keep the loans alive so as
to continue to collect servicing fees from the remaining balance. In addition, servicers
care more about prepayment risks than sellers, because in case of a prepayment, the
seller still retain the principle, while the servicer no longer gets servicing fees. To
test the theory, I created a SameDummy that equals 1 if servicer and lender are the
same. Same servicer as the lender could potentially reduce information asymmetry
and mitigate the principal-agent problem. If consistent with Levitin and Towmey
(2011), the results would show that loans with the same servicer and lender default
less, compared with those with different servicer and lender. Otherwise, the results
would suggest concurrence with practitioners point of view that servicers still have
an incentive to keep the loan in the pool.

Hypothesis 1 Hy: Loans with the same servicer and lender are not less likely to
default (yet more likely to prepay) conditional on being delinquent, compared with
loans with different servicer and lenders.

Hypothesis 1 H,: Loans with the same servicer and lender are less likely to
default conditional on being delinquent, compared with loans with different servicer

and lenders.

Economic of Scale or Hazard Automation

Recent legal cases against mortgage servicers, especially the Stern scandal in 201(11_-]
, suggest that some servicers automate the process of default, with neither personal
knowledge nor hands-on loss mitigation of the loan. Such servicing economic of scales,
on one hand, mean more efficiency and cost saving benefits; and on the other hand,

discourage modification and encourage “manufactured” foreclosure. I hereby test the

LAlso see Floridas High-Speed Answer to a Foreclosure Mess, New York Times, September 4,
2010.
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effects of servicing economic of scales using market share as a proxy.

Hypothesis 2 Hy: Market shares of servicing have no impact on the modification
or default of delinquent loans.

Hypothesis 2 H,: Banks with larger market shares of servicing are less likely to

modify and more likely to push the delinquent loans into default.

Healthier Banks and Better Loans

Several studies document how banks’ balance sheet health, in terms of CDA ratio,
capital ratio, and credit rating can affect banks’ credit extension and loan performance
(e.g. Khwanja and Mian (2008), Paravisini (2008), He et al (2012), and Dagher and
Kazimov (2015)). In addition, since loan modifications can be costly for the banks
(Piskorski et al. (2010) and Levitin and Towmey (2011)), banks with more abundant
funding (i.e. higher CDA ratio or equity ratio) can afford higher costs and are more
likely to modify mortgage loans that are in serious delinquency. I empirically test
the effects of bank balance sheet health on the transitional probabilities of delinquent
loans.

Hypothesis 3 Hy: Banks’ balance sheet health has no effect on the transitional
probabilities of delinquent loans.

Hypothesis 3 H,: Healthier banks with more abundant funding are more likely

to modify delinquent loans, and have lower default rates consequently.

Countrywide: Bad Servicing or Bad Loans

I zoom in on Countrywide, because it was one of the biggest mortgage banks
before the crisis, yet got in turmoil during the subprime mortgage crisis. The case
study of Countrywide might shed light on the roles mortgage banks play during the

crisis. Hence, I only examine the loans either originated or serviced by Countrywide
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in order to better understand the roles this bank play during the crisis.
Hypothesis 4 Hy: Countrywide servicing have no effect on its loans’ perfor-
mance.
Hypothesis 4 H,: Countrywide servicing have negative effects on its loans’

performance.

Data and Methodology

Data and Sample

The goal of this paper is to examine the role of banks on the mortgage transition
from delinquency status to other statuses including actual foreclosure or REO. There-
fore, I combine data from a number of sources to get information about mortgages
and bank fundamentals.

The mortgage loan-level data is from Freddie Mac Single Family Loan-level dataset,
at a monthly frequency from 1999 to 2014. The dataset contains a sample of 50000
mortgage loans, randomized from each full vintage year. All loans included are fully
amortized 30-year fixed-rate mortgages, with verified or waived documentation (i.e.
“full documentation”). Freddie Mac collects origination information for each bor-
rower, such as credit score or debt-to-income (DTI) ratio, as well as for each loan,
such as loan-to-value (LTV) ratio or Mortgage Insurance %. For a given loan, Freddie
Mac also discloses its monthly performance information, including delinquency and
default status.

This dataset also provides seller name and servicer name for each loan. Freddie
Mac only discloses the name of seller or servicer with a total original unpaid principal

balance (UPB) presenting 1% or more out of all loans for a given calendar quarter. In
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the sample I hand match the names with their Compustat and Call Report identifiers,
and collect detailed information regarding bank fundamentals.

I construct the final data sets using macroeconomic variables from several data
sources at both the state and the Metropolitan statistical area (MSA) levels. MSA-
level house price data are from the FHFA House Price Index (HPI) database, which
is a weighted, repeat-sales index, measuring average price changes in repeat sales or
refinancings on the same single-family houses. Information about state-level GDP
growth, 30-year fixed-rate mortgage rates, 10-year Treasury bill rates, and state-level

unemployment rates are from Federal Reserve of St. Louis.

Empirical Framework

The objective of this paper is to study the predicting power of delinquency status
on default, and determinants of variation of such predicting power, in particular the
role of banks. Using loan-level sample, I regress the outcome variables on delinquency
and bank balance sheet variables, while controlling for loan-, borrower-, and macro-
level covariates.

Follow previous literature, such as Capozza et al (1998), Deng, Quigley and Van
Order (2000), Capozza and Thomson (2006), and Chan et al (2014), I employ a dis-
crete time hazard framework with competing risks to explore the relationship between
delinquency and default outcomes.

To test hypotheses 1-3, I employ a similar model as follows:

Y (outcome = i) = Mulinomial LogisticFunction(By + f1Bank LevelVariables

+ By LoanBorrowerControls + Pz MacroControls

+Zf¢+2@+277t+6)a (3.1)
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where Y €{ Prepayment, Default}, Prepayment, Default, Modified, Cured}, or Prepay-
ment, Foreclosure, REO, Repo, Modified, Cured}.Bank LevelV ariables €{ CDA, Rat-
ing, EquityRatio, SameDummy, etc.}; Controls include loan characteristics (CLTV,
RLTV, number of units, etc.) borrower characteristics (FICO, DTI, etc.), and macroe-
conomic variables (e.g., GDP growth, 10-yearTbhill rate, HPI, etc.). ¢ stands for
origination-year-fixed effects, ¢ stands for exposure-year-fixed effects, and n stands

for state-fixed effects.

Results

Summary

Figure shows the summary statistics for the characteristics of mortgage loans
at origination in the sample. The charts show histogram as well as both normal
and kernel distributions for loan-to-value ratio (LTV), combined loan-to-value ratio
(CLTV), credit score FICO, original interest rate of the loan, original unpaid principle
balance (UPB), and debt-to-income ratio (DTI). Both the LTV and CLTV charts
show large proportion of loans with a LTV or CLTV value of 80, compared with
neighboring bins of the histogram. The proportion of LTV and CLTV being 80 is
more than twice that of just 70 or 90, indicating discontinuity in the distribution.
Such discontinuity pattern and concentration on 80 is probably due to the fact that
higher than 80% LTV ratio means the borrower will need additional insurance on the
mortgage loan, and lower than 80% means more down payments upfront. The FICO
score has a mean of 725, and is skewed towards higher scores towards the 800-FICO
zone, indicating most of the borrowers in the Freddie Mac sample are of good credit.

Since all mortgages loans are government-sponsored enterprises (GSE) loans, which
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are loans issued by Freddie Mac or Fannie Mae etc., the original unpaid principle
balances (UPB) are mostly below the jumbo loan cutoff of $417,000, with majority
below $250,000. Mortgage interest rates and DTI ratios at origination are generally

normally distributed.

Default Outcome Post Delinquency

These findings naturally raise the question of why the predicting power of delin-
quency varies over time, and whether banks behaviors play an important role in the
transitional probabilities from delinquency to other outcomes, including default.

Table reports the regression results for default outcome three months 90-day
delinquency, which tests hypotheses 1-3 about the effects of banks on default. The
columns (1) - (3) show OLS results, while columns (4) - (6) report binomial logistic
regression results. Column (7) - (9) show results from multinomial logistic regressions

with competing risk.

TABLE B.11 ABoUuT HERE

The coefficient of SameDummy, that equals 1 if seller and servicer are the same,
is insignificantly different from zero, indicating that whether seller and servicer are
the same have no effect on default probability. This result fail to reject Hypothesis
1 Hy with confidence, and embrace practitioners point of view that servicers do have
an incentive to keep the mortgage loans alive.

The coefficients of servicer market shares are significantly positive across all mod-
els. The estimates suggest that for banks with larger share of the servicing business,
their loans have higher probability of default. These results suggest that automation

of servicing tend to encourage “manufactured” defaults, reject Hypothesis 2 Hy and
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confirm Hypothesis 2 H, with reasonable confidence that banks with larger market
shares of servicing (with higher propensity of servicing automation) are more likely
to push the delinquent loans into default.

To test hypothesis 3, the effects of bank health on default, I include bank level
variables, such as bank size, bank equity ratio, bank credit rating, and bank core
deposits to assets ratio (CDA). The coefficients for bank CDA is significantly negative.
This indicates that for banks with higher core deposits to assets, their loans have
lower propensity to default post delinquency. In other words, if a bank is funded
more through traditional retail deposits rather than whole sale funding, they are less
likely to default their loans. The coefficients for bank credit rating and equity ratio
is also significantly negative, suggesting that for banks with investment grade rating
and higher equity ratio, their loans have lower probability of default. Taken together,
these results reject Hypothesis 3 Hy, and provide strong evidence that Healthier banks
with more abundant funding are more likely to modify delinquent loans, and have

lower default rates consequently.

Modification Outcome Post Delinquency

Table presents the results for loan modification outcome three months after
being 90-day delinquent. The columns (1) - (3) show OLS results, while columns (4)
- (6) report binomial logistic regression results. Column (7) - (9) show results from

multinomial logistic regressions with competing risk.

TABLE 3.2l ABOUT HERE

The coefficient estimates of Servicer Type (1=Bank) are significantly negative,

indicating that banks servicers are less likely to modify their loans, compared with
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mortgage servicing firms. The coefficients of bank CDA and credit rating are both
significantly positive. These results suggest that banks with higher core deposits to
assets and lower default prospective have higher propensity to modify their loans in
delinquency. As Piskorski et al. (2010) and Levitin and Towmey (2011) documented,
mortgage loan modification is a costly process, and a decision based on the cost and
income structures of each bank. Therefore, banks with more stable low-risk retail
funding and brighter prospect have better capacity to modify their loans in serious
delinquency.

Taken together, these estimates further confirm Hypothesis 3 H,, providing ev-
idence that banks’ balance sheet health positively impact their loan modification

behavior.

Prepayment Outcome Post Delinquency

Table |3.3| shows the results for loan prepayment outcome three months after being
90-day delinquent. Again, the columns (1) - (3) show OLS results, while columns (4)
- (6) report binomial logistic regression results. Column (7) - (9) show results from

multinomial logistic regressions with competing risk.

TABLE 3.3l ABouT HERE

The coefficients of SameDummy are significantly positive. These estimates suggest
that, for a loan with the same servicer and seller, it has higher propensity to end
in prepayment. This proposes an alternative hypothesis from Hypothesis 1 about
incentive structures. The incentive structure of banks as servicers proposes that
they share more prepayment risk, compared with credit risks. Standalone servicing

banks make more efforts to reduce prepayment risk, compared with banks that both
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underwrite and service the loans.

The coefficient estimates of Servicer Type (1=Bank) are significantly positive,
indicating that banks servicers are less likely to modify their loans, compared with
mortgage servicing firms. Yet the coefficient of bank core deposits to assets ratio
is significantly negative. Higher ratio of retail funding through core deposits could
decrease not only credit risk, but also prepayment risk. Again, this table provides
evidence that banks plays an important role in the transition process from delinquency

to final resolutions of the loans.

Loan Resolutions Post Delinquency

Table reports the results for loan final resolutions three months after being 90-
day delinquent. Specifically, I decompose default category into foreclosure, REO, and
Repo. All columns show results from multinomial logistic regressions with competing
risks. Column (2) and (3) show results for transitional probabilities of modification
and prepayment post delinquency, and are similar to the patterns in Table[3.2)and Ta-
ble[3.3] Column (4) - (6) show results for the transitional probabilities of foreclosure,
REO, and Repo, respectively. Repo is a separate category that relates to repurchase

clause with the underwriter, while foreclosure and REO are of similar calibers.

TABLE [3.4] ABOUuT HERE

The coefficient estimates for foreclosure and REO are significantly positive, echo-
ing the results from Table that servicer market shares, as a proxy for automation
and economics of scales, increase the probabilities of foreclosure and REO.

In column (5) specifically, coefficients for bank core deposits to assets (CDA),

credit rating, and equity ratio are all significantly negative. The estimates suggest
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that banks with higher core deposits ratio, better credit rating, and higher equity ratio
have lower REO transitional probabilities from delinquency. This further confirms
the Hypothesis 3 H, with reasonable degree of confidence that banks with better

balance sheet health have lower default propensity.

Countrywide: Bad Servicing or Bad Loans

I focus on Countrywide, one of the biggest mortgage banks that Table [3.5| reports
the results from multinomial logit regressions with competing risks for loans that
are either originated or serviced by Countrywide. Countrywide as both seller and
servicer attracts significantly positive coefficients, while Countrywide as seller only
attracts significantly negative coefficients. Compared with the reference group, loans
serviced by Countrywide yet issued by other banks, loans both issued and serviced
by Countrywide are more likely to default. On the other hand, loans issued by
Countrywide yet serviced by other banks, are less likely to default. Owverall, this

result suggests that Countrywide servicing increases the probability of default.

TABLE [3.5l ABouT HERE

To better understand whether bad servicing or bad underwriting standards lead to
large defaults during the crisis, I introduce interaction terms between Countrywide as
servicer or seller factor variable and post origination year 2005 or exposure year 2005.
H Exposure year dummy can be interpreted as change in economic environments,
while origination year dummy can be interpreted as change in underwriting standards.

The interaction terms between Countrywide as both servicer and seller factor variable

2I also test interaction between Countrywide as servicer or seller factor variable and post year
2003 and post year 2006, which are also crucial cutoff time periods, and got robust results as year
2005.
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and post exposure year 2005 attract positive and significant coefficients, meaning the

effects of Countrywide on its loans performance become stronger post 2005. (See

Table 3.6])

TABLE 3.6l ABOUT HERE

On the other hand, in Table the interaction terms between Countrywide as
servicer or seller factor variable and post origination year 2005 are not significant.

This result suggests that there is no big change in Countrywides underwriting stan-

dards.

TABLE 3.7 ABOoUT HERE

To further disentangle the effects of Countrywide servicing on the loan perfor-
mance, | focus on only loans issued by Countrywide, and match each loan serviced
by Countrywide with another loan serviced by other banks, by run a propensity score
matching in terms of FICO, CLTV, DTI, and UPD. Table |3.8| shows the results from
multinomial logit regressions on default on the matched sample. Countrywide as
Servicer term attracts significantly positive coefficients, suggesting that Countrywide

servicing increases the probability of default.

TABLE 3.8l ABOuT HERE

Conclusion

This paper first examines the predicting power of delinquency status on default,

which is hereby defined as ending events where actual losses occur, and then analyze
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the roles of banks in the transition probabilities from delinquency to default and other
outcomes. Running a multinomial logistic model with competing risks, I find that the
predicting power of delinquency status on default is not constant, leading to potential
bias in PD, LGD, and Capital Adequacy Ratio calculation when using delinquency as
default definition. Results show such errors would be more serious underestimation
during market downturns, as in the 2007 financial crisis. Moreover, banks’ balance
sheet health and business incentive structure play a crucial role in the change in
predicting power of delinquency. For banks with higher retail funding, higher eq-
uity ratio, better credit rating, and less servicing automation, their loans have lower
transitional probabilities from delinquency to default, and higher probabilities to get

modified.

165



Variable Definitions

Bank-level Variables

e Tier-1 Capital: The ratio of the bank’s Tier-1 risk adjusted capital/total asset
e Non-performing Assets: The ratio of non-performing assets/total asset
e Bank Size: Log(total asset)

e Bank Equity Ratio: The ratio of bank’s equity /total asset

e Bank Rating: A dummy variable that equals 1 if the bank is rated investment
grade, and 0 otherwise

e BankDummy: A dummy variable that equals 1 if the seller or servicer is a bank,
and 0 a mortgage servicing firm

e SameDummy: A dummy variable that equals 1 if the seller and the servicer of
a particular is the same

Borrower Characteristics

e Borrower FICO: Credit Score (Initial FICO), a number, prepared by third
parties, summarizing the borrower’s creditworthiness

e Borrower Debt-to-Income Ratio:The ratio of the borrower’s monthly debt pay-
ments divided by the total monthly income at origination

e # Borrowers: The number of borrowers who are obliged to repay the mortgage

Loan-level Variables

e Original Loan-To-Value (LTV): The ratio of the original mortgage loan amount
by the mortgage property’s appraised value or purchase price at origination

e Original Combined Loan-To-Value (CLTV): The ratio of the original mortgage
loan amount plus any secondary mortgage loan amount by the mortgage prop-
erty’s appraised value or purchase price at origination

e Revised Loan-To-Value (RLTV): Combined Loan-To-Value at origination™ (end-
ing balance/Original unpaid principal balance (UPB))/(House Price Index (HPI) /House
Price Index at origination)

e Original Interest rate: The original interest rate of mortgages
e Original UPB: The unpaid principal balance at loan origination

e Mortgage Insurance %: The percentage of loss coverage on the loan at origina-
tion
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# Units: The number of units of a mortgage

e Occupancy Status: Occupancy status of the mortgage, indicating whether the
property is owner-occupied, second home, or investment property

e Channel: The channel through which the loan is originated, indicating whether
through retail, broker, or correspondent

e Prepayment Penalty Mortgage (PPM) Flag: A dummy variable that if a mort-
gage has a prepayment penalty

e Property Type: The type of the property secured by the mortgage is a condo-
minium, leasehold, planned unit development, cooperative share, manufactured
home, or single family home

e Loan Purpose: A variable indicating whether the mortgage loan is a cash-out
refinance mortgage, no cash-out refinance mortgage, or a purchase mortgage

o Clurrent Interest Rate: The current interest rate on the mortgage loan

e Interest Difference: The difference between the original interest rate and current
interest rate

e Risk Premium: The difference between the original interest rate and 30 year
mortgage rate

e Loan Age: The number of months since the origination month of the mortgage

Macroeconomic Variables
e 30_Year Mortgage Rate: Contract interest rates on commitments for fixed-rate
first mortgages from Primary Mortgage Market Survey data provided by Freddie
Mac
e 10_Year Tbhill Rate: The rates on 1-month treasury bills
e GDP Growth: The GDP growth rate

e HPI: Quarterly FHFA HPI index by MSA
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Figure 3.1. Loans’ Paths after Delinquency towards Final Resolutions. This figure shows
different paths of a mortgage loan after being delinquent towards the final resolution. (1) If the
borrower is able to and decides to make payment again, the mortgage will no longer be delinquent,
but become current and get “cured”. (4) If the borrower not only starts to make payments, but
also pays off the remaining portion of the mortgage once for all, such mortgages get terminated via
prepayment. (2) On the other hand, the borrower might be still unable to make the payment and
falls into more severe delinquency. (3) In that case, the mortgage servicers might step in and interfere
with the mortgage and modify loan contractual terms and structures, such as rates and principal
reduction, so it can avoid a immediate foreclosure. (5) In the case of Real Estate Owned (REO), the
lender takes tile of the property and will try to sell the property on its own. (6) If the mortgage gets
pushed through foreclosure process, it could undergo short sale, third party sale, charge off or note
sale. (7) Or the mortgage originators might be obliged to repurchase (Repo) the mortgages that
are either in serious delinquency or violate terms and warranties, prior to the property disposition.
REO, foreclosure, and repo are the cases when actual loss takes place, therefore bracketed under
default.
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Figure 3.2. Summary of Loan Characteristics at Origination.This figure shows a summary
of loan characteristics at origination.The charts show both normal and kernel distributions for loan-
to-value ratio (LTV), combined loan-to-value ratio (CLTV), credit score FICO, original interest rate
of the loan, originial unpaid principle balance (UPB), and debt-to-income ratio (DTI).
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