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Introduction

Practitioners in finance have been trying to either maximize their fortunes or
minimize any unlucky outcomes;say, Beat the market. The uncertainty is always
something to fear or to overcome in financial market in order to beat the market.
The price of assets seems unpredictable in a short-time interval, though academics
consider market price would stay at equilibrium in the long-run, as reflecting funda-
mentals in the end. As “Efficiency of Financial Market” says; price of assets reveals
all relevant information. The continuous-time random walk is successfully taken as
close as tracking down the asset price movements. Moreover, a regime-switching be-
tween good versus bad state abruptly occurs over the business cycle (or the financial
cycle). Hence, two key theoretical devices used to model risk in finance are first, to
acknowledge that we see the movements of asset price micmic a random walk in a
continuous manner and second, to acknowledge that we observe the state of a world
seems to switch from one to another regime. In this thesis, I investigate how time
variation in risks and uncertainty affects firm’s funding decisions as well as market’s
aggregates movements.

Nevertheless, it has been an important question how firms decide their external
financing to undertake NPV projects. Modigliani and Miller present the famous
irrelevant theorem; in a frictionless world, the type of external financing does not
matter. Later, Miller complements his irrelevance proposition with a tax argument.
The trade-off between tax benefits and bankruptcy costs optimally determines firm’s
leverage. Assuming that the firm’s cash flow mimics a random walk, this helps a
firm to rebalance its leverage in a continuous manner in order to manage its default
risk. A firm with higher volatility of earnings appreciates for its ability to adjust its

debt level as long as it can afford its issuing costs of new debts. Short-term debt



is considered to mitigate in agency conflicts in investment decisions; furthermore it
enables its downward adjustment of leverage when it hit by negative shocks, by letting
them matured. In this way, a firm historically issued short-term debt can issue more
debts ceteris paribus. We find the evidence from U.S. industrial firm’s bond issuance
data.

Our second question starts with a firm susceptible to downward systemic risks,
for instance, a bank. Bank’s failure in historical perspectives goes along the finan-
cial cycle as well as its risk-taking behaviour. Once its risk-taking behaviour might
cause its failure, the consequence of bank failure should be internalized within cap-
ital market in this regards. After the recent 2007-2009 financial crisis, regulatory
agencies discipline banks to implement a loss-absorbing mechanism in bank’s balance
sheet by issuing contingent capitals;Cocos. We model the specialty of firms associated
with the business cycle with a regime-switching framework. We found that the state
contingent coupon rate mitigates a firm’s liquidity shortage in times of bad state of
economy. Finally, we are interested in the interactions among aggregate financial
index; margin, S&P 500 price, and aggregate liquidity. Conditional on the state of
uncertainty (or risk aversion), three variables reinforce one another into a feedback
loop. A growing literature assures that financial cycle exists and VIX, a measure of
S&P 500 Option Volatility, works well as a good indicator of this cycle. The financial
cycle has a longer time span than the business cycle and the recession after the col-
lapse of financial boom seems not only more severe but also sluggish to recover from
it. Minsky illustrates how the unstable nature of financial system is developed by
itself. Minsky’s Financial Instability Hypothesis state that there are three agents in
the market; Hedger, Speculator and Ponzi investor. While in prolonged good states,
Hedgers are engaged in Speculation or Ponzi scheme, to make matters worse, authori-
ties controlling inflation in good state leads their profits to evaporate. In the end, the
asset bubble collapses; Minsky moment. We empirically investigate how the nature
of financial stability and instability is revealed in their interplay; among funding con-
straint, market liquidity, and market risk and how its instability mechanism emerge

along with the financial cycle.



Summary

English
Essay 1 : Financial Flexibility and Debt Maturity

We examine how firms determine their maturity and leverage. Using simultane-
ous equations of maturity and leverage regression, we find that (1) firms with high
volatility of earnings tend to issue short-term debt; and (2) firms with debt of shorter
maturity tend to have higher leverage. These results imply that a short maturity
benefits a firm in respect of financial flexibility under volatile business environments,
while at the same time the financial flexibility contributes to a firm’s debt capacity.
Our findings support the dynamic capital structure model in which a firm simultane-
ously adjusts debt maturity and leverage over the joint space of two trade-offs; one
between tax benefits and bankruptcy costs, and the other between flexibility bene-
fits and issuing costs. And the results rationalize in part the observed capital and

maturity structure of financial institutions for the pre-crisis period.

Essay 2: Sharing Downside Risks: Contingent Coupon Bonds

We propose and solve a model of optimal capital structure in which the growth rate
and volatility of the earnings shift between different states. We show that a firm can
enter coupon payment contracts on contingency; paying higher coupon in Good state
and lower in Bad state. We show that this type of security allows for an effective
risk-sharing between a firm and investors. Our results suggest that contingent coupon

bonds can help a firm be resilient hit by systemic downside risks.



Essay 3: Liquidity Spirals over Moving Uncertainty: Evidence from

US Financial Aggregates

We study how the instability of financial markets is related to uncertainty. We take
the financial aggregate data from US stock markets into a VAR model, allowing un-
certainty to continuously change behind. We find that margin requirements, market
liquidity, asset prices all mutually destabilize only in the times of high uncertainty.
Related findings are that in the times of low uncertainty, (1) margins and market lig-
uidity rather stabilize each other; (2) reinforcement between margins and asset prices
are much delayed in effect; and (3) asset prices and market liquidity react little each
other. In brief, uncertainty fluctuations are crucial to understanding how and when

liquidity spirals turn on and off in US stock markets.

Danish

Essay 1: Finansiel Fleksibilitet og modenhed

Vi undersgger, hvordan virksomheder bestemmer deres lgbetid og geeldsgrad. Ved
at bruge simultaneousequations regressions metoden pa lgbetid og geeldsgrad, finder
vi, at (1) virksomheder med hgj volatilitet i indtjeningen foretraekker at udstede ko-
rtfristede geeld; og (2) virksomheder med geeld med kortere lgbetid kan tillade sig
selv en hgjere gaeldsgrad.Disse resultater indebaerer, at kort lgbetid pa geelden gavner
en virksomhed i formaf finansiel fleksibilitet i et usikkert erhvervsmiljp, samtidigt
bidrager den finansielle fleksibilitet til at gge virksomhedens gacldskapacitet.Vores
resultater understgtter den dynamiske kapitalstrukturmodel, hvor en virksomhedsi-
multant kan justere geeldsgrad oglgbetidmed det formal at optimere inden for flg.
to afvejninger:den forste afvejning mellem skattefordele og konkurs omkostninger,
og den anden mellem fleksibilitetsfordele og gacldsudstedelsesomkostninger. Resul-
taterne rationaliserer delvistobserverede lgbetids- og geeldsgradsvalg for de finansielle

institutioner for perioden fgr krisen.

Essay 2: Deling negative risici: Betingede kupon-obligationer

Vi foreslar og lgser en model for optimal kapitalstruktur, hvor vaekstraten og volatiliteten
af indtjeningen skifter mellem forskellige tilstande. Vi viser, at en virksomhed fore-

traeckker atindga betingede kuponbetalingskontrakter baseret pa den ukendte tilstand,

9



saledes at den betaler hgjere kupon i den gode tilstand og lavere kupon i den darlige
tilstand.Vi viser, at denne type kontrakt giver mulighed for en effektiv risikodeling
mellem virksomheden og densgaeldshavere.Vores resultater indikerer, at obligationer
med tilstandsathaengige kuponniveauer kan afhjalpe konsekvensen af, at en virk-

somhed bliver ramt af systemiske down-side-risiko.

Essay 3: Likviditet spiraler end Moving Usikkerhed: Beviser fra

amerikanske Financial Aggregates

Vi studerer hvordan ustabilitet pa de finansielle markeder er relateret til usikkerhed.Vi
analyserer de samlede finansielle data fra amerikanske aktiemarkeder i en VAR model,
som tager hgjde for at usikkerheden kan sendre sig lgbende kontinuerligt i tiden.Vi
finder, at marginkrav, markedslikviditet og aktiepriser kun kan destabilisere simultant
i tider med stor usikkerhed.Relaterede resultater er, at i tider med lav usikkerhed, (1)
vil marginkrav og markedslikviditet snarere stabilisere hinanden;(2) sammenheaengen
mellem marginkrav og aktiepriser er meget forsinkede; og(3) aktiepriser og marked-
slikviditet reagerer kun svagt af hverandre. Kort fortalt, udsving i usikkerheden er
afggrende for at kunne forsta, hvordan og hvornar likviditetsspiraler kan opsta og

forsvinde i amerikanske aktiemarkeder.
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Chapter 1

Financial Flexibility and Debt
Maturity

We examine how firms determine their maturity and leverage. Using
simultaneous equations of maturity and leverage regression, we find that
(1) firms with high volatility of earnings tend to issue short-term debt;
and (2) firms with debt of shorter maturity tend to have higher leverage.
These results imply that a short maturity benefits a firm in respect of
financial flexibility under volatile business environments, while at the same
time the financial flexibility contributes to a firm’s debt capacity. Our
findings support the dynamic capital structure model in which a firm
simultaneously adjusts debt maturity and leverage over the joint space
of two trade-offs; one between tax benefits and bankruptcy costs, and
the other between flexibility benefits and issuing costs. And the results
rationalize in part the observed capital and maturity structure of financial

institutions for the pre-crisis period.

1.1 Introduction

In the traditional capital structure models, debt maturity is irrelevant as is exoge-
nously specified whether perpetual or fixed over time (Leland, 1994; Leland and Toft,
1996; Goldstein, Ju, and Leland, 2001). However, these traditional models are of
limited empirical relevance. Not only debt level but also debt maturity moves over

business cycles. The value weighted average of debt maturity across US firms tends
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to be lengthened in good times and shortened in bad times (Mian and Santos, 2012).
Financial firms also shorten their loan maturity in market downturns as observed
during the recent financial crisis (Gorton, Metrick, and Xie, 2015). Maturity has
even real effects: Non-financial firms with debt happening to mature in a middle of a
financial crisis tend to cut down investment more heavily than others whose debt re-
mains to mature at later dates (Almeida et al., 2009). In this world, a firm’s decision
of how much levered is not separable from its decision of how long levered.

However, at the beginning, what made debt maturity relevant to corporate finan-
cial decision? A body of maturity structure models developed over the last decade
stand on one common premise: Firms do value financial flexibility or capability to
rebalance their capital structure over time. Provided that the financial flexibility is
inherent in the refinancing frequency, firms will finance themselves short-term debt for
various reasons. For example, they can use it to easily reoptimize their leverage ratio
in response to the changes in market interest rates (Ju and Ou-yang, 2005); to mit-
igate the conflict between different stakeholders on making new investment (Childs,
Mauer, and Ott, 2005); to prevent the remaining debt-holders from free-riding when
paying back a fraction of the existing debt (Miltersen and Torous, 2007); to auto-
matically reduce debt level when other means of lever-down is more costly (Dangl
and Zechner, 2016); to keep room for choice of default timing on debt (He and Mil-
bradt, 2016); and so on. Despite its popular invokedness in theoretical modelling, the
flexibility argument is rarely examined in data.

The first contribution of the present paper lies toward this direction of empirical
analysis. We trace leverage dynamics in data and find that firms with debt of shorter
maturity are much faster in rebalancing their leverage ratios: In terms of time taken
until crossing up/down the initial leverage level after hit by bad/good shocks, firms
belonging to the shortest-maturity quintile need 1 year whereas those belonging to the
longest-maturity quintile require more than 4 years. The financial flexibility works
built in debt maturity.

Securing the evidence for the flexibility-in-maturity, we then move onto compre-
hensive tests of the theory of optimal maturity and capital structure with particular
reference to Miltersen and Torous (2007). Miltersen and Torous (2007) work out a
firm’s optimal (value-maximizing) maturity structure and leverage ratio as a function

of its earning volatility along with other characteristics constituting the joint space
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of two trade-offs; one between tax benefits and bankruptcy costs, and the other be-
tween flexibility benefits and issuing costs. Although the double trade-offs are found
common among the recent theoretical works, Miltersen and Torous (2007) provide
a clearer framework that straightforwardly facilitates studying firm heterogeneity in
debt maturity as a function of observable business characteristics.

We carry out cross-sectional analysis with a complete range of US corporate data
from FISD, DealScan, and Compustat. How much levered and how long levered
are endogenously determined upon the two trade-offs. We take into account the
endogeneity problem by setting up simultaneous regression equations for maturity
and leverage with instruments.

We depart from earlier studies by giving the credit to the fact that maturity is
not the only way the financial flexibility can embody in. As documented by Roberts
and Sufi (2009), 90% of bank loans made to publicly listed US firms over 1996-2005
have been renegotiated prior to their stated maturity. This implies that where debt
contracts are renegotiable, the flexibility in maturity is replaced with the flexibility
in renegotiability. Similarly, for debts having option-like-features, it will be replaced
with the flexibility in exercisibility. Thus we take into consideration debt character-
istics by groupping into exercisibles (callable, convertible, redeemable bonds etc.),
renegotiables, and straights. Our baseline analysis uses straight public bond data as
is most appropriate for test of Miltersen and Torous (2007)’s theory. In addition, we
use the maturity of incremental debt issues rather than the average maturity of all
liabilities on a firm’s balance sheet. As robustness exercises to check whether ma-
turity decisions critically depend on its flexibility content, we also repeat the same
ananlysis by different debt types and by different maturity measures.

Our key findings include that (a) firms facing more volatile earnings tend to
issue debt with shorter maturity; (b) firms with shorter maturity debt tend to lever
themselves up to higher leverage; (¢) firms facing more volatile earnings tend to make
lower leverage; (d) firms with lower issuance costs tend to issue debt with shorter
maturity. All these results support the theoretical predictions held ceteris paribus in
Miltersen and Torous (2007).

The first two results particularly highlight the flexibility-in-maturity and its role
in forming optimal maturity structure and leverage ratio given business environment.

Result (a) makes sense in that intuitively, the value of the financial flexibility will be

13



more appreciated by firms operating under more volatile business environment. It is
also consistent with Stohs and Mauer (1996)’s observation that larger and less risky
firms have longer-term debt while firms with more earning surprises have more short-
term debt. The cross-sectional result also casts a clear implication on the cyclical
behavior of debt maturity: As demand for the financial flexibility increases when
marketwide uncertainty rises, firms are likely to shorten debt maturity on average
during the times of financial turmoil. This is exactly what documented by Mian and
Santos (2012) and Gorton, Metrick, and Xie (2015).

Result (b) is also immediate from the flexibility-in-maturity argument. To the
extent that the financial flexibility helps increase firm value, it can potentially con-
tribute to a firm’s debt capacity and thus lead to a higher leverage ratio. This may
be because the flexibility enables a firm to hedge bankruptcy risk in bad states by re-
ducing debt level without interference from various stakeholders of different interests
(Miltersen and Torous, 2007; Dangl and Zechner, 2016) and/or to capture more tax
shields by frequent repricing of debt (Childs, Mauer, and Ott, 2005; Ju and Ou-yang,
2005). The result is consistent with Barclay, Marx, and Smith (2003) and Billett,
King, and Mauer (2007).

By the other two results, (c¢) and (d), we also confirm the traditional wisdom
established in the literature with respect to the two theoretical pillars of the dynamic
capital structure models. Result (c), in relation to the first trade-off, indicates that
firms faced by larger bankruptcy risk take lower leverage while giving up tax ben-
efits. This relation is repeatedly confirmed in the literature (for example, among
some recent works, Johnson, 2003; MacKay, 2003; Billett, King, and Mauer, 2007;
Brockman, Martin, and Unlu, 2010; Harford, Klasa, and Maxwell, 2014).

Result (d) supports the second trade-off, which holds between flexibility benefits
and issuance costs. Intuitively, high direct issuance costs impede frequent issuing of
bonds and thus firms subject to higher issuance costs will be likely to issue debt with
longer maturity at the opportunity cost of foregone financial flexibility. This result
is in the same line with the early literature on underwriting market (for example,
Melnik and Plaut, 1996; Gande et al., 1997).

Finally, we do robustness checks against the role of flexibility benefits in matu-
rity decisions using different types of corporate debt. We find that for renegotiable

private credit agreements, maturity and leverage tend to force each other toward the
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same direction. Similar results follow when taking average over all liabilities without
discerning debt types whether exercisible with implicit and explicit option. These
results imply that once flexibility benefits removed from maturity structure and re-
placed by other characteristics, expected transaction costs will take larger weitght in
the second trade-off and be more likely to lead to some bulkiness in both leverage
and maturity. Therefore, failure to discern and control flexibility content out of debt
types and aggregation methods can potentially mislead one in examining corporate
maturity policy. This is a third contribution the paper adds to the literature as
it helps reconcile a body of previous empirical studies seemingly contradicting one
another.

The rest of this paper is organized as follows: Section 2 describes data and em-
pirical methods for identification and estimation. Section 3 presents the results for
leverage dynamics and cross-sectional variation, and thereby establishes that debt
with short maturity benefits firms in respect of flexible capital structure and con-
tributes to debt capacity and firm value. Section 4 and 5 repeat the same analysis
employing different samples, ‘contaminated’ in a sense of comprising either renego-
tiable or exercisible debt. Bringing all these results on leverage dynamics (Sections
3.1 & 4.1 & 5.1) and cross-sectional variations (Section 3.2 & 4.2 & 5.2) from different
samples, we conclude that maturity and leverage are as cohesively related in data as

they are in theory.

1.2 Empirical Methods

1.2.1 Data and Samples

We construct data set from the Fixed Income Security Data (FISD), Thomson-Reuter
Loan Pricing Corporation Deal Scan (DealScan), and Standard and Poor’s Compustat
(Compustat). We start with bond issuance data drawn from the Mergent FISD,
which covers issue details on publicly offered US corporate bonds, and obtain issuance
information including issuing dates, maturity, offering amount, offering yield, coupon
frequency, coupon type, and other relevant features. We also draw bank loan data
from DealScan, which includes a comprehensive historical information on loan pricing,
contract details, terms and conditions. We obtain balance sheet information from

Compustat North America Fundamental Annual and Quarterly files.
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We then match the FISD bond issuance data with the Compustat balance sheet
data. We call the merged one “FISD sample”. We also match the DealScan bank
loan data with the Compustat balance sheet data, and call it “DealScan sample”.
Notice that Compustat database contains its own corporate bonds. We thus consider
another sample in which debt maturity and balance sheet information are all drawn
from Compustat alone. We call it “Compustat sample”. We submit each of the three
samples to separate examination for better identification. We take “FISD sample”
for our baseline analysis and the other two for further checks.

Our main interest is to see whether firms behave in data as they do in theory
of the dynamic capital structure model where a firm simultaneously adjusts debt
maturity and leverage over the joint space of two trade-offs; one between tax benefits
and bankruptcy costs, and the other between flexibility benefits and issuing costs.
However, in practice, maturity is not the only way the financial flexibility can embody
in. Where debt contracts are expected to renegotiate, the flexibility in maturity may
be replaced with the flexibility in renegotiability. Where debts have option-like-
features, the flexibility in maturity will be dwarfed by the flexibility in exercisibility.

We have the FISD sample including straight public bonds only, while taking out
callable, convertible, redeemable bonds and as well as private credit agreements.
The DealScan sample consists of bank loans made between financial institutions and
publicly listed US firms. The Compustat sample is a mixed pot of all corporate
liabilities in firms’ balance sheet. For all these samples, financial firms are excluded
that fall into the standard industrial classification (SIC) codes from 6000 to 6999.
We also require firms to have at least three years of consecutive observations. We
winsorize the top and bottom 1% in values of each variable to minimize the effect of
outliers. The combined data set covers the period from 1987 through 2010.

We define variables following the existing literature, as listed and described in
Tablel.1. We will provide further details where needed as we proceed. But for now,
it may be noteworthy that maturity measures differ between the samples. As well
claimed by Guedes and Opler (1996), it is better suited for testing of the theory
to examine the maturity of incremental debt issues rather than the maturity of all
liabilities on a firm’s balance sheet since it is not easy to control all determinants
of debt maturity that may substantially shift. The FISD sample records new bond

issuance. The DealScan sample records bank loan per se. Thus for these two samples,
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we follow Guedes and Opler (1996) and define maturity as difference between stated
maturity date and issuance date. For the Compustat sample, we measure a firm’s
debt maturity by the weighted average of remaining life of all outstanding long-term

debts on its balance sheet.

1.2.2 Dynamic Analysis

Our empirical investigation is carried out with particular reference to Miltersen and
Torous (2007) among the recent developments in the literature. In their theory, debt
of shorter maturity yields flexibility benefits because it can help reduce conflicts of
different interest between equity-holders and debt-holders. When a firm’s business
conditions improve, the debt-holders and equity-holders have a common interest in
re-balancing the firm’s capital structure and creating new debt. In contrast, when
its business conditions worsen, a free-riding of the remaining debt-holders makes it
sub-optimal for equity-holders to reduce the amount of debt by partly paying back
debt. In their model, therefore, the firm can reduce its outstanding debt only by
issuing finite maturity debt and waiting for it to mature mechanically. The more of
its debt mature per unit of time, the larger room the firm secures for new (junior)
debt. For example, even when it has to reduce debt level by 1 unit 1 in response to a
bad shock, the firm can issue 1 unit of new debt if 2 units of old (senior) debt were
previously scheduled to be paid back. This flexibility benefits the firm but comes at
a cost. Debt issuing is costly. Miltersen and Torous (2007) show the existence of an
optimal maturity structure which counterbalances issuing costs as well as tax benefits
and bankruptcy costs.

The model gives dynamic and cross-sectional implications. On dynamic side about
about how firms should behave over time, the model predicts that firms who experi-
ence a bad shock to their earnings cannot easily adjust their leverage down to their
new optimal level and will have to wait for their existing debt to mechanically ma-
ture. This re-optimization process will be fast for firms who have previously chosen a
relatively short maturity structure, whereas it will take long time for those who have
previously chosen a long maturity structure.

To test this dynamic implication, we first sort all firms by their stock returns. This
procedure keeps a roughly equal number of firms in each quintile, holding calendar

year and the number of firms constant. We then divide them into five bins on the
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Table 1.1: Variables: Definition and Construction

Note: The variables in this table are either drawn or constructed from Compustat, CRSP,

and FISD. The numbers in the parenthesis, (#), correspond to the data item numbers from

the Compustat Annual Industrial file.

Variable Name | Construction

Total Assets AST Assets(6), total book value

Firm Size SIZE AST in logarithm

Preferred Stock PRFS | Maximal value out of {Preferred Stock’s Liquidating
Value(10), Redemption Value(56), Carrying Value(130)}

Book Value of Equity EQB AST - Total Liabilities(181) - Deferred Taxes & Tax
Credit(35) - PRFS

Total Debt DEBT | Debt in Current Liabilities(34) + Long-Term Debt(9)

Book Leverage LEVB | DEBT/AST

Market Value of Equity | EQM Stock Price(199)x Common Shares Used to Calculate
Earnings per Share (54)

Market Leverage LEVM | DEBT/{DEBT + EQM}

Profitability PROF | Operating Income Before Depreciation(13)/AST

Tangibility TAN Net Property, Plant, and Equipment(8)/AST

Market-to-Book MBR {EQM + DEBT + PRFS - Deferred Taxes &Tax
Credit(35)}/AST

Cash Holding CASH | Cash and Short-Term Investments(1)/DEBT

Time-to-Maturity MAT Difference between year in maturity and an offering year
(Both FISD and DealScan sample)

DD3/DLTT MAT A fraction of total long-term debt due in next three
years excluding maturing debt within a year
(DD2(91)+DD3(92)-DD1(44)), scaled by total
long-term debt(DLTT(142)) (Compustat sample)

Gross Spread ISSU Difference between the prices which issuers receive for their
securities and the prices at which investors pay (FISD
sample)

AllInUndrawn ISSU Sum of commitment and annual fee (DealScan sample)

Equity Return RETN | Cumulative monthly stock returns for a year from CRSP
monthly files

Asset Volatility VOLT | Std dev of RETN scaled by EQM/{EQM + Long-Term
Debt(9) + 1/2*Debt in Current Liabilities(34)}

Z-score 7ZSCO 3.3x(178)/(6) + 1.2x[(4)-(5)]/(6) + (12)/(6) +
0.6x(199)x(25)/[(9)+(34)] + 1.4x(36)/(6)

Z-score Dummy ZSCD | Equals 1 if Z-score is greater than 1.81, and 0 otherwise
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basis of debt maturity. In total, we have 25 bins by their performance and debt
maturity in each year from 1987 through 2010. We keep firms survived for four years
in our sample, since we focus on how a firm’s leverage has changed by its performance
shock over some periods.

‘We monitor the dynamics of leverage over four-year time interval, which would tell
the difference of the interaction between leverage and maturity among various ma-
turity groups. We choose the combination of the worst performers with the shortest
debt maturity in year ¢ = 0 and compare them with the equivalents with the longest
debt maturity in year t = 0 . We keep tracing their leverage between a previous year
and next four years with a negative(positive) shock in year ¢ = 0, thereby observing
a firm’s dynamic adjustments of capital structure. In the same way, we look at the
dynamics of leverage when a firm was hit by positive shocks. We compare the best
performers having shortest maturity of debt with the those having longest maturity

of debt.

1.2.3 Cross-sectional Analysis

We test the cross-sectional implications about how different firms choose different
optimal maturity structures and leverage ratios. We utilize a range of estimation
models; simple regression, difference in difference, and IV regression.

1.2.3.1 Simple Regression and DID

We start with running a simple regression for each of maturity and leverage, sepa-

rately:
MAT;; = of" +y" + 8" X[ + €'t (1.1)
LEVM;; = ol +y} + B'X}, + ¢ . (1.2)
where of, k = {m,l}, captures a firm or industry level fixed effect in maturity

equation (m) and leverage equation (1), respectively; yF is a year fixed effect in each
equation; and Xi’ft is a vector of independent variables.

The independent variables of interests for a maturity equation, X[, include lever-
age (LEVM), asset volatility (VOLT'), and debt issuance costs (ISSU). The indepen-

dent variables of interests for a leverage equation, Xg’t, include as maturity (MAT),
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asset volatility (VOLT), and debt issuance costs (ISSU). We measure VOLT as a lev-
ered historical equity volatility, using information from historical stock returns. We
proxy ISSU using gross spread, which is the difference between the offered amount
and the proceeds to the issuer as a percentage of the issue size. We take direct is-
suance costs in our analysis, hence the indirect issuance costs, such as rollover costs
and liquidity risks, are not considered in our optimal framework.

We further utilize a difference-in-difference method:

AMAT;y = o + y" + BT AXT) + e, (1.3)

ALEVM; = ol +yb + BlaX!, + e (1.4)

This is to control for unobserved variations among firms. We examine how changes
in leverage and maturity from the end of year t-1 to the end of year ¢ are associated

with changes in independent and control variables.

1.2.3.2 Simultaneous Equations with Instruments

How much levered and how long levered are endogenously determined upon the two
trade-offs. We take into account the endogeneity problem by setting up simultaneous
regression equations for maturity and leverage with instruments. First, we separately
specify two OLS regressions for debt maturity and leverage with instruments, and
then simultaneously estimate the two structural equations by including the predicted
values from the first-stage regression as explanatory variables. The 2SLS methodology
accounts for any correlation between the residuals of leverage and the debt maturity

models, which is caused by unobserved influences on two variables.
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Our two-equation system is specified as follows:

MAT; =og' + B"VOLT;; + B'LEVM, ; + B5*1SSU; ; + B*SIZE; ¢
+5?PROFM + ,BgnTANlt + ,B?II\/IBRM + 6gnCASH,t

+B TERM, ¢ + B13ZSCD; ¢ + SEID.MAT; ¢ + ei s

LEVM;; =ab+ BYVOLT;, + B5MAT;; + BLSIZE;

+BYPROF; ; + BLTAN; ; + BEMBR; , + BLCASH;,

+BLTAXD; ¢ + BLACQD, , + BIID.LEV;; + €4

We rely on earlier empirical studies to guide our selection of instrumental variables
in the simultaneous equations (Johnson, 2003, Brockman, Martin, and Unlu, 2010,
Harford, Klasa, and Maxwell, 2014). The extant capital structure literature finds that
expected marginal tax rate (TAXD), acquisition dummy (ACQD) and industry lever-
age (ID.LEV) are important determinants of leverage (Barclay, Smith, and Watts,
1995; Barclay, Marx, and Smith, 2003; Brockman, Martin, and Unlu, 2010; Billett,
King, and Mauer, 2007). Nevertheless, those variables do not play any important
role in determining maturity of debt. We conjecture these variables are orthogonal to
the error terms and having zero coefficients in the maturity regression. Furthermore,
term structure (TERM), industry maturity (ID.MAT), and financial distress dummy
(ZSCD) are closely related to determine maturity but not leverage. Hence, we treat
these variables as orthogonal to the error terms and having zero coefficients in the

leverage equation.

1.3 Empirical Results

1.3.1 Leverage Dynamics

We investigate the dynamics of capital structure; whether a firm is optimally adjusting
its dynamics of maturity and leverage to performance shocks over some years. A
firm would optimally lever itself up once its performance is improved in order to
reach its optimal leverage without conflicts between equity-holders and bond holders.

With negative shock, equity holders would like to reduce a firm’s debt level in order
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Table 1.2: Summary Statistics of FISD sample

Note: This table presents summary statistics for our final FISD bond issuance sample.

Variable No.Obs  Mean Median  Std. Dev  Min Max
Time-to-Maturity 2345 8.52 7.00 6.05 0.38 22.0
Book Leverage 2345 0.44 0.47 0.34 0.00 0.99
Market Leverage 2345 0.47 0.44 0.21 0.11 0.97
Size 2345 8.54 8.66 1.59 4.60 12.3
Cash Holding 2339 0.08 0.03 0.24 0.00 0.68
Profitability 2331 0.12 0.12 0.07 -0.07 0.34
Market-to-Book 2345 1.09 0.90 0.68 0.35 4.21
Tangibility 2341 0.46 0.45 0.25 0.03 0.91
Asset Volatility 2166 0.14 0.12 0.06 0.03 0.37
Return 2345 0.12 0.09 0.47 -0.82 1.88
7 score 2047 2.43 2.18 1.66 -1.01 8.18
Amount of Bond (M) 2345 236.4 185.0 221.5 10.0  1,400.0
Coupon 2345 8.18 7.95 2.26 0.00 15.4
Gross Spread 1996 7.42 6.83 5.27 0.00 34.7
Maturity

Note: The figure shows the dynamics of leverage from ¢ — 1 through ¢ + 4 for firms from the
lowest performance quintile at ¢ = 0, which are in turn divided into five cohorts according to
their maturity structure. The two figures are for those in the shortest vs. longest quintile,
respectively. The thick solid line traces the mean value of leverage ratio for each group. The
shaded area represents 95% confidence interval. The light-grayed horizontal line indicates the
initial ratio of leverage.

Figure 1.1: Leverage Dynamics for For Firms with Lowest Returns at Time Zero
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to manage its bankruptcy probability. However, this is not easy since all benefits
from restructuring go to existing bond holders. The only way is to wait for some
of outstanding debt matured. A firm having historically issued debts with shorter
maturity can adjust quickly its leverage hit by bad shocks while an equivalent but
with longer maturity would take more time to reduce its debt level.

We select the extreme group in their performance in order to see their distinctive
actions towards adjusting their leverage. With good shocks, we expect the upward
adjustment is prevalent for both long and short maturity group as it is optimal
for firms with the positive shocks to increase its debt capacity. With bad shocks,
we expect that voluntary debt reductions are more prominent in the shortest debt

maturity group while the longest debt maturity group is slower than its counterparts.

With bad shocks Figure 1.1 shows the average leverage dynamics of the shortest
maturity group adjust after a negative performance shock measured by stock return,
while Figure 1.2 shows the equivalent of the longest maturity group. The thick solid
line traces the mean value of leverage ratio for each group. The shaded area represents
95% confidence interval. The light-grayed horizontal line indicates the initial ratio of
leverage. The leverage in the worst performers in quintile with the shortest maturity
has risen from year t = 0 to year ¢t = 1 after very low equity return in ¢ = 0. This
follows mechanically from the reduction in the denominator of the leverage calculation
(long-term debt + total equity) since the price of equity dropped. However, the
leverage is readjusted quickly between year ¢ = 1 and ¢t = 2 but later on its speed
of reduction gets slower at the end of observation year ¢ = 4. As well as the lowest
performance quintile with the longest maturity group has automatically raised its
leverage ratio since the equity price plummeted. But it has not started to deleverage

much until at ¢t = 3.

With good shocks On the contrary, we examine the highest performance group
with the shortest debt maturity in year ¢ = 0 and compare them with the longest
debt maturity group. We keep tracking their leverage between a previous year ¢ — 1
and next four years ¢ + 4 with a positive shock in year ¢ = 0, thereby observing a
firm’s dynamic adjustment in its capital structure. Changes in capital structure differ
from the previous analysis; its leverage ratio decreases due to an increase of equity

price at the first year. Later, both groups levered themselves up, even though the

23



Maturity

0.7 0.7
0.6 0.6
0.5 0.5
0.4 0.4
-1 0 1 2 3 4 -1 0 1 2 3 4

Note: The figure shows the dynamics of leverage from ¢ — 1 through ¢ + 4 for firms from the
highest performance quintile at ¢ = 0, which are in turn divided into five cohorts according
to their maturity structure. The two figures are for those in the shortest vs. longest quintile,
respectively. The thick solid line traces the mean value of leverage ratio for each group. The
shaded area represents 95% confidence interval. The light-grayed horizontal line indicates the
initial ratio of leverage.

Figure 1.2: Leverage Dynamics for For Firms with Highest Returns at Time Zero

shortest maturity group is faster than the longest maturity one in increasing its debt
level.

In conclusion, the dynamics of leverage shows that a firm with historically issued
short-term debt had better to readjust its leverage than the equivalent with long-term
debt when it was hit by a negative shock. Our observation confirms that voluntary
debt reduction is possible for firms with with short-term debt financing (Dangl and
Zechner, 2016, Miltersen and Torous, 2007), as well as it reassures an upward adjust-
ment is optimal for both long-term debt issuers and short-term ones with positive

shock (Goldstein, Ju, and Leland, 2001; Ju and Ou-yang, 2005).

1.3.2 Cross-sectional Variation

Table 1.1 provides the definitions of variables in the regression analysis. Debt matu-
rity is defined as an amount-weighted average of time to maturity at bond issuance.
Leverage is defined as either book leverage or market leverage. Book leverage is de-
fined as total debt (the book value of long-term debt plus debt in current liabilities),
divided by the book value of assets. Market leverage is defined as total debt divided
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by market value of equity plus total debt. We include both of these leverage variables
in all of the empirical analysis for robustness. The independent variables of interest
are following: asset volatility is defined as the standard deviation of equity return
multiplied by market value of equity divided by market value of equity plus total
long-term debt plus half of short-term debt. Size is the log of total assets. Profitabil-
ity is operating income scaled by total assets. Tangibility is net property, plant and
equipment scaled by total assets. Market to Book ratio is market value of equity plus

total debt minus deferred taxes and investment tax credit scaled by total assets.

Simple Regression Table 1.3 reports a pooled ordinary least squares (OLS) re-
gression results. We also employ year and industry fixed effects in order to consider
variations among industry and year specific observations. Panel (b) of Table 1.3
reports the regression results with year and industry fixed effects. As various speci-
fications of pooled OLSs are made, our empirical findings have inconclusive results.
First, the negative association between maturity and volatility of asset dynamics in a
pooled OLS equation is insignificant, moreover the fixed effects regression results pro-
duce an opposite sign. Second, the maturity and leverage are negatively associated in
both regressions, as we predicted. Third, we confirm that the relation between asset
volatility and leverage is inversely related in base regression as well as ones with fixed
effects. Lastly, the issuance costs, proxied by gross spread, have a positive association

with debt maturity though this effect gets weaker in fixed effects regressions.

Difference method In a maturity equation, our empirical predictions are reas-
sured; a firm with higher volatility of earnings tends to issue shorter-term bonds
though its statistical power is insignificant. Second, a firm with shorter-term bonds
tends to increase debt financing. Third, higher issuance costs counter-balance the
financial flexibility by letting a firm start to issue longer maturity bonds. Among
control variables, size, tangibility and cash holding have same signs with results from
a pooled OLS. On the other hand, an increase in strong growth opportunity, mea-
sured as Market-to-Book ratio, has a different sign. It is negatively associated with
debt maturity which supports the extant literature; short-term debt mitigates agency
problems (Myers, 1977; Barclay, Smith, and Watts, 1995; Barclay, Marx, and Smith,
2003)

In the leverage equation results presented in Table 1.4, a firm’s leverage is ex-
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Table 1.3: Results from Pooled OLS Regressions

This table presents the pooled OLS regression results for two equations separately. Panel
(a) reports estimation result for the maturity equation results (1.1), and panel (b) for the
leverage equation (1.2). Numbers in the parenthesis are the ¢-statistics.

(a) Maturity equation

Dependent Variable: Maturity
(i) (ii)
Volatility -1.00 (-0.61) 3.47 (1.73)*
Leverage -2.66(-4.42)""  -1.99 (-2.69)"
Profitability -3.48 (-1.60) -4.57 (-2.04)"
Market-to-Book 0.13 (0.57) 0.60 (2.48)"
Tangibility -0.73 (-1.70)"  1.00 (1.38)
Size -0.66 (-9.33)""  -0.49 (-6.04)""
Cash holding 3.11 (2.47)" 3.93 (3.13)"
Gross Spread 0.09 (4.30)""  0.07 (3.52)"
Year Fixed No Yes
Industry Fixed No Yes
R Squared 0.10 0.29
Obs 1504 1504
(b) Leverage equation
Dependent Variable: Leverage
(i) (if)
Volatility -0.37 (-5.59) 7 -0.62 (-8.83)"
Maturity -0.003 (-3.56) © -0.003 (-2.69)"
Profitability -0.60 (-7.51) 7 -0.68 (-8.69)"
Market-to-Book -0.12 (-14.3)"" -0.09 (-11. 3)* -
Tangibility 2012 (-7.38) 77 -0.07 (-2.82)"
Size -0.04 (-14.2) 77 -0.04 (-13.1) 7
Cash holding 0.32 (6.90)"" 0.32 (7.14) 77
Gross Spread 0.001 (1.36) 0.001 (1.89)"
Year Fixed No Yes
Industry Fixed No Yes
R Squared 0.60 0.64
Obs 1504 1504
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plained by asset volatility, maturity and issuance costs with a statistical and econom-
ical significance. A firm with greater asset volatility, higher profitability, stronger
growth opportunities, or higher tangibility tends to lever itself down, while a firm

with higher cash holdings is likely to lever itself up.

Two-Stage Regression Our findings from a Pooled OLS regression and difference-
in-difference method are mixed. The negative relation between volatility and maturity
is statistically weak. Also, those results differ from with or without fixed effects in
both a Pooled OLS and difference-in-difference regression. Corporate finance liter-
ature has been recognized the simultaneous decision among firm’s financial policy.
Advanced econometric tools are much used for resolving the endogeneity. In order
to tackle this problem, we estimate a two-stage least squares (2SLS) system of equa-
tions in which the standard errors of the coefficients are adjusted for the clustering
of observations at the firm level.

Table 1.5 provides 2SLS regression results;panel (a) presents the regression from
debt maturity whereas panel (b) leverage equation. First, a firm with high uncertainty
on earnings is likely to shorten the maturity of debt. As the uncertainty becomes
higher, a firm acknowledges the flexible benefits from short-term financing. Second,
a firm with shorter maturity of debt tends to lever up. A firm with short-term debt
financing enjoys its flexibility to manage its leverage, which helps a firm accommodate
more debt. Third, a firm with higher issuance costs tends to issue longer debt matu-
rity since expensive issuance costs outweigh the flexibility benefits. This is consistent
with the extant literature on a underwriter compensation and issue costs (Gande
et al., 1997; Melnik and Plaut, 1996). Moreover, the results from leverage regressions
in the lower panel support the negative relationship between maturity, leverage, and
asset volatility. Our 2SLS regression results support our main empirical implications;
a firm with shorter debt maturity optimally increases its debt, thereby making full use
of the available financial flexibility, while a firm with higher volatility asset dynamics
optimally tends to lever itself down, thereby reducing its financial distress.

We also look at whether our findings from other variables are consistent with
the extant literature. In a maturity equation, size is negatively related with bond
maturity; bigger firms tend to issue short-term bonds. Guedes and Opler (1996) and

Johnson (2003) suggest firm size as proxy for credit quality. They elaborate that
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Table 1.4: Regression using Difference method

This table presents the regression results based on a difference method. Panel (a) reports es-
timation result for the maturity equation results (1.3), and panel (b) for the leverage equation
(1.4). Numbers in the parenthesis are the t-statistics.

(a) Maturity difference equation

Dependent Variable:

A Maturity

() (if)

AAsset Volatility -0.55 (-0.53) -1.15(-1.05 )
ALeverage -1.58 (-1.91) -1.23 (-1.43)
AProfitability 3.57 (1.79)" 3.40 (1.67)"
AMarket-to-Book -0.58 (-2.55)  -0.48 (-2.08)"
ATangibility 0.31 (0.40) 0.62 (0.79)
ASize -0.67 (-5.42) 7 -0.72 (-5.63)"
ACash holding 1.34 (1.13) 1.10 (0.93)
AGross Spread 0.22 (7.68) " 0.22 (7.64)"
Year Fixed No Yes

Industry Fixed No Yes

R Squared 0.10 0.17

Obs 1504 1504

(b) Leverage difference equation
Dependent Variable: ALeverage
() (if)

AAsset Volatility -0.10 (-2.76) 77 -0.11 (-3.02) 7
AMaturity -0.002 (-1.91) 7 -0.001(-1.43)
AProfitability -0.70 (-10.9)""  -0.72 (-11.2) 7
AMarket-to-Book -0.09 (-12.4)"7  -0.08 (-11.6)""
ATangibility -0.04 (-1.41) 77 -0.03 (-1.26)
ASize -0.05 (-13.7) 77 -0.05 (-13.6) 7
ACash holding 0.11 (2.70)""" 0.11 (2.87)"
AGross Spread 0.003 (2.70) " 0.002 (2.31)"
Year Fixed No Yes

Industry Fixed No Yes

R Squared 0.60 0.58

Obs 1504 1504
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Table 1.5: Two Stage Regression

This table presents the results from the two-stage regression of maturity and leverage on the
explanatory variables as specified in the system of simultaneous equations (1.5). Numbers in
the parenthesis are the t-statistics.

Dependent Variable: Maturity

Leverage(predicted) -2.44 (-3.56)"
Volatility -0.34 (-5.63)""  -3.52 (-1.98)"
Profitability -0.60 (-7.98)""  -3.48 (-1.60)
Market-to-Book -0.13 (-17.6)""  -0.73 (-1.70)*
Tangibility -0.10 (-6.95)""  0.13 (0.57)
Size -0.03 (-13.2)""  -0.66 (-9.33) 7
Cash holding 0.23 (5.41)"" 3.11 (2.47)
Gross spread 0.0002 (0.32) 0.09 (4.30) ***
Tax Credit dummy 0.03 (3.80)"""

Acquisition dummy 0.02 (2.45)"

Industry Leverage -0.28 (-16.3)"

R Squared 0.58 0.10

F-test 172.5 15.87

Obs 1504 1504

(a) Maturity equation

Dependent Variable:  Leverage

Maturity (predicted) -0.003 (—3.56)
Volatility 3.46 (2.36)" -0.37 (-5.59)
Profitability -2.80 (-1.56) -0.09 (- 9.99)
Market-to-Book 0.49 (2.79) *** -0.12 (-14. 3) h
Tangibility 0.19 (0.57) 012 (—7.38) h
Size L0.25 (460)  -0.04 (-142)
Cash holding 1.69 (1.65) 0.32 (6.90) -
Gross Spread 0.05 (2.87) 0.001 (1.36)
Industry Maturity 0.93 (28.6)*‘*

Term spread 0.01 (0.09)

Z-score__dummy -0.12 (-0.65)

R Squared 0.41 0.50

F-test 86.97 149.91

Obs 1504 1504

(b) Leverage equation
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higher credit quality firms are likely to issue both short and long-end of maturity,
while firms with lower credit quality choose medium maturity. In a leverage equation,
size has a negative coefficient. Our finding supports that of Childs, Mauer, and Ott
(2005); a proxy of firm size as default risk, which is inversely related to the leverage
ratio. Barclay, Marx, and Smith (2003); Johnson (2003) and MacKay (2003) among
others find that larger firms tend to issue long-term debt with less debt in capital
structure, which is consistent with our finding.

Our findings support the benefits of short-term debt in reducing agency problems;
a growth opportunities, measured as Market-to-Book ratio, is negatively associated
with debt maturity. The literature of debt maturity has been focused on agency prob-
lems; Jensen and Meckling (1976) point out that equity holders increase investment
risk by asset substitution. Myers (1977); Barnea, Haugen, and Senbet (1980); Stohs
and Mauer (1996) among others, suggest that short-term debt mitigates agency costs
or under-investment problems. Our empirical finding is consistent with cash holding
effects on maturity and leverage; the debt maturity gets longer as cash holdings in-
crease. Cash is substituted to short-term debt as a mean of flexibility. We also see
the relation between leverage and profitability as well as leverage and tangibility from
leverage regression results. As a firm becomes more profitable, with higher proportion
of tangible asset, and stronger growth opportunities, a firm also levers itself down.
Hovakimian, Opler, and Titman (2001) suppose that firms with higher proportions of
tangible assets are likely to increase debt financing, because such assets can be used
as collateral.

We draw attention on the role of asset volatility on the financial policy; matu-
rity and leverage. On one hand, flexibility benefits become more valuable to a firm
with highly volatile assets, hence a firm with high volatility of asset tends to issue
shorter-term debt. On the other hand, a firm with high volatility of assets may has
high bankruptcy probabilities as well; asset volatility is inversely related to the lever-
age. Stohs and Mauer (1996); MacKay (2003); Johnson (2003) also find the negative
relation between maturity and volatility. In contrast, Diamond (1992); Guedes and
Opler (1996); Childs, Mauer, and Ott (2005) predict that the relation is non-linear;
firms with low volatility tend to issue both short-end and long-end of maturity and
firms with high volatility tend to issue debt with a middle-term maturity.

We utilize the coefficient estimates of the maturity equation to calculate the ef-
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fect on mean maturity of a one-standard deviation increase in volatility in order to
estimate the economic significance of the effect of volatility’s influence on the debt
maturity. A one-standard deviation increase in volatility shortens debt maturity by
2.5%, reducing bond maturity from its mean of 8.5 years to 8.3 years. The economic
effect of volatility to maturity is rather smaller comparing with other estimates. We
look at how economic effects of other estimates in a maturity equation; a one-standard
deviation increase in leverage decreases debt maturity by 6%, reducing bond maturity
from its mean of 8.5 years to 8 years. Size matters since a one-standard deviation
increase in size(measured as log(total asset)) shortens debt maturity by 11%, reduc-
ing bond maturity from its mean of 8.5 years to 7.4 years. The effect of issuance
costs on debt maturity is economically significant; a one-standard deviation increase
in issuance costs (measured as gross spread) increases debt maturity by 6%, length-
ening bond maturity from its mean of 8.5 years to 9.1 years. Next, we examine the
economic effects of leverage equations. First, the effect of volatility to leverage is
economically significant; a one-standard deviation increase in volatility decreases its
leverage by 5%, lowering its leverage ratio from its mean of 0.47 to 0.45. Second,
maturity also influences leverage reduction; a one-standard deviation increase in ma-
turity reduces its leverage by 5%, cutting down its leverage ratio from its mean of
0.47 to 0.45. Size is an important factor for leverage too; a one-standard deviation
increase in size(measured as log(total asset)) decreases its leverage by 14%, reducing
its leverage ratio from its mean of 0.47 to 0.34. Lastly, the economic effect of cash
holding to leverage is substantial as well; a one-standard deviation increase in cash
holding increases its leverage by 16%, boosting its leverage ratio from its mean of

0.47 to 0.53.

1.4 Renegotiability: DealScan Sample

We investigate DealScan data using the maturity of bank loans as a proxy for debt
maturity. Our analysis will illustrate a further evidence on whether different types
of debt, for example, public debt vs. private debt, shows distinct implications on
a firm’s financial policy. Thomson-Reuters’ LPC DealScan (DealScan), also known
as Loan Pricing Corporation Deal Scan, provides reliable information on the global

commercial loan market. DealScan database contains a comprehensive historical in-
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formation on loan pricing, contracts details, terms and conditions. DealScan data
are compiled from SEC filings and public documents (10Ks, 10Qs, 8Ks and regis-
tration statements), and loan syndicates as well as other internal sources. We again
explore our empirical implications using bank loan sample. We proxy debt maturity
as time-to-maturity of loan. We expect the interaction among maturity, leverage,
and asset volatility in bank loan might differ from that of bonds. A bank loan has a
higher possibility of renegotiation along the path of performance of firms. The bank
can closely monitor a firm’s performance and rearrange its interest rates, maturity,
amount outstanding, and so on during its loan’s lifetime. For example, Roberts and
Sufi (2009) find that 90% of private credit contracts are renegotiated prior to their
stated maturity.

Table 1.6 provides summary statistics of bank loan sample between 1987 through
2010. The final sample consists of 5196 loan observations. Some observations for
other variables are missing. The maturity of bank loans is estimated as 2.56 years.
The average amount of bank loans is 150 million dollars(median) and 299 million
dollars(mean) which indicates the tail distribution of bank loan is positively skewed.
AllInUndrawn spread measures the amount a borrower pays for each dollar available
under a commitment. It adds the commitment and annual fee. Sales is the financial

amount by which the company’s revenue is measured.

1.4.1 Leverage Dynamics

We examined how a firm can adjust downward(upward) when it is hit by nega-
tive(positive) shocks. We also compare firms with debts of shorter maturity to the
equivalents with debts of longer maturity. Using DealScan sample, we look at whether
private debt maturity reacts to performance shocks in a different manner comparing
to public debt. We keep a same procedure in sorting firms into 25 bins, first by
performance and second by maturity following Section 3.

Figure 1.3 illustrates the dynamic leverage reduction from ¢ — 1 through ¢+ 4 with
the firms hit by the performance shock in ¢t = 0. Upper panel of Figure 1.3 shows
the leverage dynamics when a firm was hit by a negative performance shock. The
average leverage has mechanically risen between ¢ = —1 and ¢t = 0, since the value
of equity decreases by a negative shock. The leverage dynamics of bank loan sample

differ from cooperate bond sample; both groups with shorter-term and longer-term
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Maturity

Return Performance

Note: The figure shows the dynamics of leverage for firms different in their return performance
at t = 0 and maturity structure of bank loans. The thick solid line traces the mean value
of leverage ratio for each group. The shaded area represents 95% confidence interval. The
light-grayed horizontal line indicates the initial ratio of leverage.

Figure 1.3: Leverage Dynamics: Case of Renegotiable Debt (data: DealScan Bank
Loans)



Table 1.6: Summary Statistics of DealScan Sample

This table provides summary statistics of bank loans between 1987 through 20010. The
final sample consists of 5196 loan observations. Some observations for other variables are
missing. The maturity of bank loans is measured as amount weighted maturity and the mean
of maturity is 2.56 years. The average amount of bank loans is 150 million dollars(median)
and 299 million dollars(mean), which indicates the tail distribution of bank loan is positively
skewed. AllInUndrawn measures the amount a borrower pays for each dollar available under
a commitment. It adds the commitment and annual fee. Commitment Fee measures the
amount a borrower pays for each dollar available under a commitment. Sales At Close is the
financial amount by which the company’s sales revenue is measured as of the closing date of
the agreement

Variables Obs  Mean Std Min Max
Loan Maturity 5548 2.56 1.74 0.00 10.0
AlllnUnDrawn 4860 36.8 23.2 0.25 283.2
Loan Amt/Sales 3662 0.34 0.70 0.00 21.6
Loan Amt(Million) 5548  396.9 817.6 0.21 22,2374
Sales(Million) 5042 4,334.3 45,7762 -4,214.9  1,851,180.0

loan hit by negative shocks increase their leverage automatically at the first year.
Group of firms with shorter-term loan start to decrease their leverage at t = 1 but
recover it at ¢ = 2, while firms with longer-term loan start to delever at ¢ = 2 and
keep delevering until ¢ = 4.

Lower panel shows the average leverage dynamics due to positive performance
shocks. Firms with the shortest maturity quickly raise their leverage after the positive
shock, while firms with the longest maturity are slower to increase the leverage. All
firms behave in a similar pattern; by increasing their leverage after a positive shock.
The upward adjustments hit by positive shocks are observed in both public debt and

private debt.

1.4.2 Cross-sectional Results

Simple Regression We test the four predictions following Section 4 and look at
whether a firm adjusts its optimal financial policy differently when it is financed with
bank loan too. As variables of interests, we proxy debt maturity as loan amount
weighted time-to-maturity, issuance costs as all-in-undrawn spread and leverage as
the fraction of total debt to sum of debt and market value of equity.

Table 1.7 provides the results from OLS regression. In each equation, column
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Table 1.7: Results from Pooled OLS Regressions: DealScan Sample

This table presents the pooled OLS regression results for two equations separately. Panel
(a) reports estimation result for the maturity equation results (1.1) and panel (b) for the
leverage equation (1.2). In each equation, the first column (i) shows the results without fixed
effects, and the second column (ii) with both year and industry fixed effects. Numbers in the
parenthesis are the t-statistics.

Dependent Variable: Loan Maturity

) (i)
Asset Volatility 1.10 (3.59) *** 0.19 (0.50)
Leverage 0.55 (3.40) *** -0.05 (-0.24)
Profitability 0.50 (1.49) 0.71 (1.86)"
Market-to-Book 0.17 (4.00) 0.03 (0.58)
Tangibility -0.37 (-3.20) ***  -0.09 (-0.50)
Size 0.06 (2.70)"*  0.10 (4.01) ***
Cash Holding 0.01 (0.11) 0.05 (0.69)
Loan amount/sales 0.08 (1.30) 0.09 (1.28)

Issuing costs

0.003 (2.33)**

0.005 (3.01) ***

Year Fixed No Yes
Industry Fixed No Yes
R squared 0.02 0.22
Obs 2942 2255

(a) Maturity equation
Dependent Variable:  Leverage

) (if)

Asset Volatility -0.49 (-14.3)***  -0.69 (-17.5)***
Loan Maturity 0.01 (3.40)*** -0.001 (-0.24)

Profitability 0.1 (-2.76) 0.18 (-4.25)"
Market-to-Book -0.10 (-21.9)**  -0.07 (-14.2)***
Tangibility 0.00 (-0.10) 0.02 (1.17)
Size 20.03 (-12.8)"*  -0.03 (-12.3) =
Cash Holding 0.01 (1.67)" 0.00 (-0.14)
Loan amount/Sales 0.03 (4.92)*** 0.01 (1.63)

Issuing costs

0.001 (6.50)***

0.001 (6.99)***

Year Fixed

No

Industry Fixed No Yes
R squared 0.35 0.52
Obs 2932 2255

(b) Leverage equation
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(i) presents the OLS regression results without any fixed effects, while column (ii)
gives OLS results with year and industry fixed effects. The main dependent variable
is loan maturity in a maturity equation and market leverage in a leverage equation,
respectively. We focus on leverage ratio, maturity, asset volatility, and issuance costs
as independent variables of interests. Other control variables are firm’s profitability,
tangibility, Market-to-Book ratio, size, loan amount scaled by sales, and cash holdings.
We find that the relationship between financial policy and asset volatility contradicts
our findings from FISD data; the higher the asset volatility, the longer the maturity of
loans. The higher fraction of debt to total assets a firm has, the longer the maturity
of loan it issues. The relation between asset volatility and leverage is consistent with
our finding from FISD data; the higher the asset volatility, the lower the leverage. It
seems that bank loan achieves the flexibility benefits not from its stated maturity but
from its renegotiation or restructuring. Prior works also confirm that bank loan are
frequently renegotiated (Diamond, 1992; Roberts and Sufi, 2009). Results from bank
loan sample support our theoretical propositions; the trade-off between transaction
costs and the flexibility feature of debt contracts can be offset by the renegotiation

possibility.

Two-Stage Regression In this section, we analyze the joint determination of
debt maturity and leverage using DealScan data. Table 1.8 provides the 2SLS re-
gression results with instrumental variables. Following Section 4, we used industry
maturity, term spread, and acquisition dummy as instruments in the maturity equa-
tion and Altman’s Z Score dummy, tax credit dummy, and industry average leverage
as instrument variables in the leverage equation. The upper panel reports the results
of maturity equation while the lower panel presents ones of leverage equation. We
find that the two-stage regression results are consistent with our findings from a base
regression (see Table 1.7). Firms having debts with long-term loan lever up, while
firms having high uncertainty on asset dynamics tend to finance with long-term loan.
These results dispute our findings from FISD sample regressions. Next, we find that
a firm with high volatility of asset dynamics reduces its leverage, thereby managing
its financial distress, which is consistent with FISD sample.

We also utilize the coefficient estimates of the maturity equation to calculate the

effect on mean maturity of a one-standard deviation increase in volatility in order
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Table 1.8: Two Stage Regression: DealScan Sample

This table provides the results when DealScan sample is brought into two-stage regression
with instrumental variables. Panel (a) reports the results when having loan maturity as
dependent variable, and panel (b) reports the results when having leverage as dependent
variable.

Dependent Variable: Loan Maturity

0.55(3.40) "

Leverage(Predicted value)

Volatility
Profitability
Market-to-Book
Tangibility

Size

Cash Holding

Loan amount/Sales
Issuance costs
Industry Leverage
Tax Credit Dummy

Acquisition Dummy

-0.45(-14.1)"**
-0.11 (-3.06)***
-0.10 (-23.7)***
0.02 (1.44)
-0.03 (-13.1)***
0.01 (1.35)
0.03 (4.56)"**
0.001 (5.77)***
-0.28 (-20.1)***
0.02 (2.43)*
-0.02 (-4.01)***

1.10 (3.59) ***
0.50 (1.49)
0.17 (4.00)***
-0.37 (-3.20)**
0.06 (2.70)***
0.01 (0.11)
0.08 (1.30)
0.003 (2.33)**

R squared
Obs

0.02
2942

0.22
2255

(a) Maturity equation

Dependent Variable: Leverage

Maturity (Predicted value) 0.05 (1.96)**

Volatility 0.21 (0.76) -0.49 (-12.9)"*
Profitability 0.96 (2.93)"*  -0.10 (-2.22) **
Market-to-Book 0.02 (0.46) -0.08 (-17.4)***
Tangibility 2007 (-0.58)  0.01 (0.94)
Size 0.05 (247) **  -0.03 (-10.9)***
Cash Holding -0.02 (-0.38) 0.01 (1.48)
Loan amount/Sales 0.05 (0.91) 0.02 (2.81)
Issuance costs 0.003(2.18)**  0.001 (6.14)***
Industry maturity 0.97 (32.1)***

Term Spread 0.00 (-0.13)

Z-Score Dummy -0.04 (-0.65)

R Squared 0.37 0.37

Obs 2255 2255

(b) Leverage equation
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to estimate the economic significance of the effect of volatility’s influence on bank
loan maturity. A one-standard deviation increase in volatility lengthens bank loan
maturity by 3%, increasing bank loan maturity from its mean of 2.6 years to 2.7
years. The economic effect of volatility to loan maturity is small since we entangle the
endogeneity between leverage and maturity using two stage regression methods with
instruments. The economic effect of leverage to loan maturity is significant; a one-
standard deviation increase in leverage increases loan maturity by 5%, lengthening
loan maturity from its mean of 2.6 years to 2.72 years. We also see the economic
effects of control variables. Size’s economic effect gets much reduced comparing with
bond issuance sample; a one-standard deviation increase in size(measured as log(total
asset)) lengthens bank loan maturity by 4%, increasing loan maturity from its mean of
2.6 years to 2.7 years. The economic effect of issuing costs becomes weaker too; a one-
standard deviation increase in issuance costs (measured as AlllnUndrawn) increases
debt maturity by 3%, lengthening bond maturity from its mean of 2.6 years to 2.7
years. Next, we look at the economic effects of leverage equation. First, a one-
standard deviation increase in volatility decreases its leverage by 6%, reducing its
leverage ratio from its mean of 0.47 to 0.44. This result is consistent with bond
issuance sample. The economic effect of loan maturity to leverage is substantially big
in loan sample; a one-standard deviation increase in maturity increases its leverage
by 19%, lengthening its leverage ratio from its mean of 0.47 to 0.56. Finally, size
has a strong economic effect to leverage too; a one-standard deviation increase in
size(measured as log(total asset)) decreases its leverage by 10%, reducing its leverage
ratio from its mean of 0.47 to 0.42.

We analyze the financial policy in a dynamic capital structure using DealScan
sample in this section and compare the results with the FISD sample in section
3. We find that an endogenous decision between maturity and capital structure in
DealScan sample differs from that in FISD sample. The frequent renegotiation of
loan contracts lets its behavior differ from the financial policy analysis with the FISD
sample. Firms financed with bank loans can adjust their optimal leverage without
counter-balancing the effects of the flexibility benefits of maturity and the transaction
costs of new issuance. The flexibility benefits using bank loans comes from by means
of renegotiation rather than maturity at issuance. Lastly, a firm with high asset

volatility levers itself down; this result is very persistent with both FISD and DealScan
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sample. Thus, our empirical finding supports the classical trade-off theory, between
tax benefits and financial distress. A firm, regardless of finance with private or public
debt, manages its capital structure in order to reduce a firm’s financial distress when

the uncertainty of earnings becomes more volatile.

1.5 Exercisibility: Compustat Sample

We compare FISD sample measured maturity as corporate bond’s time-to-maturity
in Section 4 with DealScan sample using bank loan’s maturity in Section 5. Now, we
employ Compustat sample for robustness. Debt maturity from Compustat database
is defined as an aggregated remaining time-to-maturity of long-term debt outstanding
while we proxy maturity as time-to-maturity of bond at the time of issuance using
a new bond issuance data from FISD database. Guedes and Opler (1996) suggest
an incremental approach in estimating the joint decision of financial policy whereas
Johnson (2003); Barclay, Marx, and Smith (2003) and others utilize an aggregated
debt maturity. An incremental approach is more suitable when the financial policy
quickly adjusts to faster moving state variables at the time of issuance. Whereas
an aggregate one is effective, when its decision on financial policy is affected by
slow moving state variables. In prior works using Compustat data, debt maturity is
measured as a fraction of a firm’s long-term debt maturing in less than or equal to 2
years, 3 years, 4 years and 5 years (Barclay, Smith, and Watts, 1995; Johnson, 2003,
Billett, King, and Mauer, 2007). Harford, Klasa, and Maxwell (2014) use similar
measures but excludes debt due within a year because a debt matured less than a
year is mainly used to finance a firm’s short-term liquidity needs.

We exclude bonds with any optional features in Section 4 since those features
makes maturity of bonds not fixed. For example, a callable bond with 10 years of
maturity at the time of issuance can be called after half of its expected maturity.
Compustat database has a basket of bonds with optional features, whose are not in-
formed. Therefore, we expect Compustat sample has much noise in defining maturity
of debts since it includes all optional features from bonds and summing up all existing

debts a firm has issued.

Summary Statistics Table 1.9 presents summary statistics for 25,182 firm-year

observations over 1987 to 2010. We define a debt maturity as a fraction of total long-
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Table 1.9: Summary Statistics for Compustat Sample

This table presents summary statistics for debt due in next three years(DD2+DD3) exclud-
ing DD1, scaled by total long-term debt(DLTT). We also report similar measures such as
DD1/DLTT (a fraction of long-term debt due in next year) and DD5/DLTT( a fraction of
long-term debt due in next 5 years excluding DD1).

Variable No.Obs  Mean Median  Std. Dev.  Min  Max
DD1/DLTT 25182 0.29 0.05 1.30 0.00 8.58
DD3/DLTT 21775 0.27 0.18 0.28 0.00 1.00
DD5/DLTT 21294 0.51 0.47 0.32 0.00 1.06
Book Lev 27823 0.42 0.45 0.34 0.00 0.98
Market Lev 27823 0.54 0.52 0.21 0.10 0.98
Size 27823 6.54 6.66 2.00 0.00 0.91
Cash Holding 27720 0.16 0.04 0.28 0.00 3.85
Profitability 26236 0.09 0.10 0.10 -0.41  0.36
Market-to-Book 27823 1.05 0.88 0.63 0.19 4.72
Tangibility 26254 0.37 0.33 0.28 0.00 0.91
Asset Volatility 19690 0.19 0.15 0.12 0.00 0.82
Z-score 20820 1.98 1.91 1.71 -5.42 791

term debt due in next three years excluding maturing debt within a year (DD2+DD3-
DD1), scaled by total long-term debt(DLTT) following Harford, Klasa, and Maxwell
(2014). We also use similar measures such as a fraction of long-term debt due in next
year (DD1/DLTT) and a fraction of long-term debt due in the next 5 years excluding
maturing debt within a year[(DD5-DD1)/DLTT] for robustness. All other variables
are defined in Table 1.1.

1.5.1 Leverage Dynamics

We analyze the leverage dynamics using Compustat data whether short-term financ-
ing gives a firm its flexibility towards an rapid readjustment when a firm was hit by
negative performance shocks. Using the same methods applied earlier, firms are first
sorted by quin-tiles of performance in each year and sorted by quin-tiles of maturity
from shortest to longest over 1987 to 2010. Upper panel of Figure 1.4 illustrates the
dynamic leverage from ¢ — 1 through ¢ + 4 with the bad shock in t = 0. With a bad
shock at ¢ = 0, the leverage ratio mechanically rises in both the shortest and the
longest maturity group. On one hand, a firm historically issued the short-term debt

delever itself between ¢ = 1 and ¢t = 2 while a firm historically issued the long-term
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debt keeps raising its leverage until ¢ = 2. The former lets some debts matured when
it was hit by a negative shock whereas the latter cannot shake off some debts even
with higher bankruptcy probability, thereby increasing its financial distress.

Lower panel of Figure 1.4 illustrates the leverage dynamics from ¢ — 1 through
t 4+ 4 for the firms in a group with the highest performance shock in ¢t = 0. With the
positive shock at t = 0, the leverage ratio mechanically falls down in both the short
maturity group and the longer maturity one. Both firms start to increase their debt

level from ¢t = 1, whose tendency continues over the observed years.

1.5.2 Cross-sectional Results

Simple Regression In our maturity equation, we use debt maturity defined as
1-DD3/DLTT as the main dependent variable, where DD3/DLTT is a fraction of
remaining maturity greater than 3 years. Our independent variables of interest are
the leverage ratio and asset volatility. Unfortunately, it is difficult to proxy a vari-
able measuring cost of issuance from Compustat data. We investigate whether the
alternative proxy of debt maturity affects our empirical analysis. Table 1.10 presents
regression results from the maturity of debt (leverage) is regressed on the determi-
nants of debt maturity (leverage) as well as on the control variables with year, industry
and firm fixed effects. The regression coefficients on leverage and asset volatility are
statistically different from zero with the negative signs, while the coefficient on asset
volatility with year, industry, and firm fixed effects has an opposite sign. This indi-
cates that, controlling for potential changes in year, industry, and firm characteristics
over time, asset volatility does not affect in a persistent manner in explaining the
debt maturity. The lower panel reports that the signs of coefficients on the leverage
model are very persistent and statistically significant in both a pooled OLS and fixed

effects regression.

Two Stage Regression Table 1.11 provides regression results for the two-stage
regression with instrumental variables. The upper panel shows that the coefficients on
leverage and volatility are statistically significant and consistent with respect to the
base regression results. The fraction of debt matured in within 3 years excluding less
than a year, increases along with a firm’s leverage and asset volatility. The coefficient

on asset volatility is statistically significant while the coefficient on leverage not. The
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Note: The figure shows the dynamics of leverage for firms different in their return performance
at ¢t = 0 and maturity structure of cumulative debt. The thick solid line traces the mean
value of leverage ratio for each group. The shaded area represents 95% confidence interval.
The light-grayed horizontal line indicates the initial ratio of leverage.

Figure 1.4: Leverage Dynamics: Case of Cumulative Debt (data: Compustat)
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Table 1.10: Results from Pooled OLS Regressions: Compustat Sample

This table presents the pooled OLS regression results for two equations separately. Panel (a)

reports estimation result for the maturity equation results (1.1) and panel (b) for the leverage

equation (1.2). In each equation, the first column (i) shows the results without fixed effects,

the second column (ii) with year and industry fixed effects, and the third column (iii) with

firm, year, and industry fixed effects. Numbers in the parenthesis are the ¢-statistics.

Dependent Variable: 1-DD3/DLTT

@) (it) (iii)
Leverage -0.22(-9.02) 0.03 (2.02)"" 0.04 (2.27)"
Asset volatility -.058(-0.89) 0.21 (8.15) " -0.06 (-1.97)
Profitability -0.28(-3.60)" -0.07 (-2.46)"" 0.004 (0.11)
Market-to-Book 0.004(0.48) 0.02 (3.76)"" 0.02 (3.08)""
Tangibility 0.13(7.94) -0.08 (-6.30) " -0.05(-2.11)""
Size -0.02(-6.05) -0.04 (-25.7) 7 -0.06 (-13.6)
Cash holding 0.02(0.43) -0.04 (-6.55) -0.04 (-4.87)
Year Fixed No Yes Yes
Industry Fixed No Yes Yes
Firm Fixed No No Yes
R squared 0.15 0.22 0.58
Obs 20300 20300 20300

(a) Maturity equation
Dependent Variable: Leverage

() (it) (iii)
Maturity 0.04 (8.55)*** 0.01 (2.02) 0.003 (0.67)
Asset volatility -0.40 (-30.6)""" -0.49 (-36.8) " -0.38 (-27.4)
Stock Return -0.06 (-24.7) 7 -0.05 (-21.3)"" -0.05 (-23.6)""
Profitability -0.22 (-14.2) 77 -0.31 (-21.4) 7 -0.36 (-21.2)
Market-to-Book -0.14 (-69.3) -0.14 (-67.2)""" -0.13 (-48.4)"""
Tangibility -0.07 (-14.6 ) -0.01 (-1.20) 0.05 (4.07)"
Size -0.02 (-31.9) -0.06 (-27.5) " -0.02 (-10.2)""
Cash holding 0.06 (20.7) " 0.04 (14.1) -0.01 (-2.02)""
Year Fixed No Yes Yes
Industry Fixed No Yes Yes
Firm Fixed No No Yes
R squared 0.45 0.60 0.85
Obs 20300 20300 20300

(b) Leverage equation



Table 1.11: Two Stage Regression: Compustat Sample

This table presents the results when Compustat sample is brought into the two-stage re-
gression of maturity and leverage on the explanatory variables as specified in the system of
simultaneous equations (1.5). Numbers in the parenthesis are the t-statistics.

Dependent Variable: ~ 1-DD3/DLTT
CMFst (D) Second

Leverage(Predicted) -0.06(-0.75)

Volatility -0.50 (-42.5) -0.21(-4.80)"""

Profitability -0.33 (-26.7) 0.07 (1.74)*

Market-to-Book -0.14 (-80.2) 77 -0.02(-1.64)

Tangibility 0.001 (0.22) 0.08(6.25)"

Size -0.02 (-32.2) 0.04(16.5)""

Cash holding 0.04 (15.5)*“ 0.04(6.07)

Tax Credit Dummy 0.05 (18.9)*”

Acquisition Dummy -0.008 (-3.26)***

Industry Leverage -0.18 (-17.3)

Year Fixed Yes Yes

Industry Fixed Yes Yes

R Squared 0.53 0.22

F-test 201.8 39.6

Obs 18578 14528

(a) Maturity equation

Dependent Variable: Leverage

Maturity (Predicted) 0.05 (2.95)***
Volatility -0.17 (-7.11)77 -0.53 (-40.1)***
Profitability 0.13 (4.12)" -0.36 (-27.2)***
Market-to-Book -0.02 (-4.48)""  -0.13 (-67.3) ***
Tangibility 0.06 (4.12) 77 -0.002 (-0.31)
Size 0.04 (27.7) -0.038 (-34.6)***
Cash holding 0.06 (8.60)" 0.01 (3.16) ***
Industry Maturity -0.92 (-34.5)"

Term spread -0.007(0.00)

Z Score Dummy -0.004(-2.14)

Year Fixed Yes Yes

Industry Fixed Yes Yes

R Squared 0.30 0.52

F-test 52.48 157.66

Obs 12252 14286

(b) Leverage equation
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leverage equation results in the the lower panel show that the higher short-term debt
fractions in total long-term debt, the higher leverage ratio. As the asset dynamics of
firm become more volatile, a firm levers itself down in order to reduce the probability
of financial distress. This is very persistent among different samples, supporting a
trade-off theory of optimal leverage decision.

With the same definition of debt maturity and leverage specifications using Com-
pustat data, Johnson (2003) elaborates how short-term debt affects on the leverage
decision. On one hand, short-term debt attenuates under-investment by reducing
agency costs and makes a firm engage more debt. On the other hand, a firm, with
a higher proportion of short-term debt, reduces debt outstanding to relieve liquidity
risks. Hence, the net effects of short-term debt on the leverage depend on the counter-
balancing forces of attenuation effects and liquidity risks. Our empirical finding are
contrasting with Johnson (2003); the net effects of the proportion of short-term debt
to total debt is positive on the explanation on the leverage as well as the flexibility
benefits plus the attenuation of under-investment problems act against the liquid-
ity risk, hence the net effect of short-term debt on leverage is positive. The higher
proportion of short-term to total debt increases the leverage. Childs, Mauer, and
Ott (2005) also find that a firm chooses short-term debt in order to take financial
flexibility; short-term debt reduces the agency costs of under- and over-investment.
Nevertheless, they argue that the effect of short-term debt on leverage may not be

positively related, since a firm’s debt level also depends on the type of growth option.

1.6 Conclusions

We examine how firms determine their maturity and leverage. We depart from ear-
lier studies by giving the credit to the fact that maturity is not the only way the
financial flexibility can embody in. We construct three samples accordingly; sample
having flexibility in debt maturity, sample having flexibility in debt renegotiability,
and sample having flexibility in debt exercisibility. While controlling these features,
our study discovers a clear-cut relationship between maturity, leverage, and volatility
of business environment.

Our new findings include that (1) firms with debt of shorter maturity are much

faster in re-balancing their leverage ratios; (2) firms facing more volatile earnings
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tend to issue debt with shorter maturity; (3) firms with shorter maturity debt tend
to lever themselves up to higher leverage; (4) firms facing more volatile earnings tend
to make lower leverage; (5) firms with lower issuance costs tend to issue debt with
shorter maturity.

With these findings, this paper contributes to the existing literature in several
aspects. First, this paper confirms the traditional wisdom established in the literature
with respect to the two theoretical pillars of the dynamic capital structure models.
Second, it provides new evidence that where the financial flexibility is inherently
contained in debt maturity, debt of shorter maturity benefits a firm in respect of
financial flexibility under volatile business environments, while at the same time the
financial flexibility contributes to a firm’s debt capacity. Third, this paper highlights
the importance of discerning flexibility in various forms: A failure to discern and
control flexibility content out of debt types and aggregation methods can potentially
mislead one in examining corporate maturity policy. This helps reconcile a body of

previous empirical studies seemingly contradicting one another.
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Chapter 2

Sharing Downside Risks:
Contingent Coupon Bonds

We propose and solve a model of optimal capital structure in which the
growth rate and volatility of the earnings shift between different states.
We show that a firm can enter coupon payment contracts on contingency;
paying higher coupon in Good state and lower in Bad state. We show
that this type of security allows for an effective risk-sharing between a
firm and investors. Our results suggest that contingent coupon bonds can

help a firm be resilient hit by systemic downside risks.

2.1 Introduction

Contingent Capital Bonds(CoCos) are proposed to reinforce the resilience of fi-
nancial system(Barucci and Del Viva (2010); Calomiris and Herring (2011); Flannery
(2014); Albul, Jaffee, and Tchistyi (2015)). In times of systemic distress a bank can
not raise an additional equity capital, CoCos can provide it. Yet, CoCos might distort
bank’s ex ante incentives; both asset substitution and debt overhang(Albul, Jaffee,
and Tchistyi (2015)). As documented by Avdjiev et al. (2015), CoCos provide capital
buffer to banks while the effects on reducing risk-taking incentives is rather weak.
This paper analyzes the effect of issuing bonds with a state-contingent coupon; which
has a similar function with CoCos but is more flexible and weakens stakeholders’

irrational incentives.
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We start by adapting an investment decision model under uncertainty(Dixit and
Pindyck (1994); Hassett and Metcalf (1999)). The literature looks for an investment
timing when the growth rate and the volatility of state variables follow a stochastic
process whereas we focus on capital structure decision following structural model in
corporate finance. Brennan and Schwartz (1978); Leland (1994) and others consider
debt and equity as contingent claims of firm value, thus they model and solve the
optimal coupon rate of debt, once a trade-off between bankruptcy costs and tax
benefits is perfectly balanced. We solve the model of capital structure and find the
optimal decision of trade-off between tax benefits and bankruptcy costs when a firm’s
earning process shifts between Good and Bad regimes.

We show that the optimal decision under regime-switching produces a bond with
procyclical contingent coupon rates; this pays out lower rates of coupon in Bad state
while it compensates investors with higher rate in Good state. This feature makes
our proposed security as a risk-sharing security for verifiable but excusable economic
events. Our numerical analysis provides the benefits from issuing state-contingent
coupon bonds; a firm is benefited from tax shields as well it reduces the bankruptcy
probability in bad times by relieving liquidity shortage.

Our paper contributes several strands of literature. First, structural model has
provided a theoretical background on issuing contingent capital (CoCos). In partic-
ular, after the recent 2007-2009 financial crisis, the literature on CoCos shows that
bank issuing contingent capital can enhance its asset value as well as reduce the
bankruptcy thresholds(Barucci and Del Viva (2010); Glasserman and Nouri (2010);
Pennacchi (2010); Albul, Jaffee, and Tchistyi (2015)). . Moreover, it persuades reg-
ulators CoCos can be used as a kind of tools to discipline financial intermediaries.
Following a classical model of optimal capital structure (Leland (1994); Leland and
Toft (1996)), our model allows regime-switches on macroeconomic conditions, thus
a firm optimally chooses to issue state-contingent coupon bonds. We provide nu-
merical solutions to show that this hybrid bond can increase firm value and reduce
the chance of costly bankruptcy by paying out pro-cyclical interests. The state-
contingent coupon rate leads the security to resemble performance sensitive debt obli-
gations whose coupon payments tied to a performance of issuer(Lando and Mortensen

(2005),Manso, Strulovici, and Tchistyi (2010)), but in an opposite direction. The first
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difference is the conventional performance sensitive debt has a risk-compensating fea-
ture. Otherwise, the holder of a state-contingent coupon bonds shares the risks with
the issuer. Second, the coupon rate of performance sensitive debt is determined
by issuer’s performance, which is a private information. In contrast, our suggested
state-contingent coupon rate is adjusted to the public information triggered by sys-
temic risks. Nonetheless there are few issuance of risk sharing bonds today, whereas
Drelichman and Voth (2015) document that contingent sovereign debts enhance wel-
fare benefits for monarchs as well as bankers in specified as well as non-contractual
types of contingencies, using archival data.

We propose and solve a model of optimal capital structure under a regime-
switching framework and introduce a new form of hybrid capital as an outcome in
this model. This type of security can alleviate firms’ liquidity problem in times of
high systemic risks. This security has varying coupon rates depending on the state
of economy; a firm could lower coupon rates for currently due-interest payments if
the issuer suffers large losses from existing investments due to recessionary shocks.
By paying less interests to bondholders in times of low(or negative) cash flow, a firm
can resolve the liquidity shortage and furthermore mitigate the downward liquidity
spirals among other inter-connected firms in contracted credit market(Brunnermeier
and Pedersen (2009)).

Whereas a state-contingent coupon bond shares its characteristics with traditional
contingent convertible bonds (CoCos) in several ways. Furthermore, they can relieve
CoCo’s significant problems. First, it can resolve the irreversibility or the rigidity
of CoCos. Once the trigger activated, CoCos convert to equity. However, it is very
difficult to reverse from equity to original bonds even if the trigger has nullified sooner
or later. A state-contingent coupon bond has a flexibility of rebalacing coupon rate
back and forth as systemic risks fluctuate over the financial cycle. For example,
the bondholders are paid by lower rates on a predetermined coupon paying date(i.e.,
semi-anuual or annual basis) when its performance hindered by systemic risks. Later,
the contingent coupon rate can be readjusted if the triggers are invalidated before the
next payment date. Second, it can reduce equity-holder’s asset substitution incen-

tives. With CoCos in its debt liability, equity-holders prefer to take a risky project,
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resulting in conversion of CoCos to equity. Nevertheless, a state-contingent coupon
bond cannot eliminate asset substitution motives completely, in this case, equity-
holders would consider the benefits and losses from sharing risks or gambling for a

resurrection.

2.2 Related work

This study is in line with an extant literature studying the optimal capital struc-
ture. Modigliani and Miller (1958)’s capital structure irrelevance proposition intro-
duces capital structure theory in corporate finance. Assuming no market frictions,
the value of the firm is irrelevant from sources of financing. Followed by Miller (1977),
taxes make an important role of optimal capital structure theory due to tax shields
from debt financing. However, there is a trade-off; the more debt, the higher the cost
of financial distress, leading to an optimal level of debt to equity ratio. Brennan and
Schwartz (1978) contribute the theory by providing a quantitative analysis of opti-
mal leverage when an equity-financed firm’s value follows a diffusion process. Leland
(1994) extends Brennan and Schwartz (1978) and derives the closed form solutions
for the value of debt and the optimal capital structure.

This paper pursues to enrich to the literature on the optimal capital structure
of a company, issuing contingent capital. Albul, Jaffee, and Tchistyi (2015) develop
a closed form solution for CoCos adopting the model by Leland (1994) and Leland
(1994). Barucci and Del Viva (2010) also study the optimal capital structure of a
company issuing callable contingent capital. They show that this type of hybrid
security reduces the spread of straight debt and expected bankruptcy costs but has
a high spread, which is costly. Their findings are inconclusive since the firm with
sufficiently small amount of CoCos actually increase both the value of firm and the
equity-holder’s welfare due to tax benefits from CoCos. However, the firm would not
issue CoCos due to debt overhang problem in case of the leveraged firm assuming
total amount of debt is fixed. Our study differs from Albul, Jaffee, and Tchistyi
(2015) and Barucci and Del Viva (2010) since our model asset dynamics includes
non-stationary components. The systemic risks or macroeconomic risks possess down
a firm’s earning process, furthermore might exacerbate its uncertainty too. Our model

illustrate how a firm reacts to abrupt changes of state of economy and manages its
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Note: This figure illustrates the relation between performance measure and coupon rate. We define
risk-compensating PSD if coupon rate is a non-increasing and not a constant function on the perfor-
mance measure. On the other hand, we define risk sharing PSD if coupon rate is a non-decreasing
and not a constant function on the performance measure. Lastly, if coupon rate is a constant function

on the performance measure then this is non-PSD.

Figure 2.1: The Type of Performance Sensitive Debt

optimal capital structure by issuing a hybrid security. The paper that is most closely
related to Pennacchi, Vermaelen, and Wolff (2010); Pennacchi (2010). These authors
also study an optimal capital structure when the dynamics of the state variable make
jumps. One major difference between the two studies is that we allow a regime-
switching of the growth rate and the volatility of state variables whereas they model
the state variables follow a jump diffusion process. Consequently, we show that a
firm optimally decides to pay state-contingent coupons in this framework. In their
analysis, Pennacchi, Vermaelen, and Wolff (2010); Pennacchi (2010) show that the
bank is likely to increase risks when it issues different types of junior debt, such as
contingent capital and subordinated debt, but moral hazard tends to be less when
issuing contingent capital than issuing subordinated debt.

Our proposed security resembles a feature of Performance Sensitive Debt(PSD),
especially a risk sharing PSD. Manso, Strulovici, and Tchistyi (2010) define PSD
as risk-compensating if coupon is a non-increasing, not constant function on the
performance measure. Following Manso, Strulovici, and Tchistyi (2010), we define
our suggested security as a risk-sharing PSD since its coupon is a non-decreasing, not
constant function on the performance measure. Of course, if a coupon rate is fixed
regardless of the performance measure, this is not PSD at all. Figure 2.1 illustrates

the risk-sharing, risk-compensating, and non-PSD.

The majority of performance sensitive debt contracts is known as 'risk-compensating’,
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such as as step-up bonds(Lando and Mortensen (2005)). The interests of step-up
bonds are linked to credit rating, paying higher interest rates for the event of credit
rating downgrades. In contrast, catastrophe bonds, mainly issued by insurance com-
panies, ensure that coupons are reduced if total losses in the company surpass a pre-
specified level(Froot (2001); Ibragimov, Jaffee, and Walden (2009)). Income bonds
promise the full payment of the face value, but which is only paid if the issuer has
enough income to pay for it'. Income bonds could become an extreme case of risk-
sharing PSD with contingent coupons, in which the reduction in coupon payment goes
to zero at the very severe financial distress. Consequently, we analyze the advantage
of varying coupon rates of bonds, not only reducing the bankruptcy probability but
also fully taking tax advantages of debt. This feature is very similar to catastrophe
bonds(CAT) which share a state-contingent nature of an insurance policy. Following
Ibragimov, Jaffee, and Walden (2009), two equilibria are possible in catastrophe in-
surance markets; a diversification equilibrium and non-diversification. In particular, a
non-diversification trap is described in which the reinsurance market would not exist
neither insurance be offered at all. The intervention of central agency can correct this
trap. The reasons non-diversification traps emerge in catastrophe insurance markets
are similar in TBTF bank cases since the diversification of risks is sub-optimal for
the individual insurers(as well as TBTF banks). With the traditional finance theory,
diversification efficiently eliminates risks but under some conditions; with the con-
cave utility function (with risk-averse investors), with thin-tailed risks (with normal
distributions) and without market frictions (unlimited liability, no fixed costs, no
government subsidy,.etc). In the absence of these requirements, the investors choose
a sub-optimal solution leading to a socially inefficient solution. Implicit government
protection as well as deposit insurance scheme cause BTF or SIFIs’ moral hazards.
Thus, TBTF are better off not to insure themselves. Regulatory authorities should
enforce banks to implement CoCos or CAT style bonds in order for them to avoid

non-diversification traps.

! Miller (1977) take income bonds as an example of the full benefit of tax credit without the

bankruptcy cost disadvantages. Nonetheless, Miller puts it “ ....such bonds are rarely issued.”
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2.3 Regime Switching in business cycle

2.3.1 Loss rate on bank loans over business cycle

Figure 2.2 provides some empirical evidence on how the movements of loss rate on
bank loans are subject to macroeconomic status between 1985 and 2013. We use
charge-off rates (loss rate) on bank loans from Federal Reserve Board. Charge-offs
are the value of loans and leases removed from the books and charged against loss
reserves, the annualized net of recoveries. NBER recession time series are composed of
dummy variables that represent periods of expansion and recession. There are three
NBER recessions between 1985 and 2013;from 1990Q3 to 1991Q1, from 2001Q2 to
2001Q4, and lastly from 2008Q1 and 2009Q2. The shaded areas in the figure include
three recessions. The figure (a) presents total loss rates for all bank loans. Next,
we disaggregated total loss rates into three subcategories; Business Loan(b), Credit
Cards(c), and Real Estate Loan(d). There are three spikes in the loss rates coinciding
with NBER Recessions dates. The higher loss rates on business loans are exactly
fitted into the periods of three recessions, too. Nonetheless, the loss rate on real
estate differs a little; it has reacted little in 1990 recessions but a very high spike in
this recent financial crisis. Consequently, the historical data for charge-offs in bank
loans shows that loss rates on bank loans are counter-cyclical and coincide with NBER
recession periods.

The figure 2.2 confirms loss rates on bank loans change dramatically between nor-
mal and stressful times. Fluctuations in real economic parameters will be captured by
the random work. The possible shifts in the behavior of economic time series imply
that constant parameter models might not be plausible for capturing their jump-like
behaviors. Sudden jumps into a recession, which deteriorates the firm’s profit in a sud-
den manner, cannot be represented by the diffusion process. The firm’s profit is a sta-
tionary while the jump between Good and Bad state is a non-stationary phenomenon.
We incorporate this variation adopting regime-switching’ approach. For instance, the
ordinary business of firm runs in an ordinary manner in Good state, which is modeled
with a diffusion process of parameters; uq(drift), o4(volatility) while in Bad state of

economy the parameter values are replaced with py,(drift), op(volatility). The shifts
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Figure 2.2: The Loss Rate on Bank Loans
Note: This figure shows that charge-off rates (loss rate) on bank loans between1985 - 2013, this

data is from Federal Reserve Board’s web site. We used NBER based Recession Indicators for the

United States from the Period following the Peak through the Trough, from Federal Reserve Bank

of St. Louis. The shaded area indicates NBER recession dates and the straight line is the loss

rate(charge-off rate) annualized for bank loans.



between regimes are integrated with Poisson jump processes.

Moreover, the regime-switching is important in our analysis to make a distinction
between insolvency and illiquidity. In our analysis, we make use of the coupon pay-
ment to restore the liquidity of banks in a Bad state, leading to a usual operation
without government subsidy. However, if a bank is running badly with high losses
even the business cycle is not in the same regime, signifying that any government
supports for helping survive this bank is not necessary. On one hand, insolvent fi-
nancial institutions are categorized as ’gone-concern’ and they should be intervened
by the regulators for an efficient bankruptcy proposal. On the other hand, illiquid
banks are categorized as ’going-concern’ and the self-revival methods of the coupon

reduction and conversion would help save them.

2.3.2 How do state-contingent coupon bonds work?

Figure 2.3 illustrates both a sample path of cash level of losses from bad lending
activities(left vertical axis) and a sample path of stock market index(right vertical
axis). There are two types of thresholds for adjusting coupon rates; Upward and
Downward. We suggest a more publicly available information as a regime-switching
indicator, such as total stock market index or narrowly financial market sector index,
for example, FTSE NASDAQ 500, NASDAQ Financial-100, NASDAQ Bank. A nor-
mal(recession) regime is defined as a financial market sector index passes over(under)
the threshold predefined. We only allow to reduce(increase) coupon rates in times
of bad(good) macroeconomic state, or in times of high(low) systemic risks preva-
lent. Reducing(increasing) coupon rate starts if two conditions are met; falling be-
low(above) threshold for bank’s profit level and an index of financial market stocks.
By doing so, we adopt a kind of dual trigger as suggested by McDonald (2010);
Pennacchi (2010). The motivation for a dual trigger in our model is to discern an
cash flow insolvency from a default. If ABC bank issuing a state-contingent coupon
is doing badly, but other financial industry firms are not hurt then ABC bank can
not exercise lowering contingent coupons. Instead, ABC bank will follow a liquida-

tion process. With a dual trigger in regime-switching framework, a state-contingent
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Figure 2.3: The Conversion paths and the trigger point

Note: Figure 2 illustrates a sample path of cash level of losses from bad lending
activities. The losses is up and down, in particular, vastly increasing in a period of
recessions. Once the losses or stock market index pass over a threshold , then the
coupon rate get lowered between ¢4 and t.; in the first recession. After the recession
ends, its coupon rate get adjusted upward until the second recession comes(during
tsoand te2).

coupon bond work like CAT bonds during a crisis period but standard bonds in a

normal time.

How would this security have worked in the Crisis?

We do not know how much we could have reduced interests expenses for debts
in 2007-2009 if we have implemented a state-contingent coupon bond beforehand.
However, we can look at how much interest expenses were paid and how they did
affect to bank’s operation. We analyze the historical data of U.S financial industries
between 1970 and 2013. This data comes from the Historical Statistics on Banking
(HSOB) provides annual statistical information on the banking industry beginning
in 1934. The HSOB contains aggregated data from individual financial reports filed
by FDIC-insured commercial banks and savings institutions. Figure 2.4 shows how
interest paid to debt has evolved during U.S banking periods between 1970 and 2013.2
The ratio of interest expenses paid to debt to pre-tax income has risen sharply along

NBER recession dates. We find that interest expenses become demanding in a bank’s

2 We exclude the ratio of 2008 since the pre-tax income become negative.
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Figure 2.4: Interests Paid to Debt
Note: This figure shows that Interest Expenses FDIC-Insured Commercial Banks
between1934 - 2013 (dollar amounts in thousands), Data is from Table CB06, Federal
Deposit Insurance Corporation.

operation in those difficult times. For example, the ratio has been doubled in three
recession periods (1981, 1990, and 2007-2008) while the ratio stayed below 1 or 0.5

in normal times.

2.4 Baseline Model

2.4.1 Structural Model with Regime-Swithcing

We start by modeling the dynamics of a firm’s assets and compute prices of debt
and equity as contingent claims on firm value based on Merton (1974); Black and
Cox (1976), and Leland (1994); Leland and Toft (1996). In Merton (1974), the firm
defaults at the maturity of the debt if its asset value is less than the face value of
the debt. In Black and Cox (1976), bankruptcy occurs when asset value drops to an
exogenous reorganization boundary, and in Leland (1994), the time of default is cho-
sen strategically by shareholders. The Leland type model evaluates firm’s equity and
debt with an endogenous default boundary in which a firm’s asset flow follows a stan-
dard Brownian Motion. The dynamic capital structure model successfully applied
to evaluate fixed-income debt securities in recent studies. Nonetheless, there are not
much literature to study the case of regime-switching in dynamic capital structure

model. We also incorporate the regime switching analysis from the investment deci-
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sion under uncertain policy regimes (Hassett and Metcalf (1999); Dixit and Pindyck
(1994); Pindyck (1988)).

2.4.2 Basic Model-Unlevered case

A bank produces a continuous cash flow from their lending activities which follow a
Geometric Brownian motion. In particular, we consider the losses (outflow of cash)

from bad lending activities as &.

d& = /Aé-tdt + Uétth (21)

where the process has the drift of y and the volatility of o. W, is a standard
Wiener process. We begin with a simple model where the drift and volatility of a
recession are increased proportionately by k, a scaling factor, when the regime enters
into a recession from a Good state. Here, we consider there are only two states; Good
and Bad. Let P, denote total cash (profit) when a Good state is in effect and P, is

total cash when a Bad state in effect.
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P, = p—k (2.3)

where k is the constant, & > 1. p is the interest rate spread between the profit
from lending and the interest pay out to depositors. A bank makse money by borrow-
ing short-term money from depositors and making long-term loans to homeowners,
consumers and businesses. The spread between loan rates and deposit rates is one
way to look at gross profit margins of banks.

The switches between two states are Poisson processes. Let \;, the rate of entering
i and [; stand for the time to stay in state i. Starting with a state when a Good state
is in effect, the probability that it will be entered into a Bad state in the next short
interval of time dt is A\pdt. On the other hand, when the recession is initially in effect,

the corresponding probability that it will be recovered to a Good state is A\gjdt. The
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Figure 2.5: Three Regions of Interests
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Note: This figure shows three different regions separated by the bankruptcy thresholds of banks with
respect to different states (Good and Bad). In Region 0, all bank are alive irrespective of potential
regime shifts of uncertainty. In Region 1, a bank with high bad loans is bankrupt while the other is
still alive. Finally, in Region 2, since the systemic risks are large, leading to the high losses on loans,

any banks can not sustain its operation any more. All banks are bankrupt.

exponential law holds;

Pli>t)=e . i=G, B (2.4)

Depending on the scale of losses from bad loans, there are three regions of inter-
ests. Over an interval of low values of &, say (0,£1), any banks will not be bankrupt
irrespective of whether a Good or Bad state is present. Over an interval (£ &2), bank
with loss, &1, is greater than By, will be bankrupt if a Bad state is in effect, but if not,
the bank will find it optimal to operate as in a usual manner. Beyond &a, the loss of
bad loans will be so large that all banks will be in trouble.

In order to determine thresholds &; and &3, we proceed to bank’s earning processes
as a function of the loss process, V(&) is a value of bank with its bankruptcy threshold
less than positive o and greater than positive &1, and V4(€), a value of bank with its
bankruptcy threshold less than positive &1, that is losses from bad lending activities

if the severe recession or crisis is in effect.

Region 0

Consider the first region below &;. In this region, both types of banks are alive.

An arbitrage argument leads that

rV(€)g0dt = E(dVy0) (2.5)
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"V (€)podt = E(dVho) (2.6)

where 7 is a risk-free interest rate. Subscript ¢ denotes for a Good state while
subscript b for a Bad state.

Using Ito’s Lemma, we derive a pair of differential equations
1 " /
E(dV, ) = EU%QVQ,O + 1V 0+ PE + oo (Voo — Vgo) (2.7)

1 " /
E(dVho) = 50 Vi + 1V + PhE = A0 (Vo = Vi) (2:8)

Assume the expected rate of return on asset is r. The equations are rewritten as

1 " /

Vo0 = 5% Vg0 + 1€V + PE+ Mo (Vio = Vo) (2.9)
1 " ’

Voo = 50°E Vi + #EVio + kE = A0 (Voo = Vgo) (2.10)

Hence, the left-hand side reflects the required rate of return for holing firm’s asset
per unit of time. The right-hand side is the expected change in the unlevered firm
value. These equations are very similar to those expressions derived in standard con-
tingent claims models. Nonetheless, they have an additional term X; (V; — V;) which
represents the impact of regime-switching on the value functions. That is, A; (V; — V;)
is the multiplication of the instantaneous probability of a regime-switching and the
change in the value function due to a regime shift.

In order to solve these equations, let

Va(€) = Vo (&) /Ag + V5 () /2 (2.11)

and

Val(€) =V (§) = V5 (§) (2.12)

By making this change of variables, two independent differential equations are
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derived.

%a2§2Va’/+u§Va/—rVa =0 (2.13)

%02521/;’+M£V;—<r+xbwm =0 (2.14)

Each of these equations has a solution of powers of ¢ that are the roots of a
characteristic equation provided. In each case we have an interval of ¢ that extends

to 0, (0 < € <&1), so we consider only the positive root. Thus
Va (€) = Co”On (2.15)

Vi (§) = Dy&P®h (2.16)

where C, and D;are constants to be determined, 3 (0), is the positive root of the

following characteristic equation

Q) =50"8(B—1)+uf—r=0 (2.17)

N | =

and (1), and 3 (1), are the roots of the following characteristic equation

?B(B—1)+pB— (r+A) =0 (2.18)

DN =

QM) =

where €(t) = g, b.

and 3 (2),is the positive root of

2B(B—1)+ B~ (r+Ag+A) = 0 (2.19)

N

QE2) =

With this notation, we can write down the solutions for V,, and V. in the range

£ € (0, &), the region 0, as

bS]
o~

Vo (@) = {AMCa® 1 =MD"}/ (g +X) + & -

<

<
|

=

Vio (@) = {AMCat®Or + 2D} /(0 + M) + 2 — -

61



the subscript V1 denotes g means a good bank and 1 means the region 1, over
the range (§1 < £ < &). We can define the same way with Vo, b denoting a bad bank

and 0 denoting the region 0 which represents the interval of (0,&;).

Region 1

Over the range (£ < € < &), a bad bank will be bankrupt while a good bank will
be alive. The arbitrage argument above is implemented for a good bank in a same
way, on the other hand, the value function for a bad bank follows the early definition

of the value function of bank.

Voi(x) = E(dVi)) (2.22)

s

Voo = p—ka (2.23)

By using the no-arbitrage argument similar to Region 0 analysis, we have a differ-
ential equation for a good bank in region 1. Now, we can obtain the general solution

to the differential equation for the region 1, (&1, &2),

Vot = B 4 Bygfe 4 B &

2.24
i — (2.24)

Region 2

Lastly, beyond the bankruptcy threshold &2, (€ > &), all banks regardless of their

types will be bankrupt and the value of banks is respectively shown as
Vo = p—¢ (2.25)

Voo = p—k§ (2.26)

Thus, we can solve for six unknowns including two threshold values; (&1, £2) by

utilizing value-matching and smooth-pasting conditions.

V(& 0) = anVi(&;) (2.27)
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Va(&gr0) = agVy(&y) (2.28)

lim V,(&,,¢) = lim V,(&,, ¢ 2.29
£1¢£lf 9(&g0) £1T€E 9(&g: ) ( )
lim V, ,c) = lim V) ,C 2.30
§L§; g(gg ) ‘fo; g (‘Eg ) ( )

First, the value matching and smooth pasting conditions should be satisfied for V},;
and V5 equations. Also for Vj; and V5 the function has to be continuously differ-
ential across it and two equation should have equal values and derivatives there. In
all we have six equations to determine the thresholds, &; £ and the four constants
By, By, Cy, Cs.

2.4.3 Numerical Solution

Proposition 2.1. In un-levered case, the regime-switching model characterizes the
higher firm wvalue as well as higher bankruptcy thresholds in Good state than Bad

state.

We illustrate Proposition 1 with a numerical solution. Take r = 0.05, ¢ = 0.2,
= 0.02 )\ =01,)\ =01,p = 2,k = 2, which parameters are following Dixit
and Pindyck (1994). With these parameters given, the thresholds for a good and
Bad states are receptively & = 1.63 and & = 3.26. Next, we compute comparative
statistics by varying volatility and level of cash flow and risk-free rate. The first
figure shows that a bank in a Good state has a higher value and higher bankruptcy
threshold comparing to a bank in a Bad state as the loss on bad loan increases.
The second graph illustrates changes in volatility have a positive relation with the
bankruptcy threshold. However, the last figure represents the risk free interest rates
influences on the bankruptcy thresholds in an opposite direction. All results confirm
the traditional capital structure theory also works in a regime-switching framework.

We represent the fundamental treatment of solving the structural capital struc-
ture model with a regime switching element in this section. Also we illustrate the
relationship between the value of banks in different regime and the bankruptcy thresh-

old, the positive correlation of volatility and bankruptcy threshold and the negative
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Figure 2.6: Comparative statistics of unlevered Case
Note: Figure (a) shows that bank in a Good state have a higher value and higher bankruptcy
threshold comparing to a bank in a Bad state as the loss on bad loan increases. Figure (b) illustrates
the change in volatility has a positive relation with the bankruptcy threshold. However, Figure (c)

points out the risk free interest rates influences on the bankruptcy thresholds in a negative direction.
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correlation of risk free rate and bankruptcy threshold which are line with an extant
credit risk literature(Brennan and Schwartz (1978); Leland (1994); Leland and Toft
(1996)).

2.5 Levered Case

Next, we consider a levered bank. For simplicity, we assume a bank issues one type
of bonds with contingent coupons and equity in its capital structure (it does issue no
other types of bonds). Using the results from Section 4 of Un-levered Case, we can

obtain both debt and equity value of levered banks.

Region 0

We assume a simple tax structure; corporate profits are taxed at 7., effective dividends
are taxed at 74, and interest payment to investors are taxed at a personal rate 7;.. The
effective tax rate is (1 — 7.) = (1 — 74) (1 — 7). In general, any claim must satisfy
the partial differential equation (PDE) and we derive a pair of partial differential

equations (PDEs) for each regime.

1 " ’

0= 50—2521/;,,0 + 1€V, 0+ Moo (Voo — Vo) = Voo + ¢ (2.31)
1 " '

0= 50y 0+ 1€Vi0 = g0 (Voo — Vo) = rVho + ¢ (2.32)

where ¢ is the payout flow (coupon payment flow to debt-holders). Solving these
PDEs, we have a couple of debt and equity value for each regime case. First, for the
region 0 (where both banks are alive), EG0(§) is defined as the value of equity for
the bank in Good state and DGO0() the value of debt for the bank in a Good state,
in a similar way, EB(§) the value of equity for a Bad state and DB(€) the value of

debt which Bad state is in effect.
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EGOE) = (Agornoegn€™ — Negaac) / (g + Ano) — egosd(2:33)
+ (I=7)lp—0)/r

DGO(&) = (/\9,0)\1,,0 dg()lfml — )\b7()dg()2£y1)/ ()\94,0 + )\b,O) + (1 — Ti) C/T‘ (2.34)

EBO(§) = ()\g,O/\b,Oebmgzl + )\g,oebmﬁyl) / (Ao + Apo) + ebozé (2.35)
+ (1*7'5)(]770)/7’
DBOE) = (Agohodbor&™ + Agodbun€”) / (g0 + Ano) + (1 = 73) c/r (2.36)

where the power x; stands for 5 (0), ,and y; for 5(2),, 21 for §(1); and z for

B (1), . Here, we change the notation for the simplicity.

Region 1

For the region 1, let EG1(¢) and DG1(§) denote the value of debt and equity for in
a Good state. Over the region 1, while the bank survives in a Good state, the bank
in a Bad state is bankrupt. The solution for the ordinary differential equations only
remains for the bank in a Good state. The equations represent the debt and equity

values for a bank in a Good state.

EG1(&) = egué™ +ega€™ —(1—7e) &/ (r+ Moy — ) (2.37)
+ (L=71)p—0c)/(r+ 1)
DG1(§) = dg11&°t + dg12¥ + (I—m)c/(r+ 1) (2.38)

For the region 1, the bank in a Bad state is bankrupt. Thus, V;1(£) and DB1(§)
stand for the value of firm and debt in a Bad state while the equity denoted by
EB1(§) becomes worthless.

Voa(§) =p — kS (2.39)
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DB1(¢) = (1 = a)Vpa(§) (2.40)

EB1(¢) =0 (2.41)

Region 2

Lastly, beyond the bankruptcy threshold &, (§ > &2), all banks under both regimes

will be bankrupt and the value of banks is respectively shown as

|
=

I
o~

Vg,? (6)

Voa(§) = p—k¢ (2.43)

(2.42)

Following the argument from Leland (1994), let Vg be the level of bank’s asset at
which bankruptcy occurs, and if bankruptcy declares, a fraction of 0 < o < 1 value
will be lost as bankruptcy costs. Thus, debt-holders will have the remaining value
of firm and the equity holders get nothing. This boundary condition applies that at
V =Vi(&), DGI(&) = (1 =)V gu(&), DBi(&) = (1= a)Vii(&)- Let call §, 1 =1,2 as
the bankruptcy threshold from Section 1 and 2. That is, the value of debt is same as
un-levered case(all equity financed case) multiplied by (1 —«), the remaining fraction

of total firm value, as the bank is approaching to the bankruptcy thresholds.

2.5.1 The Value of Debt

Proposition 2.2. When the firm’s loss process is given by 2.5 and it has issued
Risk-Sharing Bond with Contingent Coupon with varying coupon payment ¢, and let

G and B denote Good and Bad state of economy, the value of corporate debt in region
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1 =0,1,2 in three different regions is given by

= (AgoMs0  d901€E" — No0dgo2é?)/ (Ago + Avo)

+(1_Ti)c/7'7(l:07 fggl)

DG,
= dgi1€*' +dgia&™? + (1 —mi)c/ (r+Xp1), (i =1, & <E< &)
- (1 - Q)Vqﬂ(f), ([ = 2> 6 > 62)
(2.44)
= (/\g,o)\b’odb()lfml + /\gﬁodbogfyl) / (>\g,0 + )\h’g)
DBy §+(1—7)e/r (=0, £<g) (245

= (1 =)V (=12 ¢8>¢&)

2.5.2 Equity Value and Default policy

We derive the value of equity following a similar process from Proposition 2.

Proposition 2.3. When the firm’s loss process is given by 2.5 and it has issued Risk-
Sharing Bond with Contingent Coupon with varying coupon payment c, and let G and
B denote Good and Bad state of economy, the value of equity in region |l =0, 1, 2 in

three different regions is given by
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= (Ag,00,0€901€"" — Mp0€9026"") / (Ag0 + Abo) — €gos

+(A-7)p—c)/r L (=0, £<&)

EG =egnié™ +eq1af™? — (1—10) &/ (r+ Mg — 1) (2.46)
FL—7)(p—c)/ (r+X) ,(I=186<E<8)
=0 (1=2¢6>&)

= (Ag,0A0,0eb01671 + Ag0eboag?t) / (Ago + Apo) + ebosé
EB +(1=7e)p—c)/r L (1=0 € <&)(247)

=0 7(l:1727§>§1)

Following contingent claims model(Leland and Toft (1996); Hackbarth, Miao, and
Morellec (2006); Hackbarth, Hennessy, and Leland (2007)), a shareholder’s objective
is to maximize their equity value and default policy is determined by a shareholder’s
optimal decision not to inject funds in the firm. Thus, the following two boundary

conditions are satisfied:

BG;(€) = 0

BB(E) = 0

The smooth-pasting conditions provide that defaults happen along the optimal path

by requiring a continuity of the slopes at the endogenous default thresholds &} and &5.

2.6 Numerical Results

Following Section 4.3, wee compute an optimal leverage, optimal coupons, credit
spreads and bankruptcy boundaries for levered case analysis. We also provide com-

parative statistics in Good vs Bad state as the key parameter values vary at certain
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interval. We take standard parameter values following Dixit and Pindyck (1994);
Leland (1994); Hassett and Metcalf (1999) and compare Chen (2010) which has nine

discrete states.

Proposition 2.4. The Regime Switching model characterizes that a coupon rate drops
to a lower level as the economic state transits from a Good state to a Bad state. In
contrast, it jumps up a higher level when the economic state switches from a Bad state

to a Good one.

First, we solve how optimal coupons are varying in two extreme states according
to changes in the volatility of underlying process. The numerical analysis confirms
that the optimal coupon jumps down to a lower level from Good state to Bad state
as our theory predicted. As the volatility of cash flow ( 0},) increases between 0.05 to
0.45, the optimal coupon difference between Good state and Bad state is increasing
from 0 to 0.6. On the other hand, the difference is decreasing but still positive as the

volatility of cash flow( o4) changes.

Proposition 2.5. The Regime Switching model characterizes a counter-cyclical lever-

age over the business cycle.

Next, we show how a bank decides its leverage in times of uncertain regime-shifts.
We define an optimal leverage as (D/D + E). The numerical analysis provides that
a bank takes more debt when the volatility of earning is high in Bad state. The
average leverage in Bad state is higher than Good state since hiring more debt in
Bad state produces higher tax benefits at first and lower coupon payments at later.
The optimal leverage gets lower in Good state while its leverage is fixed in Bad state
as the volatility of cash flow in Good state ( o,) increases between 0.05 to 0.40. The
optimal leverage of bank in Bad state does not change from its optimal level of 0.83
when the volatility of cash flow in Good state varies between 0.05 and 0.40. On the

other hand, a bank in Good state takes less and less debts as the uncertainty of cash
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Figure 2.7: The Optimal Coupon Difference

Note: This figure illustrates the optimal coupon difference between Good state and Bad state as the
volatility varies between 0.05 to 0.40 with the standard parameter values, r, = 0.05, r, = 0.05, 04 =
0.1, o, = 04, pg = 001, = —0.04, Ay = 0.1,\, =0.1,py =2, 9, =1, 75 = 0.3, 7 = 0.3. The
figure shows that an optimal coupon difference from Good state to Bad state is positive and upward
sloping as the volatility of earnings in Bad state increases from 0.05 and to 0.40. On the other hand,
the difference is still positive but decreasing as the volatility of earnings in Good state increases from
0.05 and to 0.40.

flow increases. The optimal leverage plummets from 0.98 to 0.60 when cash flow
streams get more volatile from 0.05 to 0.40.

The second figure shows the optimal leverage when the volatility of cash flow in
Bad state varies between 0.05 and 0.40. The leverage in Bad state is not changing
much while a bank is taking more debt in Good state if the earning prospects are
uncertain in Bad state. This figure provides intuitive results about the bank’s financ-
ing policy issuing contingent coupons in case of regime changes. A bank’s optimal
leverage is counter-cyclical in Good state even though a bank forecasts the economic
uncertainty might be very volatile. In contrast, a bank keeps a high level of leverage
when a bank runs its business for long periods of Bad state regardless of the level
of uncertainty in the economy. The decision to how much a bank issues external
debts depends on the economic uncertainty in a good or Bad state (where a bank
is operating at the moment) as well as its unknown but expected state. A bank

keeps deleveraging when it is normally operated but the earning prospects get more

uncertain. On the other hand, it keeps taking more debt if it expects a Bad state
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Figure 2.8: The Optimal Leverage

Note: This figure illustrates the optimal leverage in Good state vs Bad state as the volatility varies
between 0.05 to 0.40 with the standard parameter values, r, = 0.05, 7, = 0.05, 04 = 0.1, op =
0.4, pg = 0.01, g1y = —0.04, Ay = 0.1, X\ = 0.1, p; =2, p, =1, 73 = 0.3, 7. = 0.3. The figure shows
that a bank keeps de-leveraging in Good state, while its financing decision is not affected in Bad
state, as the volatility of earnings in Good state increases from 0.05 and to 0.40. On the other hand,
a bank is aggressive in taking more debt in Good state while a bank’s leverage is not varying much
as the volatility of earnings in Bad state increases from 0.05 and to 0.40.

with high volatility of earnings. Nonetheless, the optimal leverage in Bad state keeps
staying at very high when it is operated in a Bad state at present and its income
process get more uncertain. Also, its optimal leverage would not change much when
it expects its earning process becomes more uncertain even if its economic status
switches from its current recessionary state to a Good state. Financial regulatory
agencies should guide a bank to lever itself down when credit is abundant and to
lever itself up when credit gets scarce. Equity holders have an incentive to increase
risk when it sees a call option like feature of compensation in times of credit expansion
(asset substitution). In contrasts, they have a disinvestment incentive even though
a positive NPV project is available in times of credit contraction (debt overhang).
Berg and Kaserer (2010) study that a certain types of Coco bonds exaggerate both
the asset substitution and debt overhang problem. Our finding, a counter-cyclical

leverage, helps prevent destabilizing effects from transferring wealth between equity

holders and bond holders.

Proposition 2.6. The Regime Switching model characterizes counter-cyclical default

boundaries over the business cycle.
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Figure 2.9: The Default boundaries for firms with state-contingent coupon bonds
Note: This figure illustrates default boundaries in Good state vs Bad state as the volatility varies
between 0.05 to 0.45 with the standard parameter values, r, = 0.05, 1, = 0.05, 0y = 0.1, 0, =
04, pg = 001, = —0.04, Ay = 0.1,N, = 0.1,py = 2, pp = 1, 75 = 0.3, 7. = 0.3. The figure
shows that default boundaries increase with volatility of cash flow in its own state, while its default

boundaries decrease(or does not change) with volatility of earnings in another state.

The default boundary increases with the volatility of earnings in its own state and
decreases or does not change much with the current or expected volatility of earnings
in other state. Merton (1974) expresses the decision to default as exercising a put
option. A firm chooses higher default boundaries when its volatility of earnings gets
higher since a value of put option increases with the volatility of underlying assets;
a value of firm. Equity holders trade-off between retaining put option and paying
interests, and giving up their rights and not paying interests any more until upon its

default.

Proposition 2.7. (Credit Spreads) The Regime Switching model characterizes a

counter-cyclical credit spreads over the business cycle.

Credit spreads are measured as yields difference between corporate bonds and
risk free debt (U.S Treasuries). In dynamic capital structure theory, credit spreads
calibrated have been lower and less volatile than observed one, which is called credit
spread puzzle. In our numerical analysis, average credit spreads are higher than Chen

(2010)’s nine state model®. This figure illustrates how credit spreads change in Good

3Chen(2010) estimates the 10-year credit spread ranges between 37 bps and 101 bps, which he
recognizes it is far short of the spread in the data (148 bps).
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Figure 2.10: Credit Spreads for firms with state-contingent coupon bonds
Note: This figure illustrates how credit spreads change in Good state vs Bad state as the volatility of
earnings varies between 0.05 to 0.40 with the standard parameter values, r4 = 0.05, r, = 0.05, 04 =
0.1, op = 0.4, pg = 0.01, pp = —0.04, \y = 0.1, Ay = 0.1, pg =2, pp =1, 77 = 0.3, 7 = 0.3. The
figure shows that credit spreads decrease from 5 percent to 2 percent in a Good state as the economic
uncertainty get bigger . On the other hand, credit spreads in a Bad state increases from 1.5 percent

to 11 percent as the economic uncertainty increases.

vs a Bad state as the volatility of cash flow varies between 0.05 to 0.40. The figure
shows that credit spreads decrease from 450 bps to 180 bps in a Good state as the
uncertainty of future earnings get larger. Average credit spreads in a Good state
is very close to the observed one from data, 148 bps(Chen (2010)). On the other
hand, credit spreads in Bad state increases from 1,500 percent to 11,000 bps as the
uncertainty of future earnings increases from 0.05 to 0.40. The extremely high credit
spreads (11 percent) measured in Bad state are exactly fitted into the empirical data;
U.S High Yield BB Spread? reached as high as 14 percent in November 2008 and kept

above 10 percent throughout 2008 and 2009 in the recent financial crisis(see ?77)

* This data represents the Option-Adjusted Spread (OAS) of the BofA Merrill Lynch US Cor-
porate BB Index, a subset of the BofA Merrill Lynch US High Yield Master II Index tracking
the performance of US dollar denominated below investment grade rated corporate debt pub-
lically issued in the US domestic market. This subset includes all securities with a given in-
vestment grade rating BB. Data is retrieved from FRED, Federal Reserve Bank of St. Louis

https://research.stlouisfed.org/fred2/series/BAMLHOA1HYBB/

74



2.7 Summary and Conclusions

We model a firm’s optimal capital structure when a growth rate and volatility of
earnings shift between Good and Bad state. A firm optimally issues a security
with state-contingent coupon obligations. We find that, first, a firm issuing state-
contingent coupon bonds, which pay out higher coupons in Good state while reduce
its coupon rate in Bad state, efficiently manages its liquidity shortage in times of high
systemic risks. Second, a firm optimally adjusts its leverage in a counter-cyclical way
over the business cycle. This helps to stabilize asset substitution effects in times
of credit expansion (Good state) while it also discourage a bank owner’s disinvest-
ment incentives in times of credit contraction (Bad state). Finally, we also contribute
to explain why dynamic capital structure model can not produce reasonable credit
spreads. Our proposed security modeled under uncertain regime changes achieve ex-
tremely high credit spreads (11 percent) measured in Bad state which are well-fitted
into the empirical data; U.S High Yield BB Spread® reached as high as 14 percent in
November 2008 and kept above 10 percent throughout 2008 and 2009 in the recent
financial crisis. This study suggests a macro-prudential policy to regulatory agencies,
by partly replacing CoCo bonds to state-contingent coupon bonds. CoCos are en-
couraged to be issued as recapitalization efforts for a bank when its capital cushion
needs. However, CoCos have some limitations; first, they have a irreversibility from
converting bonds to equities. Second, they might exacerbate both the asset substitu-
tion and debt overhang problem. Our suggested bonds with state-contingent coupons
can mitigate CoCos’ limitations 1) state-contingent coupons are more flexible than
conversion from bond to equity. 2) a bank issuing state-contingent coupon bonds op-

timally has a counter-cyclical leverage ratio since this type of contingent bonds helps

® This data represents the Option-Adjusted Spread (OAS) of the BofA Merrill Lynch US Cor-
porate BB Index, a subset of the BofA Merrill Lynch US High Yield Master II Index tracking
the performance of US dollar denominated below investment grade rated corporate debt pub-
lically issued in the US domestic market. This subset includes all securities with a given in-
vestment grade rating BB. Data is retrieved from FRED, Federal Reserve Bank of St. Louis
https://research.stlouisfed.org/fred2/series/BAMLHOA1IHYBB/
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mitigate equity-holders’ incentive to take risks in Good state while it encourages them

to take a positive NPV projects in Bad state.
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Appendix

Generalized model

1. Un-Levered Case

We also consider the loss process has different drifts and volatility respectively differ-

ent regimes (Normal, Recession).

d& = pe(y€edt + o) §edWy (2.48)

where the process has the drift of ;1 and the volatility of . The €(t) € {1,2,...,S}
is a finite-state continuous time Markov chain and W is a standard Wiener process.
Here, we assume that W (¢) and €(¢) are independent. We consider the loss process
has different drifts and volatility respectively different regimes (Normal, Recession).
We start this analysis of an un-levered bank for its simplicity and obtain the closed
solutions for the value of bank. Later, we will use this result for the levered banks

which we are more interested in.
dgt = MT{tdt + o'rétth (249)

dﬁt = Nnétdt + o'nEtth (250)

where €(t) = r,n. The corresponding value of bank (profit) is now defined by

P.=P,=p—¢ (2.51)
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Region 0

For the interval of 0 < £ < &, the corresponding differential equations are given by
1 ” /
E(dVn) = 50m8Vy + €V, + A (Ve = Vi) (2.52)

1 " ,
E(dV,) = 50352% + 1V = A (Ve = Vi) (2.53)

and for € € [62,00], Vi = Vy = p — €.
Using the two differential equations, we solve V,. as a function of V,, and substi-

tuting it into the other equation which leads to a fourth-order differential equation.

w1 m

RO 0+ o)V
. (WM AT ;a? (r+ un)> v
(A (P A Vo (77 et M) V=0 (254)
The characteristic equation associated with is
Qn (B) Qr (B) = Anr (2.55)

where Qe(t) (ﬁ) = )‘e(t) +r— (,ue(t) - (1/2) U?(t)) B - (1/2) U?(t)527 (€(t) =T, Tl)

Therefore, the general from of the solution is

4
Va(§) = > A (2.56)

j=1

4
V(&) = D Aleh (2.57)

j=1

with
lj =Qn (BJ) /)‘n (2.58)
for j=1,2,3,4
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By eliminating the negative power of £, we have

Vy, = AP AyeP (2.59)

Ve = A%+ Aylye® (2.60)
We obtain a particular solution

_ Anp _ Ané
o (&) = P i w——— (2.61)

Regionl

For & <& <&,
B(dV,) = 5038V, + i€V + e (V, = Vi) (2.62)
Vi=p—¢ (2.63)
The solution becomes
Vi (§) = Ch&7" + G + 6 (§) (2.64)
where 7, (k = r,n)is the real roots of the characteristic equation
0(0) =X +7 = (1n = (1/2)07) 7 = (1/2) o (2.65)

We obtain a particular solution

AP A

&) = T, " (2.66)

With value matching and smooth-pasting conditions, we can determine A;,42,C, Co

and the bankruptcy thresholds.
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2. Levered Case

We will focus on a levered case since it is shown that the overall value of levered
bank is greater than the counterpart due to its tax benefit. We are interested in
establishing the state-contingent coupon debt obligations, which has a benefit to
increase the capital in times of financial distress. Moreover, we will extend this idea
to contingent convertible bonds whether a comprehension of contingent capital would

rescue the troubled TBTF institutions.

3. Six Scenarios

However, we can expect there exist six different scenarios because the different volatil-
ity and drifts according to two regimes (Normal and Recession) create six combina-
tions of the order of the bankruptcy thresholds in un-levered and levered banks. The
first case, which we have illustrated from Section above, is the usual category which
it is hinted from the simple model (BLR < BLN < BUR < BUN), where B stands
for Bankruptcy Threshold, L, levered, U, Unlevered, N, Good state and R, Recession
Regime. We consider the six scenarios carefully. If the levered bank defaults and
the boundary condition should be met such as D = (1 —a) Vi , let (1 — «), where
0 < a < 1, be the fraction of asset value at the time of bankruptcy that debt-holders
receive, leaving equity-holders nothing, Vi; the value of unlevered bank. However,
the levered bank suddenly switches to another regime then the boundary condition
might not match with this conventional rule. For example, if a bank is suddenly
shifting from normal to recession regime then the value of debt becomes the remain-
ing value of unlevered bank in recession regime (D = (1 — «) VUR). Therefore, we
check carefully whether each scenarios we are considering corresponds to the right
boundary condition for the value of debt-holder in case of bankruptcy depending on

regime switching.
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Figure 2.11: Six different scenarios for bankruptcy thresholds

Note: a)ELNO (Equity, Levered Bank, Normal Region 0), ELN1 (Equity, Levered Bank, Normal
Region 1), ELR (Equity. Levered Bank, Recession )

b)DLNO (Debt, Levered Bank, Normal Region 0), DLN1 (Debt, Levered Bank, Normal Region 1),
DLR (Debt, Levered Bank, Recession)

¢)VUNO(total Firm Value, Un-Levered Bank, Normal Region 0),VUN1(Total Firm Value, Un-Levered
Bank, Normal Region 1),VUR(Total Firm Value, Un-Levered Bank, Recession)

d)BLR(Bankruptcy Threshold, Levered Bank, Recession), BLN(Bankruptcy Threshold, Levered
Bank, Normal),

¢)BUR(Bankruptcy Threshold, Un-Levered Bank, Recession) ,BUN(Bankruptcy Threshold, Un-
Levered Bank, Normal)
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Case 1

First, we define the value of un-levered bank in this case in which the bankruptcy
thresholds are in order of conventional case; both of un-levered bank whether it is in
recession or not are grater than the levered bank, in addition, the value of thresholds
in Good state is greater than the recession. We can represent the coefficients on the
linear equation part while the coefficients on the non-linear part involved in more

complex expression, thus, we will leave them for the appendix.

T Pn — PnTe
VUNO = vunll1£™ 12¢72 7‘3> <7> 2.67
vunllé™ + vunl2€*? + <7‘n+)\n—un &+ A (2.67)

VUN1 = ovun2l1&¥" + vun22&¥?
+ < )\n + (Tr + )\r - )u“’l‘)(TE - 1) )
AnAp — (rr + A — ﬂn) (7"7’ + A — Nr)
(p'r)\n + Pn (Tr + /\r)) (Tﬁ _ 1))
+ 2.68
< TrAp + T (7'7* + /\7’) ( )

VUR = our01&Y" + vur02&¥?

/\r+(rn+/\n7,u/n)(7—e71) )
2.69
+ (7'7“ ()\n - Nn) - Arﬂn + Tn (TT + )\7‘ - /17“) - )\n//lr + Nnﬂr 6 ( )
+ ((pn/\r +pr (Tn + /\n)) (Te - 1))
rrAn + o (1 + Ap)

With the same analysis from the simple model, we derive the value of debt and

equity in each scenario as well.

Te— 1 en — pn(1e — 1)
ELNO = elnll&™ + elnl2€™? + ( ) + ( ) 2.70
¢ g T+ An = pn ¢ rn+ A ( )
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DLNO = dInll€™ + dinl12€® + din05¢Y" + din06£Y?

<(—1+a))\n> < A+ (T 4 An = pn) (e — 1) >
Tn + An — Hn Tr ()‘n - ,Uf'n,) - AT,U/n + 7 (Tr + /\r - ,u'r) - )"n,,u’r + pn iy

nAr+pr(rntAn))(re—1
( = T,t\zj,-%(—rnrr,‘ﬁ-)g\(,‘) ) (O[ - 1) /\n +cn (Ti - 1))

+

71
Tn + An (2.71)

The first pair of equation are the value of debt and equity in Good state and
Region 0 since E stands for Equity, D for Debt, L for Levered, N for Normal and 0
for Region 0. In the same way, the second pair of equation are the value of debt and

equity of normal bank in Region 1.

A+ (e + A = ) (e — 1) >
&+
AnAp — (7"7' + A — ,un) (r7‘ + A — Nr)

ELN1 = eln21&Y" + eln22Y? + (

((er = pr) A+ (e + ) (e = pn)) (e — 1)
+ < A+ 7o (e 4 Ar) > (2.72)
DLN1 = din21€¥" + din22€% + ((OFAT;&QTZ J(FTA:)L) ;T) - 1)> (2.73)

Lastly, the pair of equations illustrate the value of debt and equity in Recession

bank in region 0 and 1.

ELR = elr01&% + elr02£”?
)\r + (Tn + /\n - /Ln)(Te - 1) >
+ 2.74
<T’I‘ ()‘n - Nn) - A7',UTL +Tn (rr + A7‘ - :u"r) - )\nﬂr + Fon oy f ( )
+ <((CT' - pr) (T’VL + )\n) + )\7* (Cn - pn)) (Te - 1))
TrAn + (T’I‘ + )\7‘)

DLR = dIr01€" + dIr026" + (“"A" & (7 + 2n)) (73 1))

e dn + 7o (7 + Ar) (2.75)
where each small letter, n, r stands for n= normal state and r =recession regime.
r= risk-free interest rate, u= drift of cash flow process Ais the probability of entering
each regime. c is coupon rate p is the differential between lending rate and deposit
rate, T.= effective tax rate for corporate level, 7;= tax rate for investors.
First of all, we compare the default triggering levels of risk-sharing PSD and
standard debt by differing the coupon payment according to different regimes, for

instance, ¢, > ¢, (PSD case) or ¢, = ¢, (standard debt case). Also, we compute
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the value of debt, equity and banks in three different regions by differing the coupon
payment similar to the first computation. In both computations, parameters are
as follows: 7, = 0.05, r, = 0.05, 0, = 0.2, 0 = 0.25, p, = 0, u = 0.03, \, =

0.01, A, = 0.1, pp = 2, pr = 1, 7o = 0.3, 7; = 0.35.
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Figure 2.12: Boundary conditions for different cases

Note: a)ELNO (Equity, Levered Bank, Normal Region 0), ELN1 (Equity, Levered Bank, Normal
Region 1), ELR (Equity. Levered Bank, Recession )

b)DLNO (Debt, Levered Bank, Normal Region 0), DLN1 (Debt, Levered Bank, Normal Region 1),
DLR (Debt, Levered Bank, Recession)

¢)VUNO(total Firm Value, Un-Levered Bank, Normal Region 0),VUN1(Total Firm Value, Un-Levered
Bank, Normal Region 1),VUR(Total Firm Value, Un-Levered Bank, Recession)

d)BLR(Bankruptcy Threshold, Levered Bank, Recession), BLN(Bankruptcy Threshold, Levered
Bank, Normal),

¢)BUR(Bankruptcy Threshold, Un-Levered Bank, Recession) ,BUN(Bankruptcy Threshold, Un-
Levered Bank, Normal)
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Chapter 3

Liquidity Spirals over Moving
Uncertainty: Evidence from US

Financial Aggregates

We study how the instability of financial markets is related to uncertainty.
We take the financial aggregate data from US stock markets into a VAR
model, allowing uncertainty to continuously change behind. We find that
margin requirements, market liquidity, asset prices all mutually destabilize
only in the times of high uncertainty. Related findings are that in the
times of low uncertainty, (1) margins and market liquidity rather stabilize
each other; (2) reinforcement between margins and asset prices are much
delayed in effect; and (3) asset prices and market liquidity react little each
other. In brief, uncertainty fluctuations are crucial to understanding how

and when liquidity spirals turn on and off in US stock markets.

3.1 Introduction

Assets become less resalable when traders have smaller access to funds. And funds
become less available when assets are harder to resale. “Liquidity spirals” of this
kind are now widely considered a central circuit of “instability” mechanism, through
which financial markets are often led to turmoil. Reduced accessibility to loans makes
selling and buying assets harder, which pushes asset prices down. And when asset

prices fall, lender’s capital as well as existing borrower’s net worth erodes, which in
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turn leads to a further tightening of lending standards, thereby a further squeeze of
transactions, a further drop of asset prices, and so on. In this way and back to back,
the ease of obtaining funds (funding conditions), the ease of trading assets (market
liquidity), and the value of the fundamentals (asset prices) affect one another. And
possibly under some circumstances, their interaction may be amplified as much as
bringing financial markets into a state of euphoria and of crisis.

Uncertainty may constitute the circumstance. Intuitively, financial markets will be
more easily destabilized when it is harder to know the true value of the fundamentals.
Brunnermeier and Pedersen (2009) provide a model in which funding conditions and
market liquidity can reinforce each other when financiers are unsure regarding what
made asset prices move. In this paper, we take the uncertainty to the fore of our
empirical investigation. We ask in data, whether and how the structural relationship
between funding conditions, market liquidity, and asset prices be differently shaped
depending on the degree of uncertainty. Our empirical investigation is carried out at
the aggregate level of a US financial market.

We use monthly data from the US stock market over the 1990-2015 period. All
proxy variables are aggregates. As a proxy for (deterioration of) funding conditions,
we use margin requirements for the S&P500 futures contracts; for market liquidity,
Pastor and Stambaugh (2003)’s measure for market-wide aggregate liquidity; and for
asset prices, the S&P500 index.! In addition, to construct quantitatively discernible
circumstances with respect to the degree of uncertainty, we utilize the implied volatil-
ity of the S&P500 index options over the upcoming 30-day period (VIX).

FEach of the three financial aggregates closely co-moves with the development of
the VIX. As shown in Figure 3.1a, the margin requirements tend to rise immediately
following or preceding the VIX hike around the outbreaks of Gulf War I (1990),
Asian Crisis (1997), LTCM and Russian Crisis (1998), 9/11 Attacks (2001), Corporate
scandals and convictions including Enron’s (2002), and Subprime Crisis and Lehman
Brothers collapse (2008). Similarly, the market-wide aggregate liquidity tends to
decline around the times of the VIX hike (Figure 3.1b); so does the S&P500 index
(Figure 3.1c). Provided that the VIX works well to reflect uncertainty prevailing

throughout the financial world, this simple presentation clues to the dependence of

'Pastor and Stambaugh (2003)’s market-wide liquidity measure is one fittest to the notion of
market liquidity among many candidate proxies in the literature. It essentially measures the ability
to trade large quantities quickly, at low cost, and without moving the price.
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funding conditions and market liquidity and asset prices on the degree of uncertainty.?

However, the VIX index is a mixed pot of market uncertainty and investors’ risk
appetite. It is indeed referred to a fear gauge in the literature (Whaley, 2000). To
distill market uncertainty, we closely follow Bekaert, Hoerova, and Lo Duca (2013)
and decompose it into variance risk premium and conditional volatility. We then
take a continuous mapping of the conditional volatility onto the unit interval (0, 1) to
proxy the “state” of financial markets with respect to uncertainty. By this mapping,
the degree of uncertainty assigned becomes of measure 1 and allows a probability-
like interpretation. This construction is related to our empirical method employed
to explore the dependence of liquidity spirals on the uncertainty state of financial
markets.

Our investigation is carried out within a vector autoregression (VAR) framework.
We employ a smooth transition vector autoregression (STVAR) model developed by
Auerbach and Gorodnichenko (2012). We identify shocks to the financial aggregates
and differentiate their responses under different circumstances continuously varying
with respect to the degree of uncertainty. The STVAR has a key advantage over other
methods estimating VAR models for each regime separately: This method allows to
capture continuous variation in the degree of being in a particular regime thereby
utilizing a larger set of observations towards estimation and inference for each regime
(Auerbach and Gorodnichenko, 2012).

Within our 3-variable VAR, liquidity spirals are defined at the junction of three
feedback links; “margin-liquidity”, “liquidity-price”, and “margin-price”. If markets
turn illiquid in response to a tightening shock to margin requirements and the margin
requirements tighten in response to a negative shock to market liquidity, we say that
a “margin-liquidity” link spirals on; otherwise, off. If asset prices fall in market
illiquidity and markets turn illiquid in falling asset prices, a “liquidity-price” link is
said to spiral on. If the margins rise in falling asset prices and the asset prices fall in
tightening funding conditions, a “margin-price” link is said to spiral on. At last, if
the three links all spiral on at the same time, it is said that we see liquidity spirals

(the instability mechanism of our interest) at present.

?The VIX yields a contemporaneous correlation of 0.26 with the margin requirements, -0.35 with
the market-wide liquidity, -0.13 with the S&P500 index linearly detrended. Note that the market-
wide liquidity depicted in Figure 3.1b is of a 3-month moving average, with which the correlation
coefficient is -0.53.
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Our study finds that the liquidity spirals are on and reinforced when financial
markets are surrounded with high uncertainty. It is in high uncertainty state only
that the liquidity spirals turn on bringing the three links all into one instability
mechanism. In low uncertainty state, each indivisible spiral is either off or weak,
being delayed in effect and small in response size. In brief, the theory of liquidity
spirals is confirmed at the aggregate level of financial markets. These results are
robust with respect to different specifications in VAR lags and curvature parameters.
The results also hold with different ordering of the VAR variables.

However, some may have doubt about appropriateness of the VIX for the present
analysis. Since we want to examine the dependence of liquidity spirals on uncertainty
fluctuations and not vice versa, there may be some endogeneity problem when using
the VIX as a state variable for our STVAR. To address this issue, we repeat the same
analysis using an alternative measure of uncertainty related to “national security”.
Admittedly, wars and terrors are most likely to remain exogenous while affecting the
degree of uncertainty about the true value of the fundamentals. We find that our
results remain qualitatively intact.

To our best knowledge, this study is the first one that empirically investigates the
presence of liquidity spirals at the aggregate level of financial system and highlights
the role of uncertainty in destabilizing financial markets. Our study contributes
to a few strands of the existing literature: for example, research areas that study
relationship between stock prices and market volatility, and liquidity contagion across
asset markets, and so on. Our work can also shed light on the (in)effectiveness of
monetary policy by means of liquidity provisions.

The rest of the paper is organized as follows: Section 2 introduces data and
method and lays out the key specifications of our regime-switching model. Section 3
documents the key results about the behaviors of financial variables across different
degree of uncertainty. Section 4 identifies liquidity spirals. Section 5 replaces market
uncertainty with national security uncertainty and shows the robustness of the key

results. Section 6 concludes.
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3.2 Empirical Method

3.2.1 Uncertainty Distilled

Uncertainty is brought to the center of our empirical investigation into financial mar-
ket instability mechanism. We are in particular concerned with uncertainty such
that heightens when investors get more unsure about the true source of asset price
movements. Unfortunately, there is no clear consensus what to be the best gauge
of uncertainty (Jurado, Ludvigson, and Ng, 2015). But still upon the literature, the
VIX index may be a first candidate proxy for the uncertainty in that it represents
the market expectations about the volatility of asset prices over a near future period
(specifically, implied from a panel of options prices on the S&P500 contracts with a
maturity of one month). A growing body of literature also supports the VIX as a
global state variable underlying co-movements in credit conditions and capital flows
and asset prices across different economies.?

Nevertheless, inherently to its construction, the VIX contains both market un-
certainty and risk appetite components (Bollerslev, Gibson, and Zhou, 2011; Nagel,
2012; Bekaert and Hoerova, 2014). It is constructed on the basis of a risk-neutral
probability measure, which takes probability mass further to bad states where risk-
averse investors draw higher marginal utility. The expected future realized variance
based on the actual physical probability measure will be a better proxy for the market
uncertainty. That is, we want to obtain E;[RV;41], where E;[-] denotes the expecta-
tions operator conditional on date ¢ information set and RV;;1 is the S&P500 realized
variance in date ¢ + 1.

We estimate the conditional volatility by applying a simple projection method.
We follow Bekaert, Hoerova, and Lo Duca (2013) and Bekaert and Hoerova (2014)
and choose a two-variable model utilizing the past squared VIX and the past realized

variance as predictors:
RV = a+ AVIXE | + BRVi1 + e, (3.1)

where ¢; is assumed to follow an 7.7.d. process with mean zero and a constant standard

deviation.* The conditional volatility is obtained as the fitted values from this pro-

3See, for example, Brunnermeier, Nagel, and Pedersen (2008); Rey (2013); Bruno and Shin
(2014a,b).
4For the relative performance of this simple projection over other methods, refer to Bekaert,
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jection. In Section 3.2.3 later, we define regimes (and regime-switching) with respect
to the degree of uncertainty on the basis of a cumulative movement of the estimated

conditional volatility.

3.2.2 Financial Aggregates

Variables of our primary interest are funding conditions, market liquidity, and asset
prices. We use US financial aggregates over the sample period from January 1990
(the first appearance of the risk-neutral VIX series) until December 2015.

Regarding funding conditions, we choose margin requirements for the S&P500 fu-
tures. Increased margins represent deterioration of funding conditions in US financial
markets. Specifically, the margins are expressed as a percentage fraction of the un-
derlying S&P500 index value multiplied by the size of the contract. This construction
fits into the notion of funding liquidity (the ease of obtaining funds), which is modeled
as “speculator’s shadow cost of capital” in Brunnermeier and Pedersen (2009). Initial
and maintenance margins are the same for the Chicago Mercantile Exchange (CME)
members. The data is available from the CME website.

Regarding market liquidity, we adopt Pastor and Stambaugh (2003)’s measure.
Unlike other liquidity proxies, their liquidity measure takes into account the property
of return reversal: i.e., the more liquid a stock is, the quicker its price impacts die
out for a given trading volume. This liquidity indicator fits well into our notion of
market liquidity (the ease of trading assets), essentially measuring the ease of trading
large quantities quickly, at low cost, and without moving the prices. Pastor and
Stambaugh (2003) obtain an estimate for each of individual stocks listed on the New
York Stock Exchange (NYSE) and American Stock Exchange (AMEX), and take
an equal-weighted average over them to construct a market-wide aggregate liquidity.
The monthly data is available from the website of either author.

Regarding asset prices, we use the S&P500 index, of which total market capital-
ization amounts to a fairly large fraction of US equity markets. We obtain monthly
data by averaging daily closing prices.

It might be worth to mention that among the three financial aggregates, the two

proxies for market liquidity and asset prices are from equity markets and the one

Hoerova, and Lo Duca (2013) and Bekaert and Hoerova (2014). Note also that our study uses daily
closing prices data to obtain a series of monthly realized variance, whereas they use 5-minute returns
data and sum daily realized variances to obtain a monthly series.
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for funding conditions is from futures contracts. Unfortunately, margin requirements
for US stocks are regulated by the Federal Reserve Board (so called Regulation T)
and have little changed over the past four decades. In this respect, margins for US
equity trading do not reflect the continuously changing forces and conditions of the
financial markets. So we choose margin requirements for futures contracts, of which

underlying asset is the representative US equity basket, the S&P500 index.

3.2.3 Smooth Transition VAR

We study the interplay between these financial aggregates within a VAR framework.
Let FC denote the log of the margin requirements, LIQ the log of 1 plus the market-
wide liquidity, and PRI the log of the S&P500 index.> We set Y; =[FC;, PRI,
LIQ,] for our benchmark specification. By this ordering, we assume that shocks to
the S&P500 index and the market-wide liquidity have no contemporaneous effect
on the margin requirements; and that shocks to the market-wide liquidity have no
contemporaneous effect on the margins and the S&P500 index. This identifying
assumption is consistent with the CME’s margin policy, which is slowly implemented
as described in Park and Abruzzo (2015). The ordering between the S&P500 index
and the market-wide liquidity is made rather in consideration of information flow
that changes in the asset prices are contemporaneously reflected on to the market-
wide liquidity measure. Besides, we will also carry out robustness exercise with an
alternative ordering of the variables.

The financial aggregates Y; =[FC;, PRI;, LIQ,] and the uncertainty distilled above
are brought together to a regime-switching model. We allow the financial world to
shift continuously with respect to the degree of uncertainty and employ a smooth
transition vector autoregression (STVAR) model developed by Auerbach and Gorod-

nichenko (2012).6 The basic specification with autoregression lag 1 is expressible as

®We add 1 piece-wise to the market-wide liquidity from Pastor and Stambaugh (2003) before taking
logarithm because its original series fluctuates around 0. Its mean is -0.023 ranging between -0.334
and 0.201 over the 1990M01-2015M12 period. So while the impulse responses of FC and PRI can be
typically read in percentage deviations from the long-run values of their corresponding original series,
the case of LIQ should be read from the long-run value of 1 plus Pastor and Stambaugh (2003)’s
market-wide liquidity (or alternatively, as approximate deviations in level/100 from the long-run
value of the original series).

S Auerbach and Gorodnichenko (2012) use the STVAR to examine how different the effects are
that fiscal policy have on the aggregate output in recession and expansion. We also utilize their
Matlab code available in the publisher’s website.
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follows:

Y = AL(L)Yi 1 Fp(z1) + Au(L)Yi 1 Fu(zi-1) + g, (3.2)

with u; ~ N (0, X;) subject to

Xy =X Fr(zi-1) + ZaFr(z-1), (3.3)

and

Fr(z)+ Fu(z) =1 forall t.

Ap(L) and Ag(L) are lag polynomials that represent the VAR coefficients in two
regimes, labeled “low uncertainty” L and “high uncertainty” H, respectively. X and
X'y are variance-covariance matrices of disturbances in the two regimes. z; is the log
of the date ¢ conditional volatility obtained from the projection (3.1). We use it with
one period lag to prevent “contemporaneous” feedback from the key variables to the
uncertainty index.

Fp(-) and Fp(-) are a continuous mapping from the uncertainty index z; onto the
unit interval (0,1) and represent the weights of being in low and high uncertainty

regimes, respectively. We assume a logistic function

e [-0(=2)]
Fula) = 1+ exp {—9 (t&)} ’

(e

and
1

1+ exp [—0 (%)} '

where 6 > 0 is a curvature parameter that governs how abruptly the financial regime

Fr(z) =

switches from one to the other when the uncertainty index z; moves over time. g,
and o, are the mean and standard deviation of the uncertainty index, respectively.
We take them for normalization.

Figure 3.2 shows the historical weights on the high uncertainty regime, Fp(z).
There are two notable features: First, the financial world has been faced by uncer-
tainty not only immediately following the several major events but also often between
these events. For example, we can see the uncertainty surge several times between
Corporate scandals (2002) and Lehman Brothers collapse (2008). But this period

has long been regarded to be a second half of the Great Moderation out of the entire
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Figure 3.2: Historical Weight on High Uncertainty Regime Fr(z;)

Greenspan era. Second, the measured degree of uncertainty between LTCM (1998)
and 9/11 Attacks (2001) and Corporate scandals (2002) are heightened as much as
the uncertainty during the 2007-08 global financial crisis. In brief, for the given map-
ping of the conditional volatility, the episodes of such heightened uncertainty are not
of a rare phenomenon but rather historically some frequent ones. 44% of the total
number of the observations has more weights on the high uncertainty regime (i.e.,
F(z) > 0.5), and the remaining 56% is the observations with F7,(z) > 0.5.

In this STVAR, X}, and Ay (L) describe the behavior of the financial world a
fairly certain regime (i.e., Fr(z) — 1 and Fy(z) — 0) and Xy and Ay (L) the
behavior under a sufficiently uncertain regime (i.e., Fr,(z) — 0 and Fy(2;) — 1). The
key advantage of this method is that through the continuous regime-weight function
Fr(z) = 1— Fg(z), it enables us to utilize a larger set of observations for estimation
and inference relative to other methods estimating structural VARs for each regime
separately. With respect to estimation of this model, we use an MCMC method
developed by Chernozhukov and Hong (2003), which pins down a global optimum in
terms of fit under regular conditions. Our estimation is based on 100,000 draws while
burning the first 20% draws of them.

Our benchmark STVAR sets the curvature parameter 6 to 2 and the VAR lag
length to 2 and includes time trends and regime-specific intercepts. We will also

conduct sensitivity analysis and robustness exercises and with various specifications.
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3.3 Results

3.3.1 Impulse Responses

Our investigation into the financial instability mechanism with our 3-variable STVAR
is based on the analysis of impulse responses across the two different fundamental
states: high vs. low uncertainty regimes. Figure 3.3 presents the impulse responses
of the financial aggregates in the two uncertainty regimes over the 24-month horizon.
It is also organized in a matrix form according to the ordering of the three variables,
Y; =[FC;, PRI, LIQ,]. As constructed in Section 3.2.3 (and aforementioned in foot-
note 5), while the impulse responses of FC, PRI, and LIQ can be typically read in
percentage deviations from the long-run paths for their corresponding original se-
ries, the case of LIQ should be seen from the long-run path for 1 plus Pastor and
Stambaugh (2003)’s market-wide liquidity.

Reading out Figure 3.3, one can follow shocks in the rows and responses in the
columns. A cell in the i-th row and j-th column, (4, j), indicates the behavior of the
j-th variable in Y; in response to a one-percent deviation shock to the i-th variable
identified in the shaded column. In each cell, the line with triangles (circles) represents
the impulse responses of the variables under the high (low) uncertainty regime. The
experiments are made with a positive shock to the margins and a negative shock to
each of the S&P500 index and the market-wide liquidity: that is, shocks are released
to the direction of tightening funding conditions, falling asset prices, and drying
market liquidity. We focus on the median impulse responses and, where worth to

mention the confidence bands, will refer to appropriate figures in Appendix.

Shock to Funding Conditions

Consider first the impact of a positive shock to margin requirements. Under both un-
certainty regimes, the margins jump up on impact in response to their own innovation
and then decline towards the long-run value (see the cell (1,1)). But the adjustment
speed differs between the two regimes. In the low uncertainty regime, the margins
show a further shoot-up in the 2nd month and after then fairly quickly return to the
long-run value, leading to the half-life of the shock impact in 8 months. In the high
uncertainty regime, the adjustment to the long-run value is far more persistent and

the half-life of the shock impact occurs almost in 24 months. This difference implies
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Figure 3.3: Impulse Responses of the Financial Aggregates (STVAR)



that when the financial markets are faced by high uncertainty, the margin setters
(central clearing parties) become more hesitant to resume the initial requirements
and thus the deterioration of funding conditions last longer. However, notice that
since the impulse responses are symmetrically mirrored between negative and posi-
tive shocks in our model, this result also means that once unexpectedly relaxed, the
funding conditions tend to stay loosened longer in the high uncertainty regime.”

To the same margin shock, the asset prices respond differently under different
regimes (see the cell (1,2)). In the high uncertainty regime, the asset prices fall on
impact in response to the tightening of margin requirements and reached the lowest
in 17 months. In the low uncertainty regime, the asset prices rise on impact and take
6 months to fall below the long-run trend in response to the margin increase. This
peculiar behavior of the asset prices for the early periods may be because investors
can better see the true source of asset price movements when the financial markets are
faced by low uncertainty.® Then, the asset prices may not necessarily fall in response
to increased margins until the fundamentals remain fine. However, the tightened
funding conditions will eventually exert downward pressure on the asset prices either
by making the fundamentals actually hurt or by making the asset trading hard. As
shown, the asset prices make the largest deviation in the 19th month under the low
uncertainty regime and their recovery path afterward nearly meets the one from the
high uncertainty regime. Nevertheless, throughout the entire horizon, the downward
deviations of the asset prices are smaller in the low uncertainty regime.

The market-wide liquidity also shows contrasting responses between the two regimes
(see the cell (1,3)). In the low uncertainty regime, the market-wide liquidity makes
little movement in response to a tightening margin shock particularly for the first
two months. It starts falling in 3 months, makes the largest deviation at -0.05% in
5 months, and returns to its long-run level in 18 months. In the high uncertainty
regime, the response of the market-wide liquidity is immediate. It drops on impact

up to -0.25% and turn back in 3 months to 0.04% above from the long-run path.

"It is also noteworthy that in the existing literature, margins are found more likely to anchor for a
while when increased than when decreased (see, for example, Dudley and Nimalendran, 2011). Even
though not directly dealt with in our framework, the asymmetric stickiness between the different
signs of margin changes can be easily inferred from our result as far as funding conditions are more
often tightened during the times of high uncertainty.

8Indeed, the 90% confidence band for the asset price responses is much narrower in the low
uncertainty regime. See Figure Al and A2 from Appendix and compare the two confidence bands in
the upper-middle panels.
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After then, the market-wide liquidity shows considerable stickiness and only slowly
return to the long-run value. As such, the impulse responses of the liquidity under
the two regimes differ very much in all aspects; size, timing, and converging path.
The maximum drop under the high uncertainty regime is more than 5 times larger
than under the low uncertainty regime. It occurs on impact when uncertainty is high
but takes 5 months when uncertainty is low. Moreover, the converging paths to the

long-run value are mirrored across the two regimes.

Shock to Asset Prices

Now consider a negative shock to the S&P500 index. The margin requirements are
tightened in response to this loss shock under both uncertainty regimes (see the cell
(2,1)). However, the margins setters are much quicker to increase the margins and to
much tighter extent when they are faced by high uncertainty. In the high uncertainty
regime, the maximum deviation occurs in 5 months by 0.59% above from the long-run
path. In fact, throughout the entire horizon, the funding conditions remain tighter
in the high uncertainty regime. In the low uncertainty regime, it takes 16 months
to have the maximum response up to 0.24% deviation. This result is consistent with
Park and Abruzzo (2015), who find that the central clearing parties are quicker to
raise margin requirements when the markets are more volatile.

In response to the initial loss, the asset prices fall on impact under both regimes
(see the cell (2,2)). But after then, the impulse responses are diverging between the
two regimes. In the high uncertainty, the asset prices fall further in 2 and 3 months
followed by a gradual return towards the long-run path throughout the remaining
horizon, resulting in a large overall impact of the loss shock. In the low uncertainty,
the asset prices start to recover in the 2nd month without hesitance but their af-
terward adjustments get much more sluggish. In other words, while the asset prices
seem to have no doubt as to where they head for, their steps are heavy under the
low uncertainty regime. This may reflect the regime’s underlying feature: Investors
can better see now where the initial loss shock stems from, and consider the shock
this time that hit directly the asset prices as a shock to the fundamentals rather than
liquidity shocks.

The same initial loss reduces the market-wide liquidity under the both regimes(see

the cell (2,3)). And the overall patterns of the impulse responses appear similar
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between the two regimes. In the high uncertainty regime, just like a skillful diver in
a swimming pool, the market-wide liquidity dives deep up to -0.31% on impact and
stays underwater long before up the surface in the 4th month. In the low uncertainty
regime, the market-wide liquidity falls only by -0.10% and bounces up the surface
just after that, in the second month. It almost returns to its long-run path after
a brief oscillation in 2-3 months. Overall, the market-wide liquidity under the high
uncertainty regime goes through a far larger swing following a loss shock to the asset

prices.

Shock to Market Liquidity

Release now a negative shock to the market-wide liquidity. Across the two regimes,
the responses of the margin requirements are strikingly contrasting (see the cell (3,1)).
In the high uncertainty regime, the margins increase following the shock, make a brief
oscillation between the 2-5th month, and then reach maximum deviation in 6 months
followed by gradual returning towards the long-run path. To the contrary, in the low
uncertainty regime, the margins make the largest drop in 2 months after the shock
and take on a gradual rise towards the long-run path.” The margin responses in the
low uncertainty regime may reflect that all market participants including the margin
setters can better see where the shock is from; this time, not from the fundamentals
but from liquidity disturbance. In fact, the CME makes it clear that margins on
futures contracts are set according to their “review of market volatility to ensure ad-
equate collateral coverage” (CME, 2016, Performance Bond Rates Advisory Notice).
This margin behavior is central to preventing the financial system from breaking down
due to unexpected liquidity shocks and plays a key role in stabilizing the financial
system when the markets are faced by relatively low uncertainty.

The asset prices are pulled down by the liquidity shock under both regimes, but
the magnitude of asset price depression differs very much (see the cell (3,2)). In the
high uncertainty regime, the asset prices keep falling for 4 consecutive months before
resuming upward movements towards the long-run path throughout the remaining
horizon. In the low uncertainty regime, the asset prices drop little to the liquidity

shock and statistically do not deviate from their long-run path, throughout almost the

°In fact, from the 3rd month on, the margin responses under the low uncertainty regime turn
out not statistically deviating from their long-run path at the 5% significance level. See the impulse
responses with the 90% confidence band in Figure A2 from Appendix.
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entire horizon, at the 5% significance level (see Figure A2 in Appendix). Again, this
response may be attributable to the underlying feature of the low uncertainty regime:
Investors can better understand that the initial loss in their existing positions are due
to an unexpected liquidity shock rather than a shock to the fundamental value of the
assets they trade.

The market-wide liquidity to its own shock are resilient across the two regimes
(see the cell (3,3)). Under both uncertainty regimes, the market liquidity plummets
on impact in response to its own innovation and then start to rebound towards the
long-run value. Some minor differences are found along the converging path: A full
return to the long-run value occurs in the 5th month without any wobbling in the
low uncertainty regime, whereas in the high uncertainty regime it takes 9 months
going through oscillatory adjustments. The resulting behaviors to its own innovation
across the two regimes are consistent with the impulse responses of the market-wide

liquidity to the other two shocks.

3.3.2 Robustness

We conduct robustness exercises in several directions by (i) increasing the sharp-
ness of regime switching in the benchmark STVAR, (ii) varying the VAR lag length,
(iii) including regime-specific trends in the benchmark STVAR, (iv) removing regime-
specific constant terms in the benchmark STVAR; and (v) using an alternative order-
ing of the three variables. Overall, the results from the benchmark model essentially

remain unchanged with these variations. Refer to Appendix (Figure A3 ~ AR).

3.4 Liquidity Spirals

We bring the analysis of impulse responses into the examination of liquidity spirals. In
the analysis of impulse responses above, we trace the consequential behaviors of vari-
ables in response to one-off occurrence of orthogonal shocks identified with our VAR
framework. The responses of a variable A to an orthogonal shock to another variable
B and the responses of B to an orthogonal shock to A are presented independently of
one another. But the estimated VAR coefficients on which the impulse responses are
based summarize their best-fit relationships while cause-and-effects running in either

direction.
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We now draw attention to a bilateral link between A and B by combining A’s
responses to shock B and B’s responses to shock A. We define liquidity spirals in terms
of three indivisible links within our 3-variable STVAR: (1) A “margin-liquidity” spiral
arises if markets turn illiquid in response to a tightening shock to margin requirements
and the margins increase in response to a negative shock to market liquidity. (2) A
“margin-price” spiral arises if the margins rise in response to a negative shock to asset
prices and asset prices fall in response to a tightening shock to funding conditions.
(3) A “liquidity-price” spiral arises if market turn illiquid in response to a negative
shock to asset prices and asset prices fall in response to a negative shock to market
liquidity. Our interest is as to whether and how these spirals behave differently across
the states of low and high uncertainty. Liquidity spirals, the instability mechanism
as a whole of our interest, turn on if the three indivisible links are all at work at the
same time.

As investigations proceeded below, keep reminded of that impulse responses under

each regime are symmetric with respect to the signs of a shock.

3.4.1 Three Indivisible Links
Margin-Liquidity Spiral

A margin-liquidity spiral can be examined by looking into Figure 3.3’s cell (1,3) and
(3,1) jointly, collected now in Figure 3.4 for convenience. In the low uncertainty
regime, a tightening shock to funding conditions induces markets to turn illiquid in a
few months but the funding conditions are rather relaxed immediately following an
illiquidity shock. As a result, within this link, the times when liquidity shocks and
liquidity responses take off in the same direction are likely to fall into the times when
margin shocks and margin responses tend to neutralize their own movements. And
the times when margin shocks and margin responses strengthen their own movements
tend to be when liquidity responses and liquidity shocks move on to the opposite
direction. In this way, margins and market liquidity stabilize each other in the low
uncertainty regime. In brief, a margin-liquidity spiral turns off when the markets are
faced by relatively low uncertainty.

To the contrary, in the high uncertainty regime, a tightening shock to funding
conditions induces markets to immediately turn illiquid (for the first couple of months)

and an illiquidity shock leads to a tightening of funding conditions. Within this
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Figure 3.4: Margin-Liquidity Spiral On and Off

link, if margin shocks and margin responses happen to move in the same direction,
liquidity shocks and liquidity responses are also likely to reinforce themselves, leading
to a sudden liquidity dry-up or surge-up. In this way, margins and market liquidity
destabilize each other when markets are faced by high uncertainty.

Still possibly, however, if two mutually stabilizing shocks (e.g., a tightening fund-
ing shock and a positive liquidity shock) hit the markets at the same time, margins
and market liquidity will tend to cancel off each other, thereby spiraling effects paused
even in the high uncertainty regime. This scenario has an important policy implica-
tion in line of Bernanke and Gertler (1989) and Bernstein, Hughson, and Weidenmier
(2011). Fed’s monetary policy leaning against the wind by means of liquidity pro-
visions can help stop vicious reinforcement cycles emerging on the space of funding
constraints and market liquidity. Its potentials for market stabilization will be more

effective especially when there surrounds high uncertainty in the financial markets.

Margin-Price Spiral

A margin-price spiral can be also examined in the same manner, by looking into
the cell (1,2) and (2,1) together, now collected in Figure 3.5. In the low uncertainty
regime, a negative price shock tightens funding conditions but a tightening (loosening)
shock to funding conditions rather boosts (reduces) asset prices for the first several

months. As a mirror, a positive price shock makes funding conditions loosened but a
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Figure 3.5: Margin-Price Spiral On and Off

loosening (tightening) shock to funding conditions makes asset prices fall (rise). For
all possible sets of shocks and responses within this link, margins and asset prices
will not be led to a reinforcement loop. A margin-price spiral turns off in the low
uncertainty regime.

In the high uncertainty regime, a negative (positive) price shock quickly tightens
(loosens) funding conditions and at the same time, a tightening (loosening) shock to
funding conditions suppresses (boosts) asset prices. As a result, margins and asset
prices destabilize each other and a margin-price spiral emerges when the markets are
faced by high uncertainty. Brunnermeier and Pedersen (2009) call such a reinforce-
ment loop between margins and prices “loss spirals”, which arise in the time of high
uncertainty. An initial loss shock erodes investors’ existing positions, which makes
margin setters concerned about further losses and actively review their current mar-
gin requirements. Increased margins put de-leveraging pressure upon the investors
trading on margin, leading them to prompt selling, further price drops, further losses,
and further increase in margins. Such a margin-price spiral is also found in Wang
(2015), who shows binding long margin requirements reduce stock purchases and thus

drive price down.
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Figure 3.6: Liquidity-Price Spiral On and Off

Liquidity-Price Spiral

A liquidity-price spiral can be easily demonstrated jointly from the cell (2,3) and
(3,2), or from Figure 3.5. In the low uncertainty regime, asset prices respond little
to a liquidity shock and market liquidity re-bounces immediately after one-off drop
to a negative price shock. Within this link, the interplay between market liquidity
and asset prices tend to be transitory. A liquidity-price spiral is just a spell and soon
turns off, keeping the financial markets near a stable equilibrium.

To the contrary, in the high uncertainty regime, asset prices keep falling for several
months in row to an illiquidity shock and market liquidity is squeezed to a negative
price shock. Within this link, whenever liquidity shocks and liquidity responses take
place in the same direction, price shocks and price responses will also push further
their movements together, leading to price bubble or burst. In this way, market
liquidity and asset prices destabilize each other in the high uncertainty regime. A
liquidity-price spiral can be further strengthened when markets are populated by
assets with short investment horizon and/or when investors (like hedge funds and in-
stitutional investors) have to comply with pre-set rules on tolerance level of volatility,
risk, and so on (Cella, Ellul, and Giannetti, 2013).

Nevertheless, like with a margin-liquidity spiral above, if two mutually stabilizing

shocks (e.g., a negative price shock and a positive liquidity shock) hit the markets at
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the same time, each side of asset prices and market liquidity will move to neutralize
the other side’s movements even in the high uncertainty regime. This leads to an
important policy implication about Fed’s potential role in stabilizing the financial
markets. That is, when there surrounds high uncertainty in the financial markets,
Fed’s policy of liquidity provisions leaning against the wind can help cut in downward

spirals emerging on the space of asset prices and market liquidity.

3.4.2 Liquidity Spirals and Uncertainty

Liquidity spirals emerge where the three indivisible links are all at work. Margins
are destabilizing if they increase in illiquidity. Liquidity is destabilizing if it decreases
in margins. A margin-liquidity spiral turns on then. As shown, this is when high
uncertainty faces markets. Margins are also destabilizing if they increase in asset
price drop. Asset prices are destabilizing if they fall in margins. A margin-price
spiral turns on then. This is observed again when there surrounds high uncertainty
in the markets. Liquidity is destabilizing if it decreases in asset price drop. Asset
prices are also destabilizing if they fall in illiquidity. A liquidity-price spiral turns on
then. We have shown it in the high uncertainty regime.

Lenders and margin setters tend to tighten funding conditions when markets
face high volatility (CME, 2016). Reduced accessibility to funds makes selling and
buying assets harder (margin-liquidity), which leads asset prices to fall (liquidity-
price). And when the asset prices fall, lenders’ capital as well as borrowers’ existing
positions erodes, which in turn leads to a further tightening of lending standards
(price-margin). This will cause a further squeeze of transactions (margin-liquidity),
a further drop of asset prices (liquidity-price), and so on. Such a complete form of
reinforcement loops tend to be born primarily when high uncertainty faces markets.

Regarding the important role of uncertainty, Bernstein, Hughson, and Weiden-
mier (2011) take a different angle but reach the same conclusion with ours. Using
the 19th and early 20th century data as natural experiments, Bernstein, Hughson,
and Weidenmier (2011) highlight the interplay among funding constraint, market lig-
uidity and stock prices. They find that some reinforcement loops exist among these
variables, in particular, during the “harvest season” when asset market volatility was
higher than other periods of year. Doing a dynamic VAR analysis, they uncover that a

positive shock from funding constraint reduces both market liquidity and stock prices

106



and a negative shock from stock prices also reduce market liquidity whereas funding
liquidity is only affected by the external factor, the harvest season and real shocks.
They draw attention to the role of central banks, which could potentially prevent
spiraling effects and financial crises by adjusting funding conditions and combine the
history of US. Bernstein, Hughson, and Weidenmier (2011) show that the interactions

among the key financial variables weaken when a lender of last resort was present.

3.5 Uncertainty Measure

In this paper, we have brought uncertainty to the fore of our empirical investigation
about the instability mechanism. However, there might be some measurement issues
regarding uncertainty proxy. First, derivation of uncertainty from the VIX may be
coarse and imperfect. Bekaert, Hoerova, and Lo Duca (2013) derive conditional
volatility using a 5-minute tick data, while we use daily return data. Moreover,
their simple projection method is a rule of thumb in practice. Second, when using
the distilled component from the VIX as uncertainty proxy, we encounter additional
identification problems to disentangle shocks to each VAR variable from shocks to
the VAR regime. As well known, the VIX co-moves with almost all financial variables
such as credit conditions, capital flows, and asset prices across different economies
(Brunnermeier, Nagel, and Pedersen, 2008; Rey, 2013; Bruno and Shin, 2014a.b).
It also tightly co-moves with each of the three financial aggregates, as presented
in Figure 3.1. The financial aggregates are all too drawn from the same basket of
US stocks and derivatives (the S&P500 index and futures) and the VIX is too from
the S&P500 index options. This close co-movement has pros and cons: (pros) to
represent uncertainty prevailing in the financial market; (cons) to mix up casual
direction between liquidity spirals and uncertainty.

We want to examine the dependence of liquidity spirals on uncertainty fluctua-
tions and not vice versa. To avoid such endoegeneity issue between VAR variables
and VAR regime, we alternatively take a measure of uncertainty related to “national
security”. This uncertainty index reflects US public concerns with national security,
being constructed on newspaper appearance of security-specific terms such as war,

military conflict, terrorism, and so on.'® This measure fits into the purpose of the

10The full list of related terms for this category includes national security, war, military conflict,
terrorism, terror, 9/11, defense spending, military spending, police action, armed forces, base closure,
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Figure 3.7: Historical Weight on High Uncertainty on US National Security

present study because wars and terrors are most likely to remain exogenous while
affecting the degree of uncertainty about the true value of the fundamentals. This
property helps us examine the dependence of liquidity spirals (the structural relation-
ship) on uncertainty (the regime), with little influence the other way around. The
use of alternative measure helps also address the fitness of the decomposition method
indirectly.

We bring the series in log into the STVAR system made of equations (3.2) and
(3.3) together with a continuous mapping Fr(z) = 1 — Fy(z) as defined before.
Now z; = log(Uncertainty on US National Security). We keep all the other VAR
specifications the same as made in our benchmark STVAR.

Figure 3.7 shows the historical weights on the high uncertainty regime w.r.t. US
national security, Fp(z;). Compared with the history of uncertainty in Figure 3.2,
the degree of national security uncertainty closely co-moves with the events includ-
ing Gulf War I, 9/11 Attacks, Corporate scandals and recently Euro-zone Sovereign
Crisis. However, for other times of crisis including Mexican Crisis, Asian Crisis, the
national security uncertainty seem not very much related to market uncertainty. So
the difference between the two uncertainty proxies is found mostly in the 1990s.

Figure 3.8 depicts the impulse responses of financial aggregates across different

degree of national security uncertainty. Again, the three indivisible links can be

military procurement, saber rattling, naval blockade, military embargo, no-fly zone, military invasion.
The monthly index is available from the website of Economic Policy Uncertainty. Baker, Bloom, and
Davis (2016) detail their methodology.
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Figure 3.8: Impulse Responses across National Security Uncertainty Regimes
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examined from each set of the cells: {(1,3), (3,1)} for margin-liquidity, {(1,2), (2,1)}
for margin-price, and {(2,3), (3,2)} for liquidity-price. One most notable feature is
that a margin-price link shows now far more contrast between the two regimes. In
the low uncertainty regime on national security, asset prices slightly rise to tightening
funding conditions and the margins fall slightly in response to falling asset prices.
This makes the financial system as a whole far stable against shocks. In the high
uncertainty regime, the margin-price link becomes destabilizing to a greater extent
compared to the previous one with market uncertainty. We also find that liquidity-
price link looks more contrasting between the two different regimes.

The common results from the two different measures jointly confirm that uncer-
tainty fluctuations are crucial to understanding how and when liquidity spirals turn

on and off in US stock markets.

3.6 Conclusions

We take uncertainty to the fore of our empirical investigation into the nature of
financial market instability mechanism. We ask, whether and how the ease of obtain-
ing funds (funding conditions) and the ease of trading assets (market liquidity) and
the value of the fundamentals (asset prices) take different relationships depending
on the amount of uncertainty prevailing in the financial markets. To this aim, we
have boiled down the financial world into a 3-variable VAR that allows uncertainty
to continuously change.

Using the US financial aggregates, we find that funding conditions, market liquid-
ity, asset prices all mutually destabilize only in the times of high uncertainty. Related
findings are that in the times of low uncertainty, (1) funding conditions and market
liquidity rather stabilize each other; (2) reinforcement between funding conditions
and asset prices are much delayed in effect; and (3) asset prices and market liquid-
ity react little each other. In brief, we confirm Brunnermeier and Pedersen (2009)’s
theory of liquidity spirals from the aggregate level.

To our best knowledge, this study is the first one that empirically investigates the
presence of liquidity spirals at the aggregate level of financial system and highlights
the role of uncertainty in destabilizing financial markets. Our study contributes

to a few strands of the existing literature: for example, research areas that study
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relationship between stock prices and market volatility, and liquidity contagion across
asset markets, and so on. Our work can also shed light on the (in)effectiveness of
monetary policy by means of liquidity provisions. For example, in the model of ?,
the interdependence between funding conditions and market liquidity is central to
shaping the ability of central banks to affect real economic activities.

In theory, a central bank has real effects in our economy not by its direct inter-
vention to borrowers’ constraints but by its right to control the composition of liquid
assets, that is, by taking relatively illiquid assets onto its own books and bringing
relatively more liquid assets into our economy. People, then with improved market
liquidity, find it beneficial to allocate additional capital to illiquid assets that they
would not hold otherwise, and in doing so help finance even physically irreversible
capital investment. Our empirical investigation clues that the central bank’s policy
effectiveness in helping the economy stay around a stable equilibrium will also de-
pend on the way of pausing spiraling effects among key financial variables especially
during the times of high uncertainty. This is particularly relevant today when Fed’s

credibility is seriously challenged.
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Appendix

A1l. Confidence Intervals (High Uncertainty Regime)
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Note: The figure depicts the impulse responses of the three financial aggregates to a one-percent
The shaded area

represents the 90% confidence interval. The curvature parameter 6 is set to 2 and the VAR lag

deviation shock to each of the aggregates under the high uncertainty regime.

length 2. The trend and regime-specific intercept are included. The horizontal axis is in months.

The vertical axis is in percent.

Figure Al. Impulse Responses under High Uncertainty Regime
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A2. Confidence Intervals (Low Uncertainty Regime)
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The trend and regime-specific intercept are included. The horizontal axis is in months. The vertical

axis is in percent.

Figure A2. Impulse Responses under Low Uncertainty Regime
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A3. Curvature Parameter (small)
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Note: The figure depicts the impulse responses of the three financial aggregates to a one-percent
deviation shock to each of the aggregates under each of the uncertainty regimes. The curvature
parameter 6 is set to 1 and the VAR lag 2. The trend and regime-specific intercepts are included.

The horizontal axis is in months. The vertical axis is in percent.

Figure A3. IRAs with § =1
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A4. Curvature Parameter (large)
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Note: The figure depicts the impulse responses of the three financial aggregates to a one-percent
deviation shock to each of the aggregates under each of the uncertainty regimes. The curvature
parameter 6 is set to 3 and the VAR lag 2. The trend and regime-specific intercepts are included.

The horizontal axis is in months. The vertical axis is in percent.

Figure A4. IRAs with § =3
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A5. VAR lag length
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Note: The figure depicts the impulse responses of the three financial aggregates to a one-percent
deviation shock to each of the aggregates under each of the uncertainty regimes. The curvature
parameter 6 is set to 2 and the VAR lag length 3. The trend and regime-specific intercept are

included. The horizontal axis is in months. The vertical axis is in percent.

Figure A5. IRAs with the VAR lag length 3
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A6. Regime-specific Intercepts Removed
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Note: The figure depicts the impulse responses of the three financial aggregates to a one-percent
deviation shock to each of the aggregates under each of the uncertainty regimes. The curvature
parameter 6 is set to 2 and the VAR lag length 2. The trend is included without regime-specific

constant terms. The horizontal axis is in months. The vertical axis is in percent.

Figure A6. IRAs without regime-specific intercepts
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A7. Regime-specific Trends Included
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Note: The figure depicts the impulse responses of the three financial aggregates to a one-percent
deviation shock to each of the aggregates under each of the uncertainty regimes. The curvature
parameter 0 is set to 2 and the VAR lag length 2. Apart from time trend in common, regime-specific

trend and intercept are included. The horizontal axis is in months. The vertical axis is in percent.

Figure A7. IRAs with regime-specific trends

118



AS8. Alternative Ordering of the Variables
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Figure A8. IRAs with an alternative ordering [FC, LIQ, PRI]
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Thomas Nicolai Pedersen

The Discursive Constitution of Organi-
zational Governance — Between unity
and differentiation

The Case of the governance of
environmental risks by World Bank
environmental staff

Cynthia Selin
Volatile Visions: Transactons in
Anticipatory Knowledge

Jesper Banghgj
Financial Accounting Information and
Compensation in Danish Companies

Mikkel Lucas Overby
Strategic Alliances in Emerging High-
Tech Markets: What's the Difference
and does it Matter?

Tine Aage

External Information Acquisition of
Industrial Districts and the Impact of
Different Knowledge Creation Dimen-
sions



12.

13.

14.

15.

16.

17.

18.

2007

A case study of the Fashion and
Design Branch of the Industrial District
of Montebelluna, NE Italy

Mikkel Flyverbom

Making the Global Information Society
Governable

On the Governmentality of Multi-
Stakeholder Networks

Anette Grgnning

Personen bag

Tilstedeveer i e-mail som inter-
aktionsform mellem kunde og med-
arbejder i dansk forsikringskontekst

Jorn Helder
One Company — One Language?
The NN-case

Lars Bjerregaard Mikkelsen

Differing perceptions of customer
value

Development and application of a tool
for mapping perceptions of customer
value at both ends of customer-suppli-
er dyads in industrial markets

Lise Granerud

Exploring Learning

Technological learning within small
manufacturers in South Africa

Esben Rahbek Pedersen
Between Hopes and Realities:
Reflections on the Promises and
Practices of Corporate Social
Responsibility (CSR)

Ramona Samson

The Cultural Integration Model and
European Transformation.

The Case of Romania

Jakob Vestergaard

Discipline in The Global Economy
Panopticism and the Post-Washington
Consensus

Heidi Lund Hansen

Spaces for learning and working

A qualitative study of change of work,
management, vehicles of power and
social practices in open offices

Sudhanshu Rai

Exploring the internal dynamics of
software development teams during
user analysis

A tension enabled Institutionalization
Model; “Where process becomes the
objective”

Norsk ph.d.
Ej til salg gennem Samfundslitteratur

Serden Ozcan

EXPLORING HETEROGENEITY IN
ORGANIZATIONAL ACTIONS AND
OUTCOMES

A Behavioural Perspective

Kim Sundtoft Hald
Inter-organizational Performance
Measurement and Management in
Action

— An Ethnography on the Construction
of Management, Identity and
Relationships

Tobias Lindeberg

Evaluative Technologies
Quality and the Multiplicity of
Performance

Merete Wedell-Wedellsborg

Den globale soldat

Identitetsdannelse og identitetsledelse
i multinationale militaere organisatio-
ner

Lars Frederiksen

Open Innovation Business Models
Innovation in firm-hosted online user
communities and inter-firm project
ventures in the music industry

— A collection of essays

Jonas Gabrielsen
Retorisk toposlere — fra statisk sted’
til persuasiv aktivitet



Christian Moldt-Jgrgensen

Fra meningsles til meningsfuld
evaluering.

Anvendelsen af studentertilfredsheds-
malinger pa de korte og mellemlange
videregédende uddannelser set fra et
psykodynamisk systemperspektiv

Ping Gao

Extending the application of
actor-network theory

Cases of innovation in the tele-
communications industry

Peter Mejlby

Frihed og feengsel, en del af den
samme drem?

Et phronetisk baseret casestudie af
frigerelsens og kontrollens sam-
eksistens i vaerdibaseret ledelse!

Kristina Birch
Statistical Modelling in Marketing

Signe Poulsen

Sense and sensibility:

The language of emotional appeals in
insurance marketing

Anders Bjerre Trolle
Essays on derivatives pricing and dyna-
mic asset allocation

Peter Feldhdtter
Empirical Studlies of Bond and Credit
Markets

Jens Henrik Eggert Christensen
Default and Recovery Risk Modeling
and Estimation

Maria Theresa Larsen

Academic Enterprise: A New Mission
for Universities or a Contradiction in
Terms?

Four papers on the long-term impli-
cations of increasing industry involve-
ment and commercialization in acade-
mia
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25.

26.

27.

28.

Morten Wellendorf
Postimplementering af teknologi i den
offentlige forvaltning

Analyser af en organisations konti-
nuerlige arbejde med informations-
teknologi

Ekaterina Mhaanna
Concept Relations for Terminological
Process Analysis

Stefan Ring Thorbjgrnsen

Forsvaret i forandring

Et studie i officerers kapabiliteter un-
der pavirkning af omverdenens foran-
dringspres mod @get styring og leering

Christa Breum Amhgj

Det selvskabte medlemskab om ma-
nagementstaten, dens styringstekno-
logier og indbyggere

Karoline Bromose

Between Technological Turbulence and
Operational Stability

— An empirical case study of corporate
venturing in TDC

Susanne Justesen

Navigating the Paradoxes of Diversity
in Innovation Practice

— A Longitudinal study of six very
different innovation processes — in
practice

Luise Noring Henler
Conceptualising successful supply
chain partnerships

— Viewing supply chain partnerships
from an organisational culture per-
spective

Mark Mau

Kampen om telefonen

Det danske telefonveesen under den
tyske besaettelse 1940-45

Jakob Halskov

The semiautomatic expansion of
existing terminological ontologies
using knowledge patterns discovered
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2008

on the WWW - an implementation
and evaluation

Gergana Koleva

European Policy Instruments Beyond
Networks and Structure: The Innova-
tive Medicines Initiative

Christian Geisler Asmussen
Global Strategy and International
Diversity: A Double-Edged Sword?

Christina Holm-Petersen

Stolthed og fordom

Kultur- og identitetsarbejde ved ska-
belsen af en ny sengeafdeling gennem
fusion

Hans Peter Olsen

Hybrid Governance of Standardized
States

Causes and Contours of the Global
Regulation of Government Auditing

Lars Bage Sgrensen
Risk Management in the Supply Chain

Peter Aagaard

Det unikkes dynamikker

De institutionelle mulighedsbetingel-
ser bag den individuelle udforskning i
professionelt og frivilligt arbejde

Yun Mi Antorini

Brand Community Innovation

An Intrinsic Case Study of the Adult
Fans of LEGO Community

Joachim Lynggaard Boll

Labor Related Corporate Social Perfor-
mance in Denmark

Organizational and Institutional Per-
spectives

Frederik Christian Vinten
Essays on Private Equity

Jesper Clement
Visual Influence of Packaging Design
on In-Store Buying Decisions

Marius Brostream Kousgaard

Tid til kvalitetsmaling?

— Studier af indrulleringsprocesser i
forbindelse med introduktionen af
kliniske kvalitetsdatabaser i speciallae-
gepraksissektoren

Irene Skovgaard Smith
Management Consulting in Action
Value creation and ambiquity in
client-consultant relations

Anders Rom

Management accounting and inte-
grated information systems

How to exploit the potential for ma-
nagement accounting of information
technology

Marina Candi

Aesthetic Design as an Element of
Service Innovation in New Technology-
based Firms

Morten Schnack

Teknologi og tveerfaglighed

—en analyse af diskussionen omkring
indferelse af EPJ pa en hospitalsafde-
ling

Helene Balslev Clausen

Juntos pero no revueltos — un estudio
sobre emigrantes norteamericanos en
un pueblo mexicano

Lise Justesen

Kunsten at skrive revisionsrapporter.
En beretning om forvaltningsrevisio-
nens beretninger

Michael E. Hansen

The politics of corporate responsibility:
CSR and the governance of child labor
and core labor rights in the 1990s

Anne Roepstorff

Holdning for handling — en etnologisk
undersegelse af Virksomheders Sociale
Ansvar/CSR
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Claus Bajlum
Essays on Credit Risk and
Credit Derivatives

Anders Bojesen

The Performative Power of Competen-
ce — an Inquiry into Subjectivity and
Social Technologies at Work

Satu Reijonen

Green and Fragile

A Study on Markets and the Natural
Environment

llduara Busta
Corporate Governance in Banking
A European Study

Kristian Anders Hvass

A Boolean Analysis Predicting Industry
Change: Innovation, Imitation & Busi-
ness Models

The Winning Hybrid: A case study of
isomorphism in the airline industry

Trine Paludan

De uvidende og de udviklingsparate
Identitet som mulighed og restriktion
blandt fabriksarbejdere pa det aftaylo-
riserede fabriksqulv

Kristian Jakobsen
Foreign market entry in transition eco-
nomies: Entry timing and mode choice

Jakob Elming
Syntactic reordering in statistical ma-
chine translation

Lars Brgmsge Termansen

Regional Computable General Equili-
brium Models for Denmark

Three papers laying the foundation for
regional CGE models with agglomera-
tion characteristics

Mia Reinholt
The Motivational Foundations of
Knowledge Sharing
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2009

Frederikke Krogh-Meibom

The Co-Evolution of Institutions and
Technology

— A Neo-Institutional Understanding of
Change Processes within the Business
Press — the Case Study of Financial
Times

Peter D. @rberg Jensen

OFFSHORING OF ADVANCED AND
HIGH-VALUE TECHNICAL SERVICES:
ANTECEDENTS, PROCESS DYNAMICS
AND FIRMLEVEL IMPACTS

Pham Thi Song Hanh

Functional Upgrading, Relational
Capability and Export Performance of
Vietnamese Wood Furniture Producers

Mads Vangkilde

Why wait?

An Exploration of first-mover advanta-
ges among Danish e-grocers through a
resource perspective

Hubert Buch-Hansen

Rethinking the History of European
Level Merger Control

A Critical Political Economy Perspective

Vivian Lindhardsen

From Independent Ratings to Commu-
nal Ratings: A Study of CWA Raters’
Decision-Making Behaviours

Gudrid Weihe
Public-Private Partnerships: Meaning
and Practice

Chris Ngkkentved

Enabling Supply Networks with Colla-
borative Information Infrastructures
An Empirical Investigation of Business
Model Innovation in Supplier Relation-
ship Management

Sara Louise Muhr
Wound, Interrupted — On the Vulner-
ability of Diversity Management
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Christine Sestoft
Forbrugeradfeerd i et Stats- og Livs-
formsteoretisk perspektiv

Michael Pedersen

Tune in, Breakdown, and Reboot: On
the production of the stress-fit self-
managing employee

Salla Lutz

Position and Reposition in Networks

— Exemplified by the Transformation of
the Danish Pine Furniture Manu-
facturers

Jens Forssbaeck
Essays on market discipline in
commercial and central banking

Tine Murphy

Sense from Silence — A Basis for Orga-
nised Action

How do Sensemaking Processes with
Minimal Sharing Relate to the Repro-
duction of Organised Action?

Sara Malou Strandvad

Inspirations for a new sociology of art:
A sociomaterial study of development
processes in the Danish film industry

Nicolaas Mouton

On the evolution of social scientific
metaphors:

A cognitive-historical enquiry into the
divergent trajectories of the idea that
collective entities — states and societies,
cities and corporations — are biological
organisms.

Lars Andreas Knutsen
Mobile Data Services:
Shaping of user engagements

Nikolaos Theodoros Korfiatis
Information Exchange and Behavior
A Multi-method Inquiry on Online
Communities
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22.

23.

Jens Albaek

Forestillinger om kvalitet og tveerfaglig-
hed pa sygehuse

— skabelse af forestillinger i laege- og
plejegrupperne angaende relevans af
nye idéer om kvalitetsudvikling gen-
nem tolkningsprocesser

Maja Lotz
The Business of Co-Creation —and the
Co-Creation of Business

Gitte P. Jakobsen

Narrative Construction of Leader Iden-
tity in a Leader Development Program
Context

Dorte Hermansen

“Living the brand” som en brandorien-
teret dialogisk praxis:

Om udvikling af medarbejdernes
brandorienterede demmekraft

Aseem Kinra
Supply Chain (logistics) Environmental
Complexity

Michael Ngrager

How to manage SMEs through the
transformation from non innovative to
innovative?

Kristin Wallevik
Corporate Governance in Family Firms
The Norwegian Maritime Sector

Bo Hansen Hansen
Beyond the Process
Enriching Software Process Improve-
ment with Knowledge Management

Annemette Skot-Hansen

Franske adjektivisk afledte adverbier,
der tager praepositionssyntagmer ind-
ledt med praepositionen a som argu-
menter

En valensgrammatisk undersegelse

Line Gry Knudsen
Collaborative R&D Capabilities
In Search of Micro-Foundations
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2010

Christian Scheuer
Employers meet employees
Essays on sorting and globalization

Rasmus Johnsen

The Great Health of Melancholy

A Study of the Pathologies of Perfor-
mativity

Ha Thi Van Pham

Internationalization, Competitiveness
Enhancement and Export Performance
of Emerging Market Firms:

Evidence from Vietnam

Henriette Balieu

Kontrolbegrebets betydning for kausa-
tivalternationen i spansk

En kognitiv-typologisk analyse

Yen Tran

Organizing Innovationin Turbulent
Fashion Market

Four papers on how fashion firms crea-
te and appropriate innovation value

Anders Raastrup Kristensen
Metaphysical Labour

Flexibility, Performance and Commit-
ment in Work-Life Management

Margrét Sigrun Sigurdardottir
Dependently independent
Co-existence of institutional logics in
the recorded music industry

Asta Dis Oladottir

Internationalization from a small do-
mestic base:

An empirical analysis of Economics and
Management

Christine Secher

E-deltagelse i praksis — politikernes og
forvaltningens medkonstruktion og
konsekvenserne heraf

Marianne Stang Vaéland
What we talk about when we talk
about space:

10.

11.

12.

13.

14.

15.

End User Participation between Proces-
ses of Organizational and Architectural
Design

Rex Degnegaard

Strategic Change Management
Change Management Challenges in
the Danish Police Reform

Ulrik Schultz Brix

Veerdi i rekruttering — den sikre beslut-
ning

En pragmatisk analyse af perception
og synliggerelse af veerdi i rekrutte-
rings- og udveelgelsesarbejdet

Jan Ole Simila

Kontraktsledelse

Relasjonen mellom virksomhetsledelse
og kontraktshandtering, belyst via fire
norske virksomheter

Susanne Boch Waldorff

Emerging Organizations: In between
local translation, institutional logics
and discourse

Brian Kane

Performance Talk

Next Generation Management of
Organizational Performance

Lars Ohnemus

Brand Thrust: Strategic Branding and
Shareholder Value

An Empirical Reconciliation of two
Critical Concepts

Jesper Schlamovitz
Handtering af usikkerhed i film- og
byggeprojekter

Tommy Moesby-Jensen

Det faktiske livs forbindtlighed
Farsokratisk informeret, ny-aristotelisk
NBoc-teenkning hos Martin Heidegger

Christian Fich

Two Nations Divided by Common
Values

French National Habitus and the
Rejection of American Power
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22.
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24.

Peter Beyer

Processer, sammenhaengskraft

og fleksibilitet

Et empirisk casestudie af omstillings-
forleb i fire virksomheder

Adam Buchhorn

Markets of Good Intentions
Constructing and Organizing
Biogas Markets Amid Fragility
and Controversy

Cecilie K. Moesby-Jensen

Social leering og feelles praksis

Et mixed method studie, der belyser
leeringskonsekvenser af et lederkursus
for et praksisfellesskab af offentlige
mellemledere

Heidi Boye

Fedevarer og sundhed i sen-
modernismen

— En indsigt i hyggefeenomenet og
de relaterede fodevarepraksisser

Kristine Munkgard Pedersen
Flygtige forbindelser og midlertidige
mobiliseringer

Om kulturel produktion pa Roskilde
Festival

Oliver Jacob Weber

Causes of Intercompany Harmony in
Business Markets — An Empirical Inve-
stigation from a Dyad Perspective

Susanne Ekman

Authority and Autonomy
Paradoxes of Modern Knowledge
Work

Anette Frey Larsen

Kvalitetsledelse pa danske hospitaler

— Ledelsernes indflydelse pa introduk-
tion og vedligeholdelse af kvalitetsstra-
tegier i det danske sundhedsvaesen

Toyoko Sato

Performativity and Discourse: Japanese
Advertisements on the Aesthetic Edu-
cation of Desire
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28.

29.

30.

31.

32.

33.

34.

35.

Kenneth Brinch Jensen

Identifying the Last Planner System
Lean management in the construction
industry

Javier Busquets
Orchestrating Network Behavior
for Innovation

Luke Patey

The Power of Resistance: India’s Na-
tional Oil Company and International
Activism in Sudan

Mette Vedel

Value Creation in Triadic Business Rela-
tionships. Interaction, Interconnection
and Position

Kristian Terning
Knowledge Management Systems in
Practice — A Work Place Study

Qingxin Shi

An Empirical Study of Thinking Aloud
Usability Testing from a Cultural
Perspective

Tanja Juul Christiansen
Corporate blogging: Medarbejderes
kommunikative handlekraft

Malgorzata Ciesielska

Hybrid Organisations.

A study of the Open Source — business
setting

Jens Dick-Nielsen
Three Essays on Corporate Bond
Market Liquidity

Sabrina Speiermann

Modstandens Politik
Kampagnestyring i Velfeerdsstaten.

En diskussion af trafikkampagners sty-
ringspotentiale

Julie Uldam

Fickle Commitment. Fostering political
engagement in 'the flighty world of
online activism’



36.

37.

38.

2011

Annegrete Juul Nielsen
Traveling technologies and
transformations in health care

Athur Mihlen-Schulte

Organising Development

Power and Organisational Reform in
the United Nations Development
Programme

Louise Rygaard Jonas

Branding pa butiksgulvet

Et case-studie af kultur- og identitets-
arbejdet i Kvickly

Stefan Fraenkel

Key Success Factors for Sales Force
Readiness during New Product Launch
A Study of Product Launches in the
Swedish Pharmaceutical Industry

Christian Plesner Rossing
International Transfer Pricing in Theory
and Practice

Tobias Dam Hede

Samtalekunst og ledelsesdisciplin

— en analyse af coachingsdiskursens
genealogi og governmentality

Kim Pettersson
Essays on Audit Quality, Auditor Choi-
ce, and Equity Valuation

Henrik Merkelsen

The expert-lay controversy in risk
research and management. Effects of
institutional distances. Studies of risk
definitions, perceptions, management
and communication

Simon S. Torp

Employee Stock Ownership:

Effect on Strategic Management and
Performance

Mie Harder
Internal Antecedents of Management
Innovation

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ole Helby Petersen

Public-Private Partnerships: Policy and
Regulation — With Comparative and
Multi-level Case Studies from Denmark
and Ireland

Morten Krogh Petersen
‘Good’ Outcomes. Handling Multipli-
city in Government Communication

Kristian Tangsgaard Hvelplund
Allocation of cognitive resources in
translation - an eye-tracking and key-
logging study

Moshe Yonatany
The Internationalization Process of
Digital Service Providers

Anne Vestergaard

Distance and Suffering

Humanitarian Discourse in the age of
Mediatization

Thorsten Mikkelsen
Personligsheds indflydelse pa forret-
ningsrelationer

Jane Thostrup Jagd

Hvorfor fortsaetter fusionsbelgen ud-
over “the tipping point”?

—en empirisk analyse af information
og kognitioner om fusioner

Gregory Gimpel

Value-driven Adoption and Consump-
tion of Technology: Understanding
Technology Decision Making

Thomas Stengade Sgnderskov

Den nye mulighed

Social innovation i en forretningsmaes-
sig kontekst

Jeppe Christoffersen
Donor supported strategic alliances in
developing countries

Vibeke Vad Baunsgaard
Dominant Ideological Modes of
Rationality: Cross functional
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22.

23.

24.

25.

26.

27.

28.

29.

integration in the process of product
innovation

Throstur Olaf Sigurjonsson
Governance Failure and Icelands’s
Financial Collapse

Allan Sall Tang Andersen
Essays on the modeling of risks in
interest-rate and inflation markets

Heidi Tscherning
Mobile Devices in Social Contexts

Birgitte Gorm Hansen

Adapting in the Knowledge Economy
Lateral Strategies for Scientists and
Those Who Study Them

Kristina Vaarst Andersen

Optimal Levels of Embeddedness
The Contingent Value of Networked
Collaboration

Justine Gragnbaek Pors

Noisy Management

A History of Danish School Governing
from 1970-2010

Stefan Linder

Micro-foundations of Strategic
Entrepreneurship

Essays on Autonomous Strategic Action

Xin Li

Toward an Integrative framework of
National Competitiveness

An application to China

Rune Thorbjern Clausen

Veerdifuld arkitektur

Et eksplorativt studie af bygningers
rolle i virksomheders vaerdiskabelse

Monica Viken
Markedsundersokelser som bevis i
varemerke- og markedsferingsrett

Christian Wymann

Tattooing

The Economic and Artistic Constitution
of a Social Phenomenon
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2012

Sanne Frandsen

Productive Incoherence

A Case Study of Branding and
Identity Struggles in a Low-Prestige
Organization

Mads Stenbo Nielsen
Essays on Correlation Modelling

lvan Hauser

Folelse og sprog

Etablering af en ekspressiv kategori,
eksemplificeret pa russisk

Sebastian Schwenen
Security of Supply in Electricity Markets

Peter Holm Andreasen

The Dynamics of Procurement
Management

- A Complexity Approach

Martin Haulrich
Data-Driven Bitext Dependency
Parsing and Alignment

Line Kirkegaard

Konsulenten i den anden nat
En undersagelse af det intense
arbejdsliv

Tonny Stenheim
Decision usefulness of goodwill
under IFRS

Morten Lind Larsen
Produktivitet, veekst og velfeerd
Industriradet og efterkrigstidens
Danmark 1945 - 1958

Petter Berg
Cartel Damages and Cost Asymmetries

Lynn Kahle

Experiential Discourse in Marketing
A methodical inquiry into practice
and theory

Anne Roelsgaard Obling
Management of Emotions
in Accelerated Medlical Relationships



10.

11.

13.

14.

15.

16.

17.

18.

19.

Thomas Frandsen
Managing Modularity of
Service Processes Architecture

Carina Christine Skovmgller

CSR som noget serligt

Et casestudie om styring og menings-
skabelse i relation til CSR ud fra en
intern optik

Michael Tell

Fradragsbeskaering af selskabers
finansieringsudgifter

En skatteretlig analyse af SEL §§ 11,
11Bog 11C

Morten Holm

Customer Profitability Measurement
Models

Their Merits and Sophistication
across Contexts

Katja Joo Dyppel
Beskatning af derivater
En analyse af dansk skatteret

Esben Anton Schultz
Essays in Labor Economics
Evidence from Danish Micro Data

Carina Risvig Hansen

“Contracts not covered, or not fully
covered, by the Public Sector Directive”
Anja Svejgaard Pors

Iveerkseettelse af kommunikation

- patientfigurer i hospitalets strategiske
kommunikation

Frans Bévort

Making sense of management with
logics

An ethnographic study of accountants
who become managers

René Kallestrup
The Dynamics of Bank and Sovereign
Credit Risk

Brett Crawford

Revisiting the Phenomenon of Interests
in Organizational Institutionalism

The Case of U.S. Chambers of
Commerce
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24.

25.
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27.

28.

29.

30.

Mario Daniele Amore
Essays on Empirical Corporate Finance

Arne Stjernholm Madsen

The evolution of innovation strategy
Studied in the context of medical
device activities at the pharmaceutical
company Novo Nordisk A/S in the
period 1980-2008

Jacob Holm Hansen

Is Social Integration Necessary for
Corporate Branding?

A study of corporate branding
strategies at Novo Nordisk

Stuart Webber
Corporate Profit Shifting and the
Multinational Enterprise

Helene Ratner

Promises of Reflexivity
Managing and Researching
Inclusive Schools

Therese Strand
The Owners and the Power: Insights
from Annual General Meetings

Robert Gavin Strand
In Praise of Corporate Social
Responsibility Bureaucracy

Nina Sormunen

Audlitor’s going-concern reporting
Reporting decision and content of the
report

John Bang Mathiasen

Learning within a product development
working practice:

- an understanding anchored

in pragmatism

Philip Holst Riis
Understanding Role-Oriented Enterprise
Systems: From Vendors to Customers

Marie Lisa Dacanay

Social Enterprises and the Poor
Enhancing Social Entrepreneurship and
Stakeholder Theory
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34.

35.

36.

37.

38.

39.

40.

Fumiko Kano Gluckstad

Bridging Remote Cultures: Cross-lingual
concept mapping based on the
information receiver’s prior-knowledge

Henrik Barslund Fosse
Empirical Essays in International Trade

Peter Alexander Albrecht
Foundational hybridity and its
reproduction

Security sector reform in Sierra Leone

Maja Rosenstock

CSR - hvor sveert kan det veere?
Kulturanalytisk casestudie om
udfordringer og dilemmaer med at
forankre Coops CSR-strategi

Jeanette Rasmussen

Tweens, medier og forbrug

Et studie af 10-12 arige danske barns
brug af internettet, opfattelse og for-
staelse af markedstering og forbrug

Ib Tunby Gulbrandsen

‘This page is not intended for a
US Audience’

A five-act spectacle on online
communication, collaboration
& organization.

Kasper Aalling Teilmann
Interactive Approaches to
Rural Development

Mette Mogensen

The Organization(s) of Well-being

and Productivity

(Re)assembling work in the Danish Post

Sgren Friis Mgller

From Disinterestedness to Engagement
Towards Relational Leadership In the
Cultural Sector

Nico Peter Berhausen

Management Control, Innovation and
Strategic Objectives — Interactions and
Convergence in Product Development
Networks

41.

42.

43.

2013

Balder Onarheim

Creativity under Constraints
Creativity as Balancing
‘Constrainedness’

Haoyong Zhou
Essays on Family Firms

Elisabeth Naima Mikkelsen

Making sense of organisational conflict
An empirical study of enacted sense-
making in everyday conflict at work

Jacob Lyngsie
Entrepreneurship in an Organizational
Context

Signe Groth-Brodersen

Fra ledelse til selvet

En socialpsykologisk analyse af
forholdet imellem selvledelse, ledelse
og stress i det moderne arbejdsliv

Nis Hayrup Christensen

Shaping Markets: A Neoinstitutional
Analysis of the Emerging
Organizational Field of Renewable
Energy in China

Christian Edelvold Berg

As a matter of size

THE IMPORTANCE OF CRITICAL
MASS AND THE CONSEQUENCES OF
SCARCITY FOR TELEVISION MARKETS

Christine D. Isakson
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