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Foreword

This thesis is the product of my PhD studies at the Department of Finance and Center for
Financial Frictions (FRIC) at Copenhagen Business School. The thesis consists of three self-
contained essays, which can be read independently. The first two essays concern the impact
of derivative instruments on their underlying markets, while the third essay (co-authored
with Jesper Andreasen) analyzes the value of cash as a perpetual option.

The first essay investigates how the rebalancing of leveraged volatility products impacts
the underlying volatility (VIX) futures market. I show that the daily rebalancing imposes
substantial hidden costs on investors, but find no evidence that the impact is driven by
predatory trading or harmful front-running of predictable rebalancing flows. The second
essay demonstrates how dynamic hedging of derivatives portfolios that depend on several
underlyings can induce a non-fundamental correlation between the underlying asset returns,
even in the absence of any fundamental correlation. T provide empirical evidence for the
model using two quasi-natural experiments from the Japanese corporate CDS market. In
particular, I show that dynamic hedging of counterparty risk associated with currency swap
portfolios can influence the correlation between credit and currency markets. The third essay
uses option valuation techniques to derive the value of cash in the absence of a zero lower
bound on nominal interest rates. The essay demonstrates that cash can have substantial
option value when deeply negative nominal rates are possible.

This thesis was only possible due to the kind support of a number of people over the
years. In particular, I would like to thank my two advisors David Lando and Fabrice Tourre
for their continuous support, invaluable advice and always positive attitude. I am especially
grateful to Jesper Andreasen, whose ideas have been inspirational in the writing of this
thesis, as well as my former colleagues in Danske Markets, in particular Nicki Rasmussen
and Martin Linderstrom who taught me how finance is practiced in “the real world”. I also
thank Martin Oehmke for hosting my visit at London School of Economics in 2018.

Moreover, I am deeply grateful to my friends and PhD colleagues for their support. In this
respect, I am especially grateful to Jakob Ahm Sgrensen, Ben Knox and Jacek Przybyszewski
(my cohort) for many great discussions (only occasionally about finance) and good times.

Most importantly, I am grateful to my beloved wife Anna, children Georg and Alice, and

my parents for unconditional love and support throughout the years.






iii
Non-technical introduction

A derivative is a financial instrument whose final payoff is derived from the value of one
or more underlying assets. Naturally, in classical derivatives pricing causality is assumed to
flow from the value of the underlying asset(s) to the value of the derivative. However, in
the presence of certain frictions causality can reverse such that the derivatives market drives
the underlying market instead of the other way around. I refer to instances of such reverse
causality as derivatives feedback effects.

The literature distinguishes between informational and non-informational feedback effects
(see, e.g., Ni et al. (2008) and Ni et al. (2020)). Informational feedback effects occur, for
example, when the stock option market is quicker than the underlying stock market to process
new information about the value of the underlying stocks. Non-informational feedback effects
occur, for example, when the hedging transactions that derivatives dealers undertake are so
large that they have a material impact on the price(s) of the underlying asset(s) (or the
underlying market is not liquid enough to absorb such hedging trades without moving the
price). Such feedback effects can increase or dampen volatility depending on the sign of
derivatives dealers’ convezity (in a sense that I make precise below). Loosely speaking: if we
plot the total value of derivatives dealers’ portfolios against the value of the underlying, does
the curve bend upwards or downwards? If it bends downwards (negative convexity), then
dealers’ hedging activities tend to increase volatility and vice versa. For various reasons,
dealers, as a group, often end up sitting on a negatively convex portfolio. The first two
chapters in the thesis extend our knowledge about such non-informational feedback effects
in the presence of negative convexity on the part of the dealer community.

In the first chapter of the thesis, I study the market impact of rebalancing flows from
the issuers of leveraged volatility funds. To deliver on the returns they promise leveraged
funds must buy additional futures contracts when the market is up and sell futures contracts
when the market is down. The mechanical rebalancing provides a daily source of large, non-
informational hedging flows to the underlying VIX futures market and is a natural laboratory
for studying the market impact of such flows. Moreover, to minimize tracking error these
flows are concentrated around the close of the market. I show that such pro-cyclical flows
amplify volatility around the close of the market and impose a substantial implicit cost on
investors (whose returns are tied to closing prices). In my sample, these implicit costs, due to
the funds’ collective market impact, are larger than the explicit fees charged by the issuers.

However, the main result of the paper relates to the role of predictability of such flows.
It turns out that the rebalancing flows from the issuers of leveraged funds can be predicted

by other investors with fairly high accuracy. When another trader’s demand for liquidity
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can be predicted, it usually leads to concerns of front-running and predatory trading, i.e.,
other traders are assumed to act in a way that harms the liquidity-demanding traders. In
this specific case, there are numerous of such concerns — both in the financial press (e.g.,
Rennison (2015), Lewis (2016) and Pfrang and Wigglesworth (2018)) and among academics
(e.g., Pagano et al. (2019)). The predatory trading model in Brunnermeier and Pedersen
(2005) is often cited in this respect, but their model also implies that competition between
liquidity providers and the lack of a permanent component in liquidity traders’ price impact
will mitigate (or completely eliminate) the incentive to engage in predatory trading. In
fact, the classical market microstructure models imply that order flow that can be credibly
verified as uninformed should have limited market impact as liquidity providers prepare and
compete to take the other side of such order flow. Admati and Pfleiderer (1991) characterize
this situation as a sunshine equilibrium in which predictability of their order flow is beneficial
to liquidity traders.

In fact, the uninformed nature of rebalancing flows and the relatively low cost of liquidity
provision in the VIX futures market (an electronic limit order market) make a sunshine
equilibrium a more likely outcome. Indeed, the empirical results strongly support the
existence of a sunshine equilibrium around rebalancing flows. First, I find that larger
rebalancing flows are associated with a smaller price impact coefficient (price impact per
unit of rebalancing flow). Second, I find that a higher degree of predictability generates a
smaller price impact. Specifically, rebalancing flows driven by market moves that occur early
in the trading session are associated with a smaller price impact coefficient than rebalancing
flows driven by returns that occur towards the end of the trading session. Finally, T find that
a trading strategy that systematically trades in front of the daily rebalancing flows does not
earn abnormal profits net of transaction costs: after an initial period of large profits, the
profitability of such a trading strategy steadily declines. Together, these findings provide
evidence in favor of a sunshine trading equilibrium in which more liquidity is allocated to
larger and more predictable rebalancing flows.

From a policy perspective, this is an important conclusion because it leads to policy
implications that are radically different from the ones put forth by those concerned with
predatory trading. For example, Alexander and Korovilas (2013) propose that exchange-
traded VIX products be indexed to average prices (e.g., volume-weighted over a day or over
several days) instead of daily settlement prices to obscure the size and timing of rebalancing
flows. However, such proposals are likely to be counterproductive because they increase the
cost of liquidity provision by removing the coordinating role that the daily settlement serves
for liquidity providers.

In the second chapter of the thesis, I investigate a novel source of non-fundamental corre-



lation due to derivatives feedback effects. When the hedging demand from derivatives dealers
in an illiquid market depends on the movements in another, more liquid market, this can
create a correlation between asset returns in the two markets, even if they are fundamentally
uncorrelated. Such cross-dependencies (in market terminology: cross-gamma) naturally arise
in a number of situations of practical relevance, and in this chapter I investigate one such
example: dynamic hedging of derivatives counterparty credit risk.

The chapter starts by solving a simple partial equilibrium model to illustrate the un-
derlying mechanism and generate precise, testable predictions. In the model, there are two
assets whose true values are fundamentally uncorrelated. There are two types of agents:
fundamental investors and derivatives hedgers. Fundamental investors know the true value
of each asset, but they are constrained in terms of their ability to arbitrage deviations of
prices from true values in one of the markets (the illiquid market). Derivatives hedgers are
endowed with a portfolio that depends on the prices of both assets. They do not care about
true value, and their only objective is to neutralize (in market terminology: delta-hedge)
the portfolio against changes in the prices of each of the underlying assets. In the real
world, such preferences on the part of derivatives dealers can be motivated by risk limits or
regulation that constrains the risk-taking ability of dealers (e.g., the “Volcker Rule”). T solve
for the resulting equilibrium and show that a non-fundamental correlation between the two

asset prices arises. The sign of the induced correlation is determined by the second-order
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determined by the cross-derivative and the degree of market illiquidity.

cross-derivative ( ) of the derivative dealers’ portfolio, and the magnitude is jointly

I use the model to derive testable hypotheses about the impact of counterparty risk
hedging on the correlation between currency and credit (CDS) markets. When a dealer
trades an unsecured derivatives contract with a client, she is exposed to the default of the
client in states of the world where the contract has moved against the client. To protect
against this risk, most dealers buy CDS protection (credit insurance) on their clients, and
the required amount of credit protection moves with the value of the underlying contract.
Hence, a “cross-dependence” arises, and if the CDS market is illiquid, then the model predicts
that the hedging activities of dealers will induce a non-fundamental correlation between CDS
spreads (the price of credit insurance) and the price of the underlying asset.

I find strong empirical support for such non-fundamental correlations driven by counter-
party risk hedging. First, I show that dealers’ hedging of the counterparty credit risk as-
sociated with SoftBank’s currency swap portfolio induces a substantial, negative correlation
between the dollar /yen exchange rate and SoftBank’s credit (CDS) spread. In 2013, SoftBank
rapidly increased the size of its currency swap portfolio, from zero to more than $25bn, which

I argue represents an exogenous shock to dealers” hedging demand. Second, T use a change in
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the accounting treatment of derivatives counterparty risk in Japan (which essentially forced
dealers to start hedging) to show that dynamic counterparty risk management induces a
significant change in the correlation between corporate CDS spreads and implied volatility
in the currency market.

The third and final chapter of the thesis is not related to derivatives feedback effects.
Instead, it asks the question: what happens to the value of physical currency if (when?)
central banks drop the “peg” between physical currency and electronic money? Currently,
central banks accommodate demand for physical currency at par value with the result that
nominal interest rates are bounded from below at zero (or slightly below zero due to storage
costs of physical currency). However, as pointed out by Rogoff (2017) and others, the
existence of cash in unlimited supply constrains monetary policy at the zero lower bound.
The starting point for the last chapter is that central banks drop the “peg” between electronic
money and physical currency in order to eliminate the lower bound on nominal interest rates.
We then ask: what is the price of cash, in terms of electronic deposits, in such a world? It
turns out that there is a unique answer (given our choice of model for the nominal short
rate) based on standard no arbitrage arguments and option pricing principles.

In particular, we show that the price of cash can be characterized as the value of a
perpetual option and that there is a semi-closed form solution under certain restrictions
regarding the dynamics of the nominal short rate. We find that the option value of cash
can be substantial. For example, in a model calibrated to US dollar swap rates and interest
rate option prices in March 2020, the premium of cash in terms of electronic deposits rose
to around 30% in the absence of a peg and would have increased to more than 300% if
the nominal short rate was —5%. In the absence of a lower bound on nominal rates, cash
also exhibits strong volatility dependence, and a “perpetuity paradox” arises: the value of
cash goes to infinity for certain parameter constellations that are not ez ante implausible.
However, cash is also subject to early redemption risk, e.g., rather than restricting supply the
central bank might decide to phase out paper currency completely. To assess the importance
of the maturity dimension, we introduce the concept of a term structure of cash, which
relates the value of cash to its expected maturity in the presence of early redemption risk.
We find that a substantial fraction of the value of cash derives from the ability to hold on

to it for (very) long periods of time.



vii
Non-technical introduction (Danish)

Et derivat er et finansielt instrument, hvis endelige udbetaling afhanger af veerdien
af et eller flere underliggende aktiver. 1 den klassiske teori vedrgrende prisfastsaettelse af
derivater antages det, at kausaliteten flyder fra vaerdien af det eller de underliggende aktiver
til derivatets vaerdi. Ved tilstedevaerelsen af visse friktioner kan kausaliteten dog vende
om, saledes at derivatmarkedet driver det underliggende marked i stedet for omvendt. Jeg
betegner forekomsten af en sadan omvendt kausalitet som feedbackeffekter.

Litteraturen skelner mellem informationsdrevne og ikke-informationsdrevne feedbackef-
fekter (se eksempelvis Ni et al. (2008) og Ni et al. (2020)). Informationsdrevne feedback-
effekter opstar f.eks., nar aktieoptionsmarkedet er hurtigere end det underliggende aktiemarked
til at indarbejde nye oplysninger om veaerdien af de underliggende aktier. Ikke-informationsdrevne
feedback-effekter opstar f.eks., nar de afdaekningstransaktioner, som derivathandlere fore-
tager, er sa store, at de har en vaesentlig indvirkning pa prisen pa det underliggende ak-
tiv (eller det underliggende marked ikke er likvidt nok til at absorbere sddanne afdsekn-
ingstransaktioner uden at flytte prisen). Sadanne feedbackeffekter kan gge eller deempe
volatiliteten athaengigt af fortegnet pa dealernes konveksitet (pa en made, som jeg praeciserer
nedenfor). Lost sagt: Hvis vi optegner den samlede vaerdi af dealernes derivatportefgljer som
funktion af vaerdien af det underliggende aktiv, bgjer kurven da opad eller nedad? Hvis den
bgjer nedad (negativ konveksitet), sa vil dealernes afdackningsaktiviteter gge volatiliteten
og omvendt. Af forskellige arsager ender dealerne, som gruppe, ofte med en negativ kon-
veks portefglje. De forste to kapitler i athandlingen udvider vores viden om sadanne ikke-
informative feedbackeffekter ved tilstedevaerelse af negativ konveksitet hos dealerne.

I afhandlingens forste kapitel undersgger jeg markedseffekten af rebalanceringshandler
fra udstedere af gearede volatilitetsfonde. For at levere det afkast, de lover, skal gearede
fonde kobe yderligere futureskontrakter, nar markedet stiger, og salge futureskontrakter, nar
markedet falder. Den mekaniske rebalancering giver et dagligt flow af store, ikke-informative
afdeekningshandler i det underliggende VIX-futuresmarked og er et naturligt laboratorium til
undersggelse af markedseffekten af sadanne handler. Desuden er disse handler koncentreret
omkring markedets lukning for at minimere tracking-fejl. Jeg viser, at sadanne procykliske
afdekningshandler forsteerker volatiliteten omkring markedslukning og palaegger investorer
en betydelig implicit omkostning (idet deres afkast er bundet til slutkurser). I min stikprgve
er disse implicitte omkostninger, som fglge af fondenes samlede markedspavirkning, stgrre
end de eksplicitte gebyrer, der opkraeves af udstederne.

Imidlertid vedrgrer kapitlets hovedresultat den rolle, som forudsigelighed af rebalancer-

ingshandlerne spiller. Det viser sig, at rebalancerings-handlerne kan forudsiges af andre
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investorer med en hgj grad af ngjagtighed. Nar en investors efterspgrgsel efter likviditet kan
forudsiges, forer det normalt til bekymringer om “front-running” og “predatory trading”, dvs.
andre investorer antages at handle pa en made, der skader de investorer, som forudsigeligt
efterspgrger likviditet. I dette specifikke tilfaelde er der flere sddanne bekymringer — bade
i den finansielle presse (f.eks. Rennison (2015), Lewis (2016) og Pfrang og Wigglesworth
(2018)) og blandt akademikere (f.eks. Pagano et al. (2019)). Modellen i Brunnermeier og
Pedersen (2005) nzevnes ofte i denne henseende, men denne model indebzaerer ogsa, at konkur-
rence mellem likviditetsudbydere og manglen pa en permanent komponent i prispavirkningen
vil afbgde (eller helt eliminere) incitamentet til “predatory trading”. Faktisk indebaerer de
klassiske markedsmikrostrukturmodeller, at ordreflow, som troveerdigt kan verificeres som
uinformeret, bor have begranset markedspavirkning, idet likviditetsudbydere forbereder
sig og konkurrerer om at tage den anden side af sddanne ordrer. Admati og Pfleiderer
(1991) karakteriserer denne situation som en solskinsligeveegt, hvor forudsigeligheden af deres
ordreflow er gavnlig for investorer, som eftersporger likviditet.

Faktisk bevirker den uinformerede karakter af rebalanceringshandlerne sammen med
de relativt lave omkostninger ved likviditetsudbud pa VIX-futuresmarkedet (et elektronisk
“limit order”marked), at en solskinsligevaegt er det mest sandsynlige udfald i dette tilfaelde.
De empiriske resultater understgtter eksistensen af en solskinsligeveegt i forbindelse med
rebalanceringshandlerne. For det forste finder jeg, at storre rebalanceringshandler er for-
bundet med en mindre priseffektkoefficient (prispavirkning pr. volumen). For det andet
finder jeg, at en hgjere grad af forudsigelighed genererer en mindre prispavirkning. Specifikt
gelder det, at rebalancerings-handler som er drevet af markedsbevagelser, der finder sted
tidligt 1 handelssessionen, er forbundet med en mindre prispavirkningskoefficient end handler,
som er drevet af afkast, der opstar mod slutningen af handelssessionen. Endelig finder
jeg, at en handelsstrategi, der systematisk handler foran de daglige rebalanceringshandler,
ikke genererer risikojusterede afkast efter fradrag af transaktionsomkostninger: Efter en
indledende periode med store overskud falder profitabiliteten af en sadan handelsstrategi
stgt. Tilsammen peger disse resultater pa en solskinsligevaegt, hvor mere likviditet allokeres
til storre og mere forudsigelige rebalanceringshandler.

Fra et policy-perspektiv er dette en vigtig konklusion, fordi den fgrer til anbefalinger,
der er radikalt forskellige fra de anbefalinger, der fremsattes af dem, der primeert bekym-
rer sig om “predatory trading”. For eksempel foreslar Alexander og Korovilas (2013), at
bershandlede VIX-produkter indekseres til gennemsnitspriser (f.eks. volumenvaegtet over én
dag eller over flere dage) i stedet for daglige lukkekurser for at tilslgre storrelsen og timingen
af rebalanceringshandlerne. Sadanne forslag vil formentlig veaere kontraproduktive, fordi de

gger omkostningerne ved tilvejebringelse af likviditet, idet de fjerner den koordinerende rolle,
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som den daglige lukkekurs har for likviditetsudbyderne.

I athandlingens andet kapitel undersgger jeg en ny kilde til korrelation mellem aktivpriser
drevet af feedbackeffekter. Nar afdeckningsefterspgrgslen fra derivathandlerne i et illikvidt
marked afhaenger af bevaegelserne i et andet, mere likvidt marked, kan dette skabe en
korrelation mellem afkast i de to markeder, selvom de fundamentalt set er ukorrelerede.
Sadanne krydsafthzengigheder (inden for markedsterminologi: kryds-gamma) opstar naturligt
i en rakke situationer af praktisk relevans, og i dette kapitel undersgger jeg ét sadant
eksempel: dynamisk afdackning af modpartsrisiko.

Kapitlet starter med at lgse en simpel ligevaegtsmodel for at illustrere den underliggende
mekanisme og generere pracise, testbare forudsigelser. I modellen er der to aktiver, hvis
sande veerdier er ukorrelerede. Der er to typer af agenter: fundamentale investorer og
derivat-hedgers. Fundamentale investorer kender den sande veerdi af hvert aktiv, men
deres evne til at arbitrere afvigelser i prisen fra den sande vardi er begreenset i det ene
af markederne (det illikvide marked). Derivat-hedgers er udstyret med en portefolje, der
afheenger af priserne pa begge aktiver. De er ligeglade med den sande veerdi, og deres
eneste mal er at neutralisere (i markedsterminologi: delta-hedge) portefgljen mod sendringer i
priserne pa hvert af de underliggende aktiver. I den virkelige verden kan sddanne praeferencer
motiveres af risikograenser (risk limits) eller af regulering, der begraenser dealernes mulighed
for risikotagning (f.eks. "Volcker-reglen" i USA). Jeg lgser for den resulterende ligevaegt
og viser, at der opstar en korrelation mellem de to aktivpriser, selvom de fundamentalt set
er ukorrelerede. Fortegnet pa den inducerede korrelation bestemmes af den andenordens
krydsafledte (“%”) i dealernes portefolje, og storrelsen pa korrelationen bestemmes i
faellesskab af den krydsafledte og graden af illikviditet i markedet.

Jeg bruger modellen til at udlede testbare hypoteser vedrgrende indvirkningen af dy-
namisk afdaekning af modpartsrisiko pa korrelationen mellem valuta- og kreditmarkeder
(CDS). Nar en dealer handler en usikret derivatkontrakt med en kunde, er hun eksponeret
mod kundens konkurs i fremtidige situationer, hvor kontrakten er et aktiv for dealeren. For
at beskytte sig mod denne risiko kgber de fleste dealere CDS-beskyttelse (kreditforsikring)
pa deres kunder, og den pakraevede maengde af kreditbeskyttelse sndrer sig med vardien af
den underliggende kontrakt. Dermed opstar en “krydsathaengighed”, og hvis CDS-markedet
er illikvidt, forudsiger modellen, at forhandlerens afdackningsaktiviteter vil inducere en ko-
rrelation mellem CDS-spaend (prisen pa kreditforsikring) og prisen pa det underliggende
aktiv.

Jeg finder steerk empirisk stotte til fordel for sidanne hedging-inducerede korrelationer
drevet af modpartsrisikostyring. For det forste viser jeg, at dealernes afdsekning af modpart-

srisikoen forbundet med SoftBanks valutaswap-portefslje genererer en betydelig, negativ



korrelation mellem dollar/yen-valutakursen og SoftBanks kredit-spaend. T 2013 ggede Soft-
Bank hurtigt sterrelsen af sin valutaswap-portefolje fra nul til mere end $25 mia., hvilket
jeg argumenterer for udger et eksogent stgd til dealernes afdaekning. For det andet bruger
jeg en aendring i den regnskabsmaessige behandling af modpartsrisiko for derivater i Japan
(som effektivt tvang dealerne til at pabegynde en dynamisk afdaekningsstrategi) til at vise,
at dynamisk modpartsrisikostyring inducerer en signifikant sndring i korrelationen mellem
japanske virksomheders CDS-spaend og implicit volatiliteter i valutamarkedet.

Det tredje og sidste kapitel i athandlingen er ikke relateret til feedbackeffekter. I stedet
stiller det spgrgsmalet: Hvad sker der med vaerdien af kontanter, hvis centralbankerne
dropper “peggen” mellem fysiske og elektroniske penge? I gjeblikket imgdekommer cen-
tralbankerne efterspgrgslen efter fysisk valuta fuldt ud til den palydende veerdi med det
resultat, at nul bliver en nedre greense for de nominelle renter (eller lidt under nul pa grund
af omkostningerne forbundet med opbevaring af kontanter). Som papeget af Rogoff (2017)
og andre begranser eksistensen af kontanter i ubegraenset udbud imidlertid pengepolitikken,
nar de nominelle renter rammer nul. Udgangspunktet i det sidste kapitel er, at centralbanker
dropper "peggen” mellem elektroniske penge og kontanter for at eliminere den nedre granse
for de nominelle renter. Vi stiller derefter spgrgsmalet: Hvad er prisen pa kontanter, i
enheder af den elektroniske bankkonto, i en sadan verden? Det viser sig, at der er et
unikt svar (givet vores valg af model for den korte nominelle rente) baseret pa standard
“no arbitrage”-argumenter og optionsprisnings-principper.

Specielt viser vi, at kontantprisen kan karakteriseres som vaerdien af en option med
uendelig lgbetid, og at der findes en semi-lukket-form Igsning under visse begraensninger med
hensyn til dynamikken for den korte nominelle rente. Vi finder, at optionaliteten indbygget
i kontantveerdien kan vaere betydelig. For eksempel steg praemien pa kontanter til omkring
30% i fraveer af nulgrzensen i en model, der var kalibreret til swaprenter og renteoptionspriser
i amerikanske dollars i marts 2020. Ydermere ville preemien pa kontanter veere steget til
mere end 300%, hvis den nominelle korte rente faldt til -5%. I fraveer af en nedre graense
for nominelle renter udviser kontanter ogsa steerk volatilitetsafheengighed, og der opstar et
“perpetuity paradox”: Kontantvaerdien gar mod uendelig for visse parameterkonstellationer,
der ikke ex ante er implausible. Imidlertid indebeerer kontanter ogsa risikoen for fgrtidig
indfrielse, centralbankerne kan f.eks. beslutte helt at udfase kontanter i stedet for blot at
begraense udbuddet. For at vurdere betydningen af lgbetidsdimensionen introducerer vi en
terminsstruktur for kontanter, der relaterer kontantvaerdien til den forventede lgbetid, nar
der er risiko for fortidig indfrielse. Vi finder, at en betydelig del af kontantveerdien stammer

fra muligheden for at holde pa kontanter over (meget) lange perioder.
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Chapter 1

The Market Impact of Predictable Flows:
Evidence from Leveraged VIX Products!

Abstract

What is the market impact of predictable order flow? Leveraged exchange-traded products
are useful for answering this question because they generate daily rebalancing flows whose
size, sign and timing are predictable. This paper presents new evidence from the market for
leveraged volatility (VIX) products. I find that the daily rebalancing imposes a substantial
implicit cost on investors, but there is no evidence that the impact is driven by predatory
trading. On the contrary, I show that larger and more predictable flows have smaller
price impact coefficients, and that trading ahead of rebalancing flows is not profitable after

transaction costs.

T thank David Lando, Lasse Heje Pedersen, Martin Oehmke, Fabrice Tourre, Christian Wagner, Paul
Whelan and seminar participants at Copenhagen Business School and the Frontiers in Quantitative Finance
2019 Workshop at the University of Copenhagen. The paper has also benefited from conversations with
a number of market practitioners and industry experts at Nomura, Barclays Investment Bank, Bank of
America and Invest in Vol.
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1.1 Introduction

The rise of passive and rules-based investing generates an increasing amount of pre-
dictable order flow. For example, when securities are added to or deleted from indices, when
bonds are downgraded, when futures contracts held by ETFs are rolled, and when issuers
of leveraged exchange-traded products rebalance their hedges, it leads to predictable order
flow from certain market participants. How do such flows impact the market? Do strategic
traders provide or withdraw liquidity in anticipation of such flows? This paper presents new
evidence from leveraged exchange-traded products (ETPs) linked to VIX futures, whose
daily rebalancing provides a frequent flow of large, predictable orders to the VIX futures
market.

Anecdotal evidence suggests that there is extensive strategic trading around these flows.
For example, according to a market participant quoted in the Financial Times “there is
an ecosystem of traders that profits from trading in anticipation of ETP flows ahead of
the settlement”.! However, market participants disagree about the impact of such strategic
trading. For example, Rennison (2015) quotes the head of strategy at an asset manager as
saying that rebalancing flows from leveraged VIX products only have “a small impact, if at
all”, while a senior strategist at another firm argues that rebalancing flows cause significant
volatility, and that their public disclosure exacerbates their market impact. This paper
shows that neither view is correct. The daily rebalancing has a substantial impact on the
VIX futures market, but it is not driven by predatory trading or front-running. On the
contrary, the public disclosure facilitates increased liquidity provision that serves to mitigate
the market impact of the rebalancing flows.

The literature contrasts two types of equilibria in the presence of predictable order
flow. In a predatory equilibrium other traders strategically withdraw liquidity in order to
maximize the price impact suffered by the liquidating trader (Brunnermeier and Pedersen,
2005). Hence, liquidity traders are hurt by other investors’ knowledge of their trading flows
and should therefore try to hide the size and timing of their orders. Conversely, in a
sunshine equilibrium the liquidating trader optimally preannounces her liquidity demand
to the market in order to attract liquidity providers and natural counterparties (Admati and
Pfleiderer, 1991). In this case, a trader who can credibly demonstrate that her order flow is
not motivated by private information is able to trade with limited price impact.

The nature of the equilibrium that emerges in a given situation depends on the circum-

stances and institutional details of the market, such as the degree of competition among

1“Wall Street’s volatility products in the spotlight,” by Christian Pfrang and Robin Wigglesworth,
Financial Times, March 6, 2018. See also Alexander and Korovilas (2013) and Rennison (2015).
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strategic traders and the extent to which strategic traders are able to correctly identify
predictable order flow as uninformed. Bessembinder et al. (2016) demonstrate theoretically
that a sunshine equilibrium can arise even in the presence of a single monopolistic trader,
depending on the resiliency of the market (the rate at which the limit order book is refilled
after an order shock). The only exception is when the price impact is entirely permanent,
which is unlikely to be the case if strategic traders can verify that the order flow is uninformed.

In fact, the VIX futures market is not likely to sustain a predatory trading equilibrium for,
at least, two reasons. First, an active trading-at-settlement (TAS) market for VIX futures
provides a vehicle for preannouncement of predictable order flow. The TAS market allows
market participants to commit in advance to trade at the daily settlement price, and it serves
to verify order flow as being uninformed since a privately informed trader is unlikely to trade
at a not-yet-known price that might incorporate some or all of her information (Pirrong,
2017).2 Indeed, anecdotal evidence indicates that leveraged VIX products rely extensively
on the TAS market, see, e.g., Rennison (2015), Levine (2018) and Pfrang and Wigglesworth
(2018). Second, the limit order structure of the VIX futures market means that the barrier to
entry for potential liquidity providers is low, consistent with the existence of an “ecosystem
of traders” that seeks to profit from rebalancing flows.

My empirical analysis reveals two main findings. First, I find that rebalancing flows from
leveraged VIX products exert an economically significant impact on late-day futures returns.
The price impact is reversed over the following trading day and generates an implicit cost to
investors in leveraged products who are effectively “buying high and selling low” as a result
of their own presence in the market. The implicit cost is estimated at 2.4% p.a. during
the sample period from November 30, 2010 to December 31, 2017. In my sample, the mean
size of the rebalancing flows is 6.7% of average daily volume in the VIX futures market, on
occasions reaching more than 50% of average daily volume. Not surprisingly, such a large
demand for liquidity in a relatively short window of time has a significant market impact.

Second, I find no evidence of predatory trading or harmful front-running. In particular, I
find that larger rebalancing flows are associated with a smaller price impact coefficient (price
impact per unit of rebalancing flow), and that a higher degree of predictability generates a
smaller price impact. Specifically, rebalancing flows driven by intraday returns that occur
early in the day are associated with a smaller price impact coefficient than rebalancing
flows driven by returns that occur late in the day. These findings are broadly consistent
with a sunshine trading equilibrium in which more liquidity is allocated to larger and more
predictable rebalancing flows. Finally, 1 find that a trading strategy that systematically

trades ahead of rebalancing flows does not earn abnormal profits net of transaction costs:

2See Appendix 1.8 for a more detailed description of the TAS market.
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after an initial period of large profits, the profitability of such a trading strategy steadily
declines. As noted in Bessembinder (2015), this pattern is what one would expect in a
setting where arbitrageurs gradually learn the nature and origin of rebalancing flows and

increasingly allocate capital in order to intermediate these flows.

1.1.1 Related literature

The paper contributes to the literature on the economics of strategic trading. Brunner-
meier and Pedersen (2005) develop an influential model of predatory trading in anticipation
of an investor’s need to liquidate a large position. In their model, strategic trading degrades
market quality and maximizes the price impact suffered by the liquidity-demanding trader.
In contrast, Admati and Pfleiderer (1991) develop a model of sunshine trading in which
uninformed investors rationally make their trading plans public to attract liquidity providers
and natural counterparties that can mitigate the price impact of their trades. Carlin et al.
(2007) use a game-theoretic approach to study the trade-off between liquidity provision
and predatory trading. In their model, strategic traders cooperate most of the time, but
cooperation breaks down when stakes are high, leading to episodes of predatory trading. Choi
et al. (2019) study the interaction between portfolio rebalancers and informed investors, but
in a setting where the rebalancing demand is not publicly known ez ante. Petajisto (2011)
finds that while index changes generate substantial costs to passive investors, predictability
is desirable for investors as it helps coordinate the large spike in demand from passive funds
on the effective day of the index change. In contrast, Chen et al. (2006) argue that index
providers should reduce predictability in index composition to throw off predatory traders.

My results complement the empirical results of Bessembinder et al. (2016). They study
the predictable monthly roll trades of a large oil ETF and show that bid/ask spreads are
narrower, order book depth is greater, and market resiliency is larger on roll days compared to
non-roll days, consistent with a sunshine equilibrium. In contrast, I provide direct evidence
that larger and more predictable flows are associated with a smaller price impact coefficient,
which—to my knowledge—is new to the literature and of primary importance to investors.
Furthermore, my analysis is based on a larger and more frequent source of predictable order
flow, which allow for better identification of the market impact. In particular, the relative
size of the daily rebalancing flow in my sample (6.7% of average daily volume) is similar
to the relative size of the monthly roll trades in their sample (5% of roll-day volume for
the front-month contract, 10% of roll-day volume for the second contract), and my sample
is substantially larger (I consider flows at the daily frequency from November 30, 2010 to
December 31, 2017 compared to flows at the monthly frequency from March 1, 2008 to
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February 28, 2009 in Bessembinder et al., 2016).

The paper also contributes to the literature on the impact of exchange-traded products
(such as ETFs) on market quality. Tuzun (2014) and Shum et al. (2016) find that rebalancing
flows from leveraged ETFs on stock indices amplify late-day price movements and volatility,
especially at times of market stress where the rebalancing flows are large. Cheng and
Madhavan (2009) analyze the mechanics of leveraged products and their implications for
market volatility and liquidity. Alexander and Korovilas (2013) provide a comprehensive
study of exchange-traded products indexed to VIX futures. They argue that the current
construction of such products is sub-optimal and underpins large-scale speculative front-
running of hedging flows. Todorov (2019) shows that ETP rebalancing is priced in the
level of VIX futures. Finally, Pagano et al. (2019) analyze a number of potential risks
associated with E'TFs, including possible front-running of rebalancing trades. T contribute
to this literature by analyzing the market impact of leveraged exchange-traded products in
a setting where rebalancing flows represent a significant fraction of the underlying market

volume.

1.2 Mechanics of leveraged exchange-traded products

A leveraged exchange-traded product is a financial instrument that promises a constant
multiple 3 of the daily return of some underlying index. That is, the investor supplies initial

investment capital of Ly and the daily net asset value is then updated according to:

Lt+1 = Lt (1 + Brt_,_l) + fta (].2].)

where 7,1 is the return on the underlying index from day ¢ to day t+1, 5 # 1 is the leverage
target, and f; captures accrued interest and management fees (which is not modelled).
Leveraged products with 5 < 0 are referred to as inversely leveraged products (or inverse
products, for short).

Issuers of leveraged products generally engage in hedging transactions to neutralize the
exposure to the underlying asset. Importantly, the hedging strategy of a leveraged product
is dynamic in the underlying asset, i.e., to deliver the promised leverage, the issuers must
rebalance the exposure to the underlying asset on a daily basis. Some issuers of leveraged
products enter into customized total return swaps with derivatives dealers that relieve them
from the daily rebalancing transactions. However, the potential for leveraged products to
impact their underlying market is unlikely to depend on whether the issuers are hedging their

exposure with OTC swaps or directly in the futures market. This is because the swaps used
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by the issuers to transfer the rebalancing risk to derivatives dealers are themselves almost
surely delta-hedged in the futures market. The rebalancing demand ultimately ends up in
the futures market whether the hedging is performed directly by the issuer or indirectly by
the swap counterparty. I now derive the rebalancing demand, which is the main independent

variable in the empirical analysis.

1.2.1 Rebalancing demand

I focus on leveraged products that track an underlying futures index. The futures index

St—St-1
St .

Consider a leveraged fund ¢ with target 3; # 1 with total assets A;; on date t. The

rebalancing demand of fund ¢ is characterized by the following proposition.

has price process S; and the (nominal) contract size is m. The daily return is r, =

Proposition 1.1 (REBALANCING DEMAND). The date-t rebalancing demand (in terms of

the number of futures contracts) of leveraged fund i is given by:

T Aira
Ny = Bi(8;i—1 : 1.2.2
2,t 62 (/82 ) 1 i rem X St717 ( )

where §; 1s the leverage target of fund i, r, 1s the daily return of the underlying futures index
from date t — 1 to date t, S;_1 is the futures settlement price on date t — 1, m is the futures

contract size and A; 1 1s the assets under management of fund © on date t — 1.
Proof. See Appendix 1.7. m

Equation (1.2.2) shows that i) the rebalancing demand has the same sign as the market
return, i.e., a leveraged product buys when the market is up and sells when the market is
down, and ii) there is no offset across leveraged long products (5 > 1) and inversely leveraged
products (5 < 0), i.e., both long and inverse products rebalance in the same direction.

Together these properties imply that we may form the aggregate date-t demand of
leveraged products, as a group, by summing the size of the rebalancing demand across

all leveraged and inverse products traded in the market:

M
A = Z Al (1.2.3)
i=1

where M is the total number of leveraged and inverse products that are traded in the market.
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1.2.2 Simple example

It is helpful to go through a simple example to understand intuitively the properties of
the rebalancing mechanics.

Consider a leveraged fund with target 8 = 2 on an underlying investable asset X with
initial price Xy = $100. Interest rates are zero. The fund issues a single share at a net
asset value of Ly = $100, borrows an additional —$100 from the bank account B and buys
two shares of X for $200. On day 1, the underlying doubles in value from X, = $100 to
X1 = $200, i.e., r; x = 100%. Then L; = 2 x X + By = $400 — $100 = $300, so the realized

return on day 1 is:

Ly — Ly $300 — $100
Lo $100

T, = :200%:2X7“17x.

Thus, the fund is initially levered 2:1 as desired. Now consider what happens when the
fund does not rebalance, i.e., it still holds two shares of the underlying after day 1 and owes
B; = —$100 to the bank. On day 2, the underlying doubles in value again from X; = $200
to Xy = $400, i.e., 7o x = 100%. Then Ly = 2 x Xy + By = 2 x $400 — $100 = $700, so the

realized return is:

Ly— Ly  $700 — $300
L, $300

To,L = :133%<2XT27)(.

Hence, to keep leverage from falling below target the fund must buy more shares of the
underlying when the market rises (a similar example shows that the fund must sell shares

when the market falls). From Proposition 1.1, the fund needs to buy A; = 2 x (2 — 1) x

1ﬂ%§’% X % = 2 additional shares of the underlying at time 1. It borrows an additional

2 x X1 = $400 to pay for the new shares.

Now consider instead an inverse fund on the same underlying with leverage target § = —1.
The fund issues a single share at an initial net asset value of Ly = $100, shorts one share of
X and invests the proceeds in the bank account. Thus, it invests a total of By = $200 in the
bank account consisting of the investors’ capital plus the proceeds from the short sale.®> On
day 1, the underlying halves in value from Xy = $100 to X; = $50, i.e., r; x = —50%. Then
L = —1x X, + By = —%50 + $200 = $150, so the realized return on day 1 is:

Ly — Lo $150 — $100
Lo $100

™, = :50%:—1><7“17)(.

3In reality, the cash from the short sale would be pledged as collateral to the broker from which the
shares are borrowed, but I abstract from such issues to focus on the rebalancing mechanics.
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Thus, the fund is initially levered -1:1 as desired. Now consider what happens when the fund
does not rebalance, i.e., it still holds a short position in 1 share of the underlying after day
1 and holds B; = $200 in the bank. On day 2, the underlying halves in value again from
X7 =350 to Xy = $25,i.e., 7o x = —50%. Then Ly = —1xXo+B; = —1x$254+3$200 = $175,

so the realized return on day 2 is:

Ly— Ly $175 —$150
L, $150

To = =16.67% < —1 X 1y x.

Hence, to keep leverage from falling below target the inversely leveraged fund must short
additional shares of the underlying when the market falls (a similar example shows that the
fund must buy back shares when the market rises). We see that the inversely leveraged
fund rebalances in the same direction as the leveraged long fund, i.e., there is no offset in
rebalancing flows across leveraged long and inversely leveraged products. Intuitively, when
the market is up the leveraged long fund adds exposure while the inversely leveraged fund cuts
exposure in order to support the leverage target. However, the inverse fund cuts exposure by
buying back some of its shorts, so it ends up trading in the same direction as the leveraged

long fund, but from the opposite starting point.

1.3 Price impact of predictable rebalancing flows

In this section, I empirically identify the price impact of leveraged exchange-traded
products on VIX futures prices, and provide an estimate of the implicit cost to investors
due to their own presence in the market. In the next section, I analyze whether strategic

trading tend to increase or mitigate the market impact of rebalancing flows.

1.3.1 Market overview

The most actively traded leveraged VIX products are indexed to the S&P 500 Short-
Term Volatility Index (SPVXSP), which represents a weighted portfolio of the first and
second VIX futures contracts. The index is designed to replicate the return of a synthetic
futures position with a constant maturity of 30 days, and the underlying contracts are rolled
each day to ensure that the effective maturity is kept constant at 30 days.

The first exchange-traded volatility product was introduced by Barclays Capital in Jan-
uary 2009, while the first leveraged product was launched by Credit Suisse in November 2010.
The hedging instruments used by the issuers of leveraged VIX products generally consist of

a combination of futures contracts and OTC total return swaps. As an example, Table 1.1
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reports the holdings of the ProShares Ultra VIX Short-Term Futures ETF (a leveraged long
fund) as of February 22, 2018. This particular ETF held long positions in the two near-term
futures contracts underlying the index as well as an OTC total return swap that directly
references the index. As noted above, the impact of leveraged products on the underlying
futures prices is unlikely to depend on the particular set of hedging instruments employed
by the issuers.

In my sample, there were four leveraged exchange-traded volatility products tied to
short-term VIX futures. I have mapped the universe of leveraged exchange-traded volatility
(VIX) products using the Bloomberg system and ETFdb.com. In addition, T have used the
comprehensive list of volatility ETPs maintained by Vance Harwood on his website Siz Figure
Investing* as a cross-check.? The four products are listed in Table 1.2.

Figure 1.1 shows the evolution of total assets managed by leveraged VIX products,
grouped by leverage (inverse or long). Assets peaked in the second half of 2017 at around
$3.5bn with the majority of assets invested in inversely leveraged products.

While the nominal size of the market for leveraged VIX products is small compared to,
say, the market capitalization of the S&P 500, it is substantial compared to the underlying
VIX futures market (of course, in risk exposure terms, the market is much larger than implied
by the nominal size since VIX futures are substantially more volatile than the S&P 500).
To give a sense of scale, Figure 1.2 plots the share of total open interest in the first two
VIX futures contracts that can be attributed to leveraged VIX products assuming that the
issuers hedge the exposure in the futures market on a gross basis, i.e., the hedge notional
is given by H;; = [;A;; for each issued product i.° During the sample period, the share
of open interest attributable to leveraged VIX products increased from close to zero in the
beginning of 2011 to over 50% on a gross basis in the latter part of 2017 (peaking at almost
80% in 2016).

4See https://sixfigureinvesting.com/2010,/12/volatility-tickers /.

’There were a number of smaller, inverse products that did not employ leverage (such as the iPath
Inverse S&P 500 VIX Short-Term Futures), but since these funds do not rebalance their exposure they
are not relevant for this study. Finally, there were a small number of registered funds linked to dynamic
long-short strategies tied to short-term VIX futures, but assets under management in all of these funds were
negligible throughout the sample.

6This is an accurate assumption for ETF products that holds the underlying futures directly or through
total return swaps. However, issuers of exchange-traded notes (ETNs) are allowed to net exposures across
their long and short offerings for hedging purposes, so the attribution somewhat overstates the hedging
demand of ETN issuers with long and short offerings.
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1.3.2 Data

From Chicago Board of Exchange (Cboe), I have intraday quote and trade data on the
first two VIX futures contracts during regular trading hours (9.30 EST to 16:15 EST) from
November 30, 2010 through December 31, 2017. From Bloomberg, I have data on total
assets, leverage targets, daily prices and shares outstanding for all leveraged VIX products.
From Bloomberg, T also obtain official settlement prices of the underlying VIX futures index
(SPVXSP). Intraday index returns are calculated from the mid-quotes of the first two VIX
futures contracts, sampled at the relevant time of the day, by applying the appropriate
portfolio weights for that day. I construct the portfolio weights on each day from the SPVXSP

index methodology available from Standard and Poor’s website.

1.3.3 Rebalancing flows and late-day price pressure

To investigate the impact of rebalancing flows on the VIX futures market, we must first
make an assumption regarding the timing of the rebalancing flows. To minimize tracking
error, the managers of leveraged products will generally trade as close as possible to the
daily futures settlement at 16:15 EST, e.g., by using the trading-at-settlement (TAS) market
(described in detail in Appendix 1.8). However, the rebalancing flows can be expected to
impact the market some time before the daily settlement time due to the arbitrage activity
of other traders. In line with previous empirical studies, I assume that flows related to the
daily rebalancing occur in the last 45 minutes of the trading day, i.e., in the window from
15:30 EST to 16:15 EST.” To provide additional justification for this assumption, Figure
1.3 plots the intraday cumulative abnormal return of the first two VIX futures contracts for
the top-20 selling flows (upper panel) and the top-20 buying flows (lower panel) in the 60
minutes leading up to the daily settlement. I use the front-month S&P 500 E-mini futures
as the market factor. The figure shows that abnormal returns starts to decrease (increase)
significantly for the selling (buying) flows after 15:30 EST, consistent with the choice of
rebalancing window.

I analyze the impact of the rebalancing flows by means of price impact regressions. The
dependent variable is the change in the 1-month constant-maturity VIX futures price from
15:30 EST to 16:15 EST:

ASi15:30516:15 = St16:15 — Ot,15:30,

"For example, Shum et al. (2016) likewise assume that rebalancing activities begin 45 minutes before the
daily settlement based on conversations with industry experts and traders. All my empirical results have
also been performed with window lengths of 15, 30 and 60 minutes with unchanged conclusions.
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where S;, denotes the last mid-quote prior to time x on date ¢t. The main explanatory
variable is the rebalancing flow in Equation (1.2.3) normalized by the 20-day average daily
volume (ADV) in the underlying VIX futures contracts:

Tt Ai,t—l
14+7r,m xS

M
Rebal, = ﬁ\/t Zlﬁ (B; — 1) (1.3.1)
where M runs over the four leveraged exchange-traded products listed in Table 1.2 and ADV;,
is the average daily volume in the first two VIX futures contracts over the past 20 trading
days. Note that Equation (1.3.1) represents the anticipated rebalancing flow as seen from
15:30 EST, since this is what forms the basis for a strategic trader’s decision to allocate or
withdraw liquidity. Thus, there is no overlap between the returns on the right- and left-hand
sides of the price impact regression below, and no simultaneity bias.

Figure 1.4 plots the normalized rebalancing flow in Equation (1.3.1) throughout the
sample period. The mean size of the rebalancing flow is 6.7% of average daily volume, but
it frequently spikes at much higher values. The sample maximum occurred on June 24, 2016
(the day after the Brexit referendum) where the rebalancing flow from leveraged products
amounted to 58% of average daily volume.

The fundamental price impact regression relates the price change during the rebalancing

window to the (signed) rebalancing flow:
ASt;15:30H16:15 =a-+bx Rebalt + ’}/T X Controlst + €. (132)

The coefficient b in Equation (1.3.2) measures the extent to which the rebalancing flow
impact late-day futures prices. In particular, b > 0 implies that rebalancing flows amplify
market moves leading up to the close. The control variables consist of the change in spot
VIX (AVIX) and realized volatility during the rebalancing window. The realized volatility
is computed as the square root of the sum of squared 1-minute futures returns from 15:30
EST to 16:15 EST:

RV, = Z Tt2,t+1min-
t€{15:30;16:14}
Table 1.3 reports the results of the price impact regression in Equation (1.3.2). The price
impact of the rebalancing flows is significant both statistically and economically. To interpret
the magnitude of the estimated price impact, note that one standard deviation of the
rebalancing flow in the sample equals 9.8%: without controls, a one-standard-deviation
increase in the rebalancing flow is associated with a price change of 9.8% x 0.467 = 0.046 vol

points. Including both controls, the price impact associated with a one-standard-deviation
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increase is 9.8% x 0.394 = 0.039 vol points. These numbers are economically significant when
compared with the average quoted bid/offer spread of approximately 0.05 vol points in the

sample.

1.3.4 Rebalancing flows and next-day price reversal

Since rebalancing flows are uninformed, the rebalancing-induced price pressure reported
in Table 1.3 should be temporary. To test whether this is the case, I run the following
regression:

AS,_1,; =a+bxRebal,_; + " x Controls, + e, (1.3.3)

where AS; 1. is the day-to-day change in the underlying futures price as measured from
15:30 EST on day ¢t — 1 to 15:30 EST on day ¢. The main explanatory variable is the
rebalancing flow on day t — 1. Complete reversal of prices corresponds to b = 0 in Equation
(1.3.3): if the rebalancing flow on day ¢ — 1 has no predictive power over the full 24-hour
return, then any price impact in the last 45 minutes of the day must be offset by a subsequent
reversal from 16:15 EST on day ¢ — 1 to 15:30 EST on day ¢t. The control variables are the
contemporaneous change in VIX from 15:30 EST on day ¢ — 1 to 15:30 EST on day ¢ and
the realized volatility from 15:30 EST to 16:15 EST on day ¢ — 1.

Table 1.4 reports the results of the price reversal regression in Equation (1.3.3). With
both controls (column 3), the estimated coefficient b is not significantly different from zero.
[ conclude that the price impact of rebalancing flows is temporary, consistent with the
uninformed nature of the flows. The temporary late-day price pressure gives rise to an

implicit cost to investors in leveraged products that I estimate below.

1.3.5 The implicit cost of rebalancing flows

The temporary price impact induced by the rebalancing flows generates an implicit cost
to investors. The cost arises as investors in leveraged products are effectively buying high
and selling low as a result of their own market impact. That is, when the market is up the
late-day buying from leveraged products temporarily pushes up the daily settlement price
and vice versa.

Based on the results above, we can estimate the implicit cost incurred by investors
in leveraged VIX products as follows. During the sample period, the mean size of the
rebalancing flow is 6.7% of average daily volume. From Table 1.3 the associated price impact
is:

0.394 vol points x 6.7%/day = 0.026 vol points/day.
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This is the average price impact suffered by investors in leveraged products on their daily
rebalancing trades. To translate this into a dollar amount we multiply by the average vega
(number of VIX futures contracts multiplied by contract size) transacted by the leveraged
products as part of their daily rebalancing. The average vega in my sample is $5.24 mio per
vol point per day. This estimate is in line with estimates by market participants, see, e.g.,

Barclays Equity Research (2017). Thus, on an annualized basis the cost is:
$5.24mio/vol point x 0.026 vol points/day x 252 days = $34.3mio.

That is, investors have on average paid $34.3mio per year in implicit trading costs during
the sample period from November 2010 to December 2017. The average amount of assets
invested in leveraged VIX products during the sample period is $1.44bn, so the annualized

percentage cost C' to investors can be approximated as follows:

B $34.3mio

¢= $1.44bn

=2.4%p.a.

Thus, investors have paid an estimated 2.4% p.a. in implicit trading costs attributable to the
daily rebalancing flows. While this is a significant drag on returns, recall that the underlying
futures index is extremely volatile, on the order of 75% p.a. For example, assuming that
a short volatility strategy has the same long-term Sharpe ratio as the stock market, say
SR = 0.40, then the expected return of an inverse volatility fund (8 = —1) is on the order of
0.40 x 75% = 30%. From that perspective, an extra cost of 2.4% is perhaps not prohibitive.
For comparison, Bessembinder et al. (2016) estimates an implicit cost of 3% p.a. for the
United States Oil Fund (USO) due to the market impact of its monthly futures roll.

1.4 Strategic trading around rebalancing flows

In this section, I investigate how strategic trading impacts the provision of liquidity
around rebalancing flows. While the choice between engaging in (harmful) predatory trading
or (beneficial) liquidity provision is dynamic in nature, the empirical evidence is broadly

consistent with a sunshine trading interpretation.

1.4.1 Price impact of large rebalancing flows

If strategic traders act in predatory manner and systematically withdraw liquidity ahead of
rebalancing flows, then we should expect the price impact coefficient in Equation (1.3.2) to be

larger on days when rebalancing flows are large, since this is where the expected profits from
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predatory trading are greatest.® To investigate this, I augment the price impact regression

with a dummy variable for days when the rebalancing flow is large:

ASii530-1615 = a+bx Rebal, + ¢ x DL, , x Rebal, (1.4.1)
+’yT x Controls; + ¢,

where DL; , is a dummy variable that is equal to 1 if the size of the rebalancing flow (relative
to 20-day average daily volume) exceeds the xth percentile in the sample distribution of
rebalancing flows. I take x € {30%,20%,10%}. Hence, the coefficient ¢ measures the
change in the price impact coefficient for the 30%, 20% and 10% largest rebalancing flows,
respectively.

Table 1.5 reports the results. Column (1) reports the results for the entire sample and the
remaining columns (2) to (4) report the results including the dummy variables for the days
with the 30%, 20% and 10% largest rebalancing flows. The estimated coefficients for the
dummy variables are all negative and statistically significant implying that the price impact
coefficient declines when rebalancing flows are large. This pattern is not consistent with
a predatory equilibrium. On the contrary, it points to arbitrageurs that increase available
liquidity in anticipation of large rebalancing flows.

One might be concerned that the smaller price impact coefficient on days with large
rebalancing flows is due to issuers endogenously placing their rebalancing trades earlier in
the trading session on such days. However, this concern is not warranted. Predatory traders
optimally trade simultaneously with the liquidating trader (Brunnermeier and Pedersen,
2005) and, since the issuers primary objective is to trade as close as possible to the daily
settlement to minimize tracking error, such trading would have to occur close to the time of
the daily settlement. Indeed, the extreme spike in VIX futures around the daily settlement
on February 5, 2018, which is widely understood to have been caused by leveraged ETP
rebalancing, provides concrete evidence for the strong preference for trading close to the

daily settlement time.

1.4.2 Do more predictable flows have higher price impact?

In a predatory equilibrium, a higher degree of predictability is associated with more
predatory trading and a larger price impact. In contrast, a sunshine equilibrium implies that

a higher degree of predictability is associated with a lower price impact because arbitrageurs

8Shum et al. (2016) interpret the predatory trading theory similarly. Based on the theoretical framework
of Brunnermeier and Pedersen (2005) and Carlin et al. (2007), they state that “our hypothesis [is] that
predation occurs when the leveraged ETF rebalancing trades are expected to be large”.
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have more time to arrange liquidity in advance. We can test this in our empirical setup as
follows. The idea is that intraday returns that occur early in the day lead to more predictable
rebalancing flows as they are known to other traders for a longer period of time. In contrast,
intraday returns that occur late in the day are less predictable in the sense that strategic
traders have less time to react to them.

I define the early-day return as the return from the previous day’s settlement until 15:00
EST on the current day and I define the late-day return as the intraday return from 15:00
EST to 15:30 EST. I decompose the anticipated rebalancing flow into two components: the
rebalancing flow based on the early-day return (high predictability) and the rebalancing flow
based on the late-day return (low predictability). I then run the price impact regression

based on the decomposed rebalancing flows:

ASy15:3051615 = @ + b x Rebal®™ 4+ plate i Reball®® + 47 x Controls, + e, (1.4.2)

Table 1.6 reports the results. The table shows that the price impact coefficient for rebalancing
flows due to late-day returns is more than twice the size of the price impact coefficient for
rebalancing flows due to the early-day returns. Hence, the more predictable flows have a
substantially smaller price impact than the less predictable flows, again consistent with a

sunshine equilibrium.

1.4.3 Is it profitable to trade ahead of rebalancing flows?

To what extent can strategic traders profit from trading ahead of predictable rebalancing
flows? I consider a simple trading strategy that buys (sells) the underlying VIX futures
contracts when the futures index is up (down) at 15:30 EST and unwinds the position
30 minutes later at 16:15 EST. Specifically, to mimic the trading pattern of the leveraged
products, the strategy trades a portfolio of the first two futures contracts with portfolio
weights equal to their respective weights in the underlying SPVXSP futures index. The idea
is that when the market is up (down) at 15:30 EST, leveraged products (or their hedging
counterparties) will be buyers (sellers) of futures contracts in the last 45 minutes of the
trading day, and the strategy attempts to benefit from this knowledge by trading on the
same side of the market.

I consider an investor that posts a certain amount of initial margin at inception, transacts
the maximum number of contracts consistent with the posted margin and accumulates the
profits (or losses) of the strategy in a bank account that accrues the 3-month T-bill rate.

The cumulative return of the strategy at time ¢ is given by the balance in the bank account
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at time ¢ divided by the initial margin kept with the exchange. Due to the high turnover, the
strategy is extremely sensitive to transaction costs. Table 1.7 reports the average bid/offer
spread during the sample period for the first two VIX futures contracts. The spreads shown
in the table are quoted as the number of vol points between the bid and the offer. For
example, a bid/offer spread of 0.05 vol points means that the market is quoted as (say)
14.95/15.00.

Thus, based on the table above, a strategy that buys at the offer and sells at the bid
will incur transaction costs of approximately 0.05 vol points per day. This provides one
estimate of the transaction costs associated with the strategy.® In reality, the transaction
costs are lower if the position is unwound in the TAS market (TAS is described in detail
in Appendix 1.8). The bid/offer spread in the TAS market is lower than in the regular
futures market; Huskaj and Norden (2015) reports that the bid/offer spread in the TAS
market is approximately equal to 0.01 vol point in their sample. Thus, using their estimate,

0054001 — (.03 vol points per day if the position is

the transaction costs are approximately
unwound in the TAS market instead of in the regular futures market. This provides a second
(lower) estimate of the transaction costs associated with the strategy.'”

Figure 1.5 shows the cumulative return of the strategy with zero transaction costs (red),

with estimated transaction costs assuming that both legs of the trades are executed in the
regular futures market (green) and with estimated transaction costs assuming that the second
leg of the trade is unwound in the TAS market (blue).
Before transaction costs, the strategy is highly profitable, returning almost 1,300% since
inception in November 2010. However, when I account for transaction costs the performance
deteriorates quickly. Table 1.8 reports performance metrics for the strategy with transac-
tion costs ranging from 0 to 0.05 vol points using the 3-month T-bill rate as the risk-free
benchmark. For example, the annualized excess return and Sharpe ratio is 402.4% and 5.14,
respectively, in the absence of transaction costs, falls to 84.7% and 1.08 with transaction
costs of 0.02 vol points and become strongly negative with transaction costs of 0.04 vol
points and above.

From Table 1.8 we see that the low value of the estimated transaction costs (0.03 vol

points) is close to the boundary where the strategy becomes unprofitable over the sample

We assume that the arbitrageur submit market orders. Transaction costs could be lowered by using
limit orders, but at the risk of non-execution on the most profitable days.

19As described in Appendix 1.8, trades executed in the TAS market includes a market-determined
differential to the settlement price. If the arbitrageur is systematically on the wrong side of the market, the
effective spread in the TAS market will naturally be higher. However, the distribution of price differentials is
tightly centered around zero. In a sample obtained from Bloomberg covering December 31, 2016 to December
31, 2017, the median price differential was zero, and 96% of TAS trades were priced within two ticks (0.02
volatility points) of the final settlement price.
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period, while the strategy is extremely unprofitable over the sample period for the high value
of the estimated transaction costs (0.05 vol points). Thus, it seems that any abnormal profits
obtained from trading in front of the rebalancing flows are competed away over the sample
period (partially or fully, depending on the actual transaction costs incurred). While this
does not rule out the possibility of predatory trading, it is consistent with the presence of
arbitrageurs that over time allocate an increasing amount of capital to provide liquidity to

the uninformed rebalancing flows.

1.4.4 Are rebalancing flows mitigated by capital flows?

Ivanov and Lenkey (2018) note that capital flows (redemption and creation of shares)
can potentially mitigate the daily rebalancing flows from leveraged products. In particular,
if investors in leveraged products act in a contrarian manner by decreasing (increasing)
their exposure on days when they realize a positive (negative) return, then capital flows
provides a natural offset to rebalancing flows. Hence, we need to verify that the results
above are not biased by offsetting capital flows. Net capital flows to a leveraged fund can
mitigate the rebalancing demand of the fund if, and only if, the net capital flow is negatively
correlated with the same-day return of the fund. This statement is formalized by the following

proposition.

Proposition 1.2 (CAPITAL FLOWS). Let AA;; = AN, x L; X Sy x m denote the change in
total assets due to net capital flows into leveraged fund i on datet, where AN;y = N;jy—N; 1
is the number of shares of fund i created or redeemed on date t and L;; is the net asset value
of leveraged fund i on date t. The mitigating potential of capital flows can be summarized as

follows:
capital flows mitigate the rebalancing demand of fund i <= corr[L;;, AA;4] <0

Proof. See Appendix 1.7. O

Figure 1.6 plots the correlation between daily returns and same-day (zero lag) and future
capital flows for the leveraged VIX products in Table 1.2. Correlations for long and inverse
products are shown separately. The figure shows that while capital flows for both types
of products do exhibit a significantly negative correlation with lagged returns, there is no
correlation with same-day returns (there is a slightly negative correlation for the inverse
products, but the magnitude is economically insignificant). Since rebalancing flows are only

be mitigated by same-day capital flows, we conclude that there is no offset from capital flows.
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1.5 Discussion

I have shown that while rebalancing flows from leveraged VIX products induce a signifi-
cant impact on late-day VIX futures returns and impose a substantial cost on investors, there
is no evidence that the price impact is driven by harmful strategic trading. On the contrary,
the price impact is best understood as compensation to liquidity providers for the large
amount of liquidity that they provide during a short window of time rather than profits to
predatory traders. Rather than being harmed by front-running of late-day rebalancing flows,
investors benefit from the liquidity provision of arbitrageurs that allocate liquidity to take
the other side. This is an important conclusion, because it leads to policy implications that
are radically different from the ones put forth by those concerned with predatory trading.
For example, Alexander and Korovilas (2013) propose that exchange-traded VIX products
be indexed to average prices (e.g., volume-weighted over a day or over several days) instead
of daily settlement prices to obscure the size and timing of rebalancing flows. However,
such proposals are likely to be counterproductive because they increase the cost of liquidity
provision by removing the coordinating role that the daily settlement serves for liquidity
providers.

At the heart of such proposals lies the implicit assumption that the market impact is
primarily due to the strategic traders rather than the issuers themselves. However, liquidity
provision is not costless. For example, inventory holding costs (e.g., Stoll, 1978), risk-aversion
of intermediaries (e.g., Grossman and Miller, 1988) and financial constraints of intermediaries
(e.g., Adrian et al., 2014 and Du et al., 2019) all lead to a non-zero cost of liquidity provision
that must be compensated by a price impact in equilibrium.

That being said, it is certainly possible that the indices underpinning leveraged products
can be improved such that the futures market is better able to absorb large rebalancing flows.
For example, the so-called “volmageddon” on February 5, 2018 (e.g., Sushko and Turner,
2018) revealed a number of weaknesses in the short-term VIX futures index construction,

see Barton (2019) for a comprehensive discussion of this issue.

1.6 Conclusion

This paper analyzes the market impact of predictable order flow based on the daily
rebalancing of leveraged VIX products. The daily rebalancing provides a frequent flow
of large orders to the VIX futures market whose size, sign and timing can be accurately
predicted in advance.

I find that rebalancing flows significantly impact late-day returns in the underlying
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VIX futures market, and that the impact is reversed over the following day. As a result,
investors in leveraged VIX products incur a substantial implicit cost, estimated at 2.4%
p.a., due to their own presence in the market. However, there is no evidence that the
market impact is exacerbated by strategic trading. On the contrary, strategic trading
mitigates the price impact of rebalancing flows: larger and more predictable flows are
associated with a lower price impact coefficient. In addition, there are no abnormal profits
from systematically trading ahead of rebalancing flows after transaction costs, consistent
with a sunshine equilibrium in which liquidity providers compete to take the other side of
uninformed rebalancing flows.

An important policy implication is that proposals to obscure the size and timing of
predictable flows are likely to be counterproductive because they increase the cost of liquidity
provision. If policy makers are worried about the impact of leveraged products on market
quality, they should focus on reforms that facilitate more diversity in indexes and innovations

in market structure that enable liquidity provision to uninformed order flow.

1.7 Appendix A — Proofs

Proof of Proposition 1.1

The date-t required hedge notional of fund ¢ with leverage target (; is given by:
H;; = BiAiy, (1.7.1)

where A;; = N;,L;; is the assets under management of fund 7 at date ¢. Assuming that no

capital flows (N; ;41 = N;:) we have:

Aigy1 = NigriLig
= NitLita
= NitLiy (14 Bire41)
= Ay (14 Bireya)

where the first and last equality follow from the definition of A, ;, the second equality follows
from the no capital flows assumption, and the third equality uses the formula for the net
asset value in Equation (1.2.1). At date ¢+ 1, the previous day’s hedge is valued at H; ;11 =
H; (14 7441) while the required hedge is H;ifft = BiAis1 = Hiy (1 + Biryy1) from Equation
(1.7.1)-(1.7.2). Thus, the change in the hedge notional at date ¢ + 1 required to maintain a
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constant leverage factor — the rebalancing flow — is given by:

Hztiigft —Hipp1r = Hip (14 Birerr) — Hip (14 1441)
= BiAiy (L4 Biry1) — Bidiy (1 +1ri41)
= Az’,tﬁz’ (6@ - 1) Tt4+1,

where the second equality holds since H;; = [5;A;; from Equation (1.7.1). To obtain the
rebalancing flow in terms of the number of futures contracts, divide the above expression by

the futures notional (price Sy times contract size m) at time ¢ + 1:

Ai 1B (Bi — 1) 1i4a

m X St

Tl Aiy
== % 1_1 7 5
Bi (8 )1+7’t+1m><5t

Ajr1 =

where the last equality follows since Syy1 = Si(1 + 711)-

Proof of Proposition 1.2

First, write the total assets at time ¢t 4+ 1 in terms of the assets at time ¢ and the capital
flow from ¢ to t 4 1:

Aitv1 = Nigp1Li
= Nigp1Liy (14 Biregr)
= Ay (14 Bireg1) + (Vi1 — Nig) Ligy1,

where the last equality follows from adding and subtracting
Aip (14 Biregr) = NigLiy (1 + Bireya) -

Thus, the required adjustment in hedge notional from ¢ to ¢t + 1, including capital flows, is:

Hipopr —Hiy(14+11) = Bidig — Bidiy (14 1i44)
= B {Ai,t (1 + ﬁﬂ“tﬂ) + (Ni,t+1 - Ni,t) Li,t+1} - BiAi,t (1 + 7"t+1)
= A8 (Bi — 1)1y + Bi (Nigs1 — Niy) Liga
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Divide by the futures notional m x S;;1 to obtain the demand in terms of the number of

contracts at time ¢ + 1:

e Ay ANjip1Liiq1
A1 =0 (Bi —1 ’ i 7 7
41 5(5 )1+7’t+1m><5t+5 mXSt+1

TV TV
rebalancing flow capital flow

Now find the notional value (dollar value of futures notional) of the rebalancing demand on
date ¢t + 1:

A;$,t+1 = mSt+1Ai,t+l
= mS(L 4+ 1e41) i1
= G (Bi —1)riAip + BiAN; 11 Lir

= Bi(Bi — 1) rep1Aiy + BiAAi

AA,
= A {@‘ (Bi = 1) e + B; Aiﬂ } |

where AA;11 = AN;41Li441 is the notional (dollar value) of capital flows to leveraged
fund i. Denote the total assets invested in leveraged products by 5; = 5 by A, = > . Ay
and denote the net capital flow to these products by AA, 1 = >, AA; ;1. By summation,
the aggregate notional demand from these products (including both rebalancing and capital

flows) is given by:

AA?
AtB—H = BA] {(5 —D)ri + AEH } : (1.7.2)

t

From Equation (1.7.2) it follows that capital flows will mitigate rebalancing flows provided

8
that corr [(ﬁ— )7, Aig“} < 0. This is case if and only corr [Tt+1, AAM} < 0 for
t

Ay

leveraged long and corr [rtH, Aitt“} > 0 for inversely leveraged funds, i.e., if capital flows
are negatively correlated with the same-day return of the fund. This proves the first part of

the proposition.

1.8 Appendix B — Trading-at-Settlement (TAS)

The net asset value of leveraged VIX products are based on the daily settlement prices

in the VIX futures market which, for each contract, is obtained as the midpoint between the
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last bid and offer in the regular limit order book prior to the market close at 16:15 EST.! To
achieve execution close to the daily settlement price and to signal that the rebalancing flow
is uninformed, managers of leveraged products have the option to use the so-called trading-
at-settlement (TAS) market. The TAS market consists of a separate limit order book, open
until 16:12 EST, in which traders agree to transact at a market-determined differential to the
daily settlement price. The price obtained in a TAS order is unknown at the order placement
time. Instead, orders are priced as a spread to the daily closing price, e.g., a trader might
place a limit order in the TAS limit order book to buy at P—0.01 where P is the daily closing
price yet to be determined. By routing their rebalancing orders through the TAS market the
ETP managers are effectively outsourcing trade execution to the traders providing liquidity
in the TAS market. The TAS market is attractive to ETP managers for two reasons: 1i)
they are certain to trade at or near the daily settlement price, and ii) bid/offer spreads are
substantially lower, see Huskaj and Norden (2015) for a detailed comparison of the liquidity

and trading costs in the regular market and the TAS market.

' However, if the midpoint is not a multiple of the minimum price increment, the daily closing price is
rounded up to the nearest multiple of the minimum increment, cf. the CFE Rule Book available online at
https://cfe.cboe.com /publish /cferulebook/cfe-rule-book.pdf.
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Figure 1.1: Assets in leveraged VIX products. The figure shows total assets (in $ mn)
invested in the leveraged VIX products listed in Table 1.2, grouped by leverage, during the
sample period from November 30, 2010 to December 31, 2017.
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Figure 1.2: Leveraged VIX products and the VIX futures market. The figure plots
the share of total open interest in the first two VIX futures contracts attributable to leveraged
VIX products, grouped by issuer. The attribution assumes that the issuers fully hedge their
exposure in the VIX futures market on a gross basis, i.e., the hedge notional is given by
H;, = B;A;; for each issued product ¢.
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Figure 1.3: Cumulative abnormal return on days with large rebalancing flows.
The figure plots the cumulative abnormal return of the first two VIX futures contracts for
the top-20 selling flows (upper panel) and the top-20 buying flows (lower panel) in the 60
minutes leading up to the daily settlement. The cumulative abnormal return is computed
with respect to the front-month E-mini S&P 500 futures contract, i.e., it is the cumulative
return in excess of the return implied by the beta-adjusted return of the front-month S&P
500 futures contract.
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Figure 1.4: Rebalancing flows of leveraged VIX products. The figure plots the
daily rebalancing flow from leveraged exchange-traded VIX products, as a fraction of 20-
day average daily volume in the underlying VIX futures contracts, during the sample period
from November 30, 2010 through December 31, 2017.
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Figure 1.5: Trading ahead of rebalancing flows. Cumulative return for a strategy that
trades ahead of anticipated rebalancing flows. The strategy buys or sells the first two VIX
futures contracts, in proportion to their weights in the index, based on the sign of the
predicted rebalancing flow at 15:30 EST. The position is unwound by placing an opposite
order at 16:15 EST. The cumulative returns are shown for zero transaction costs (red),
transaction costs based on the quoted spread in the regular futures market for both legs of
the trade (green) and transaction costs based on the quoted spread in the regular futures
market for the first leg of the trade and the quoted spread in the TAS market for the second
leg of the trade (blue).
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Figure 1.6: Capital flows and returns of leveraged products. The figure plots the
correlation between daily returns of leveraged products and same-day and future capital
flows. The figure plots separately the correlations for long and inverse products. The dashed
line is the asymptotic 97.5% confidence level.
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Table 1.1: Holdings of ProShares Ultra VIX Short-Term Futures ETF. The table
shows the holdings of the ProShares Ultra VIX Short-Term Futures ETF (UVXY) as of
February 22, 2018. The hedging trades consists of a mixture of the two near-term futures
contracts underlying the S&P 500 VIX Short-Term Futures index and an OTC total return

swap directly referencing the index.

| Description | Exposure ($) | Shares/Contracts |
Cboe VIX Future 03/21/2018 (UXHS) 258,291,750 14,290.00
Cboe VIX Future 04/18/2018 (UXJ8) 256,893,992 4,030,341.89
S&P 500 VIX Short-Term Futures Index Swap 83,895,000 4,760.00
Net Other Assets / Cash 299,393,117 299,393,117.30

Note: Values are from ProShares’ website as seen on February 22, 2018.
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Table 1.2: Leveraged exchange-traded volatility products (ETPs). The table lists
the set of leveraged volatility ETPs indexed to the S&P 500 Short-Term Volatility Index

that were actively traded during the sample period from November 30, 2010 to December
31, 2017.

’ Ticker ‘ Name ‘ Issuer ‘ Inception | Target ‘
XIV* VelocityShares Daily Inverse VIX Short Term ETN | Credit Suisse | 29-Nov-2010 -1
TVIX VelocityShares Daily 2x VIX Short Term ETN Credit Suisse | 29-Nov-2010 +2
SVXY* ProShares Short VIX Short-Term Futures ETF ProShares 03-Oct-2011 -1
UVXY ProShares Ultra VIX Short-Term Futures ETF ProShares 03-Oct-2011 +2
Note: XIV was terminated and the leverage target of SVXY was reduced from -1 to -0.5 in February 2018

(subsequent to my sample) after the large spike in volatility on February 5, 2018.

Table 1.3: Rebalancing flows and late-day price pressure. The table reports
the estimates from the price impact regression in Equation (1.3.2) (standard errors in
parentheses). The dependent variable is the change in the 1-month constant-maturity VIX
futures price from 15:30 EST to 16:15 EST on date ¢ and the main independent variable
is the anticipated rebalancing flow based on the intraday return from market close on date
t — 1 and up to 15:30 EST on date ¢ (normalized by 20-day average daily volume). Control
variables are the change in (spot) VIX during the rebalancing window from 15:30 EST to
16:15 EST (AVIX) and realized volatility (RV) computed as the square root of the sum of
squared l-minute futures returns from 15:30 EST to 16:15 EST. The sample period runs
from November 30, 2010 to December 31, 2017.

Dependent variable:

Futures price change from 15:30 to 16:15

(1) (2) (3)

Rebal, 0.467* 0.425** 0.394***
(0.074) (0.043) (0.045)
AVIX; 0.548"** 0.548**
(0.010) (0.010)
RV, 3.109**
(1.059)
Observations 1,750 1,750 1,750
Adjusted R? 0.022 0.661 0.663

Note: *p<0.1; **p<0.05; ***p<0.01
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Table 1.4: Rebalancing flows and next-day price reversal. The table reports
the estimates from the price reversal regression in Equation (1.3.3) (standard errors in
parentheses). The dependent variable is the full 24-hour change in the 1-month constant-
maturity VIX futures price from 15:30 EST on date t—1 to 15:30 EST on date ¢ and the main
independent variable is the rebalancing flow on date ¢ — 1 (normalized by 20-day average
daily volume). Control variables are the change in (spot) VIX from 15:30 EST on date ¢t — 1
to 15:30 EST (AVIX) on date ¢ and realized volatility (RV) on day t — 1 computed as the
square root of the sum of squared 1-minute futures returns from 15:30 EST to 16:15 EST on
day t — 1. The sample period runs from November 30, 2010 to December 31, 2017.

Dependent variable:

Futures price change from 15:30 EST to 15:30 EST
(1) (2) (3)

Rebal;_; —0.151 0.206** 0.08
(0.193) (0.084) (0.085)
AVIX, 0.496*** 0.498***
(0.006) (0.006)
RV, 1 12.709*
(2.032)
Observations 1,749 1,749 1,749
Adjusted R? -0.0002 0.811 0.815

Note: p<0.1; *p<0.05; **p<0.01
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Table 1.5: Price impact of rebalancing flows when flows are large. The table
reports the estimates from the price impact regression in Equation (1.4.1) including a dummy
variable for large rebalancing flows (standard errors in parentheses). The dependent variable
is the change in the 1-month constant-maturity VIX futures price from 15:30 EST to 16:15
EST on date ¢ and the main independent variable is the anticipated rebalancing flow based
on the intraday return from market close on date ¢t — 1 and up to 15:30 EST on date t.
Control variables are the change in (spot) VIX during the rebalancing window from 15:30
EST to 16:15 EST (AVIX) and realized volatility (RV) computed as the square root of the
sum of squared 1-minute futures returns from 15:30 EST to 16:15 EST. Column (1) reports
the results without the dummy variable and the remaining columns (2) to (4) report the
results with dummy variables for increasingly large rebalancing flows. The dummy variables
capture the days for which the size of the rebalancing flow, scaled by 20-day average daily
volume, exceeds the 30th, 20th and 10th percentile, respectively. The sample period runs
from November 30, 2010 to December 31, 2017.

Dependent variable:

Futures price change from 15:30 to 16:15

All 30% 20% 10%

(1) (2) (3) (4)
Rebal; 0.394*** 0.692*** 0.637** 0.561**

(0.045) (0.137) (0.101) (0.073)
AVIX; 0.546** 0.546*** 0.546*** 0.545%*

(0.010) (0.010) (0.010) (0.010)
RV, 3.109** 2.982%* 2.960*** 2.974***

(1.059) (1.059) (1.059) (1.058)
DL, —0.330* —0.298*** —0.260***

(0.144) (0.111) (0.090)

Observations 1,750 1,750 1,750 1,750
Adjusted R? 0.663 0.664 0.664 0.664

Note: *p<0.1; *p<0.05; **p<0.01
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Table 1.6: Price impact and degree of predictability. The table reports the estimates
from the price impact regression in Equation (1.4.2) with rebalancing flows decomposed based
on early-day and late-day price changes (standard errors in parentheses). The dependent
variable is the change in the 1-month constant-maturity VIX futures price from 15:30 EST
to 16:15 EST on date ¢t and the main independent variables are the rebalancing flows based
on, respectively, the intraday return from market close on date t — 1 and up to 15:00 EST on
date ¢ (high predictability) and the intraday return from 15:00 EST to 15:30 EST on date ¢
(low predictability). Control variables are the change in (spot) VIX during the rebalancing
window from 15:30 EST to 16:15 EST and realized volatility (RV) computed as the square
root of the sum of squared 1-minute futures returns from 15:30 EST to 16:15 EST. The
sample period runs from November 30, 2010 to December 31, 2017.

Dependent variable:

Futures price change from 15:30 to 16:15

(1) (2) (3)
Rebal‘;aﬂy 0.395** 0.397** 0.367*
(0.075) (0.044) (0.046)
Reballte 1.640™ 0.923** (0.884***
(0.299) (0.177) (0.177)
AVIX; 0.546*** 0.544***
(0.010) (0.010)
RV, 3.038"*
(1.057)
Observations 1,750 1,750 1,750
Adjusted R? 0.030 0.663 0.665
Note: *p<0.1; *p<0.05; **p<0.01

Table 1.7: Average bid/offer spreads of the first two VIX futures contracts. The
table reports the average of the quoted bid/offer spreads for the first two VIX futures
contracts during the sample period from November 2010 through December 2017. The
first row reports the average over the entire trading day from 9:30 EST to 16:15 EST, while
the second row reports the average during the rebalancing window from 15:30 EST to 16:15
EST when the strategy is active.

] ‘ 1st futures contract ‘ 2nd futures contract ‘

9:00 EST — 16:15 EST 0.0517 0.0512
15.45 EST — 16:15 EST 0.0512 0.0509
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Table 1.8: Trading ahead of rebalancing flows. Performance statistics for the strategy
that trades ahead of anticipated rebalancing flows from November 2010 through December
2017. Excess returns and Sharpe ratios are calculated with respect to the 3-month T-bill
rate. Performance statistics are calculated for transaction costs of 0, 0.01, 0.02, 0.03, 0.04

and 0.05 vol points.

THE MARKET IMPACT OF PREDICTABLE FLOWS

| Transaction cost | 0.00 | 0.01 | 0.02 | 0.03 | 0.04 | 0.05 |

Excess return (p.a.) | 402.4% | 204.8% | 84.7% | 11.9% | —32.3% | —59.1%
Std. dev. (p.a.) | 78.0% | 78.0% | 78.0% | 78.0% | 78.0% | 78.0%
Sharpe ratio (p.a.) 5.14 2.62 1.08 | 0.15 | —042 | —0.75

‘ # of days

| 1,649 | 1,649 | 1,649 | 1,649 | 1,649 | 1,649 |




Chapter 2

Dynamic Risk Management and Asset

Comovement'

Abstract

When dealers’ hedging demand in an illiquid market depends on movements in another, liquid
market it can drive a correlation between returns in the two markets. I show that changes
in dealers’ demand for CDS protection for the purpose of counterparty risk management
cause a non-fundamental correlation between credit and currency markets. The effects are
economically significant. For example, T show that counterparty risk hedging associated
with SoftBank’s large currency swap portfolio substantially lowers the correlation between
SoftBank’s CDS spread and the USD/JPY exchange rate and accounts for around 25% of
the weekly volatility of CDS returns.

T would like to thank my advisors David Lando and Fabrice Tourre for valuable feedback, guidance and
support. This paper has also benefited from conversations with various market participants; in particular,
Jesper Andreasen, the XVA desk at Danske Bank and various industry experts from Nordea, Nomura and
Bank of America.
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2.1 Introduction

This paper studies a novel source of cross-asset correlation: movements in the price of
a liquid asset that “spills over” to the price of an illiquid asset via the hedging activities of
derivatives dealers. The sign and size of the induced correlation is jointly determined by
the second-order cross-asset sensitivity (in derivatives jargon: cross-gamma) of derivatives
dealers’ portfolios and the degree of market illiquidity.

To build intuition and derive testable predictions, I develop a simple equilibrium model
with two (generic) assets. The model is set in continuous time and has two types of agents:
fundamental investors and derivatives hedgers. Derivatives hedgers do not take fundamental
value into account in their asset demand: their only objective is to keep their portfolios
delta-neutral at all times. Such inelastic demand on the part of derivatives dealers can be
motivated by risk limits or regulatory constraints. The central friction in the model is that
one of the assets is illiquid in the sense that fundamental investors require a price concession
to arbitrage deviations from fundamental value. If the hedging demand in the illiquid market
depends on movements in the liquid market then a non-fundamental correlation between the
two assets can arise. For example, if a price increase in the liquid market leads to increased
hedging demand in the illiquid market (positive cross-gamma) then a positive correlation
between the two assets arises and vice versa.

Such cross-dependencies are explicitly present in exotic derivatives portfolios and struc-
tured products with multiple underlyings, but also arise naturally in other settings. One such
setting is derivatives counterparty risk, which is the focus of this paper. When a dealer enters
into an unsecured derivatives position — e.g., a currency swap — with a client, the dealer is
exposed to the risk that the client defaults when the dealer is owed money.! The size of the
counterparty risk exposure depends on the market value of the underlying asset: counterparty
risk is low when the dealer is out-of-the-money and high when the dealer is in-the-money. In
particular, the dealer must buy additional CDS protection on the client when the underlying
asset moves against the client and sell back CDS protection when the underlying asset moves
in favor of the client. Such buying and selling of CDS contracts, induced by moves in the
underlying asset, will have an impact on CDS prices to the extent that CDS markets are not
perfectly liquid. In fact, single-name CDS markets are increasingly illiquid. For example,
the BIS Quarterly Review from June 2018 notes that “|a|fter an almost tenfold increase in
the run-up to the GFC, the global CDS market has shrunk virtually without interruption

since.” Interestingly, the decrease in the size and liquidity of CDS markets has coincided

!'While collateralization of inter-dealer trades is now mandatory, non-financial derivatives exposures are
largely exempt from such requirements due to the substantial liquidity risk associated with derivatives
collateral agreements, see, e.g., Biguri and Stahl (2019).
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with an increased regulatory reliance on them, e.g., under Basel III [e.g., BCBS (2015)].

I analyze the impact of counterparty risk management on the correlation between Japanese
corporate CDS spreads and the USD/JPY exchange rate based on two quasi-natural exper-
iments. First, I use the rapid expansion of SoftBank’s currency swap portfolio as a large
shock to dealers hedging demand for the purpose of counterparty risk management. In 2013,
SoftBank Group, a Japanese telecommunications company, began issuing a large amount of
foreign currency debt — primarily, in U.S. dollars — that it swapped back to Japanese yen
using long-dated currency swaps. The choice of SoftBank for this analysis reflects both the
large size of SoftBank’s long-dated currency swap portfolio and the rapid increase in the
size of the currency swap portfolio from zero to more than $25bn in notional terms, which
facilitates identification. Moreover, SoftBank’s CDS contract is among the world’s most
actively traded corporate CDS contracts.?

Second, T use a change in the accounting treatment of derivatives counterparty risk for
certain Japanese banks as a quasi-natural experiment. In Q1 2019, after pressure from the
local regulator, a number of large Japanese banks started to report changes in the mark-
to-market value of their derivatives counterparty risk, the so-called credit value adjustment
(CVA). The empirical identification relies on the fact (which I motivate) that the banks
initiated hedging strategies for derivatives counterparty risk at the same time in order to
mitigate the resulting earnings volatility from changes in CVA. I test the model’s predictions
using the iTraxx Japan CDS index, which represents an equal-weighted portfolio of the 50
most liquid Japanese entities with investment grade ratings. Index CDS is widely used to
hedge derivatives counterparty risk due to the limited depth and scope of single-name CDS
markets, and much of the resulting hedging demand is likely absorbed by this index (which
[ also motivate).

For SoftBank, our main prediction is that counterparty risk management should decrease
the correlation between SoftBank’s CDS spread and the USD/JPY exchange rate. The
empirical results strongly support this: the correlation between SoftBank’s senior CDS spread
and the USD/JPY exchange rate decreased from +1.5% to -22.1% after SoftBank initiated
the expansion of its FX swap portfolio in Q4 2013. Regression results confirm the significance
of the change in the CDS/FX correlation. Importantly, I find no impact if I replace CDS
returns with returns on SoftBank’s stock or senior unsecured bonds. That is, there is no
significant change in either CDS/equity or CDS/bond correlations after the expansion of the
FX swap portfolio, which alleviates endogeneity concerns that the change in correlation is

driven by changes in the risk exposure of SoftBank’s assets. The stock and senior unsecured

2In 2019, the SoftBank senior CDS contract was among the 20 most traded CDS contracts globally based
on the average daily volume statistics published by DTCC.



CHAPTER 2. DYNAMIC RISK MANAGEMENT AND ASSET COMOVEMENT 40

bonds act as placebo instruments: they have similar exposure to market risk factors as the
CDS contract, but are not affected by counterparty risk hedging. Based on the regression
estimates, I find that counterparty risk hedging explains (at least) 25% of the weekly volatility
of SoftBank CDS spreads after Q4 2013.

For the Japanese CVA accounting shift, the model’s main prediction is that counterparty
risk management should increase the correlation between the iTraxx Japan CDS spread and
USD/JPY implied volatility (IV). The reason is that an increase in FX implied volatility
increases the counterparty credit exposure of all dealers, regardless of their directional
exposure to the USD/JPY exchange rate (which might partially cancel out across dealers as
a group). Again, the empirical results provide strong support for a hedging-driven impact:
the CDS/IV correlation increases significantly after the accounting switch, while there is
no change in the equity/IV correlation using the Nikkei 225 stock market index as the
placebo instrument. Similar to the iTraxx Japan CDS index, the Nikkei stock market index
represents a diversified portfolio of large Japanese firms, but in contrast to iTraxx Japan it
is unaffected by counterparty risk hedging. Similarly, there is no significant change in the
correlation when replacing the date of the accounting switch with a range of placebo dates.

In summary, the empirical evidence shows that dynamic hedging of counterparty risk has

a significant impact on cross-asset correlations.

2.1.1 Related literature

It is well-known that dynamic hedging (or replication) of derivatives contracts can lead
to feedback effects in which the frequent rebalancing of dealers’ delta-hedges affects the
dynamics of the underlying asset. This strand of the literature began with the stock
market crash in October 1987 in which portfolio insurance programs (dynamic replication
of equity put options) is widely believed to have played a role. For example, Grossman
(1988) argues that dynamic replication of securities can amplify volatility in the underlying
market by hampering price discovery, while Gennotte and Leland (1990) develop a model
of market crashes in which uninformed traders interact with program traders (hedgers)
to produce cascading falls in prices. Jarrow (1994), Platen and Schweizer (1998), Sircar
and Papanicolaou (1998), Frey and Stremme (1999), Schénbucher and Wilmott (2000) and
Andreasen (2007) analyze the impact of dynamic option hedging on the underlying asset
when the latter is not perfectly liquid. Avellaneda and Lipkin (2003) study an interesting
example of a derivatives feedback effect in which dealers’ delta-hedging of short-expiry
options causes “pinning” around particular option strikes with large open interest. Ni et al.

(2005) and Golez and Jackwerth (2012) present empirical evidence that rebalancing and
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unwinding of option dealers’ delta-hedges near option expiry causes stock prices to “pin” or
“cluster” around specific strikes. Furthermore, Ni et al. (2020) show that delta-hedging of
stock options also has a substantial impact on the volatility of the underlying stock prices
well before expiry. This paper demonstrates that hedging activity across different markets
can impact the correlation structure of asset returns in equilibrium.

The paper also adds to the growing literature on frictions in single-name CDS markets.
Klingler and Lando (2018) show that CDS premiums on highly-rated sovereigns are to a large
extent driven by regulatory incentives to minimize capital held against counterparty credit
risk.> Bongaerts et al. (2011) show that liquidity risk is priced in the cross-section of expected
CDS returns, but find that the effect is economically small. Using a different measure of
liquidity risk, Junge and Trolle (2015) find that liquidity risk, on average, accounts for 24%
of CDS spreads. Qiu and Yu (2012) study the determinants of liquidity provision across
single-name CDS markets. Pires et al. (2013) run quantile regressions of CDS spreads on
various measures of illiquidity. I contribute to this literature by showing a novel way for
illiquidity to affect CDS spreads, and I show that the effect is identifiable in the data and is
economically significant.

Finally, the paper also provides empirical support to the recent literature on valuation
adjustments for OTC derivatives. Early theoretical contributions include Johnson and Stulz
(1987), Sorensen and Bollier (1994), Jarrow and Turnbull (1995) and Duffie and Huang
(1996). More recently, Andersen et al. (2019) study valuation adjustments in a structural
model of a dealer’s balance sheet with a particular focus on funding valuation adjustments
(the funding costs associated with unsecured OTC derivatives portfolios), while Cenedese
et al. (2020) and Li and Zhang (2019) demonstrate empirically that valuation adjustments
are important components of derivatives prices. This paper demonstrates that dynamical
hedging of such valuation adjustments can have a significant impact on the correlation

between CDS spreads and underlying market prices.

2.2 Derivatives hedging in a two-asset economy

In this section, I present a simple model with two assets to show how the hedging activity

of derivatives dealers can induce a non-fundamental correlation across asset markets.

3Under Basel III derivatives dealers are required to assign capital to cover counterparty credit losses due
to a widening of the counterparty’s credit spread, the so-called “CVA capital charge”. In contrast, under
Basel II dealers only had to assign capital to cover actual defaults, not mark-to-market losses associated
with an increase in the probability of counterparty default.
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2.2.1 The market

There are two assets in zero net supply.* The price process of asset i is denoted by S; for

each i € {1,2}. Fach asset has fundamental value x; that evolves according to:
dx;(t) = o;dWi(t) ie€{1,2}, (2.2.1)

where o; > 0 are positive constants and W; are Brownian motions under the physical measure.

Without loss of generality, we normalize the fundamental correlation to zero:
dxi(t)dzo(t) =0 YVt > 0. (2.2.2)
The market for asset 1 is perfectly liquid, so its price always equals fundamental value:
dSi(t) = dxzy(t) Vt>0.

In contrast, the dynamics of S, will be determined endogenously in the model. As we will see,
the correlation between market prices will differ from the correlation between fundamental

values in equilibrium:

dS,(£)dSs(t) # 0.

2.2.2 The agents

There are two types of agents in the economy: fundamental investors and derivatives
hedgers. Since the demand for the liquid asset has no bearing on its price, we focus on the
demand for the illiquid asset for each type of agent.

The fundamental investors know the fundamental value of the illiquid asset x5, but have
limited risk-bearing capacity. The net demand F' of fundamental investors for the illiquid

asset takes the following form:
F(xa(t), 52(1) = Alxa(t) — S2(t)], (2.2.3)

where A > 0 is a positive constant that captures the degree of market illiquidity.
The derivatives hedgers manage a derivatives portfolio whose value depends on the market

prices of the two assets. The market value V' of the derivatives portfolio is given by:

V =G(L, S, 5). (2.2.4)

4The assets may themselves be derivatives (such as futures or swap contracts) and the specification below
allows for negative asset values in line with this interpretation.
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where G is the model used by the derivatives hedgers for valuation and hedging purposes.
The model predictions do not rely on the exact functional form of G: as we will see later, it
is the second-order derivatives of G that matter and, in particular, it is the cross-derivative,

G that generates the model’s key predictions.

— o
— 085108y’
The only concern of derivatives hedgers is to keep their portfolio delta-neutral at all

times, so their demand B for the illiquid asset is given by:

B(t, Si(t), Sa(t)) = —g—g(t, S1,Ss). (2.2.5)

Such preferences can be motivated by internal risk limits or regulation that constrains the
risk-taking ability of dealers. Importantly, the delta with respect to S5, g—g, in general
depends on both S7 and S.

2.2.3 Equilibrium

In equilibrium, the demand from fundamental investors and derivatives hedgers for the

illiquid asset must sum zero:
F(x9(t), Sa(t)) + B(t,51(t),S2(t)) = 0 (2.2.6)

The market clearing condition (2.2.6) relates the price of the illiquid asset, S, to the state
variables 1 = 57 and z5. That is, after substituting the asset demand of each type of agent

into Eqn. (2.2.6), we can solve for the dynamics of the illiquid asset price:
dSQ = dSQ(t,I1<t),$2(t>)

The equilibrium dynamics are characterized by the following proposition that we prove in

the appendix.

Proposition 2.1. Consider the economy with two assets, fundamental investors and deriva-

tives hedgers. The fundamental values of the assets are uncorrelated and evolves as:

dﬂfl = Uldwl
d.%’g = O'QdWQ,

where the o; are positive constants and the W; are independent Brownian motions.

Imposing the market clearing condition, we obtain the dynamics of the asset prices in
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equilibrium.:
dSl == oldW1 (227)
dSy = (&) o dWy + (L> o2dWs + O(dt) (2.2.8)
2 = \d1a, )1 A1 Gy ) 22 ) e
where Gi; = ngz%j (t,S1,52) denotes the second-order partial derivatives of the dealers’

pricing function and drift terms of order O(dt) are left unspecified (they are not used).
Proof. See 2.6. [

Proposition 2.1 shows that derivatives hedging can induce a non-fundamental component
in the covariance structure of asset markets. In particular, the covariance of asset returns is
given by:

We see that the sign of the induced correlation is determined by the sign of AflGZQQ: if this

quantity is positive (negative) then derivatives hedging increases (decreases) the correlation

between the returns of the liquid asset and the illiquid asset. This is the main prediction
from the model that we take to the data, since in applications we are usually able to infer
the sign of this quantity from publicly available data.

Can we say anything about the magnitude of the induced covariance? To do so, we need
to impose additional structure on the pricing function G of the derivatives dealer. Suppose

that GG is a product of the two underlying risk factors:
G(t, 51, 52) = g(t, S1) 5, (2.2.10)

where g(-) > 0 is a positively-valued function. As we will see in the next section, such a
factorization holds approximately in the context of counterparty risk. In this case, we have:
dg

G = %(t, S1)

G22 - 0

Moreover, from Eqn. (2.2.9) the induced covariance is:

d
Cov [dS, dSy] = %(t, S1)o?.

In practice, it is difficult to use this expression to empirically identify the magnitude of
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the induced covariance, since the shape of the g function is hard to infer based on publicly

available data.

2.3 Counterparty risk management

Dynamic hedging of counterparty risk can drive a correlation between liquid asset markets
and illiquid credit default swap markets. As a concrete example, suppose that a dealer
enters into an FX swap with a corporate client. The NPV of future losses due to the risk of
counterparty default is referred to as the credit value adjustment (CVA) of the swap. Most
dealers actively hedge CVA: in a survey conducted by Deloitte and Solum Financial Partners
in 2013, 80% of surveyed banks indicated that they actively hedge CVA, and almost all
surveyed banks indicate that they use credit default swaps for hedging [see Deloitte (2013)].
To understand the mechanics of counterparty risk management, consider the figure below.

The figure plots the exposure profile of a 10-year FX swap from the point of view of
the dealer at time 0. The exposure at future time ¢ is the expected loss from counterparty
default at a time ¢, which is given by Eo[V,"] (a credit loss occurs only in the positive
states). We consider three scenarios: the swap is initially at-the-money, V5 = 0 (upper
panel), in-the-money, V > 0 (middle panel) or out-of-the-money, V; < 0 (lower panel). To
hedge CVA, the dealer must buy CDS protection on the counterparty in proportion to the
area under the exposure profile (the shaded region in the figure). The figure illustrates the
dynamic nature of the dealer’s counterparty credit exposure. Since the swap is initiated at
zero NPV, the dealer starts with the exposure profile in the upper panel. While the value at
inception is zero, the dealer is exposed to the risk that the counterparty defaults in a future
scenario in which the underlying exchange rate has moved against the client. The middle
panel of the figure illustrates how the dealer’s exposure changes when the swap has moved
against the client: the swap becomes an asset, similar to a loan, and the dealer must buy
more CDS protection on the counterparty to remain hedged (the area under the exposure
profile increases). In contrast, the lower panel of the figure shows what happens when the
underlying exchange rate rate moves in favor of the client: the swap becomes a liability
and the credit exposure decreases. In this case, the dealer must sell back some of the CDS
protection on the counterparty to avoid being over-hedged. If the CDS market is illiquid,
then such buying and selling of CDS contracts, induced by moves in the currency market,

will have an impact on the dynamics of CDS spreads in equilibrium.
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2.3.1 Model formalization

In terms of the model in the previous section, S; is the underlying asset price and S is
the spread of the counterparty’s CDS that the dealer uses to hedge the counterparty credit
risk. The CDS market is illiquid in the sense that fundamental investors require a price
concession to take the other side of the dealers’ hedging demand. For simplicity, we do
not model the term structure of CDS spreads and assume that the CDS market at time
t is characterized by a single, flat spread Sy(t). Furthermore, in line with the model, we
assume that the fundamental correlation between the the underlying asset price and the
counterparty’s credit spread is zero.

G(t, S1,S2) is the credit value adjustment (CVA) of the dealer’s derivatives portfolio
with underlying (risk-free) value V' (¢,.S1). To obtain a tractable expression for G, we make

a number of additional assumptions:
1. The risk-free rate of interest is zero.
2. The dealer is not subject to default risk.
3. The counterparty default intensity A(u) is low enough so that AW 1 for u < T.

Under assumptions 1 to 3, we can write the CVA in the dealer’s pricing model as follows:

G50, S) ~ Sa(t) /t E; [V(u, S1(w)* | S1(8)] du
— S,(t) x BPE(L, 5,(1)),

where we have defined the ezpected positive exposure as
T
EPE(t, S1(t)) = / E, [V(u, Sy(u))* | Sl(t)] du.
t

The expression above is quite intuitive: S5(t) is the cost of credit insurance per unit of
exposure and the effective exposure for a derivatives portfolio is given by the expected
positive exposure [see, e.g., Gregory (2012) and Canabarro and Pykhtin (2014) for details
on pricing and risk management of CVA|. Hence, we have the factorization in Eqn. (2.2.10)

with g and % given by:

g(t, Sl) = EPE(t, Sl>

d d
99t,.8) = TGEPE(t, S)).



CHAPTER 2. DYNAMIC RISK MANAGEMENT AND ASSET COMOVEMENT 47

The induced covariance between the exchange rate and the counterparty’s CDS spread is

therefore given by:

4 BPR(L, 5,(1). (2.3.1)

Cov [dSl, dSQ] = U%ﬁ

The sign of the induced correlation depends on whether the expected positive exposure
increases or decreases with the value of the underlying: if EPE is increasing in the value of
the underlying, then counterparty risk hedging induces a positive correlation between the
underlying and the counterparty’s CDS spread and vice versa. The magnitude of the induced
correlation depends on the rate of change of the EPE with respect to the underlying asset
price. In particular, for in-the-money portfolios the EPE will change at a faster rate than
for out-of-the-money portfolios, because a change in the value of the underlying portfolio is
more likely to affect a future state in which the portfolio value is positive (%EPE =0 in
the limit where the portfolio is so deeply out-of-the-money that there are no future states
for which the portfolio value is positive).

In the empirical analysis below, we rely mainly on the model’s predictions with respect
to the sign of the induced correlation. While the magnitude of the induced correlation is
difficult to identify empirically, we can still use the expression above to understand how
certain developments are likely to affect the magnitude of hedging-induced correlations. For
example, the secular decline in long-term interest rates over the past decade has pushed
banks’ unsecured interest rate swap portfolios deeply in-the-money. This is because banks
mostly receive fixed in unsecured interest rate swaps with non-financial counterparties that
swap their floating-rate (bank) debt to fixed [see, e.g., Rega-Jones (2020)]. Hence, we would
expect counterparty risk hedging to have pushed the correlation between long-term interest
rates and CDS spreads increasingly lower over the past decade (although such an effect is

extremely difficult to disentangle empirically).

2.4 Empirical analysis

In this section, I conduct an empirical analysis of the impact of counterparty risk man-
agement on cross-asset correlations. The analysis relies on two quasi-natural experiments
that shock the hedging demand of dealers for the purpose of counterparty risk management.
The first shock stems from the rapid expansion of SoftBank’s currency swap portfolio, while
the second comes from a change in the accounting treatment of derivatives counterparty risk

that effectively forced Japanese dealers to start dynamically hedging counterparty risk.
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2.4.1 Data

I use market data on exchange rates, implied volatilities, stock prices, senior CDS spreads
and senior unsecured bond prices obtained from the Bloomberg system. It is the senior CDS
contracts that are relevant for counterparty risk hedging, since derivatives liabilities are pari
passu with senior unsecured debt. The pricing source for the CDS quotes is CMA New York
(CMAN).

I use weekly data throughout to minimize the influence of asynchronicity in the sampling
of quotes across different markets and to minimize the impact of uncertainty regarding the
exact timing of hedging trades (the CVA desks responsible for executing these trades on
behalf of dealers generally have risk limits that allow for some discretion regarding the

timing of their hedging transactions).

2.4.2 The expansion of SoftBank’s swap portfolio

In this part, T use SoftBank’s rapid expansion of its FX swap portfolio, from zero to more
than $25bn in notional terms, as a large shock to dealers’ hedging demand, which allows for
an empirical identification of the impact of counterparty risk hedging on SoftBank’s CDS

contract.

2.4.2.1 Background

SoftBank Group is a Japanese conglomerate which, in addition to operating a domestic
telecommunications subsidiary, owns stakes in a number of domestic and foreign companies
(despite the name, SoftBank is not a bank). It also manages the Vision Fund, the world’s
largest technology-focused venture capital fund, with assets of more than $100bn in 2018.
From 2013 through 2019, SoftBank made a number of large, debt-funded acquisitions and
increased its stock of long-term debt from $20bn in Q1 2013 to a staggering $130bn in Q4
2019. Part of the new debt was issued in U.S. dollars and swapped back to Japanese yen
via long-dated USD/JPY swaps entered into during the same period. For example, when
SoftBank acquired Sprint Corporation in 2013, part of the financing was in the form of long-
term bonds (due in 2020) issued in U.S. dollars and Euro and the 2013 annual report clearly

states that the proceeds were swapped back to Japanese yen:

With regards to above USD-denominated Senior Notes and Euro-denominated
Senior Notes, the Company has entered into currency swap contracts with finan-
cial institutions and the amount of principal by redemption and interest payments
in JPY are fixed. (p. 114)
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Figure 2.2 plots the notional size of SoftBank’s long-dated FX swap portfolio (left axis) and
the total amount of outstanding long-term debt (right axis) based on information hand-
collected from SoftBank’s annual reports. The figure clearly shows that SoftBank started to
expand its FX swap portfolio by the end of 2013 (vertical dashed line).

SoftBank uses long-dated FX swaps to convert long-term liabilities from foreign cur-
rencies, primarily U.S. dollars, to Japanese yen. Therefore, SoftBank is long U.S. dollars
against Japanese yen in its FX swap portfolio, while the dealers are short. Since the key
model predictions rely on this fact, I confirm that it is consistent with other information

provided in the annual reports:

e First, the 2019 annual report (p. 156) contains additional details on the currency swaps
entered into by SoftBank, and it states explicitly that for these swaps the receipts are
in U.S. dollars and the payments are in yen, i.e., SoftBank is long U.S. dollars against

Japanese yen.

e Second, the annual changes in the reported fair values of SoftBank’s currency swaps
from 2013 through 2019 are consistent with a short Japanese yen / long U.S. dollar
position. For example, from March 31, 2014 through March 31, 2015 where the yen
depreciated by around 15% against the dollar, SoftBank reports a corresponding gain

in the fair value of its currency swaps of around 15%.

The model predictions below depends on SoftBank not posting collateral against its deriva-
tives liabilities. Under a collateral agreement, derivatives dealers would not need to adjust
their CDS hedges with the USD/JPY exchange rate, i.e., 63128(;52 ~ 0, because the increase
in exposure would be offset by an equal increase in collateral held, and the hedging-induced

correlation would disappear. Starting from 2015, the annual reports contain information on
the specific liabilities against which collateral is pledged and, in the period from March 31,
2015 through March 31, 2018, no collateral was pledged against derivatives liabilities (as of
March 31, 2019, a negligible amount, around $2.5mio, was posted as derivatives collateral;
for comparison, the negative market value of SoftBank’s USD/JPY currency swaps alone
was reported at $385mio).”

Finally, the empirical identification requires that the increase in the size of the FX swap
portfolio is exogenous with respect to the cross-asset correlations, i.e., that the expansion
affects the correlation only through an increase in dealers’ hedging demand. I address this

concern below by using SoftBank’s stock and senior unsecured bonds as placebo instruments;

5In fact, most non-financial derivatives users do not post collateral against their derivatives liabilities as
documented by Biguri and Stahl (2019).
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if these instruments are not affected by the increase, it is evidence that any impact on the

CDS/FX correlation is driven by increased hedging demand.

2.4.2.2 Model predictions

To derive precise predictions, we need to establish (i) when SoftBank starts issuing long-
dated FX swaps (since, according to the model, it is the dealers’ hedging of the associated

counterparty risk that drives a structural break in the correlation structure); and (ii) the

dEPE
ds

dollar/yen exchange rate (since, by Eqn. (2.3.1), this will determine the sign of the induced

sign of i.e., the sensitivity of dealer’s expected positive exposure to changes in the
correlation).

As for (i), I take December 31, 2013 as the treatment date after which I expect dealers’
hedging of counterparty risk to affect the correlation structure of the market. SoftBank
started to report non-zero holdings of long-dated FX swaps in 2013, the same year it started
its long-term debt expansion (cf. Figure 2.2), which suggests that it had an internal policy of
swapping its foreign currency debt issuance back to Japanese yen to hedge out the currency
risk. While I only have annual data on FX swap notionals, quarterly data on the amount
of outstanding long-term debt (obtained from Bloomberg) shows that SoftBank started
expanding its debt issuance during the last quarter of 2013, which provides further support
for the choice of treatment date. None of the results below are sensitive to the exact choice
of treatment date.

As for (ii), recall that dealers are short U.S. dollars against Japanese yen in their currency
swaps with SoftBank. Hence, their credit exposure to SoftBank increases when the USD /JPY

cross decreases and vice versa. This means that the EPE sensitivity of the dealers is negative:

OFPE
oUSD/IPY ~

To understand intuitively why this is true, consider what happens when the USD/JPY
exchange rate decreases (the U.S. dollar depreciates). Since dealers are short the U.S. dollar,
they will have a mark-to-market gain on their SoftBank swaps and their credit exposure to
SoftBank will increase. Therefore, dealers must buy additional CDS protection on SoftBank
to rebalance their hedges, which pushes up CDS spreads. So when USD/JPY decreases,
spreads are pushed up, and vice versa.

Thus, Proposition 2.1 provides the following testable predictions regarding the correlation
between the USD/JPY exchange rate and SoftBank CDS spreads:

(i) Hedging by derivatives dealers of SoftBank counterparty risk should induce a structural

break in the correlation after December 31, 2013.
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(ii) Hedging by derivatives dealers of SoftBank counterparty risk should have a negative

impact on the correlation.

[ proceed to test these predictions empirically.

2.4.2.3 Results

As a preliminary visual test, Figure 2.3 plots the 5-year rolling correlation between weekly
USD/JPY returns and weekly changes in SoftBank’s 5Y senior CDS spread (solid red line).
The vertical dashed line marks the treatment date (December 31, 2013) after which we expect
dealers’ hedging of derivatives counterparty risk to affect the CDS/FX correlation. Indeed,
there seems to be a structural break in the correlation around the treatment date, consistent
with prediction (i). Moreover, the correlation changes from approximately zero to strongly
negative, consistent with prediction (ii). The difference in correlation is both economically
and statistically significant: the sample correlation declines from 1.5% in the period before
December 31, 2013 to -22.1% in the period after December 31, 2013 (¢ = 2.99).

To alleviate endogeneity concerns that the change in the CDS/FX correlation is driven
by a change in the risk exposure of SoftBank’s underlying business that coincided with the
increase in FX swap issuance, Figure 2.3 also shows the 5-year rolling correlation between
weekly USD/JPY returns and weekly returns of SoftBank’s publicly traded stock (dashed
blue line). If the change in correlation was driven by a change in the currency exposure
of SoftBank’s assets, we should also observe a structural break in the correlation between
SoftBank’s stock price and the USD/JPY exchange rate. However, there seems to be no
such structural break in the equity/FX correlation; indeed, the difference in the sample
correlation before and after the treatment date is not statistically significant.

To further investigate whether the observed change in correlation is due to counterparty

risk hedging, T consider the following regression:
RCDS,t =+ B X RFX,t + Y X DDt X RFX,t + HTXt + €, (2.4.1)

where Rcps, is the weekly return of SoftBank’s 5Y CDS contract from the point of view of
the protection buyer®, Rpx ; is the weekly return of the U.S. dollar against the Japanese yen,
and DD, is a dummy variable that is equal to 1 after December 31, 2013 and 0 otherwise.
The vector of control variables X consists of the lagged levels of the VIX (as a proxy for the
aggregate risk-bearing capacity of dealers) and the USD/JPY exchange rate (the primary
driver of the market value of SoftBank’s FX swap portfolio).

6The CDS return is computed as 5 x AS;, where AS, is the weekly change in the 5-year CDS spread.
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The main coefficient of interest in Eqn. (2.4.1) is «: it captures the change in the
correlation structure between SoftBank’s CDS and the USD/JPY exchange rate due to
counterparty risk hedging. However, as noted above, a change in the correlation could also
be driven by a change in SoftBank’s risk exposure (unrelated to counterparty risk hedging)
that coincided with the increased FX swap issuance that is captured by the dummy variable.
If this was the case, we should also observe a structural break in the correlation between the
USD/JPY exchange rate and the prices of SoftBank’s other liabilities. To address this issue,
I consider SoftBank’s publicly traded stock and (maturity-matched) senior unsecured bond
as placebo instruments, i.e., instruments that are similarly exposed to other risk factors, but
which are not affected by counterparty risk hedging.” Thus, I consider similar regressions as

above with SoftBank’s stock and bond returns, respectively, instead of CDS returns:
Requityy = @+ B X Rpxy+v x DDy x Rpx; + 0" X, + ey, (2.4.2)
where Requity+ is the weekly return of the SoftBank stock; and
Ruonay = a+ B % Rpxy+7 x DDy x Rex, + 607 X, + ey, (2.4.3)

where Ryong: is the weekly excess return of the CDS-matched senior unsecured bond.®
Table 2.1 reports the results of regressions (2.4.1)-(2.4.3).° The estimated value of v is
negative and significant at the 5%-level for SoftBank’s CDS returns and insignificant for
SoftBank’s stock and excess bond returns. This is evidence that the change in correlation is
driven by counterparty risk hedging associated with SoftBank’s increased FX swap portfolio
and not by a change in the underlying risk exposure of SoftBank. Moreover, the magnitude
of the estimated effect on CDS spreads is economically significant: a 1% increase in the
USD/JPY exchange rate has no impact on CDS returns before December 31, 2013 and is

"Counterparty risk management relies on credit default swaps due to regulatory incentives and frictions
associated with short selling of bonds. Arbitrage activity between the bond and CDS markets might lead
bond spreads to absorb some of the price pressure from the CDS market, but various constraints imply that
such activity is limited in practice [see, e.g., Garleanu and Pedersen (2011) and Bai and Collin-Dufresne
(2019)].

8The bond excess return Rpona,+ is computed as 5 x AASW,, where AASW, is the weekly change in the
Bloomberg mid-value of the local-currency asset swap spread for the CDS-matched bond. I select the CDS-
matched bond as follows. I start by retaining only bonds issued by SoftBank that are senior unsecured, have
no embedded optionality and are denominated in JPY (I filter out foreign currency bonds to avoid additional
noise from cross-currency basis adjustments). I then divide the sample period into 6-month intervals, and
for each interval I select the bond whose remaining time to maturity at the beginning of the interval is as
close as possible to 5 years (the nominal maturity of the CDS contract) among the bonds with quoted asset
swap spreads for the corresponding 6-month interval.

“Estimated coefficients for the control variables are omitted in this and the following tables, but can be
found in Appendix 2.7.
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associated with a —0.14% return after December 31, 2013. The weekly volatility of USD/JPY
returns and CDS returns are 1.3% and 0.7%, respectively, in the post-treatment period from
December 31, 2013 to December 31, 2019. Hence, from this regression, I estimate that
counterparty risk hedging explains %&;’% ~ 25% of the weekly volatility of SoftBank CDS
spreads.

As an additional robustness test, I also conduct placebo tests with fictitious treatment
dates in the post-treatment sample from December 31, 2013 to December 31, 2019. Specifi-
cally, I run the CDS regression (2.4.1) with (annual) fictitious treatment dates from December
31, 2015 to December 31, 2018. Since the entire sample is after the actual treatment date, I
expect the interaction coefficient to be insignificant for all fictitious treatment dates.'® Table
2.2 reports the results with columns (1)-(4) corresponding to each of the fictitious treatment
dates from December 31, 2015 to December 31, 2018. As expected, none of the interaction
terms are significant. This provides further support for the conclusion that the change in

the CDS/FX correlation after December 31, 2013 is driven by counterparty risk hedging.

2.4.3 The Japanese CVA accounting change

In this section, I exploit a mandatory change in the accounting treatment of derivatives
counterparty risk by Japanese banks to identify the impact of counterparty risk hedging
on CDS markets. After briefly describing the Japanese CVA accounting change, I use the

theoretical model to derive precise predictions that I test empirically.

2.4.3.1 Background

In Q1 2019, after pressure from the local regulator, three large Japanese banks started
reporting changes in the fair value of derivatives counterparty risk (CVA) as part of their
earnings for the first time.!! Notably, Japanese banks — with the sole exception of Nomura
— had not previously reported changes in the fair value of CVA and, according to a number
of industry sources, had neither priced nor hedged it [see Ivens (2017) and Davis (2019b)].
I assume that the affected banks started hedging derivatives counterparty risk at the same
time that changes in CVA started to affect their earnings, i.e., at the end of Q4 2018. The
following quote (from a February 2019 industry news article on the Japanese CVA shift)

supports this assumption:

10This is not a perfect placebo test: as Figure 2.2 shows, SoftBank keeps expanding the size of its FX
swap portfolio after the initial expansion in 2013, albeit at a much slower pace. However, this should bias
the estimated coefficients against being insignificant, as I expect.

" The banks were Mitsubishi UFJ Financial Group, Mizuho, and Sumitomo Mitsui Banking Corporation.
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[O]nce the megabanks start accounting for CVA in their P&L, they face initial
one-off revaluation losses as high as nine digits. From then on, CVA will be a
regular feature of the P&L statement and will need to be measured and hedged

to dampen earnings volatility. [Davis (2019b)]

Single-name CDS contracts for most Japanese firms are either non-existing or not actively
traded (SoftBank being a notable exception). Therefore, it is likely that the Japanese dealer
banks rely mainly on so-called proxy hedges based on more liquid CDS instruments, such as
the iTraxx Japan CDS index, for pricing and hedging of CVA. Under current accounting rules,
banks are allowed to use proxy instruments for mark-to-market purposes when the underlying
single-name CDS is non-existing or so infrequently traded that the market data is deemed to
be unreliable. Industry sources confirm that proxy hedging using index CDS is widespread
and that the iTraxx Japan CDS index would be the most likely hedging instrument in
this case [Davis (2019a), Davis (2019b)].'? Figure 2.4 provide additional support for this
assumption: the outstanding notional of the iTraxx Japan CDS index cleared through JSCC
(the main clearing venue for CDS contracts in Japan) increased by 107% during 2019, while

outstanding single-name CDS notional increased by only 30%.

2.4.3.2 Model predictions

As a first step, we establish that the USD/JPY is an important risk factor in the OTC
portfolios of Japanese banks. The global statistics published by the Bank for International
Settlements show that interest rate and foreign exchange derivatives constitute the largest
and second-largest categories of OTC derivatives in terms of notional outstanding and gross
market values. However, the extremely low volatility of Japanese interest rates (due, in
part, to explicit yield curve control on the part of the Bank of Japan) means that many
Japanese corporations likely do not hedge interest rate risk, and even if they do the resulting
counterparty risk exposures are likely to be small since interest rate implied volatility is
also extremely low. Within foreign exchange derivatives, the yen is third largest currency
globally (after the dollar and the euro) with approximately 16% of all outstanding foreign
exchange derivatives tied to the yen as of H2 2019. Moreover, Japanese firms have a natural
demand for USD/JPY derivatives for the purpose of swapping dollar-denominated liabilities
to yen or hedging of dollar-denominated cash flows. Taken together, these facts imply that
the USD/JPY is likely to be an important risk factor in the OTC portfolios of Japanese

12For example, Davis (2019a) writes that “once CVA has been rolled out across their derivatives portfolios
more broadly, they [the Japanese banks] will likely look to use swaps referencing a credit index such as iTraxx
Japan or even iTraxx Europe.”
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banks.!?

Unlike for the SoftBank CDS, the impact of counterparty risk management on the
correlation between the iTraxx Japan CDS spread and the level of the USD/JPY exchange
rate is ambiguous. This is because some firms are long U.S. dollars to hedge foreign bond
issues on the liability side (e.g., SoftBank), while others are short U.S. dollars to hedge cash
flow risk on the asset side. Such offsetting exposures to the USD/JPY exchange rate could
mitigate, or cancel out, the CDS hedging pressure induced by changes in the USD/JPY
exchange rate.

However, the model predicts an unambiguous increase in the correlation between the
iTraxx Japan CDS spread and the implied volatility of the USD/JPY exchange rate. This is
due to the option-like feature of CVA: the dealer suffers a loss when the counterparty defaults
on a derivatives liability, but does not see a corresponding gain when the counterparty
defaults on a derivatives asset. This asymmetry means that dealers are short implied volatility
in the credit risk component of their derivatives portfolios. Importantly, this holds regardless
of the directional exposure to the USD/JPY exchange rate, i.e., all dealers see an increase
in their derivatives credit exposure when implied volatility increases, leading to an increased
demand for CDS protection.

In terms of the model, the dealers’ cross-gamma is always positive when we take S to

be implied volatility:
OEPE

oIV

Intuitively, when implied volatility goes up, expected future credit losses increase for all

> 0.

derivatives portfolios, which leads dealers to demand more CDS protection that pushes up
spreads. That is, the chain of events that induce an increase in the correlation can be

summarized as follows:
FX volatility 1T = dealers’ exposure T = dealers’ CDS demand T = CDS spreads T

In summary, we have the following testable predictions regarding the correlation between
the USD/JPY implied volatility and iTraxx Japan CDS spreads:

(i) Hedging by derivatives dealers of counterparty risk should induce a structural break in
the correlation after December 31, 2018.

(ii) Hedging by derivatives dealers of counterparty risk should have a positive impact on

the correlation.

13In addition, I have checked the annual reports of a sample of large Japanese companies and they confirm
that cross-currency swaps and forward contracts tied to the USD/JPY are prevalent, whereas interest rate
swaps are less frequently reported.
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[ proceed to test these predictions empirically.

2.4.3.3 Results

I consider the sensitivity of the iTraxx Japan 5Y CDS spread to 1-year USD/JPY ATM
implied volatility and investigate whether there is a structural break after December 31,

2018. To this end, I run the following regression:
Rittaxxy = -+ 3 x AlmpVol, +v x DD, x AlmpVol, + 0" X, +¢,,  (2.4.4)

where Rimyaxy: is the weekly return of the iTraxx Japan 5Y CDS index from the point of view
of the protection buyer, AlmpVol, is the weekly change in 1-year USD/JPY ATM implied
volatility, and DD; is a dummy variable that is equal to 1 after December 31, 2018 and 0
otherwise. As control variables X, I include the lagged levels of the VIX, the USD/JPY
exchange rate, and the 1-year USD/JPY ATM implied volatility.

In the placebo regression, I use the Nikkei 225 stock market index:

Ryikkeizr = o+ B x AlmpVol, ++ x DD; x AlmpVol, + 0" X, +¢;,  (2.4.5)

where Ryikkeit 15 the weekly return of the Nikkei 225 stock market index. Similar to the
iTraxx Japan CDS index, the Nikkei stock market index represents a diversified portfolio of
Japanese corporates, but is unaffected by counterparty risk hedging. The sample covers the
5-year period from December 31, 2014 to December 31, 2019, i.e., the sample period starts
four years before the treatment date and ends one year after.

Table 2.3 reports the results of regressions (2.4.4)-(2.4.5). The estimated coefficient
on the treatment dummy + is statistically significant for the iTraxx Japan CDS index and
insignificant for the Nikkei 225 stock market index. I conclude that there is a structural break
in the CDS/IV correlation driven by increased counterparty risk hedging after December 31,
2018. The magnitude is economically significant as well: a one percentage point change in
USD/JPY implied volatility is associated with an additional CDS return (for the buyer) of
0.21% after Q4 2018. In terms of the 5-year CDS spread, this estimate implies a hedging-
induced spread widening of around 4 basis points (0.21%/5) for every percentage point
increase in USD/JPY implied volatility after Q4 2018.

As an additional robustness test, I also conduct placebo tests with fictitious treatment
dates in the pre-treatment sample from December 31, 2014 to December 31, 2019.'* Specif-

ically, I run regression (2.4.4) with (annual) fictitious treatment dates from December 31,

14T choose the pre-treatment sample for better statistical power, since the post-treatment sample is only
one year long.
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2015 to December 31, 2017. Since the entire sample is before the actual treatment date, I
expect the interaction coefficient to be insignificant for the fictitious treatment dates. Table
2.4 reports the results with columns (1) through (3) corresponding to each of the fictitious
treatment dates from December 31, 2015 to December 31, 2017. As expected, none of the
interaction terms are significant in this case. This provides further evidence that the change
in the CDS/IV correlation after the Japanese CVA accounting shift is driven by counterparty
risk hedging.

2.5 Conclusion

In this paper, I show how dynamic hedging of derivatives portfolios on multiple underly-
ings can alter the covariance structure of asset returns in equilibrium. The model predicts
that dynamic hedging induces cross-asset correlations that are proportional to the second-
order cross-derivative of dealers’ OTC portfolios.

I demonstrate the empirical relevance of the model by showing how counterparty risk
hedging systematically affects Japanese corporate CDS markets. When a derivatives dealer
enters into an uncollateralized derivative with a client, the dealer takes on credit exposure
and the amount of exposure changes with the value of the underlying asset. Dealers have
strong regulatory incentives to dynamically hedge counterparty credit risk via CDS, but, at
the same time, CDS markets are becoming increasingly illiquid. Thus, the rebalancing of
CDS hedges driven by changes in the underlying assets can drive correlations between the
CDS spreads of hedging instruments and underlying asset markets.

The effects are economically significant. In the first part of the empirical analysis, I show
that counterparty risk hedging associated with SoftBank’s large, uncollateralized FX swap
portfolio drives a substantial, negative correlation between SoftBank’s CDS spread and the
USD/JPY exchange rate. I estimate that counterparty risk hedging accounts for 25% of the
weekly volatility of SoftBank’s CDS returns. The large and rapid expansion of SoftBank’s
FX swap portfolio allow for a clean identification, but the SoftBank CDS contract is also
important in its own right, being among the world’s most actively traded corporate CDS
contracts. In the second part of the empirical analysis, I show that counterparty risk hedging
substantially increases the correlation between the iTraxx Japan CDS index and USD/JPY
implied volatility.

These effects are unlikely to be specific to Japan as the underlying drivers-regulatory
incentives to hedge counterparty risk with CDS contracts and declining CDS liquidity—are

global, post-crisis phenomena.
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2.6 Appendix A — Proof of Proposition 2.1

I solve a more general version of the model that allows for time- and state-dependent
market illiquidity in both asset markets. Proposition 2.1 then follows as a special case.

As in the main text, let z; and S; for ¢ € {1,2} denote fundamental values and market
prices, respectively, of the two assets. Assume that fundamental values evolve as follows

under the physical measure:
We want to solve for the asset price dynamics in equilibrium:

dSi(t) = 0u(t, Si(t), Sa(t))dW:(t) + ia(t, S1(t), Sa(t))dWa(t) (2.6.2)
+O(dt) i€ {12}

The asset demands from fundamental investors F' and derivatives hedgers B are given by:

Fi(t,z;(t), S:(t)) = Ai(t,51(t), S2(t)) [z:(t) — Si(t)] i€ {1,2}

oG .

Bilt, $i(0).5:(0) = — 5o (L5:(0),5:(1) i€ {12},

where A;(t,S1(t),S2(t)) are positive functions that may depend on time and state, i.e.,
market illiquidity is time- and state-dependent in each of the markets. The solution to the

general model is characterized by the proposition below.

Proposition 2.2. Collect the covariance structure of the market prices and fundamental

values in column vectors as follows:

0(t,51(t), S2(t)) = [91179127921,922]T
o(t,S1(t),5:(t) = [011701270217022]T,

where I omit (t, S1(t), Sa2(t))-arguments on the right-hand side for readability.
In equilibrium, the covariance structure of the market, @ = 6(t, 51(t), S2(t)), solves the

following matrix equation.:
MO = o,
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where
1+ 0 G 0
M 0 1+ 0 Gz
G 0 1+% 0
0 Ga 0 1+%
As above, G;; = %gsj(t, S1,52) denotes the second-order derivatives of the pricing model of

the derivatives hedgers.

Proof. We apply the market-clearing condition, dF; + dB; = 0, i € {1,2}, and match
coefficients on each of the Brownian increments, dWi,dW5. From the market-clearing

condition of asset 1 we get:

dFy +dB; = 0

[A1 (011 — b11) + (G11011 + G12091)] AW |
+ [A1(o12 — 012) + (G11012 + G12620)] AW,

+0(dt) = 0

Similarly, from the market-clearing condition of asset 2 we get:

dFy+dBy, = 0

[Aa(091 — 0a1) + (G + Gozltlan)] AW, ()
+ [Aa(022 — O22) + (G21012 + Gaoll)] AW

+0(dt) = 0

Setting all dIW-terms to zero yields four equations in the four unknowns [0y, 612, 021, 652 for

each time ¢:
Ai(o11 —b11) + (G116011 + G12021) = 0
Ai(o12 — b12) + (G11012 + G1a022) = 0
Ay(091 — ba1) + (Ga1011 + Gaablar) = 0
As(099 — O22) + (Ga1612 + Gaabae) = 0
Writing the system of equations in matrix form, we get Proposition 2.2. O]

Proposition 2.1 follows from the solution to the general model in Proposition 2.2 by
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letting A; — oo and applying the following parameter restrictions:

on(t) = o1 €R
op(t) = 0
oa(t) = 0
o(t) = o €R

2.7 Appendix B — Full regression tables

Tables 2.5 to 2.8 report the full set of coefficients (including control variables) for all

regressions in the main text.
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Figure 2.1: FX swap exposure profiles. The figure plots the exposure profile, E, [Vﬁ],
of a 10-year FX swap from the point of view of the dealer for three scenarios: the swap is
at-the-money (V5 = 0), in-the-money (V5 > 0) or out-of-the-money (V < 0). The dealer
holds CDS protection on the counterparty in proportion to the area under the exposure
profile (shaded region).
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Figure 2.2: SoftBank FX swap notional and long-term debt. The figure plots the
outstanding notional of SoftBank’s long-term FX swaps (left axis) and the outstanding
notional of SoftBank’s long-term debt (right axis), both in billion USD. Long-dated is defined
here as having a remaining maturity of more than one year. The vertical dashed line marks
the treatment date (December 31, 2013) after which we expect dealers hedging of SoftBank
counterparty risk to affect the CDS/FX correlation.

-150

20-

-100

FX swap notional ($bn)
(uag) 198a

-50

1
0- ' -0
' ' ' ' | ' ' ' ' '
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Long-term FX swaps — Long-term debt



CHAPTER 2. DYNAMIC RISK MANAGEMENT AND ASSET COMOVEMENT 63

Figure 2.3: CDS/FX correlation before/after the SoftBank FX swap expansion.
The figure plots the 5-year rolling correlation between weekly USD/JPY returns and weekly
changes in SoftBank’s 5Y senior CDS spread from December 31, 2009 through December 31,
2019 (solid red line). The vertical dashed line marks the treatment date (December 31, 2013)
after which we expect dealers hedging of SoftBank counterparty risk to affect the CDS/FX
correlation. The 5-year rolling correlation between weekly USD/JPY returns and the weekly
returns of SoftBank’s stock (placebo instrument) is also shown (dashed blue line).
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Figure 2.4: Outstanding notional of Japanese CDS. The figure plots the total cleared
notional (in JPY billions) of iTraxx Japan CDS index contracts (blue) and Japanese single-
name CDS contracts (red) as reported by the Japan Securities Clearing Corporation (JSCC).
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Table 2.1: CDS/FX sensitivity before/after the SoftBank FX swap expansion.
The table reports the results of regressions (2.4.1)-(2.4.3). The left-hand side is the weekly
return of SoftBank’s 5-year senior CDS from the point of view of the protection buyer
(column 1), the weekly return of the SoftBank stock (column 2) and the weekly excess
return of the (maturity-matched) senior unsecured bond (column 3). On the right-hand side
are the weekly USD/JPY return, the interaction between the weekly USD/JPY return and
the treatment dummy (equal to 1 after December 31, 2013 and zero otherwise) and control
variables. The control variables are the lagged levels of the VIX and the USD/JPY exchange
rate (FX). Estimated coeflicients for the control variables are omitted, but can be found in
the appendix. The sample runs from December 31, 2009 to December 31, 2019. Standard
errors are in parentheses.

RICDS,t Requity,t Rlbond,t
(1) (2) (3)
Rrx ¢ 0.008 0.180*** 0.013

(0.049) (0.036)  (0.023)

Rex ¥ DD, —0.140* 0.036 0.004
(0.066) (0.049)  (0.030)

Observations 505 505 505
R? 0.026 0.125 0.008

Note: *p<0.1; *p<0.05; **p<0.01
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Table 2.2: Placebo test on treatment dates for the SoftBank FX swap expansion.
The table reports the results of regression (2.4.1) with fictitious treatment dates in the
post-treatment sample. The left-hand side is the weekly return of SoftBank’s 5-year senior
CDS from the point of view of the protection buyer. On the right-hand side are the weekly
USD/JPY return, the interaction between the weekly USD/JPY return and the treatment
dummy (equal to 1 after the treatment date and zero otherwise) and control variables. The
fictitious treatment dates are chosen annually from December 31, 2015 through December
31, 2018 (columns 1 through 4). The control variables are the lagged levels of the VIX
and the USD/JPY exchange rate (FX). Estimated coefficients for the control variables are
omitted, but can be found in the appendix. The sample runs from December 31, 2013 to
December 31, 2019. Standard errors are in parentheses.

Reps ¢
(1) (2) (3) (4)
Rrx —0.161** —0.140*** —0.115*** —0.128***
(0.066) (0.040) (0.037) (0.035)
Rrx * DD, 0.039 0.027 —0.100 —0.052
(0.077) (0.073) (0.089) (0.138)
Observations 302 302 302 302
R? 0.058 0.058 0.062 0.058

Note: *p<0.1; *p<0.05; **p<0.01
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Table 2.3: CDS/IV sensitivity before/after the Japanese CVA accounting shift.
The table reports the results of regressions (2.4.4)-(2.4.5). The left-hand side is the weekly
return of the iTraxx Japan 5-year CDS from the point of view of the protection buyer (column
1) and the weekly return of the Nikkei 225 stock market index (column 2). On the right-hand
side are the weekly change of the 1-year USD/JPY ATM implied volatility, the interaction
between the weekly implied volatility change and the treatment dummy (equal to 1 after
December 31, 2018 and zero otherwise) and control variables. The control variables consist
of the lagged levels of the VIX, the USD/JPY exchange rate (FX) and the 1-year USD/JPY
ATM implied volatility (IV). Estimated coefficients for the control variables are omitted, but
can be found in the appendix. The sample runs from December 31, 2014 to December 31,
2019. Standard errors are in parentheses.

RiTraxx ¢ RNikkei,t
(1) (2)
AlmpVol, 0.177** —0.161***
(0.033) (0.025)
AlmpVol, * DD, 0.213** —0.023
(0.104) (0.078)
Observations 252 252
R?2 0.177 0.185

Note: *p<0.1; *p<0.05; **p<0.01
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Table 2.4: Placebo test on treatment dates for the Japanese CVA accounting
shift. The table reports the results of regression (2.4.4) with fictitious treatment dates in
the pre-treatment sample. The left-hand side is the weekly return of the iTraxx Japan 5-year
CDS from the point of view of the protection buyer. On the right-hand side are the weekly
change of the 1-year USD/JPY ATM implied volatility, the interaction between the weekly
implied volatility change and the treatment dummy (equal to 1 after the treatment date and
zero otherwise) and control variables. The fictitious treatment dates are chosen annually
from December 31, 2015 through December 31, 2017. The control variables consist of the
lagged levels of the VIX, the USD/JPY exchange rate (FX) and the 1-year USD/JPY ATM
implied volatility (IV). Estimated coefficients for the control variables are omitted, but can
be found in the appendix. The sample runs from December 31, 2014 to December 31, 2018.
Standard errors are in parentheses.

RiTraxx,t

(1) (2) (3)
AlmpVol, 0.150** 0.201*** 0.167***

(0.060) (0.041) (0.037)
AlmpVol; * DD, 0.032 —0.099 0.037

(0.072) (0.074) (0.098)
Observations 201 201 201
R? 0.157 0.164 0.157

Note: p<0.1; *p<0.05; **p<0.01
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Table 2.5: CDS/FX sensitivity before/after the SoftBank FX swap expansion.
The table reports the results of regressions (2.4.1)-(2.4.3). The left-hand side is the weekly
return of SoftBank’s 5-year senior CDS from the point of view of the protection buyer
(column 1), the weekly return of the SoftBank stock (column 2) and the weekly excess
return of the (maturity-matched) senior unsecured bond (column 3). On the right-hand side
are the weekly USD/JPY return, the interaction between the weekly USD/JPY return and
the treatment dummy (equal to 1 after December 31, 2013 and zero otherwise) and control
variables. The control variables are the lagged levels of the VIX and the USD/JPY exchange
rate (FX). The sample runs from December 31, 2009 to December 31, 2019. Standard errors
are in parentheses.

RCDS,t Requity,t 1%bond,t
(1) (2) (3)

Rex. 0.008 0.180***  0.008
(0.049) (0.036)  (0.027)

Rex ¥ DD, —0.140* 0.036  —0.026
(0.066) (0.049)  (0.036)

VIX, 0.015*  —0.005  —0.004
(0.008) (0.006)  (0.005)

FX;_ 0.005 —0.002 0.000
(0.003) (0.002)  (0.000)

Observations 505 505 492
R? 0.026 0.125 0.004

Note: *p<0.1; *p<0.05; **p<0.01
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Table 2.6: Placebo test on treatment dates for the SoftBank FX swap expansion.
The table reports the results of regression (2.4.1) with fictitious treatment dates in the
post-treatment sample. The left-hand side is the weekly return of SoftBank’s 5-year senior
CDS from the point of view of the protection buyer. On the right-hand side are the weekly
USD/JPY return, the interaction between the weekly USD/JPY return and the treatment
dummy (equal to 1 after the treatment date and zero otherwise) and control variables. The
fictitious treatment dates are chosen annually from December 31, 2015 through December
31, 2018 (columns 1 through 4). The control variables are the lagged levels of the VIX and
the USD/JPY exchange rate (FX). The sample runs from December 31, 2013 to December
31, 2019. Standard errors are in parentheses.

Reps ¢

(1) (2) (3) (4)
Rrx .+ —0.161** —0.140*** —0.115*** —0.128***

(0.066) (0.040) (0.037) (0.035)
Rpx: * DD, 0.039 0.027 —0.100 —0.052

(0.077) (0.073) (0.089) (0.138)
VIX;_; 0.009 0.009 0.009 0.009

(0.010) (0.010) (0.010) (0.010)
FX, 1 0.006 0.006 0.006 0.006

(0.007) (0.007) (0.007) (0.007)
Observations 302 302 302 302
R? 0.058 0.058 0.062 0.058

Note: *p<0.1; *p<0.05; **p<0.01
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Table 2.7: CDS/IV sensitivity before/after the Japanese CVA accounting shift.
The table reports the results of regressions (2.4.4)-(2.4.5). The left-hand side is the weekly
return of the iTraxx Japan 5-year CDS from the point of view of the protection buyer (column
1) and the weekly return of the Nikkei 225 stock market index (column 2). On the right-hand
side are the weekly change of the 1-year USD/JPY ATM implied volatility, the interaction
between the weekly implied volatility change and the treatment dummy (equal to 1 after
December 31, 2018 and zero otherwise) and control variables. The control variables consist
of the lagged levels of the VIX, the USD/JPY exchange rate (FX) and the 1-year USD/JPY
ATM implied volatility (IV). The sample runs from December 31, 2014 to December 31,
2019. Standard errors are in parentheses.

Rirasx ¢ Ruikkei,t
(1) (2)
AlImpVol, 0.177** —0.161***
(0.033) (0.025)
AlmpVol; * DD, 0.213** —0.023
(0.104) (0.078)
VIX; 0.002 0.002
(0.002) (0.002)
FX,1 0.004** —0.003*
(0.002) (0.001)
IV, —0.007 0.007
(0.007) (0.005)
Observations 252 252
R? 0.177 0.185

Note: p<0.1; *p<0.05; **p<0.01
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Table 2.8: Placebo test on treatment dates for the Japanese CVA accounting shift.
The table reports the results of regression (2.4.4) with fictitious treatment dates in the pre-
treatment sample. The left-hand side is the weekly return of the iTraxx Japan 5-year CDS
from the point of view of the protection buyer. On the right-hand side are the weekly change
of the 1-year USD/JPY ATM implied volatility, the interaction between the weekly implied
volatility change and the treatment dummy (equal to 1 after the treatment date and zero
otherwise) and control variables. The fictitious treatment dates are chosen annually from
December 31, 2015 through December 31, 2017. The control variables consist of the lagged
levels of the VIX, the USD/JPY exchange rate (FX) and the 1-year USD/JPY ATM implied
volatility (IV). The sample runs from December 31, 2014 to December 31, 2018. Standard
errors are in parentheses.

RiTraXX,t

(1) (2) (3)
AImpVol, 0.150** 0.201*** 0.167***

(0.060) (0.041) (0.037)
AlmpVol, * DD, 0.032 —0.099 0.037

(0.072) (0.074) (0.098)
VIX;_; 0.003 0.003 0.003

(0.003) (0.003) (0.003)
FX;_; 0.003 0.003 0.003

(0.002) (0.002) (0.002)
IV, —0.018* —0.018* —0.018*

(0.010) (0.010) (0.010)
Observations 201 201 201
R? 0.157 0.164 0.157

Note: “p<0.1; *p<0.05; **p<0.01



Chapter 3

Cash as a Perpetual OptiorﬂL

Abstract

We consider the option value of cash when nominal interest rates are no longer constrained
by the zero lower bound. We provide a general valuation principle and solve for the value of
cash in semi-closed form under Vasicek (1977) dynamics for the nominal short rate. In the
absence of a zero lower bound, cash can have substantial option value. However, the option
value of cash is mitigated by the risk of early redemption by the central bank and we extend

the valuation formula to include early redemption risk.

"We thank David Lando, Klaus Bjerre Toft, Kenneth Rogoff and a number of seminar and conference
participants for valuable comments and feedback.
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Introduction

What is the value of cash when nominal interest rates are not constrained by the zero lower
bound? Here, we consider as cash any non-interest-bearing claim on the unit of account. We
use paper currency as our motivating example throughout, but the definition also captures
other forms of cash, such as certain kinds of digital currency, stored value cards and the
like. We show that such claims can have significant option value when nominal interest rates
can go negative. While nominal rates are currently bound from below by central banks’
commitment to accommodate demand for paper currency at par value, the “peg” between
physical currency and electronic deposits is likely to come under pressure in the face of
declining natural rates of interest and persistently low inflation (e.g., Rachel and Summers,
2019). Indeed, there are increasing calls for central banks to go back to conducting monetary
policy primarily by setting the short-term nominal rate of interest, potentially at deeply
negative levels (e.g., Buiter, 2009, Kimball, 2015, Goodfriend, 2016 and Rogoff, 2017).!

The main contribution of the paper is to characterize the value of cash as the solution
to an infinite-horizon optimal stopping problem and provide a semi-closed form solution.
People optimally hold zero-yielding currency as long as the expected future value of not
having to pay a negative nominal rate exceeds the opportunity cost of not receiving a positive
nominal rate. Since cash does not expire, the optionality is perpetual in nature. We derive
a general valuation formula for both finite and infinite maturity claims, but we focus on the
value of infinite-maturity cash in a setting with normally distributed nominal short rates.
In particular, we solve for the value of cash in the Vasicek (1977) model which provides a
parsimonious description of an economy with nominal short rates that are occasionally deeply
negative, while mean-reverting to a (usually positive) steady state.? In practice, however,
the value of cash is constrained by the risk of early redemption, e.g., the central bank may
at some point decide to redeem paper currency at par value. To capture early redemption
risk, we extend the valuation formula to allow for redemption at the first jump time of a
Poisson process.

In short, we find that the option value of cash can be substantial. For example, in a
model calibrated to US dollar swap rates and implied cap volatilities in March 2020, the

premium of cash over electronic deposits is around 30% in the absence of a peg and rises

'In recent years, central banks in developed markets have relied on large-scale asset purchases of public
and private sector assets as their main instrument of monetary policy. Such indiscriminate buying by the
central bank can lead to severe, economy-wide moral hazard problems, and the fact that monetary stimulus
is usually given at the same time that risky assets fall in value only serves to reinforce the notion of a “central
bank put”. If the central bank could set short-term nominal rates at arbitrarily low levels to clear the market
for loanable funds, the need for such “unconventional” measures would be greatly reduced.

’In Appendix 3.5, we show how to solve for the price of cash under a more general class of one-factor
models for the nominal short rate.
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to more than 300% if the nominal short rate falls to —5% (in fact, Curdia (2015) estimates
that the federal funds rate should have been as low as —5% in order to clear the market
during the depth of the financial crisis in 2008-09). The value of cash also increases rapidly
with interest rate volatility, giving rise to a “perpetuity paradox™ the value of cash goes to
infinity for certain parameter constellations that are not ex ante implausible.

Numerical examples demonstrate that a substantial fraction of the value of cash derives
from the ability to hold cash over a very long horizon. To assess the importance of the
maturity dimension, we introduce the concept of a term structure of cash, which relates the
value of cash to its expected maturity in the presence of early redemption risk (the expected
maturity is given by 1/A in the model with constant intensity A of early redemption). We
find that while early redemption risk significantly impacts the value of cash, a modest—but
realistic-degree of early redemption risk does not severely limit the option value of cash.

Our paper is related to the extensive literature on the valuation of perpetual options, see,
e.g., Mordecki (2002), Boyarchenko and Levendorskii (2003), Kyprianou (2004), Kiihn and
Kyprianou (2007), Emmerling (2012) and Donno et al. (2020). However, to our knowledge,
we are the first to consider the value of cash as a perpetual option and to provide a semi-
closed form solution.

The rest of the paper is structured as follows. Section 2 develops the general valuation
principle for both finite and infinite claims, and solves for the value of cash with and without
early redemption risk. Section 3 provides numerical examples in a calibrated model and
investigates how the value of cash, in terms of electronic deposits, depends on the level of
interest rates, the volatility of interest rates and the risk of early redemption. Section 4

concludes.

3.1 The value of cash

Consider the holder of cash when nominal interest rates can go negative. When the
nominal short rate is positive, she foregoes interest income by holding on to the cash instead
of depositing or investing in other short-term interest-bearing assets. On the other hand,
by holding on to cash she obtains insurance against future episodes of negative nominal
interest rates. At every point in time, she must balance the value of the future insurance

(the continuation value) against the opportunity cost of not depositing (the exercise value).?

3For clarity of exposition, we set the storage cost of cash to zero throughout, but it would be
straightforward to extend the analysis to include a positive storage cost of cash.
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3.1.1 Valuation principle

In the absence of early redemption risk, the value of cash, in units of the electronic bank

account, is given by the solution to the following optimal stopping problem:

C>* =supE [e_ Io T(“)du] : (3.1.1)
>0

where r denotes the nominal short rate process, and the supremum is taken over all stopping

times 7 with respect to the filtration generated by r. To see why Eqn. (3.1.1) gives the value

of cash, consider first a fixed maturity 7' > 0 and a given path of short rates r(¢) for ¢ > 0.

From standard rules of calculus we have:
T s T
1 = / r(s)e Jo TWdigg 4= Jo r(w)du (3.1.2)
0

Since Eqn. (3.1.2) holds path-wise, we can replace T' by a random stopping time 7, and take

the risk-neutral expectation on both sides:
1 = E {/ r(s)e” f(f?"(“)d“ds] +E [e’ Io ’"(“)du] : (3.1.3)
0

Eqn. (3.1.3) represents a fundamental identity in fixed income, which says that one unit of
the bank account at time ¢ = 0 can be used to generate a stream of floating interest payments
equal to the risk-free short rate (the first term on the right-hand side) and a repayment of
principal (the second term) at time 7. Normally, both terms on the right-hand side are non-
negative; however, allowing for negative nominal interest rates the present value of a future
stream of interest payments can become negative, and the present value of the principal
repayment can exceed par.

Consider now the holder of cash. She receives one unit of the electronic numeraire at the
stopping time 7, but does not receive (or pay, if negative) any interest from 0 to 7. Thus,

for a given stopping time 7, the value of cash, in units of the electronic bank account, is:

1-E |:/ T(S)e_ Io 7"(U)dudS:| - F [6_ Io r(u)du} ’
0

where the equality follows from Eqn. (3.1.3). Since the cash holder decides when to deposit,
the value of cash is obtained by taking the supremum over all possible stopping times 7,
which yields Eqn. (3.1.1).

We note that C*° > 1, since a value of unity is obtained for 7 = 0, i.e., if we deposit

today. Hence, the cash premium, defined as C*> — 1, is always non-negative. We start by
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characterizing the solution to the optimal stopping problem in Eqn. (3.1.1) for the finite
maturity case, 7 < T for some T' < 0o, and we then let T — oo to obtain the value of cash
as a perpetual option. Subsequently, we extend the valuation to include early redemption

risk.

3.1.2 Finite-horizon

We start by considering the finite-horizon version of the optimal stopping problem in
Eqn. (3.1.1):
CT = sup E |:€_ Io T(“)d“] : (3.1.4)

T>12>0

We define the optimal stopping region D for the problem (3.1.4) as the region of (¢, r)-space
where cash is optimally deposited in the bank. Assuming that the nominal short rate process

is Markovian, the optimal stopping region is given by:
D={(t,r) eR® : r(t) >b(t)},

where b is a monotonically non-increasing function (see Proposition 3.1 below). We call b the
optimal exercise boundary, or simply the exercise boundary, as the holder of cash optimally
deposits the cash when the short rate crosses the exercise boundary from below. The finite
horizon problem is illustrated in Figure 3.1.

We have the following representation for the solution to the finite horizon problem.

Proposition 3.1. Consider the finite-horizon optimal stopping problem:

o7 — sup E |:e— Jo r(u)du] '

T>1>0

Assume that the nominal short rate follows a Markovian diffusion process:
dr(t) = a(t,r)dt + o(t,r)dW (t),

where W (t) is a Brownian motion under the risk-neutral measure, and a(-,-) and o(-,-) are

continuous functions.

The solution to the finite-horizon optimal stopping problem has the following representation:

CT(O) = P(O, T) + /0 P(O, U)Eu [T(u)l[r(u)>b(u)ﬂ du, (315)
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where P(0,w) is the time-0 price of the u-maturity zero-coupon bond, E*[-] denotes the u-
maturity forward measure, and b : [0,T] — Ry is a positively valued, non-increasing function
that satisfies

1=C"(u;b(u)) u>0,

where CT (u; x) denotes the value at time u when the nominal short rate is r(u) = x.
Proof. See Appendix 3.4. m

The intuition behind Eqn. (3.1.5) is the following: a claim that must be deposited at or
before time 7' is equivalent to a T-maturity zero-coupon bond plus the (positive) interest
accrued in the stopping region. Since b(u) > 0 for all u (it is never optimal to deposit cash

when nominal rates are negative), the second term in Eqn. (3.1.5) is always non-negative.

3.1.3 Infinite-horizon

Taking the limit of Eqn. (3.1.5) as T — oo yields the value of cash as a perpetual option.

We note that a necessary condition for obtaining a finite price of cash is that

jlgrgo P(0,T) < o0. (3.1.6)
That is, the price of a perpetual zero-coupon bond must be finite. While this seems like
an innocent condition, in Gaussian short rate models it requires a sufficient degree of mean
reversion, which is easily violated when calibrating to market data in the current low-rate
environment. Thus, it is possible to obtain an infinite value of cash under plausible parameter
estimates, resulting in a variant of what White and Haghani (2019) refer to as the “perpetuity
paradox”. This apparent “paradox” arises when the prices of tradable fixed income securities
imply an infinite value for a perpetual instrument (console bonds in the case of White and
Haghani (2019), cash in our case) that people will obviously not be willing, or able, to pay
an arbitrarily large amount of money for. While the economic interpretation of an infinite
price of cash is interesting to think about, we leave further investigation of this aspect for
future research.
Up until now, we have only assumed that the nominal short rate follows a Markovian
diffusion process. However, we need to impose additional structure on the dynamics of the
nominal short rate to obtain a tractable solution. In particular, assume that the nominal

short rate has Vasicek (1977) dynamics under the risk-neutral measure:

dr(t) = k[0 —r(t)] dt + odW (1), (3.1.7)
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where W (¢) is a one-dimensional Brownian motion under the standard risk-neutral measure
with respect to the electronic bank account. The model parameters are the speed of mean
reversion £ > 0, the steady-state level § € R, and the (instantaneous) short rate volatility
o > 0. It is possible to derive our main results under more general specifications for the short
rate, but at the cost of a substantial increase in the complexity of the resulting expressions.
Ultimately, the Vasicek model captures the key feature that we want to capture: the absence
of a lower bound on nominal interest rates. We can now proceed to solve for the value of

cash as follows.

Proposition 3.2. Assume that the nominal short rate follows Vasicek (1977) dynamics as

in Eqn. (3.1.7), and that the following transversality condition holds:

0.2

The solution to the optimal stopping problem in Eqn. (3.1.1) is finite and given by:

> (0) = /OOO PO, u) [f(o,u)cp (%) +o(u)s (%)} du,  (3.1.9)

where f(0,u) = moga—z;(om is the time-0 forward rate for maturity u, and

is the variance of r(u) as seen from time 0. The optimal exercise boundary b € RT solves:
1=C%u;b) u>0, (3.1.10)

where C*®(u; x) denotes the value at time u when the nominal short rate is r(u) = x.

Proof. See Appendix 3.4. m

3.1.4 Early redemption

As an infinite-maturity instrument, cash is subject to early redemption risk. For example,
early redemption can occur if the central bank decides to phase out paper currency by
redeeming the outstanding stock at par value. Alternatively, the central bank might commit
to a gradual phase-out of currency, where a certain fraction of the stock is redeemed each
period. To capture the risk of early redemption, we assume that it occurs at the first jump

time of a Poisson process with associated intensity process A(t). We show in the appendix
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that the price of cash with early redemption risk has the following representation:

C* = supE {/T A(w)e™ Jo T +AWdugg o o= Jo rlw+A(wdu | (3.1.11)
>0 0
Intuitively, the first term inside the expectation captures the risk of early redemption before
the optimal stopping time 7, while the second term represents the present value when cash is
optimally deposited at time 7. To derive a semi-closed form solution, we make two additional
assumptions. First, we assume that early redemption is independent of the path of nominal
short rates; second, we assume that early redemption occurs with a constant intensity A\ >
0.* Given these assumptions, the proposition below solves for the value of cash with early

redemption risk.

Proposition 3.3. Assume that the nominal short rate follows Vasicek (1977) dynamics as
in Eqn. (3.1.7), and that the transversality condition (3.1.8) holds. Furthermore, assume
that early redemption of cash at par value occurs independently at the first jump time of a

Poisson process with constant intensity A > 0.

The solution to the optimal stopping problem in Eqn. (3.1.1) is then given by:

Cc>(0) = /OOO e P(0,u) {f((),u)(b (%) +v(u)¢ (%)} du

- / e P(0, u)du, (3.1.12)
0
where f(0,u) = moga—l;(o’“) 15 the time-0 forward rate for maturity u, and
2
2_ 0 —2Ku
=— 1
v(u) o (1—e)

is the variance of r(u) as seen from time 0. The optimal exercise boundary b € RT solves:
1 = C®wb) u=>0, (3.1.13)

where C™(u; x) denotes the value at time u when the nominal short rate is r(u) = x.

Proof. See Appendix 3.4. O]

4Using a constant intensity parameter A > 0 in Eqn. (3.1.11) also gives the value of cash for the case in
which the central bank retires a deterministic fraction A of the outstanding stock of currency each period.
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3.2 Numerical examples

In this section, we investigate by means of numerical examples how the value of cash
depends on its primary drivers: the level of interest rates, interest rate volatility and the
intensity of early redemption risk. The unlimited maturity of paper currency means that the
value is extremely sensitive to changes in the level of interest rates as well as their (implied)
volatility, but the positive convexity is partially offset by early redemption risk.

Our benchmark model for valuation purposes is the Vasicek (1977) model best fitted to
the USD swap curve and ATM implied cap volatilities (5-, 10- and 30-year maturity) as of
March 17, 2020, the day after the Federal Reserve lowered the target range for the Federal
funds rate to 0-0.25%. The calibrated model parameters are shown in Table 3.1.

3.2.1 Cash and the level of interest rates

We compute the cash premium by numerical integration of Eqns. (3.1.9)-(3.1.10). Figure
3.2 plots the cash premium, C*°—1, as a function of the current short rate, r(0). The optimal
exercise boundary b* = 2.59% (found by numerically solving Eqn. (3.1.10)) is indicated by
the vertical dashed line in the figure.

The figure illustrates the positive convexity of cash when interest rates fall: both the level
and the slope of the value function increase rapidly as the nominal short rate falls. The cash
premium at r(0) = 0 is 31.2% (the height of the dotted line in the figure). That is, after the
Federal Reserve lowered rates on March 16, 2020, the cash premium would have increased
to about 30% in the absence of a peg. Of course, in this setting nominal short rates can go
much lower and the cash premium correspondingly higher. For example, if the central bank
were to set the short rate at r(0) = —5%, cash would trade at a premium of 325%, i.e., a
physical dollar would trade for around 4.25 electronic dollars in that scenario (holding the

model parameters constant at the values given in Table 3.1).

3.2.2 Cash and interest rate volatility

Figure 3.3 plots the cash premium as a function of interest rate volatility, o. The vertical
dotted line in the figure indicates the calibrated volatility as of March 17, 2020, and the
vertical dashed line indicates the level of volatility o* that makes the transversality condition
in Eqn. (3.1.8) binding:

o = V20K = 0.78%.

For ¢ > ¢* the cash premium is infinite as the price of the underlying perpetual zero-coupon

bond goes to infinity.
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3.2.3 The term structure of cash

To investigate how the value of cash depends on early redemption risk, we compute the
cash premium as a function of expected time to redemption, i.e., the term structure of cash.
The cash premium subject to early redemption risk is computed by numerical integration of
Eqns. (3.1.12)-(3.1.13) with constant intensity A. The expected time to redemption is then
given by 1/\.

Figure 3.4 plots the term structure of cash for three different starting points for the short
rate, 7(0) € {—1%, —2.5%, —5%}. The left panel plots the cash premium out to 500 years,
while the right panel zooms in on the first 50 years. The figure shows that a substantial
fraction of the value of cash derives from the ability to hold it over extremely long periods
of time, particularly for low starting points for the short rate. For example, when the
nominal short rate is —5% the premium of cash with an expected time to redemption of
50 years is approximately half the premium of perpetual cash. Naturally, the risk of early
redemption also diminishes the value of cash as a hedge against deeply negative interest rates

(we investigate this issue in more detail below) .

3.3 Conclusion

We characterize the value of cash as the solution to an infinite-horizon optimal stopping
problem when nominal interest rates are not constrained by the zero lower bound. The
general solution says that cash equals a perpetual zero coupon bond (the value of which is
zero under certain parameter restrictions) plus a perpetual option to receive a zero nominal
interest rate.

We derive a semi-closed form solution under Vasicek (1977) dynamics and investigate
numerically the value of cash in a calibrated model. We show that the premium of cash, in
terms of the electronic bank account, can be large and volatile. The cash premium can even
go to infinity for certain model parameters that are not ex ante implausible, resulting in a
“perpetuity paradox”.

However, our numerical examples also reveal that a significant fraction of the value of
cash derives from the distant future, and the risk of early redemption (or gradual phase-out)

mitigates the value of cash.

3.4 Appendix A — Proofs

This section contains the proofs of the main results in the text.
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3.4.1 Proof of Proposition 3.1

The existence of an optimal stopping time 7 in Eqn. (3.1.4), and the associated non-
increasing optimal stopping boundary b : [0,7] — R follows from Theorem 13.2 in Peskir
and Shiryaev (2006). Moreover, the optimal stopping boundary b is positively valued, since
if » < 0 it always pays off to postpone the exercise decision. Let B(t) denote the value of

the (electronic) bank account at time ¢:
B(t) = elorvd

Consider the discounted cash price Z = B~*CT. The idea behind the proof is to split the

dynamics of Z into a martingale and a non-martingale part:
dZ =dI + dM,

where M is a martingale with respect to the risk-neutral measure. Then, when we integrate
and take the risk-neutral expectation, the martingale term drops out, and we are left with
the value of cash.

By Ito’s lemma, we have:

d <C§<g>) = lpwsoend (%) + Lp@y<p)d (%Té?) (3.4.1)

+ G () —b0) [CT ) — CT )]

where we use the fact that CT = 1 in the stopping region. The Dirac delta term §(-) in
Eqn. (3.4.1) appears due to a local time contribution at the exercise boundary, see, e.g.,
Theorem 1.2 in Revuz and Yor (2004). However, this term vanishes once we impose the

smooth pasting condition at the exercise boundary:
CT(t+) = CF (t-).

Thus, after imposing the smooth pasting condition, we are left with:

d (CBT(%)) = Lp@>b )}d( t )> + Ly <e(end (%)

—1p <>>b<t1B(( ))d (1)<b(D)] (%T%)) o(t)dW(t), (3.4.2)

Vv vV
non-martingale part martingale part
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where W(t) is a Brownian motion under the risk-neutral measure, and o(t) is the volatility
process of the (Markovian) short rate process. The second equality follows since, prior to
exercise, CT /B is a martingale under the risk-neutral measure by standard no-arbitrage
arguments. Integrating Eqn. (3.4.2) from 0 to T and taking expectations under the risk-

neutral measure:

(S5 o]

Imposing the boundary condition C*(T') = 1 and solving for C(0), we get:

r(u)

T
CT(O) = P(O,T)+/O E [1[r(u)>b(u)]m} du,

where P(0,7) = B(0)E [ﬁ] denotes the price of the T-maturity zero coupon bond.

Finally, applying a change-of-numeraire from the bank account to the u-maturity zero-coupon

bond, we get the desired result:
T
CT(O) = P(O,T) + / P(O, U)Eu [1[r(u)>b(u)]r(u)} du.
0

3.4.2 Proof of Proposition 3.2

We start from the finite-maturity solution in Eqn. (3.1.5):

CT(O) = P(O,T) —l—/o P(O,U)Eu [1[T(u)>b(u)]r(u)} du.

When we let T' — oo and impose the transversality condition, the first term vanishes, i.e.,
the value of a perpetual zero-coupon bond in the Vasicek (1977) model is zero when Eqn.
(3.1.8) holds. To see why this is true, recall that the time-t price of the zero coupon bond
maturing at time 7" in the Vasicek (1977) model is given by:

P(O,T) — eA(O,T)—B(O,T)?"7
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where
A(0,T) = (9 — ;—;) [B(0,T) —T] — Z—zB(O,T)Q (3.4.3)
BTy = 1= (3.4.4)

K

Since B(0,T) — T — —oo when T' — o0, it follows that
P0.T) = (AOD-EOI0) g

for T — oo if, and only if, 6 — % > (0. Moreover, since the Vasicek model is time-

homogeneous, the exercise boundary becomes time-invariant as 7' — oo, i.e., b(u) = b € R,.

Hence, letting T" — oo, we get:

COO(O) = /OOO P(O,U)Eu [1[,.(u)>b]r(u)] du (3.4.5)

To evaluate this expression, we recall that for a normally distributed random variable X ~
N (m, s*) and k € R we have:

E [1pxonX] = m® (mT_k) + 50 (mT_k) .

Furthermore, under the u-maturity forward measure we have:

E'[r(u)] = f(0,u)
Var [r(u)] = 3; (1—e ),
Hence, for b € R we have:
E* [per()] = F0.00 (LED=0) oo (12020, (3.46)

where v(u)? = £ (1 — e~2w),

Finally, substituting Eqn. (3.4.6) into Eqn. (3.4.5) we get:

> (0) = /Ooo PO, u) [f(o,uyp (%) o) (%)} du.
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3.4.3 Proof of Proposition 3.3

Let 7% denote the (random) early redemption time. We start by showing that the value

of cash is in fact given by Eqn. (3.1.11). Clearly, the value of cash can be written as

Sup E |:6_ foTAT* T(U)dui| ,

>0
since cash is redeemed optimally at 7 or at the early redemption time 7*, whichever comes

first. Now, for a particular stopping time 7, we have:

E |:€7 fOTAT* r(u)du:| ) —E |:€7 f(;—m—* r(u)du ’ T:H

= E E |:/T )\(u)ei f(; T(U)+/\(U)dud8 + 67 f()T r(u)+)\(’u)du ’ 7_1:|
L 0

= [E /T /\<U>€_ I 7'(u)+>\(u)dud8 +e Jo r(u)+)\(u)du:| :
L/ 0

where the second equality follows from Proposition 3.1 in Lando (1998). The value of cash
is then obtained by taking the supremum over all possible stopping times, which yields Eqn.
(3.1.11).

The idea behind the proof is the same as before, i.e., we split the dynamics of the discounted
cash price under the risk-neutral measure into a martingale and a non-martingale component,

integrate and take the risk-neutral expectation.

Assume that early redemption occurs independently of r at the first jump time of a Poisson
process with constant intensity A. Consider the cash price discounted by the risk-free bank

account, Z = B~1CT:

I (i;i?) = lire<nd (ﬁ)
Hliresy {1[r(t)>b(t)]d (%) + 1oy <viond (C;(it))”

oa) 0
Tt

1
Liresg Ly d| == ) + Lrsnlp d
Tt L) >0(1) ( B<t)> T et L) <o) ( B(1)

The first equality follows because CT(t) = 1 whenever either i) early redemption has
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occurred; or ii) early redemption has not occurred, but cash is optimally exercised. By
standard no-arbitrage arguments, the last term is martingale under the risk-neutral measure.

Hence, integrating and taking the risk-neutral expectation, we get:

R et

T
_ f/\uE 1 . r (u) d
/0 ¢ >0 By | 4

= —/0 [1— ] P(0,u)E" [r(u)] du

T
—/ e_MP(O,u)E“ [1[r(u)>b(u)]r(u)} du
0

where the first equality follows from standard Poisson relations, and the second is a change
of measure to the u-forward measure. Imposing the boundary condition CT(T) = 1 and

rearranging:
T
') = P01+ [ [ P00
0
T
- / e P(0, wE" [1p(uy>biyr(w)] du
0

To obtain a more intuitive expression, integrate the second term by parts and use the fact
that 1= [," P(0,u)f(0,u)du;

/0 [1—e ] P(0,u)f(0,u)du = /o P(0,u)f(0,u)du — /0 e P(0,u) f(0,u)du

= 1- /OT e P(0,u) f(0,u)du

T 9P(0,u)
_ —A\u )
=1 —i—/o e o7 du

u=T

= 1+ [P(0,u)e™] —o

T
+ / e P(0, u)du
0

T
= —P0,T)e ™ + / e P(0, u)du
0
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Substituting into the previous expression:

cT) = P(0,T) +/0 [1— ] P(0,u) f(0,u)du +/O e M P(0,w)E" [Ljr(u)>pu)r(w)] du

T T
= P0.7)[1—e] +/ e P(0, u)du +/ e P (0, 0)E" [ )b ()] du
0

0

Letting 7" — oo and imposing the transversality condition:

C>(0) = /0 )\e_’\“P(O,u)du+/0 e M P(0,w)E" [Lr(u)>p(ur(u)] du

= / e P(0, u)du
0

+/OOO e P(0,u) [f(O,u)(ID (%) +v(u)¢p (%)} du

3.5 Appendix B — ODE representation

In this section, we show how to solve for the price of cash under an arbitrary one-factor

time-homogeneous process for the short rate.

Proposition 3.4. Assume that the nominal short rate follows a one-dimensional time-

homogeneous diffusion process:
dr(t) = a(r)dt + o(r)dW (t), (3.5.1)

where W (t) is a one-dimensional Brownian motion. The price of cash C : (t,r) — [1,00)

solves the following free-boundary problem:

AC = 0, r<b (3.5.2)
1-C =0, r>b (3.5.3)
where A = —r + a(r)% + %a(r)Qg—; is the infinitesimal generator of the diffusion process in

Eqn. (3.5.1), and b € Ry is the exercise boundary.
Numerically, the system (3.5.2)-(3.5.8) can be efficiently solved by iterating over the tri-
diagonal ODE system:

H[C(h)<1] —+ ]I[C'(h)Zl]A C(h+1) = 1[C(h)<1]’

where C™M is a n x 1 vector representing the price of cash, A is the n X n (tri-diagonal)
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finite-difference approzimation of A, ]I[C(h><1] 18 the n x n diagonal matriz whose ith diagonal
is equal to 1 where C") < 1, and zero otherwise (similarly for C™ > 1), and 1[C<h><1] is the

n x 1 vector whose ith element is equal to 1 where CW < 1, and zero otherwise.

Proof. By the problem statement, C' = 1 in the stopping region D = {(t,r) € R? : r(t) > b},
while in the continuation region D¢ = {(¢,7) € R* : r(t) < b} the price of cash must obey
the fundamental pricing PDE:
0=—rC+ a(r)gC’ + 10(7“)26)—20 = AC.
or 2 or?

This gives us the system (3.5.2)-(3.5.3). The ODE representation follows by discretizing the
function C' : (t,7) — [1,00), and noting that C' > 1 in the continuation region. We note that
for numerical stability it is important to use so-called winding when solving the tri-diagonal
system, i.e., A should be approximated by forward differences in the regions of (t,r)-space
where the drift term «(r) is positive, and by backward differences in the regions where a(r)

is negative. O

Figure 3.1: Tllustration of the optimal stopping region and the exercise boundary for the
finite horizon optimal stopping problem (3.1.4). The holder of cash optimally deposits when
the short rate crosses the exercise boundary b from below.

4 Short rate, r

Deposit

Hold cash
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Figure 3.2: The cash premium and the level of interest rates. The figure plots the
cash premium, i.e., the price of cash C*° minus one, in the Vasicek (1977) model as a function
of the current short rate, 7(0). The vertical dashed line shows the optimal exercise boundary
b* = 2.59%, and the vertical dotted line indicates 7(0) = 0. The parameters of the model
were obtained by best fitting to USD implied cap volatilities and the USD swap curve as of
March 17, 2020. Parameter values are given in Table 3.1.

Premium (%)

5 4 3 2 - 0 1 2 3 4 5
Nominal short rate (%)

Figure 3.3: The cash premium and interest rate volatility. The figure plots the cash
premium, i.e., the price of cash C*° minus one, in the Vasicek (1977) model as a function of
interest rate volatility, 0. The vertical dotted line indicates the value of o at the calibration
date, and the vertical dashed line shows the value of volatility o* ~ 0.78% beyond which the
price of cash is infinite. The parameters of the model were obtained by best fitting to USD
implied cap volatilities and the USD swap curve as of March 17, 2020.
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Figure 3.4: The term structure of cash. The figure plots the cash premium, i.e., the
price of cash C'°° minus one, in the Vasicek (1977) model with constant intensity A of early
redemption as a function of expected time to redemption (given by 1/\). We consider three
different starting points for the short rate, r(0) € {—1%, —2.5%, —5%}. The parameters of

the model were obtained by best fitting to USD implied cap volatilities and the USD swap
curve as of March 17, 2020.
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Table 3.1: Benchmark model. Parameters of the benchmark Vasicek model calibrated to
the USD swap curve against 3-month Libor and ATM implied cap volatilities (5-, 10- and
30-year maturity) observed on March 17, 2020.

|

Parameter \Value‘

Long-term level (6)|2.91%

Mean reversion (k)|3.25%

Volatility (o)  |0.69%







Bibliography

Admati, A. R., Pfleiderer, P., 1991. Sunshine Trading and Financial Market Equilibrium.
Review of Financial Studies 4, 443-481.

Adrian, T., Etula, E., Muir, T., 2014. Financial Intermediaries and the Cross-Section of
Asset Returns. Journal of Finance 69, 2557-2596.

Alexander, C., Korovilas, D., 2013. Volatility exchange-traded notes curse or cure? Journal
of Alternative Investments 16, 52-70.

Andersen, L., Duffie, D., Song, Y., 2019. Funding Value Adjustments. Journal of Finance
74, 145-192.

Andreasen, J., 2007. Soft Market Dynamics. Bank of America Fixed Income Quantitative

Research .

Avellaneda, M., Lipkin, M. D.,; 2003. A Market-Induced Mechanism for Stock Pinning.
Quantitative Finance 3, 417-425.

Bai, J., Collin-Dufresne, P., 2019. The CDS-bond basis. Financial Management 48, 417-4309.
Barclays Equity Research, 2017. What will happen if VIX spikes? Research note .
Barton, S., 2019. Constructing A Better VIX Futures Index. seekingalpha.com .

BCBS, 2015. Review of the credit valuation adjustment risk framework. Basel Committee

on Banking Supervision .

Bessembinder, H., 2015. Predictable ETF Order Flows and Market Quality. Journal of
Trading 10, 17-23.

Bessembinder, H., Carrion, A., Tuttle, L., Venkataraman, K., 2016. Liquidity, Resiliency and
Market Quality Around Predictable Trades: Theory and Evidence. Journal of Financial
Economics 121, 142-166.

93



BIBLIOGRAPHY 94

Biguri, K., Stahl, J., 2019. Collateral Requirements and Corporate Policy Decisions.
Unpublished working paper .

Bongaerts, D., Jong, F. D., Driessen, J., 2011. Derivative pricing with liquidity risk: Theory

and evidence from the credit default swap market. Journal of Finance 66, 203-240.

Boyarchenko, S., Levendorskii, S., 2003. Perpetual American options under Levy processes.
Siarm Journal on Control and Optimization 40, 4446 — 4451.

Brunnermeier, M. K., Pedersen, L. H., 2005. Predatory Trading. Journal of Finance 60,
1825-1863.

Buiter, W. H., 2009. Negative Nominal Interest Rates: Three ways to overcome the zero
lower bound. NBER Working Paper No. 15118 .

Canabarro, E., Pykhtin, M. (eds.), 2014. Counterparty Risk Management: Measurement,
Pricing and Regulation. Risk Books.

Carlin, B. 1., Lobo, M. S., Viswanathan, S., 2007. Episodic Liquidity Crises: Cooperative
and Predatory Trading. Journal of Finance 62, 2235-2274.

Cenedese, G., Ranaldo, A., Vasios, M., 2020. OTC premia. Journal of Financial Economics
136, 86-105.

Chen, H., Noronha, G., Singal, V., 2006. Index Changes and Losses to Index Fund Investors.
Financial Analysts Journal 62, 31-47.

Cheng, M., Madhavan, A., 2009. The Dynamics of Leveraged and Inverse Exchange Traded

Funds. Journal of Investment Management .

Choi, J. H., Larsen, K., Seppi, D. J., 2019. Information and trading targets in a dynamic

market equilibrium. Journal of Financial Economics 132, 22—49.

Curdia, V., 2015. Why So Slow? A Gradual Return for Interest Rates. FRBSEF Economic

Letter, Federal Reserve Bank of San Francisco. .
Davis, C., 2019a. Dawn of CVA threatens hedging woe for Japan banks. Risk.net .
Davis, C., 2019b. Japan banks face huge CVA hit, dealers say. Risk.net .

Deloitte, 2013. Counterparty  Risk and CVA  Survey.  Avaliable at
https://www2.deloitte.com/lu/en/pages/risk/articles /counterparty-risk-cva-survey.html .



BIBLIOGRAPHY 95

Donno, M. D., Palmowski, Z., Tumilewicz, J., 2020. Double continuation regions for
American and Swing options with negative discount rate in Lévy models. Mathematical
Finance 30, 196-227.

Du, W., Hebert, B., Wang, A., 2019. Are Intermediary Constraints Priced? NBER Working
Paper .

Duffie, D., Huang, M., 1996. Swap Rates and Credit Quality. Journal of Finance 51, 921-949.

Emmerling, T. J., 2012. Perpetual Cancellable American Call Option. Mathematical Finance
22, 645-666.

Frey, R., Stremme, A.; 1999. Market Volatility and Feedback Effects from Dynamic Hedging.

Mathematical Finance 7.

Garleanu, N., Pedersen, L. H., 2011. Margin-based Asset Pricing and Deviations from the
Law of One Price. Review of Financial Studies 24, 1980-2022.

Gennotte, G., Leland, H., 1990. Market Liquidity, Hedging, and Crashes. American Economic
Review 80, 999-1021.

Golez, B., Jackwerth, J. C., 2012. Pinning in the S&P 500 futures. Journal of Financial
Economics 106, 566—585.

Goodfriend, M., 2016. The Case for Unencumbering Interest Rate Policy at the Zero Bound.
Paper presented at the Economic Symposium Jackson Hole, August 2016 .

Gregory, J., 2012. Counterparty Credit Risk and Credit Value Adjustment: A Continuing
Challenge for Global Financial Markets. Wiley, second ed.

Grossman, S. J., 1988. Program Trading and Stock and Futures Price Volatility. Journal of
Futures Markets 8, 413-419.

Grossman, S. J., Miller, M. H., 1988. Liquidity and Market Structure. Journal of Finance
43, 617-633.

Huskaj, B., Norden, L. L., 2015. Two Order Books are Better than One? Trading at
Settlement (TAS) in VIX Futures. Journal of Futures Markets 35, 506-521.

Ivanov, I. T., Lenkey, S. L., 2018. Do Leveraged ETFs Really Amplify Late-Day Returns
and Volatility? Journal of Financial Markets 41, 36-56.

Ivens, F., 2017. Japan CVA shift may break local banks’ swaps stranglehold. Risk.net .



BIBLIOGRAPHY 96

Jarrow, R., 1994. Derivative Security Markets, Market Manipulation, and Option Pricing
Theory. Journal of Financial and Quantitative Analysis 29, 241-261.

Jarrow, R. A., Turnbull, S. M., 1995. Pricing Derivatives on Financial Securities Subject to
Credit Risk. Journal of Finance 50, 53—-85.

Johnson, H., Stulz, R., 1987. The pricing of options with default risk. Journal of Finance 42,
267-280.

Junge, B., Trolle, A. B., 2015. Liquidity Risk in Credit Default Swap Markets. Unpublished

working paper .

Kimball, M., 2015. Negative Interest Rate Policy as Conventional Monetary Policy. National
Institute Economic Review 234, R5-R14.

Klingler, S., Lando, D., 2018. Safe Haven CDS Premiums. Review of Financial Studies 31,
1856-1895.

Kiihn, C., Kyprianou, A. E., 2007. Callable Puts As Composite Exotic Options. Mathemat-
ical Finance 17, 487-502.

Kyprianou, A. E., 2004. Some Calculations for Israeli Options. Finance and Stochastics 8,
73-86.

Lando, D., 1998. On Cox Processes and Credit Risky Securities. Review of Derivatives
Research 2, 99-120.

Levine, M., 2018. Inverse Products Came Close to Working. Bloomberg .
Lewis, L., 2016. Leveraged ETFs too simple for their own good. Financial Times .

Li, G., Zhang, C., 2019. Counterparty credit risk and derivatives pricing. Journal of Financial
Economics 134, 647 — 668.

Mordecki, E., 2002. Optimal stopping and perpetual options for lévy processes. Finance and
Stochastics 6, 473-493.

Ni, S. X., Pan, J., Poteshman, A. M., 2008. Volatility Information Trading in the Option
Market. Journal of Finance 63, 1059-1091.

Ni, S. X., Pearson, N. D., Poteshman, A. M., 2005. Stock price clustering on option expiration

dates. Journal of Financial Economics 78, 49-87.



BIBLIOGRAPHY 97

Ni, S. X., Pearson, N. D., Poteshman, A. M., White, J., 2020. Does Option Trading Have a

Pervasive Impact on Underlying Stock Prices? Review of Financial Studies .

Pagano, M., Serrano, A. S., Zechner, J., 2019. Can ETFs contribute to systemic risk?
European Systemic Risk Board .

Peskir, G., Shiryaev, A., 2006. Optimal stopping and free-boundary problems. Lectures in
Mathematics ETH Zurich, Springer, Dordrecht.

Petajisto, A., 2011. The index premium and its hidden cost for index funds. Journal of
Empirical Finance 18(2), 271-288.

Pfrang, C., Wigglesworth, R., 2018. Wall Street’s volatility products in the spotlight.

Financial Times .

Pires, P., Pereira, J., Martins, L., 2013. The Empirical Determinants of Credit Default Swap

Spreads: A Quantile Regression Approach. European Financial Management 21.

Pirrong, C., 2017. The economics of commodity market manipulation: A survey. Journal of
Commodity Markets 5, 1-17.

Platen, E., Schweizer, M., 1998. On Feedback Effects from Hedging Derivatives. Mathemat-
ical Finance 8, 67-84.

Qiu, J., Yu, F.; 2012. Endogenous liquidity in credit derivatives. Journal of Financial
Economics 103, 611 — 631.

Rachel, L., Summers, L. H., 2019. On Falling Neutral Real Rates, Fiscal Policy, and the Risk

of Secular Stagnation . Brookings Papers on Economic Activity .
Rega-Jones, N., 2020. CVA desks arm themselves for the next crisis. Risk.net .
Rennison, J., 2015. Vix ETFs contributed to August turmoil. Financial Times .

Revuz, D., Yor, M., 2004. Continuous Martingales and Brownian Motion. Grundlehren der

mathematischen Wissenschaften, Springer Berlin Heidelberg.
Rogoft, K. S., 2017. The Curse of Cash. Princeton University Press.

Schonbucher, P., Wilmott, P., 2000. The feedback effect of hedging in illiquid markets. STAM
Journal of Applied Mathematics 61, 232-272.



BIBLIOGRAPHY 98

Shum, P. M., Hejazi, W., Haryanto, E., Rodier, A., 2016. Intraday Share Price Volatility
and Leveraged ETF Rebalancing. Review of Finance 20, 2379-2409.

Sircar, K. R., Papanicolaou, G., 1998. General Black-Scholes models accounting for increased

market volatility from hedging strategies. Applied Mathematical Finance 5, 45-82.

Sorensen, E. H., Bollier, T. F., 1994. Pricing swap default risk. Financial Analysts Journal
50, 23-33.

Stoll, H. R.., 1978. The supply of dealer services in securities markets. Journal of Finance 33,
1133-1151.

Sushko, V., Turner, G., 2018. The equity market turbulence of 5 February - the role of
exchange-traded volatility products. BIS Quarterly Review pp. 4-6.

Todorov, K., 2019. Passive Funds Actively Affect Prices: Evidence from the Largest ETF
Markets. Unpublished working paper, London School of Economics .

Tuzun, T., 2014. Are Leveraged and Inverse ETFs the New Portfolio Insurers? Paris
December 2014 Finance Meeting Paper .

Vasicek, O., 1977. An equilibrium characterization of the term structure. Journal of Financial
Economics 5, 177-188.

White, J., Haghani, V., 2019. Negative Interest Rates and the Perpetuity Paradox.
Unpublished working paper .



TITLER | PH.D.SERIEN:

2004
1.

Martin Grieger
Internet-based Electronic Marketplaces
and Supply Chain Management

Thomas Basbgll
LIKENESS
A Philosophical Investigation

Morten Knudsen

Beslutningens vaklen

En systemteoretisk analyse of mo-
derniseringen af et amtskommunalt
sundhedsvaesen 1980-2000

Lars Bo Jeppesen

Organizing Consumer Innovation

A product development strategy that
is based on online communities and
allows some firms to benefit from a
distributed process of innovation by
consumers

Barbara Dragsted

SEGMENTATION IN TRANSLATION
AND TRANSLATION MEMORY
SYSTEMS

An empirical investigation of cognitive
segmentation and effects of integra-
ting a TM system into the translation
process

Jeanet Hardis

Sociale partnerskaber

Et socialkonstruktivistisk casestudie
af partnerskabsaktarers virkeligheds-
opfattelse mellem identitet og
legitimitet

Henriette Hallberg Thygesen
System Dynamics in Action

Carsten Mejer Plath
Strategisk @konomistyring

Annemette Kjaergaard
Knowledge Management as Internal
Corporate Venturing

10.

11.

12.

13.

14.

15.

16.

17.

18.

— a Field Study of the Rise and Fall of a
Bottom-Up Process

Knut Arne Hovdal

De profesjonelle i endring
Norsk ph.d., gj til salg gennem
Samfundslitteratur

Saren Jeppesen

Environmental Practices and Greening
Strategies in Small Manufacturing
Enterprises in South Africa

— A Critical Realist Approach

Lars Frode Frederiksen

Industriel forskningsledelse

— pa sporet af manstre og samarbejde
i danske forskningsintensive virksom-
heder

Martin Jes Iversen

The Governance of GN Great Nordic
—in an age of strategic and structural
transitions 1939-1988

Lars Pynt Andersen

The Rhetorical Strategies of Danish TV
Advertising

A study of the first fifteen years with
special emphasis on genre and irony

Jakob Rasmussen
Business Perspectives on E-learning

Sof Thrane

The Social and Economic Dynamics
of Networks

— a Weberian Analysis of Three
Formalised Horizontal Networks

Lene Nielsen

Engaging Personas and Narrative
Scenarios — a study on how a user-
centered approach influenced the
perception of the design process in
the e-business group at AstraZeneca

S.J Valstad
Organisationsidentitet

Norsk ph.d., gj til salg gennem
Samfundslitteratur



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Thomas Lyse Hansen
Six Essays on Pricing and Weather risk
in Energy Markets

Sabine Madsen
Emerging Methods — An Interpretive
Study of ISD Methods in Practice

Evis Sinani

The Impact of Foreign Direct Inve-
stment on Efficiency, Productivity
Growth and Trade: An Empirical Inve-
stigation

Bent Meier Sgrensen
Making Events Work Or,
How to Multiply Your Crisis

Pernille Schnoor

Brand Ethos

Om troveerdige brand- og
virksomhedsidentiteter i et retorisk og
diskursteoretisk perspektiv

Sidsel Fabech

Von welchem Osterreich ist hier die
Rede?

Diskursive forhandlinger og magt-
kampe mellem rivaliserende nationale
identitetskonstruktioner | @strigske
pressediskurser

Klavs Odgaard Christensen
Sprogpolitik og identitetsdannelse i
flersprogede forbundsstater

Et komparativt studie af Schweiz og
Canada

Dana B. Minbaeva

Human Resource Practices and
Knowledge Transfer in Multinational
Corporations

Holger Hgjlund

Markedets politiske fornuft

Et studie af velfeerdens organisering i
perioden 1990-2003

Christine Mglgaard Frandsen
A.s erfaring
Om mellemvaerendets praktik i en

29.

2005

10.

transformation af mennesket og
subjektiviteten

Sine Narholm Just

The Constitution of Meaning

— A Meaningful Constitution?
Legitimacy, identity, and public opinion
in the debate on the future of Europe

Claus J. Varnes

Managing product innovation through
rules — The role of formal and structu-
red methods in product development

Helle Hedegaard Hein
Mellem konflikt og konsensus
— Dialoguadvikling pa hospitalsklinikker

Axel Roseng

Customer Value Driven Product Inno-
vation — A Study of Market Learning in
New Product Development

Saren Buhl Pedersen
Making space
An outline of place branding

Camilla Funck Ellehave

Differences that Matter

An analysis of practices of gender and
organizing in contemporary work-
places

Rigmor Madeleine Lond
Styring af kommunale forvaltninger

Mette Aagaard Andreassen
Supply Chain versus Supply Chain
Benchmarking as a Means to
Managing Supply Chains

Caroline Aggestam-Pontoppidan
From an idea to a standard

The UN and the global governance of
accountants’ competence

Norsk ph.d.

Vivienne Heng Ker-ni
An Experimental Field Study on the



11.

12.

13.

14.

15

16.

17.

18.

19.

Effectiveness of Grocer Media
Advertising

Measuring Ad Recall and Recognition,
Purchase Intentions and Short-Term
Sales

Allan Mortensen
Essays on the Pricing of Corporate
Bonds and Credit Derivatives

Remo Stefano Chiari

Figure che fanno conoscere

Itinerario sull’idea del valore cognitivo
e espressivo della metafora e di altri
tropi da Aristotele e da Vico fino al
cognitivismo contemporaneo

Anders Mcllguham-Schmidt

Strategic Planning and Corporate
Performance

An integrative research review and a
meta-analysis of the strategic planning
and corporate performance literature
from 1956 to 2003

Jens Geersbro

The TDF — PMI Case

Making Sense of the Dynamics of
Business Relationships and Networks

Mette Andersen

Corporate Social Responsibility in
Global Supply Chains

Understanding the uniqueness of firm
behaviour

Eva Boxenbaum
Institutional Genesis: Micro — Dynamic
Foundations of Institutional Change

Peter Lund-Thomsen

Capacity Development, Environmental
Justice NGOs, and Governance: The
Case of South Africa

Signe Jarlov
Konstruktioner af offentlig ledelse

Lars Staehr Jensen

Vocabulary Knowledge and Listening
Comprehension in English as a Foreign
Language

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

An empirical study employing data
elicited from Danish EFL learners

Christian Nielsen

Essays on Business Reporting
Production and consumption of
strategic information in the market for
information

Marianne Thejls Fischer
Egos and Ethics of Management
Consultants

Annie Bekke Kjaer

Performance management i Proces-
innovation

— belyst i et social-konstruktivistisk
perspektiv

Suzanne Dee Pedersen
GENTAGELSENS METAMORFOSE

Om organisering af den kreative geren
i den kunstneriske arbejdspraksis

Benedikte Dorte Rosenbrink
Revenue Management

@konomiske, konkurrencemeaessige &
organisatoriske konsekvenser

Thomas Riise Johansen

Written Accounts and Verbal Accounts
The Danish Case of Accounting and
Accountability to Employees

Ann Fogelgren-Pedersen
The Mobile Internet: Pioneering Users’
Adoption Decisions

Birgitte Rasmussen
Ledelse i faellesskab — de tillidsvalgtes
fornyende rolle

Gitte Thit Nielsen

Remerger

— skabende ledelseskreefter i fusion og
opkeb

Carmine Gioia
A MICROECONOMETRIC ANALYSIS OF
MERGERS AND ACQUISITIONS



30.

31.

32.

33.

34.

35.

36.

37.

2006

Ole Hinz

Den effektive forandringsleder: pilot,
paedagogq eller politiker?

Et studie i arbejdslederes meningstil-
skrivninger i forbindelse med vellykket
gennemfarelse af ledelsesinitierede
forandringsprojekter

Kjell-Age Gotvassli

Et praksisbasert perspektiv pa dynami-
ske

leeringsnettverk i toppidretten

Norsk ph.d., ej til salg gennem
Samfundslitteratur

Henriette Langstrup Nielsen

Linking Healthcare

An inquiry into the changing perfor-
mances of web-based technology for
asthma monitoring

Karin Tweddell Levinsen

Virtuel Uddannelsespraksis

Master i IKT og Leering — et casestudie
i hvordan proaktiv proceshandtering
kan forbedre praksis i virtuelle lerings-
miljoer

Anika Liversage

Finding a Path

Labour Market Life Stories of
Immigrant Professionals

Kasper EImquist Jargensen
Studier i samspillet mellem stat og
erhvervsliv i Danmark under

1. verdenskrig

Finn Janning
A DIFFERENT STORY
Seduction, Conquest and Discovery

Patricia Ann Plackett

Strategic Management of the Radlcal
Innovation Process

Leveraging Social Capital for Market
Uncertainty Management

Christian Vintergaard
Early Phases of Corporate Venturing

10.

11.

Niels Rom-Poulsen
Essays in Computational Finance

Tina Brandt Husman

Organisational Capabilities,
Competitive Advantage & Project-
Based Organisations

The Case of Advertising and Creative
Good Production

Mette Rosenkrands Johansen

Practice at the top

— how top managers mobilise and use
non-financial performance measures

Eva Parum
Corporate governance som strategisk
kommunikations- og ledelsesveerktgj

Susan Aagaard Petersen

Culture’s Influence on Performance
Management: The Case of a Danish
Company in China

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

Tilstedevaer 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
manuftacturers 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

10.

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 toposleere — fra statisk 'sted’
til persuasiv aktivitet



11.

12.

13.

14.

15.

16.

17.

18.

19.

Christian Moldt-Jargensen

Fra meningslas til meningsfuld
evaluering.

Anvendelsen af studentertilfredsheds-
malinger pa de korte og mellemlange
videregaende 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 | 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 Feldhtter
Empirical Studies 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

20.

21.

22.

23.

24.

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 Thorbjarnsen

Forsvaret i forandring

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

Christa Breum Amhg;

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



29.

30.

31.

32.

33.

34.

35.

36.

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
Requlation 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

10.

11.

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 ambiguity 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
indfarelse 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
underseqgelse af Virksomheders Sociale
Ansvar/CSR



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

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 Brgamsge 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

22.

23.

24.

25.

26.

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



10.

11.

12.

13.

Christine Sestoft
Forbrugeradfaerd i et Stats- og Livs-
formsteoretisk perspektiv

Michael Pedersen

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

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Jens Albaek

Forestillinger om kvalitet og tvaerfaglig-
hed pa sygehuse

— skabelse af forestillinger i lsege- 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 arqu-
menter

En valensgrammatisk undersagelse

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



24.

25.

26.

27.

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 Valand
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 synliggarelse af veerdi i rekrutte-
rings- og udvaelgelsesarbejdet

Jan Ole Simila

Kontraktsledelse

Relasjonen mellom virksomhetsledelse
oq 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
Forsokratisk informeret, ny-aristotelisk
MBoc-teenkning hos Martin Heidegger

Christian Fich

Two Nations Divided by Common
Values

French National Habitus and the
Rejection of American Power



16.

17.

18.

19.

20.

21.

22.

23.

24.

Peter Beyer

Processer, sammenhaengskraft

oq fleksibilitet

Et empirisk casestudie af omstillings-
forlob 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 praksisteellesskab af offentlige
mellemledere

Heidi Boye

Fadevarer og sundhed i sen-
modernismen

— En indsigt i hyggefeenomenet og
de relaterede fadevarepraksisser

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

25.

26.

27.

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 Tarning
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 Velfaerdsstaten.

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
Requlation — 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 fusionsbalgen 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



19.

20.

21.

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 Strateqgies for Scientists and
Those Who Study Them

Kristina Vaarst Andersen

Optimal Levels of Embeddedness
The Contingent Value of Networked
Collaboration

Justine Grgnbaek 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 Thorbjgrn Clausen

Veerdifuld arkitektur

Et eksplorativt studie af bygningers
rolle i virksomheders vaerdiskabelse

Monica Viken
Markedsundersokelser som bevis i
varemerke- og markedstaringsrett

Christian Wymann

Tattooing

The Economic and Artistic Constitution
of a Social Phenomenon

31.

32.

33.

2012

oo

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 kateqori,
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 velferd
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 Medical Relationships



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Thomas Frandsen
Managing Modularity of
Service Processes Architecture

Carina Christine Skovmgller

CSR som noget szerligt

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

Michael Tell

Fradragsbeskeaering 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

Iveerksaettelse af kommunikation

- patientfigurer | 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

20.

21.

22.

23.

24.

25.

26.

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

Auditor’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



31.

32.

33.

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 vaere?
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 berns
brug af internettet, opfattelse og for-
staelse af markedsfering 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

o

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 | 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

Coworker Influence and Labor Mobility
Essays on Turnover, Entrepreneurship
and Location Choice in the Danish
Maritime Industry

Niels Joseph Jerne Lennon
Accounting Qualities in Practice
Rhizomatic stories of representational
faithfulness, decision making and
control

Shannon O’Donnell

Making Ensemble Possible

How special groups organize for
collaborative creativity in conditions
of spatial variability and distance



10.

11.

12.

13.

14.

15.

16.

17.

18.

Robert W. D. Veitch

Access Decisions in a

Partly-Digital World

Comparing Digital Piracy and Legal
Modes for Film and Music

Marie Mathiesen
Making Strateqy Work
An Organizational Ethnography

Avrisa Shollo
The role of business intelligence in
organizational decision-making

Mia Kaspersen
The construction of social and
environmental reporting

Marcus Mgller Larsen
The organizational design of offshoring

Mette Ohm Rgrdam

EU Law on Food Naming

The prohibition against misleading
names in an internal market context

Hans Peter Rasmussen

GIV EN GED!

Kan giver-idealtyper forklare stotte
til velgerenhed og understatte
relationsopbygning?

Ruben Schachtenhaufen
Fonetisk reduktion i dansk

Peter Koerver Schmidt

Dansk CFC-beskatning

| et internationalt og komparativt
perspektiv

Morten Froholdt

Strateqgi i den offentlige sektor

En kortleegning af styringsmeaessig
kontekst, strategisk tilgang, samt
anvendte redskaber og teknologier for
udvalgte danske statslige styrelser

Annette Camilla Sjerup
Cognitive effort in metaphor translation
An eye-tracking and key-logging study

19.

20.

21.

22.

23.

24.

25.

26.

Tamara Stucchi

The Internationalization
of Emerging Market Firms:
A Context-Specific Study

Thomas Lopdrup-Hjorth
“Let’s Go Outside”:
The Value of Co-Creation

Ana AlaCovska

Genre and Autonomy in Cultural
Production

The case of travel guidebook
production

Marius Gudmand-Hayer
Stemningssindssygdommenes historie

i det 19. arhundrede

Omtydningen af melankolien og
manien som bipolzere stemningslidelser
i dansk sammenhaeng under hensyn til
dannelsen af det moderne folelseslivs
relative autonomi.

En problematiserings- og erfarings-
analytisk undersegelse

Lichen Alex Yu

Fabricating an S&OP Process
Circulating References and Matters
of Concern

Esben Alfort
The Expression of a Need
Understanding search

Trine Pallesen

Assembling Markets for Wind Power
An Inquiry into the Making of
Market Devices

Anders Koed Madsen

Web-Visions

Repurposing digital traces to organize
social attention

Laerke Hgjgaard Christiansen
BREWING ORGANIZATIONAL
RESPONSES TO INSTITUTIONAL LOGICS

Tommy Kjaer Lassen

EGENTLIG SELVLEDELSE

En ledelsesfilosofisk athandling om
selvledelsens paradoksale dynamik og
eksistentielle engagement



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Morten Rossing
Local Adaption and Meaning Creation
in Performance Appraisal

Sgren Obed Madsen

Lederen som oversaetter

Et overseettelsesteoretisk perspektiv
pa strateqgisk arbejde

Thomas Hggenhaven
Open Government Communities
Does Design Affect Participation?

Kirstine Zinck Pedersen
Failsafe Organizing?
A Pragmatic Stance on Patient Safety

Anne Petersen

Hverdagslogikker i psykiatrisk arbejde
En institutionsetnografisk undersagelse
af hverdagen i psykiatriske
organisationer

Didde Maria Humle
Fortzellinger om arbejde

Mark Holst-Mikkelsen
Strategieksekvering i praksis
— barrierer og muligheder!

Malek Maalouf
Sustaining lean

Strategies for dealing with
organizational paradoxes

Nicolaj Tofte Brenneche

Systemic Innovation In The Making
The Social Productivity of
Cartographic Crisis and Transitions
in the Case of SEEIT

Morten Gylling
The Structure of Discourse
A Corpus-Based Cross-Linquistic Study

Binzhang YANG

Urban Green Spaces for Quality Life

- Case Study: the landscape
architecture for people in Copenhagen

40.

41.

42.

43.

44,

2014

Michael Friis Pedersen

Finance and Organization:

The Implications for Whole Farm
Risk Management

Even Fallan
Issues on supply and demand for
environmental accounting information

Ather Nawaz

Website user experience

A cross-cultural study of the relation
between users’ cognitive style, context
of use, and information architecture
of local websites

Karin Beukel
The Determinants for Creating
Valuable Inventions

Arjan Markus

External Knowledge Sourcing
and Firm Innovation

Essays on the Micro-Foundations
of Firms’ Search for Innovation

Solon Moreira
Four Essays on Technology Licensing
and Firm Innovation

Karin Strzeletz Ivertsen
Partnership Drift in Innovation
Processes

A study of the Think City electric
car development

Kathrine Hoffmann Pii
Responsibility Flows in Patient-centred
Prevention

Jane Bjgrn Vedel

Managing Strategic Research

An empirical analysis of
science-industry collaboration in a
pharmaceutical company

Martin Gylling

Processuel strategi i organisationer
Monografi om dobbeltheden i
teenkning af strateqgi, dels som
vidensfelt i organisationsteori, dels
som kunstnerisk tilgang til at skabe
i erhvervsmaessig innovation



10.

11.

12.

13.

14.

15.

16.

Linne Marie Lauesen

Corporate Social Responsibility

in the Water Sector:

How Material Practices and their
Symbolic and Physical Meanings Form
a Colonising Logic

Maggie Qiuzhu Mei

LEARNING TO INNOVATE:

The role of ambidexterity, standard,
and decision process

Inger Hoedt-Rasmussen
Developing Identity for Lawyers
Towards Sustainable Lawyering

Sebastian Fux
Essays on Return Predictability and
Term Structure Modelling

Thorbjgrn N. M. Lund-Poulsen
Essays on Value Based Management

Oana Brindusa Albu
Transparency in Organizing:
A Performative Approach

Lena Olaison
Entrepreneurship at the limits

Hanne Sgrum

DRESSED FOR WEB SUCCESS?

An Empirical Study of Website Quality
in the Public Sector

Lasse Folke Henriksen

Knowing networks

How experts shape transnational
governance

Maria Halbinger
Entrepreneurial Individuals
Empirical Investigations into
Entrepreneurial Activities of
Hackers and Makers

Robert Spliid
Kapitalfondenes metoder
0g kompetencer

17.

18.

19.

20.

21.

22.

23.

24.

25.

Christiane Stelling

Public-private partnerships & the need,
development and management

of trusting

A processual and embedded
exploration

Marta Gasparin
Management of design as a translation
process

Kare Moberg

Assessing the Impact of
Entrepreneurship Education
From ABC to PhD

Alexander Cole
Distant neighbors
Collective learning beyond the cluster

Martin Mgller Boje Rasmussen

Is Competitiveness a Question of
Being Alike?

How the United Kingdom, Germany
and Denmark Came to Compete
through their Knowledge Regimes
from 1993 to 2007

Anders Ravn Sgrensen

Studies in central bank legitimacy,
currency and national identity
Four cases from Danish monetary
history

Nina Bellak

Can Language be Managed in
International Business?

Insights into Language Choice from a
Case Study of Danish and Austrian
Multinational Corporations (MNCs)

Rikke Kristine Nielsen

Global Mindset as Managerial
Meta-competence and Organizational
Capability: Boundary-crossing
Leadership Cooperation in the MNC
The Case of ‘Group Mindset” in

Solar A/S.

Rasmus Koss Hartmann

User Innovation inside government
Towards a critically performative
foundation for inquiry



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Kristian Gylling Olesen

Flertydig og emergerende ledelse i
folkeskolen

Et aktor-netvaerksteoretisk ledelses-
studie af politiske evalueringsreformers
betydning for ledelse i den danske
folkeskole

Troels Riis Larsen

Kampen om Danmarks omdemme
1945-2010

Omdoammearbejde og omdemmepolitik

Klaus Majgaard
Jagten pa autenticitet i offentlig styring

Ming Hua Li

Institutional Transition and
Organizational Diversity:
Differentiated internationalization
strategies of emerging market
state-owned enterprises

Sofie Blinkenberg Federspiel

IT, organisation og digitalisering:
Institutionelt arbejde i den kommunale
digitaliseringsproces

Elvi Weinreich

Hvilke offentlige ledere er der brug for
nar velfeerdstaenkningen flytter sig

— er Diplomuddannelsens lederprofil
svaret?

Ellen Mglgaard Korsager
Self-conception and image of context
in the growth of the firm

— A Penrosian History of Fiberline
Composites

Else Skjold
The Daily Selection

Marie Louise Conradsen

The Cancer Centre That Never Was
The Organisation of Danish Cancer
Research 1949-1992

Virgilio Failla
Three Essays on the Dynamics of
Entrepreneurs in the Labor Market

36.

37.

38.

39.

40.

41.

2015

Nicky Nedergaard

Brand-Based Innovation

Relational Perspectives on Brand Logics
and Design Innovation Strategies and
Implementation

Mads Gjedsted Nielsen
Essays in Real Estate Finance

Kristin Martina Brandl
Process Perspectives on
Service Offshoring

Mia Rosa Koss Hartmann

In the gray zone

With police in making space
for creativity

Karen Ingerslev

Healthcare Innovation under
The Microscope

Framing Boundaries of Wicked
Problems

Tim Neerup Themsen
Risk Management in large Danish
public capital investment programmes

Jakob lon Wille
Film som design
Design af levende billeder i
film og tv-serier

Christiane Mossin

Interzones of Law and Metaphysics
Hierarchies, Logics and Foundations
of Social Order seen through the Prism
of EU Social Rights

Thomas Tath

TRUSTWORTHINESS: ENABLING
GLOBAL COLLABORATION

An Ethnographic Study of Trust,
Distance, Control, Culture and
Boundary Spanning within Offshore
Outsourcing of IT Services

Steven Hgijlund
Evaluation Use in Evaluation Systems —
The Case of the European Commission



10.

11.

12.

Julia Kirch Kirkegaard

AMBIGUOUS WINDS OF CHANGE — OR
FIGHTING AGAINST WINDMILLS IN
CHINESE WIND POWER

A CONSTRUCTIVIST INQUIRY INTO
CHINA'S PRAGMATICS OF GREEN
MARKETISATION MAPPING
CONTROVERSIES OVER A POTENTIAL
TURN TO QUALITY IN CHINESE WIND
POWER

Michelle Carol Antero

A Multi-case Analysis of the
Development of Enterprise Resource
Planning Systems (ERP) Business
Practices

Morten Friis-Olivarius
The Associative Nature of Creativity

Mathew Abraham

New Cooperativism:

A study of emerging producer
organisations in India

Stine Hedegaard
Sustainability-Focused Identity: Identity
work performed to manage, negotiate
and resolve barriers and tensions that
arise in the process of constructing or
ganizational identity in a sustainability
context

Cecilie Glerup

Organizing Science in Society — the
conduct and justification of resposible
research

Allan Salling Pedersen

Implementering af ITIL® [T-governance
- nar best practice konflikter med
kulturen Lesning af implementerings-
problemer gennem anvendelse af
kendte CSF i et aktionsforskningsforleb.

Nihat Misir
A Real Options Approach to
Determining Power Prices

Mamdouh Medhat
MEASURING AND PRICING THE RISK
OF CORPORATE FAILURES

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Rina Hansen
Toward a Digital Strateqy for
Omnichannel Retailing

Eva Pallesen

In the rhythm of welfare creation

A relational processual investigation
moving beyond the conceptual horizon
of welfare management

Gouya Harirchi
In Search of Opportunities: Three
Essays on Global Linkages for Innovation

Lotte Holck

Embedded Diversity: A critical
ethnographic study of the structural
tensions of organizing diversity

Jose Daniel Balarezo
Learning through Scenario Planning

Louise Pram Nielsen

Knowledge dissemination based on
terminological ontologies. Using eye
tracking to further user interface
design.

Sofie Dam

PUBLIC-PRIVATE PARTNERSHIPS FOR
INNOVATION AND SUSTAINABILITY
TRANSFORMATION

An embedded, comparative case study
of municipal waste management in
England and Denmark

Ulrik Hartmyer Christiansen
Follwoing the Content of Reported Risk
Across the Organization

Guro Refsum Sanden

Lanquage strategies in multinational
corporations. A cross-sector study
of financial service companies and
manufacturing companies.

Linn Gevoll

Designing performance management
for operational level

- A closer look on the role of design
choices in framing coordination and
motivation



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Frederik Larsen
Objects and Social Actions
— on Second-hand Valuation Practices

Thorhildur Hansdottir Jetzek

The Sustainable Value of Open
Government Data

Uncovering the Generative Mechanisms
of Open Data through a Mixed
Methods Approach

Gustav Toppenberg
Innovation-based M&A

— Technological-Integration
Challenges — The Case of
Digital-Technology Companies

Mie Plotnikof

Challenges of Collaborative
Governance

An Organizational Discourse Study
of Public Managers’ Struggles

with Collaboration across the
Daycare Area

Christian Garmann Johnsen

Who Are the Post-Bureaucrats?

A Philosophical Examination of the
Creative Manager, the Authentic Leader
and the Entrepreneur

Jacob Brogaard-Kay

Constituting Performance Management
A field study of a pharmaceutical
company

Rasmus Ploug Jenle

Engineering Markets for Control:
Integrating Wind Power into the Danish
Electricity System

Morten Lindholst

Complex Business Negotiation:
Understanding Preparation and
Planning

Morten Grynings
TRUST AND TRANSPARENCY FROM AN
ALIGNMENT PERSPECTIVE

Peter Andreas Norn
Byregimer og styringsevne: Politisk
lederskab af store byudviklingsprojekter

33.

35.

36.

37.

38.

41.

Milan Miric
Essays on Competition, Innovation and
Firm Strateqgy in Digital Markets

Sanne K. Hjordrup

The Value of Talent Management
Rethinking practice, problems and
possibilities

Johanna Sax

Strategic Risk Management

— Analyzing Antecedents and
Contingencies for Value Creation

Pernille Rydén
Strategic Cognition of Social Media

Mimmi Sjoklint

The Measurable Me

- The Influence of Self-tracking on the
User Experience

Juan Ignacio Staricco

Towards a Fair Global Economic
Regime? A critical assessment of Fair
Trade through the examination of the
Argentinean wine industry

Marie Henriette Madsen
Emerging and temporary connections
in Quality work

Yangfeng CAO

Toward a Process Framework of
Business Model Innovation in the
Global Context
Entrepreneurship-Enabled Dynamic
Capability of Medium-Sized
Multinational Enterprises

Carsten Scheibye

Enactment of the Organizational Cost
Structure in Value Chain Configuration
A Contribution to Strategic Cost
Management



2016

10.

Signe Sofie Dyrby
Enterprise Social Media at Work

Dorte Boesby Dahl

The making of the public parking
attendant

Dirt, aesthetics and inclusion in public
service work

Verena Girschik

Realizing Corporate Responsibility
Positioning and Framing in Nascent
Institutional Change

Anders @rding Olsen

IN SEARCH OF SOLUTIONS

Inertia, Knowledge Sources and Diver-
sity in Collaborative Problem-solving

Pernille Steen Pedersen

Udkast til et nyt copingbegreb

En kvalifikation af ledelsesmuligheder
for at forebygge sygefravaer ved
psykiske problemer.

Kerli Kant Hvass

Weaving a Path from Waste to Value:
Exploring fashion industry business
models and the circular economy

Kasper Lindskow

Exploring Digital News Publishing
Business Models — a production
network approach

Mikkel Mouritz Marfelt

The chameleon workforce:
Assembling and negotiating the
content of a workforce

Marianne Bertelsen

Aesthetic encounters

Rethinking autonomy, space & time
in today’s world of art

Louise Hauberg Wilhelmsen
EU PERSPECTIVES ON INTERNATIONAL
COMMERCIAL ARBITRATION

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Abid Hussain

On the Design, Development and
Use of the Social Data Analytics Tool
(SODATO): Design Propositions,
Patterns, and Principles for Big
Social Data Analytics

Mark Bruun
Essays on Earnings Predictability

Tor Bge-Lillegraven

BUSINESS PARADOXES, BLACK BOXES,
AND BIG DATA: BEYOND
ORGANIZATIONAL AMBIDEXTERITY

Hadis Khonsary-Atighi

ECONOMIC DETERMINANTS OF
DOMESTIC INVESTMENT IN AN OIL-
BASED ECONOMY: THE CASE OF IRAN
(1965-2010)

Maj Lervad Grasten

Rule of Law or Rule by Lawyers?

On the Politics of Translation in Global
Governance

Lene Granzau Juel-Jacobsen
SUPERMARKEDETS MODUS OPERANDI
— en hverdagssociologisk undersegelse
af forholdet mellem rum og handlen
0g understatte relationsopbygning?

Christine Thalsgard Henriques

In search of entrepreneurial learning
— Towards a relational perspective on
incubating practices?

Patrick Bennett
Essays in Education, Crime, and Job
Displacement

Sgren Korsgaard
Payments and Central Bank Policy

Marie Kruse Skibsted
Empirical Essays in Economics of
Education and Labor

Elizabeth Benedict Christensen

The Constantly Contingent Sense of
Belonging of the 1.5 Generation
Undocumented Youth

An Everyday Perspective



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Lasse J. Jessen
Essays on Discounting Behavior and
Gambling Behavior

Kalle Johannes Rose

Nar stifterviljen der...

Et retsskonomisk bidraqg til 200 ars
juridisk konflikt om ejendomsretten

Andreas Sgeborg Kirkedal
Danish Sted and Automatic Speech
Recognition

Ida Lunde Jgrgensen
Institutions and Legitimations in
Finance for the Arts

Olga Rykov Ibsen

An empirical cross-linquistic study of
directives: A semiotic approach to the
sentence forms chosen by British,
Danish and Russian speakers in native
and ELF contexts

Desi Volker
Understanding Interest Rate Volatility

Angeli Elizabeth Weller
Practice at the Boundaries of Business
Ethics & Corporate Social Responsibility

Ida Danneskiold-Samsge

Levende laering i kunstneriske
organisationer

En undersagelse af leeringsprocesser
mellem projekt og organisation pa
Aarhus Teater

Leif Christensen
Quality of information — The role of
internal controls and materiality

Olga Zarzecka
Tie Content in Professional Networks

Henrik Mahncke

De store gaver

- Filantropiens gensidighedsrelationer i
teori og praksis

Carsten Lund Pedersen

Using the Collective Wisdom of
Frontline Employees in Strategic Issue
Management

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Yun Liu
Essays on Market Design

Denitsa Hazarbassanova Blagoeva
The Internationalisation of Service Firms

Manya Jaura Lind

Capability development in an off-
shoring context: How, why and by
whom

Luis R. Boscan F.
Essays on the Design of Contracts and
Markets for Power System Flexibility

Andreas Philipp Distel

Capabilities for Strategic Adaptation:
Micro-Foundations, Organizational
Condlitions, and Performance
Implications

Lavinia Bleoca

The Usefulness of Innovation and
Intellectual Capital in Business
Performance: The Financial Effects of
Knowledge Management vs. Disclosure

Henrik Jensen

Economic Organization and Imperfect
Managerial Knowledge: A Study of the
Role of Managerial Meta-Knowledge
in the Management of Distributed
Knowledge

Stine Mosekjaer

The Understanding of English Emotion
Words by Chinese and Japanese
Speakers of English as a Lingua Franca
An Empirical Study

Hallur Tor Sigurdarson
The Ministry of Desire - Anxiety and
entrepreneurship in a bureaucracy

Katlin Pulk

Making Time While Being in Time
A study of the temporality of
organizational processes

Valeria Giacomin

Contextualizing the cluster Palm oil in
Southeast Asia in global perspective
(1880s-1970s)



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Jeanette Willert
Managers’ use of multiple
Management Control Systems:

The role and interplay of management

control systems and company
performance

Mads Vestergaard Jensen

Financial Frictions: Implications for Early
Option Exercise and Realized Volatility

Mikael Reimer Jensen
Interbank Markets and Frictions

Benjamin Faigen
Essays on Employee Ownership

Adela Michea
Enacting Business Models

An Ethnographic Study of an Emerging

Business Model Innovation within the
Frame of a Manufacturing Company.

lben Sandal Stjerne

Transcending organization in
temporary systems

Aesthetics’ organizing work and
employment in Creative Industries

Simon Krogh
Anticipating Organizational Change

Sarah Netter
Exploring the Sharing Economy

Lene Tolstrup Christensen

State-owned enterprises as institutional

market actors in the marketization of
public service provision:
A comparative case study of Danish

and Swedish passenger rail 1990-2015

Kyoung(Kay) Sun Park
Three Essays on Financial Economics

2017

10.

11.

Mari Bjerck

Apparel at work. Work uniforms and
women in male-dominated manual
occupations.

Christoph H. FIéthmann

Who Manages Our Supply Chains?
Backgrounds, Competencies and
Contributions of Human Resources in
Supply Chain Management

Aleksandra Anna Rzeznik
Essays in Empirical Asset Pricing

Claes Backman
Essays on Housing Markets

Kirsti Reitan Andersen
Stabilizing Sustainability
in the Textile and Fashion Industry

Kira Hoffmann

Cost Behavior: An Empirical Analysis
of Determinants and Consequences
of Asymmetries

Tobin Hanspal
Essays in Household Finance

Nina Lange
Correlation in Energy Markets

Anjum Fayyaz

Donor Interventions and SME
Networking in Industrial Clusters in
Punjab Province, Pakistan

Magnus Paulsen Hansen

Trying the unemployed. Justifica-
tion and critique, emancipation and
coercion towards the ‘active society’.
A study of contemporary reforms in
France and Denmark

Sameer Azizi

Corporate Social Responsibility in
Afghanistan

— a critical case study of the mobile
telecommunications industry



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Malene Myhre

The internationalization of small and
medium-sized enterprises:

A qualitative study

Thomas Presskorn-Thygesen

The Significance of Normativity —
Studies in Post-Kantian Philosophy and
Social Theory

Federico Clementi
Essays on multinational production and
international trade

Lara Anne Hale

Experimental Standards in Sustainability
Transitions: Insights from the Building
Sector

Richard Pucci

Accounting for Financial Instruments in
an Uncertain World

Controversies in IFRS in the Aftermath
of the 2008 Financial Crisis

Sarah Maria Denta

Kommunale offentlige private
partnerskaber

Regulering I skyggen af Farumsagen

Christian Ostlund
Design for e-training

Amalie Martinus Hauge
Organizing Valuations — a pragmatic
inquiry

Tim Holst Celik

Tension-filled Governance? Exploring
the Emergence, Consolidation and
Reconfiguration of Legitimatory and
Fiscal State-crafting

Christian Bason

Leading Public Design: How managers
engage with design to transform public
governance

Davide Tomio
Essays on Arbitrage and Market
Liquidity

23.

24.

25.

27.

28.

29.

30.

Simone Staehr

Financial Analysts’ Forecasts
Behavioral Aspects and the Impact of
Personal Characteristics

Mikkel Godt Gregersen
Management Control, Intrinsic
Motivation and Creativity

— How Can They Coexist

Kristjan Johannes Suse Jespersen
Advancing the Payments for Ecosystem
Service Discourse Through Institutional
Theory

Kristian Bondo Hansen

Crowds and Speculation: A study of
crowd phenomena in the U.S. financial
markets 1890 to 1940

Lars Balslev

Actors and practices — An institutional
study on management accounting
change in Air Greenland

Sven Klingler
Essays on Asset Pricing with
Financial Frictions

Klement Ahrensbach Rasmussen
Business Model Innovation
The Role of Organizational Design

Giulio Zichella

Entrepreneurial Cognition.

Three essays on entrepreneurial
behavior and cognition under risk
and uncertainty

Richard Ledborg Hansen

En forkaerlighed til det eksister-

ende — mellemlederens oplevelse af
forandringsmodstand i organisatoriske
forandringer

Vilhelm Stefan Holsting

Militeert chefvirke: Kritik og
retfeerdiggarelse mellem politik og
profession



33.

34.

35.

36.

37.

38.

39.

40.

41.

Thomas Jensen

Shipping Information Pipeline:

An information infrastructure to
improve international containerized

shipping

Dzmitry Bartalevich
Do economic theories inform policy?

Analysis of the influence of the Chicago

School on European Union competition
policy

Kristian Roed Nielsen
Crowdfunding for Sustainability: A
study on the potential of reward-based

crowdfunding in supporting sustainable

entrepreneurship

Emil Husted
There is always an alternative: A study
of control and commitment in political
organization

Anders Ludvig Sevelsted

Interpreting Bonds and Boundaries of
Obligation. A genealogy of the emer-
gence and development of Protestant
voluntary social work in Denmark as
shown through the cases of the Co-
penhagen Home Mission and the Blue
Cross (1850 — 1950)

Niklas Kohl
Essays on Stock Issuance

Maya Christiane Flensborg Jensen
BOUNDARIES OF
PROFESSIONALIZATION AT WORK

An ethnography-inspired study of care
workers’ dilemmas at the margin

Andreas Kamstrup

Crowdsourcing and the Architectural
Competition as Organisational
Technologies

Louise Lyngfeldt Gorm Hansen
Triggering Earthquakes in Science,
Politics and Chinese Hydropower
- A Controversy Study

2018

N

10.

11.

Vishv Priya Kohli

Combatting Falsifi cation and Coun-
terfeiting of Medicinal Products in
the E uropean Union — A Legal
Analysis

Helle Haurum

Customer Engagement Behavior

in the context of Continuous Service
Relationships

Nis Grinberg

The Party -state order: Essays on
China’s political organization and
political economic institutions

Jesper Christensen
A Behavioral Theory of Human
Capital Integration

Poula Marie Helth
Learning in practice

Rasmus Vendler Toft-Kehler
Entrepreneurship as a career? An
investigation of the relationship
between entrepreneurial experience
and entrepreneurial outcome

Szymon Furtak

Sensing the Future: Designing
sensor-based predictive information
systems for forecasting spare part
demand for diesel engines

Mette Brehm Johansen
Organizing patient involvement. An
ethnographic study

Iwona Sulinska
Complexities of Social Capital in
Boards of Directors

Cecilie Fange Petersen

Award of public contracts as a
means to conferring State aid: A
legal analysis of the interface
between public procurement law
and State aid law

Ahmad Ahmad Barirani
Three Experimental Studies on
Entrepreneurship



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Carsten Allerslev Olsen
Financial Reporting Enforcement:
Impact and Consequences

Irene Christensen
New product fumbles — Organizing
for the Ramp-up process

Jacob Taarup-Esbensen
Managing communities — Mining
MNEs’ community risk
management practices

Lester Allan Lasrado
Set-Theoretic approach to maturity
models

Mia B. MUnster

Intention vs. Perception of
Designed Atmospheres in Fashion
Stores

Anne Sluhan

Non-Financial Dimensions of Family
Firm Ownership: How
Socioemotional Wealth and
Familiness Influence
Internationalization

Henrik Yde Andersen
Essays on Debt and Pensions

Fabian Heinrich Maller

Valuation Reversed — When
Valuators are Valuated. An Analysis
of the Perception of and Reaction
to Reviewers in Fine-Dining

Martin Jarmatz
Organizing for Pricing

Niels Joachim Christfort Gormsen
Essays on Empirical Asset Pricing

Diego Zunino
Socio-Cognitive Perspectives in
Business Venturing

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Benjamin Asmussen
Networks and Faces between
Copenhagen and Canton,
1730-1840

Dalia Bagdziunaite

Brains at Brand Touchpoints

A Consumer Neuroscience Study of
Information Processing of Brand
Advertisements and the Store
Environment in Compulsive Buying

Erol Kazan
Towards a Disruptive Digital Platform
Model

Andreas Bang Nielsen
Essays on Foreign Exchange and
Credit Risk

Anne Krebs

Accountable, Operable Knowledge
Toward Value Representations of
Individual Knowledge in Accounting

Matilde Fogh Kirkegaard

A firm- and demand-side perspective
on behavioral strateqy for value
creation: Insights from the hearing
aid industry

Agnieszka Nowinska

SHIPS AND RELATION-SHIPS

Tie formation in the sector of
shipping intermediaries in shipping

Stine Evald Bentsen

The Comprehension of English Texts
by Native Speakers of English and
Japanese, Chinese and Russian
Speakers of English as a Lingua
Franca. An Empirical Studly.

Stine Louise Daetz
Essays on Financial Frictions in
Lending Markets

Christian Skov Jensen
Essays on Asset Pricing

Anders Kryger

Aligning future employee action and
corporate strategy in a resource-
scarce environment



34.

35.

36.

37.

38.

39.

40.

41.

42.

Maitane Elorriaga-Rubio

The behavioral foundations of
strategic decision-making: A
contextual perspective

Roddy Walker

Leadership Development as
Organisational Rehabilitation:
Shaping Middle-Managers as
Double Agents

Jinsun Bae

Producing Garments for Global
Markets Corporate social
responsibility (CSR) in
Myanmar’s export garment
industry 2011-2015

Queralt Prat-i-Pubill

Axiological knowledge in a knowledge
driven world. Considerations for
organizations.

Pia Mglgaard
Essays on Corporate Loans and
Credit Risk

Marzia Arico

Service Design as a
Transformative Force:
Introduction and Adoption in an
Organizational Context

Christian Dyrlund Wahlin-
Jacobsen

Constructing change initiatives
in workplace voice activities
Studies from a social interaction
perspective

Peter Kalum Schou
Institutional Logics in
Entrepreneurial Ventures: How
Competing Logics arise and
shape organizational processes
and outcomes during scale-up

Per Henriksen

Enterprise Risk Management
Rationaler og paradokser i en
moderne ledelsesteknologi

43. Maximilian Schellmann
The Politics of Organizing
Refugee Camps

44. Jacob Halvas Bjerre
Excluding the Jews. The
Aryanization of Danish-
German Trade and German
Anti-Jewish Policy in
Denmark 1937-1943

45. Ida Schrgder
Hybridising accounting and
caring. A symmetrical study
of how costs and needs are
connected in Danish child
protection work

46. Katrine Kunst
Electronic Word of Behavior:
Transforming digital traces of
consumer behaviors into
communicative content in
product design

47. Viktor Avlonitis
Essays on the role of
modularity in management:
Towards a unified
perspective of modular and
integral design

48. Anne Sofie Fischer
Negotiating Spaces of
Everyday Politics:

-An ethnographic study of
organizing for social
transformation for women in
urban poverty, Delhi, India



2019

1. Shihan Du
ESSAYS IN EMPIRICAL STUDIES
BASED ON ADMINISTRATIVE
LABOUR MARKET DATA

2. Mart Laatsit
Policy learning in innovation
policy: A comparative analysis of
European Union member states

3. Peter J. Wynne
Proactively Building Capabilities for
the Post-Acquisition Integration
of Information Systems

4. Kalina S. Staykova
Generative Mechanisms for Digital
Platform Ecosystem Evolution

5. leva Linkeviciute
Essays on the Demand-Side
Management in Electricity Markets

6. Jonatan Echebarria Fernandez
Jurisdiction and Arbitration
Agreements in Contracts for the
Carriage of Goods by Sea —
Limitations on Party Autonomy

7. Louise Thorn Bgttkjeer
Votes for sale. Essays on
clientelism in new democracies.

8.  Ditte Vilstrup Holm
The Poetics of Participation:
the organizing of participation in
contemporary art

9.  Philip Rosenbaum
Essays in Labor Markets —
Gender, Fertility and Education

10. Mia Olsen
Mobile Betalinger - Succestaktorer
og Adfaerdsmaessige Konsekvenser

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Adrian Luis Mérida Gutiérrez
Entrepreneurial Careers:
Determinants, Trajectories, and
Outcomes

Frederik Regli
Essays on Crude Oil Tanker Markets

Cancan Wang

Becoming Adaptive through Social
Media: Transforming Governance and
Organizational Form in Collaborative
E-government

Lena Lindbjerg Sperling
Economic and Cultural Development:
Empirical Studies of Micro-level Data

Xia Zhang

Obligation, face and facework:

An empirical study of the communi-
cative act of cancellation of an
obligation by Chinese, Danish and
British business professionals in both
L1 and ELF contexts

Stefan Kirkegaard Slak-Madsen
Entrepreneurial Judgment and
Commercialization

Erin Leitheiser

The Comparative Dynamics of Private
Governance

The case of the Bangladesh Ready-
Made Garment Industry

Lone Christensen
STRATEGIIMPLEMENTERING:
STYRINGSBESTRABELSER, IDENTITET
OG AFFEKT

Thomas Kjeer Poulsen
Essays on Asset Pricing with Financial
Frictions

Maria Lundberg

Trust and self-trust in leadership iden-
tity constructions: A qualitative explo-
ration of narrative ecology in the dis-

cursive aftermath of heroic discourse



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Tina Joanes

Sufficiency for sustainability
Determinants and strategies for reducing
clothing consumption

Benjamin Johannes Flesch

Social Set Visualizer (SoSeVi): Design,
Development and Evaluation of a Visual
Analytics Tool for Computational Set
Analysis of Big Social Data

Henriette Sophia Groskopff

Tvede Schleimann

Creating innovation through collaboration
— Partnering in the maritime sector

Kristian Steensen Nielsen
The Role of Self-Regulation in
Environmental Behavior Change

Lydia L. Jargensen
Moving Organizational Atmospheres

Theodor Lucian Vladasel
Embracing Heterogeneity: Essays in
Entrepreneurship and Human Capital

Seidi Suurmets

Contextual Effects in Consumer Research:
An Investigation of Consumer Information
Processing and Behavior via the Applicati
on of Eye-tracking Methodology

Marie Sundby Palle Nickelsen

Reformer mellem integritet og innovation:
Reform af reformens form i den danske
centraladministration fra 1920 til 2019

Vibeke Kristine Scheller

The temporal organizing of same-day
discharge: A tempography of a Cardiac
Day Unit

Qian Sun

Adopting Artificial Intelligence in
Healthcare in the Digital Age: Perceived
Challenges, Frame Incongruence, and
Social Power

31. Dorthe Thorning Mejlhede
Artful change agency and organizing for
innovation — the case of a Nordic fintech
cooperative

32. Benjamin Christoffersen
Corporate Default Models:
Empirical Evidence and Methodical
Contributions

33. Filipe Antonio Bonito Vieira
Essays on Pensions and Fiscal Sustainability

34. Morten Nicklas Bigler Jensen
Earnings Management in Private Firms:
An Empirical Analysis of Determinants
and Consequences of Earnings
Management in Private Firms

2020

1. Christian Hendriksen
Inside the Blue Box: Explaining industry
influence in the International Maritime
Organization

2. Vasileios Kosmas
Environmental and social issues in global
supply chains:
Emission reduction in the maritime
transport industry and maritime search and
rescue operational response to migration

3. Thorben Peter Simonsen
The spatial organization of psychiatric
practice: A situated inquiry into ‘healing
architecture’

4.  Signe Bruskin
The infinite storm: An ethnographic study
of organizational change in a bank

5.  Rasmus Corlin Christensen
Politics and Professionals: Transnational
Struggles to Change International Taxation

6. Robert Lorenz Térmer
The Architectural Enablement of a Digital
Platform Strategy



10.

11.

12.

13.

14.

15.

16.

17.

Anna Kirkebak Johansson Gosovic
Ethics as Practice: An ethnographic
study of business ethics in a multi-
national biopharmaceutical company

Frank Meier
Making up leaders in leadership
development

Kai Basner
Servitization at work:
On proliferation and containment

Anestis Keremis

Anti-corruption in action: How is anti-
corruption practiced in multinational
companies?

Marie Larsen Ryberg

Governing Interdisciolinarity: Stakes and
translations of interdisciplinarity in Danish

high school education.

Jannick Friis Christensen

Queering organisation(s). Norm-critical
orientations to organising and researching

aiversity

Thorsteinn Sigurdur Sveinsson

Essays on Macroeconomic Implications of

Demographic Change

Catherine Casler

Reconstruction in strateqy and
organization: For a pragmatic stance

Luisa Murphy

Revisiting the standard organization of

multi-stakeholder initiatives (MSIs):

The case of a meta-MS/ in Southeast Asia

Friedrich Bergmann
Essays on International Trade

Nicholas Haagensen

European Legal Networks in Crisis: The

Legal Construction of Economic Policy

19.

20.

21.

22.

23.

24.

N

26.

27.

5.

Charlotte Biil

Samskabelse med en sommerfugle-
model: Hybrid ret i forbindelse med
et partnerskabsprojekt mellem 100
selvejende daginstitutioner, deres
paraplyorganisation, tre kommuner
og CBS

Andreas Dimmelmeier

The Role of Economic Ideas in
Sustainable Finance: From Paradigms
to Policy

Maibrith Kempka Jensen

Ledelse og autoritet i interaktion

- En interaktionsbaseret undersogelse
af autoritet i ledelse i praksis

Thomas Burg

LAND OF LIGHT: Assembling the
Ecology of Culture in Odsherred
2000-2018

Prins Marcus Valiant Lantz
Timely Emotion: The Rhetorical
Framing of Strategic Decision
Making

Thorbjgrn Vittenhof Fejerskov

Fra veerdi til invitationer - offentlig
vaerdiskabelse gennem affekt,
potentialitet og begivenhed

Lea Acre Foverskov

Demographic Change and Employ-
ment: Path dependencies and
institutional logics in the European
Commission

Anirudh Agrawal
A Doctoral Dissertation

Julie Marx
Households in the housing market

Hadar Gafni
Alternative Digital Methods of
Providing Entrepreneurial Finance



28. Mathilde Hjerrild Carlsen
Ledelse af engagementer: En undersogelse
af samarbejde mellem folkeskoler og
virksomheder i Danmark

29. Suen Wang
Essays on the Gendered Origins and
Implications of Social Policies in the
Developing World

30. Stine Hald Larsen
The Story of the Relative: A Systems-
Theoretical Analysis of the Role of the
Relative in Danish Eldercare Policy from
1930 to 2020

31. Christian Casper Hofma
Immersive technologies and organizational
routines: When head-mounted displays
meet organizational routines

32. Jonathan Feddersen
The temporal emergence of social
relations. An event-based perspective of
organising

33. Nageswaran Vaidyanathan
ENRICHING RETAIL CUSTOMER
EXPERIENCE USING AUGMENTED REALITY

2021

1. Vanya Rusinova
The Determinants of Firms’ Engagement
in Corporate Social Responsibility:
Evidence from Natural Experiments

2. Livia Lopes Barakat
Knowledge management mechanisms
at MNCs:
The enhancing effect of absorptive
capacity and its effects on performance
and innovation

3. Sgren Bundgaard Bragger
Essays on Modern Derivatives Markets



TITLER | ATV PH.D.-SERIEN

1992
1.

1995

1999

2000

2001

2002

Niels Kornum
Servicesamkarsel — organisation, @ko-
nomi og planleegningsmetode

Verner Worm

Nordiske virksomheder i Kina
Kulturspecifikke interaktionsrelationer
ved nordiske virksomhedsetableringer i
Kina

Mogens Bjerre

Key Account Management of Complex
Strategic Relationships

An Empirical Study of the Fast Moving
Consumer Goods Industry

Lotte Darsg

Innovation in the Making

Interaction Research with heteroge-
neous Groups of Knowledge Workers
creating new Knowledge and new
Leads

Peter Hobolt Jensen

Manaqging Strategic Design Identities
The case of the Lego Developer Net-
work

Peter Lohmann

The Deleuzian Other of Organizational
Change — Moving Perspectives of the
Human

Anne Marie Jess Hansen

To lead from a distance: The dynamic
interplay between strategy and strate-
gizing — A case study of the strategic
management process

2003

2005
10.

Lotte Henriksen

Videndeling

— om organisatoriske og ledelsesmaes-
sige udfordringer ved videndeling i
praksis

Niels Christian Nickelsen
Arrangements of Knowing. Coordi-
nating Procedures Tools and Bodies in
Industrial Production — a case study of
the collective making of new products

Carsten drts Hansen
Konstruktion af ledelsesteknologier og
effektivitet

TITLER | DBA PH.D.-SERIEN

2007
1.

2009

2010

Peter Kastrup-Misir

Endeavoring to Understand Market
Orientation — and the concomitant
co-mutation of the researched, the

re searcher, the research itself and the
truth

Torkild Leo Thellefsen

Fundamental Signs and Significance
effects

A Semeiotic outline of Fundamental
Signs, Significance-effects, Knowledge
Profiling and their use in Knowledge
Organization and Branding

Daniel Ronzani

When Bits Learn to Walk Don’t Make
Them Trip. Technological Innovation
and the Role of Regulation by Law

in Information Systems Research: the
Case of Radio Frequency Identification
(RFID)

Alexander Carnera
Magten over livet og livet som magt
Studier i den biopolitiske ambivalens






	Omslag
	Titelblad
	Kolofon
	Foreword
	Non-technical introduction
	Non-technical introduction (Danish)
	Contents
	Chapter 1 - The Market Impact of Predictable Flows: Evidence from Leveraged VIX Products
	1.1 Introduction
	1.2 Mechanics of leveraged exchange-traded products
	1.3 Price impact of predictable rebalancing ˛ows
	1.4 Strategic trading around rebalancing ˛ows
	1.5 Discussion
	1.6 Conclusion
	1.7 Appendix A � Proofs
	1.8 Appendix B � Trading-at-Settlement (TAS)

	Chapter 2 - Dynamic Risk Management and Asset Comovement
	2.1 Introduction
	2.2 Derivatives hedging in a two-asset economy
	2.3 Counterparty risk management
	2.4 Empirical analysis
	2.5 Conclusion
	2.6 Appendix A � Proof of Proposition 2.1
	2.7 Appendix B � Full regression tables

	Chapter 3 - Cash as a Perpetual Option
	Introduction
	3.1 The value of cash
	3.2 Numerical examples
	3.3 Conclusion
	3.4 Appendix A � Proofs
	3.5 Appendix B � ODE representation

	Bibliography
	TITLER I PH.D.SERIEN



