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Advance Praise for
The Risk Modeling Evaluation Handbook

A book like this helps reduce the chance of a future breakdown in risk
management.

—Campbell R. Harvey, Professor
The Fuqua School of Business, Duke University

Inadequate valuation and risk management models have played their part
in triggering the recent economic turmoil felt around the world. Model
risk is thus becoming recognized by risk managers and financial engi-
neers as an important source of additional risk. This timely book, writ-
ten by experts in the field, will surely help them to measure and manage
this risk effectively.

—Fabrice Douglas Rouah, Ph.D., Vice President
Enterprise Risk Management

The Risk Modeling Evaluation Handbook provides a very timely and
extremely useful guide to the subtle and often difficult issues involved in
model risk—a subject which is only now gaining the prominence it should
always have had. Risk practitioners will find it an invaluable guide.

—XKevin Dowd, Professor of Financial Risk Management
Nottingham University Business School

This book collects authorative papers on a timely and important topic
written by academics and practitioners. Especially the latter combination
makes this book readable to a wide audience, and it should lead to many
new insights.

—Philip Hans Franses, Professor of Econometrics and Dean
Erasmus School of Economics, Erasmus University Rotterdam

This invaluable handbook has been edited by experts, with topical con-
tributions on modeling risk, equity and fixed income investments,
superannuation funds, asset returns, volatility, option pricing, credit
derivatives, equity derivatives, valuation models, expected shortfall,
value at risk, operational risk, economic capital, public debt manage-
ment, financial crises, and political risk. The excellent chapters have
been written by leading academics and practitioners, and should prove




to be of great value to investment finance and credit risk modelers in a
wide range of disciplines related to portfolio risk management, risk
modeling in finance, international money and finance, country risk,
and macroeconomics.

—Michael McAleer, FASSA, FIEMSS, Professor of Quantitative
Finance, Econometric Institute, Erasmus School of Economics,
Erasmus University Rotterdam; Research Fellow, Tinbergen Institute;
Distinguished Chair and Professor, Department of Applied Economics,
National Chung Hsing University

"This book gives an up-to-date, comprehensive overview of the latest
developments in the field of model risk, using state-of-the-art quantita-
tive techniques.

—Ben Tims, Assistant Professor of Finance
Erasmus School of Management, Erasmus University Rotterdam

[TThe previous years have shown that too many capital market experts
have blindly trusted their models. This comprehensive compendium
addresses all the relevant aspects of model risks which helps practitioners
to mitigate the probability of future financial crisis.

—Ottmar Schneck, Professor
European School of Business, Reutlingen
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FOREWORD

he deep financial crisis of 2008 and 2009 has challenged numerous

paradigms that were long accepted as standing piers of modern finan-
cial risk management. The unprecedented financial losses in the private and
institutional sectors around the world and the near collapse of the global
banking industry have occurred despite highly praised advances in risk
management methodologies, such as regulatory developments meant to
safeguard the financial system like the Basel II Accord and the Markets in
Financial Instruments Directive, and not least, the multibillion dollars for I'T
installations in large financial institutions geared to limit and control finan-
cial risks.

Much of the financial innovation of the last two decades rests on the
industry’s drive to optimize portfolios of financial assets via diversification
strategies along with hedging structures. As such, the emergence of finan-
cial derivatives and the wide use of structured financial products incorpo-
rating embedded derivative contracts has enabled practitioners to separate
components of risk and allowed for warehousing separately such compo-
nents via modern financial engineering. In consequence, large amounts of
economic capital have been freed up in banks around the world. Coupled
with the relatively easy access of debt capital throughout the 1990s and the
first half of the new decade, banks have engaged in a lending spree that
eased funding for numerous projects around the world, thus spearheading
an unprecedented global economic growth.

Unfortunately, the originally U.S. originated subprime and “Alt-A” mort-
gage bubble exploded with an unprecedented vengeance in the face of those
very financial institutions that prided themselves with the ability to best
model complex products like CDOs and ABCDSs, triggering along the near
collapse of the financial system as we know it. The consequences of the
aforementioned crisis are still subject to analysis; however, it is certain that a
new financial order is to emerge, employing new playing rules among partic-
ipants: banks, investment funds/vehicles, rating agencies, and regulators.

While the root causes of the global financial crisis are numerous and
convoluted, it is certain that the failure of some financial pricing models
have catalyzed the spiraling events as they triggered investors’ loss of confi-
dence in the very financial models they were hailing for “best in class” and
“best practices” only a few years ago.

xxxi
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Perhaps the case study of credit exposure mitigation via CDO securiti-
zation is best illustrative of the modeling failures that have been incurred in
many banks around the world.

A financial institution typically gathers a large and diversified portfolio
of debt receivables (henceforth the “collateralized debt obligation” denomi-
nation), places them in a separate financial vehicle (SPV) and issues tranches
of securities backed by the pool of assets (in most cases circumventing the
complexities of the cash flow transfers via writing credit default swaps on
the baskets of the pool assets—in which case the vehicle would be called a
“synthetic CDO”). The pecking order of seniority of the issued securities is
regulated by the cumulative cascading order of defaults in the pool.

Naturally and intuitively sound—the higher the level of borrower
diversification in the pool of assets, the lower the likelihood of simultane-
ous defaults and the more effective the construct from the SPV owner’s
point of view.

Financial modelers have been employing methodologies ranging from
pair-wise (Pearson) default correlations to copula functions (copulas are
functions that link marginal probability distributions with joint distribu-
tions and are widely applied in credit risk models) to assess and often stress
such structures. Results have been calibrated to exhibited defaults over vast
quantities of data and going back decades in a process termed by industry
regulators and risk managers as “backtesting.”

Such security tranches were calibrated to defaults modeled by past expe-
riences. Correlations and copula functions were calibrated and used to pre-
dict future patterns over the lifetime of the securities issued, often in excess
of 10 years. Investors and rating agencies alike assigned credit ratings to
these CDO securities congruent with the expected loss patterns implied by
asset defaults. For example, if the implicit expected loss of a mezzanine
tranche would not exceed the equivalent inherent expected loss of a BBB-
rated corporate security, it would be rated alike and priced accordingly,
tempered by liquidity-driven bid/offer spreads.

By mid-2007 when the first signs of the systemic collapse in U.S. sub-
prime and Alt-A residential mortgages occurred, it became apparent that
the historically calibrated correlation patterns were far from indicative of
future joint default behaviors, and “tail-end probability” or “conditional/
regime-dependent” models were built “in a hurry” in an effort to replace
the original pricing models. For many investors this came unfortunately
too late.

As prices collapsed (also driven by the new pricing models’ results) and
investors lost confidence in the pricing models, they scrambled to liquidate
as many securities as they could, which triggered an imbalance in supply and
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demand in secondary markets, which further depressed both the liquidity
and the values of the inventories in such tranches. Rating agencies conse-
quently downgraded numerous CDO tranches on the basis that their fair
values implied higher default probabilities, which compounded the sell-off in
the markets (some investors were prohibited by their investment policies and
tunds prospectuses to hold securities below a certain agency credit rating).
In short, the credit market panic of 2008 was born: lenders of short-term
commercial paper to the SPVs failed to renew the credit commitments and
the banks were forced either to liquidate the vehicles or consolidate them on
their own balance sheets—triggering expensive capital allocations.

From a systemic point of view, a rather dangerous phenomenon has
occurred, one linked to the risk mitigation effects of securitization: finan-
cial institutions were laying off piles of assets by synthetically buying credit
default protection (most common vehicles are credit-linked notes and credit
default swaps, but also via spread forward and options contracts), thus trad-
ing direct credit exposure for counterparty exposure.

At the margin, a typical transaction would result in a significant risk-
weighted asset relief (and consequently regulatory capital congruent with
the Basel II stipulations for risk mitigation) against a marginal pickup of
counterparty exposure with the protection seller, often a highly rated finan-
cial counterparty such as AIG. The financial institution is in no position to
know how many such credit default swaps (in terms of size, issuers, and
counterparties) the “highly rated protection seller” has on its own books,
therefore, in most cases, no reason to fear the simultaneous collapse of the
insured asset and the counterparty. Unfortunately, this imbalance and
uncertainty proved lethal in the evidence of some CDS players’ overexu-
berance in providing credit protection (for handsome fees), many times
insufficiently hedged, which triggered the near collapse of AIG and a few
other “systemic relevant” institutions. By 2008, many of these institutions
became dependent on “life vests to stay afloat” offered by OECD govern-
ments around the world in highly publicized “weekend rescue operations.”

As a consequence, it is perhaps more imperative than ever for any partic-
ipant in modern financial markets to grasp the importance of modeling
financial products and assess the strengths but also the weaknesses of the
models employed in valuing financial assets. In short, model risk assessment
is gaining in importance if not centrality to any financial activity.

There could be no better timing for a comprehensive and deep com-
pendium on assessing model risk in finance. The appearance of the The Risk
Modeling Evaluation Handbook by Greg N. Gregoriou, Christian Hoppe,
and Carsten S. Wehn is a happy and timely event in this direction. The
authors have done a superb job in compounding the relevant contributory
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articles in an all-encompassing effort to gather the most recent industry
and academic progress in the field. The book stands out for its ability to
match the theoretical thoroughness with the high level of practicality in a
“post subprime crisis” economic environment.

Part 1 (Introduction to Model Risk) reviews some significant articles on
systemic risk from a central banker’s perspective and draws conclusions
from previous financial crises. As such, it builds a bridge in time between
the financial events that have shaped the way professionals assess model risk
in the industry.

Parts 2 and 3 (Model Risk Related to Equity and Fixed Income Invest-
ments and Model Risk Related to Credit and Credit Derivatives Invest-
ments) assess model risk from an investor and asset manager’s viewpoint
across all significant risk categories inherent in modern financial products.
The aforementioned risks as relating to modeling corporate defaults and
more generally migration are being scrutinized and lessons from the ongo-
ing financial crisis are being critically analyzed with a practitioner’s imple-
mentation oriented eye.

Part 4 (Model Risk Related to Valuation Models) specifically analyzes the
risks associated with valuation models and addresses techniques for mitigat-
ing wrong valuations of complex financial securities.

Part 5 (Limitations to Measure Risk) primarily addresses risk manage-
ment professionals as it introduces alternative measures of risk beyond the
“value at risk” concept. It addresses the limitation of VaR as a risk measure
(specifically identifying the subadditive property of a coherent risk measure
as specified by Artzner in a seminal article that appeared in 1999 and prov-
ing through practical portfolio composition that VaR can fail this important
property when the risk factors are not log-normal distributed). Other mod-
ern risk measures such as expected shortfall and copula VaR are analyzed
and their suitability is assessed for practical implementation into overall
bank-wide risk management architectures.

Part 6 (Modeling Model Risk for Risk Models) specifically addresses the
“model risk” within widely used industry risk management models: coun-
terparty risk, credit (portfolio) models, and internal market risk models.

Part 7 (Economic Capital and Asset Allocation) wraps the analysis within
the enterprise risk oversight framework as it addresses economic capital
models while including the interaction among various risk categories, not
least market and funding liquidity risk as well as asset repricing risk (both
typically present in asset liability management activities)

The contributors to the compendium are some of the most prominent
academics and practitioners in the field of modern risk management and
have distinguished themselves over decades with seminal articles that have
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taken the financial risk management profession into the twenty-first cen-
tury. Dr. Gregoriou, Mr. Hoppe, and Dr. Wehn have done an outstanding
job in carefully selecting the most appropriate articles pertaining to each
subject in a flawlessly structured manner.

The Handbook will undoubtedly become a key reference book in the
shelves of any modern financial professional and will likely contribute to
elucidating the still shaded areas of managing model risk, especially in light
of the recent happenings in financial markets.

Andre Horovitz
Financial Risk Fitness, GmbH
Munich, Germany
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CHAPTER

MODEL RISK

Lessons from Past Catastrophes

Scott Mixon

ABSTRACT

Financial engineers should study past crises and model breakdowns rather
than simply extrapolate from recent successes. The first part of this chapter
reviews the 2008 disaster in convertible bonds and convertible arbitrage.
Next, activity in nineteenth-century option markets is examined to explore
the importance of modern theory in pricing derivatives. The final section
reviews the linkage between theory and practice in bridge building. The
particularly interesting analogy is the constructive direction taken by engi-
neers after the highly visible, catastrophic failure of the Tacoma Narrows
Bridge in Washington in 1940. Engineers were reminded that highly realis-
tic models may increase the likelihood of failure if they reduce the buffer
against factors ignored by the model. Afterward, they focused efforts on
making bridges robust enough to withstand eventualities they did not fully
understand and could not forecast with accuracy.

MODEL RISK: LESSONS FROM PAST
CATASTROPHES

The holddown cables stabilizing the bridge began to vibrate in the wind
around 3:30 in the morning, as the storm increased. The bridge was
oscillating by 8 a.m., allowing a driver to watch the car up ahead disappear
into a trough. Yet this was nothing new for the bridge nicknamed “Gallop-
ing Gertie.” An hour later, the tiedown cables cracked like whips as they
alternately tightened and slackened.

The twisting began around 10 a.m. Winds were only 45 miles per hour,
but the bridge was pivoting around the center line of the two-lane roadway.
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One lane would lift up 45 degrees, and the other would twist down by the
same amount. The bridge was twisting itself to pieces. A major section of
roadway, hundreds of feet long, fell into Gig Harbor at 11 a.m. Ten more
minutes and the remainder of the bridge (plus two abandoned cars and a
dog) was gone. Leon Moisseiff, prominent engineering theorist and
designer of the bridge, was completely at a loss to explain the disaster.

The collapse of the Tacoma Narrows Bridge took with it the entire tra-
jectory and hubris of the suspension bridge building industry. The bridge
lasted just four months, and it failed in winds less than half the 100 miles
per hour for which it was designed to withstand. The dramatic collapse
was captured on film, so the world saw the images repeated over and over
in newsreels.

Suspension bridges had become longer and thinner in the decades before
the Tacoma Narrows collapse in 1940. The George Washington Bridge,
spanning the Hudson River into New York City, epitomized this trend.
Built according to the most advanced theories, it had doubled the length of
the longest suspension span extant before its 1931 completion. Engineers
were under pressure from the economic realities of the Great Depression to
reduce costs, while theoretical advances showed that conventional bridge
designs were considerably overengineered. Suspension bridges had moved
from designs in which the suspending cables were superfluous to ones in
which cables were the dominant element.

Moisseiff and Lienhard’s (1933) extension of existing theory meant that
wind loads carried by the suspended structure of the George Washington
Bridge, for example, were 80 percent lower than previously thought.! The
cables carried the weight. It was only natural that Moisseiff’s Tacoma
Narrows design would incorporate this economically appealing feature. The
bridge had a width to span ratio of 1:72, even though a more traditional ratio
was 1:30. It was a narrow, two-lane highway suspended in the sky, and it was
theoretically justified to carry its loads adequately. For four months, it did.

Engineers had built little margin of safety into the Tacoma Narrows
Bridge. It was elegant, economical, and theoretically justified. Moving to
more realistic theories of load bearing ironically led to catastrophic failure,
since the theories provided little buffer against risk factors not considered
in the models. Henry Petroski (1994) has noted that the reliance on theory,
with little first-hand experience of the failures from decades before, led to
a design climate in which elements of recent successes were extended
beyond their limits. Petroski therefore recommended that engineers care-
fully study past design failures in order to improve their current design
process. This chapter adopts Petroski’s logic to model risk evaluation for
financial engineers.
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INTRODUCTION

First, we discuss the disaster in the convertible bond market during 2008
and pay particular attention to the difficulties faced by the model-intensive
convertible arbitrage strategy. Next, we review the activity in option mar-
kets in the nineteenth century to explore the importance of modern theory
in pricing derivatives. This is followed by a section reviewing the linkage
between theory and practice in bridge building. It highlights the direction
taken by the engineering profession after the highly visible, catastrophic
failure of the Tacoma Narrows Bridge in 1940. The final section provides
concluding thoughts.

The goal of bringing together such disparate topics is to provide a broad
perspective on model risk. Some of the key issues addressed are: (1) How
can we best frame themes regarding model breakdowns during market
crises? (2) What can the careful study of the evolution of derivatives mar-
kets and no-arbitrage pricing models suggest for robustifying market prac-
tice against traumatic shocks? (3) What can be learned from the
experiences of other disciplines that have suffered catastrophic failures
when moving from theory to reality?

There are some straightforward conclusions for this chapter. First, finan-
cial engineers should study past crises and model breakdowns rather than
simply extrapolate from recent successes. Second, theoretical advances have
had a profound impact on the pricing of derivative securities and the mind-
set for financial engineering, but the real world is tricky. Highly realistic
models may increase the likelihood of failure if they reduce the buffer
against factors glossed over by the model. For example, highly complex
no-arbitrage models may fail miserably when trading is not continuous
and arbitrage opportunities exist for a period of time (i.e., when liquidity
disappears).

Financial engineers can look to the experience of the civil engineering
profession after the traumatic failure of the Tacoma Narrows suspension
bridge in 1940. Bridge builders could have concluded that their theories
were too naive to build economical bridges as long as the ones proposed.
They did not throw out the models or abandon the practice of bridge con-
struction. Rather, they focused efforts at making bridges robust enough to
withstand eventualities they did not fully understand and could not forecast
with accuracy.

Faced with calamities such as the recent one in the financial markets, one
could take the position that highly quantitative models are dangerous and
should be thrown out. This idea is completely unjustified. A key idea run-
ning through this chapter is that some of the assumptions behind derivatives
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modeling, such as continuous, frictionless trading at a single market price
(i-e., the absence of arbitrage) can fail at critical moments. Engineers (and
drafters of legal documentation) should seek ways to robustify the structures
so that these disruptions do not lead to catastrophic failures.

For example, some of the hedge fund industry might move to longer
lock-ups and increased acceptance of a secondary market in ownership
interests (a cross between ETFs and closed-end funds). During extreme
liquidity crunches, as in the fall of 2008, investors requiring liquidity could
have raised cash by selling their hedge fund interests, yet the underlying
funds would not have been forced to sell assets to fulfill redemption
requests. Is this not, in fact, a substantial part of the logic behind having a
liquid secondary market for corporate ownership of companies?

CONVERTIBLE CATASTROPHE, 2008

The bottom line is that everything went wrong for convertibles in the last
part of 2008, and the convertible arbitrage strategy gave back about six
years of gains in a few months. There was tremendous selling pressure on
convertibles, about 70 percent of which were held by hedge funds.? Con-
vertible arbitrageurs typically were long convertibles and hedged various
risks to profit from perceived mispricing of the convertible. In extremely
volatile and thin markets, the ability to hedge was disrupted: the ability to
short many stocks was eliminated (partially by government fiat), synthetic
credit hedges were not following the same trajectory as cash bonds, and the
implicit call options in convertible bonds were priced completely out of
sync with listed options. Margin requirements increased massively.
Redemptions loomed for hedge funds of all stripes, and raising liquidity
became the overriding goal. Convertible arbitrage was hit hardest among
the hedge fund strategies during 2008, with some indexes showing the
strategy down more than 50 percent.

This section puts a finer point on these issues. The conceptual frame-
work of the model risk in mind for a crisis of this type is p;, = E” [pi] +
eir, € = ¢; + di, where p;, is the market price of asset 7 at time #, E” [p;] is
the expected value of the asset at time 7 under the model 7z, and there is an
error term ¢; that causes the observed price to deviate from the model
price (“fair value”). We can divide the error term into two components:
the idiosyncratic disturbance d;, and the market-wide term ¢,. Roughly
speaking, a crisis is when ¢,, on rare occasions, dominates price move-
ments. Evaluating model risk and figuring out ways to work around model
failure during a crisis means understanding when ¢, is the driving force
behind market prices.
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What Happened?

Table 1.1 displays convertible arbitrage index performance in 2008, along
with performance for the S&P 500 and Vanguard’s Intermediate Corpo-
rate Bond Fund. Returns are standardized by subtracting the average and
dividing by the unconditional standard deviation. Averages and standard
deviations are computed using data through December 2007. The Center
for International Securities and Derivatives Markets (CISDM) index data
begin in January 1992, the Credit Suisse/Tremont data begin in January
1994, and the Hedge Fund Research Performance Index (HFRI) data
begin in January 1990. The S&P 500 and Corporate Bond Fund data
begin in January 1990. Table values in bold are t-statistics of at least 2 in
absolute value.

March 2008 seemed to be a particularly unlucky month for convertible
arbitrage funds, according to the table, as returns were extremely unlikely.
Yet things worsened: September and October were greater than 10 standard
deviations to the downside. The corporate bond fund and the S&P 500
returns were also much larger in absolute magnitude than history would
suggest, so perhaps some of these shocking moves were simply volatility
increasing above the unconditional levels. Still, convertible arbitrage
appears to have experienced some very rare events.

Table 1.1 Standardized Monthly Convertible Arbitrage Returns, 2008
(Standard Deviations)

Average CB  Vanguard

Credit Suisse/ Arbitrage Corporate
CISDM Tremont HFRI  Index Bond Fund S&P 500
Jan -0.4 -0.9 -2.2 -1.2 0.0 -1.8
Feb -0.9 —1.5 —1.6 -1.3 -0.3 =11
Mar —4.1 —5.1 -5.0 -4.7 0.0 -0.3
Apr —0.5 0.3 0.5 0.1 0.1 1.0
May —0.1 0.6 0.0 0.2 -1.0 0.1
Jun —1.6 —0.8 -3.1 —-1.8 0.3 —-2.4
July -3.0 —-2.2 -2.4 -2.5 -0.8 —0.4
Aug -1.9 -1.0 -1.9 —1.6 0.6 0.1
Sep —12.0 —10.4 —13.3 —11.9 -2.8 -2.6
Oct —16.4 -10.7 —18.2 —15.1 —4.5 —4.8
Nov -1.2 -2.0 -3.3 -2.2 4.0 -2.1
Dec 3.0 -1.3 0.2 0.6 6.3 0.0

CISDM, Center for International Securities and Derivatives Markets; HFRI, Hedge Fund Research Inc.; CB,
Convertible Bond.
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Figure 1.1 illustrates a measure of convertibles mispricing from January
2005 to April 2009. The chart shows the ratio of the median price (average
of bid and ask) to the median theoretical price for the entire U.S. convert-
ible universe tracked by Deutsche Bank. Both the bid/ask midpoints and the
theoretical prices are Deutsche Bank calculations. From 2005 until the end
of 2007, this mispricing hovered around zero; one can see occasional diver-
gences, such as the spring 2005 cheapening documented by Mitchell and
colleagues (2007). Convertibles then cheapened dramatically in spring 2008
but bounced back toward fair value by July. Then the bottom fell out, with
market prices collapsing to more than a 15 percent discount by November.
The mispricing steadily diminished after that and fell to less than half by
April 2009.

“Fair value” models of convertibles suggested a much higher value than
observed market quotes of late 2008 would suggest. Outright buyers of
convertibles should have moved in, according to the textbook no-arbitrage
condition, and bought up the cheap instruments. Anecdotes suggest this is
what happened eventually, but it was not instantaneous. September through
November felt like really long months to market participants staring at the
wrong side of arbitrage opportunities.

Figure 1.2 displays another way of exploring convertible mispricing in
2008, focusing on the option component of the bonds. The chart displays a
market-capitalization weighted index of one-year, at-the-money implied
volatilities for S&P 100 stocks (constructed from Bloomberg data) and an
issue-weighted index of convertible bond implied volatilities. The convert-
ible index is from Deutsche Bank; it is computed from near-the-money

Figure 1.1 Convertible Bond Prices Versus Theoretical Values
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Figure 1.2 Convertible and Option Implied Volatility
70 A

60 -
50
40 -

30 A

Annualized Volatility (%)

20 1

I o L T L T L T L 1
Dec-06 Jan—-07 Dec-07 Jun—08 Dec-08

CB Implied Vol, US Investment Grade
—— Average Single Stock 12m Implied Vol, S&P 100

investment grade convertibles and is reweighted quarterly. Throughout
2007 and the first half of 2008, the two series track each other quite closely.
The exception during this period is for March 2008, when listed option
volatilities spiked even as convertible volatilities moved in the opposite
direction. (This spike is distinctly noticeable in the convertible arbitrage
standardized returns for March.)

The dramatic divergence in the two markets is in the second half of
2008, when listed volatilities doubled to more than 70 percent and convert-
ible implieds sank to less than 20 percent. Over the course of autumn, listed
volatilities began to decline as markets began to stabilize. By the end of the
year, the listed option volatility index was hovering around 50 percent, yet
convertible implieds were still less than 30 percent.

Convertibles apparently had a negative vega, that is, buying a convertible
meant going short volatility. This is clearly counterintuitive and stands in
contrast to the expected exposure. Arbitrage managers had hedged them-
selves using models that suggested they were close to delta neutral, but the
models would never have suggested such perverse moves in pricing as had
occurred, and the theoretical option models would surely have suggested a
positive vega for convertibles.

Industry analysts suggested that by mid-November, one-third of con-
vertible arbitrage funds had gated redemptions, suspended net assest value
calculations, or were in some other way impaired.’ Some of the stabilization
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in pricing occurred as selling pressure abated due to reduced redemption
pressure. The redemption pressure was artificially capped as some man-
agers gated and simply refused to return investments to investors. The
investor response was not a happy one. Anecdotally, some investors declared
funds that gated as “uninvestible” going forward.

This discussion of convertible mispricing can be made less abstract, par-
ticularly with respect to hedging instruments. Figure 1.3 illustrates a par-
ticularly clear example using traded prices for two bonds issued by
Smithfield Foods. The gray bars represent the straight bond due May 15,
2013, and the squares represent the convertible bond due June 30, 2013.
The chart begins with the June 2008 issuance of the convertible and ends in
late May 2009. Some interesting observations can be made. First, there are
many gaps in the trade history of the bonds, particularly in November
2008. Only 12 of the 18 trading days in that month saw any action, and the
median daily volume over the month was 60 bonds. The convertibles traded
only six days during the month. Second, the price of the convertible is often
below that of the straight bond, suggesting a negative value for the option
to convert the bond into stock (these observations are the white squares).

Figure 1.4 focuses on the valuation of the option implicit in the convert-
ible. The boxes represent the implied volatility (provided by Deutsche

Figure 1.3 Convertible and Straight Bond Prices, Smithfield Foods
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Figure 1.4 Convertible and Option Implied Volatility, Smithfield Foods
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Bank) for the convertible, and the solid black line represents the implied
volatility from the closest comparable listed option (provided by
iVolatility.com). The convertible bond provides for a conversion price (i.e.,
the strike price of the option) of $22.685 per share. The listed implied
volatility is for the January 2010 25-strike call option until December 12,
2008, and for the January 2011 22.5-strike call thereafter.

Corresponding to the many days shown in Figure 1.3 with a convertible
price below the straight bond price, there are many dates for which no
meaningful convertible implied volatility can be calculated. Even on the
days when it can be calculated, it is far below the listed volatility and often
moves in precisely the opposite direction as the listed volatility. The
implicit option in the convertibles was not a good substitute for the compa-
rable listed option during this period. A model that might have worked for
listed options would have failed miserably for convertibles.

Why Did It Happen?

Market participants were convinced about the causes of the shock to con-
vertibles. “It is the cost and availability of leverage that is driving the mar-
ket,” said one portfolio manager.* Because prime brokerage desks cut back
on financing activity in the midst of increased perceived risk and bank-wide
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deleveraging, convertible margins increased. Margin for convertibles was
typically around 15 percent before September 2008 but had risen to 30 per-
cent by mid-November.” “At the same time, some funds focused on con-
vertibles borrowed as much as $5 for each $1 of equity in recent years,
leverage that has turned small losses into huge ones. ... Now prime bro-
kers are either cutting off hedge fund clients, raising borrowing rates or
forcing them to produce more collateral to back the borrowed money.”¢
Credit lines had been reduced, and the market for more speculative grade
convertibles had vanished, leaving cash-strapped managers to sell liquid
assets wherever they could be found.

Forced deleveraging by convertible managers was not the only issue
related to increased haircuts: multistrategy hedge funds were said to be
deleveraging to meet margin calls in a variety of areas after losses and mar-
gin increases. Table 1.2 shows estimated changes in margin for a variety of
instruments. Any liquid securities were fair game for raising cash. The
remaining portfolios after the liquidations were highly illiquid. Many funds
imposed gates or put illiquid assets into sidepockets, increasing the gridlock
for investors in need of liquidity.

Another major roadblock that no model expected was the imposition of
arbitrary short-sale constraints by regulators. One regulation by the U.S.
Securities and Exchange Commission (SEC) eliminated the exemption for
options market makers to deliver shares of companies placed on threshold
lists (i.e., stocks for which short sales had failed after the shares were not
delivered). Next, the SEC ordered that market participants could not initiate
new short positions against nearly 800 financial stocks, as of September 19.
“Not only does the SEC rule hamper hedge funds,” concluded the financial
press, “Wall Street trading desks also have been handcuffed. ... While an
exemption provided by the SEC allows dealers to sell stocks short as part of

Table 1.2 Typical Haircuts or Initial Margins

April 2007 (%)  August 2008 (%)

U.S. Treasuries 0.25 3
Investment-grade bonds 0-3 8-12
High-yield bonds 10-15 25-40
Equities 15 20
Investment grade corporate credit default swap | 5
Senior leveraged loans 10-12 15-20
Prime mortgage—backed securities 2-4 10-20
Asset-backed securities 3-5 50-60

Source: International Monetary Fund (2008), p. 42.
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their function as market makers, that leeway doesn’t apply to market-mak-
ing in convertibles.”” Nor did it initially apply to option market makers.
Once again, the opinion of market participants was unequivocal: “[O]ptions
market makers were refusing to quote without the ability to hedge. If they
don’t fix it, there just won’t be an options market on Monday.”®

The week before the elimination of the exemption was overturned,
option trading desks faced difficulties facilitating customer orders to hedge
exposure in financials. As an indication of the dislocation in the option mar-
ket due to the SEC short-selling regulations, consider the percentage
bid/ask spread of XLF options. The XLF is a market capitalization
weighted basket of financial stocks, and options on it should reflect the diffi-
culties of shorting these stocks. The following numbers reflect a weighted
average closing bid/ask spread using the put option slightly above and below
the closing spot price for the XLF (using Bloomberg data). For the two
weeks prior to the SEC rulings (September 2-12), the spread averaged
3.7 percent. During the week of the short sale rulings, the spread increased
to an average of 15.3 percent. The following week, market maker exemp-
tions were re-established and spreads declined to 6.2 percent. Based on the
sharp change in spreads over these event dates, I infer that option market
liquidity was severely diminished by the rulings.

Frictions remained after the exemption was reinstated. Market makers
could not knowingly effect a short sale for a customer who was establishing
or increasing a short position in restricted stocks. Desks required a memo
from customers stating that the purchase of put options, for example, would
not increase the customer’s economic short position in that name (lying on
the memo was fraud, said the SEC). Selling calls on a financial stock was
similarly difficult.

Post Mortem

Convertible bond managers saw their assets sold off due to exogenous
shocks, and they faced thin markets if they tried to sell. The buyers’ strike
meant that price discovery was difficult, if not impossible, for convertibles.
Continuing supply shocks (prop desks or hedge funds unwinding entire
books by sending out bid lists of portfolios) and tighter budget constraints
for remaining funds meant that “good deals” went ignored. Gates, side-
pockets, or suspensions were likely to be imposed on some funds. End-
investors had little visibility into the portfolios and redeemed more than
they really wanted, just to get the redemptions they needed. The cycle was
vicious. Textbook arbitrageurs with unlimited capital and the ability to
swoop in and buy underpriced assets were a myth.

13
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What models would have coped with this situation better and managed
losses better? Hedge funds needed to raise cash or hedge their convertible
positions, but convertible markets were minimally open and hedging instru-
ments were unavailable. Even if they had previously traded a hedge, such as
selling a call option or shorting a similar bond, the hedge moved the wrong
way and they lost money. What are the lessons?

I suggest that tweaking valuation and hedging models that work 99 percent
of the time, by adding transactions costs or occasional massive jumps, may
not be the most useful way to protect against the hundred year floods that
happen every few years in financial markets. Green and Figlewski (1999)
found that writing options with an implied volatility slightly higher than
“expected”—a dealer mark-up, if you will—protects against many small
losses but does not protect much against the most violent shocks. Going back
to the conceptual model p;, = E” [p;] + ey, e = ¢; + dj; described earlier, the
“fair value” of the asset may well be a valid concept for the fund manager,
even if (especially if?) it occasionally diverges dramatically from the market
price. It may be also be perfectly adequate for hedging local risks. Tweaking
the model may produce slightly different values or hedge ratios, but any vari-
ation is likely to be swamped by a huge value for ¢; during crisis periods. Fac-
toring in huge risk premiums to account for every eventuality, no matter how
remote, effectively means walking away from the strategy.

"The most important model to fix, in this instance, might be the investment
and distribution model for hedge funds rather than the pricing model. Ensur-
ing effective communication to investors, along with appropriate transparency,
should help diminish noise trading by investors. Given the reluctance of hedge
funds to “talk their books,” perhaps this is best accomplished by passing the
information through an intermediary (e.g., a risk aggregator service, or a
managed account platform with established risk controls) who can vouch for
the fund’s prudence without revealing sensitive portfolio information. Second,
the gridlock and uncertainty faced by investors at a market-wide level might
be minimized to the extent possible by allowing better access to secondary
markets in claims on hedge fund interests. This might facilitate better price
discovery that is not buffeted by liquidity shocks that could amplify funda-
mental market disturbances. An open question would be how to minimize the
principal-agent problems with a setup similar to this one.

BEFORE THERE WERE OPTION
PRICING MODELS...

"This section provides a brief review of how option pricing actually worked
before modern no-arbitrage models dominated thinking. It turns out that
option pricing in the nineteenth century, for example, did not work so
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differently than it does today. After the widespread adoption of no-arbi-
trage models (based on continuous trading and perfectly liquid markets),
the major change was the sharp decline in the gap between implied and
realized volatility. Option prices using the old rules of thumb were consid-
erably overengineered, at least according to the textbooks.

We start by observing that option markets existed and worked reasonably
well in the centuries before no-arbitrage models came to the fore. This
should not be such a surprise, as markets for other assets or commodities
still function well without no-arbitrage models. Option prices conformed
to a number of empirical regularities seen in today’s markets: implied
volatility typically exceeded realized volatility and followed its general
movements, the volatility skew existed and moved similarly across stocks,
and implied volatility matched realized volatility in the cross section of
stocks (i.e., high volatility stocks had higher implied volatility) (Mixon,
2009). Supply and demand conditions plus trader intuition was enough to
generate the same empirical regularities as modern markets. The striking
difference is that implied volatility was vastly higher than realized volatility
during the nineteenth century, and the gap between the two fell sharply as
soon as the Chicago Board Options Exchange opened in the early 1970s.
Theory did not create option markets, but it sharply impacted them along
that one dimension.

Traders used rules of thumb that approximated the precise values pre-
scribed by modern theories. For example, options in London featured a
strike price generally set at the market price of the stock at initiation (plus
interest until expiration, hence the options were effectively struck at the
forward). If the stock was at $75 and the option was quoted at 1.25 percent,
for example, the price of a 75-strike call was $125 per hundred shares. If a
buyer wanted to cheapen the cost of the option, the rule of thumb was to
adjust the option price by half the adjustment in the strike price. Modifying
the example above, a call strike at $76 would cost 0.75 percent or $75.7

Figure 1.5 readily demonstrates the sophistication of option markets in
the nineteenth century. The heavy black line is trailing one-month realized
volatility for Union Pacific, an active railroad stock. The measure is the
annualized Parkinson volatility computed using high and low daily price
data. The black squares represent a 50 delta implied volatility for one-
month Union Pacific options, computed from indicative quotes in the Coz-
mercial and Financial Chronicle. Mixon (2008) provides a full discussion of
the market and the construction of the data used here.

Visual inspection shows that volatility moved around quite a bit during
this period as Union Pacific’s and the wider market’s prospects varied. Base-
line volatility appears to be around 20 percent, with spikes up to the 40 to
50 percent range. Volatility spiked up over 100 percent during the Crisis of

15
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Figure 1.5 Union Pacific Implied and Historical Implied Volatility, 1873-1875
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September 1873. Some observations are apparent. First, implied volatility
generally tracks the movements in realized volatility, gradually declining as
markets quieted down after the crash in September 1873, rising during the
April 1874 market decline, and so forth. Second, the gap between implied
and realized volatility averaged around 14 volatility points for dates when
both values are available. This contrasts with the decidedly smaller values
observed in modern-day markets.

Figure 1.6 illustrates the skew for equity options during the ninteenth
century. When Union Pacific sold off during the Crédit Mobilier of
America scandal of 1873, 25 delta call volatilities were bid up relative to 25
delta puts. This pressure also applied during the rally in early 1874. As the
market traded in a range and then rallied sharply into 1875, the skew
tended to fluctuate around zero.

These illustrations suggest that option markets were, and remain, highly
influenced by supply and demand factors. Generally speaking, modern mar-
kets generate option prices the same way they did long before sophisticated
mathematical models became available. After the introduction of “fair
value” prices based on no-arbitrage models and perfect markets, the major
change was the sharp decline in the gap between implied and realized
volatility. Option prices using the old rules of thumb were considerably
overengineered. Whereas the textbook no-arbitrage Black-Scholes solution
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Figure 1.6 Union Pacific Stock Price and Volatility Skew, 1873-1875

80 140%
Panic of 1873
70 + - 120%
60 - 100%
o 0 - 80%
N
S~
o 40+ - 60%
X
]
v 30+ - 40%
20 AA’T - 20%
10 A A A A.. Pt &‘ ™t 0%
q kY v X 1 L‘V v H Il
0 —20%
Dec 1872 Jun 1873 Dec 1873 Jun 1874 Dec 1874 Jun 1875
— Union Pacific stock price
—— (25 delta call vol - 25 delta put vol)/50 delta vol

predicts that option supply (long or short) is unlimited at the no-arbitrage
price, this appears not to hold exactly in the real world. Careful research on
modern option markets (e.g., Bollen and Whaley [2004]) underscores this
proposition. Surely the impact is magnified during crisis periods, as the sec-
tion above documents for convertibles during 2008.

LESSONS FROM BRIDGE BUILDING

Like option traders in the nineteenth century, bridge designers in that era
had to rely on intuition and experience. They watched light suspension
bridges blown away in storms, and a primary focus in bridge building was
building a bridge that would not fail. Suspension bridge builders made their
designs heavy and stiff and virtually ignored the presence of the cables hold-
ing up the roadway. They added stays and trusses, and they added weight so
that the bridge would not swing like a pendulum in the wind. Yet, as the
field progressed, the theoretical basis for their designs became far more real-
istic regarding how loads were distributed among the various components of
the bridge. All that stiffness became expensive, unnecessary overkill.
Suspension bridges so long as to be virtually unbuildable using mid-
nineteenth-century theories became feasible and turned into reality.
The George Washington Bridge in New York spans 3,500 feet and was

17
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completed in 1931; it provides a useful example. Buonopane and Billington
(1993) computed the deflection at the midpoint of the span, for a particular
load, under several theories. The deflection theory, which we can treat as
approximately the “true” value, indicates that the bridge would flex by
34 inches under the load. The less sophisticated elastic theory, dating from
the 1880s, predicts a deflection over 10 times that amount at 363 inches.
The Rankine theory from the 1850s would predict a deflection of 5,800
inches. The simple unsupported beam theory, which does not account for
the cables at all, predicted a bending of nearly 2.4 million inches (nearly
200,000 feet). The old theories were far too conservative.

The upshot was that engineers in the 1930s could calculate quite pre-
cisely how bridges would perform under various loads. They economized
on steel and cable, as the theories prescribed exactly how much they could
safely carry. The newer, more realistic theories allowed designers to build
longer bridges, build them more cheaply, and to make them quite elegant
and graceful, instead of the expensive, bulky bridges from the past. For
example, it has been estimated that building the George Washington Bridge
with the deflection theory saved US$10 million (in 2008 dollars, that’s
more than US$100 million) due to reduced requirements for steel, cable,
and anchorage costs.! In general, the application of the improved theory
for the design of suspension bridges led to savings in truss steel estimated
from 20 to 65 percent.!!

And yet, the precise theories that allowed the designers to eliminate the
expensive deck stiffening reintroduced wind-induced motion as a major
design issue into bridge construction. The theories were fine as far as they
went, but they were not sophisticated enough to deal with the aerodynamic
issues emerging even at a relatively low velocity wind. The designers had
become so sophisticated they forgot the lessons their predecessors had
learned the hard way about making a bridge stable in the wind.

After the humbling experience of the Tacoma Narrows Bridge failure,
bridge designers began carefully studying bridge aerodynamics. They stiff-
ened the bridges. They utilized numerical methods to analyze the problems
and built scale models. They still debate the exact mechanism by which the
Tacoma Narrows twisted itself apart.!? Perhaps the most important lesson
for financial engineers is that they did not abandon sophisticated models,
nor did they abandon building ever-more sophisticated and longer bridges.

Shoehorning economics questions into a physics or engineering frame-
work may seem misplaced, but perhaps creative thinking can be stimulated
by analogy, that is, by examining how those disciplines have responded to
practical problems. For example, Strogatz and colleagues (2005) concluded
that pedestrians on a swaying footbridge find that falling into step with the
bridge’s swaying is more comfortable than fighting it. Yet this individually
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rational “phase locking” behavior amplifies the swaying and could lead to
disaster. The solution is to modify the bridge to dampen the feedback. Lit-
tle imagination is needed to find the analogy of hedge funds or other insti-
tutions selling assets to reduce leverage in a crisis, amplifying the effects.
What kind of dampeners could reduce such feedback during a marketwide
financial deleveraging?

CONCLUSION

Some straightforward conclusions on the art of financial model building
emerge from this review. First, financial engineers should carefully study
past failures. Extrapolating from seemingly successful structures without
understanding potential causes of failure can lead to catastrophes. Ironi-
cally, reliance on more precise theories can lead to disaster, as the structure
can become more exposed to forces not incorporated into the more sophis-
ticated theories. Other professionals, such as MBAs, analyze case studies
from the real world in order to stimulate critical thinking; we should expect
no less from financial engineers. The book by Bruner (2005) is an example
of such work in the corporate finance area; it draws lessons from corporate
mergers that, in retrospect, were disasters.

Second, continuous trading and the absence of arbitrage are crucial to
most modern financial models. However, the real world contains frictions
that make this broad assumption too strong to generate realistic predictions
at all times. Financial engineers should be mindful of these extreme cases
and design structures that can withstand such bursts of chaos.

Finally, despite the disasters and public disrepute associated with finan-
cial engineering, the last thing we should do is give up on building sophisti-
cated models to understand how the world works. We have to learn how to
work around our limited knowledge and make incremental progress.
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CHAPTER

TOWARD A MARKET
SECTOR-BASED
COMPOSITE POLITICAL
RISK INDICATOR
MODEL

John Simpson

ABSTRACT

Model risk involves the risk of model misspecification. In this chapter it is
argued that unsystematic risk is an indicator of country-specific and
human factors. With a strong theoretical base for a systemic capital asset
pricing model specification, these factors may be classified as political risk,
which is influenced by social, legal, and cultural effects. When adjusted
for degrees of systemic information efficiency and country-industry
interaction with global stock markets, this uncomplicated analytical tool
could reduce model risk and be used to calculate composite political risk,
which can be used as an adjunct to other risk indicators. Government and
industry risk analysts may be able to preempt market and political risk
problems and to price risk premia in international bank lending with
greater frequency of information than is currently available. The example
used in study involves a hypothetical country banking industry and its
interaction with the global banking industry. Future research will test the
model’s efficacy.
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INTRODUCTION

This chapter is motivated by the need to return to a basic political risk indi-
cator and risk valuation model in light of the recent global turbulence in
economies and financial markets. A lesson to be learned from the economic
and financial crises of 2008 and the Middle Eastern political turmoil from
2001 is that an additional analytical tool utilizing country and global stock
market indexed data would be useful. Much of the blame for the current
global financial crisis is leveled at model risk relating to the econometric
models produced by financial economists. The model expounded in this
chapter perseveres with a theoretical view on the basis that financial econo-
mists cannot be held responsible for the human element that produces dys-
function in stock market sectors. Nevertheless, the model discussed in this
chapter strives to measure human or political influences in country stock
market sectors and takes the example of the banking sector. Such an indica-
tor would provide a broad picture of composite political risk in each coun-
try and its impact on the banking sector in that country on a daily basis.

Country risk is the risk that a country will be unable or unwilling to
service to its external commitments. The inability to perform relates
to economic and financial factors. The unwillingness to perform is related
to human factors or, in other words political, social, legal, and cultural fac-
tors. In this chapter these human factors are classified under the broad cate-
gory of composite political risk. Economic and financial risk is objectively
assessed by examining factual and historical economic and financial infor-
mation. Political risk is essentially the slowing down in the meeting of
external commitments for overtly political, social, legal, and cultural rea-
sons. Up to this point, however, political risk analysis has been infrequent
and subjectively assessed but, based logically, on expert opinion.

Risk ratings agencies,! canvassing the opinions of credit risk experts,
have attempted to quantify political risk by scoring various countries
according to degrees of such risks as corruption, quality of bureaucracy,
and history of law and order. These subjective assessments also provide an
indication of the propensity of that country to experience and transmit
political unrest and this unrest would include extreme political acts. One
problem with the ratings is that they do not respond as frequently as they
should to randomly arriving good and bad news. Changes in political risk
ratings are only reported monthly at best.

A more frequent composite political risk indicator should be available, at
least on a daily basis. A simplified model is needed where human behav-
ioral inferences can be made from randomly arriving good and bad news
relating to stock markets which are major indicators of a system’s financial
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and economic health. Such an indicator would also reflect the country’s
degree of interaction with the global economy as another element of com-
posite political risk. It is not suggested that the indicator replace existing
risk ratings. It is suggested that it be used as another political risk manage-
ment tool for use in conjunction with political risk ratings information.

Stock markets are major indicators of a country’s economic and financial
health and growth. In regression analysis of a basic systemic? market model,
the regression coefficients represent systematic or market risk. The returns
of a country’s stock market index (adjusted by the risk-free rate of interest
in that country) are regressed on a global stock market index (adjusted for
an appropriate global proxy of a risk-free interest rate®). Market risk in
financial and economic systems is dependent on economic and financial fac-
tors which are the same for all and cannot be diversified. These factors are
objectively assessed as they are based on factual and historical information.

If it is assumed market risk captures all financial and economic factors in
a stock market system in an economy as well as the effect of the interaction
of one system with the global stock market system when stock markets are
efficient (that is, where stock market returns are a random walk?®), it may
also be assumed that the error term in such a regression represents unsys-
tematic or idiosyncratic risk. The error of such a regression is thus country
specific and reflects the composite human element related to political,
social, legal, and cultural factors. It contains all subjective factors that are
by themselves difficult to measure and predict. It would, apart from the
effect of any natural disaster, reflect composite political risk. Herein lies
the basis for a new composite political risk indicator. The higher the error,
the higher the degree of political risk. This information is as frequently
available as stock market share price indices information.

"To illustrate the functioning of this model, samples of developed and
developing country financial systems are examined. The findings should be
of interest to investors, regulators, and government trade and security pol-
icy makers. The model could help to anticipate not only financial crises
(with the examination of market risk) but also political crises and climates
for extreme political acts (with the examination and comparison of unsys-
tematic risk components adjusted for the degree of information efficiency in
each compared country).

EXISTING RISK RATINGS SYSTEMS

Sovereign credit rating history is published by world credit risk rating agen-
cies such as Standard and Poor’s, Moody’s, and Fitch-IBCA. The ratings
scales and assessments are comparable and are largely reflective of economic
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and financial factors. The scales extend from extremely strong ability to
repay through to default. The agencies also report credit watches (short-
term potential direction) and ratings outlooks (long-term potential direc-
tions). This is very useful information particularly when such information
can be disaggregated into specific economic and financial risk components.

Simpson (2002) undertook a cross-sectional study of country and inter-
national banking risk ratings and economic and financial data for 1995, and
from this study several comments may be made about the leading
country/sovereign risk ratings agencies. First, the risk ratings from these
agencies are highly positively correlated. Second, country risk ratings may
be largely replicated using primarily trade performance and debt service-
ability data. Third, country risk ratings are also highly positively correlated
with international banking risk ratings, thus reflecting the importance of
banks as key economic agents. Fourth, pure political risk factors have a very
small role in the ratings replication process.

Finally, from a cross-sectional analysis of risk ratings alone, it is not pos-
sible to tell whether or not the ratings lead or lag either financial or eco-
nomic crises. It is also evident that sovereign risk, country risk, and political
risk definitions are often confused. In this chapter country risk is the broad
concept (total risk) composed of economic and financial risk (systematic
component) and political risk (the unsystematic component).

COUNTRY RISK, SOVEREIGN RISK,
AND POLITICAL RISK

Most researchers have failed to differentiate country risk components con-
ceptually, thus ignoring pure political risk. Nevertheless, several studies
involving the relationship between market data and country risk ratings
have been useful. Holthausen and Leftwich (1986), Hand, Holthausen, and
Leftwich (1992), and Maltosky and Lianto (1995) argued that sovereign
risk rating downgrades were informative to equity markets, but upgrades
did not supply markets with new information. Cantor and Packer (1996)
examined a sample of developed and emerging markets over the period
1987 to 1994 and found that sovereign risk ratings had a significant impact
on bond yield spreads.

Erb, Harvey, and Viskanta (1996) discussed the importance of an under-
standing of country risk for investors. They found that country risk meas-
ures are correlated with future equity returns, but financial risk measures
reflect greater information. They also found that country risk measures are
also highly correlated with country equity valuation measures and that
country equity value-oriented strategies generated higher returns.
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Diamonte, Liew, and Stevens (1996) used analyst’s estimates of country
risk to show that country risk represents a more important determinant of
stock returns in emerging rather than in developed markets. They also
found that over the past 10 years country risk had decreased in emerging
markets and increased in developed markets. They speculated that if that
trend continued the differential impacts of country risks in each of those
markets would narrow. In this chapter, the size of the error will also reflect
the degree of globalization achieved by each country. Any reduction in the
average size of the error for individual countries and for all countries will
reflect increased globalization and a reduction in political risk.

Larrain, Reisen, and von Maltzan (1997) incorporated country risk data
up to the Mexican crisis of 1994 to 1995 and found that the overall impact
of ratings changes on bond prices was insignificant. Hill (1998) found that
in times of crisis many investors may be determined to minimize exposure
to securities affected by country risk until they have more information, but
after a period of calm the spreads being offered appear to be too high rela-
tive to the risks. After more investors return to the market, the spreads
lessen and when there is another crisis the cycle recommences.

Specifically in regard to the Asian currency crisis, Radelet and Sachs
(1998) suggested that country/sovereign risk ratings agencies were too
slow to react and when they did react it was suggested that their ratings
intensified and prolonged the crisis. Ferri, Liu, and Stiglitz (1999) argued
that the ratings agencies behaved in a procyclical manner by upgrading
country/sovereign risk ratings during boom times and downgrading them
during crises.

Reisen and von Maltzan (1999) argued that ratings agencies exacerbated
boom-bust cycles in financial markets and put emerging markets at greater
risk. Hooper and Heaney (2001) studied regionalism, political risk, and cap-
ital market segmentation in international asset pricing. They concluded that
multi-index models should be tested that incorporate a regional index, an
economic development attribute, commodity factors, and a political risk
variable in order to more effectively price securities.

Brooks and colleagues (2004) argued that equity market responses to
country/sovereign risk ratings changes revealed significant responses fol-
lowing downgrades. Hooper, Hume, and Kim (2004) found that ratings
agencies provided stock markets and foreign exchange markets in the
United States with new tradeable information. Ratings upgrades increased
stock markets returns and decreased volatility significantly. They also dis-
covered significant asymmetric effects of ratings announcements where the
market responses were greater in the case of ratings downgrades. Few
authors have examined pure political risk factors.
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However, Busse and Hefeker (2005) explored the connection between
pure political risk, institutions, and foreign direct investment flows (some of
which is channeled into stock markets). They found that government stabil-
ity, the absence of internal conflicts and ethnic tensions, basic democratic
rights, and the ensuring of law and order are highly significant determinants
of foreign investment flows. Evidence of the direct adverse effects of
extreme political acts on industries and economies is provided and cited in
Simpson (2007a, 2007b).

The evidence is mixed but most evidence points to country/sovereign
risk having a significant relationship with stock market returns. Some argu-
ments imply that financial crises reflected in reduced stock market returns
are the drivers of sovereign risk ratings. If this is the case, risk ratings agen-
cies cannot contribute new information to financial markets for investors
and nor could they be useful to regulators and government policy makers.
Under the surface, the unwillingness to service external debt may be influ-
enced by economic and financial factors, such as acute shortages of foreign
exchange (Bourke and Shanmugam, 1990).

MARKET RISK, MARKET EFFICIENCY,
AND CONTAGION

The proposed model is strongly based in portfolio, market efficiency, and
financial contagion theories and is therefore more likely (subject to thor-
ough testing) to avoid problems of model risk and model misspecification.

Market Risk Models

Markowitz (1959) developed a basic portfolio model for securities based on
a series of broad assumptions relating to investor behavior.” He demon-
strated that the variance of the returns was a meaningful measure of port-
folio risk. Under his assumptions, a single asset or a group of assets in a
portfolio is efficient if no other asset or group of assets provides a higher
expected rate of return for the same or lower risk or lower risk with the
same or higher rate of return. Capital market theory has built on the
Markowitz portfolio model and requires similar investor behavioral
assumptions with additional assumptions that include consideration of the
risk-free rate of return.® The proposed model in this chapter contains simi-
lar behavioral assumptions and controls for the risk-free rate and thus
excess returns.

The capital asset pricing model (CAPM) developed by Sharpe (1964) and
arbitrage pricing theory (APT) developed by Ross (1976) differ in that the
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latter includes several risk factors. This permits a more comprehensive defi-
nition of systematic investment risk than that in the CAPM’s single market
portfolio. Fama and French (1992) found a weak association between the
returns of an asset and its beta. They found statistically significant relation-
ships between returns, firm size, and the ratio of book to market values.
Roll (1977) suggested that the market proxy for CAPM may not be mean-
variance efficient. A criticism of the APT is that the risk factors in the
model are not defined in terms of their quantity, but significantly, the APT
asserts that a security’s return has an expected and an unexpected compo-
nent. By implication it has a measurable or quantifiable or systematic com-
ponent based on fact and a difficult to measure or unsystematic component
that is based largely on opinion.

This is consistent with the model adopted in this chapter, although the
model does not control for the factors discussed by Fama and French (1992)
or Roll (1977). The model in this chapter is in accordance with APT asser-
tions where the systematic or quantifiable components are economic and
financial in nature and the unsystematic component is reflective of human
behavior in a country’s political system, which in turn is affected by social,
legal, and cultural factors in that country.

More recently, multifactor models have attempted to turn theory into
practice and use a variety of macro- and microeconomic factors to explain
risk and return. Many of these multifactor models may not be firmly
founded in capital market or economic theory and there are many different
specifications (Reilly and Brown, 2003). Ultimately, if political, social, legal,
and cultural factors are to be taken into account in a model of country
stock market returns, it is necessary to assume that they are incorporated in
such a basic market model. This avoids the myriad of problems encountered
in more advanced versions of the CAPM or the APT or the multifactor
models. Reilly and Brown (2003) imply that it is feasible to apply a basic
market model to a financial system using systemic stock price index data
provided the constituents of the indices used are representative of the
industry in the country concerned.

Contagion and Spillovers

The global financial crisis has highlighted the concept of contagion,
spillovers, and the importance of the interconnection of global financial
markets and economies. Researchers that have studied stock market
spillovers are many and include Baig and Goldfajn (1998), Forbes and
Rigobon (1999), Dungey and Zhumabekova (2001), Caporale, Cipollini,
and Spagnolo (2003), Rigobon (2004), with currency market literature in
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Ellis and Lewis (2000). This literature has focused on the manifestation of
financial contagion.

Market Efficiency

According to Fama (1970), security markets can be tested for information
efficiency at three levels. They are weak-form efficient if stock prices
and/or returns are a random walk; semi-strong-form efficient if stock prices
and/or returns immediately reflect all available public information; and they
are strong-form efficient if stock prices and/or returns reflect all public and
private information. However, many developing markets have not achieved
even weak-form efficiency. Strong-form efficiency is yet to be attained in
even the most developed market, as evidence by the frequency of cases of
investigation of insider trading and market manipulation.

It is quite clear that the raw composite political risk scores derived from
the market model would need to be adjusted for varying degrees of infor-
mation efficiency in each system. The scores will only be consistent and
provide meaningful indication if all markets have a similar degree of infor-
mation efficiency or if they are weighted according to the degree of effi-
ciency achieved in each system. The level of market efficiency for a
country’s stock market can be proven through autocorrelation tests (that is,
testing the independence or randomness of prices and/or returns) and event
studies (that is, testing the timing of the changes in prices and/or returns
around public news events).

THE MODEL

The whole point about political risk is that it is largely composed of legal
differences between countries and that these differences are exacerbated by
other human factors relating to social and cultural environments. The
model that follows cannot control for the various components of political
risk. However, the model recognizes that there is a composite political risk
value that comprises all these human and legal components. Political news
good or bad arrives randomly. If we are examining daily data, models must
attempt to provide daily composite political risk indication. Such models do
not do this at present. Let it be assumed that the study involves a country
banking system. A simple capital assets pricing model is specified and
expanded to not only control for the country stock market, but also the
interaction with the global banking market and the global stock market.
The major assumptions of the portfolio, efficient markets, and financial
contagion theories are carried over to the specified model. That is, that all
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economic and financial influences on a country banking sector are captured
in the regression intercept and its coefficients. All country specific and
therefore all social, cultural, legal, and political influences (which collec-
tively make up composite political risk) on the country banking industry
are captured in the unsystematic risk component. That is, in the error term
of the regression. The basic capital asset pricing model is expanded to be
assumed to be applicable to an industry sector rather than a firm within
that sector. The model is also expanded to include control for global inter-
action and relative market efficiency variables. These are unique features of
the model which, in its expanded form, is more likely to avoid model risk
problems and model misspecification.

Step One

The first step is the specification of a basic market model of unlagged
returns variables. According to this model, systematic risk (financial and
economic) components are assumed captured in the regression intercept
and beta coefficient and idiosyncratic (unsystematic or country specific
political, social, legal, and cultural factors) risk components are assumed
captured in the error term. Note: Returns of the country banking industry
price index, the country stock market index, and the global banking indus-
try price index below are as follows:

Pr - Pr—l
R =—+— (2.1)
L
Ri, - Rg‘ff, =q; + ﬁli,(Rmr - Rﬁvf) +e (2.2)

where R is the return on a country’s banking share price index 7 at time 7.
Ris, is the risk-free rate in the country system 7 at time . @, and f;, are the
regression coefficients representing the proportion of systematic or market
risk in system 7 at time ¢ arising from the country stock market and the
global stock and banking markets. Ry, is the return on a country stock
market price index at time . ¢;, is the error term of the regression indicating
the unsystematic risk in banking system 7 at time ¢.

Note 1: The error term is the raw composite political risk component and
it also reflects the degree of a country’s global interaction in banking mar-
kets. Thus the development of the model in Equation (2.1) needs to control
for global interaction.
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Note 2: The model deals with returns and thus reduces the likelihood of
dealing with nonstationary data as well as dealing with serial correlation in
the error term. It is, however, likely that heteroscedasticity’ is persistent in
the error terms. This could be controlled for by the specification of a gen-
eralized least-squared regression or an autoregressive conditional het-
eroscedasticity model.

Step Two

Models that try to control for country and political risk have not taken into
account the interaction between their stock market returns and the global
stock market and, in the context of this chapter, the global banking market.
A better way to control for these factors is to examine the interrelationships
between the country banking market returns and those of the global stock
market (;gy,) and the global banking market (/;5p,). These interrelation-
ships may be proxied by the correlations (p;) between each market in
returns at time ¢ where

I iam, + 1 icB, = Picvi ¥ Pigp, (2.3)
The interrelationship terms for the country banking market with the global
stock market and the global banking market may then be added to Equation
(2.2) as follows:

R ~R, =a, +pl, (Ry ~R. )+ B2,y )+ B3, (L) +e,  (2.4)

Step Three

The remaining problem is to expand the model to control for the differing
levels of information efficiency in different country banking markets. There
are several ways that this could be handled. The logical proposal is to test for
a random walk using autocorrelation tests on each set of systemic data. This
test will indicate whether the country banking sector lacks any degree of
information efficiency or is at least weak-form efficient. The analysis could
then move to test semi-strong and strong-form efficiency by running event
studies around structural breaks in the weak-form efficient systems® where
the structural breaks are proven to exist around major political or economic
events.” Each system will be shown to be

1 = Not information efficient

2 = Weak-form efficient

3 = Semi-strong-form efficient
4 = Strong-form efficient
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It might be adequate to divide the error term (as it represents a raw com-
posite political risk score out of 100) by the level of information efficiency.
That is, divide the inefficient markets error by 1, the weak-form efficient
markets by 2, the semi-strong-form efficient markets by 3 and the strong
form efficient markets by 4. In reality, in a full analysis of all country banking
sectors there will be few, if any, countries in category 4 due to the frequency,
even in very developed markets, of insider trading and market manipulation.

Perhaps a better way of capturing the level of efficiency of each banking
market would be to specify a dummy variable (that is, a dummy variable
denoted Dy, with the level of efficiency of each market ascribed a number, for
example inefficient market = 4 through strong-form efficient = 1), as follows:

R ~R, =a, +pl, (R, ~R)+ B2, )+ 3,(Liy )+ BHD, ) +e, (2.5)

Note: The speed with which each country banking market change reacts to
changes in the country stock market, the global stock market, and the global
banking market could also be obtained by running vector autoregressive
model based causality tests on lagged data and/or impulse response func-
tions.!” The degree of information efficiency of the particular market could
be proxied by the relative speed with which each banking market reacts to
changes in the domestic stock market, the global stock market, and the
global banking market and to any changes in the efficiency of that market.

For Example
Table 2.1 shows the results of hypothetical regression analysis of Equation

(2.4) for a sample of developed and developing countries.!!

Table 2.1 Regression Results of the Basic Banking Market Model for
Each Country

Raw
Adjusted Composite
R-Squared Political
Value Beta t Statistic Standard Risk Score
Systematic  Coefficients of Beta Errors  (Regression
Country or Market risk Summary Summary Summary Errors)
United States 0.6332 1.2979 46.0952 0.0282 36.68
United Kingdom 04717 1.1467 33.1446 0.0346 52.83
Australia 0.0956 1.1048 8.3246 0.0457 90.44
Malaysia 0.0266 0.3635 5.8011 0.0553 97.34
Philippines 0.0019 0.0884 2.5048 0.0662 99.53

Thailand 0.0047 0.0660 1.8247 0.0727 99.81
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Note 2: The value and significance of regression parameters, t statistics,
and standard errors may also be useful for ranking either market risk or
unsystematic risk in the country banking industry.

In an overall comparison of the selected countries, the developed coun-
try system regressions (particularly those for the United States and the
United Kingdom, also, to a lesser extent, Australia) have, on the day of test-
ing, higher adjusted R-squared values, higher regression coefficients, higher
t statistics, and lower standard errors than the developing country banking
industry sectors. In this way a running regression can be employed, using
past daily data up to the date of analysis.

It may be concluded that the developed country banking sectors have
higher levels of systematic risk and lower levels of unsystematic risk than
the developing country banking sectors, when interacting with their own
stock market as well as the global stock and banking markets in returns.
When the unsystematic risk component is converted to a score out of 100
for political risk, the ranking of least to most risky country in the sample
is the United States, the United Kingdom, Australia, Malaysia, the Philip-
pines, and Thailand. Logically this is the reverse of the market risk (sys-
tematic risk) ranking, as more developed countries are likely to have a
greater component of banking market risk as their banking sector markets
are more information efficient and they possess a greater degree of global
integration.

Australia is a developed country with a sophisticated financial system and
a stable economic and political environment. A political risk score of more
than 90 does not provide a true indication of its riskiness in terms of social,
legal, and cultural factors that impact its political willingness to service its
external debt and commitments. Australia’s banking market might be tested
and demonstrated to be semi-strong-form efficient. Hypothetically, the
United States and the United Kingdom may have tested as strong-form and
semi-strong-form efficient, respectively. Malaysia and the Philippines may
have tested as weak-form efficient. Thailand may have tested as lacking any
level of information efficiency. The scores could be adjusted daily, until the
markets are again tested for levels of efficiency some time in the future
when deemed appropriate.

However, if the control for the level of information efficiency of a partic-
ular banking market is implemented using a dummy variable [as described in
Equation (2.5)], the results of the testing of the model may reveal the fol-
lowing information in Table 2.2. In this table it would be concluded that the
U.S. market possesses the lowest composite political risk and the Thailand
market the highest. While Australia has a high raw composite political risk
rating due to a lack of global interaction, a suitable adjustment has been
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Table 2.2 Adjusted Raw Composite Political Risk Scores

Market

Level of Raw Composite Efficiency-Adjusted

Information Political Risk Composite Political

Country Market Efficiency Score Risk Score (Rank)
United States 4 36.68 9.17 (1)
United Kingdom 3 52.83 17.61 (2)
Australia 3 90.44 30.15 (3)
Malaysia 2 97.34 48.67 (4)
Philippines 2 99.53 49.77(5)
Thailand | 99.81 99.81 (6)

made to this rating by controlling in the final model for the semi-strong
level of market efficiency that exists in the Australian market.

Step Four

When the daily errors terms are held for each country banking system they
are compared with the composite political risk ratings from risk rating
agencies. If there is a high positive correlation between the errors and the
risk ratings, this verifies the correct specification of the model and the
nonexistence of model risk.

It is likely that the returns of the country banking sector and the politi-
cal risk scores are stationary series. It is thus likely that the level series of
banking industry prices (P;,) and level series errors (composite political risk
score denoted PR;) are integrated nonstationery processes and that a uni-
variate vector auto regressive (VAR) model can be specified by lagging the
variables in the single-period model. The single-period model is as follows:

P =a, + B(PR,) +e, (2.6)

When these variables are optimally lagged in a VAR specification, the VAR-
based tests of cointegration and exogeneity can demonstrate the strength of
the relationship between country banking industry stock market prices, and
the composite political risk variable and the exogeneity of the composite
political risk variable can also be tested. Pairwise Granger causality tests and
impulse-response functions can indicate whether country banking industry
prices are influenced by the composite political risk variable or vice versa. If
the prices are driven by political risk, then political risk is an important vari-
able that adds new information to the country banking market and can assist
in the pricing of credit risk premia for international lending purposes.
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CONCLUSION

In terms of theoretical consistency, developed country banking sectors
have higher levels of systematic risk and lower levels of unsystematic risk
than those in developing countries. Unsystematic risk, which includes
country-specific political factors impacted by social, legal, and cultural
effects, particularly legal effects, is greater in developing country banking
sectors. These country banking sectors exhibit less information efficiency
due to higher political risks in areas such as government stability, corrup-
tion, and quality of bureaucracy. Their degree of globalization and interac-
tion with the world market is expected to be less. The specified model
controls for global interaction between a country banking industry and the
global stock market and the global banking industry with the use of corre-
lation variables.

It is posited that developed economies with banking markets that are
semi-strong-form efficient but which possess low global interaction (for
example, Australia and New Zealand) still require a substantial reduction in
their raw composite political risk score because they are assumed to and can
be proven to possess greater information efficiency than developing country
systems. The specified model controls for varying degrees of information
efficiency in differing country banking industries by introducing a dummy
variable that ascribes proven levels of information efficiency to each system.

The specified model has a strong theoretical base in portfolio, market
efficiency, and financial contagion theories. If the assumptions of these the-
ories are adopted for the specified model it may be tested for each country
banking system. If the errors of the regressions are highly positively corre-
lated with actual composite political risk ratings by reputable risk rating
agencies, then the model has zero model risk and is correctly specified. The
errors of the model become the composite political risk ratings and VAR-
based cointegration and causality tests may be run on the level series. If the
new composite political risk rating drives the banking industry prices, it
may be assumed that political risk adds new information to the banking
industry; and this information may be used by the banking industry in each
country to price international lending and credit risk premia.

Previous studies have demonstrated that country/sovereign risk ratings
from leading ratings agencies may be replicated using nonpolitical data and
largely reflect economic and financial information. The scoring of pure
political risk (such as changes of government, corruption, the role of the
military, the quality of bureaucracy, and other factors that are either the
cause or the effect of social, legal, and cultural factors) by reputable politi-
cal risk rating agencies remains valuable. However, a composite political risk
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score appropriate for the banking industry or any industry derived from
more frequent market data and adjusted for country market efficiency levels
and global interaction is also considered to be useful for investors and pol-
icy makers. It is posited that the possibility exists that a significant reduc-
tion in market risk in one country might mean that substantial increases in
political risk (from overseas or domestically) have been priced into the mar-
ket. It remains for the model to be properly tested for all country stock
market sectors across all countries.
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NOTES
1. For example, ICRG (2005) published by the Political Risk Services
Group.

2. Note the different meanings in this chapter of the words systemzic and

systematic. Systemic relates to a financial or economic system. System-

atic relates to systematic risk, which is one of the components of total
risk in a financial system.

For example, a eurocurrency interbank offered rate.

Where returns immediately reflect all available randomly arriving news

and returns are independent of each other.

5. For example, investors maximize one-period expected utility and their
utility curves demonstrate diminishing marginal utility of wealth, and,
for a given risk level, investors prefer higher to low returns and for a
given level of return lower for higher risk.

6. Other principal assumptions are that capital markets are in equilibrium
with all investments priced accurately in line with their risk levels and
that there is no inflation or change in interest rates or inflation is fully
anticipated. Also assumed is that there are no taxes or transaction costs
in buying or selling assets.

7. Unequal variance of the error term.

8. For example, Chow and other structural break tests indicate significant
changes in regression parameters comparing the full sample period, the
period up to the break and the period after the break. If prices and/or
returns have demonstrated the production of abnormal positive returns
prior to the event, this may mean either insider trading or market
manipulation based on withheld good news.

oW
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9.

10.

11.

Practically, one could select reputable empirical evidence of country
stock market efficiency and grade countries accordingly.

These tests provide a one standard deviation shock to the endogenous
(dependent) variable. The response time of the exogenous (independent)
variables can then be observed.

The hypothetical sample of country banking sectors was selected to
represent strong, globally integrated developed economies in the
United States, United Kingdom, and Australia as well as a group of
developing South East Asian economies in Thailand, Malaysia, and the
Philippines.
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MARKET RISK

PREMIA

An Empirical Comparison of Four
Different Valuation Approaches

Franziska Becker, Wolfgang Breuer, Marc Giirtler

ABSTRACT

The most relevant, practical impediment to an application of the Markowitz
portfolio selection approach is the problem of estimating return moments,
in particular, return expectations. We present four valuation models based
on analysts’ forecasts that are utilized for the derivation of implied expected
stock returns: the dividend discount model, the residual income model, the
Ohlson/Jiittner-Nauroth model, and the discounted cash flow model. In an
empirical capital market study, we implement these four models and several
benchmark strategies to obtain and compare the out-of-sample perfor-
mance of the respective strategies from June 1, 1999, to December 1, 2008.
Furthermore, we estimate corresponding market risk premia for six out of
all nine strategies we examine. Though theoretically equivalent, practical
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results across the four approaches under consideration vary to a great
extent. Moreover, it is hard to systematically beat a simple naive portfolio
selection strategy even on the basis of analysts’ forecasts.

INTRODUCTION

The estimation of expected returns of investments is one of the central
problems of portfolio management and asset pricing. Within the frame-
work of portfolio management, this information is used to carry out quan-
titative portfolio optimizations. In the context of asset pricing, the
knowledge of the cost of capital is necessary, since it is used for discount-
ing expected cash flows. The determination of cost of capital is closely
related to the calculation of the market risk premium which corresponds to
the difference of the weighted average cost of equity of all risky securities
and the riskless interest rate.

While the application of historical return realizations for the estimation
of expected returns has been discussed for quite a long time, the idea of
utilizing analysts’ forecasts concerning corporate cash flows and perfor-
mance indicators is quite new. Depending on which analyst’s estimation is
taken as a basis, four different models can be distinguished: the dividend
discount model (DDM), the residual income model (RIM), the Ohlson/
Jiittner-Nauroth model (OJM), and the discounted cash flow model
(DCM). In the second section of this chapter, all four approaches are
briefly introduced. Thereafter we follow Breuer, Feilke, and Giirtler (2008)
who utilized a modification of the DDM for the case of a nonflat term
structure of interest rates, and we extend the application of this approach to
the RIM and the DCM. However, a similar straightforward implementation
is not possible for the OJM.

Despite the theoretical equivalence of these four approaches, resulting
estimators for expected one-period stock returns need not be identical as a
consequence of inconsistent parameter fixation and varying underlying
assumptions. Although in Breuer, Feilke, and Giirtler (2008), the DDM has
already been examined as a basis for portfolio optimization and for the esti-
mation of market risk premia, it seems interesting to study the adequacy of
the other three approaches as well. We do this based on monthly data for
HDAX or DAX100 firms from January 1, 1994, to January 1, 2009. Our
results are presented in this chapter’s fourth section. In general, portfolio
selection results and corresponding estimators for market risk premia vary
considerably across all four approaches. Thereby, we find that the OJM per-
forms best for low-risk aversion and the RIM outperforms all other models
for moderate and higher risk aversion.
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UTILIZING ANALYSTS’ FORECASTS FOR
EXPECTED RETURN ESTIMATION

The Dividend Discount Model (DDM)

We start our analysis with a closer look at DDM. This approach can be
traced back to Williams (1938) and Gordon (1959, 1966). According to this
model, at a given point in time ¢, the expected stock return g{”) with respect
to firm 7 will be determined as an internal rate of return of the expected
dividend payments on the basis of the market value of equity EQ,, of firm i
at time ¢. For reasons of practicability, typically a two-phase model is
employed. In the first phase, starting at time ¢#, estimations of dividends lA),v,T
of the points in time T = t+1, ..., t + T are available. In the second phase,
starting from time # + T + 1 on, only a constant relative growth g of
dividends is assumed. If necessary, an intermediate phase will be modeled in
order to procure a gradual adaption to the dividend growth rate from the
end of the first phase to the final phase (see, for instance, Stotz, 2004,
2005). The two-phase model leads to

EQ =§ Di,r+r + Di,t+T'(1+g§D))
YA ADY T - g™ i)

i i

3.1)

Under the assumption that analysts’ forecasts are (on average) true and rep-
resentative for all investors on the capital market, i/ in Equation (3.1) by
definition corresponds to the cost of equity of the firm over its entire life-
time. However, it is not necessarily identical to the expected one-period
return from holding this firm’s stocks from # to # + 1. Despite this prob-
lem, this additional (implicit) assumption is exactly what is needed to make
use of 4P for portfolio management purposes. Then it is possible to deter-
mine the expected return of the market portfolio as the weighted average of
the expected individual stock returns. Subtraction of the riskless interest
rate leads to the one-period market risk premium. This premium is an
essential component of many valuation formulas, especially those which are
based on the capital asset pricing model (CAPM).

In the case of heterogeneous expectations, ‘the’ market risk premium no
longer exists, thus such a question leads nowhere. However, the approach,
according to Equation (3.1) can still be used to determine (P, although
this value can no longer be interpreted as the cost of equity over a firm’s
lifetime. However, it may still be utilized for portfolio selection purposes.

Seemingly, several shortcomings of the basic approach have been intro-
duced so far. First of all, 4/ will be generally valid only as an average
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discount rate over the whole time horizon of the firm under consideration.
In particular, in situations with a nonflat term structure of interest rates,
corresponding one-period discount rates will not be constant. In order to
take varying risk free interest rates into account, one may replace i) by
o+ 7[), with (/) being the risk free (forward) interest rate from time
t+Kk—1tor+xand ¢ being the average equity risk premium over the
whole lifetime of the firm under consideration. Under the assumption of

constant risk-free interest rates from time 7 on, Equation (3.1) becomes

A

b % D D)

R (3.2)
HH<I+¢<D> D) G0 =g TTa i D)

and could be used to determine ¢”. Adding the risk-free interest rate 7{{)
would then result in another, hopefully better, estimator for the expected
one-period stock return.

In Equation (3.2) it is assumed that information for forward risk-free
interest rates are available for the same time horizon as analysts’ forecasts
for future dividends. However, with T} being the former relevant time hori-
zon and 75 being the latter, we typically have 77 > T5. This simply means
that in Equation (3.2), T has to be substituted by 7 and for future divi-
dends between T =t + T, + 1 and T = ¢t + T}, we have to write DA,-YHT =
ﬁi,t+T2 (1 + gDy,

Moreover, up to now, we have been silent on tax considerations. How-
ever, corporate taxes are already allowed for by analysts when estimating
future dividend payments. It remains to take a closer look at personal taxes.
Nevertheless, as situations may be quite different for different investors, we
will refrain from this possible model extension (see, however, Breuer,
Feilke, and Giirtler, 200