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Abstract:

This paper investigates whether emotional assetpravide potential hedge or
diversification solutions to financial investorsspecially when facing economic and
financial crises like over the very recent peribdparticular, | use data from Dimson
and Spaenjers (2011) to analyze correlation ofousriemotional assets (art, stamps,
violins) over the long term with main other assktsses, and stocks in particular. |
provide a lagged-CAPM analysis to quantify the esqge of emotional assets to stock
returns, and find evidence that there exists atipescorrelation between emotional
asset and stock returns, but mainly with a lag of 2 years depending on the asset. In
addition, art appears to be the emotional assets&lkorrelation with stock markets is
the highest at 57.5% with 2 lagged and 1 leadintketaeturns. | also complete a study
on diversification based on Mean-Variance optimagtwhich tends to give evidence
that emotional assets do provide diversificatiomdbgs for financial investors. Our
results for the tangency portfolio imply an allaoat of almost a third to emotional
assets divided between stamps, violins and wineorgralternative assets, Real Estate
also proves to be interesting from a financial pecsive while commodities like gold

or silver are much more disregarded.
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Introduction

The world has recently faced two very importanafioial crises since 2008, the
first one due to subprimes and the second one te@reign debt. Both crises
significantly affected stock markets and finandmmestors. Generally speaking, all
financial and economic crises, even though theyehdiferent sources and present
different features, have similar consequences oor gtock returns and increasing
markets’ volatility. From this observation, we camnder whether there exist some
other assets that would outperform stocks and cttuld help an investor diversify his
portfolio and to some extent help him get bettéurres in time of financial crisis. Main
alternative assets that are commonly considered¢a@renodities (investing in gold or
silver for instance) or real estate, and emoti@sakts from a pure financial perspective
are often disregarded or forgotten. Some of theams are that to invest in such asset
classes, you need a certain expertise, marketshach more illiquid than markets for
other assets, or that the equilibrium price of eomatl assets is unknown and as a result,
pricing evaluation is impossible. We could alsd t@bout the low market transparency,
high transaction costs, the general expertise efisarcy between sellers and buyers.
But anyway, when looking back at financial crisege can see that traditional
alternative assets can be deeply affected by thesclike real estate in 2008 during the
subprime crisis. Therefore, an investor may firiclia rationale for including emotional
assets like art, wine, or diamonds in his portfaligersification strategy, especially if
we consider that main concerns of High Net Worilividuals are capital preservation
(97% of people) and Effective portfolio managem@dt%) according to a survey from
the Capgemini World Wealth Report 2010. Thus, ibwests in emotional assets have
been expanding again after the 2008 crisis desipggpopulation of High Net Worth
Individuals was strongly affected by the finanaakis. Indeed investments of passion
kept on rebounding in 2010 and a large part of theavested was made in art (22%)
even though it decreased a bit compared to 20080Y2while other collectibles
investments boomed both in value and relative berinvestments of passion (15% of
investments of passion in 2010 vs. 12% only in 2b08s a result, Capgemini World
Wealth Report 2010 states about collectibles : keCiibles such as Art, which are

deemed to have a low or negative correlation witingtream financial investments,

! Capgemini World Wealth Report 2011



continued to have portfolio-diversification appeal Art market in particular is
experiencing a major transformation, among otheus to the « increasing recognition
of art as an asset class $his recognition, and increasing interest inaad collectibles

in general, notably derives from the current caigi@nvironment for investing (see
Clare McAndrew) and from the fact that recent research publigeed Deloitte Art &
Finance Report 2011, Mei & Moses and AMR indicesscussed further in Parts I.B
and Il B)) tends to show that art has outperforragdity since 2000. Good returns are
backed by recent strong Asian demand, and the a@wveint of art loans and other art
investment financing facilities. Today, 83% of @ie banks « feel that there are strong

arguments for including art and collectibles irdttmnal wealth management.»

Thus, the following thesis is aimed to discuss twain subjects : First, as
previously stated, the current global economicagitutn and outlook is unprecedented
for several reasons. Indeed, today markets have bearish for several years. Unlike
previous crises, the recovery is very long to aand the present situation, given all
the concerns about sovereign debt for instandiely to last. Therefore, the interest of
emotional assets as alternative investments in awgituation may be real. As such, we
will research, whether emotional assets can onageebe more resilient to crises than
other asset classes. Actually, investor behaviarotspurely financial as theorized by
Belk (1995) or Mandel (2009), what is developea intore details later in the thesis
(see Part | C)), and empirically confirmed by rdcesports (Deloitte Art & Finance
2011 : only 49% of collectors say to be primarilyvdn by investment returns). As a
result, this may impact prices and returns, evethdly still depend on demand (as
suggested by Mandel, the main driver of art retisnthe « dynamic demand)»and
hence on the wealth availahleor affect correlation with financial markets atie
general economic situation, thus providing potértdigersification opportunities. This
analysis will mainly be based on the review andgtof literature and of different ways
to calculate returns that were introduced in thet.p# fact, some of the main

difficulties of these assets are that markets lageiid, there is no equilibrium price for

2 Deloitte Art & Finance Report 2011

3 C. McAndrew, « The international Art market 200009 : Trends in the art trade
during global recession », 2010

4 B. Mandel, « Art as an investment and conspicwamsumption good », 2009



assets as we are commonly used to defining itvatuating prices of assets is really
tough, and data are rare and hard to find for sgévezasons (low quantity of

transactions, heterogeneity of assets, in artfsance, and difficulties to calculate and
compare returns...). We will then compare historicgurns of emotional assets to
stocks, and try to determine historical correlatibatween emotional assets and
traditional financial assets as well as exposureemibtional assets to market risk

through a lagged CAPM analysis.

We will also study whether emotional assets provideversification
opportunities for financial investors. Benefitsukisig from diversification have been
assessed for quite a long time and, in additiomaaays traditional assets are more and
more correlated thus reducing the impact of sudiversification by investing in stocks
from different countries or sectors. In 2007, Rich&ernstein and Kari Pinkernell
stated that correlation between the S&P 500 andh rother asset classes including
stocks, commodities, hedge funds and real estaténlseeased over the past 10 years to
a level sometimes in excess to 90%, and even atteday positively correlated with
S&P 500 even though the level of correlation wagelothan with most of previously
cited assets. Actually, although assets are pesjtisorrelated, diversification can still
be useful to optimize risk and return of an investportfolio. Indeed, « the benefits of
diversification across asset classes remain suimtaf As a result, emotional assets
individually and altogether may be of interest #sraative investments to achieve a
better portfolio diversification. In particular, asmotional assets are numerous and
present different features, it might be interestiogcombine various emotional assets
into a same portfolio. Furthermore, we also needat® into account the standard
deviations of assets when estimating the benefitdiversificatiom and so, we will
research whether, when considering both the cdiwalaf various emotional assets
with other asset classes and their return / standkviation profiles, based on
Markowitz mean-variance optimization, emotional eassare really of interest and

should be included in portfolio diversificationategies.

® Statman and Scheid, « Correlation, return gapstladenefits of diversification »,
2008



I. Emotional assets : Main features, investmenposes
and investor behavior

A. Presentation of emotional assets

There are very different types of emotional as$eim art to wine through
diamonds, stamps, antiques. However, they all sk@arme common and very particular
characteristics that make them comparable betwaem eher and a unique asset class.
While other asset classes generate cash flowswver &aeal and intrinsic use value by
being part of an industrial process for instances not the case of emotional assets and
besides that is also why it is so hard to valusdhassets. Most of emotional assets can
be usedlike other assets such as commodities but in ardifit way. They have no
industrial use so the only way to benefit from saaolasset is for itself (emotional assets
are stable over time, they are not aimed to bestoamed like commodities and they are
not generating any activity like companies or resfate), and from an aesthetic or
pleasure perspective. In addition, emotional ass®isaactually only have a marginal use
value for the buyer, from a « social » perspegpietentially. If you take the example of
art, a painting is just aimed to be watched, paaéntto be showed, thus you do not get
any value added or cash flows from it except atrdsale of course. In the case of wine,
it is more or less the same with the major diffesethat it is a perishable asset so once
you consumed it, it has no longer value, but anywalyas no other use than the
traditional way to consume it. Moreover, all thessets are unique (art) or at least very
limited (fine wine, stamps, antiques) or rare (dimohs) and that is also where their
value comes from in addition to a general recognitf quality and luxufy

Nevertheless, all these assets are traded like ciimgr, although with less
elaborated market, and that is precisely why thay loe considered and used from a
financial perspective. Indeed they are not justofwing inflation, they have a real
financial life with returns, volatility and correlation with othassets that can be used to
create optimal portfolios even though they preseaty drawbacks especially because
of the lack of information as we will see into matetails in the next part. Though it
remains at a very early stage of development, ligoeation of databases, indices with

own and various methodologies, and works on thep&d, especially for art, have

® R. Belk, «Collecting as luxury consumption: Effe on Individuals and
Households », 1995



enabled to create an entire and separate assst Blaevidence of this is the current
trend for art investors to invest across a rangaro$ectors to hedge against the risks of
market declines for a particular artist or categeithin their art portfolid. In addition,
investment professionals after the crisis of Resthte, are now talking about SWAG
(silver, wine, art and gold) as the new type ofcessful alternative investment, which
implies that art and emotional assets in genesakatering the mainstream spectrum of
alternative assets. As a result, today the markeaift is bigger than ever, even despite
the recent global financial crisis and recessiomesthe global art market size in 2009
(€31.3bn) is higher than ever before 2006 despitmp by 12% and 26% of the size of
the global art market in 2008 and 2009 respectivédgher emotional assets’ markets
have also been continually increasing over the gasade® The rebound recorded in
2010 and 2011, partly driven by the booming demanfisia enables to catch up with
the level of 2007 : Indeed China already accoufded 4% of the global art market in
2009 while the US and UK were still dominating tharket with a combined market
share of nearly 60%

Simultaneously, art loans have appeared both ataeurse (traditional banks)
and non-recourse (specialist lenders, auction usasis helping create liquidity on
the art market and helping it grow even faster.ualty art financing has existed for
several decades, but what is really a revolutiothenart market, is the emergence of
non-specialist lenders and new dedicated lendingces from traditional banks. Thus,
Deutsche Bank for instance was particularly activéooth 2010 and 2011 reporting

¢.$400 million of art-backed loans on its bobks

B. Pros and cons of investing in collectibles

Rationales for investing in emotional assets as#yealentifiable. It enables an
investor to diversify his investments. It offersdiof long-term stability and is as a
result often considered as a safer investment Isecauelies on a « hard » and tangible
asset, in addition to the potential passion or quea behind the investment. In fact,

almost all art investors report that their main ivatton for investing in art is focused

” C. McAndrew, « The international Art market 200009 : Trends in the art trade
during global recession », 2010

8 Capgemini World Wealth Report 2011
% Deloitte Art & Finance Report 2011



on aesthetic and by passt@riThen it is also asserted by Deloitte, relyingesearch by
Mei & Moses, that art for instance has outperforraqdity over the past ten years and
hence that investing in art provides better retuh@ equity. Indeed, their research
shows that 48% of art advisors said their cliemi$ 49% of collectors themselves were
primarily driven by investment returtfs These assets could therefore have a better
resilience to financial crises as they are notdiahko any economic activity and that
reasons behind investor behavior are primarily economic, even if contraction of
financial markets logically implies a drop in camlailable and therefore in investment
in emotional assets as observed in the latesstrisie will actually study and make
empirical research on this particular issue latethe thesis (see Part Ill). Investing in
collectibles like art offers non-negligible taxatiadvantages to investors as explained
by McAndrew and is particularly interesting whensnecegulators are thinking about a

potential taxation on financial transactions.

On the other hand, drawbacks are numerous andllgciteaalready approached
some of them previously in this thesis. First df tle absence of regulated and easily
tradable financial markets is a major obstacle.uAlty trades involving emotional
assets are made through auctions or on OTC (oeecdahbnter) markets and hence there
iIs no common and standardized (i.e. with valuastamdards in particular) market for
these assets even for art. Besides it is recograseduch by Deloitte with 73% of
private banks seeing it as one of the main huidléise expansion of the art market

Then transaction costs are high. In fact, tradesrade through intermediaries
and experts because of the nature itself of thesets: they are heterogeneous by
nature because they are all unique and differeith f@w similar pieces traded each
year, so there is necessarily a need for valuamh certification for instance before
each trade. In addition, as further developed byntdachi, Day and Favato in 2006,
there usually are large differences in expertigevéen buyers and sellers so the risk is
accrued which makes being cautious even more caopubefore making a trade. That

is basically why transaction costs in emotionaetsare much higher than for any other

19 Deloitte Art & Finance Report 2011

11 C. McAndrew, « The international Art market 200009 : Trends in the art trade
during global recession » pg 21, 2010



asset even real estate, and which makes for irestsimart-term speculation very hard
and subsequently slowing the financial developnoétiiese asset classes.

Other costs to store these kinds of assets arehabo Indeed, since they are
« hard » tangible assets, they need to be stoesthred for some of them like art or
stamps in order to be maintained in a good shapettars keep their value. There is
also a need for accrued security around these typassets because they have a high
value, and owning art or diamond requires the imgletation of specific security
systems for instance. All these arguments explanh storage costs are quite significant
for investors in emotional assets and that fronui financial point of view, as these
types of assets are generally expected to be keptgda certain amount of time given
the transaction costs, these storage costs caenavdided and need to be taken into
account when calculating historical or estimatirgerted returns just like transaction
Ccosts.

Other drawbacks add up to the ones previously meed, among which the
low liquidity of emotional assets’ markets, althbuthis issue is well-known and
markets players are continually trying to addréskaw liquidity implies an increased
spread between buy and sell prices and as muckatthon costs and potential loss on
your investment. In addition, investments in emmioassets are necessarily large
investments — buying a painting or diamonds is agpe - which means that portfolios
must be large enough in order to be able to befrefih such a diversification. As a
result, altogether this also adds risk to thesedygf investments because on one hand
you buy expensive assets so you can buy only feetasand on the other hand, since
markets are illiquid, the risk at the resale id.rea

Low transparency of markets is a major concern liwimrmation on emotional
assets is definitely scarce and discrepanciesowlatge and expertise between market
players very important. Today it is particularlyréhao find the right expertise when
investing in emotional assets. In addition, dataualveturn, volatility for instance are
not as easy to access and to use as for othercksssts. Actually, one significant issue
and bias when making financial investments in eomati assets and calculating returns
or risk is that the data you can get are hardly mamable with stocks for instance
because you can only get yearly or at best quartegrinonthly data, and because the
way to calculate returns and by extension volgtdite also different (hedonic approach
for example), so you cannot really appreciate t@atwdxtent your calculations can be
considered as right or biased, but we will disabssfurther later in the thesis.

10



Some other drawbacks are put forward by Mamarb&zy,and Favato (2006) :
Markets have a much weaker equilibrium process thidwer securities, and as the
equilibrium price of such assets is unknown, arecioye valuation (by discounting
future cash flows for instance) is generally implolgs Elasticity of supply is very low
and in certain cases even equal to zero (i.e. tifoardead artists, for antiques like
violins or rare books for instance). Finally, thesest monopolies especially for owners
of art which means that investors are generallg position of weakness when buying
emotional assets.

Eventually, Baumol (1986) describes this lack ofiilgrium price for art in
particular, as a « floating crap game », sinceegrigf such items « can float more or
less aimlessly », and « their unpredictable osmla are apt to be exacerbated by the
activities of those who treat such art items asvestments » and who, according to the
data, earn a real rate of return very close to perthe average ». Indeed, he used data
of art prices over a very long period (1650-1968) ook out the effects of inflation to
demonstrate that the real rate of return of arestiment is close to zero (0.55% per year
on the average). Although this analysis pointssoute major issues of emotional assets
like the absence of equilibrium price, it also ud#s several important biases : first he
went back very long in the past when financial reéskand investments obviously did
not exist instead of focusing only on the very reéqeeriod which is very different from
what we ever knew before. Then this analysis waslema 1986 at a time when
financial markets were much smaller and market®footional assets were just nearly
inexistent. Therefore, it does not take into actothe fact that an increasing wealth
and demand globally, that a much bigger, more dicand more regulated market can
totally change the results for future returns. Bually he considers art investing just
for itself and completely disregards all the betsefo derive from diversification of
financial portfolios or from the potential resil@m of such assets to economic and
financial crises. In addition, the absence of elgaiUm price for emotional assets is
probably not that worrying from a financial persipee since for other asset classes,
change in prices is always stochastic, so nearlgratictable, which means that

investing in financial assets in a way is alwaykating game.
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C. Investor behavior : consumption vs. financiakastment

As previously mentioned, reasons for investingrimogonal assets are not only
financial. As analyzed by McAndrew (2010), thetfirsason for investing in emotional
assets is by passion. Indeed almost all collecepsrt that they buy emotional assets
by passion first even though they also admit thasé investments also have financial
purposes since they generally have strict prideraai for instance.

Other authors analyzed more in depth the behavionw@stors in emotional
assets and the rationale behind the « consumptioihsuch assets. To begin with,
Burton and Jacobsen (1999) discussed what theenatunt behavior of investors in
emotional assets is, and what consequences it raag bn prices and returns of
collectibles. They describe the market for emoti@sset as being dual to some extent,
with a large proportion of people investing in eiooal assets for non-pecuniary
purposes (i.e. just « to enjoy owning them » - mefik asconsumption goodisso that
given the low number of investors and the relativguidity of the market, it may be
easy for pure financial investors to manipulates tmarket in order to get very high
returns and make a lot of money, all the more tth@ne are no cost fundamentals or
production concerns since you are in the resal&eharhis analysis is probably a bit
too simple, because first it is impossible as foy ather financial market to predict
what the next « hot spot » or bubble is going toahd thus what market or asset is
going to outperform others. Then, they probablyaradtimate the weight of financial
rationale when investing in emotional assets bexaatsthe end of the day, any investor
is willing to make a good investment and get a fpasreturn even though it is not his
main concern, hiprimary driver (51% of investors would be concerned according to
Deloitte’®. However, it might lead to behavioral anomaliéee Ithe « endowment
effect » («an art object owned is evaluated higtlean one not owned »), the
« opportunity cost effect » (« not considering retufrom alternative use of funds ») or
the «sunk cost effect » (building up a collectias) stated by Frei and Eichenberger
(1995).

Belk (1995) introduces the idea of luxury consumptithat emotional assets
like collectibles are bought in particular becatisey are unique and useless objects,
and that investors want to acquire « inessentiasgmer goods that are removed from

12 Deloitte Art & Finance Report 2011
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any functional capacity they may once have », st pgecause they are unique or very
rare. To a certain extent, this is linked to th&aroof conspicuous consumption that we
will talk about later in this part, because havimiygue and expensive objects refers in a
way to the pleasure to show to other people thatgwn something special that they
cannot afford or simply have. Koford and Tschod@98) took over this analysis to
demonstrate that rarity has a positive impact enviddue of a consumer good like for
emotional assets. They use the example of rares doinprove that in the case of
emotional assets, the fact that these assets ajeeuar very rare increases the utility
function and as a result adds up value to the &sistte investor without increasing the
quality of the item.

Campbell, Koedjik and De Roon (2008) extend to éomail assets the multi-
attribute utility function defined by Bollen (20Q&yhich models the utility of investors
by lower risk-adjusted returns compensated by thditianal utility that derives from
« investing in financial assets which adhere tdrtsecietal or personal objective&’»
They include the fact that this additional utilityght also be a function of wealth given
that people with the greatest incomes are the dmasinvest the most in emotional
assets. They also put forward the notion of congiemdor emotional assets giving
them therefore an intrinsic value such as consumpgjoods and apart from their
monetary value. As a result, this intrinsic valumresponds to a form of aesthetic
pleasure for instance and thus to the emotiondl fpamn the utility function of these
assets which can explain why people may buy emaltiassets for more than their pure
monetary valuE. Like them, | believe that this emotional utiliyart is real for
investors and that it is logically included inteetprices and returns of emotional assets
because prices are the quantitative reflectionllotha potential utility for investors.
Nevertheless, it might be abusive to dissociatentometary value from the emotive
value from a quantitative perspective since itaary impossible to quantify each part
and indeed they might be different from one investanother.

To go further into the analysis of emotional assefsa consumption good,
Corneo and Jeanne (1994) define conspicuous gosds gnods that are mainly
purchased because of the demonstration effects thfgat consumption exerts on

others ». It is kind of a social consumption andl@es indeed its owner to signal and

13 campbell, Koedjik and De Roon, « Emotional Assatsl Investment Behavior »,
2008
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raise his social status and thus «the amount f&frelece shown by others » and his
« approval by the society ». They model this forfnconsumption as a « signaling
game » depending on your wealth (both what you afford and what you want to
show as being your social status). It is partidylaue for certain emotional assets like
art or diamonds for instance. Thus, Scott and Y&\{2010) take the example of
diamonds and claim that such goods can be consasiednspicuous assets, « not just
for their intrinsic utility but also for the impre®n their consumption has on others ».
They find that people are willing to pay quite sfgrant premia on average just to
marginally increase the quality of the diamond thay and reach the next threshold.
Finally, Mandel (2009) took the example of art txplain that the
« determinants » of the value of such an assetlifexrent from other financial assets.
Indeed, on one side « art offers no claim on aretygithg stream of payments », and on
the other side the elasticity of supply is nil besa the market is « dominated by the
masterstrokes of dead artists » and « many livitigta are relegated to the domain of
fad, avocation, or financial ruin » so that at émel the only driver of art returns is the
« dynamic demand » for art what is of course vetfemrent from other financial assets.
Then, he further develops the notion of conspicuoassumption by defining it as a
« consumption that is unrelated to the intrinsidugaof a good », and which is
applicable to all assets that a@nsumegdfor aesthetic pleasure for instance, but that are
not used so with a very low rate of depreciation (i.e. mgiobjects that you consume
by the pleasure of owning, watching, showing theraron-pecuniary benefits »). He
explains and models the fact that art, and by exbarall emotional assets, tend to have
low or even negative risk premia (through a simadatonsumption-based CAPM) and
therefore underperform equity consequently to alityuthat is not only financial. |
agree with the fact that investors in emotionaktssan be likely to accept the risk of
getting lower returns because of this additionalityt Nevertheless, the relation
between consumption and returns is probably evere momplex and that it cannot
fully explain lower returns for art or other emata assets since it is not because
investors may have another rationale for investmgmotional assets, may have non-
pecuniary benefits and an additional utility, thiay automatically get low returns or

disregard their investment return. In additionMandel's experiment, the correlation
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between art real returns and equity remains-iamd likely to be still very interesting
from a financial perspective especially in preumsiof bearish markets and high
volatility of other asset classes, all the morentba an historical basis, partly due to the
booming demand for art, it is said to have outpentd equity over the 2000-2011
period™. Anyway, we will investigate this later in the e

D. Summary and classification

To sum up, we can acknowledge that emotional assetsery different from
traditional investments on many points, and esfigcizecause unlike other asset
classes they do not generate cash flows apart tinemsale nor are consumed for their
intrinsic value. They are consumed as conspicuoosigjand therefore their valuation
is first variable (no equilibrium price) and linkéd demand only, and secondly very
hard since it's really tough to estimate theirittifunction at least for the emotive patrt.
However, they can still be considered as finanassets because they are traded like
any other assets though on OTC-like markets, ané hradeed each very interesting
features from a financial perspective, all the nmtbien demand in particular from Asian

emerging countries is booming.

14 B. Mandel, « Art as an investment and conspicucarssumption good », 2009 :
Table 3

15 Deloitte Art & Finance Report 2011
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lI. Performance of emotional assets and portfolio
optimization in literature

A. Methodology used : hedonic vs. repeat sales tlamd
emergence of the hybrid approach

There exist several methods to calculate histoneirns for emotional assets.
Basically, given the specificity and heterogeneitghese assets and the relative lack of
information and transactions, you cannot use theesaethods as for other assets like
stocks. Indeed, since each emotional asset is erige for art for instance, and is
traded only rarely contrary to stocks which areléch several million times each day,
you are forced to mix comparable assets, make ssigre construct indices.We must
in particular « address the heterogeneity issug wall as « distinguish many different
collecting categories since returns may vary drasaly » from one to another
[Ginsburgh, Mei & Moses (2006)]. As a result, theaee of course several
methodologies for calculating returns based orohicsdl data that have been developed
in existing literature.

Burton and Jacobsen (1999) present and analyzthithe main methodologies
that are commonly used. The first one is to comstaomposite indices based on
selected sample sets of objects that vary over. iine largely used by non-economists
because easier to implement. The main drawbadiatsittis not very accurate because
rely on several strong assumptions. Indeed it @sses that all the assets of the asset
class are very comparable and thus have exactlyaime performance on average since
only a few number of assets are generally goingetdraded over each period of time
and that you even change the sample over time., Téegmending on your sample
selection, your results can be very different ardblased depending on which assets
inside the sample were traded over the period aadlyTherefore, it appears not to be
an appropriate method to evaluate returns for ematiasset markets.

The second method to construct a price index pteddsy Burton and Jacobsen
(1999) is to run &edonicregression. This kind of model is frequently usedeal
estate. In this method, you regress the price leictsl items in order to adjust and
solve issues deriving from having heterogeneoustss$his is the case for emotional
assets, since for instance all works of art aresidened as unique, and thus you can
regress prices relative to several features lilee (particularly important in the case of
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wine for instance), purchase price, provenance, siame of the artist/producer, sale
location.... This method can in particular be aintedevaluate the capital gain
attributable to ageing in a certain asset classwine. This is a very powerful method
which enables to take into account a very large bamof factors and all transactions
(not only repeat sales as we will see in the nelgpart). However, first you cannot take
into account every factor and therefore it is vieayd to justify which ones you choose
to adjust prices and why not other factors. In &oldj it is also very hard to estimate the
impact of a qualitative feature from a quantitatperspective, so that you can easily
claim that the assumptions made to calculate retwith the hedonic methodology are
unrealistic for instance. Indeed, according to [Etip(2004), « its major liability (i.e. of
the hedonic method) is the difficulty in introdugiweights » into the hedonic function.
Then, as stated by Collins, Scorcu and Zanola (RGO& hedonic regression includes
drivers that are not time-varying and therefore liegpsome very strong assumptions
regarding the structure and stability of the markedr time. Finally, to implement such
a methodology, you need to have a lot of inforrmatam each individual sale and
goods’ attributes so eventually as for the repabtssmethod you will need to take out
many transactions on which you do not have enougbrmation. This method is
applied today by Artprice Artist index for exampidose hedonic regression function
takes into account most of the characteristicsnor work, and serves as a reference
among art analysts willing to use this methodology.

So the third methodology is thepeat salesapproach. It records the changes in
price for the same asset over time across a figkgtison. Thus, contrary to composite
indices, the sample set does not vary over timavever it has the strong disadvantage
to include in the set only assets that are oftadetl and at least twice over the sample
period so it implies a certain bias and disregaydirvery large part of transactions. This
issue is identified as the « sample selection Jbiag Collins, Scorcu and Zanola (2007).
It is for instance widely used in art (Mei & Mos@ést Price index) and generally
considered as « the most consistent and reliabteade> to calculate returns since it
« averts the need to deal with the many issuesiaésd with the heterogeneous nature
of art »° or other emotional assets in general. It is atfapged to some other emotional
assets that are frequently traded like wine buthencontrary, pretty much unadapted to
some other emotional assets like most antiquearertiooks for instance.

1% Deloitte Art & Finance Report 2011
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According to a study from Chanel, Gérard-Varet &@idsburgh (1994), over
long periods results deriving from various methodats are closely correlated.
Therefore, they suggest that, at the end of the dagturns can be computed using all
sales and not resales only » as generally madeutinpprs on art and thus defend in a
way the hedonic approach for long-term returngast. At a similar level, Fogarty and
Jones (2010) compare hedonic, repeat saleshghdd approaches for calculating
returns to Australian wine over the period 1988208ing 14,102 auction sales. They
suggest from their results that the repeat salggoaph leads to « significantly
higher return estimates » than other methods, Whdt already been pointed out by
Ashenfelter and Graddy (2003) based on their resklbgarty and Jones also suggest
that the hybrid approach, first established by Cas# Quigley (1991), by regressing
prices according to hedonic criteria while ideritifyrepeat sales as such, though rarely
used in existing literature, is the most efficiemte. In fact, when looking at their
results, returns from the repeat sales approachslagbtly higher than with other
methods in particular due to a better performaricthe beginning of the period. In
addition, evolution over time tends to be smootksedecially relative to the hedonic
approach. Then, still according to Fogarty and do(®010), the hybrid approach
provides estimates that are indeed more precise(lstandard error). This conclusion
is confirmed by the analysis on Picasso prints detad by Locatelli and Zanola
(2005), since they empirically find that the hybnubdel provides the most precise
estimates by reducing price volatility. Howevelistrelative gain is likely to be largely
compensated by the significant additional issues \aarkload implied by combining
both methods especially because of the difficudtydentify time-varying variables — as
noticed by Chanel, Gérard-Varet and Ginsburgh (L99hat necessarily leads to
further strong assumptions and imprecision — andnmilaborating databases, all the
more than you might need to ignore some repeats sddéda because of missing
information and required in order to apply the h@ddunction. On the other hand, the
Art Market Research (AMR) for instance also usebghtly different approach, with an
index based on a fixed basket of artists for eaatific art market (over 500 indices —

to address the heterogeneity issue) to show tri@nagerage returns on a monthly basis.

To conclude on return calculation methodologiessfootional assets, one of the
main drawbacks of all these methods is that yowagdwneed to constitute very large
samples and have a large quantity of transactiormsder to be accurate, so there is a
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large amount of work associated to such methodsyancheed to have access to very
large sets of data what in general is hardly thee dar emotional assets over short
periods at least. Also, given the need of havitayge quantity of transactions, you can
only get quarterly or semi-annual returns what rsake comparison with returns from
other asset classes quite tough. In addition, a®dtby Deloitte, such index-based
return calculation approach has some other limitstiand biasés: First, you consider
only a part of the transactions on the market @ %0r art) since other transactions are
either private or primary sales and therefore akém into account. Then, you only take
into account successful transactions (when the Isatebeen completed) and totally
ignore unsold items. This is identified as thervivorship bias, stressing winners
(successful transactions) over losers, and may leadairly optimistic results.
Moreover, samples are generally built up from aurctidata which means that
transactions retained are the ones which had endeghand to attract competitive
bidders that is to say that samples generally delitems with strongest demand and
ignore those with lower demand. These kinds ofdeslialso ignore transaction costs,
which as we saw previously are quite significarnthie case of emotional assets. Finally,
it lacks predictive power as such indices onlyeeflhistorical prices and give no clue
for estimating expected retufisNevertheless, it remains the best methods talceée

historical returns across a particular emotionaétslass.

B. Historical risk-return performance of variousatronal
assets

Many authors have calculated and analyzed ratetofirs for specific emotional
assets. They use various methods, time periodsadpgtments, for transaction or
storage costs for instance, so that at the enddbegometimes very different results.
Papers like Burton and Jacobsen (1999) summariesethmesults and try to find
tendencies on the long run. They also analyzeistkeprofiles of emotional assets and
in particular, in addition to volatility, their calation both between each other and with
stock markets in order to find out whether emoticassets can be considered as a
potential hedge against stock markets’ volatilitty against inflation for instance.
Indeed, they present ideas from Kane (1984 : cpilidjotson and Brinson (1987 :
coins, stamps, Chinese ceramics, art) or Carde#ll.e(1995 : stamps) according to

" Deloitte Art & Finance Report 2011
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which collectibles can provide « hedges againstkstoarket risk » thanks to negative
correlation or negative sensitivities to inflatibor instance. Other studies suggest on
the contrary positive correlation between emoticasdets and financial asset markets
like Goetzmann (1993) and Chanel (1995) in the chset.

We will now discuss into more details the rateetfirns and volatility for each

main emotional asset over the past decades badédrature.

1) Art

Art (i.e. paintings) is definitely the emotionalsas on which the largest amount
of work has been done so far to calculate histbrieturns and volatility. It is in
addition a very heterogeneous asset class so degend the approach, data sets
considered, and assumptions made, you can potgraidhin very different results.

We can go back to the 1970’s to find the first aldtons of rate of returns in
art and to Anderson (1974) in particular. He fimsticed that art might have had very
interesting returns over the past 2 decades, aaidatt, as previously wrote in this
thesis, is a very heterogeneous asset class secethats could sharply vary depending
on many factors like the artist, « the artistic inef the particular work », or school. He
went back very far in the past, until 1780, andai970, to try and establish art long-
term returns, which for him are indeed much lowsmtthe most recent returns at that
time. In his calculations, he quantified and inéddertain additional costs and factors
to get the real rates of return and eventually ébont « that paintings are not very
attractive investments unless one also includesdhsumption value of art ». He used
both hedonic and repeat sales approaches and touodhinal rate of return for art of
3.3% per year on average (until 1960 only - retalrreof 2.6%) and 3.7% (1780-1970 —
real return of 3.0%) respectively for each approaehile more modern works
(impressionists, 20th century paintings) have gaherhigher returns than old
masterpieces, and returns over the last twentysyd®50-1970) were significantly in
excess to the long term average. He also estinthgestandard deviation (volatility) in
annual returns to be 56% (for both 10 and 20 ykalding periods) before concluding
that considering the low risk-adjusted performaoicart that the primary motivation for
investing in art must be its consumption value aatfinancial. As previously stated in
this paper, although it is helpful to have calaolas of long term rate of returns, we
should notice that the most recent and expectedn®tfor art are absolutely not the
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same as long term historical returns over the pastor three centuries. Indeed, art
prices and returns are notably linked to demando dhe level of development of the
art market, which is today definitely not compaeat® what we ever knew in the past
(especially because of the increasing wealth waddwthe booming demand in
emerging countries, or the appearance of specsalatothe art market), and what as a
result can for instance lead to different conclasion the interest of art from a financial
perspective.

Baumol (1986) made a comparable work by analyzimpugh the repeat sales
approach, a sample of 642 transactions from 16436&4. This study seems to include
strong biases, first because, as for Andersorgas yery far in the past in order to find
several transactions on the same art work and d¢ansonly deliver long term returns
that are, according to me, totally disconnecteth®oreality of today’s returns, which
are actually the ones of interest for potentiabficial investors (actually the further
back you go in the past, the lower average retares This is even amplified by the
fact that he excludes all transactions that werdenvaithin an interval of twenty years
because too close to each other in his view, whiataly tends to remove from the
sample all best performing art works that were desuly traded during the 20th
century, to eventually retain a quite small sanfpi0 transactions vs. more than 1,500
artworks retained, i.e. more than 3,000 transastitor Anderson and more than 2,800
works for Goetzmann over shorter periods) with nyaimderperforming pieces of art.
Thus, he finally gets an average real rate of netfr0.55% per year for art (with a
median slightly higher at 0.85% - 1.25% and 1.5%%pectively for nominal rates of
return) and compares art returns to returns froneroasset classes like government
bonds to see that there is an « opportunity loss tbe holder of the painting of close
to 2% per year ». However, his calculation of ganeent securities’ return is somehow
unclear (« Probably about 3.25% was a represeataidminal rate of return for the
period ») and in particular it seems to disregaedfact that for instance over the period
analyzed, some historical events, like revolutiordgpressions, World Wars,
communism, could have actually made governmentsrises much riskier than what
we could imagine. So although investing in emotioaasets alone may not be
interesting from a pure financial perspective esdlycbecause of its higher risk profile,
results from Baumol are probably underestimating timancial potential of these

emotional assets.
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Goetzmann (1993) uses a similar methodology as odeover the period
1715-1986 and constructs an art return index framvarks traded at least twice over
the period. He evaluates the risk-return perforraasfcart investment in comparison to
stock markets in particular. He finds out that eid€50, since the index has been « well
estimated » (before 1850 estimations are provdzketpoorly accurate according to his
results), art returns outperform stocks and bonitls avrate of return at 6.2% per year
but volatility is high at 65%. He also finds evidenof a strong positive correlation
between art demand and increase in global weditls proving what we intuitively
stated previously in this thesis. He also infess hiigh positive correlation between art
and stock and bond markets that from a financiasgetive, art might not be « an
attractive purchase for investment purposes aloegpecially for a risk-averse investor
despite « returns in the second half of the 20tiwg have rivaled the stock market ».
Nevertheless, one cannot ignore the very high mtesturn found since 1900 (17.5%
per year on average), all the more than volatityower over the period 1900-1986
(52.8%) than ever before and is particularly higttually because of the strong
underperformance and bearish market during theagjl@zession in the 30’s or wars as
proved by other authors (standard deviation founiibi and Moses (2002) since 1950
is much lower at 21.3% for instance while it is38t5% since 1900 for instarf€e In
addition, correlation between art and other finahenarkets, though significantly
positive, is at the end not that high (54% with #&n78% with LSE since 1900), given
that economic and political troubles over the firalf of the century is likely to make it
increase and given what Bernstein and Pinkernaledtin 2007 about the very strong
correlation across all financial asset classesthEunore, results from other studies
tend to show that actual volatility and correlatimetween art or other emotional assets
and stocks are in fact lower than what stated bgt@oann (i.e. Mei & Moses or
Rachel Campbell for instance).

Pesando (1993) analyzed the market for modernspiith a semi-annual index
built up through repeat sales methodology overpeod 1977-1992. Like peers, he
observes that the risk-adjusted performance agdotver than for other financial assets
and thus art compares « unfavorably » to othert atzgses. From his print price index,

he states that between 1977 and 1992 art pricesnamdnal returns reach their

'8 Mei and Moses, « Art as an investment and the negiisrmance of masterpieces »,
2002

23



historical high in 1990 (5x higher than in 1977¥dve falling at the beginning of the
1990’s to 3x the level of 1977. Therefore, the alized average nominal rate of return
over the whole period is 7.6% per year while anmeal return is 1.5% only, below real
returns of other financial assets like stocks ardso However, it is interesting to notice
that until 1990 only, its highest level over theipd, the nominal return is 13.7% per
year and that standard deviation of art is morkess in line with other financial assets
(19.9% for art in general and 23.4% for Picassatprvs. 22.5% and 21.8% for stocks
and US government bonds respectively) while caticedais significantly lower with
stocks (30%) than what observed by previous autliioes Goetzmann) and even
negative with bonds (-10%). He is also among thh&tsfito argue that masterpieces
underperform the market for art with the lowest atlative return between 1980 and
1992, what will be then reformulated by Mei and & particular.

Mei and Moses (2002) constructed a price indexHerperiod 1875-2000 based
on the repeat sales methodology, and which is teddgly used among art analysts
because it tries and addresses the issues linkdueterogeneity of artworks and
infrequency of trading. In addition, this indexnre « exhaustive », on the American
market at least, since it takes into account a mhugher number of transactions than
previous studies from Goetzmann, Baumol or Anderf@oninstance. They find that
return for art is on average slightly lower thaocks in particular over the more recent
period (1950-1999) and significantly higher tharvggmment bonds which are much
less risky assets. Indeed art provides a nominal gareturn of 4.9% per year over
1875-1999 and of 8.2% over 1950-1999. Standardatiewi for art is slightly higher
than for stocks over 1950-1999, which means that@npares unfavorably to stocks,
but records a very important fall in volatility avihe more recent period from 42.8%
over 1875-1999 to 21.3% over 1950-1999. Furthermmyeelation between and other
assets appear to be very interesting from a fimhiparspective (4% with S&P 500 and
-15% with government bonds). From their CAPM anglyshey find that art beta
(relative to S&P 500) is 0.719. Then, like Pesatitey observe the sharp drop in art
prices at the beginning of the 1990’s after the(Ol®8bble. They also present some
more evidence, further to Pesando analysis, oftivelaunderperformance of
masterpieces.

Campbell (2005, 2007, 2009) first based her anglysithe two main art indices
that are the Mei & Moses and the AMR indices. Asiaaal earlier in this thesis, the
repeat sales approach used by Mei & Moses leadsgteer returns (10.1% per year
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between 1976 and 2001) than the AMR index for m=a(5.3% per year). She then
desmoothes the returns for art in order to capghee« true » return and volatility of the
market and in particular to get rid of the « apgmkinduced biases » and also includes
additional and necessary costs linked to art ileest. She ends up with an average
annual return for art of 6.76% between 1980 and32&0d a standard deviation of
17.30% (significantly higher than bonds at 7.25% ahghtly higher than stocks and
gold at 14.61% and 14.53% respectively). Correfatioth all asset classes (stocks,
bonds, commodities and real estate) is found tovéxy interesting for portfolio
diversification strategies, often negative and imy acase no higher than 10%
(Commodity index).

Some other authors like Chanel, Gérard-Varet antslitirgh (1994) use the
hedonic approach enabling them to consider allssalel not only resales which is
aimed to give wider and more accurate results. Tdigy decided to take into account
all other costs to calculate real returns from mahireturns and in particular, in
addition to transaction costs, all storage andranste costs, but excluding inflation. For
their well-known 32 painters hedonic index, theyaoto an annual average nominal rate
of return of 13.3% and a real rate of return sigaiitly lower at 7.0% over the period
1962-1988, while inflation rate is estimated toabé.9% per year. It is also interesting
to notice the great performance of art during tB801s (real return of 19.6% per year
between 1980 and 1988).

Richard Agnello (2002) also proposes a hedonic Gaur to calculate art
returns and volatility. He uses a significant numbiefeatures to build up his hedonic
function and applies this model to a very large beanof transactions (25,217), what
altogether tends to give reliability and accuragyhts results. He obtains an overall
return of 4.2% per year between 1971 and 1996 swghificant discrepancies between
various submarkets (school, subject of the paintmgarticular) and an annualized
standard deviation of 23.1% (vs. 11.6% return aBdl% volatility for S&P 500).
Correlation with S&P 500 and government bonds latikely low at 23% and 7%
respectively for the overall art market.

This approach was favored by Renneboog and Spag2jeil) as well, over a
50-year period, between 1957 and 2007. They prosrdextensive and robust model,
resulting in a quite low annual return at 3.97% ypear, probably suffering from the
fact that they go back as far as 1957 to calcudateeturns. Indeed, over the last 25

years only, the annual mean return is significahther at 5.19% per year. Standard
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deviation over the whole period is high at 19.0%%hich implies a Sharpe ratio at 0.2,
quite lower than the ones of traditional finan@aket classes (i.e. stocks and corporate
or government bonds) but higher than US governrbents alone, commodities and
real estate. In addition, correlation is found ® riegative with S&P 500 and bonds
while positive but still low with global stocks, monodities and real estate.

Kraussl and Van Elsland (2008) use a 2-step hedwooigel, which enables to
estimate the regression coefficients on a sub-samiphrtists and which will then be
used into the regression function to calculate rnstufor the whole sample. This is
aimed to provide more accurate returns by enhanttiegrobustness of the hedonic
equation. This methodology is thus applied to tleen@n art market over the period
1985-2007 and provides an average annual ratetamref 7.3% for an annualized
standard deviation of 17.9%. With this model, clatren of art with other asset classes
appears to be lower than all other assets betwaehn ether and therefore the most
interesting for investors (-6.8% with commoditié$,4% with Real Estate, 16.4% and
25.3% with corporate and government bonds respaygtivl8.9% with stocks). At the
end of the day, results obtained from the 2-stegohie model are very closed to the
ones derived from the traditional methodology, $mttthe utility of such an

enhancement of the hedonic approach seems to pdéiméed.

To sum up, most of results show that art risk-adgiseturns tend to compare
unfavorably with other asset classes, with bondgarticular. Nevertheless, despite
what some of them may claim (i.e. Baumol, Goetzmaitnseems that art provides
returns that may be of interest for financial inees, especially thanks to their
attractive correlation with other financial assetfien, returns obtained in various
papers can differ significantly because of manysoea like the period chosen. This
includes how far you go in the past, and also how include the significant art bubble
that occurred at the end of the 1980’s, and burgteabeginning of the 1990’s. Indeed,
articles that analyze the 1990’s period (Locatafid Zanola (2005) for instance) can
present relatively poor returns while other papesused on the 1980’'s or on the
2000’s would tend to show more bullish returns.@dilssues are the methodology used
(repeat sales returns tend to outperform hedoriign®), the way it is applied, the
selected sample, adjustments to calculate rearnset(actually, definition of what
nominal and real returns are, can vary signifigaftdm one author to another, whether
they include transaction, storage or insurancescasflation etc.)... Finally, two
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indices are widely used today among art analyste: Mei & Moses index, as

established in 2002 and based on the repeat sapesaeh, and the second one, the

AMR index, whose methodology refers more to theomézlapproach.

Table 2 - Summary table on literature on art refand volatility

Author(s) Period Methodology  Annual return Annugll.zed Correlation with
analysed volatility other asset classes
= =
1780-1970  Repeat sales 0 (nominal)
Robert Anderson 3.0% (real)
(1974) 3.3% (nominal) n-a n-a
1780-1960 Hedonic '
2.6% (real)
illi 1.25% (nominal
William Baumol 1642-1961 Repeat sales b ( ) n.a. n.a.
(1986) 0.55% (real)
William Goetzmann 1850-1986 6.2% (nominal) 65% 54% with bonds, 78%
Repeat sales _ . .
(1993) 1900-1986 17.5% (nominal) 52.8% with LSE since 1900
7.6% (nominal 0 0 % Wi -109
James Pesando 1677-1992 Repeat sales ( ) 19..9 Yo (23.4./0 for30% WI'.[h stocks, -10%
(1993) 1.5% (real) Picasso prints) with bonds
Chanel/Gérard- 13.3% (nominal)
Varet/Ginsburgh 1962-1988 Hedonic n.a. n.a.
(1994) 7.0% (real)
. 1875-1999 4.9% (nominal) 42.8% 4% with S&P 500
Mei/Moses (2002) Repeat sales ) )
1950-1999 8.2% (nominal) 21.3% -15% with gov. bonds
i 23% with S&P 500
Richard Agnello 1471 1996 Hedonic 4.2% 23.1% o
(2002) 7% with gov. bonds
Negative with corp. an
Rachel Campbell M oving average - 0 0 gov. bonds, lower than
(2005-2009) 1980-2008 1) moothed MR &:76% (real 17.3% 10% for stocks and
commodities
Negative with
Kraussl/Van Elsland . commodities and hedge
- - 0 0,
(2008) 1985-2007 2-step hedonic 7.3% 17.9% funds, lower than 25%
for other assets
_ 1957-2007 3.97% (real) 10,050 ' egative with SEP 500
Renneboog/Spaenjers Hedonic and bonds, lower than
(2011) . . 50% with Real Estate
1982-2007 5.19% (real) 18.04% and commodities
2) Wine

Wine is one of the emotional assets, after artwbich most work has been

done so far. Wine is also a very specific emoti@sslet with particular features. Indeed,

the quality of wine is probably much more concrétn for art for instance where you
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have basically no idea what the next hot spot efrtfarket is going to be in terms of
school or artist. In particular, wine quality dedsron several factors like the year of
production (relates to weather, rainfall...), labetldocation for instance, so that at the
end it removes some of the uncertainty associatedvestment in emotional assets in
general. This also explains why the hedonic apgraan be very relevant to estimate
the future price of wine and has been widely usistotically (see Ashenfelt&t
Combris/Lecocq /Vissét, Jones and Storchmain Hedonic regression can therefore
be also very helpful to calculate historical ratésreturn on wine investment, since
wine is a very heterogeneous asset class and ydalk#s not only depend on age but
also on a lot of other drivers particularly duritige production process. Nevertheless,
this approach was not used until very recentlyelgreéss and calculate returns to wine
investment and earlier authors on the subject téndeavor other approaches as we
will discuss now. In addition, while collectibles a whole are generally recognized as
comparing unfavorably with financial assets, wires lbeen often considered as an
exception and can constitute « a possible exceptitinis negative assessmeftt »

The first working papers on wine as a financialeistymment date from the end of
the 1970’s. William Krasker (1979) made indeed fir& significant analysis on wine
returns and calculated the financial return forimrestor that would store wine and
resell it over the period 1973-1977 (repeat safgsaach). He concludes that storing
wine for financial purposes yields a real returatths close to the risk free rate.
However, this conclusion definitely contains sonesbes and approximations, as stated
by Jaeger (1981). Actually, Krasker performed malgsis over a very short period of
time and over a very limited sample (137 observationly) so his results are, as a
result, strongly linked to this period, to the stdel sample and to the particular
economic situation (i.e. oil crisis). Indeed, psde the wine industry declined quite

sharply during this timeframe. In addition, Kraskatculated real returns and used way

19 Ashenfelter, Ashmore and Lalonde, «Wine vintagealiy and the weather :
Bordeaux », 1995

O. Ashenfelter, « Predicting the Quality and PricEBordeaux Wines », 2005

20 Combris, Lecocq and Visser, « Estimation of a Héd®rice Equation for Bordeaux
Wine: Does Quality Matter ? », 1997

L Jones and Storchmann, « Wine market prices aresiment under uncertainty : an
econometric model for Bordeaux Crus Classés », 2001

?2p. Graeser, « Rate of Return to Investment in AsaerAntique Furniture », 1993
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too high and unrealistic storage costs to adjusrme (c.16$ annually per case). Jaeger
applies the same methodology as Krasker while iadutrastically the storage costs,
extending the sample timeframe by going furtherkbiacthe past until 1969 (8-year
period) and expanding the number of observatiomsestimates that storing wine thus
provides a real return of over 12% per year whihnuch more interesting from the
perspective of a financial investor.

Weil (1993) is the first to consider a wine « polith », including mainly
Bordeaux and Burgundy wines, and calculate nonmetairns over a 15-year holding
period from 1977 to 1992. The approach employethus close to the repeat sales
methodology given that he consider purchase anel gate of wine held and also
includes all storage and transaction costs. Hidirigs suggest that the return for
holding wine in general is 9.5% per year on averaghich tends to compare
unfavorably with other financial assets, and stackparticular. He also suggests that
Bordeaux wines significantly outperform other typésvine since return is estimated to
be higher at 11% per year while volatility is stgbnlower than for wine in general. As
for Krasker, the number of observations remainy Vienited (68) so we can wonder
whether his results can be generalized, and theWiay chose his sample portfolio is
unclear and seems at least not to be optimal. &umibre, he calculates nominal returns
but actually includes adjustments for transactalivery and storage costs as well as
tax effects, so that at the end these returnsnaieed closer to realized returns than to
nominal returns.

Burton and Jacobsen (2001) analyzed the returinf@sting in red Bordeaux
wine by using the repeat sales methodology ovemp#reod 1986-1996. They are the
first ones to construct a price index for the windustry despite the repeat sales
methodology and elaborating price indices is a\adlpted approach to calculating rate
of return for wine (more homogeneity exists — rangesimilar assets with same label,
vineyard and vintage —, frequently traded). Thegtude wines that had been produces
since 1960 to eliminate the « antique effect » gadrid of time-varying factors that
bring some noise in the return estimations. Thed/\gmwith a sample of 315 chateaux
and over 10,500 transactions which is likely tonfiech more accurate and general than
previous studies achieved on wine. They find amaye nominal rate of return of 7.9%
per year over the period, with an important depoesaffecting the wine industry at the
beginning of the 1990’s (which started during thistfsemester of 1989) and which is
very similar to what we could observe for the adrket. The corresponding real return,
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including transaction and storage costs, is 3.1%ypar on average. So although wine
would have outperformed bonds, Burton and Jacolmdaim that it significantly
underperformed stocks. In addition, standard dewviais quite high at a semi-annual
rate of 13.3% (vs. 8% for Dow Jones), which impb&sannualized volatility of 18.8%.
Nevertheless, the 1990’s were a favorable periodstiocks, with high returns, much
more than the 2000’s for instance which include tweoy important financial crises
(internet bubble and subprime crisis). In additiims tends to prove that wine would
have a lower correlation with financial assets ttla@m between each other and for
instance could have been very interesting during 2000’s to diversify financial
portfolios.

Some other authors during the 2000’s provide ul soime estimates of rates of
return for wine like Sanning, Shaffer and Sharf2®06). They try to establish monthly
returns between 1996 and 2003 from repeat traosecfor each wine producer and
vintage across their sample, before establishingvanage return (similar approach to
the AMR index for art for instance). They also gmal volatility and correlation with
usual financial assets in order to evaluate thanitral interest of wine. Their sample
includes ¢.90 producers and over 13,000 wine rstukh the end, the general average
monthly return is 0.51% for a standard deviatior6®, leading to an annual nominal
return of 6.3% and a volatility of approximately%21In addition to positive returns,
they show that investment grade wines have a mirgmariance « with market returns
and other commonly accepted risk factors ». Thusy derive from their comparison
with the CAPM that wine yields a rate of returnn«eixcess of risk-adjusted returns »
and wines « have effectively zero betas ». Theeefeine appears to be a very
interesting asset class to diversify financial fodids.

James Fogarty (2006, 2010) first use the hedonithadelogy in 2006 to
estimate quarterly rates of return for wine betw&880 and 2000, by distinguishing 4
wine classes and constructing four indices (« etkaeal wine », « outstanding wine »,
« excellent wine » and « distinguished wine ») aticg to the relative quality of wine,
as recognized by professionals of the inddatite concludes from his analysis that on
average the best performing wine class is the andgtg one at 4.1% per quarter (hence
yielding a rate of 17.4% per year) but is also there volatile with an annualized
volatility of 24.6%. On the other hand, the worstfprming category is the excellent

23]. Fogarty, « A mean-variance approach to winestment », 2006
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one at 8.7% per year on average. Distinguishedsyne. lowest quality) are the less
volatile category with an annual standard deviatibonly 13.4%, which tends to refute
what Sanning, Shaffer and Sharratt assessed dowhexposure of investment grades
wine to market risks even though it proves thatestnent grade wines (here
exceptional and outstanding) tend to outperforneotiipes of wine. As a whole, wine
is estimated to generate annual nominal returnkld% on average for an estimated
volatility of 17.8% over the 1990’s when takingardaccount all 4 wine categories with
their total respective number of observations. tiditon, it provides a very low
correlation with other asset classes. However, areveonder whether these results are
really consistent, given that discrepancies betwesnlts for various wine categories
are very important, and that Fogarty even finds emative correlation between
exceptional and outstanding wines and very lowetation between all wine categories
in general. It seems not totally clear that altHougsults make sense separately, these
results are close to the true return and volatibtyrolding wine. This is besides one of
the troubles of the hedonic method, because depgmai which coefficient and drivers
you select to make the regression, results fortMtyaand correlation in particular can
vary very significantly. Fogarty then made an esiea work, together with Jones
(2010), to compare the three mainly recognized outkilogies to calculate rate of
returns of emotional assets (hedonic, repeat saldshybrid), applied to the particular
case of Australian wine over the period 1988-208@ an a quarterly basfs As
previously stated, they notice that the hybrid apph provides more accurate estimates
and that the repeat sales methodology leads tafisartly higher returns, or at least
higher risk-adjusted returns since as | previonsgntioned, the price index tends to be
smoothed with the repeat sales approach relativéhéohedonic approach (lower
volatility — not quantified by the authors thougiven if the outperformance is probably
not that significant because it is mainly linkedato outperformance of the repeat sales
index just at the beginning of the period (when kats were bearish and volatility was
high — probably linked to the sample selection lmhselecting only repeat sales) and
not consistently over the whole period. They codeldrom their 14,102 auction sale
observations that the mean return for wine, with tiybrid approach (considered as

being the most accurate), is 4.9% per year, inoythe depression of the wine market

24 Fogarty and Jones, « Return to wine : A comparisfaihe hedonic, repeat sales and
hybrid approaches », 2010

31



during the late 1980’s and early 1990’s. In additicorrelation of wine with Australian
stocks and bonds is low and interesting (at 5.8% &t% respectively) and tends to
demonstrate that diversification through alterratassets is, first really useful in the
particular case of wine, and then, more intereséing efficient than pure geographic
diversification (relative to correlation between shalian and US stocks at 40% or
Australian and US bonds at 47.%9)

Masset, Henderson and Weisskopf (2009) made tis¢ macent analysis on rate
of returns for wine by calculating the mean rettrom 1996 to 2009 showing that fine
wine tends to be an attractive investment espgathiting economic downturns. They
consider only wines that are traded on a regularsha order to address any liquidity
and inconsistency problem and use the repeat setdsdology to construct indices for
various regions. They find that over the periodhewields a higher mean rate of return
and a lower volatility than stocks at 7.3% and &2@spectively both on an annual
basis. However, given the sample selection critg@nndy often traded wines, windsorize
by taking out extreme outliers, deflating all pgde obtain constant USD amounts), it
is likely that returns tend to be smoothed overetamd volatility to be understated. In
addition, wine appears to « improve portfolio daiBcation when it is most needed »,
that is to say during financial crisis by reducingk for investors while correlation
between traditional assets on the contrary tendad@ase. They make a conditional
CAPM analysis with time-varying alphas and betapetieling on the economic
environment, and show that fine wine has signifilyapositive alphas and low betas so
that wine returns are « primarily related to ecomooonditions and not to the market
risk » and thus wine provides attractive portfdadiwersification opportunities. During
the 2008 financial crisis in particular, the gehevane drops by 17% only while the

stock index decreases by 47% over the same period.
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Table 3 - Summary table on literature on wine mgwand volatility

Author(s) Period Methodology = Annual return Annugl!zed Correlation with
analysed volatility other asset classes
William Krasker Close to risk-fre
1973-1977 Repeat sales n.a. n.a.
(1979) P rate (real)
Elizabeth Jaeger 1969-1977 Same as Krasker 12% (real) n.a. n.a.
(1981)
. 9.5% (nominal .
Roman Weil (1993)  1977-1992 RetUM ofawine o various  Higher than n.a.
portfolio equity
costs)
7.9% (nominal) Lower than between
Burton/Jacobsen Repeat sales ", , .
(2%01) 1986-1996 (?ndex) 18.8% traditional financial
3.1% (real) assets
Minimal covariance
Sanning/Shaffer/ 0 . 0 . :
Sharratt (2006) 1996-2003 Repeat sales 6.3% (nominal) 21% ( effect|vell)'/ zero
betas")
. . 17.7% with stocks
- 0, 0,
James Fogarty (2006)1990-2000 Hedonic 11.9% (nominal) 17.8% -15.9% with bonds
. Wine has a low beta
0,
Ma-sset/Henderson/ 1996-2009 Repeat sales 7.3% (nominal, 8.23% (i.e. low correlation
Weisskopf (2009) constant USD) . .
with market risk)
. . 4.9% (incl. the o i
James Fogarty (2010) 1988-2005|ybrld (Aus. wine depression of tr n.a. 5.8% with stocks

only)

late 1980's)

3.1% with bonds

3) Stamps

Stamps can also be classified as emotional asséfgrésent in a certain way

different features than art or wine. Indeed, staogrsbe referred as part of the antique

asset class, because the collectable nature andglile of stamps are tightly linked to

their age and rarity. Indeed, stamps are not caelglenique like art, but elasticity of

supply is nil like for all antiques. It implies thall the considerations related to the
collector behavior, as seen in the first part @ thesis, are particularly important here.
In addition, since we are talking about old andyveare assets, just like for art,
transaction costs (need for expertise), storageimsutance costs, restoring costs are
very high, and lower by as much the real returaumh assets.

Literature on stamps is rarer than on art or wiwélliam Taylor (1983),
however, estimates the quality-adjusted returrsfamps, that is to say the rate of return

of stamps with the same quality, since he claina thquality variation among the
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items offered is a dominant feature » (such asbtords with different ratings, or for
non-financial assets like stamps but what is netddise for wine for instance, or for art
since each artwork is unique). In particular, adogg to him the hedonic and repeat
sales approaches may be unadapted, because therfesrequires extensive and
sometimes hardly quantifiable knowledge on eachetaswhile the significant
infrequency of trading makes the other one inadiegalhthe more than it does not take
into account quality variation over time. Therefdne uses a moving average estimator
over various samples between 1963 and 1977 andesr@aquality-adjusted index,
which yields a mean rate of return of 12.2% perrybdagher than stocks over the
period, and a very low volatility, actually thanksthe quality adjustment, and which is
probably less realistic for an individual investihough. He then makes a CAPM
analysis but finds no evidence either of a sigaificcorrelation or non-correlation
between stamps and stocks (NYSE returns).

Cardell, Kling and Petry (1995) makes a repeatssadgression on over 20,000
transactions concerning more frequently traded gsaonly, and including a dummy
variable «to eliminate any problem of the meanliguahanging across time or
stamps », in order to estimate the rate of retdirstamps over the period 1947-1988.
They find that stamps provided an average nomigtalrn of 7.6% per year. They also
identify that there was a significant « bubble »stamp prices at the beginning of the
1980’s (prices multiplied by more than 3 betweef@l@nd 1980 before a sharp drop
and depression of the stamp market over the few ymars) leading to an increased
volatility. However, the research tends to show 8tamps are a good hedge to stock
investment because « stamps are related in an ib@pesy to many of the important
systemic factors that influence stock and bondrnstos.

Chris Veld (2007) uses the SG 100 index, a stardpxinntroduced in 2002 by
Stanley Gibbons, according to the repeat salesadetbgy on higher value and most
frequently traded stamps, in order to determinetwlabenefits for a financial investor
to invest in stamps are. He concludes from hisamebethat stamps monthly mean
return is 0.58% (vs. 1.11% for FTSE 100) leadingaualized rate of return of 7.2%
between 2002 and 2007 (vs. 14.2% for FTSE 100). édew over the same period,
volatility of stamps is proved to be lower thancét® at 0.77% on a monthly basis
(annual standard deviation of 2.67%) while FTSE 1@ an annual volatility of
10.18%. However, these estimations exclude the digoificant crises of the 2000’s
that occur in 2001 (internet) and 2008 (subprinvdsich in particular strongly impact
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volatility, which as a result is much lower thaneothe whole decade. He also runs a
CAPM regression of the excess returns of stamdivelto stocks. He finds out that
stamps yields monthly returns of ¢.0.23% in exdesthose derived from the CAPM,
and provide significantly positive alphas, whildetas are not significantly different
from zero » relative to both UK or American equibffering thus very interesting
diversification opportunities. Indeed, the CapN&édrket Line (CML) including stamps
stands well above than the one excluding stampghwproves that stamps provide
benefits for financial investors by potentially ieasing returns and reducing risk.
However, as previously said, this study is condiicteer a bullish period for financial
markets only, while it is probably more interestibg assess the diversification
opportunity offered by alternative investments whearkets are bearish.

Finally, Dimson and Spaenjers (2010) calculate {targh average nominal and
real returns for stamps (1900-2008) through a itepal@s regression, over a time-
varying sample (by including into the sample stantipgt become highly valuable
within the timeframe). Mean nominal return is foundoe 7.0% per year and real return
2.9% (vs. annual real returns of 1.5% for bonds aid@6 for stocks). In addition, the
paper confirms the emergence of a stamp bubbleeabeginning of the 1980’s, which
burst in 1982, with the only depreciation in pric#ssmore than 2% over the whole
period (-8.8%). This tends to give evidence of wdp volatility of stamps, since
financial crises were much more frequent for tiadal financial assets across the 20th
century. The paper also shows evidence of a loneladion between stamps and other
financial assets, stocks in particular, throughhhbibie calculation of historical sample
correlation and by adapting the CAPM model to stamapd estimating Betas and
lagged betas (to address the non-synchroneitytafn® issue). This low correlation,
especially during financial crises, « is consisteith the observation that the financial
crisis did not stop stamp prices from rising durihg 2008 bear market ». Indeed,
stamps volatility for unsmoothed return is of 18.0%er the entire period and 19.7%
since 1952, which is lower than for equity but #igantly higher than for bonds.
Correlation between stamps and equity or bondsery Yow at 0.5% and 8.6%

respectively, while it is much higher with commaestlike gold for instance at 45.1%.
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Table 4 - Summary table on literature on stampgmstand volatility

Author(s) Period Methodology = Annual return Annuql!zed Correlation with
analysed volatility other asset classes
- Quiality-adj. index No evidence of either
\(/;/glg;] Taylor 1963-1977 (movingavg  12.2% (nominal) n.m. correlation or non-
estimator) correlation with stocks

Cardell/Kling/Petry
(1995)

Relatively high  Negative with many
because of the systemic factors
early 1980's affecting stock and

Repeat sales
1947-1988 (adj. for quality  7.6% (nominal)

variations) bubble bond returns
Positive alpha, Beta not
Chris Veld (2007) 2002-2007 Repeat sales 7.2% (nominal  2.7% significantly different
from O
. . 7.0% (nominal) 18.0% (for ~ 0.5% with stocks 8.6%
Dimson/Spaenjers 1900-2008 Repeat sales unsmoothed with bonds 45.1% with

(2010)

2.9% (real) returns) gold

4) Diamonds

Diamonds are an emotional asset because their vallirgked to conspicuous

consumption (cf. Scott/Yelowitz (2010)) and to thairity, but they have characteristics
however that are very close to commodities likedgthdeed, unlike antiques or wine,
their value is totally decorrelated from age ordjnand depends solely on both their
quality (color, clarity) and size/weight. As a réswialculating return is likely to be
easier than for other emotional assets, sincedcios prices are regressed depending
on the number of carats of the gem. Renneboog g@aerfers (2011) find average
annual real returns of 6.4% for white diamonds ah@.9% for colored diamonds over
the period 1999-2010 (vs. -0.1% and 3.3% for stakd bonds respectively). Since
2003 only, the annual returns go up to 10% and J8f4ear respectively. Considering
the underperformance of equity over this periodndinds outperform stocks during the
2000’s even though they underperform gold. Authalso notice that in the case of
diamonds, high quality gems (« masterpieces »phdstly outperform other diamonds,
which tends to be contrary to what most authorsceoin the case of art. On the
volatility side, white diamonds have a lower vdigtithan stocks at 16.7%, while
colored diamonds slightly higher at 24.1% (vs. 22.%or stocks). Given the low
standard deviation of gold (11.9%), diamonds companfavorably to gold and are

similar to bonds in the case of white diamonds.r€ations with stocks remains quite
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low (31% and 27% respectively), but still higheathbonds and gold so that on this
very particular historical period, gold might habeen a better hedge to stock
investment for instance, but one should not fotgat gold recorded outstanding and
never equaled returns during the 2000’s decadeadtiition, today performance of
diamonds is absolutely outstanding with an increlage35% in polished diamonds
prices over the first half of 2011, while roughmiand prices jumped by 49% over the
same perio® (strengthening besides the idea of low correlatigih stock markets).

Alrosa CEO says that such an increase in roughahdnprices « may signal bubble »,

while De Beers CEO « sees diamond price steadytagrising %°.

5) Violins and other antiques
As assessed earlier in the part on stamps, antidegsitely belong to the

category of collectibles, and one can observe cliebehavior among these asset
classes. They also have the features of collestifle. rarity, no supply elasticity) and
in addition always include a notion of age (antmj@ee often defined as being more
than 100 years old) and very important transacimh storage costs. In fact, if you take
the example of Stradivari, fakes are numerous aatiStradivari are very rare, old and
fragile so transaction and storage costs are hegpe(tise, insurance, restoring...).
Some literature exists on these assets, and eBpeamafine violins like Stradivarius.
The first analysis was made by Ross and Zonder¥889). They first use a hedonic
regression to show that although prices could Herdint among Stradivaris depending
on quality and the violin was made, it had neadympact on rate of return. Thus, they
make a repeat sales study on 17 individual Stradin@etween 1803 and 1982. They
find that the nominal rate of return over the whpégiod is 2.2% per year, and the real
rate of return adjusted for insurance and storagésds 1.5% per year. However, these
are only long-term returns and are very approximeselts, since they observe a total
of only 29 transactions over the whole period.

Then two major recent studies are made on returndirie violins. Rachel
Campbell (2008) estimates the annual rate of returniolins through the repeat sales
methodology over 1986-2006, and by desmoothing rmetu(smoothed returns
representing a major concern because of the mdlikgtidity and low frequency of

trading). Her general violin index gives a meanusimate of return of 8.34% per year

% Bloomberg articles, 2011 & www.polishedprices.com
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for a corresponding standard deviation of 8.66%&ation of violin return is negative
with both stocks and Real Estate (-2.9% and -11r&8pectively) while close to zero
for commodities and government bonds (9.4% and ¥.B®xaddy and Margolis (2011)
makes a slightly more extensive analysis of fin@linireturns by comparing returns
derived from both repeat sales (337 observationd)reedonic regressions (over 2,500
transactions). The time interval is very similathe one used by Campbell, since they
selected the period 1980-2009. The repeat salesoagp provides an annual mean
nominal return of 6.28% per year, and the hedaggcassion a mean return of 7.5% per
year for a corresponding volatility of 9.2%. Ithesides interesting to notice that unlike
many studies on the matter, the hedonic approambidas here an higher rate of return
than the repeat sales approach. At the end, reabfaieturn for investing in fine violins
Is estimated to be around 3.3% since 1980 and iNiylavf 7.8%. Correlation is
negative with both stocks and bonds (-13.6% ando)18nd positive only with art
(18.4%).

Table 5 - Summary table on literature on violinsines and volatility

(2008)

Period A lized Correlati ith
Author(s) eno Methodology  Annual return ””“? |_ze orretation Wi
analysed volatility other asset classes
2.2% (nominal
Ross/Zondervan 1803-1982 Repeat sales o ) n.a. n.a.
(1989) 1.5% (real)
Repeat sales - Negative with stocks
Rachel Campbell _ and Real Estate, lower
- 0, 0,
(2007) 1986-2006 Desmoothed 8.34% (nominal) 8.66% than 10% with bonds
returns .
and commodities
) Repeat sales 6.3% (nominal) n.a. Negative with stocks
Graddy/Margolis i ) )
1980-2009 Hedonic 7.5% (nominal) 9.2% and bonds, 18.4% with

3.3% (real) 7.8% art

C. Portfolio Optimization in existing literature

As extensively stated in the previous part, whilginmns differ whether
emotional assets compare favorably or unfavorablytraditional financial assets,
literature tends to prove that emotional assets beyof interest when considering
portfolio diversification. Burton and Jacobsen (2p#h particular state that correlation
of collectibles with stock market returns are nagabr at least very low so that they

could be use as hedges or as part of diversificagicategies. Th&ue correlation of
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emotional assets with stocks is likely to positagesuggested by Goetzmann (1993) or
Chanel (1995), since investments in emotional asaet made by High Net Worth
Investors, who are likely to invest more in emotibassets when stock markets are
bullish because they have money available and nezly. However, we can also
argue like Burton and Jacobsen, that if emotiosslets are used as hedges against
bearish stock markets and as safe haven becawsgeateetangible assets with logically
more stable long-term prices, then we could obsarmegative correlation with stocks.
In any case, empirical research shows that colwelatith stock markets is low, and
indeed James Fogarty (2010) for instance find emidethat cross-sectional is much
more efficient than international diversificatiowjth correlation between emotional
assets like wine and other asset classes like stbeik are much lower than correlation
between returns of a same asset class across Iseoenries. This tends to be
confirmed by what Bernstein and Pinkernell (200@jna, on the fact that correlation
between traditional financial assets tends to lgidri and higher today, and often in
excess to 90%, while alternative asset classesttekdep a lower correlation though
positive with traditional assets, so that divecsition opportunities are real.

Several suggestions of optimal portfolio allocatisrere made during the
2000’s. Most authors use Markowitz mean-variancénopation to determine the
optimal strategic allocation including art, wine @her emotional assets. In particular,
Rachel Campbell (2009) suggests an allocation ttefar.6%, while portfolio remains
logically concentrated on stocks (70.3%) and bofis7%¥°. When incorporating
violins, she suggests an allocation of 7.1% whiik allocating 5.9% to art, to get an
optimal portfolid’. Kraussl and Van Elsland (2008) set up restricbonasset class
allocation to fully benefit from diversification pprtunities (no more than 25% or
18.5% on a single asset class), what result inllacation to art of either 3.25% or
5.72% of the portfolio respectively, and is showrstibstantially reduce the volatility of
the related portfolio compared to the allocationheut art. Regarding wine, Fogarty
(2006) provides us with an optimal portfolio alltoa analysis based on Markowitz
optimization, which allocates 19.6% of the portiolo wine, in order to maximize the

Sharpe ratio of the related portfolio. This is ai¢a while also optimizing the strategic

6 R. Campbell, « Is art an investable asset clag2009
2" R. Campbell, « Fine violins as an alternative stweent : Strings attached », 2007
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allocation inside wine between the four main catiego that he identifies (i.e.
exceptional, outstanding, excellent and distingeshvines) over the retained time
interval, which is totally optimal, on the contranystocks and bonds, for which he uses
usual benchmarks, and besides quite unrealistigusecbased on an historical analysis
while it is impossible to predict in advance wha teturns for each category will be so
that you can apply an optimal allocation to younsvinvestment. Finally, we can retain
that for a particular emotional asset, the optiallmication must be and vary between 0
and 15% of the total portfolio, depending on assiong made and results obtained

from the risk-return analysis.

However, they all use historical mean returns apeeted returns in their
Markowitz portfolio optimization model, which is @ononly seen as a poor way to
estimate expected returns (cf. Thomas Philips (P08Bce future performance is never
equal or predictable thanks to historical perforogarindeed, in the case of stocks, one
would need huge datasets of daily returns (overdmihree centuries), just to estimate
expected returns with a 95%-confidence intervabugh the sample mean estimatpr
what is of course already totally inapplicable $twcks, so even more impossible to do
in the case of emotional assets.

Another drawback of these analysis is that, aparmnfRachel Campbell to a
certain extent (with art and violins/antiques), @oof the authors previously cited
provides us with an optimal strategic asset allonatonsidering various emotional
assets or shows how much to allocate to emotiosakta both altogether and
individually, what could really be of interest, senas previously discussed in this paper,
emotional assets can have quite a low correlateiwéen each other, as it tends to be
proved for instance by the non-simultaneity of @as bubbles that affected emotional
assets in the past (early 1980’s for stamps, 1889'% for wine, and rather early 1990’s

in the case of art).

28 Olivier Ledoit, HEC Quantitative Asset Allocatiatass, Majeure Finance 2011
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l1l. Modeling exposure of emotional assets to marksk
and portfolio diversification

A. Data

To perform this empirical research, | will use taifferent datasets : the first
one is based on long-term real returns for varemstional assets (i.e. art, stamps and
violins), stocks, bonds, bills and gold. These datme from various studies, as we will
detail including Dimson and Spaenjers (2011) famgis, Renneboog and Spaenjers
(2011) for art, Graddy and Margolis for violins () and Dimson, Marsh and
Staunton (2010) for other asset classes. Then, hlasg all been gathered, deflated
(based on GBP prices) and furnished by Dimson gaki§ers. It will be aimed in a
first time to assess historical correlation of el assets with other financial assets
and then to estimate the exposure of emotionatassenarket risk through a CAPM
analysis and by taking into account the non-synobity of emotional asset and
traditional financial asset returns. The secondagkit contains short-term nominal
returns for several emotional assets (art, wireanps and violins), and all other main
investable asset classes including equity, bormenwodities and Real Estate, in order
to determine optimal strategic asset allocatioroating to Markowitz mean-variance

optimization model.

Long-term returns data

This dataset includes real annual returns for ematiassets and main financial
asset classes over a 110-year time frame, betw880 and 2010. Returns are
calculated by Dimson and Spaenjers (2011) fromcewlideflated on a yearly basis in
order to get real returns. They are based on theatesales approach and catalogues
published by British stamp dealer Stanley Gibb@ismson and Spaenjers first identify
the 50 most valuable British stamps in January J#8@0then use a time-varying basket
of fine stamps by updating their list of most vdlieastamps every nine years until
1998. The index is constructed until 2008 througlrakue-weighted arithmetic repeat-
sales methodology as defined by Shiller (1991), expanded until end 2009 with
Stanley Gibbons’ Great Britain 30 Rarities IndeheTannual mean deflated rate of
return is 2.9% for an annualized volatility of 1%4 Art returns are provided by

Goetzmann, Renneboog and Spaenjers (2011) and lmsd®hyesian repeat sales
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methodology. It is extended from 2008 to 2010 tggiouhe UK art index from

Artprice.com. Mean real return is slightly lowerthfor stamps at 2.5% and standard
deviation very similar at 12.5%. Auction and deadata on repeat sales for violins
come from Graddy and Margolis (2011) and are @iliby Renneboog and Spaenjers
(2011) to construct a repeat sales index throughBhyesian regression approach.
Violins yield an average annual real rate of retoir2.9%, equal to stamps, but with a
lower volatility at 8.0%, which is probably due the relatively small number of

transactions. Data for stocks, bonds and bills cora Dimson, Marsh and Staunton
(2010) and gold returns are downloaded from Gldbahncial Data and Datastream
and then deflated in order to get real returns. ratlrns are deflated according to
British Pound inflation data. Stocks are the ordged class that performs better than
emotional assets over the entire period at 5.3%ypar on average and compare
favorably to both art and stamps with a volatildfy 20.1%, what corresponds to a
Sharpe ratio of 0,26. Bonds, bills and gold unddogpen emotional assets with mean
real return of 1.4%, 1.0% and 0.8% and standardatien at 13.7%, 6.3% and 17.4%

respectively.

STAMPS ART VIOLINS STOCKS BONDS BILLS GOLD

Mean real return 2,9% 2,5% 2,9% 5,3% 1,4% 1,0% 0,8%
Volatility 12,4% 12,5% 8,0% 20,1% 13,7% 6,3% 17,4%
Sharpe ratio 0,24 0,20 0,36 0,26 0,10 017 0,04

Table 6 — Long-term returns and volatility of eroofil assets vs. other asset classes
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Figure 1 - Real price indices of selected emoti@saets since 1900
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It is interesting to notice that apart from thengpa bubble during the 1980’s and
the recent financial crisis (stamps perform weit, @n the contrary is significantly
affected by the global crisis), art and stampsquarfquite similarly over the period,
while violins seem to consistently beat art anangis returns. In addition, the strong
performance of stamps over th¥ Ralf of the 2000's and especially since the beigipn

of the financial crisis may signal a new bubblehsas at the end of the 1970’s.

Short-term returns data

Regarding short-term data, we use nominal retummsn yearly basis over a 20-
year period from 1991 to 2011, for emotional asaatsall usual asset classes including
stocks, bonds, commodities and Real Estate. Undestienal assets, we include
stamps, art and violins, whose data are derivad fomg-term returns ane-inflatedin
order to obtain nominal returns. We also include&ada wine that are obtained from
Liv-Ex Fine Wine Investable index. Then we use itradal indices to calculate
performance of main asset classes, all download®ed Datastream except for Real
Estate. For stocks, we select S&P 500, FTSE 100G#&@ 40 total returns, including
both price returns and dividends by assuming thadehds are reinvested in the index.
This enables in particular to include equity gepbra diversification in our research.
Regarding bonds, we include both corporate and rgovent bonds. We use the
Citigroup US BIG Corporate 1-10Y bond total retumdex to estimate corporate bond
returns, while government bonds are representdabtiya 6-month Treasury Bills total
return index (from Citi) and Citigroup 1-10Y treagubond index. Concerning
commodities, we select gold and silver as investadsets from a pure financial
perspective. Finally, we use US and UK House Phickces, from Federal Housing
Finance Agency www.fhfa.goy) and Nationwide Www.nationwide.co.uk/hpj/ as

representative of Real Estate performance. As @tyege obtain a total sample of 14

assets and benchmarks, including 4 emotional asssteck indices, 3 bond indices, 2
commodities and 2 real estate indices. Individetims and volatility are presented in

the following tables :

ART WINE STAMPS VIOLINS S&P500 FTSE100 CAC40

Mean real return 4,7% 13,2% 7.5% 4,2% 8,8% 8,5% 6,8%
Volatility 9,5% 22,4% 8,3% 8,7 % 19,1% 16,8% 23,5%
Sharpe ratio 0,49 0,59 0,91 0,48 0,46 0,50 0,29
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US Corp T-BILLS US Gov US REAL UK REAL

BONDS BONDS GOLD  SILVER ESTATE ESTATE
Mean real return 7,2% 3,6% 6,1% 6,9% 9,5% 3,2% 5,4%
Volatility 5,9% 2,0% 4,6% 14,7 % 26,8% 4,5% 8,7%
Sharpe ratio 1,22 1,75 1,32 0,46 0,35 0,70 0,62

Table 7 - Short-term returns and volatility of erooal assets vs. other asset classes

B. Methodology

Methodology of our research is based first on aystaf correlation with
traditional financial asset classes and exposuradrket risk through a lagged CAPM
analysis over the long term. Then, we apply Markpwiean-variance optimization to
our short-term dataset in order to estimate varapignal asset allocations. We will use
assumptions regarding maximum allocation to a @aldr asset class in order to fully
benefit from portfolio diversification and regardiexpected returns too. In particular,
historical mean return is an inaccurate estimataxpected returns and it sometimes
needs to be adapted to match the current globaloeac outlook or adjusted for

additional parameters like transaction or storaggscin the case of emotional assets.

Methodology to analyze long-term correlation armgkrexposure

We start by determining the correlation matrix dor long-term returns dataset.
Let first introduce the following notations:

= T is the total number of return observations in lmng-term dataset (here
T =110 years of returns between 1900 and 2011)

(Aij) € Mi1110q1:7 IS the matrix containing all demeaned returns dier
time frame. Thusy(i,)) € [1;110]x[1;7], @ is the demeaned return of the j

asset (with assets being in the following ordesurgis, art, violins, stocks,
bonds, bills and gold) for th& iear of the sample

= Vi€[17] o is the historical standard deviation of tfeasset over the
sample time frame

Hence the covariance matriX; () = (ci,j)(i,j)e[lﬁ]z is given by the following equation:

1 T
X= -1 AA (1)
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Thus, the historical correlatign; between théland | assets is calculated as follows:
v(ij) €[L7F pij=o0i; /o0 (2)

Secondly, we apply a lagged Capital Asset Pricingd®& (CAPM) to the
emotional assets from our dataset (vs. stock rgfumorder to determine the exposure
of each emotional asset to market risk, while tgkimto account the issue of non-
synchroneity of returns between emotional assedsstoctks. Indeed, the relatively low
correlation observed in Part 11l.C between emoticasset and stock returns may be
linked to this non-synchroneity issue, that we addrby applying the aggregated
coefficients methodology from Dimson (1979). Nomalyroneity in returns can be
explained by assumptions made when calculating iemadt asset returns like using
catalogue prices, which actually reflect prices foe previous period, such as for
stampé’. It is also linked to the fact that emotional agséces may adjust more slowly
than stocks to changes in the financial and econgiobal outlook. Thus, it is likely to
create a lag in returns so that it may be usefthke into account the stock returns on
previous and following years when estimating théaBd emotional assets.

Therefore, in order to estimate ttree exposure of emotional assets to equity
returns, in addition to the matching market ret(same year return for stocks) the
market modep3 of each emotional asset is adjusted for laggedtyecgturns (i.e. prior
year returns) and leading equity returns (i.e ofelhg year returns). In fact, we assume
that correlation between emotional assets and yedgiitomplex so that there is an
interaction between stock and emotional assetnetuiStock returns can affect the
outlook of emotional asset markets and therefoedr tteturns and reciprocally. The

model is defined as follows :
Ri=0; + Z?:—a iRt (3)

where Ris the return of the considered emotional asseteam t andR[" the return of
the market on year t. Thea,is the number of lagged market returns (numbesrimir
market returns taken into account) dnthe number of leading market returns (number

of following market returns). The returns are regesl and individual slopd% are

% Dimson and Spaenjers, « Ex post: The investmentopmance of collectible
stamps », 2010
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estimated thanks to an Ordinary Least Squares (@k8nator applied to the whole
sample.
We obtain an unbiased estimation of the market m@dfer the considered

emotional asset by adding up all the individuapslooefficients :

B=Xl_oBi 4

Methodology to study portfolio optimization base&dsbort-term returns

This study will rely on Markowitz mean-variance iopization methodology’
and be based on our short-term returns datasethéese to use the short-term dataset
because it will enable us to consider recent retamd correlation only, to be more
realistic by including widely used indices and Hdemarks (i.e. S&P 500...) that can be
replicated, and it will also enables us to be mexbaustive by using all main asset
classes (equity, bonds, commodities and Real Bstate by incorporating country
diversification for stocks.

We first define the following additional notations
* M = (Mieq is the column matrix containing expected retuorsall assets
(in the following order : Art, Wine, Stamps, VioinS&P 500, FTSE 100,
CAC 40, US Corporate bonds, T-Bills, US governmamnds, Gold, Silver,
US Real Estate and UK Real Estate)

1
* W= (W)ieqr14 IS the weight vector and e[i.] is the unit vector
1

= The covariance matriX € My .14 and in this particular case T = 21

The efficient frontier represents the range of meamance optimal portfolios. In
particular, we will focus on Global Mean-Variancer®olio (GMVP — Portfolio with
lowest volatility) and Tangency portfolio (Portfolwith maximal Sharpe Ratio). The
GMVP is determined as follows :

= We minimize portfolio varianc&ny w
= Under the following constraints on portfolio weight
Portfolio weights sum up to 100%we = 1

No short-selling w >> 0

30 1. Markowitz, « Portfolio selection », 1952
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Then, we will also calculate the Tangency Portfolbich is defined as follows :

- _wu
=  We maximize the Sharpe Ratto——
v TwXZw

= Under the following constraints on portfolio weight
Portfolio weights sum up to 100%we = 1

No short-selling w >> 0

We can also add some constraints on maximum wemhta particular asset
class in the portfolio in order to fully benefitom diversification (i.ew; < x%). By
doing this, we may obtain apparenilyefficient portfolio (i.e. that are not on the
efficient frontier), but which would actually enablis to diversify our risk and help us
reduce risk from a qualitative perspective. Inddwdwell diversifying our portfolio, we
can for instance hedge against extreme risks iit@ntial crises or huge drops in prices

of a particular asset class.

Finally, there only remains to establish expecteturns. Mean returns, as
calculated earlier in the data section, can oftercdnsidered as a good proxy of future
returns but remains an inaccurate estimation oéebga returns. Therefore, we need to
set up expected returns depending on both histqrezéormance and personal analysis
and assumptions on what future returns may beddfitian, we also adjust emotional
asset returns for several additional costs (trditsaend storage costs) in our forecasts.
As a result we will use the following expected rasi throughout this analysis on

portfolio optimization :

Exp. Return Exp. Return
ART 2,2% US CORP BONDS 6,0%
WINE 10,7 % T-BILLS 1,0%
STAMPS 2,2% US GOV BONDS 4,0%
VIOLINS 2,2% GOLD 3,5%
S&P 500 8,8% SILVER 5,0%
FTSE 100 8,5% USRE 1,7%
CAC40 6,8% UK RE 3,9%

Table 8 — Retained expected returns for mean-vagaortfolio optimization

As a whole, we chose to retain quite conservatiigeeted returns given the
recent economic situation. We put in black expecéddrns that we kept equal to mean
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returns. In blue are the expected returns thatdjested in order to match the current
economic and financial outlook, to get rid of sos@mple biases, or to include
transaction and storage costs into returns. We ossgh returns for stocks and Real
Estate (minus transaction and holding costs) wbiler asset classes have adjusted
expected returns. Indeed, we set T-Bills expectgdrm at 1%, in line with current
economic situation and probably still a bit optiticison the very short term. Similarly,
bond returns have a low volatility, consequentlycae set expected returns at 6% and
4% respectively, according to recent yields overghst few years. Gold and silver are
affected by a sample selection bias (very highrretiuring the 2000’s — approximately
20% per year for both) so that we should also taker rates of return to reflect more
their much lower performance over the long term tedrelative premium offered by
equity for instance. As a result, we establishrtle&pected returns at 3.5% and 5.0%
respectively to maintain the same proportion ofessaeturn of silver over gold.

We determine all art, stamps and violins nomingdeeted returns at 5%, thus
significantly lowering stamps historical mean retand slightly raising both art and
violins mean returns because of a sample selebims Actually, our sample starts in
1991 just during the art bubble which burst at beginning of the 1990’s, what
explains the quite low art mean return, and after stamps crisis of the 1980’s, what
helps stamps yield a higher return over the lasi tecades. In addition, stamps
perform extremely well during the 2000’s and ardikehy to keep a similar level of
performance in the future. At the end, our datanshmat art, stamps and violins yield
sensibly comparable returns over the long termpeddently from their performance
over short periods, so that it seems impossibldotecast which one is likely to
outperform others in the future. That is why weuass equal expected returns, at 5%
on a nominal basis, what is in line with long-tereturns (1900-2010) considering that
today inflation given recent rates can reasonablgdtimated to be around 2-2.5% per
year. Wine on the other hand, historically tendsutperform other emotional assets as
noticed by Graeser (1993) or Burton and Jacobs@®il(ZXor instance. In addition, there
is a cumulative effect in storing wine, becauserafieveral years you can basically
renew you portfolio with younger and less expenswmes. This is consistent with the
nominal mean return of 13.2% observed from our tsteom dataset and therefore we
use this historical mean return in the case of wine

Then, we adjust all emotional asset nominal exjgeateturns for both
transaction and storage costs. We cut returns3®p @or storage costs since the amount
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of storage costs depends on the portfolio valugnfased to be about 0.5% per year)
and can be directly removed from the rate of retRegarding transaction costs, it is
slightly more complicated because the impact ohdugh transaction costs on returns
clearly depends on the investor horizon. The lotigeholding time, the less the rate of
return is affected by transaction costs. We assiimaefinancial investors that would
diversify their portfolio thanks to emotional assate likely to be willing to invest over
mid-term periods (i.e. about 5-15 years), which liegpthat transaction costs would
quite significantly affect the investment returry Beferring to Dimson and Spaenjers
(2010), transaction costs for stamps are estintaté@ between 20% and 25% and, for
a 10-year holding period to reduce the rate ofrrehy 2.3% (from 6.2% to 3.9% per
year). Transaction costs are quite similar foria®land art and slightly lower for wine,
around 15% according to Burton and Jacobsen (208 )a result, we decide to cut
nominal expected returns for transaction costs 3¢62(2.8% when adding storage
costs) for art, stamps and violins and by only 2(@%% overall) in the case of wine.
The resulting expected returns are shown in thie &iove.

Concerning other asset classes, transaction amedgstaosts are negligible,
except for Real Estate where transaction costegponds more or less to about 5-10%
of the transaction price (i.e. c.-1.0% per yean &nlding costs to a cut in return by

c.0.5% per year (tax, works...)

C. Results

1) Long-term historical correlation and exposursttick returns
First, as exposed in the data section, it appeaas over the long term,

emotional assets clearly underperform stocks (etarns between 2.5% and 2.9% per
year vs. 5.3% for equity), but outperform bonddisband gold. In addition, these
returns do not take into account potential addgiaosts, which are high in the case of
emotional assets (transaction and storage cosid)tlrefore reduce the relative
performance of emotional assets and force invesdtoidsold such assets over longer
time periods (i.e. during several years).

Volatility of emotional assets appears to be patady low between 8% and
12.5%. Actually, results suggest that only billsukbbe less volatile than emotional
assets. Nevertheless, we will not focus on thigiqdar point since these results are

likely to significantly underestimatérue standard deviations of emotional assets
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because of both appraisal bias and spurious fidsroautocorrelation affecting
emotional asset returns. Indeed, such illiquid tasteat are infrequently traded may
suffer from « appraisal smoothing'»because valuation is logically influenced by
prices of previous transactions, and calculatirtgrns based on yearly averages also
tends tosmooththese returns, thus reducing their volatility, ame would need to
desmooth the returns in order to get rid of theeulyihg bias and autocorrelatifnAs
a result, volatility of emotional assets would pably be more in line with gold or
stocks.

Then, the following matrix presents sample hisaregorrelation between assets.
Here smoothing in returns does not affect result®rdy marginally since standard
deviation is removed from covariance in order to g@@relation (cf. equation (2)). The

following correlations take into account returns &l assets between 1900 and 2010 :

1900-2010 ~ STAMPS ART VIOLINS STOCKS BONDS  BILLS  GOLD
STAMPS 100%

ART 13,9% 100%

VIOLINS 73%  24,0% 100%

STOCKS 07%  223%  (0,5%) 100%

BONDS 24,7% 8,7% 74%  52,3% 100%

BILLS 362%  224%  345%  261%  64,6% 100%

GOLD 39,8% 64%  12,6%  (173%)  (7%)  147% 100%

Table 9 — Correlation matrix of long-term returri©00-2010)

We can first notice that correlation between thre¢hemotional assets from our
sample is quite low (lower than 25%), which implig&t each emotional asset can
individually potentially provide a diversificatiampportunity for a financial investor. In
addition, correlation between emotional assets @thdr asset classes as a whole are
positive but remains below 40% while it is sigrafintly higher between some other
assets like between bonds and bills (64.4%) or éetvstocks and bonds (52.3%). Gold
on the other hand seems interesting because hegative correlation with both bonds
and stocks. However, this needs to be balancedthétifiact that gold yields a very low

mean return over the whole period (even lower thiis), especially when considering

31 D. Geltner, « Smoothing in appraisal-based retus 991

32 see : R. Campbell, « Art as a financial investmer2007
Dimson and Spaenjers Ex post : the investment performance of colbdetstamps », 2010
Renneboog and Spaenje«Buying beauty : on prices and returns in thematket », 2011
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its standard deviation. It is besides normal tlmatetation is negative considering this
relative underperformance. This tends to give ewdethat emotional assets can
therefore be very useful for diversification purgssbut this will be investigated into
more depth later in this part, over a shorter timaene in order to match more closely
the current market situation. Correlation of emdiloassets with stocks in particular is
very close to zero for both stamps and violins ¥®.@nd -0.5% respectively) and still
low in the case of art (22.3%). However, this migatseverely underestimated because
of the non-synchroneity of returns issue that wacussed earlier in this part. That is
why we will now present results from our CAPM arsagyon emotional assets including

lagged and leading equity market returns.

The tables below report the results of our laggédPKa analysis based on the
estimation of Betas through the Ordinary Least 8g(@LS) methodology :

ART vs. STOCKS B> Bs 5 . | B R Adj.R
Model 1 (a=0 and b=0) i - 0189 - {0139 0050 .

Model 2 (a=1 and b=1) - 0226 0149 0017 | 0392 0173  0.149
Model 3 (a=2 and b=1)  0.148 0.234 0.162  0.029 0575 | 0.224  0.193

Table 10 — Estimation of Art market model regrassioefficients

STAMPS vs. STOCKS £, B B B B R? Adj. R?
Model 1 (a=0 and b=0) - - 0.004 - {0004  4x10° -

Model 2 (a=1 and b=1) - 0.136 0.014 0.054§ 0.204 | 0.050  0.022
Model 3 (a=2 and b=1)  0.080 0.743 0.024 0.0625 0.309 & 0.067  0.030

Table 11 — Estimation of Stamps market model regyaoefficients

VIOLINS vs. STOCKS S, L1 B i B R? Adj. R?
Model 1 (a=0 and b=0) - - (0.002) - 1 (0.002) 3x10° -

Model 2 (a=1 and b=1) - 0.071  0.003 o.oefs7o.14r 0.053  0.026
Model 3 (@=2 and b=1)  0.165 0.079  0.014 0.0775 0.275 | 0.118  0.084

Table 12 — Estimation of Violins market model resgren coefficients

* Slope coefficient is significantly different frone at the 5% level
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Model 1 is a classical CAPM measuring the correfatietween the considered
emotional asset and stock returns based on 110waltis&s (from 1900 to 2010).
Model 2 includes 1 lagged and 1 leading marketrnst@and therefore coefficients are
measured over 108 return observations (from 19020@®). Finally, Model 3 is a 4-
factor model with 2 lagged and 1 leading marketurret, and contains 107 return
observations from 1902 and 2009.

We can notice that all the aggregaiBdemain significantly below 1, what
confirms that correlation between emotional asartsequity is relatively low and that
diversification opportunities are real. We can aistice that art is the emotional asset
that presents the highest correlation with stotkrns. In the case of art, gh, £1 and
B2 are significantly positive, meaning that art hamportant exposure to stock returns
both on a same-year basis and with a certain lagicBlly, all emotional assets show to
a certain extent a meaningful positive correlatioith lagged stock market returns
while both stamps and violins have a very low expeso same-year stock returns.
Indeed, for stampsf, estimations are 0.136 and 0.143 (from Model 2 &nd
respectively), and are significantly different frararo at the 5% level since the 95%-
confidence interval is each time well above zerotHe case of violins, returns are
mainly exposed to stock returns with a 2-year @gnsequently we can infer from our
results that stock returns may affect returns bemdotional assets though to different
extent and with various lags. This seems to beistem with theoretical framework
exposed earlier in this thesis, especially witreegsn that the main driver of emotional
asset prices is the « dynamic demafidand that this demand is closely linked to
wealth of High Net Worth Investors and as a coneage to market outlook and
returng*,

In addition, the unequalled level of developmentre art market and the fact
that art is the most considered emotional assen feofinancial perspectivé may
explain that correlation with stock returns is teghhan for other emotional assets,
which remain more pure collectibles. Relatedly, lthesl of development of the market
seems to have a consequence on the exposure atiditg#o changes in stock returns.
Actually markets that are more developed like tierarket and to a smaller extent the

stamps market seem to be more reactive to changasdk returns than the market for

33 B. Mandel, « Art as an investment and conspicummsumption good », 2009
34 capgemini World Wealth Report 2011
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violins for instance. Art in particular is the enuotal asset, which is the most correlated
with stocks and correlation is already significgndifferent from zero for same-year
returns. Then, stamps record mainly a 1-year lath@ir exposure to market returns,
while for violins it is the slope coefficient ofdé2-year lagged returns which is the most
significantly positive.

On the other side, there is no evidence of coiogldbetween emotional asset
returns and leading market returns. Actually, eatioms of 5., are all close to zero,
what suggests that performance of emotional aseetsa very little impact and even
probably no impact on performance of equity.

2) Research on portfolio asset allocation

This analysis relies on the short-term dataset kvh@vers the last two decades

and all main asset classes with widely used indiéassexposed in the data section,
emotional assets have very different features. Wareinstance presents both high
mean return and high volatility with only silveribg more volatile over the period.
From the risk-adjusted performance perspectivenpsaare the most interesting with a
Sharpe Ratio of 0.91, thanks to a very good perdmce in particular over the past
decade. First, we calculate the sample covariandearrelation matrices :

g 2 8 & o g2 9 39 o owow
w = 5 i o S 82 = 62 12 g @ @
& £ < Q 3 2 S 06 ©® ¢ob © > 0 ¥
1991-2011 < 2 n > 0 o S D@ + DSDa O o 5 =)
ART 0,90%
WINE 0,75% 5,01%
STAMPS (0,21% (0,51% 0,68%
VIOLINS 0,09% 0,31% (0,10% 0,75%
S&P 500 0,66% 1,30% (0,83% (0,30% 3,64%
FTSE 100 0,51% 1,01% (0,72% (0,12% 2,91% 2,82%
CAC 40 0,90% 0,68% (0,80% (0,25% 3,53% 3,46% 5,54%
US Corp BONDS 0,08% 0,10% (0,21% (0,02% 0,55% 0,43% 0,26% 0,35%
T-BILLS (0,04% 0,11% (0,06% 0,02% 0,09% 0,06% 0,13% 0,01% 0,04%
US Gov BONDS (0,20% (0,16% 0,02% (0,07% (0,11% (0,15% (0,35% 0,11% 0,04% 0,21%
GOLD 0,49% 0,74% 0,26% (0,15% (0,39% (0,14% (0,40% 0,03% (0,18% (0,19% 2,17%
SILVER 1,39% 2,41% (0,45% (0,07% 1,83% 2,11% 2,10% 0,42% (0,24% (0,50% 2,45% 7,18%
US RE 0,15% (0,06% (0,05% 0,01¥ 0,13% 0,12% 0,30% 0,01% 0,03% (0,01% (0,13% (0,06% 0,21%
UK RE 0,50% (0,10% (0,10% (0,18% 0,12% (0,07% 0,35% 0,03% (0,00% (0,11% 0,20% 0,31% 0,24% 0,76%

Table 13 — Covariance matrix of short-term retu¢h891-2011)
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£ 2 3 g e 58 9 34 & W W
: £ f 3 & ¥ © 92 3 22 3 2 & °©
1991-2011 < = n > n w o Oa (N Sa o ) ot =)
ART 100%
WINE 352% 100%
STAMPS (27,0% (27,5% 100%
VIOLINS 10, 15,84 (13,26) 100%
S&P 500 36,8 30,%% (52,9%) (18,1%) 100%
FTSE 100 2% 26,8% (51,9%) (8,5%) 90,8 100%
CAC 40 40,% 12,9 (41,00) (12,3%) 78,84 87,9 100%
US Corp BONDS 14,26  7,%% (42,8%6) (3,6%) 49,326 43,1% 18,3« 100%
T-BILLS (19,%) 24,9% (32,9%) 11,1% 23.6% 1664 26,0t 9,0% 100%
US Gov BONDS (46%) (15,20) 6,1% (17,34) (12,®%0) (18,80) (32,86) 39,2 42,1% 100%
GOLD 3526 22,9% 21,7c (11,8%) (13,8%6) (5,™6) (11,66) 3,4% (60,3%6) (28,36) 100%
SILVER 54,86 40,2t (20,3%) (2,9%) 3584 46,8t 33,3 26,9 (44,3%) (40,20) 62,1% 100%
US RE 34,06 (6,0%) (14,20) 1.6% 146 1534 27,9 34% 2934 (6,6%) (19,26) (4,9%) 100%
UK RE 60,3t (5,0%) (14,006) (24,.3%) 7,006 (4,9%) 16 56% (1.6%) (26,66) 154t 13,8 6104 100%

Table 14 — Correlation matrix of short-term returfi®91-2011)

Results from the shorter dataset show that unlitkeeroemotional assets, in

particular stamps and violins, art is positivelydaguite significantly correlated with

other financial asset classes (i.e. stocks, bondss tends to confirm the empirical
observation from our lagged CAPM analysis and @viglence that the higher level of
development of the art market and the existengauoé financial investors among art
buyers is likely to lead to a higher correlatiorthypure financial assets. It is however
interesting to notice that stamps and violins haveegative historical correlation with

stocks and most of main other asset classes ozdaghtwo decades.

We now determine the asset allocation of variousf@ms : first, the Global
Mean-Variance Portfolio (GMVP), which yields thesest volatility. It is besides the
only efficient portfolio if you consider that yowarnot forecast expected returns and
assume that all expected returns are equal. In agwsituation, the Markowitz efficient
frontier would be a straight horizontal line antd@dssible portfolios would be on this
line. Then, the tangency portfolio, which maximizée Sharpe Ratio with no other
constraint than no short-selling. Then, we als@iporate some additional constraints
in portfolios C and D. Portfolio C is the portfolibat maximizes Sharpe Ratio (with no
short-selling) under the constraint that weigheath individual asset class (emotional
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assets, equity, bonds, commodities and Real Eswt®wer than 25%. Eventually,
Portfolio D also maximizes Sharpe Ratio excludihgrgselling but under different
constraints on allocation to various asset classesights of financial asset classes
(equity and bonds), which include usual investassets, are individually lower than
40%, while weights of each alternative asset cfassotional assets, commodities and
Real Estate) must be lower than 20%. This lastf@artis aimed to favor traditional
asset classes, which are likely for instance tarmee liquid and transparent, or to
provide more diversification opportunities insidee tasset class itself (especially for

stocks). The optimization of portfolio weights gévihe following results :

Optimal portfolio weighting

GMVP ";zr;ii)rllicgl Portfolio C  Portfolio D
ART 1,3% - - -
WINE - 2,3% 0,1% 0,2%
STAMPS 10,7 % 17,6% 14,1% 9,8%
VIOLINS 2,7% 13,4% 10,8% 10,0%
S&P 500 - - 2,1% -
FTSE 100 - 8,9% 13,1% 12,1%
CAC40 - - - -
US CORP BONDS 6,1% 3,8% - -
T-BILLS 72,6% - - -
US GOV BONDS - 36,0% 25,0% 40,0%
GOLD 3,4% 1,8% 9,8% 7,9%
SILVER 1,5% - - -
USRE - - 9,5% 3,5%
UKRE 1,8% 16,2% 15,5% 16,5%
Total 100% 100% 100% 100%

Table 15 — Asset allocation in various selectedfpbos

Portfolio key metrics

Tangency

GMVP portfolio Portfolio C Portfolio D
Expected return 1,7% 4,0% 4,0% 4,1%
Volatility 1,2% 2,0% 2,7% 2,3%
Sharpe ratio 1,36 2,05 1,48 1,77

Table 16 — Key results of various selected podfoli
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With respect to the GMVP, the total weight allochte emotional assets is
14.7% and split between stamps in majority (10.79lins (2.7%) and art (1.3%).
Most of the portfolio is invested in Treasury Bi([62.6%), which by definition have a
very low standard deviation. The expected returnthaf portfolio is low at 1.7%,
slightly lower than historical inflation, but voikty is very low too at 1.2% for a total
Sharpe Ratio of 1.36.

For portfolios based on maximization of the Shaig®, regarding emotional
assets, the tangency portfolio privilegiates stamps violins, with a small proportion
of the portfolio (2.3%) invested in wine when thaseno constraint on maximum
weight allocated to emotional assets. In this casgtional assets as a whole account
for 33.3% of the tangency portfolio, while this gkt logically drops to 25% and 20%
when adding constraints on maximum weight allocatethis particular asset class. In
these cases, the proportion of the portfolio alledao stamps in particular decreases
sharply. Other assets present in the tangencygtiortire US government bonds, UK
Real Estate, FTSE 100, US Corporate bonds and Jdidn, when incorporating
additional constraints on maximum proportion of fplegtfolio invested in a single asset
class (i.e. emotional assets, stocks, bonds, contiesdr Real Estate), we notice a
significant increase in wealth allocated to S&P ,5§fld and US Real Estate while UK
Real Estate for instance tends to be slightly naiseegarded, what is besides probably
due to correlation and standard deviation mattadeed, UK Real Estate, which has a
lower correlation than US Real Estate with US gomeent bonds, is likely to become
less interesting when allocation to this particidaset decreases all the more than US
Real Estate presents a lower standard deviatioreaables to offset the decrease in US
treasury bonds weight. It is also interesting ttiagothat at comparable or even lower
Sharpe ratio, assets with the lowest volatilitydtéo be favored over other assets (i.e.
gold over silver, stamps and violins over wine).eTiangency portfolio reaches an
interesting Sharpe Ratio of 2.05 with an expectedual return of 4.0%. Other
portfolios have roughly similar expected returnst lmgher volatility because of
additional constraints that are aimed to diversigk and improve it from gualitative

perspective.

Finally, if we plot the efficient frontier of Markwitz mean-variance
optimization for the selected dataset, we obtagnfttiowing chart :
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Figure 2 — Mean-Variance efficient frontier for drgified investments
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Conclusion

We first made a review of existing literature oncgional assets and especially
on the financial dimension, which is getting monaportant than ever since
simultaneously collectible markets have reachedumequalled level of development
(art in particular) and rates of return got highigan ever especially relative to equity
because of recent financial crises, and indeedirbeattractive for investing purposes.
This analysis has shown that despite emotionatsass# tend to compare unfavorably
with traditional financial assets from a risk-retyverspective, the additional utility of
such asset, like conspicuous consumption, may toffse relative underperformance
and that in addition, their correlation featuresgimi make from them interesting
diversification solutions. Authors like Rachel Caref) (2007, 2009) or Fogarty (2006,
2010) for instance show that emotional assetsdrkeviolins or wine can definitely be
included in optimal portfolios. In particular, tleeassets may be better diversification
solutions than other alternative asset classesgitd for instance, which got a very
attractive performance during recent financialesibut actually yields a very low long-
term real return.

Then, our empirical research shows first that eomati assets have returns
(excluding additional costs) in excess to otheeralitive assets like gold, and are
beaten only by stocks over long-term periods. dbdknds to give evidence that there
does exist a positive correlation between emotiasakets and stock markets over the
long-term but mainly with a lag of 1 or 2 yearspedally for emotional assets, whose
markets are less developed like violins or stanijss lag exists even for art, what
tends to prove that emotional asset returns hgwesaive exposure to market returns,
which actually affect the High Net Worth Investgeneral wealth. Finally, our analysis
on portfolio optimization shows that under the noeliblogy used (Markowitz mean-
variance optimization) and for the selected asaets dataset, emotional assets are
definitely of interest to lower financial risk amtiversify portfolios even when taking
into account storage and transaction costs. Incpiéat, we make personal assumptions
on expected returns, and thus emphasize thatrfiesin returns are relatively poor
estimators of assets future performance, and than,some assets, which record very
high returns over the past few years, are actuallyfrom their historical long-term

performance and should therefore have much loweeard returns (i.e. commodities,
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stamps to a lower extent), while equity keeps ai@ant premium over other asset

classes.

Eventually, the lack of easily accessible databgiausly a major hurdle when
making research on emotional assets. These assetai@merous and can present very
different features. Besides, the example of wirgrng&ing : Actually, this asset behaves
very differently from other emotional assets frorfirancial perspective and has return
and volatility characteristics that are closer tuigy for instance. But very little has
been done so far on most of emotional assetscbkes or old books for instance, and
this would probably be a logical avenue for furtresearch.

Then, lagged correlation between emotional assetsother asset classes (not
only stocks) could be further investigated as w@le could also build up a model to
incorporate this lag when studying portfolio divBcation, since at the moment our
analysis, according to Markowitz Mean-Variance mjation methodology, takes into

account same-year correlation only.
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