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Abstract

Using a few simple and basic principles, the masults of the modern theory of finance are
obtained, from CAPM to option prices, from risk traill valuation to intertemporal model, non-
expected utility and behavioral finance. The basigition inside the valuation equation is that the
price of any asset is the sum of the prices ofntleenents of its probability distribution multiplied

by their quantity. This set-up can lead to cladsiesults but it is also capable of several imparta

and easy-to-think generalizations which can be guowseful from both theoretical and practical
points of views.
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1. Introduction

The theory of finance has become, nowadays, onbeoimost advanced and successful part of
economic theory. Its models have reached a highl l&vspecialization and complexity, exploiting
in a unique and connected way all the best restilfgobability, stochastic calculus, computation
and economics, up to the point that model detaitsy, are often out of the reach of a single
specialist. Moreover, the theoretical results hauedenly jumped from the page of financial
journals to the real life of financial markets (withe viceversa happening more often than nog: it
daily experience to see the trader in the tradowgr of a large international bank or market maker
waiting for the theoretical response, the neon ingrup above and the computer blinking and
sending in almost real time the financial modellyegpncerning the decision whether to trade or
not, at what prices and quantities.

In spite of the complexity of current models, wdidaee that the fundamental structure of modern
finance can be simply explained in terms of a fetvad basic principles, from which it is possible
to recover the essential meaning of old and newltsedrom Sharpe (1964) CAPM to Black and
Scholes (1973) option prices, from Cox, Ross andifdtein (1979) risk neutral valuation to
(Samuelson-) Merton (1973) intertemporal model, aill (1953) non-expected utility and
Kahneman and Tversky (1979) behavioral finance.

The first and most important basic principle is #ssumption that financial assets are relevant to
investors by the moments or characteristics thelue and contribute to: mean, volatility,
skewness etc.

Secondly, these moments are priced in the markkasset prices are the simple result of “moment
guantities times moment prices”, essentially in $hene way as a bill in a restaurant is the sum of
guantities times prices of each course.

The following exposition can be seen as a synthasimodern financial theory from these simple
premises: in section 2 we start with two moments igentify the price of mean and the price of
volatility; section 3 obtains the CAPM in a veryngile manner and explains the meaning of risk-
neutral valuation and arbitrage; section 4 gives rtficrofoundations of previous results showing
that they come out from the maximizing behaviouinsestors; section 5 generalizes, again very
simply, by adding higher-order moments in a ordiaglity which contains the Von Neumann-
Morgenstern approach as a special case. This dizaéicm includes the intertemporal CAPM as
well as the solution to many “paradoxes” of behealidinance, from Allais to Kahneman and
Tversky; section 6 presents some suggestive erapigsults; conclusions are set out in section 7.

2. Price of the mean and price of the volatility

2.1 A two-asset world.Let us assume a two-asset world, composed bykdres, zero-coupon
bond and a risky, zero-dividend asset or stock.

The zero-coupon bond is risk-free because it cadetdult at maturity t+1. Moreover, there is a
constant rate of return, r so that its currentgrighen the face value is one money unit in t+1, is
simply:

= =1
Po = V¢(1(t+1)) = -
where?/((.) is the actual value operator.
The future price of the stock, S(t+1), is, insteadandom variable, with a meag&t+1)) and a

volatility or standard deviatidn

! We use M and for mean and volatility of priceg; ando for mean and volatility of rates of return.
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E; S(t+D)=Mg(t)

Std, St +1)) ==4(t)

2.2 The fundamental equation with two momentsWe consider only the first two moments of the
distribution as the only relevant characteristmsthe investor’s preference function or as the/onl

moments of the price distribution function (e.grmality assumption), or, more simply, as a first
approximation to the more general case. Call trestean-vol or mean-variance model.

The basic intuition is that the price of any adsethe price of its moments times the quantity of
moments in the asdet

S=MgP, +ZP, (2.1)

where R is the price of one unit of mean angi®the price of one unit of volatility.

Equation (2.1) is the fundamental pricing equation financial assets when only the first two
moments are relevant. The asset price, therefeflect both the expected or ex-ante value, &hd
the expected or ex-ante volatilifys, of the future price distribution.

2.3 The price of the meanln particular, note that for the zero-coupon bomgkan value and
volatility are, respectively, W1 andZ,=0 so that, from (2.1):

i.e. the price of the mean is just the (observailiee of the zero-coupon bond.

2.4 The price of the vol.The price of one unit of volatility can be tracesiwell.
Let us consider the following identity:

S(t+1)-Ms = max(0,S(t+1)-M) + min(0, S(t+1)-M) = max(0,S(t+1)-M) - max(0, M-S(t+1)) (2.3)

where the right-hand side represents the payo# oéll option minus the payoff of a put option,
both with maturity t+1, written on the stock andvimg the strike price equal to v

In terms of current prices, using the actual valperator and its linearity:

Vi(S(t+1)-Ms) = S - MsPo = /((max(0,S(t+1)-M)) - v'«(max(0, Ms-S(t+1)))=

Call(t, S, Ms) — Put(t, S, M) (2.4)
so that, from (2.1) and (2.2):
P - Call(tSM S)z— Put(t,SMg) <0 (2.5)
S

The price of the volatility is just the differenbetween the call and the put price divided by the
amount of volatility of the future price distribati function or, equivalently, the difference betwee
the call and the put price ofZd shares of the stock.

2 |n absence of ambiguity, we shall suppress tipenigence on current time t.



2.5 The price of the vol is negativdt is easy to see that this difference is negative
In fact, call and put prices are equal when thigesis the forward price of the stotiSw:

0=7{(S(t+1)- Sw) = Call(t, S, $w)-Put(t, S, $w)
but:
Sew = S(H)(1+1) < S(H)(1s) = Ms

whenever the expected rate of return of the stpgkis greater than the riskless rate of interest, r
which case:

Call(t, S, Sw) > Call(t, S, M)
and
Put(t, S(t), $w) < Put(t, S(t), M)

so that the negative sign in (2.5) is guaranted&erdfore the price of the vol is negative whenever
the expected return of the stock is greater thamitikless ratgys >r.

Under the hypothesis of weak stationarity for ttexls price,Zs =S(t)os can be estimated from the
data and Pcan be estimated as well.
Its negative sign means that volatility is not add” but a “bad” in the investor’s utility function

Equivalently, using (2.1) we obtain the expression:

Po:S(t)_MSPO —_ Hs =T (26)
g @+rnog

Note that the negative price of the vol is the obgi cause of the persistent, negative correlation
between changes in prices (i.e. returns) and clzaimgeol, a fact well documented in the empirical
literature (e.g. Black, 1976, French, Schwert ataar®augh, 1987, Bekaert and Wu, 2000).

2.6 Risk aversion.The expected rate of retup is also called thelrift component of the stock
price dynamics and the assumption thgt> r is equivalent to assuming the risk aversion of
investors.

As it is well known, we have risk aversion whenastors always prefer a sure amount C than a
random prospect with mean C. Therefore, if we haleaversionys >r follows from the fact that
otherwise the stock would be utility-dominated arwdbody would buy it; viceversa, ifis >r, then,
risk aversion follows from the fact that otherwtbke riskless bond would be utility-dominated (for
both risk neutral and risk lovers) and nobody wohldy it. Market clearing implies the stated
equivalence between risk aversion arcr.

Note, in particular, that in this case Put(t, S)MCall(t, S, Ms). This is so because the put option
pays in “bad times”, when the stock is below theameS(t+1)<M: for a risk averse investor, an
asset paying in bad times is more valuable thaasaat paying in good times.

% By convention, the issue price of a forward cacttis zero so that the result follows.



3. A new cloth for the CAPM

3.1 The market portfolio. Assume that the risky asset is “the market”, witite R;, composed by
n stocks, with price Rand quantity x so that, by definition:

n
Py =D XP,
j=1

In other words, the risk-free bond has zero netpum aggregate. The fundamental pricing
equation is, therefore:

Py =M,P, +Z,,P,; (3.2)

stating that the price\Pis the discounted expected value or “risk neutvalue, M,P,, plus an
adjustmentZyPg, proportional to its volZy.

Note that if the price Jpand its moments are observable and the marketctsfequilibrium values,
then we can calculate:

PG:—PM “MuPo (3.2)
ZM

As seen before, risk aversion means thatshhegative, i.e. that the market portfolio hasagls a

price less than its discounted expected value.

For example:

17110087 g,
0.50

3.2 Pricing many risky assets.Let us suppose, now, that the market portfolioaidinear
combination of n different risky assets.
The price of any single risky asset With outstanding quantity, xis simply obtained from (3.1) as:

o - P
boox

where:

35,

ax]-

P, (3.3)

=M P, +

n _.on _
0Zy _ ;szﬂ( _ COV(Pj'kZ;XkPk) _ Cou(P,.Py) _ E[(ﬁm _MMXE' _Mi)]

ox, Suo Sy Sy Sy

and we used for the future random price P(t+1).
Using (3.2):

Cov(P,,P,)

P =MP,+ 2’ M P, (3.4)
M

Py ~MyR) =M +[M]

M

The amount in square brackets is the quantitysafwihich is priced by the market for asset j.



If the covariance inside is negative, i.e. if tleset price counter-varies with the market, then the
asset j quotes at a premium with respect to thek ‘meutral” value of expected value discounted at
the riskless rate, |Ay; if the covariance is positive i.e. if the assetg co-varies with the market
(as it is often the case), then the asset | quattesdiscount with respect to the reference lefel o
M;Po.

For any unleverd firm j, equation (3.4) providescalhe current value of the firm.

3.3 Risk-neutral pricing and no-arbitrage. Recognizing that the covariance is just an expiecta
the pricing equation (3.4) can be written equivtieas:

- B, -M,, P, ~ (=
P = E(P{l.{. %FDPO = E(Pj )Po (3.5)
M 0

where the risk-adjusting factor in square bracldgBnes a new probability space in which the
relative prices, obtained using the zero-coupordEsinumeraire, are martingales:

P _.P
L=ECh
I:)0

In this case, the simplest way to characterizedeiohe operationally the new probability measure
(risk neutral measure) is by changing the expertéan of all asset from to r (drift change) so
that, in particularpy=r and, from equation (3.2)sB 0. Under the new measure, prices are set “as
if” investors were risk neutral and the price of was zero.

From a fundamental theorem of finafic& a pricing model admits a risk-neutral probiil
measure then its prices are arbitage-free, iig.nt possible to build an arbitrage portfolioying
zero cost, zero probability of future losses ansitpe probability of future profit.

Moreover, if the risk-neutral measure is uniquenttitee market is complete (and viceversa), i.e. any
derivative security can be replicated (and hedgedugh dynamic trading using the n primitive
assets and the risk-free bond.

3.4 Recovering the classical formulaEquation (3.4) is clearly the CAPM of Sharpe (1064
price terms.
In fact, dividing both sides by,Rand Pand rearranging:

5 s
" Covcinifl)
1 ' 1 M
TR }PZM G %) (36)
i 0 MM 0 M
ie.
Cov(R;,Ry)
M :r+o_—2(p'M —N)Er+By (Hy =) (3.7)
M

representing Sharpe’s formula in the usual retarms. The expected retupq is also called the
equilibrium cost of equity capital for firm j.
Analogously, for the market portfolio in equatidhl) we have:

* See the seminal papers of Harrison and Kreps9)197arrison and Pliska (1981), Delbaen and Schaudger
(1994).
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Hy =1 =P, @+r)oy
showing, for given market prices, a positive relatbetween expected return and volatility.

4. Microfoundations.

4.1 Two-asset caseé.et us go back to the two-asset, two-moment caparagraph 2.

The fact that only mean and vol are relevant méaaitsthese and only these two moments enter the
utility function of the representative investor

It is easy to show (Borch, 1969, Cesari, D’AddaQ20that anordinal utility function can be
derived from the basic assumption that preferemses probability distributions can be mapped
into preferences over vector of moments, playiregdame role as the bundles of goods (and bads)
of the consumer’s theory. More suggestively, Laterds (1966) consumer theory of goods as
bundles of characteristics can be used as a camnergference point: like consumption goods,
investment assets and portfolios are bundles of emtsnaffecting directly the utility function.
Assets are not interesting per se but for the mealafility etc. they can induce into the invessor’
future wealth.

More precisely, if W is current wealth, the inve&agortfolio problem consists in choosing the
optimal quantities xand x4 (i.e. optimal portfolio of the two assets) maximg the ordinal utility
function H in mean and vol of future wealth undee budget constraint that wealth W equals the
amount spent for the two assets:

maxH(M, )

M=x,M, +x,M,

S=XyZy (4.1)
W =X,Py + Xy Pu
W=MP, +2P;

Note that an equivalent budget constraint can bitenrin terms of moments: quantities of
moments times prices of moments must equal théadaiwealth.
Using the chain-rule of derivatives, the first-ardenditions (FOC) can be written as:

oH
a_MMO _EPO =0
oy, o

M, +——
oM M oz

(4.2)
S &Py =0

so that, assuming as before and without loss oérgdity Mo=1, and substituting for the multiplier
¢, we have:

Pu_yy , 0H/0S

= s 4.3
P, " oH/oM ™ (4.3)

Using the budget constraint in terms of momenes ROC become:

® Sharpe (1964) assumes that all investors havesahee expectations (homogeneous expectations hegisthAs
shown by Lintner (1969), the theory can be extertdadany heterogeneous agents and under HARAiesilia single,
representative investor exists giving the samelibguim results.



oM
oH oH (4.4)
oM My +EZM _y(PpMM +P;Zy)=0

and, substituting foy, we obtain the well known relation between rekatprices and marginal
utilities:

J@tilfzgi :.EEL 04_5)
HIOM P,

The optimal portfolio (¥ xw) satisfies (4.5) which, substituted in (4.3) gives

P
PM=M,\,,P0+P—°POZ,\,,=MMP0+ZMP0 (4.6)
W

the second equality, i.eq¥P, , coming from the first one and the two budgetstants in (4.1).

We have, therefore, derived the fundamental priegation (3.1).
Under the additional hypothesis thgt8 (endogenous riskfree asset), iB the “market portfolio”.

4.2 Many risky assetslIn the case of one risk-free and n risky asskésptoblem becomes:

max H(M,)

X0 Xq e X 1o Xy

n
M =X Mg + D XM,
k=1

S 4.7)
b3 E\/Z D XXy Ziy

h=1 k=1

n
W =XPy + Y X, P =MP, +3P,
k=1

with FOC:

oH
am Mo YR =0
(4.8)

n
X2k

o — —-vP. =0
oM ' oz 2 ¥

so that:

n

X 2
P D Xk
oy 4O i Y (4.9)
P, " oH/M X

But under the moment-budget constraint we obtgara(4.5) so that:



n ~ ~
DX Iy 5 Cov(P;, > x,P,) 5

P=MP+*¥ _ 0p =M P+ = 2P,

e > 3 ) > P,

(4.10)

Given that, in aggregat&=>y (the market portfolio volatility), we obtain asfbe R=P, and
(4.10) is equivalent to (3.4), i.e. CAPM.

4.3 The price of the vol and the vol as a pricéNote that a risky asset having market prigarRy
occasionally exist in the real world as an ass#t wero expected value.

For example, in the case of a ‘synthetic forwardhtcact (a long call and a short put position),
written on an asset; Rvith strike price equal to the expected valugdfithe underlying asset, the

price formula, applied to a future payoff jf— M;, gives:
Cov(R,.P,)
W == F
zM
If the asset is the market portfolio itself, we plynhave that the price of the contract istitnes
ow, a hegative quantity.Consequently, a particular short position in gyisthetic forward contract
has a price equal to the vol:
_ PM JFw

Oy =
M
P,

4.4 Non-expected utility. The Von Neumann-Morgenstern (1947) theory of ahoinder
uncertainty has been for a long time the standppitc@ch to model the maximizing behaviour of
agents in financial markets. The basic result ésekistence of a utility function U(.) (VNM utilijy
describing the optimal decisions of an investothase which maximize the expected utility of his
or her future wealth E(U{)). Such a beautiful result was obtained at the cbsspecial and
controversial axioms concerning the structure adfgrences in case of uncertainty (so called
independence axiom).

The approach followed above, rooted in Hicks (198267), replaces the VNM expected utility
with the more fundamental and less demanding orditiliy H(E(\TV),Std(\TV),...) which allows us

to avoid the main flaws of the former and providsswith a generalized framework for optimal
behaviour in both complete and incomplete markets.

5. From two to many moments.

All previous results can be generalized to the caSdhree or more moments as relevant
characteristics.

5.1 Four moments caseThe first immediate generalization is the introue of skewness (third
moment) in the utility function and the pricing edgjion; a second generalization is kurtosis.
Skewness is an effect of the asymmetry of the gmiibadensity function with respect to the mean:
if right-hand cases have more weight than left-haades (“good news”) we have positive
skewness; negative skewness (“bad news”) is theogp Kurtosis, instead, is a measure

P, —P,2 P
® Note that in this case the strike N, =W, greater than the forward prie%M— for which the contract
0 0

has zero value.



concerning the total weight of the tails of the ability function. High kurtosis results from high
weight of the tails (relative to the normal case) high, abnormal frequency of extreme events:
very high and very low prices and returns, boom@masghes of financial markets.

The price of the market portfolio becomes:

Pu =M Py +2ZyPs + APy + Wy Py (5.1)

Awm being the skewness al{, the kurtosis of the market portfolio:
1
Ay =[E(5M - |\/|M)3}3

P =[E(5M ~Mu ﬂi (5.2)

Note that skewness and kurtosis are multipliechieyr tmarket prices, Pand R respectively, whose
role is analogous to the price of mean and volothiced before. Under plausible preference
assumptions, Pshould be positive and,Regative.

Analogously, the generic asset j has price:

P > A\ Wy
P, :a_M:Mjp0+a_MP0+a M P, +6 M

aXJ aXJ aXJ aXJ
where, in addition to the covariance term, co-skesgmand co-kurtosis of the asset with the market
portfolio are included:

P, (5.3)

0%, _ E[(ﬁm _MM) (ﬁj _Mi)} Cov(ﬁj,f’M)

0X Zu Py
o~ 2 o~ - -
A, :E|:(PM ‘Mm) (Pi_Mi)}ECosk(Pj,PM) (5.4)
0x | N3y Ny
o~ 3 o~ - -
ow,, _ E[(PM -M M) (Pi -M 1)} _ Coku(P;,Py)
ox, Wi W2

Note that coskewness and co-kurtosis can be exut@sserms of covariance:

Cosl{li , 5M )
Coku(P,,P,,)

=Cov(P,,P3) —2M,,Cov(P,, P

-~ - - - - (5.5)
=Cov(P;,P;;) —3M, Cov(P,, P} ) + 3M Cov(P,, P,)
The pricing equation (5.1) or (5.3) presents arcigag simplicity. It no more reliably represents a
“theory” of asset prices than the receipt handedr defore leaving a supermarket represents a
theory of the prices of consumer goods: it sim@lyssthat total value is the sum of “prices times
guantities” of each single component.

5.2 Relevant momentsThe importance of taking into account all relevarttments in the pricing
function is explained by a simple example (Dybwvgl dngersoll, 1982) in which the two-moment
pricing in equation (3.4), i.e. the CAPM, does ndé out arbitrage opportunities when market are
complete.
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Take the pricing function (3.4) in the form (3.8) finy derivative Z:

P, = E(2{1+ 'BMZ_A%DPO = E(Z[l— vy -M,, )DPO

M 0

and consider the case:

1 L=

= if Py>M, +=
- Y(Py —My) -1 Y
/=
~ 1
0 if P, <M, +=
Y
Then:

P, =E[—]‘5M >M,, +1j|3O =—Prot{ﬁM >M,, +1JF>0 <0
y y

so that a negative price (cash inflow) is assigiwed derivative with non negative payoff. Buying
(i.e.selling, because of the negative price) threvdive is an arbitrage.

Analogously, a call option on the market portfokdh strike My+1/ (or greater) has non-negative
payoff and negative value:

2

Ca||=—E(max(o, Py M, —E)FM -M,, —1Dy|30 =-E h -M,, —1}
Y Y Y

In both cases, the derivatives are nonlinear asgétssignificant, unpriced higher-order moments

not taken into account in the mean-vol pricing tiorc Derivatives call for an explict treatment of
skewness and kurtosis effect in the pricing functio

ﬁM >My, +1]VP0<0
Y

5.3 Intertemporal CAPM. Following Merton (1973), a pricing equation equérd to (5.3) can be
obtained in a multiperiod setting, in which a reygnatative agent makes consumption and
investment decisions in order to maximize thetytiiiom of present and future consumption when
assets are risky and evolve according to genearyahastic processes.

Solving the stochastic dynamic programming, we iob&n optimality condition which is the
dynamic version of (5.3):

P.(t) = P, (DE, (,(t +1) + F,())Cov, (P, (t + 1), Py (t + 1))+ Fy()Cov, (P, (t +1),PZ (t +1))+ .........

The conditional moments replace the unconditiomssoand skewness and kurtosis appear as
covariances with power functions of the market foti (see (5.5) above).

5.4 Removing paradoxesMany paradoxes have challenged, across the cestuhe prevailing
theory of value, from St. Petersburg’s (Bernoully38) to Allais (1953) and Kahneman and
Tversky (1979, 1981).

They arise whenever the actual behaviour of mampleeseems not to conform to the theory so
that two alternative reactions are possible: ilnfgyto show that not-conforming people are wrong
or irrational or confused; ii) trying to build a mgralized approach which encompasses both
behaviours and is liable to empirical measuremedttast.
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The approach we have presented here provides hsong key to make the paradoxes vanish in a
coherent and intuitively appealing manner.

The main point is to evaluate the alternative pectp by measuring their relevant moments and
multiplying them with the corresponding (marketsabjective) prices.

For example, in the coin tossing game known asSthé®etersburg paradowe have to price an
infinite number of tickets (the Arrow-Debreu seties, one for each possible states of the world),
having each one a constant mean of % and an imogesslatility of %2(2-1)? so that risk
aversion quickly drives the price of high-ordekéts to zero and the price of the game to a finte
value.

Analogously, Allais (1953) experimental games canelzplained by careful evaluation of mean,
vol, skewness and kurtosis.

As a classical example, let us consider the folhgnalternatives, A versus B and A’ versus B,
where, usually, people prefer A to B but also BAiagainst the expected utility prescription.

The first column is the payoff and the second calusnts probability.

0 20%

A ={30 100% B=
40 80%
[0 75% 5|0 80%
130 25% 40 20%

However, according to our approach, you have tosiden mean and vol, calculated in the
following table:

A B A B’
mean 30 32 7.5 8
volatility 0 16 13 16

so that, using =1 and B=-0.134 as (subjective) moment prices in the pgaquation (3.1), we
obtain R=30 > =29.86 but also £=5.76 < B-=5.86, in agreement with the observed behaviour.

6. Some empirical evidence

Without any attempt to give an exhaustive empiricatment of the matter, we want to show some
simple but robust evidence in agreement with carmgwork.

A first consequence of the pricing equation (3sljhat changes in price dP are, via the negative
price of the vol, negatively correlated with chasige the price volatility, B. Equivalently, the (ex

post) rates of returiR =d—:> are negatively correlated with changes in thernetolatility do.

In fact, there is a large and documented evidemaethis is the case (Black, 1976, French, Schwert
and Stambaugh, 1987, Bekaert and Wu, 2000).

For example, Fig. 1 shows the negative relatiowéen the daily return on the S&P 500 index and
the relative change of the implied volatility indektained from options written on the same index
(CBOE VIX index) in the period between February 2@dd October 2007.

" In the St. Petersburg’s problem, described byl Bernoulli in 1713 and solved by his cousin iPaim 1738, a
fair coin is tossed until the first “heads”, giviagprize of 2 if this happens at the n-th flip. The question wa$ind
the fair price to enter the game given that thditi@al method at that time (the expected valuay ywroviding an
absurd, infinite price.
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FIG. 1

S&P 500: price change and volatility change
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The same result is obtained using the DJ Euro stadx (DJ Euro Stoxx 50) and the Nasdaq 100
index, reflecting the same relation in both markgtg. 2).
Note that such a strong negative correlation batveteck return and return volatility implies that a
long position in stocks contains an implied shparsition in the vol.

FIG. 2

DJ Euro Stoxx 50: price change and volatility change
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Nasdaq 100: price change and volatility change
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Secondly, a recursive regression can be run, ierai estimate the expected retwrand the
(unobserved) prices of volsRand skewness)Punder the hypothesis of a three-moment pricing

equation.
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We have run the recursive regression:

1

Put =ar ﬁ +b;o, +€, t = 2Fel001....,T and T =1Nov2005....310ct2007
, o,

where Ry ; is the price index level ard is the volatility index level.

From the time series of estimated recursive cdeffts and regression errod;,bt,€1 we obtain

the estimates of the expected rate of return amgtices of volatility and skewness:
A,

Hr = -1
Pur

Por =b: /Py~

N £

Por=s—
APyt

whereA is the skewness (5.2) calculated on rates ofmetur

The following graphs, Fig. 3, 4 and 5, show theultssfor the years 2006-2007 for S&P 500, DJ
Euro Stoxx 50 and Nasdaq 100. All values have #peeed sign. In particular, a positive price of
skewness is able to explain the asymmetric behawbex post volatility, which is higher after

negative shocks (negative skewness or bad news)l@amer after positive shocks (positive
skewness or good news).
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FIG. 4
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7. Conclusions

In spite of the complexity of current financial nedsl we have shown that the fundamental
structure of modern finance can be simply explaimeterms a few set of basic principles, from
which it is possible to recover the essential maegmf old and new results, from Sharpe (1964)
CAPM to Black and Scholes (1973) option pricingynfr Cox, Ross and Rubinstein (1979) risk
neutral valuation to Samuelson-Merton (1973) iet@poral model, Allais (1953) non-expected
utility and Kahneman and Tversky (1979) behaviéirance.

The first, basic principle is the assumption thiaarcial assets are relevant to investors throbgh t
moments or characteristics they involve and coutetio: mean, volatility, skewness etc.

Secondly, these moments are priced in the markkasset prices are the simple result of “moment
guantities times moment prices”, essentially in $hene way as a bill in a restaurant is the sum of
guantities times prices of each course.

The proposed approach is useful under various cespa the case of two moments, it produces the
classical mean-variance model; it gives insights thhe modern no-arbitrage pricing; it suggests
simple generalizations through the inclusion ofhleigorder moments; it provides an ordinal utility
function which overcomes many drawbacks of the etguk utility approach; it has important
empirical contents both at the micro and the méarel of analysis.

The recent development of active markets on vdlatihked securities (VIX futures, swaps and
optiond) seems a direct test of the usefulness of ouroappr Active markets for skewness and
correlation can be easily predicted as a followstgp. In all cases, the approach we have shown
seems the most natural and easy framework to uaderghe achieved results and anticipate future
theoretical and practical developments in finance.

8 See, for example, Shalen and Hiatt (2004) and &= Wu (2006). They show that CBOE VIX equals fibrward
price of a portfolio of quoted options on the S&B5€kplicating the (risk-neutral) expected valuefafure volatility.
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