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Editor's Note: Modem Portfolio Theoty has
become a customgartool used B investment pfes
sionals andas sub, constitutes an industrstandad
that prudent fduciaries cannot igna. Further, the
Prudent Iwvestor Rule and Modar Portfolio Theoly
are intricably intetwined We have elected to pub
lish four articles in consecuie editions ofACTEC
Joumal in order to povide our eadeship with an
undewstanding of Modear Portfolio Theoty, demon
strate the necessity ofpalying this theoetical con
struct in accodance with the Rrdent Ivestor Rule
and gply this theoy to other petinent issues sur
rounding the adminisétion and litigation of trust
portfolios. Sequential puisation eliminges the need
to redevelop Moden Portfolio Theory and other con
cepts in eab article. ACTEC bumal reades will
have the option ofaviewing eatier articles to darify
any points of integst in subsequenttiles.

This first article will provide a bunddion for
undestanding the und@innings of Modear Rortfolio
Theoly and haev it should be pplied under the Rr
dent Irvestor Rule The aticles to bllow in this seies
are: “Using a Trust’s Investment Blicy Stdement to
Develop the Brtfolio’s Appropriate Risk Leel;
“Computing Market Adjusted Damges in Rduciary
Surcharge Cases Using ModeiFortfolio Theory,” and
“T he Appropriate Withdrawal Rae: Compaing a
Total Retun Trust to a Pincipal and Incomdrust’
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[. Intr oduction

The Puodent Iivestor Rule (Rule) iges pesonal
representtives and ifluciaies both the authity and
the requirement to consult the ell-estdlished pmci-
ples,strategies, and tools of Modar Portfolio Theory
(MPT). The Rule equires the test ofduciary conduct
be undetaken from a potfolio formulation pespectie
without consideng the subsequent perfnance of the
portfolio. Formulation means assetitg and main
taining a potfolio of assets with aigk tolelance suit
able for the puposestem, distribution requirements,
and other conditions of thaust. MPT guides thedu-
ciary in constucting and marging a potfolio tha
provides the highestxpected etum for tha risk toler
ance The esponsike fiducialy must do no less. Fur
ther, MPT focuses on the hole potfolio, not the indi
vidual assets. iRally, MPT requires thathe fduciary
develop deénsille expectdions of etum and sk for
all potential assetsThese pnciples of MPT there-
fore, play a major ole in ezaluaing the actions ofidlu-
ciaries as pescibed ly the Rule Section Il of this
article estélishes the basis inust lav for MPT. See
tions Il and IV &plain the undgginnings of MPT and
demonstate haw the fducialy, in compliance with the
Rule, should mange the asset allotian of a potfolio.
Further, we allude to the potential dages or sur
chamges associaed with the indicient allocaion of
assets and/or mistak detemination of an @propriate
portfolio risk level! SectionV condudes with a sum
maiy of fiduciary conduct under MPT and the Rule

II. Modern Portfolio Theory Detemmines Prudent

Fiduciary Investment Conduct

Some brm of the Unibrm Pudent IvestorAct?
(Act) has been passed in mogew® jurisdiction in the
United Stdes. The Act is based on the Rdent
Investor Rule as merthooughly developed in the
Restaement (hird) of Trusts,Prudent liwvestor Rule
(1992)¢ In tum, the Rule is based upon agarbods of
academic wrk tha has come to be kmm as MPT
Professor Hatly M. Markowitz first espoused theipr
ciples of MPT based upomseath he bgan in 1950
while a Ph.D candid#e in economicstdhe Unversity
of Chicago. Forty years laer, he was avarded the
Nobel Pize in Economic Science®ff his pat in
developing MPT

Though the wrds,“Modern Portfolio Theor,” are
not used in théct, the associg@d commentarand the
Restaement identify MPT as the sadr of irvestment
guidance 6r fiduciaies. Fr example in its intoduc
tion, the Resteement sgs:

“...criticism [under the old ha] is
found in witings thd have collectie-
ly and looset come to be calletchod
ern portfolio theory [emphasis
added]” Further:“Wha has come to
be called“modemn portfolio theory
[emphasis adied]” offers an instuc-
tive concetual framevork for under
standing and tteempting to cope with
non-maket risk””*

Furthemore theAct’s Pefatory Note sgs:

the Act “...undertakes tust invest
ment lav in recagnition of the alter
ations tha have occured in invest
ment pactice These bangs hae
occured under the itdience of a lage
and boadly acceted bog of empii-
cal and theatical knavledge aout
the behwior of ceital makets, often
descibed asmodemn portfolio theoty
[emphasis adied].

Finally one commentar notes:

“Both the Rest@ement and the [Act]
specifcally accept moden poitfolio
theoly... The comments to the Re
staement and the R®rer's Notes
contain an xtensve discussion of the
elements of moder potfolio theoy,
including the relationship of risk and
return [emphasis aded]’®

The languge of Moden Portfolio Theow is found
throughout theAct. For example corelaion (the
impact of ealh asset on othslin the patfolio) is cen
tral to MPT Both theAct and the Restament adress
this impotant pinciple:

1 Assessing danges ae discussed inrgaer detail in the thit
article in this seies, “Computing Maket Adjusted Damges in
Fiducialy Surchage Cases using ModeiPortfolio Theor.”

2 Sometimesthe Act is refered to as UPIAnot to be con
fused with the ecenty enacted Unidrm Piincipal and Income
AccountingAct. Both acts sharsome elated concpts. Specif
cally, total retum concets under the Undrm Piincipal and

IncomeAccountingAct were enacted to pallel concets in MPT
incomorated into theAct.

¢ Hereinafter “Restaement.

* Restaement (hird) of Trusts: Prudent lwvestorAct, §227,
cmt. g page 19 (1992).

® Martin D. Begleiter, Does the Pudent livestor Need the
Uniform Prudent IvestorAct?Vol. 51,Main Lawv Review, 1999.
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“Among citumstances thaa trustee
shall consider...theole tha ead
investment or cowe of action phgs
within the overall trust potfolio... .

“...requires the grercise of easonble
care, skill, and cautionand is to be
applied to irvestments not in isali@n
but in the contet of the tust pot-
folio....””

“...effective diersification depends
not only on the mmber of assets in a
trust potfolio but also on the ays
and dgrees in vhich their esponses
to economic eents tend to cancel or
neutalize one anothé&gf

“...an otherwise dubiousyolatile
investment can maka major contr
bution to isk mangement if the shifts
in its retums tend not to coelae with
the mawements of other restments in
the potfolio.”®

“...as a esult of the tendeycof the
value tfuctudions of diferent assets
to offset one anothea potfolio’s risk
is less than the sighted aerage of
the iisk of its indvidual holdings.*

The Rule (andtherefore, the Act)* and MPT ae
inextricably intetwined Despite the selfvident case
for this elaionship,the following is head peiodical
ly: “As a fducialy do | hare to emplg the concpts of
MPT—after all,is not ny reasonble business judg
ment suficient?” In our contuding section e
address the dficulty of relying soley on husiness
judgment. The elaionship betveen théAct and MPT
implies tha fiduciaiies ignomg the tenets of MPT ar
potentially inconsistent with théct and the Rule and
may put themselgs a risk.

Ill. Modern Portfolio Theory

A. The Basics of Moden Portfolio Theory.
While MPT is usuall discussed Y academics on a
highly theoetical planethe concpts ae not obscue:
The pimary rule of MPT is the dllowing dictum:For
every level of expected isk, a potfolio can be con
structed to ahieve the highestxpected etum or,
altematively, for ary given level of expected etun, a
portfolio can be congticted to hae the lavest xpect
ed isk. Portfolios haring these baracterstics lie on
or quite ¢ose to the HEfcient Fontier Under MPT an
Efficient Fontier is consticted in &pected isk/retum
spacewhere retum is the &pected etun of the por-
folio and isk is measwad by the standat deviation or
volatility of the pottfolio. The constuction of an Hi-
cient Fontier will be fully developed belar.

B. Forecasting Retuns. The pected etun of
ary pottfolio can be drecast in aelaively straightfor-
ward mannerit is the weighted aerage of the &pected
retums of the assets in the ffatio, with the weights
being the popotions of the indiidual assetsmarket
values elaive to the mdeet value of the total pdiolio.

C. Forecasting Risk. The iisk (standadt desia-
tion) of a potfolio, however, is not the veighted aer-
age of the a&pected standdrdeviations of the con
stituent assets. Rislogs bgond the indridual stan
dad deviations to encompass the intasset caela
tions or hav eat asset mees with @ery other asset in
the potfolio.’? Because the ptiplio is the @propriate
level of anaysis under the Ruj@stimding the epect
ed etums, standad deviations, and corelaions for
every asset in the ptfolio are all rasonble duties of
the fduciay.

D. The Portfolio Effect. The impotance of asset
retum corelaions is pobably the most pactical con
tribution of MPT and constitutes the pfalio effect.
This efect means thahe fducialy cannot ma& pot-
folio decisions # viewing the isk and etum charac
teristics of one asset or ass&ss in isoléon but must
take into account he this asse$ retum corelaes
with all the other assets in the goltio.

¢ Uniform Pudent livestorAct, 82.(c)(4).

” Restdement (hird) of Trusts, Prudent lvestor Rule
§227(a) (1992).

¢ Restéement (hird) of Trusts,Prudent Iivestor Rule§227,
cmt. g pages 26,27 (1992).

° Id.

©d.

* Practitiones will note theAct applies ony to trusts. In
some sttes, application of pudent ivestor lavs ma be ruch
broader Therefore, eat practitioner needs to anak relaed lavs
in her or his wn jurisdiction and to undstand possie subtle
nuances. Marover, in its Pefatory Note theAct contemplges its
potential gplication to“Other Hducialy Relaionships. E.g,
SeeFla. Sta §518.11 (Flada’s Pudent lvestorAct), by its ovn

languaye, applies to tusts,guadianships,and ppbae estées.
However, Fla. Sta §8518.10 pplies Fla. Sta 8518.11 to anfidu-
ciary; defned as ay“person,whether indvidual or coporate, who
...has the esponsibility ér acquisitionjnvestmentreirvestment,
exchangg, retention,sale or man@ement of mong or propety of
anothef Perhags in a case ofver exuberlance Florida lav applies
the same standato holdes of dusble powvers of d@torney through
a tetiary gpplicaion; i.e., Fla. Sta. §709.08(8) (Flada’s Durable
Power ofAttorney Staute) incoporates the same standiaapplica
ble to tustees under Fla. $te&8737.302 (Fldda's Trust Code)
which, in tum, incorporates Fla. St §518.11.

2 Correlaion is an indg, measued from -1 to +1that indi-
caes the dgree to vhich retums from two assets me& tagether
(approadiing +1) or in opposite dictions (@proading -1).
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-1.0). As Chat IIl.1 shawvs, combining these
two risky assets in equal @pottions into a
portfolio (Portfolio BR) offsets or diersifies
away much of the isk associted with hold
ing either of the tw assets in isoten.
While we hae not yet computed the stan
dard deviation of these assets or of their por
folio, we can gt a sense of thelative lisks
by compaing the latility of the three lines
traced ly these assetsetums over time
Assets B and R ardeally volatile, rising
and &lling over time Their potfolio, BR
(equal popottions of B and R)is not 4 all
volatile. While this ekample is urgalistic
it graphically illustrates the pdfolio effect.
F. The Portfolio Effect lllustrated

Time

with Positive Correlation. In reality no
two real assets arso stongly negatively

Chart l1l.2

Asset D

Return (%)
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Costly Oil

Return Patterns with Positive Correlation and No Portfolio Effect

Portfolio
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Cheap Oil

correlaed More likely the iduciary will
be working with assets thaare influenced
by common wariables like inteest iates
and oil pices. Charlll.2 illustrates hav
Portfolio DE—combining equajyl the
highly positvely corelaed retums of two
stoks D and E—povides no diersifica-
tion beneit from the potfolio effect. For
the puposes of this illusation we hae
assumed these stamove in lok-step (a
correlaion of +1.0).In this Chat the pah
traced ly Portfolio DE mdches gactly tha
of both D and Eproviding no ameliogtion
of the \olatility because ther is no diersi-
fication and therefore, no potfolio effect.
G. A Numerical lllustr ation of the
Portfolio Effect. A simple rumeical
example m& help to illustaete further the
portfolio effect. Assume v hae two dif-

DE

Time

ferent sto&s, A and B with expected

E. The Portfolio Effect lllustrated with Nega-
tive Cormrelation. To illustrate the patfolio effect,con
sider two assetsB and R. Br exposition assume tha
Asset B is the common stoof a compay tha maru-
factues Ibadk ink andAsset R is the common stoof a
compary tha marufactues ed ink. When the econoyn
is doing vell, the Back ink compawy (B) prospes and
the red ink compay (R) sufers and vice ersa.The
retums to these ter stods would not be posiely cor
relaed—in fact their tendencto move in opposite
directions vould sugjest a ngative corelation. For this
hypothetical illustation we hare assumed thestums
over time cede a peréct miror image (a corelaion of

retums and standdrdeviations as shwn in
Chat 111.3. Assume futher thd the corelaion
between the etums of these tw assets is 0.30.

Chart 111.3
Expected Returns and Standard Deviations
for Two Assets

Standad
Deviation
Expected Retur  (Expected Risk)
Stok A —460% ——5629% ]
Stok B 7.30% 5.92%
Portfolio AB 5.95% 4.66%

¥ We hare chosen a caelaion of 0.30 because this is the
average corelaion between pubcly traded common sté&s. The

retums and isks ae talen from real stoks kut their identity is
immaerial to our xkample
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If we irvest 50 perent of aailable funds in stok A
and 50 perent in stok B, then the gpected etum of
portfolio AB will be 5.95 pecent—halfway between
the pected etums of the constituent stkg. The iisk
of the potfolio as measwd by the poftfolio’s stan
dad deviation will be 4.66 perent!* In this case the
portfolio effect malkes potfolio AB less isky than
either of the indiidual sto&s,A and B Note thathe
correlation is positve (0.30) so thehe etums on

statistics for these alteraive potfolios would be dif

ferent if 49 pecent were invested inA and 51 perent
in B, 48 pecent inA and 52 peatent in B etc Thow

sands of diferent potfolios could be @aed ky com

bining these assets in flifent popottions. If adli-

tional assets arinduded as potential irestmentsa

larger set of possike pottfolios emeges like those
shavn in Chat IlI.5.

these tw stoks mimidked eab other to some
extent,although not pedctly. The esulting pot-
folio risk reduction illustetes the benéfof com
bining assets with less than potly corelaed
retums into a paifolio. It also illustetes the
importance of estiméng the corelaions
between assetetums in assessing thepected
risk of a potfolio.

H. A Graphical Representdion of the
Portfolio Effect. If stodks A and B ae plotted
with expected etum on the ertical axis,expected
risk on the hdeontal axis and pdfolio AB is
plotted in the samdsk/retum spaceChat I1l.4
illustrates futher the patrfolio effect. Portfolio
AB domindes stok A, i.e., portfolio AB is better
because it has avuer expected isk and a higher
expected etum than stok A. The mtional, risk
averse irvestor would deatly prefer potfolio AB

Expected Return

Chart lIl.5
All Possible Portfolios — Efficient and Non-Efficient

T T T T T T T T T T T 1

8 10 12 14 16 18 20 22 24 26 28 30 32 34
Expected Standard Deviation

0 2 46

to sto& A. Portfolio AB, however, does not dom
inate Sto& B because Sti&cB has both a higher
expected etum and higher xpected isk. The doice
between Stok B and Prtfolio AB depends on theisk
tolerance of the pdfolio.

I.  All Possilde Portfolios. StoksA and B could
be combined in diérent popottions than the 50-50
allocdion illustrated by portfolio AB. Risk and etum

J. The Efficient Frontier. All of these potfo-
lios (squaes epresent diferent allocéions among
the assets) arpossile in the sense than irvestor
could invest in them and colleetely they compise
whéat is knovn as the @ainale set of iwvestments.
For illustration we hare shavn only a sample of
those possile poitfolios. The Eficient Fontier is

Chartiil.4
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tha subset of possib poitfolios connected
by the line The other padfolios ae not efi-
cient in tha they offer a laver expected
retum for same theisk as one of the ptio-
lios on the Hiicient Fontier (or equialent
ly, a higher isk for the samexpected etum
possilbe with one of the dicient potfolios).
It follows from the Rule and MPT tha
fiduciary should adopt the ptiolio tha pro-
vides the ppropriate level of risk and lies on
the Eficient Fontier (poviding the highest
expected etum for tha level of risk).*

K. Expectaions anda priori Conduct. Our

o
[e R

510 530 550 570

Expected Risk

6.10 discussion thusaf has been &med caefully
in tems of epectdions,respecting the Ruls’

focus ona priori conduct ather thanex post

4 The details of these calctians ae discussed in the
Appendix.
s Up to this point v considezd ony the mebanical plica

tion of MPT. In section IV entitledA RealWorld Exampleg’ we
shav haw recent adances in MPT impl the fduciary could eercise
judgment in considarg potfolios onor nearthe eficient frontier
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performance Tha is, how the potfolio actualy per
forms (ealized ietums) is not the standaof judgment
—rather it is the iduciany’s formulation of the potfo-
lio that should be ealuaed® Once theiflucialy has
detemined the ppropriate level of risk, selected
appropriate assetsand brecast their pected etuns,
risks, and coreldions, a reasonhble fiduciary should
compute the coesponding dicient potfolio. Failure
to a least consider &€ient potfolios mg imply the
fiducialy has not acted in the best irgst of the bene
ficiaries. The fducialy, however, may decide the éi-
cient potfolio is ingopropriate after considéng condi
tions of the tust tha go beyond the isk and etum
characteistics of the dicient potfolio. Moreover, as
our discussion in section IV sgests MPT allows the
fiducialy some [exibility to apply business judgment
sud tha the pudent fducian’s actual pdfolio may
not alvays be pecisey on the Eficient Frontier.

IV. A Real World Example
A. A Trust's Appropriate Investment Candi
dates. Assume aifluciary has takn esponsibility ér
a trust in the summer of 200Zhe fducialy formulates
a potfolio by first detemining the sk gppropriate to
the cicumstances of theust! The fiducialy then
should constrct an diicient potfolio tha promises to
deliver the highestatun for tha level of risk. This
fiducialy detemines tha at least fve asset lass
indices,representing thousands of potential widual
investmentswould be @propriate under the caum-
stances: large domestic stdes (the Standar and
Poors’ 500 Sto& Index), comporate and gvemment
bonds (ItbotsonAssocides’ Long-tem Coiporate and
Long-tem Govemment Bond Indicesiespectiely),
real estte (the MREIT index of real estte irvestment
trusts),and US. Treasuy bills (constant 30-damaturi-
ty). These assefasses wuld be bund in mag port-
folios. The fiduciaty also deter

B. Historical Data and Expectdions. The idu-
ciary has &ailable the annal histoical retums and stan
dad deviations for these seen indices. In thetsence of
compelling eidence thathe futue will be maernally
different than the pastt(feast @er the lie of the tust),
the fducialy detemines to &trapolae the histacal
recod to develop expected etuns, standad deviations,
and coreldions. The histoical recod, from the viev-
point of the iduciary, is presented in ChatV.1.

Chart IV.1
Annual Historical Returns on Seven Indices
All statistics in %
1972-2003*
Average Standad
Retun Deviation
Small Stoks 17.52 23.47
Foreign Stoks 13.20 22.85
Large Sto&s 12.94 17.97
Real Estte 12.19 20.59
Com Bonds 9.62 11.21
Govt Bonds 9.56 12.11
T-bills 6.35 2.90
*Note: 1972 was dosen due to da availability

C. Correlations. Based onisk alone neither
small nor breign stoks look like good candidges to
add to this potfolio even though the have dtractive
retum expectdions. A basic tenet of MP,Thowever, is
tha correldaions and indiidual assetstisks taether
detemine the isk of a potfolio. Chat IV.2 shavs the
comrelaions of the indices in théduciary’s feasilbe set
of asset lasses.

The coreldions of etums on small stdes with
the other assetamge between 0.79 (witheal estte) to
-0.04 (with T-bills) while the corelaions of foreign
stoks range betvween 0.59 (with lage sto&) and -0.09

mines, however, that two other
asset lasses should be ilutled to
fairly represent the ppropriate
range of assetssmall domestic
stoks (IbbotsonAssocides’ Small
Stok Index), and Preign sto&s
(the Mogan Stanlg Capital Index
of equities domiciled in deloped
counties in Eubpe Asia and the

Small Stok&s
Foreign Stoks
Large Sto&s

Far East). Collectely these assets| Real Estte
are called the'feasilbe sef. MPT | Comp Bonds
guides theifluciaty in constucting | Govt Bonds
an eficient potfolio from these | T-bills

asset lasses.

Chart IV.2
Historical Correlations

1972-2003
Small Foreign Large Real Comp  Govt
Stoks Stoks Stoks Estde Bonds Bonds T-bills
1.00 0.39 0.66 0.79 0.16 0.05 -0.04
0.39 1.00 0.59 0.25 0.11 0.08 -0.09
066 059 1.00 052 035 0.28 0.03
0.79 0.25 0.52 1.00 0.35 0.25 -0.06
0.16 0.11 0.35 0.35 1.00 0.95 -0.01
0.05 0.08 0.28 0.25 0.95 1.00 0.03
-0.04 -0.09 0.03 -0.06 -0.01 0.03 1.00

e Uniform Pudent livestorAct § 8 and accompging cmt.
7 Detemining the @propriate risk level is discussed in the

second arcle in this seies, “Using aTrust’s Investment Blicy
Staement to Deelop the Brtfolio’s Appropriate Risk Level”
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(with T-bills). The fducialy consides these asset
indices @propriate and the pdfolio effect sugests
that including small anddreign sto&s with low corre-
lations with some of the other assets migtduce the
portfolio’s risk.

D. The Efficient Frontier. The Eficient Fontier
shavn belav was gnegted using MPT and the histor
ical retums of the seen indices. The line epresents
the Eficient Fontier and the indices arplotted as
squaes. The potfolio represented ¥ the ound dot is
discussed bela

Chart V.3
Attainable Set of Indices and their Efficient Frontier
20
Small Stocks
18 4
16 1
14 4 Foreign Stocks
= Large Stocl] |
5 124 [l Real Estate
@
[
- J
% 10 Corp Bonds I Gowt Bonds
@
g o
n]
6 T-Bills
4 4
2 E
0 T T v T 1
0 5 10 15 20 25

Expected Standard Deviation

E. The Efficient Frontier and Individual Port-
folios. The fiduciay’s inteest is in the dicient pot-
folios along the Hicient Fontier For this xample
we used an westment indusyr standad mean-aii-
ance optimizaon with expected etum, expected isk,
and asset coelaions for the sgen assetlasses.This
technique computed the pibolio providing the high
est (optimal) lgel of expected etum a every risk
level, thereby detemining all the patfolios on the
Efficient Frontier Note tha Small Sto&s andT-bills
are actualy single-asset ptfiolios on the Hicient
Frontier while the other indices (as inddual one-
asset lass potfolios) plot belav. This Chat does not,
however, reveal the asset allotian of the potfolios
along the Hicient Fontier Not all of these pdiolios
are relevant as theifluciary has aleads chosen a leel
of risk gopropriate to the tust. Assuming or illustra-
tive puposes the standhideviation is 10% per gar
the gpropriate potfolio is labeled“Portfolio” in
Chat 1V.3, and its asset allotian is displyed in
Chat IV.4.

Chartiv.4
Efficient Portfolio including Small and Foreign Stocks
Annual Expected Return = 11.9%
Expected Standard Deviation = 10%

T-bills

Small Stocks
33%

Govt B % Y Foreign Stocks

36% 10%

F. The Efficient Portfolio Illustr ated with
Seven Asset Classes.Chat V.4 displas the asset
allocaion of one of the éicient potfolios—the one
with an &pected annal standat deviation of 10% per
year This potfolio contains both small anareign
stoks, even though the are the rskiest of the indices.
Including these indices ineases thestun on the par
folio, as thg are expected to be the twbest pedrm-
ing asset lasses. This increase in €tum can be seen
by compamg this potfolio with the potfolio dis-
played in Char IV.5 constucted ty MPT without
small and éreign sto&s.

Chart IV.5
Efficient Portfolio without Small and Foreign Stocks
Annual Expected Return = 10.5%
Expected Standard Deviation = 10%

T-Bills

Large Stocks
35%

Govt Bonds
20%

5% Real Estate
Corp Bonds 12%
16%

G. The Efficient Portfolio lllustr ated with Five
Asset Classes.This potfolio is eficient using the

resticted feasibbe set (&cluding small and dreign
stoks). The epected etun on this parfolio is 1.4%
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per year less than the péolio constucted fom the
full set. Een though the tw asset lassessmall and
foreign sto&s, might gpear undesible due to their
high risk, they add significantly to the epected etum

without increasing the xpected isk.

H. The Lesson of MPT Rearding Risky
Assets. This real world example shars thd the conti-
bution of an ind¥idual asset to thaskiness of a par
folio depends mog on its carelaions than on its afi-
ability. Even though the potential of small araidign
stoks to incease epected etum was dear from
inspecting the basic tain Chat IV.1, this anaysis
demonstates hov difficult it is to detemine hav an
asset will affect a potfolio without using MPT A fidu-
ciary who rejects isky assets without consideg their
possilte role in enhancing ptfiolio retum is inconsis
tent with the Rule and MPT

I. Efficient Portfolios Not on the Eficient
Frontier. Few expetts would insist thathe fduciay’s
portfolio always be on the Hitient Fontier These
expetts recanize thd portfolios on the Hicient Fron-
tier are optimal,in the sense thyeoffer the highest
retum for a gven level of risk, but they may not male
business senseThe Rule impliesitiuciaies should
look beyond the melsanical ules of MPT and xer-
cise sound bsiness judgment in magiag invest
ments. In this spir the theoy of MPT has been
expanded to incqrorate potfolios tha lie belov the
Efficient Frontier hut might,under the cicumstances,
be moe reasonble. The eficient potfolio shavn
above is a @od example Although the iducialy stat-
ed with a set oftdeast fve, and possily seven,asset
classesthe eficient potfolio in Chat 1V.4 contains
just four assetlasses and onltwo of those (Geem-
ment bonds andreasuy Bills) were in the oiginal
set. Recent adinces in MPT ha expanded the vig
of the Eficient Fontier to be a bandather than a nar
row set. Without delving into the details or the calcu
lations,the intuitive gopeal of thesepproades is thg
consider pdfolios tha are belav the line to be éif-
cient?® How far belav the line is a mider of judg
ment. In the caseehare used hear as anxample the
fiducialy might want to eplore potfolios tha have
the required risk level (10%) and slighyl lower
expected etums. CharlV.6 shavs two of these alter
native potfolios—both with an epected standar
deviation of 10% lut expected etums of 11.8% and
11.0%,respectiely.

Compaed to the dfcient potfolio with all seven
asset lasses (CharlV.4), the altenaive nealy effi-
cient potfolios in Char V.6 (displared in Chats IV.7
and 1\V.8) could be consided because tlgeinvolve

Chart IV.6
Two Nearly Efficient Portfolios
With Expected Standard Deviation = 10%
Below the Efficient Frontier

18 q
17 1

16 1

Expected Return

Expected retumn
=11.8

n Expected Retum

=11.0

0 5 10 15 20 25
Expected Standard Deviation

more assetlasses taa minimal cost in peent etun
per year

J. Strict MPT Efficiency and Diversification.
Because theiducialy had detanined tha at a mini
mum the frst five asset lasses (lage stoks, real
estde, govemment and cqrorate bonds,and Trea

Chart IV.7
Nearly Efficient Portfolio
Expected Return = 11.8% Standard Deviation = 10%

Small Stocks
28%

Foreign Stocks
9%
> Large Stocks
3%
Corp Bonds Real Estate
8% 1%

8 For further information on these @proades consult Hay
M. Markowitz and Niluer Usmen,"Resampled Fontiers versus

Diffuse Byes:An Expeiment; Journal of Investment Mange-
ment,vol. 1,no. 4 (Burth Quater 2003) p. 9-25.
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ChartIv.8
Nearly Efficient Portfolio
Expected Return = 11.0% Standard Deviation = 10%

T-bills Small Stocks
9% 10%

Foreign Stocks
9%

Large Stocks
5%

Real Estate
16%

Corp Bonds
1%

suty Bills) should be used in the pfolio and con
sidered both small andofeign sto&s as possile
additions, either of these ptiolios (Chat IV.7 or
IV.8) could be consided pudent. Again, how much
retum belov tha offered by the stictly efficient pot-
folio (recall in our @ample the pdfolio on the fon-
tier had an wpected etum of 11.9%) theifluciary
should accpt and still be prdent is a miger of judg
ment and should be jusefl. Extensions of MPT
like those illustated in Chats IV.7 and 18 allov the
fiduciary to accommod® the Rules requirement br
diversification within the fameavork of MPT’s efi-
cient potfolios. In our @ample a easonhble judg
ment could be thathese nedy efficient potfolios
require a small sadfice in exchange for broader
diversification. If the fduciaty selects a nebr effi-
cient potfolio, suppoting documentdaon should
include an anafsis similar to the one stum hee in
order to assess the dinuition of expected etum for
tha given iisk level.

K. Assessing Btential Damages. If the fiducia
ry has detenined an ppropriate lisk level for the pot-
folio through the caful development of an Westment
Policy Staement® then the ilucialy’s conduct can be
assessedybthe distance beten the actual ptiolio
and an dicient or nedwy efficient potfolio at that risk
level. Assessing conduct (and potential dges) will
be cwered in geaer detail in the thit installment of
this seies.

V. Condusions

A. The Prudent Investor Rule and Moden
Portfolio Theory. The Pudent livestor Rule incqro-
rates Moden Portfolio Theol. Hducialies ae thus
bound to consider MPT in congtting the pdfolio
under their contll. To do otherwisexposes theidlu-
ciary to daims of misconduct and thesulting poten
tial assessment of dages and suwhaiges.

B. Fiduciary Conduct under MPT and the
Rule. The Rule is a test of conduaipt perbr-
mance® Thus,if the fiduciary chooses aisk level
that is gopropriate under the tens of the tust and
constucts a paifolio tha is ex ante eficient and the
resulting potfolio sufers lossesthe iducialy should
not be lidle for damaes. To use MPT theidluciary
must select assets tHairly represent thedasilbe set
and deelop reasonble expectdions for retum, risk,
and corelaions. The fducialy should then consict
the eficient potfolio for the diosen isk level. If the
fiduciary then decidesgither because thaoitfolio is
inconsistent with the ters of the tust or because a
more diversified potfolio is available with a minor
sacifice in retum, not to implement thaportfolio,
tha decision nast be justied. The fducialy should
use sound judgment in making ffotio allocaion
decisions.While thee is no &plicit requiement tha
the iduciaty use the mdwanics of MPTconstucting
a potfolio using lusiness judgment alone is fitilt
to explain and supposdisfactoily. A more detnst
ble practice would be br the fduciarly to begin with
the potfolio recommendedyo MPT. The tools to
develop these pdfolios ae readily available to
investment pactitiones and should pose no biar to
the conscientiousiducialy. To ignote these tools
places theiflucialy in a pecarous position.

VI. Appendix: Expected Retun, Variance,
Standard Deviation, and Correlation Calculations
for Stocks A and B

For those intined mahemdically and desing to
undestand the basis of calctilans usedthe fllowing
information is povided Chat A.1 illustrates typothet
ical annual retum daa from 1994 though 2003 dr
stoks A (column 1) and B (column 2). @& for an
equaly weighted patfolio of these stdes is shavn in
column (3). While widely available software, like
Microsoft's Excelmake calculaing the equired stais-
tics simple this Appendix shws some of the details
behind those calcui@ns for our two asset xxample

® Investment Blicy Staements ar discussed in the second
atticle in the saes,“Using aTrust’s Investment Blicy Staement

to Develop the Brtfolio’s Appropriate Risk Level”
2 Seesupra text accompaying note 16.
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Chart A.1
Historical Data
1) (2) 3)
AssetA Asset B Portfolio AB
Year Retun Retun Retun*
1994 16.0 12.0 14.0
1995 5.0 -2.0 15
1996 5.0 10.0 7.5
1997 6.0 6.0 6.0
1998 -4.0 11.0 3.5
1999 6.0 3.0 4.5
2000 0.0 -1.0 -0.5
2001 3.0 16.0 9.5
2002 -2.0 4.0 1.0
2003 11.0 14.0 125
* 50% invested imssetA and 50% imMsset B
A. Symbols. This Appendix uses thedllowing symbols:
A = average retums for stok A, B = average retums for stok B and AB = werage retums for

portfolio AB.
10

Z(.) = add the tems Pllowing the symbold.g., in the paentheses) denoted the time subsqut t. Our
t=1 example cwers ten yars of dda so ten tens will be adled

cf = variance of stok or potfolio where i indicaes the asset

o, = standad deriation of stok or potfolio where i indicdes the asset
\/_ = squae oot function

Pi; = coreldion between stoks i and |

Wi = weight assigned to asset i in thetpalio

Note:In a potfolio the weights sum to {100%) indicéing the potfolio is fully invested

B. Average Retums. The average retums for Stoks A and B and their pdfolio are calculéed as éllows:

c— 0 — —
A= ’%Z 16+5+5+6 414(-)6+0+3 2+11
t=1

where A epresents thewveerage for stok A and the term;
as the simplewerage familiar to most people

Similary:

=—1——ZB =7.30% and AB——ZAB =5.95%

=4.60%

aranmial retums. This calculéion is the same
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Because the ptiplio’s average retum is the veighted sum of thevarage retums of the assets in the
portfolio and the wights in this gample ae 50 pecent irvested in edt stodk, the potfolio’s average
retum is also:

AB=.5%*A +.5*B=0.5%4.60% + 0.5*7.30% = 5.95%, the sameesult as befre.

C. Calculating the Risk of Individual Stodks. The frst stg in calculaing risk of individual sto&s is to compute
their variance — the erage squaed diference betwen the peodic retums and theirerages as éllows:

10 _ 10 _

i%Z(At —-A)?=31.58% and ¢} = i%Z(Bt -B)*=35.05%
t=1 t=1

Becauseisk is measwgd in MPT as the stanahderiation and the standddeviation is the squar oot

of the wariance the lisks (standat deviation of retums) for stoks A and B ae as bllows:

6, = /0% = V31.58% =5.62% and o, = /o} =+35.05% =5.92%

These a the sthstics ieported in Charlll.3.

2
6A=

D. Calculating the Risk of the RPortfolio
1. Coreldion. To compute the ptiiolio’s standat deviation from the sthistics for its constituent
assets the coglaion must irst be computed:

1 10 _ _
EZ(At _A)(Bt -B)
p= -t =0.30
CA03

This equéion demonsttes tha the corelaion is the poduct of the gerage difference betwen the
contempoaneous etumns, relaive to the poduct of their standdrdeviations.

2. Standad Deviation. The standat deviation for ary two asset pdfolio can be calcutad using the
following geneal equaion:

_ 2 2 2.2
Oap —\/onA + W50p +2W,, WP g0 .05

In this case:

0 x5 =1/(0.5)262 +(0.5)262 +2(0.5)(0.5)p 45 0 16 =

V.25%31.58+.25%35.05+2*.25%0.30*5.62*5.92 =4.66%

E. llustr ating the Portfolio Effect. The potfolio effect can ne be illustiated using the gneal equaion for the
standad deviation of a two asset pafolio shavn éove. The frst two tems, wf\oi + wgoé , combine the ari-
ances of the twassetsThe last team (2WawpoaoB) meassrthe pdfolio effect. Mahemdically, the laver
the corelation, p, the laver the @erall risk of the potfolio. This relaionship can be@nearlized to hold ér pott-
folios with mary assets as@ll. Moreover, as the nmber of assets ineasesthe individual weights(w;) which ae

all less than onavill become pogressvely smaller mmbes and their squas,wf, smaller still. The last tam also
becomes smallemb only as the prduct of the wights,not their squags. Inceasing the amber of assets enhances
the potfolio effect as most of the standadteviation will come fiom the last ten.
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