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DECOMPOSING AND
UNDERSTANDING RISK

Arun S. Muralidhar, Kemal Asad-Syed,

and Paolo Pasquariello

pEtfolio managers may take many bets to outperform a benchmark. This chapter
provides two simple methodologies to calculate the contribution of a specific bet to
gotal risk, whether the risk measure is an absolute or a relative one, and demonstrates
How investors can develop simple in-house models to measure such risk. In addition,
it demonstrates how other measures that are not derived from finance theory, but
are used as first approximations, are incorrect. These simple tools allow investors to

measure and monitor the risks in their portfolios and thereby manage them more

effectively.

OVERVIEW

The issue of risk management and risk budgeting is becoming more important
for institutional investors, especially pension funds, and a number of work-
ing groups have been formed to evaluate the risk standards that should be
adopted by oversight committees for the management of such plans. However,
a current shortcoming in the industry is that no uniform model has been
adopted to measure risks, which would allow pension funds to manage them.
In addition, many software providers have focused only on the absolute risk of

Adapted from Kemal Asad-Syed, Arun 5. Muralidhar, and Paulo Pasquariello. “Understanding Risk—
Estimating the Contribution to Total Risk of Individual Bets” Unpublished working paper, 2000.
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164 | RISK MANAGEMENT

a portfolio in measuring the value-at-risk (VAR) of a portfoli 3
systems have often not captured the largest risk that moft 1”eo '0‘ MOS
exp:sei to, namely, asset-liability risk. This was highlighted E':nlzsll:;n tp1
ativeutr:) ae:a\.;}ilj: ;:z ;e:for}rcnjdn.c::t of an ir.;stitutional investor is mezseuZ;;;
rive 08 passive bench ark, it is imperative to measure not only the aB-s_g
i srh and the‘ actual portfolio, but also the risk relativ -
sures of risk relative ii) d?:fjr:flltg;i:::ri)z; ihaptir . frovjded gy m |
: rks such as (1) liabilitie te
Ziie; eilslzzzt:c;r;;“(j) tactic;l asset allocation, and (4) specific er(gtS;adti"
e Capmrerdet t[fac age? thi.lt have focused on relative risk ha§ no
] ? contribution to total risk of any specific bet takenh
portfoho. managers, which is termed marginal risk. This measure is i N
beca.zuse it provides the plan sponsor with an indication of thure e
of risk and relatedness of bets in the portfolio. B

Litt s
itterman (1996) highlights the usefulness of this measure and gives an

indicati i
. j;}(zzdc;fl :;;vf:r rrt;aycl;le com.putecl; however, the article does not provi&
A e .culatlon. In addition, Gibson (1997) suggests tha;:
pension funds : monitor the contribution to risk of positions, thatls‘;
m——— is skattnbutable to a position vis-a-vis either liabilities or som"é
N Ln}:;g;n\:’lh:n su'«;h a-dj ustments are made, the contribution can ]3._(:3:
o T endvontrz ut_ion, and the sum of all marginals should equal
o e Confribu:;z; tz ft?: pchz?ztell; provide two simple methodologies t{;
la . ecific bet to total risk, whether the risk mea-
Zl::; llz :I;l:;;;ll::— lr;:»r a relative one, and demonstrates how plan sponsor:]ce:n

Sy oEsed models to measure plan risk.

e (1955) _0:1:8 evelops thrf! mathematical technique suggested by
werman (1 the, ! ‘second provides a more intuitive approach, which is
(ot from the c:;ic theory of asset pricing. In addition, this chapter
e A eT meésures th:.:tt are not derived from finance theory,
valuabl&imigl;t inpiprc;mmatlons,‘ are incorrect.' This approach also provides
thereby enhancing toh:: :v:?::ilz:()onf o'f :e:kWith e pololo orbets
there risk-taking activities. These simple tools
there:;)v; Z;r}l:nso;s to measure an‘d monitor the risks in their portfoliios and
ge them more effectively. In addition, the measurement of risk

C e 4 v e' CIO. ers wit an asset

SING AND UNDERSTANDING RISK

DECOMPO

lio. In this chapter the analysis is

and across securities in a specific portfo
d—across asset classes—but the

acted at the highest level of a pension fun
':"'s'i'ons are trivial.

tis chapter provides the m
5, but the nontechnical reader can s

ghts without loss of continuity. The

:g such statistics for the allocation of risk capital.
but the concepts and conclusions apply

ortfolio manager or an institutional

ath for the calculations in the chapter appen-
kip the technical sections to gain key
hapter also considers the feasibility of
The discussion is devel-

i1y the context of a pension plan,
e generally to any investor, whethera p

Livestor with investment advisers.

PENSION PLAN RISKS
scussing the contribution to risk of a specific bet, the different risks
;ﬁiat a plan is exposed to are briefly recapitulated. Risk is generated in pension
%ians at different levels. At the highest level, selecting a benchmark for the asset
;%‘brtfolio creates the possibility for risks from asset-liability mismatches (or
%s%t—ﬁabﬂiw risk). Alternatively, selecting an asset benchmark for purely asset
k point or a target variability of re-

reasons implies targeting an absolute 118
fturns. At the next level, once target asset-class allocations and benchmarks

%;T:iaave been determined, a plan sponsor may create additional risk by investing
' factically in the actual portfolio away from these target levels (or tactical risk)
?F(Mashayekhi—Besch]oss and Muralidhar 1996). At the simplest level, tactical
risk is created by underweighting or overweighting individual asset classes.

In this chapter, the focus is only on (1) the absolute risk of the benchmark
portfolio; (2) the absolute risk of the actual portfolio on any given day (which,
if tactical bets are permitted, could be quite different from that of the bench-
mark); and (3) the relative risk implied by the actual portfolio vis-a-vis the
benchmark or tactical risk. Thereafter, it is possible to demonstrate the contri-
bution to the total risk or variability of returns of each asset class in which the
plan has made either a target allocation or a ractical deviation.” The concept of
the “marginal” is very well developed in economics in determining optimal

consumption, pricing, and so on, and in an analogous fashion this chapter
attempts to demonstrate whether the marginal risk measure can be used in

iPfior to di

the optimal utilization of a risk budget.
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166 | RISK MANAGEMENT

DEFINITION OF TERMS

F : .

Otr Ci’n"emen&?, two portfolios are defined, namely the benchmark and g

actual portfolio, and three risk mea . ) and thg
’ sures identified: the ab . 4l

b . : absolute risk of
enchmark, the absolute risk of the actual portfolio, and the relative ri koitv-.

’ sk ofth

actual portfolio. 1l

Benchmark portfolio: This is the strategic long-term asset allocati
plan Fhe.it is described by listing the various asset classes in \:hljoi e
plan is invested and the long-term target allocations. A h thc ‘the'
benchmark portfolio is provided in Table 8.1. Mt

Actua fo: This 1 i
; ! portfolio: This is the investor’s portfolio on any measurement
ay. A i
}.f hs a consequence of portfolio managers overweighting or und
weighting asset classes, the li i x
; ive portfolio can and will diffi
benchmark. For ill i e
: ustrative purposes, a h i
: » @ hypothetical actual folio i
rovided i L i portfolio is’
p ; ded in Table 8.1, which is relative to the benchmark. The last
column gi C iati .
‘ hn gives the percentage deviation of each asset class from its
enchmark; the sum of these deviations is zero.’

Absol '
ute risk of benchmark: In asset space, the variance or standard

devisti
0:\:;3‘[1;11 of the expected returns of this portfolio describes the risk
e benchmark portfolio.* Mathematically, the absolute risk is

o Table 8.1
nchmark, Actual, and Relative Portfolios: Weighting of Assets
s Pi::g; .rm; ;:) Actual Relative
o io Fortfolio (% 1
es {v) rf( w) i Pﬂﬁft;h;) "
z
ULS. equities 30.0
Non-U.S. equities 35.0 o -
Emerging equities 5.0 oo B
U.S. fixed income ?‘O o 0
Non-U.5. fixed income 10‘0 iy 0
High-yield bonds 2‘0 o o
Private equities 10‘() 4-0 .
Cash ; 5 i
: 1.0 2.0 5
o : 1.0
a 100.0 100.0
; 0.0

Standard deviation 11.69% 11.37%
37% 1.24%

167 l DECOMPOSING AND UNDERSTANDING RISK

estimated by taking the benchmark or target weights and multiplying

them through a variance-covariance matrix:

(8.1)

o*(benchmark) = (+'T'v)
where v = matrix of benchmark asset class weights (v' is the transpose
of ¥), I is the assumed variance-covariance matrix, and v, is the target
weight of the ith asset class. The square root, of the standard deviation,
is also a risk measure, as it captures the dispersion of the portfolio
return around its mean. Using the hypothetical benchmark portfolio in
Table 8.1 and the assumed variance-covariance matrix in the appendix
(Table A8.3.1), the standard deviation (i.e., risk) of this portfolio s

provided in Table 8.1 &

Absolute risk of the actual portfolio: The varian
calculated in a fashion identical to that of t

ce of the actual portfolio is
he benchmark:

o*(actual) = (w'Tw) (8.2)
where w = matrix of actual asset class weights, and w; is the actual

ht of the ith asset class. The square root or standard deviation isan

weig
e and is provided in Table 8.1.

alternative expression of this risk measur
actual portfolio: This is the risk engendered by off-

d Seigel (1996) demonstrate why

is measured relative to a

Relative risk of the
benchmark positions. Ambarish an

re should be used when a portfolio

this measu
he active portfolio is

benchmark. The relative risk or variance of t
calculated in a fashion identical to those above:

o (relative) = (2'T2) (8.3)

matrix of the differences between the actual and target asset

ts, and z; is the deviation from benchmark in the ith asset
ositive or negative, as the

where z =
class weigh
class. Any component of the z matrix can be p
nt team could have chosen to underweight or overweight a

investme
f o2 (relative) per unit of time is

particular asset class. The square root o
referred to as the tracking error of a portfolio. Mathematically,

72Tz (8.4

Tracking error = V212 = —‘\/—'TTIT-"
2Tz


ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle

ScanMan
Rectangle


169 ] DECOMPOSING AND UNDERSTANDING RISK

Table 8.3 i
ntribution to the Standard Deviation of the Three Portfolios

g Absolute Risk Relative

168 I RISK MANAGEMENT

The tracking error measures the amount by which the performance. g

the actual portfolio can deviate from the benchmark and is provided ,*,

Table 8.1. ; I Porgelio
! Benchmark Actua,
% of Total)
_ ) ) _ i I (% of Total) (

The mathematical details for the calculation of marginal risk and corye b sy 54
tion of bets are provided in the chapter appendices for the more technicy 322 163'1 6.1
reader. In the next few sections the specific benchmark and actual portfolig are 43'1 74 123
examined to decompose the risks of the portfolio. erging equities 11 1.5 32

“fixed income = 1.3 0.1
1.8, fixed income 1.6 13 3.3
A CASE STUDY IN MARGINAL RISK ANALYSIS : . 0.6 '
gh-yield bonds 8.8 164
: : ; . Cprivate equities e 0.0 e
Table 8.1 gives a benchmark portfolio and a tactical portfolio that is maint @0 100.0

tained relative to the benchmark. This hypothetical “actual” portfolio is ove'ff{‘,‘?‘
weight U.S. equities, U.S. fixed income, and high yield by 2 percent, und g
weight non-U.S. equities by 6 percent, overweight emerging equities by 3"

percent, underweight non-U.S. fixed income and private equities by 2 percent,

“otal standard deviation

Table 8.4
! Implied Correlation of Asset Class Bet to
and overweight cash by 1 percent. This causes a tracking error versus the

Portfolio of Bets
benchmark of 1.24 percent. Tables 8.2 and 8.3 provide the marginal contribu-

Asset Classes Relative Portfolio
. " « ‘ . ) €
tion to total risk (in percentage points) and percentage contribution to total _-——-—————-—‘—‘_'_"_'_-T
risk, respectively, for the portfolios in Table 8.1. These diagnostics provide a- U.S. equities S
.. . P -1U.S. equities )
number of useful insights. It is apparent from the tables that the risk is Rl Nl 0.343
Emerging equities 0179
U.S. fixed income ~D-00 5
Non-U.S. fixed income 0‘71}6
Table 8.2 High-yield bonds _0';? é
Contribution to the Standard Deviation of the Three Portfolios Private equities :

0.000

h
Absolute Risk - =
Relative
Benchmark Actual Portfolio 1 ;
ot Cll b 7 . > i e allows IC
Aer Clles o i e additive, thereby validating the “marginal’ label. Hence this measurlb -
Y R C €15
g P % b oo 2 decomposition of risk (standard deviation) of all asset classes
Non-U.S. equities 5.8 4.9 0.783 . : sses/bets.
Emerging equities 0.5 0.8 0.241 capturing the correlation with other asset cla o e portfalioin T
U.S. fixed income 0.1 0.2 0.019 First, it is relevant to observe that although the actualp ingerT
Non-U.S. fixed income 0.2 02 0.001 ieht U.S. equities, overweighting this asset class reduces the tracking
High-yield bonds 01 0.1 0.040 O o +h other bets in the portfolio (Table 8-
Private equities 1.2 1.0 0.203 as this bet is ﬂegatl\’eW correlated wi d 8.3). Thisis evident byt
cosh - 00 il thereby lowering the total relative risk (Tables 8.2and 8.3). )
o : i umil.
ot sandard deviation o KhE S i negative coefficient on U.S. equities in the Relative Portfolio co
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170 [ RISK MANAGEMENT

Sec i
; or;ld, the absolute or relative size of a bet may mask th.
lontot i ol
o e total risk. For example, although the 2 percent overwei hal
X Csl, actually lowers the tracking error, the same absolute b e
onds (+2 i tive ey
pone 8(3) ; percer.}t‘) contributes positively to the relative risk (3.3 hl
el b] In addition, the 2 percent underweight in non-U.S. fix dPeI :
anegli i i < bsolcin
: ‘g gl e impact on the tracking error, whereas the same absolut L
eviation | i iti i g
o E in private equities contributes 16 percent of the total t :Zij
ough private equities are m i o
; ore volatile, there 1 !
e  equ : is a more complex rel:
2 u (:trk, which includes the relationship with other bets in gi fel
ird, in evaluating the correlati e
ati i .
o o evaloaty ' on of bets with the overall portfolio o
.4, it is relevant to notice that the bets in U.S. equitie
S s, non-U.

uities, non- s ;

S po:i;fi-l iixsg ;:tcsorge, and prlvat? equities are all negatively corr
b Bt otherbers : }?e could a-sk if all these are therefore risk redﬁ'
inrespectiof s bencl: n tke POI‘.tfoho. However, where the portfolio 131
ety neﬂ"::.r and .1s negatively correlated, the contributio
sl o i ive (as in U.S. equities). On the other hand, w
fixed income, and Privat:iea‘(:-f the benchmark (non-U.S. equities, non-U.S,
with the short position, contcilill;.if:\:’ the- flegatjve correlation, in COnjuncﬁ'gg

positively to the tracking error.

USEFULNESS OF THIS MEASURE

Any ability to dri : .
he Compjlentfzjlu;i:f:;nfmto a tot?l risk measure and attribute the value to.
when the marginal contr;:::uzi)l;tlf?: li:;l:: agerlsl. AlS ey Uit reSUlts’l.
i increase borthe i ive, all else being equal, a marginal
error.? Only the U.S. equict:cgletocfh:l}rll‘;ecsu:;:n:isze;olotwersbmefftmal tfﬂCkng-
risk reducing. i | shure by effectively ban
tively and cfpltll‘zrtelizri; thTS breakdown can be used to size bets mori effej
s e psEols manaamn;um alPha for a given risk tolerance.” In addi-
o fsisfe s tgﬁ‘; ete‘rmuTes whether the bets are all correlated
Table 8.1 there aregge' ia e how diversified their bets may be. For example, in
equity, emerging ma;iett a.ssectl dafss bets; however, the three bets in non-U.S.
exposure. If the marei 2R Prwa}e ef]uity contribute 99 percent of the risk
arcinal contribution is concentrated in a few bete. even the

DECOMPOSING AND UNDERSTAND!NG RIS

risks are not diversi-
fficient information

ﬁtation of alarge number of bets suggests that
lation in isolation is insu

arly, @ negative corre
sriaining whether bets are risk increasing or risk reducing, as demon-

“above.
marginal contribution is dependent on current allocations; hence
‘.t'change to a position implies very different results. For example, by
U.S. equities from non-U.S. fixed income (i.e.,

ing 2 percent more to
ties to the track-

1d g the previous bet),
urns positive, and the correlat

the contribution from U.S. equi

ort ion of U.S. equities and non-U.S. fixed

me to other bets in the portfolio is now
tion to the tracking errox from non-U.S. fixed income turns mildly nega-

a5 the correlation has shifted sign. T herefore, the sensitivity of the
e it very difficult to

- inal risk analysis to the po
allocate risk capital on this basis,
‘each asset class manager would need to be cognizant not only of his or her

Eﬁ'w on that specific market, but also its impact on other views.

¢Thls technique has also been adopted by investment managers to manage
ly be used for equity,

the risk of their portfolios. For example, this can easl
B . :

bond, or currency management, where instead of having asset classes one can
llist the securities o currencies and thereby decompose the risk relative to the

?ﬁssive benchmark. In addition, Muralidhar and Pasquariello (2001) extend
this analysis 0 imply the currency views of various positions implemented
by currency overlay managers for client. They are able to demonstrate sOme

“seeming inconsistencies in positions and views in a fashion similar to some
' seeming inconsistencies highlighted above. This method effectively allows for
1

" a clearer understanding of the concentration of bets and which bets can lower

tracking error for optimal risk utilization.

positive. However, NOW the con-

rtfolio changes would mak
for it would require a constant fine-tuning,

COMPARISON WITH OTHER METHODOLOGIES

This section covers other methodologies that are applied in standard risk

management software and explains the deficiencies of each. The content '
based on the experience 1 evaluating a number of risk-management softwa

programs for implementation i the World Bank’s pension fund portfoly
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172 ‘ RISK MANAGEMENT

' Table 8.5
Comparin i i .
P g Methods of Estimating Contribution to Benchmark Risk P
5K Perce

Assumin, ;
Asset & Marginal Marei
nal
Classes ( (};ﬂgepen‘dgyk-:e Not Rebalanced Rebagrrred ng
ontribution) (% Contribution) (% Contribution) (% Met
U.S. equities 715 — Cof!
Non-U.S, equities 21.5 %?' =hL2 312:
Emerging equities 1.6 7 =7us 49 ?_
1.5, fixed income 1.8 22 4.2 4’. |
Non-L.8. fixed o 2.7 92.7 1'4_
e 21 70.8 1.;
HE_Eh")'ieId bonds 0.5 . ..
Private equities 1.0 ::23'4 27.8 06
& : 3 :
T"Sh 0.0 0.0 2?'8 105
otal i A
i 0.0
Total variance " 1000 o0
Ra e 100.0
of portfolio ? -0.26% 1399
Standard deviation 7.73% — 1
i N/A
11.69%
) Table 8.6
Comparing M. St
etho imati ;
g ds of Estimating Contribution to Relative Risk Percenta:
£e
Asset Marging| Pr &
Classes Net Rebalanced MOp:sed e
(% Contribution) (% C. ° -Od ; !
U.S. equities ‘-'mn"’bﬂnﬂf?}
Non-U.S. equities 45.3 e
Emerging equities 346 63.1
U.S. fixed income 35.3 19'4
Non-U.S. fixed income 2 1.5
High-vield bonds “Ha 0.1
Private equities 6.4 3‘3
Cash e 16.1
i 0.0 )
Total 0
.0
o . 100.0
otal tracking error 100.0
1.06%
1.24%

-

@éﬂﬁibﬂﬁﬂﬂ asst
o ethod, it is assume

would provide 2 vari
22
an:

L diversification are never ca

POSING AND UNDERS‘!‘AND\NG RISK

DECOM

matrix: Under this
e unity, and off-diagonal
s done to simplify the

ming an identity correlation
d that diagonal elements ar
. ments in the correlation matrix are zero. This i

|culation. Therefore, the assumption of independence between assets

ance estimate whereby adding the weighted vari-
quals the portfolio variance. The problem in

| elements are ZeTo is that the true benefits of
ptured in such analyses. In addition, as

%fable 8.5 demonstrates, the total risk of the benchmark portfolio is
rrect

_;"\;éz"rongly estimated, thereby rendering this approach inco

(773 percent versus 11.69 percent).

"“Marginal con
_methodology,
software, the use
extracts one asse
variance or standa
VAR as “the differen

certain accounts, Tisk fa
(excluding a particular as
give an estimate of the“co
most critical problem is thatt

is to be computed when portfoli
ding the one whose contribut

ce of each asset class
<suming that off-diagona

rebalancing): Under this

st commonly available

g all the assefs and then
folio and recomputes the
000) describes marginal
VAR and VAR excluding
ew standard deviation

tribution” (with and without
which is embedded in the mo
r calculates the variance usin
t class at a time from the port
rd deviation. In fact, Rahl (2
ce between overall portfolio

ctors or positions.” This n
set class) is compared to the full portfolio risk to

ntribution” of that particular asset class. The
he contribution to risk for a total portfolio
os are complete (i.e., with all asset classes
jon is being estimated) and not by

sets of portfohos. Therefore, even if correct, the sum ofall

| estimates” should equal the true variance of the portfolio (in
11.69 percent). AS is evident from

inal method overestimates th
re are actually two ways to

ulation: not to rebalance the remaining asset class

he sum of the assets need not total 100 percent) ar
10 The rebalancing method s clearly
s ever being in the
variance, which i

inclu
using sub
“margina
the case of the benchmark portfolio,
Table 8.5, this is not the case, and the marg
total risk of the portfolio (12.9 percent). The

perform this calc
weights (L.e.,80 thatt
to rebalance the remaining assets.
incorrect as it excludes the possibility of the asset clas

portfolio. As indicated in Table 8.5, 1t gives a negative
portfolio.

an infeasible result for an asset
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174 | RISK MANAGEMENT

evaluated is assumed to be the only bet in the portfolio and its
considered in isolation. This assumes that the bets are indepeng

is identical to the first method ( identity correlation matrix).

* Tracking error of each bet in isolation: Under this method the bet e

Clearly, the marginal method assuming rebalancing and the me
suming independence of assets are incorrect in estimating either gii -
variance or the percentage contribution of an asset class or an asset clg
Similarly, it can be shown numerically that these alternative m

completeness, Table 8.6 includes the results of the marginal, no reb
calculation vis-a-vis the proposed method for the tracking error calculat
Not only are the resultant totals wrong, but also the magnitude, and of
signs too, are incorrect for the portfolio bets, providing the user with incon
statistics on the contribution of bets to the risk of the overall portfolio.

CAVEATS

In the case of the two absolute measures of benchmark risk and actual rrsqul
the implied correlations are meaningful. However, the implied correlations of
the asset class bet to the portfolio of bets are based on the assumption tha‘:r
the variance-covariance matrix for asset classes is applicable also for asset
class bets (which need not always be true). However, this is an acceptable
first approximation and assumes no bias in the bets away from the respec-
tive benchmarks. This can be easily corrected by using a revised variance-
covariance matrix should the plan sponsor so decide.

SUMMARY

This chapter set out to demonstrate simple methods by which the contribu-
tion of an asset class allocation or an asset class bet to the total absolute or
relative risk of the portfolio could be determined. Such an evaluation is useful
for a plan sponsor not only to measure risk but also to effectively manage risk
by decomposing it into its constituent parts. Four key investment truths, high-
lighted in the accompanying box, emerge from this discussion.
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L I
8.1
THE MATHEMATICAL SOLUTION FOR

MARGINAL CONTRIBUTION

The marginal contribution to total risk from an individual bet is nothis

function of the first derivative of the risk measure vis-a-vis the bet under
eration. Litterman (1996) defines it loosely as “the marginal rate of chan,
per unit change in the position (at the current position size) times the positi
itself, can be thought of as the rate of change in risk with respect to a small |
centage change in the size of the position.” For simplicity, the tracking error is yse i
for this estimation.

Marginal contribution of the bet in the ith asset class (z1) to tracking error

_, d(tracking error)
o dz,

d(tracking error)
dz

1

NV 2Tz
('}Z,. (ASII’)
2T
R

"\/ZTz

11
(such that Z 2 = total tracking error)

where (-\/Z—rTL—-) Is a 1 X N matrix measuring the marginal risk per unit of
z Iz
deviation.

Notice that the denominator in the second term is nothing but the tracking
error, thereby normalizing the calculation.

The same approach can be followed to measure the marginal contribution of
each individual position to the total absolute risk of the portfolio. In this case, the
marginal contribution of the position in the 7#th asset class to the portfolio’s risk is
given by

dw,

w; X

1

(A8.1.2)

(AS.TIVE

G AND UNDERSTANDING RISK

% DECOMPOSIN

W'l
W' e ip——
VW Tw
‘;.wTI')/ w Twisa 1 X Nmatrix me

ution of the position in the ith asset clas

(A8.1.2')

i i nit of
asuring the marginal risk per u

s to the
y, the marginal contrib
gﬁ;jjarlfs risk is given by

Sstddev) (48.1.3)
=X av,
(A8.1.3")

vl

= M VAT R
are (vT)/ Vv Tvisal X N matrix meas

%‘@osiﬂom.

uring the marginal risk per unit of
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oo
i '

THE INTUITIVE APPROACH

There is another approach to estimating the contribution of an allocatip
risk that is derived from asset pricing theory. For simplicity, this is called the
itive approach. Define the contribution of a stock I to the total risk of a P
of N'stocks (P) as r. Define the contribution of an asset class I'to the total rig
portfolio of N asset classes (P) as c. From the basics in finance, the contribution,
total risk of a stock [ to a total portfolio of N stocks (P) or r, is equal to

r; = s; X covariance(l, P) (A827])
where s, is the weight of stock i in portfolio 2. Mathematically, this is equivaler
n=5X0(LP)=5Xp,Xall) X o(P) (A8

where p, , is the correlation between I and B, o(l, P) is the covariance between
and P, and o(P) and o (]) represent the standard deviations of P and respec!
tively. Usually, the correlation among stocks is known and stable, whereas thai\
of an individual stock to a specific portfolio is uncertain. Where the correlation’

factor is unknown ex-ante, the contribution to risk can be calculated by the
following:

n=s5X > s X o)) (A8.2.3)

where 2. is the summation operator for j = 1 through N stocks and o(, 7) is the
covariance of stocks 7 and j. The sum of all r; in the portfolio must equal o*(P).
Hence in percentage terms, the contribution of stock [ to the variance of portfolio
Pwould be r,/a(P).

In an analogous fashion to equations (A8.2.1-3), the contribution to the total
risk of an asset class for either absolute or relative risk can be defined as above.
However, in the case of asset class structuring, the correlation between that of a
specific asset class and the total portfolio (or those of asset class bets with the port-
folio of bets) is difficult to determine ex-ante and probably changes as the portfo-
lio composition changes. The correlation between two asset classes is easier to
estimate. Hence an adaptation of equation (A8.2.3) is applied to estimate the

AND UNDERSTANDING RISK

DECOMPOSING

an 1 t Itf O TIsSK. h. S, 1N t.he case fth a a.l Ilsk
QO 011 l’bk T u ,]. (¢} >4 Ltu

£1 11 aSSEt class 1o pO

11 o f

> portfolio:
ci(actual) = w, X ZWJ,- X oli, f)

is the covariance between the ith a
1 through N asset €

(A8.2.4)

nd the jth asset class and 2. is the
gz forj= lasses. For the absolute risk of the
ation operator for 1 =

sark portfolio, define

c(benchmark) = v; pd ZVJ X olh J) ‘
I the correlation of a tactical bet in an

(A8.2.5)

“icase of the relative risk calculations,

a t.h the pOl’ 11 d s
SS Wl IfO]JO Of tactlcal betS can be detf:mﬂ ed a:

] (A8.2.6)
c(tactical deviation) = X ZZj ® o(i, )

Illat the ¢ ar calcl t 1ng varla ce dsal[leasmeo 15K. 10 1‘

ear f I Sk T norma
h e 1 l_lld ed us g I ( )

. Sulao{ Ils}: aI"d Jslng Equlilill E ¥

c(absolute) _ Wi X sw; X (i, 7

cilectual) = VW Tw w Tw

¥, X Ty X o(s, )
R = i &

(A8.2.7)

c,(benchmark) _ (A8.2.8)

c’;(benchmark) = m \/’v_Tﬁ

c.(tactical) M (A8.2.9)

s V7Tz 2’z

he marginal risk of a single bet to tf‘le Fotal
ble 8.1 (benchmark, actual, and deviation),
1 contribution to the total risk (in percent-
f each asset class or assct class bet tc

Note that the last equation descri’:)es t
é'racking error. For the portfolios in iI‘a
Tables 8.2 and 8.3 provide the marginal
age points) and the percentage contribution o

the total risk, respectively.
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CORRELATIONS OF ASSET ALLOCATIONS

TO PORTFOLIO ALLOCATIONS

An interesti ioti =
I :;li Zattilj:ct t.hz;t1 can be derived from the above is the cored ‘i
A el o s ;31 Ae overall allocation (as differentiated fro.x.rz:'-El
This section develon t; 8.3.I)lor a specific asset class bet to a portfo ;
This statistic is usequI) as i:ﬁ;:j:;’:::;::}:? tli.Ons for estimating these corr
are - ; rttolio managers to det i =
Somztt);;;wetl}): iorrelated, oegatlveiy correlated or uncorrela{eilrfq{:}f W:.let%
g that is not obvious at the time of constructing portfolios other!

Measures of correlati
‘ ion of a single positi i
i : position with the total portfolio ap,
fouilw» e thh- Fhe total portfolio of bets can be explicitl ﬁ;or'f()ho -
ing definitions. First, for the absolute portfolio: PRSI

N
COV(W'Y > yp) == COV(W ) N
e Vo Wy | = 2
; W) = v vl ; w;w; cov(y,, y))

o J#Ei
= ; wiw; cov(y, y,) (A831)
> A830
>
cov(w,y, Wiw; €ovlys
pom TR _ " " gfactual)
i w,oVw Tw w,oVwTw
where ; is the return from the ith asset class
Then, for the correlati 2 |
; tion of an individual bet wi
th the portfolio of bets:
» | EN: ) ets:
zo V) = COV(Z;J”p Z; ) =g
2 ;| = z;var(y) + Z{ zz;cov(y; y))
y i
= ; 2z, cov(y, y) (
2 A8.3.2)

N
cov Ve zz. coviy., v
Prizp = (yZp‘ )”4}’) = FZ; =7 (yﬂ }’})

s _ ¢(tactical)

z:'UiVZTFZ Z,0;

where y i
J.iis the spread expected return from the jth asset cl
ass.

DECOMPDS!NG AND UNDERSTANDING RISK

tively, using the intuitive approach, since the correlation between an
and the portfolio is unknown ex-ante, from equations (A8.3.1-2) and
¢ following can also imply the correlation coefficient of each asset class

) chmark portfolio:

¢(benchmark)
e PRI (A8.3.3)
Pin o(P) X o(D) X v

crélation coefficient of each asset class to the actual portfolio (or pp)

o(actual) X oll) X w,

.onelation of the bet in asset class I to the portfolio of bets (poze)

_ ¢(tactical) (48.3.5)
o(TE) X o) X %
Here TE is the tracking error.
‘Table 8.4 provides the implied correlation coefficient of each asset class bet to
folio of bets based on their respective allocations.'? This table shows that the
ets in four asset classes are negatively correlated with the portfolio of bets, at the

rent position.
Table A8.3.1

Data on Asset Classes

Standard Correlations

gﬁet Deviation

@{m&s (%) USEQ NUSEQ EMEQ USFI N USFI HY PE Cash
%S equities 15.0% 10 0.5 03 04 0.4 05 04 —0.08
‘Non-US. 195% 05 1.0 03 02 03 02 01 -0V
=i equities
“Emerging 23.3% 0.3 0.3 o 03 03 02 01 ~010
| equities
L US. fixed 5.2% 0.4 02 0.3 1.0 0.4 03 00 —002
| income
‘Non-US. 4.5% 0.4 03 03 04 1.0 03 00 —0.05
fixed income
High-yield 9.8% 0.5 0.2 02 03 0.3 10 00 —007
bonds
Private equities 27.0% 0.4 0.1 0.1 0.0 0.0 00 10 0.00

Cash 1.0% -p08 013 g0 —002 —005 —0.07 0.00 1.00
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NOTES

1. Litterman (1996) makes a similar point in a footnote for one 0{*‘%
methods.
2. For the purpose of this analysis it is demonstrated how asset class allocations

at a target or tactical level can be used to determine contribution to risk.
extension of determining the contribution of any deviation from a bendh
(e.g., security, country, or currency selection) is trivial. :

3. Weare assuming unleveraged deviations from the benchmark, but the re
would be unaffected if leverage is appropriately captured.

4. See, for example, Markowitz (1959).

5. Since numerical simulations are provided to illuminate the key points®
this chapter, we provide a variance-covariance matrix of the various asset classes
Table A.8.3.1. Every institutional investor can select his or her own matrix; the
values were based on estimates from historical data. _

6. This point has been made elsewhere, more specifically with respect to man-
aging the risks of currency overlays. See Mashayekhi-Beschloss and Muraﬁdﬁa%
(1996).

7. Litterman (1996), who makes a similar observation, terms the point where
risk contribution is zero as a candidate for a “best hedge.”

8. Up to a point. If the bet size increases, this becomes the dominant bet in the
portfolio and will contribute positively to the tracking error. )

2. A cautionary note: any risk analysis depends on the correlations and vari-
ances remaining stable over time, and a violation of this assumption would put
any risk analysis in doubt. Also, once the positions are changed, the statistics need
to be recalculated for the new portfolio.

10. T'would like to thank Mr. P.S. Srinivas for pointing this out.

11. See also Litterman (1996).

12. As the allocation weights change, the total risk of a portfolio and hence the
implied correlation will also change.

IMPLEMENTATION OF
ASSET ALLOCATION
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