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Barra has recently released the Barra
Integrated Model, a multi-asset class model for
forecasting the asset and portfolio level risk of
global equities, bonds and currencies. The
model uses innovative methods to couple broad
asset coverage with the detailed analysis of
Barra’s models that focus on particular markets.
This makes it suitable for a wide range of
investment purposes, from conducting an in-
depth analysis of a single-country portfolio to
understanding the risk profile of a broad set of

international investments.

This article introduces the general modeling
framework and methodology used to construct
the Integrated Model. We first give an overview
of our aims and approach. We then describe
the common basic structure used to build two
components of the Integrated Model— a global
equity and global bond model. Future articles
will expand on these global asset-class models

and describe how they are integrated.

General Approach

Our chief goal is to provide a single model that
best forecasts the risk of a wide range of port-
folios, from those concentrated in a single
market to large, international multi-asset class

portfolios. To do this, the model must offer both

INSIGHTS

broad coverage and in-depth analysis. It should
be detailed enough to allow a manager to drill
down to his assets in a local market and obtain
an insightful and accurate analysis, and yet
broad enough to cover a large investment
universe. Unfortunately, these objectives are
conflicting. As new markets are added to a
global model, the complexity needed to main-
tain a fine level of detail increases, posing a
serious econometric challenge. Until now, this

goal has been elusive.

In the Barra Integrated Model we employ a
novel methodology to achieve this goal. First,
to provide the needed level of detail, we build
factor models of all the local equity and bond
markets. These models attribute the explain-
able portion of an asset’s return to the local
factors at work in each market. These factors
include styles and industries for equities and
term structure movements and credit spreads
for bonds. They may differ significantly from
market to market. By modeling each market
individually, we enable investors to see their
exposures to the style and industry factors of
each particular market and also provide the

most accurate forecasts of local market risk.

Next, we build two asset class models, one for

equities and one for bonds, by combining the



local models in each class, ignoring currencies
for the moment. This requires an understanding
of what links the behavior of assets across
markets. Since asset returns are driven, in part,
by local factors, the key to developing each
model is to determine the covariance between
these factors across different markets. There
are far too many factors to reliably estimate
their covariances directly on the basis of avail-
able data. Fortunately, within each asset class,
a much smaller set of global factors accounts
for much of the cross-market correlation.! By
building structural models of how these global
factors link local factors across markets, we are

able to obtain more accurate estimates.

Our use of structural models provides a new
framework for global analysis. These models
decompose local factor returns into a part due
to global factors (that is shared across markets)
and a part that is purely local (that only affects
the securities within each market). This explains,
for example, why the industry risk of a US bank
is better hedged with another US bank than

with a Japanese bank.

Our final step is then to combine the global
bond and equity models together with curren-
cies to form the complete Barra Integrated
Model. Leveraging our earlier work, we use the
global factors to estimate the correlation

structure across asset classes.

INSIGHTS

Building Global Asset Class Models

Our approach to modeling global equities and
bonds consists of building a set of local risk
models and establishing links between them.?
It is based on the view that an asset’s return is
strongly influenced by local market factors.
These factors may differ in number, character
and behavior across markets. For example, the
US equity market is well characterized by 13
style factors and 55 industries with significant
concentration in technology, finance and health
care. In contrast, the Australian equity market
can be captured with fewer factors and has
more exposure to basic materials. The bond
models are more uniform in structure, each in-
corporating three factors to account for interest
rate (term structure) movements, and one or

more credit spread factors.

The Structure of Local Models

The local models are the building blocks of our
global model.® Each local model decomposes
an asset’s local excess return into a part due to
local factors and a part that is unique to the
underlying asset, the specific return.* Using
Australian equities as an example, this is written

mathematically as:

= XusFaus + Uaus

raus aus "aus

* The term “global* simply refers to the role of these factors in determining cross-market covariances.

N

Examples of local models are the Australia Equity Model, Japan Bond Model, etc. While single-country equity or bond

models are possible choices for local models, they are not the only possible local models. For example, the Europe

Equity Model, a regional model that covers securities listed in 16 Western European markets, is used as the local model

for the Western European markets (except the United Kingdom).

w

IS

For full details on local models, see the appropriate handbook, e.g., United States Equity Risk Model Handbook.

For equities, the excess return of an asset is I - I,, where r is the asset’s total return and T, is the risk-free rate. For

P . -F ) ) . ) . )
bonds, excess returns are computed as _*___ "4 where P,,, is the price at time t+1, P, is the price at time t, and

P

P

is the forward price for time t+1 computed at time t. an is computed using a valuation model.
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=
o

where

r = avector of excess returns

X = a matrix of asset exposures
to the common factors

f= a vector of factor returns
u = avector of specific returns

It is assumed that f and u are uncorrelated and
that the u’s are uncorrelated across different

assets.

We form a factor covariance matrix, F

aus !

exponentially declining weights for the historical

using

factor returns. We also form a diagonal matrix

of asset specific variances, D, .

To compute the risk of a portfolio of Australian
equities, we need a forecast covariance matrix
of Australian asset returns, V.. Using our fac-

tor covariance matrix, F,, and our matrix of

asset specific variances, D, :

\/EUS = X F Xa’B + AHUS

aus’ aus

A and
common factor  specific
variance variance
Thus, the risk of a portfolio arises from its
exposure to factors in the market as well as
from the idiosyncratic behavior of individual

securities it contains.

Aggregating Local Models

To compute the risk of a portfolio of inter-
national equities (or international bonds), we
need a global equity (or bond) risk model that
gives the covariance between returns to equities
(or bonds) in different markets. We form such a
model by aggregating our local models. The
factors of this new model are simply all the local
market factors. Further, each asset is exposed
only to its own market’s factors. Using global
equities as an example, the factor exposure,
Xg, factor covariance, F. , and specific variance,
D, matrices of this model can be written as:

INSIGHTS

o8
_ _(EF?US Fauf,usa\H
A
0
i

Using our new model, we can write the global
equity asset covariance matrix in the familiar
form:

Ve = X R XE + A

In a similar manner, we can write the global

bond covariance matrix as follows:

Vo = XgF Xg + A

Modeling Covariances of Local Factors
in Different Markets

To complete the global models, we need to
more fully specify the factor covariance matri-
ces F. and F, . The diagonal blocks of these
matrices contain covariances between the local
factors within each market; the local models
have already provided these. What remains to
be specified is the covariance between local
factors in different markets.

This involves estimating a significant number of
covariances since there are a large number of
local equity and bond factors. The underlying
data are available at monthly intervals and in
many cases go back less than 15 years. Trying
to compute these covariances directly will
almost certainly result in numerous spurious
relationships. Our solution to this problem is to
use a structural model for each asset class that
establishes a sensible relationship between
factors in different markets. The idea is that the



behavior of local factors may be accounted for,

in part, by a much smaller set of global factors.

For example, part of the return to the local US
and UK oil factors is due an underlying global
oil factor which captures global oil prices, car-
tel activity, etc. In similar fashion, spreads on
corporate bonds of different credit qualities in
the US and UK are partly driven by corporate
spread factors for these countries. These glob-
al factors link local factors across markets,
accounting for any correlation between them.
To estimate the covariance between local mar-
ket factors, we need only to determine a much
smaller set of global factor covariances,
improving the reliability of our estimates.

The structural models for equities and bonds
have the following form:

fac = Yac gac + ¢ac

where
ac = asset class, E for equities, B for bonds

f__ = vector of local asset class

ac

(i.e., equity or bond) factor returns
across all markets

Y, = amatrix of exposures of the local factors
to the global factors

g..= avector of global factor returns for the
asset class

¢,. = avector of the purely local factor returns®

The structural models not only overcome the
econometric problem, but also provide a new
framework for global analysis. They decompose
each local factor return into a part due to global
factors and a part that is purely local. These

INSIGHTS

purely local returns are not correlated across
markets but may be correlated within each
market. This construction allows the factors
in different markets to be correlated but not
identical.

From the structural models, we obtain an
estimate of the asset class factor covariance

matrix, lfac, consisting of two parts:

F. =[%,.G,.Y.0] +0 @[]

due to global due to purely
factors local factors

where

G, =[covariance matrix of global factors

@[] =[Jcovariance matrix of purely local
factors

with @[], =[0 ifi and j are not in the
same market

Consistency Between Local Models
and Global Model

One of our aims is that our forecasts of local
risk be consistent with those of the underlying
local model. In building FAac , we simply sought
good estimates of the covariance between
factors in different markets. We intended to
use the factor covariance matrices from the
local models as the diagonal blocks of F,,
since these are our best estimates. Given that
the diagonal blocks of lfac generally differ from
our target, our last step is to form the final
covariance matrix of all the local factors, F

y Pae

by altering F.., our estimate of the asset class

ac?

factor covariance matrix, so that the local blocks

® There are differences in implementation of the global factor models for equities and bonds, such as the set of global
factors used, the calculation of local factor exposures to global factors, etc. In subsequent articles we will discuss the

implementation details for each asset class.
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are consistent with the local models (so that, for
example, the final covariances of local factors
for the Australian market are the same as those

in the Australia Equity Model). We do this by
A 6
scaling the local covariance matrices into F,, .

Conclusion

This article has provided an introduction to the
goals and methodology underlying the Barra
Integrated Model. We have described the
general framework for constructing single asset
class models for global equities and global
bonds, paying special attention to the modeling
aspects that are common to both asset classes.
Our new approach to modeling global risk
allows us to provide both depth and breadth
of analysis in the Integrated Model. Users no
longer have to chose between granularity of
local model analysis, on the one hand, and the
broad scope of global model analysis, on the

other.

What remains is to describe the details of each
model and how they are put together to form
one multi-asset class model. That will be the

subject of future Horizon articles. (’

N S

GHTS

® For the technical details of this scaling procedure, see Stefek, D, “The Barra Integrated Model”, Barra Research Insights

2002. A PDF version is available at http://www.barra.com/products/pdfs/intmodelinsight.pdf.
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/ \ group of bond traders, flush with a

recent success, decides to celebrate with an
extravagant dinner on the company's account.
After a sumptuous entrée, the cheese cart is
brought over.

Sensing that this group will have nothing but
the finest, the fromagier fetches a cube of
exceedingly rare Epoisses cubique affiné au
marc de Bourgogne. To insure equitable
division of the cheese, the cube is placed with
three edges along the positive x, y, and z axes
and sliced along the planes x=y, y=z, and z=x.
There is then exactly one piece of cheese for
each diner.

. How many diners were there?

One month later, having not yet been fired due
to an inexplicable oversight in the accounting
department, these same traders bring the entire
trading desk to the same restaurant. After a
sumptuous entrée, the fromagier brings out

an even rarer hyper-cube of four-dimensional
cheese.

A lively debate ensues between diners and staff
concerning what sort of knife will be needed,
inquiries as to the health consequences of the
consumption of high-dimensional food, and
whether such a piece of cheese might actually
exist at all.

BRAINTEASER

aé@aser

Assured that it will be just the thing to comple-
ment a bottle of 1947 Petrus, the group agrees
that this is truly a unique dining opportunity.
The cheese is placed with four edges along
the positive w, x, y, and z axes, and it is sliced
along the hyper-planes w=x, x=y, y=z, z=w,
x=z, and w=y. As before, there is then exactly

one piece of cheese for each diner.

. How many diners were there?

At each dinner, the issue was raised that the
partitioning of cheese might not be perfectly
equitable, with half of the diners complaining
about “left-handed” cheese.

- Did the pieces of cheese in each case have
exactly the same size?

By “same size” we mean equal 3- (or 4-)
dimensional volume.

= Did the pieces of cheese in each case have
exactly the same size?

By “same shape” we mean differing only by
an orientation-preserving rigid motion, so in
particular an object and its mirror image may
not have the same shape.
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Brainteaser from Last Issue

Al sorts the suspects (seemingly randomly)
into pairs (s1, s2), (s3, s4), (s5, s6) (s7, s8) and
tells Ben (and the TEC) that one of the pairs is
his, but not which one. Ben’s pair must be split
between two of the given pairs, so he can
choose one representative from each pair and
form a set that has his pair in it, and arrange
them into a ring so that his two are adjacent,
say (s1, s6, s3, s7) (sl is next to s6 and s7, s6 is
next to sl and s3, etc.).

Now Al knows the guilty suspect. He tells
Ben it’s one of two suspects (in random order
of course): the guilty one and the one not
adjacent. Now Ben knows but the TEC only
has it narrowed down to two suspects.

For example, suppose Al knows it’s s3 or s4
and Ben knows it’s s3 or s7.

Al states, “My pair is one of: (s1, s2), (s3, s4),
(s5, s6) (s7, s8).”

Ben replies, “My pair is adjacent in the ring:
(s1, s5, s7, s3).”

Al now knows it’s s3 and that Ben has either
(s3, s7) or (s1, s3).

Al states, “Ben and | have one person in
common on our short lists, and he is either s5
ors3.”

This works with any number greater than eight.

Al pairs them off (if n is odd he leaves out 1
suspect). D2 forms a ring with one from each
pair (if the omitted suspect is one of his, this
only helps since Ben knows immediately who
is guilty) and Al gives Ben back a pair of non-
adjacent suspects to choose from. @

BRAI
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