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Abstract

The purpose of this paper is to examine the welfare impact of
in°ation-indexed government bonds on investment strategies. The
gain in welfare from the introduction of in°ation-indexed bonds is
found to depend directly on the heterogeneity of risk preferences and
the volatility of in°ation. Using data for the United States, Mex-
ico, and Brazil, optimal portfolios and welfare gains are calculated.
The largest gains in utility are found in Brazil followed by Mex-
ico and the United States, respectively. This supports the predic-
tion that in°ation-indexed government bonds will be most valued and
most more widely demanded by the public in countries where in°ation
volatility is high. This analysis helps answer the question of why U.S.
Treasury In°ation-Indexed Securities are not widely traded or held by
the general public.
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1 Introduction

The purpose of this paper is to examine the welfare impact of in°ation-
protection securities on investment strategies. During recent years both
developed and developing economies have chosen to issue in°ation-indexed
debt.1 For example, ¯rst issued in January 1997, the U.S. Treasury's In°ation-
Indexed Securities, popularly referred to as TIPS, are an innovative addition
to the menu of ¯nancial assets. Since 1994 Brazil has relied on National
Treasury Notes (NTN) as the primary means to ¯nance government expen-
ditures. Both of these debt instruments are designed to provide a real coupon
rate of return that is ¯xed over the life of the asset by indexing the principal
and interest payments to the relevant local consumer price index. In the case
of TIPS, principal and interest payments are indexed to the non-seasonally
adjusted Consumer Price Index (CPI-U) while in the case of NTNs, principal
and interest payments are linked to the index of general prices (IGP-M). Not
all indexed securities, however, are constructed in this fashion. Starting in
May 1996, Mexico began issuing Federal Government Development Bonds,
or UDIBONOS, which are speci¯ed in real investment units (UDIs) whose
exchange rate with the new peso is announced by the central bank daily.2

For the purchaser, the primary rationale for demanding in°ation-protection
securities is protection from the burdens of unexpected in°ation. If existing
assets proved to be e®ective hedges against unexpected in°ation then there
would not be a strong need to introduce in°ation-protection securities. Of all
nominal securities, equities traditionally have been though of as the best in-
°ation hedge available and Fischer (1975) demonstrates that the covariance
of returns on equity with in°ation are important in determining demand
for indexed-bonds. Yet many studies including those by Boyd, Levine, and
Smith (1997), Schwert (1981), and Fama and Schwert (1977) show a nega-
tive correlation between the real return on equity and in°ation. Since these

1For a more complete description of selected in°ation-indexed government debt, see
Price (1997).

2The Mexican government (Banco de Mexico 1995) has also issued in°ation-indexed
securites known as Los Bonos Ajustables del Gobierno Federal (Adjustabonos). 3-year
Adjustabonos were ¯rst issued in July 1989 and 5-year Adjustabonos followed shortly
thereafter in November 1990. Contrary to UDIBONOS which are speci¯ed in real units
(UDIs), Adjustabonos are peso-denominated securities which are indexed to the consumer
price index (INPC).
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traditional securities have proven to be ine®ective hedges against unexpected
in°ation, gains can be realized via the introduction of an in°ation-protection
security. Because of a designed ability to produce a real rate of return,
in°ation-protection securities help complete ¯nancial markets by protecting
the holder against unexpected in°ation.

The degree to which these securities can provide a ¯xed real rate of return
depends directly on the suitability of the underlying price index and the
indexation procedure actually used. The use of price indices that are not
seasonally adjusted and/or published with a lag contribute to an imperfect
indexation procedure and bias the reported real rate of return away from the
true real rate of return that would result if indexation were more perfectly
implemented. These and other security design issues of in°ation-indexed
securities are discussed in von Furstenberg and Gapen (1998). However,
while it is true that any in°ation-indexed security is °awed in practice, well
designed in°ation-protection securities can minimize these biases and may
be viewed by market participants as the best available proxy for a risk-free
security. For the purposes of this exercise, it will be assumed that indexation
of principal and interest succeeds perfectly in keeping the real rate of return
¯xed over the period in question. Consequently, the introduction in°ation-
protection securities can be modeled as the introduction of a new asset class;
an asset designed to produce a ¯xed, riskless real rate of return.

The potential welfare gain surrounding the introduction of an in°ation-
protection security is discussed in two ways. First, in order to motivate the
potential welfare gain the discrete-time, single period mean-variance portfo-
lio problem is solved. The model consists of two individual investors who
perform the portfolio problem under a benchmark set of risky assets only
and under an expanded set of risky and risk free assets after the new security
is introduced. The gain in ex-ante utility is found to depend directly on the
heterogeneity of risk preferences across individuals. If agents are heteroge-
neous with respect to risk aversion, risk tolerant investors will borrow against
the risk-free security and risk averse investors will hold the security. Con-
sequently, the distribution of risk aversion across investors will play a role
in determining the existence and magnitude of any welfare gain. This result
is similar to that found in Viard (1993) and adds an additional dimension
not found in existing studies ¯nancial innovation. Recent studies of ¯nancial
innovation have focused on international diversi¯cation and welfare gains are
derived from complete shifts of the portfolio frontier. For example, Rowland
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and Tesar (1997) examine the home bias puzzle through the use of mean-
variance spanning tests to see if the addition of multinationals to a portfolio
of domestic stocks expands the portfolio frontier. Bekaert and Urias (1996)
use various conditional and unconditional mean-variance spanning tests to
examine diversi¯cation bene¯ts of emerging market closed-end funds. De
Santis (1993) uses Generalized Method of Moments (GMM) tests on mean-
variance e±ciency when emerging market assets are added to a portfolio of
domestic assets. These three studies are concerned with complete shifts of
the portfolio frontier and, consequently, gains in utility will be non-decreasing
across all combinations of risk aversion if the frontier is indeed found to shift.

Second, a certainty equivalent framework is used to calculate the potential
gain in welfare associated with expanding the menu of assets to include the
in°ation-protection security. Following Lewis (1998) and Obstfeld (1994),
Epstein-Zin preferences are combined with lognormal returns to develop an
objective function over the mean and variance of wealth which is positively
related to expected portfolio mean and risk aversion and negatively related
to expected portfolio variance and the inverse of the elasticity of substitution.
Using data for the United States, Mexico, and Brazil, optimal portfolios are
calculated under the benchmark and expanded set of assets along with the
certainty equivalent measure equal to any di®erence.

The largest gains in utility are found in Brazil followed by Mexico and the
United States, respectively. This supports the idea that in°ation-protection
securities will be most valued in portfolios when in°ation is high and/or
volatile given that the in°ation experience this decade for Brazil and Mexico
has been far worse than that in the United States. This result con¯rms the
belief that in°ation-protection securities are more widely demanded by the
public in developing economies where in°ation may be problematic and are
not widely demanded in developed economies like the United States where
in°ation is less of a problem. Thus, this analysis helps answer the question
of why U.S. Treasury In°ation-Index Securities are not widely traded or held
by the general public in the United States.

In addition, these ¯ndings support the theoretical conclusion that utility
gains are dependent on risk preferences. The preference parameters used
here in combination with the risk-return characteristics of available assets
suggest that almost all investors in Mexico and Brazil have bene¯ted from
the introduction of in°ation-protection securities while in the U.S. a majority
of investors will hold the tangency portfolio. Only in the extreme cases of risk
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tolerance or risk aversion will in°ation-protection securities be demanded.
Hence, while the general public in the U.S. may not widely hold the available
in°ation-protection security, this ¯nding may provide more insight as to why
insurance companies and/or pension plans do hold them. Not only do they
have long term exposure to in°ation, but a portion of the portfolio assets
may be weighted for a "worst case scenario" and risk aversion of this nature
could result in demand for this type of security.

The remainder of this paper is structured as follows. Section 2 con-
tains the solution of the portfolio problem under the benchmark case of
risky assets only and under the expanded asset case of risky and risk-free
assets. The certainty equivalent framework used to calculate the potential
gain in welfare associated with expanding the menu of assets to include the
in°ation-protection security is described in Section 3. Section 4 contains the
concluding remarks.

2 The Portfolio Problem

To motivate the empirical estimation of any welfare gain surrounding the
introduction of a risk-free in°ation-protection security, the standard discrete
time, single period mean-variance portfolio optimization problem is consid-
ered. The model consists of two individual investors who perform the port-
folio problem under a benchmark set of risky assets only and then under
an expanded set of risky and risk-free assets after the new security is intro-
duced. At time t = 0, each individual has an initial value of wealth expressed
as endowments in each security. Di®erences in endowments, risk aversion, or
both will create opportunities for trade between the two individuals. These
post trade amounts will then determine end-of-period wealth based on ex-
post realizations of the random asset returns at t = 1. It is assumed that
su±cient conditions exist for mean-variance analysis so that preferences are
represented by a utility function de¯ned over the mean and variance wealth.
Consequently, solving the mean-variance portfolio problem will be consistent
with expected utility maximization. The solution procedure outlined in In-
gersoll (1987) requires several steps which are standard and well known. The
ex-ante utility under the benchmark set of risky assets only will be com-
pared to the ex-ante utility under the expanded set of assets to determine
if the introduction of the in°ation-protection security is welfare improving.
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The following section details the solution to the portfolio problem under the
benchmark case of risky assets only.

2.1 The Benchmark Case

As a general speci¯cation, assume that the individuals can hold two risky
assets. While it is true that there are more than two risky assets available
to investors, most assets fall under a few speci¯c asset types, or classes.
Viewed in this light, the portfolio problem becomes one of asset allocation
across asset classes rather than one across individual securities. Assume the
two risky assets, denoted by the subscript n = f1; 2g ; have single-period
gross real rates of return, rn, which are normally distributed according to
ern » N (rn; ¾2

n) :3 In order to ensure that a portfolio frontier will exist, let
r1 > r2 and ¾1 > ¾2. For tractability, it is further assumed that there is zero
covariance between the risky assets.

2.1.1 The Portfolio Problem with Two Risky Assets

Let i = f1; 2g denote the number of individuals who have initial endowments
in each of the assets. De¯ne Xn

0 (i) > 0 as the time zero endowment in dollars
of asset n by individual i before trading occurs. Therefore, the initial wealth
of each individual, W0 (i), is expressed as the sum of endowments in each of
the risky assets,

W0 (i) = X1
0 (i) + X2

0 (i) :

At the beginning of the period, individuals are presented with the oppor-
tunity to trade assets. Let ¢Xn (i) be the change in dollars in asset n by
individual i when trade occurs. Then

Xn(i) = Xn
0 (i) + ¢Xn (i) ; (1)

will equal the dollars in asset n for individual i after trading. When the
trading period closes, the evolution of wealth is now dependent on the random
rates of return on the risky assets. At t = 1, the random end-of-period wealth
is expressed as

fW1 (i) = X1 (i) er1 + X2 (i) er2: (2)

3The tilde is used to denote randomness of return and the bar denotes expected mean
rate of return.
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Using the after trade amounts de¯ned in equation 1, the random end-of-
period wealth in equation 2 can now be expressed as

fW1 (i) =
h
X1

0 (i) + ¢X1 (i)
i

er1 +
h
X2

0 (i) + ¢X2 (i)
i

er2: (3)

The constraint facing each investor is W0 (i) ¡ X1 (i) = X2 (i) which states
that wealth before and after trade must be equal. This condition implies
¢X2 (i) = ¡¢X1 (i) : Incorporating this constraint into the wealth evolution
equation in 3 yields

fW1 (i) =
h
X1

0 (i) + ¢X1 (i)
i

er1 +
h
X2

0 (i) ¡ ¢X1 (i)
i

er2; (4)

which will be used in the maximization problem below.
A convenient utility speci¯cation is to assume that individuals have neg-

ative exponential utility. This combined with normally distributed asset
returns is su±cient for mean-variance analysis. Utility is then a function of
end-of-period wealth which is a determined by asset allocation and portfolio
returns. The choice variables for each individual are portfolio weights, or
dollar amounts in this example, to maximize utility of wealth. The dollar
amount placed in each asset will, in part, depend on the level of risk aver-
sion. The objective of each individual is to choose ¢Xn (i) to maximize the
expected value of end-of-period wealth according the utility function

E [U (W1 (i))] = E
h
¡ exp

³
¡a (i) fW1 (i)

´i
; (5)

where a (i) represents the level of absolute risk aversion and is de¯ned over

0 < a (i) < 1. Let · = a(1)
a(2)

be the ratio of risk aversion across the two
individuals: If · = 1 then each individual has the same level of risk aversion.
If · > 1 then individual 1 is more risk averse than individual 2. If · < 1, then
the opposite is true. For example, if · = 2 then individual 1 is twice as risk
averse as individual 2. The restrictions placed on the absolute risk aversion
parameter imply that · will be bounded away from zero. This is necessary
or many of the expressions derived below become unde¯ned. Inserting the
wealth evolution equation from 4 and taking into account the randomness of
return produces the true maximization problem,

Max

¢X1 (i) E
n
¡ exp

h
¡a (i)

³h
X1

0 (i) + ¢X1 (i)
i

er1 +
h
X2

0 (i) ¡ ¢X1 (i)
i

er2

´io
:

(6)
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Solving the resulting ¯rst order condition4 for ¢X1 (i) yields

¢X1 (i) =
(r1 ¡ r2)

a (i) (¾2
1 + ¾2

2)
¡ X1

0 (i) ±1 + X2
0 (i) ±2; (7)

where ±1 = ¾2
1=(¾2

1 + ¾2
2) and ±2 = ¾2

2=(¾2
1 + ¾2

2): Equation 7 represents
individual demand for asset 1 and this individual demand is directly related to
the excess return of asset 1 over asset 2 and inversely related to risk aversion
scaled by variance. Further, individual demand for asset 1 is negatively
related to ±1which is the ratio of the variance of asset 1 to the sum of the
variances of both assets and is positively related to ±2 which is the ratio of
the variance of asset 2 to the sum of the variances of both assets.

In order to solve for the equilibrium individual quantities under the bench-
mark case of risky assets only, the market price of risk must be substituted
into individual market demand in equation 7. In addition, the relationship
a (1) = ·a (2) can be inserted to simplify the risk aversion term. The equi-
librium individual quantities for asset 1 under the benchmark case of risky
assets only are

¢X1
B (i) =

·

· + 1

Ã
a (2)

a (i)

! ³h
X1

0 (1) + X1
0 (2)

i
±1 ¡

h
X2

0 (1) + X2
0 (2)

i
±2

´

¡X1
0 (i) ±1 + X2

0 (i) ±2; (8)

where the subscript, B, refers to the benchmark case. The change in dollars
for asset 2 can then be found residually using the market clearing condition
¢X2

B (i) = ¡¢X1
B (i) :

De¯nition 1 De¯ne ex-ante utility (benchmark) as the calculation of
ex-ante utility for each individual under the benchmark case of risky assets
found by inserting the equilibrium individual quantities from equation 8 into
equation 6 and results in

E (UB) = E
n
¡ exp

h
¡a (i)

³h
X1

0 (i) + ¢X1
B (i)

i
er1 +

h
X2

0 (i) ¡ ¢X1
B (i)

i
er2

´io
:

4See Ingersoll (1987) for outline of solution procedure. Since portfolio returns are
normally distributed the optimization problem converts to an ordinal function of the mean
and variance of the portfolio.
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2.2 The Expanded Asset Case

The portfolio problem faced by each individual changes after the introduction
of a new security; one that has the unique properties of a risk-free security.
The individuals can now hold three assets in their respective portfolios. Fol-
lowing standard convention, it is assumed that the risk-free asset is in zero
net supply. Let rL be the gross real rate of return on the risk-free over the
period and let ¾L = 0 illustrate that this security has the property of zero
variance.

2.2.1 The Portfolio Problem with Two Risky Assets and One
Risk-Free Asset

When a riskless asset is introduced, the portfolio problem changes. The
budget constraint must be modi¯ed to include the risk-free asset and rates
of returns are now expressed in excess return form. De¯ne XL

0 (i) as the
endowment in dollars of the risk-free asset by individual i before trading
occurs and ¢XL (i) the change in dollars in asset L by individual i when
trade occurs. Then

XL(i) = XL
0 (i) + ¢XL (i) ; (9)

will equal the dollars in the risk free asset after trade. As before, the con-
straint placed on each individual is condition that wealth before trade must
equal wealth after trade such that ¢XL (i) = ¡¢X1 (i) ¡ ¢X2 (i) : Incorpo-
rating this constraint yields the wealth evolution equation

fW1 (i) =
h
X1

0 (i) + ¢X1 (i)
i
(er1 ¡ rL)+

h
X2

0 (i) + ¢X2 (i)
i
(er2 ¡ rL)+W0 (i) rL;

(10)
which is used in the optimization problem below.

The problem for the individual investor is to choose ¢X1 (i) and ¢X2 (i)
to

Max

¢Xn (i) E

(
¡ exp

"
¡a (i)

Ã
2X

n=1

[Xn
0 (i) + ¢Xn (i)] (ern ¡ rL) + W0rL

!#)
:

(11)
Solving the resulting ¯rst order conditions for individual asset demands
¢X1 (i) and ¢X2 (i) results in

¢X1 (i) =
(r1 ¡ rL)

a (i) ¾2
1

¡ X1
0 (i) ;
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¢X2 (i) =
(r2 ¡ rL)

a (i) ¾2
2

¡ X2
0 (i) : (12)

Individual demand for the each risky asset is directly related to expected ex-
cess return over the risk-free rate and inversely related to the variance of each
asset scaled by risk aversion. Inserting the market price of risk into the in-
dividual market demand equations and using a (1) = ·a (2), the equilibrium
individual quantities for assets 1 and 2 are

¢X1
E (i) =

·

· + 1

Ã
a (2)

a (i)

! h
X1

0 (1) + X1
0 (2)

i
¡ X1

0 (i) ;

¢X2
E (i) =

·

· + 1

Ã
a (2)

a (i)

! h
X2

0 (1) + X2
0 (2)

i
¡ X2

0 (i) ; (13)

where the subscript, E, refers to the expanded asset case. The change in
dollars in the risk-free security can then be found residually by the constraint
¢XL (i) = ¡¢X1 (i)¡¢X2 (i) : These are the equilibrium quantities for each
individual under the expanded asset case of two risky assets and one risk-free
asset.

De¯nition 2 De¯ne ex-ante utility (expanded) as the calculation of ex-
ante utility for each individual under the expanded asset case found by in-
serting the equilibrium individual quantities from equation 13 into equation
11 and results in

E (UE) = E

(
¡ exp

"
¡a (i)

Ã
2X

n=1

[Xn
0 (i) + ¢Xn

E (i)] (ern ¡ rL) + W0rL

!#)
:

(14)

2.3 Comparison of Ex-Ante Utility

The portfolio-choice problem described above produces two outcomes based
on di®ering sets of available assets. Under the benchmark case, the individu-
als meet and choose portfolio weights, or in this case dollars invested, across
the two risky assets. Under the expanded asset case, the same process is
carried out across two risky assets and one risk-free asset. These post trade
amounts determine end-of-period wealth based on the ex-post realization of
random asset returns. Preferences over the outcome of the benchmark case
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and expanded asset case are represented by a utility function de¯ned over
the mean and variance of wealth. The equilibrium outcome under the ex-
panded asset case will be Pareto superior to the equilibrium under the
benchmark case if ex-ante utility (expanded) for each individual is greater
than or equal to ex-ante utility (benchmark); it will be strictly Pareto
superior if ex-ante utility (expanded) is strictly greater than ex-ante utility
(benchmark). First the special case of equal endowments is considered and,
second, the more general case of unequal endowments. Within each case the
degree of heterogeneity across individuals with respect to risk aversion is also
discussed.

2.3.1 Equal Endowments

First, consider the special case where individuals are endowed with equal
amounts of the risky assets. If endowments are equal then X1

0 (1) = X1
0 (2)

and X2
0 (1) = X2

0 (2) : This, of course, implies that initial values wealth must
be equal or W0 (1) = W0 (2) :

Proposition 1 If individuals have equal endowments of the risky assets and
di®er with respect to absolute risk aversion, then the equilibrium under the
expanded asset case will be strictly Pareto superior to the equilibrium under
the benchmark case.

Proof Setting i = 1 and subtracting ex-ante utility (benchmark) from ex-
ante utility (expanded) yields5

· ¸ 1:

Setting i = 2 and subtracting ex-ante utility (benchmark) from ex-ante utility
(expanded) yields

· ¸ 1:

Both equations are strictly greater if · > 1: Q.E.D.

Since · measures the ratio of risk aversion across the two individuals, a
value of · > 1 implies that individual 1 is more risk averse than individual 2.
Individual 1 will trade out of the risky assets and into a long position in the

5Calculations will be made available upon request for this proof and the following proof.
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risk-free asset while individual 2 borrows against the risk-free asset in order to
take larger long positions in the risky assets. The equations are equal if · = 1
which results when the individuals have equal levels of absolute risk aversion.
If individuals are completely homogeneous with respect to endowments and
risk aversion there is no welfare loss through the introduction of the risk-free
security. The equilibrium under the expanded asset case is Pareto e±cient,
but not Pareto superior. If · < 1 then the inequalities above will be reversed,
but the same analysis applies.

2.3.2 Unequal Endowments

Consider the more general case where total wealth di®ers and individuals
have unequal endowments of the risky assets.

Proposition 2 If individuals have unequal endowments of the risky assets
and di®er with respect to relative risk aversion, then the equilibrium under the
expanded asset case will be strictly Pareto superior to the equilibrium under
the benchmark case.

Proof Setting i = 1 and subtracting ex-ante utility (benchmark) from ex-
ante utility (expanded) yields

·W0 (1) ¸ W0 (2) :

Setting i = 2 and subtracting ex-ante utility (benchmark) from ex-ante utility
(expanded) yields

·W0 (1) ¸ W0 (2) :

Inserting the de¯nition of · in both equations results in

a (1) W0 (1) ¸ a (2) W0 (2) : (15)

The equation will be strictly greater than as long as individual 1 has higher
relative risk aversion than individual 2. Q.E.D.

If individual 1 has higher relative risk aversion than individual 2, then
individual 1 will enter into a long position in the risk-free asset and individual
2 will short the risk-free asset. Thus, even if each individual has the same level
of risk aversion, the introduction of the risk-free asset will be pareto superior
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as long as the level of wealth di®ers so that relative risk aversion di®ers. If
relative risk aversion is equal across individuals then there is no welfare loss
through the introduction of the risk-free security and the equilibrium will
be Pareto e±cient, but not Pareto superior. This proof also shows that the
previous result is a special case of this result. If endowments are equal across
individuals then the wealth terms in the above equations will cancel leaving
the same analysis surrounding the ratio of absolute risk aversion between
individuals.

This result, when generalized from two investors to many investors, is
similar to that developed in Viard (1993). Instead of the solving the single
period portfolio problem with two investors, Viard solves the in¯nite horizion
continuous time model described in Merton (1971) and shows that the gains
from the introduction of an in°ation-protection security will depend on the
di®erence between the investor's risk preferences and the market's. When
equation 15 is generalized from two investors to many investors, gains will
depend on the di®erence between any one individual's level of relative risk
aversion and what Viard refers to as the wealth-weighted harmonic mean of
the relative risk aversion of the market as a whole.

Figure 1 graphically depicts the potential gain in utility from adding
the risk-free asset to the set of benchmark assets when individual 1 is more
risk averse than individual 2. Each individual maximizes expected utility
subject to the portfolio frontier based on the set of benchmark assets. Since
preferences are de¯ned over the mean and variance wealth, each individual
builds a portfolio according to their risk tolerance levels. If the individuals
di®er with respect to relative risk aversion, the individuals will trade in the
risky assets such that individual 1 holds a portfolio with lower mean and
variance than individual 2. This is shown as point A for individual 1 and
point D for individual 2 in Figure 1. When the set of available risky assets is
expanded to include a risk-free asset, the portfolio frontier in mean-standard
deviation space becomes a pair of rays with a common intercept at the risk-
free rate of return. Each investor increases expected utility by moving to
a higher tangency. The new optimal portfolios are indicated in Figure 1
by the tangencies of the utility functions with the portfolio frontier under
the expanded asset case, shown as point B for individual 1 and point E for
individual 2. If individuals are homogeneous with respect to relative risk
aversion, · = 1, the optimal portfolio will be for each individual to hold
the tangency portfolio and the introduction of the risk-free asset will not be

13



pareto improving. The tangency portfolio is shown as point C in Figure 1.
Each individual will hold all of their wealth in the risky assets in the same
proportion as before and the risk-free asset will not be held in equilibrium.

3 Utility Gain from the Introduction of In°ation-

Protection Securities

In order to quantify the potential gain in welfare from adding a risk-free asset,
the gains in utility associated with expanding the menu of benchmark assets
to include the in°ation-protection security are calculated. The gain in utility
is measured through a certainty equivalence framework. This process will
measure the percentage increase in consumption that makes the individual
indi®erent between holding the optimal portfolio under the set of benchmark
assets and holding the optimal portfolio under the set of expanded assets
given that the individual is restricted to holding only the set of benchmark
assets. The following section discusses the utility gain function used.

3.1 The Utility Gain Function

Let CB denote the permanent consumption at time t of an individual holding
the optimal portfolio of benchmark assets and let CE denote the permanent
consumption at time t of an individual holding the optimal portfolio of ex-
panded assets. The utility gain, ´, is given by the relationship

U (CB (1 + ´)) = U (CE) : (16)

In the consumption-based models of utility maximization, the rate of con-
sumption is the choice variable. In the portfolio-choice models, utility is a
function of end-of period wealth which is a function of the return on the port-
folio. Consumption is assumed to be ¯nanced out of wealth at time t and
therefore a®ects utility indirectly. Indirect utility-of-wealth maximization
becomes the objective and the portfolio weights become the choice variables.

While the negative exponential utility function assumed in equation 5
is tractable and yields closed form solutions for the portfolio problem when
combined with normally distributed returns, it is a limiting case of a more
general class of utility functions and a direct examination of gains in welfare
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can be more instructive when performed under a more general framework.
Utility functions in the isoelastic class of expected-utility functions that ex-
hibit constant relative risk aversion (CRRA) and are often used in the asset
pricing literature. However, as noted by Hall (1988), the isoelastic utility
function is restrictive in the sense that the elasticity of intertemporal sub-
stitution is equal to the reciprocal of the coe±cient of relative risk aversion.
In response to this problem, Lewis (1998), Rowland and Tesar (1997), and
Obstfeld (1994) use the more °exible model of the basic isoelastic utility
function developed by Epstein and Zin (1989, 1991) and Weil (1989). These
authors build on the initial approach of Kreps and Porteus (1978) and pro-
duce similar results. While Epstein-Zin is used here, Lewis (1998) shows that
the Weil function is simply a monotonic transformation of the Epstein-Zin
function.

The primary advantage of the Epstein-Zin speci¯cation is that the risk
aversion parameter, ®, can di®er from the inverse of the elasticity of intertem-
poral substitution parameter, µ. This utility function is speci¯ed as

Ut =

"
C1¡µ

t + ¯
h
Et

³
U 1¡µ

t+1

´i (1¡µ)
(1¡®)

# 1
(1¡µ)

(17)

where µ; ® > 0 and µ; ® 6= 1: The utility maximizing portfolio is obtained
by maximizing the utility function in equation 17 subject to the portfolio
of available assets. The asset returns are assumed to be log-normally dis-
tributed. The assumption that returns are log-normally distributed has the
advantage of preserving limited liability by creating a lower bound of zero
on gross asset returns. The disadvantage is that even if individual returns
are lognormally distributed, linear combinations of the risky assets will not
be distributed lognormally. Thus, as an analytic approximation to the true
portfolio distribution, it is assumed that portfolio returns are lognormally
distributed.

If returns are log-normally distributed, Lewis (1998) shows the expected
utility of consumption for an individual who is holding the optimal portfolio
under the set of benchmark assets to be

EtU (CB) = Wt

·
1 ¡ ¯ exp

·
(1 ¡ µ)

µ
¹B ¡ 1

2
®¾2

B

¶¸¸¡ 1
(1¡µ)

; (18)

and the expected utility of consumption for an investor who is holding the
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optimal portfolio under the set of benchmark and expanded assets is

EtU (CE) = Wt

·
1 ¡ ¯ exp

·
(1 ¡ µ)

µ
¹E ¡ 1

2
®¾2

E

¶¸¸¡ 1
(1¡µ)

: (19)

Here, Wt is de¯ned as the wealth of the individual at time t and assumed
to be exogenous. Even though the Epstein-Zin function is contained in a
more general class of expected utility functions, the Epstein-Zin speci¯cation
combined with lognormal returns yields an objective function over the mean
and variance of wealth that is similar to the objective functions in equations 6
and 11 developed under negative exponential utility and normally distributed
returns. The relationship between the objective function in equations 6 and
11 and those in equations 18 and 19 is similar to the di®erence between the
assuming asset returns are normally distributed and lognormally distributed.
The objective function under the Epstein-Zin speci¯cation is transformed to
re°ect the limited liability which results from returns being log-normally
distributed.

An examination of these expected utility functions reveals the di®erent
roles that the risk aversion parameter and the intertemporal substitution
parameter have on welfare. The risk aversion parameter, ®, scales welfare
down in direct proportion to portfolio variability. The introduction of a risk-
free in°ation-protection security will be welfare improving if this asset lowers
portfolio variance for a given mean rate of return and causes the certainty
equivalent measure of ¹E ¡ 1

2
®¾2

E to be increased relative to the benchmark
case. The gain in welfare will be larger when levels of risk aversion are higher.
Conversely, the gain in welfare will be lower for higher levels of µ: Since µ
is the inverse of the intertemporal elasticity of substitution, an increase in
µ implies that the intertemporal elasticity of substitution has fallen. If this
is the case, the individual is placing a smaller value of utility on any future
gain in the increase of the certainty equivalent measure of consumption.

Inserting equations 18 and 19 into equation 16 produces a measure of the
gain in utility,

´ =

0
@

1 ¡ ¯ exp
h
(1 ¡ µ)

³
¹B ¡ 1

2
®¾2

B

´i

1 ¡ ¯ exp
h
(1 ¡ µ)

³
¹E ¡ 1

2
®¾2

E

´i
1
A

1
(1¡µ)

¡ 1: (20)

For the utility speci¯cations, the admissable combinations of ® and µ are
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restricted such that

1 ¡ ¯ exp
·
(1 ¡ µ)

µ
¹ ¡ 1

2
®¾2

¶¸
> 0: (21)

This restriction does not hold when the certainty equivalent growth rate be-
comes negative. This most likely happens if risk aversion or variance increases
and, consequently, utility would not converge.

3.2 Calculating the Optimal Portfolios

The standard assumption in portfolio analysis is that individuals prefer higher
mean rates of return and lower variance. This results from specifying prefer-
ences using an indirect utility function de¯ned over the mean and variance of
a portfolio. Individuals will build portfolios that maximize mean rates of re-
turn given a level of variance or, equivalently, build portfolios that minimize
variance given a mean rate of return. The portfolio frontier maps out the
set of minimum-variance portfolios which is de¯ned as the set of portfolios
with the smallest variance given every mean rate of return. Using risky assets
only, Ingersoll (1987) calculates the equation for the set of minimum-variance
portfolios as

¾2 =
A¹2 ¡ 2B¹ + C

¢
; (22)

where A = ¶
0
§¡1¶; B = ¶

0
§¡1z; C = z

0
§¡1z; ¢ = AC ¡ B2; § is the

variance/covariance matrix of returns, ¶ is a vector of ones, and z is the
vector of mean asset returns. The optimal portfolio is obtained when the
utility function is tangent to the portfolio frontier as shown in ¯gure 1. At
this tangency, the marginal rate of substitution equals the marginal rate
of transformation. The marginal rate of transformation along the portfolio
frontier is

@¾2

@¹
=

2A¹ ¡ 2B

¢
: (23)

The marginal rate of substitution is obtained by taking the total di®erential of
the utility function while holding utility constant in the process. For example,
an increase in portfolio variance decreases utility and must be o®set with an
increase in mean return in order to keep utility constant. Taking the total
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di®erentiation of the utility function and simplifying yields

@¾2

@¹
=

2

®
: (24)

The mean of the optimal portfolio is obtained by equating equations 24 and
23. The mean rate of return of the optimal portfolio under the benchmark
set of risky assets only is expressed as

¹¤
B =

1

®

¢

A
+

B

A
; (25)

where the superscript * is used to denote optimality. The variance of the
optimal portfolio under the benchmark set of risky assets given this mean
rate of return is

³
¾2

B

´¤
=

A (¹¤
B)2 ¡ 2B¹ + C

¢
: (26)

When a risk-free asset becomes available, the portfolio frontier in mean-
standard deviation space becomes a pair of rays with a common intercept at
the risk-free rate of return. Using risky and risk-free assets, Ingersoll (1987)
calculates the equation of the set of minimum-variance portfolios as

¾2 = (¹ ¡ rL)2
h
C ¡ 2rLB + r2

LA
i¡1

; (27)

where A; B; and C are de¯ned in the same manner as before and rL is the
real rate of return on the risk-free asset. The marginal rate of transformation
along this portfolio frontier is

@¾2

@¹
= 2 (¹ ¡ rL)

h
C ¡ 2rLB + r2

LA
i¡1

: (28)

The utility function, however, has not changed and the marginal rate of
substitution will be the same as in equation 24. The optimal portfolio is
obtained when the utility function is tangent to the new portfolio frontier.
The mean rate of return of the optimal portfolio under the expanded set of
risky and risk-free assets is

¹¤
E = rL +

1

®

h
C ¡ 2rLB + r2

LA
i

; (29)
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and the variance of this optimal portfolio given this mean rate of return is

³
¾2

E

´¤
=

µ
1

®

¶2 h
C ¡ 2rLB + r2

LA
i

: (30)

The utility gain from diversi¯cation is inferred from the means and vari-
ances of the optimal portfolios. The optimized values for ¹B and ¹E are
obtained from equations 25 and 29, respectively, using the appropriate val-
ues of § and z obtained from the data. Similarly, the optimized values for
¾2

B and ¾2
E are obtained from equations 26 and 30, respectively. These values

are then inserted into equation 20 to calculate the certainty equivalent gain
in consumption.

3.3 Measuring the Utility Gain

In order to measure the gain in utility to investors from the addition of
in°ation-protection securities in the United States, Mexico, and Brazil, his-
torical mean and variance information for portfolios of risky assets only is
used to investigate whether they are dominated by portfolios that include a
risk-free asset. While it may be the case that investors in the United States
have widespread access to international diversi¯cation and investors in Mex-
ico and Brazil do not, it may also be the case that investors behave in a
manner consistent with home bias. In order to avoid making any speci¯c
assumptions over access to international markets and over home bias, two
portfolio frontiers are constructed for each country. One portfolio contains
domestic assets only and a second contains both domestic and international
assets with the advantage being that any welfare gain can be discussed in a
broader context. The next sections detail the selection of data and summary
statistics followed by a discussion of the results.

3.3.1 Data Sources and Summary Statistics

For investors in the United States, the Morgan Stanley Capital International
(MSCI) USA Index is used as a measure of U.S. equity performance, the
Morgan Stanley Capital International EAFE Index as a measure of foreign
equity performance, the Lehman Brothers Long Treasury Index as a mea-
sure of U.S. ¯xed income performance, and the Lehman Brothers Global
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Government Index (Ex-U.S.) as a measure of foreign ¯xed income perfor-
mance. Each index is a monthly total return index compiled from January
1987 to July 1999 and returns are measured in U.S. dollars. Each series is
then converted into monthly growth rates in real terms by de°ating each by
the Consumer Price Index for All-Urban Consumers (Seasonally Adjusted).6

The summary statistics for each index are contained in Table 1. The ¯rst
six auctions the U.S. Treasury conducted for In°ation Index Securities with
maturities spanning ¯ve, ten, and thirty years resulted in rates that varied
from 3.375 to 3.875 percent and 3.50 percent is used as an approximation
for the annual risk-free rate of return which is then convert to a monthly
measure.

For investors in Mexico and Brazil, the MSCI Mexico Index and the
MSCI Brazil Index are used as a measure of Mexican and Brazilian equity
performance, respectively. The choice of a ¯xed income measure is more
di±cult since a large portion of outstanding government debt in Mexico and
Brazil is indexed debt. Consequently, many of the general ¯xed income
indices will contain large weightings in indexed debt which will not produce
an accurate representation of the performance and risk-return characteristics
of non-indexed debt. In addition, the debt crisis incurred by both countries
eliminates the availability of a long time series of data. However, a viable
choice for the performance of non-indexed government debt is the appropriate
Brady bond index.7 Thus, the Salomon Brothers Brady Bond Mexico Index
and the Salomon Brothers Brady Bond Brazil Index are used as a measure
of Mexican and Brazilian ¯xed income performance, respectively. The MSCI
EAFE Index and the Lehman Brothers Global Government Index are used as
measures of international equity and ¯xed income performance. Each index
is a monthly total return index compiled from April 1990 to August 1999

6The Morgan Stanley Capital International indicies were obtained from the company
website. The Lehman Brothers Indicies were kindly provided by the Lehman Brothers
Index Group and the Consumer Price Index was obtained from the F.R.E.D. database
maintained at the Federal Reserve Bank of St. Louis.

7In practice, Brady bonds have characteristics of both equities and nominal bonds.
Since the underlying principal is collateralized by U.S. Treasury Zero Coupon Securities,
the traded Brady bond adopts the accretive properties of the underlying zero coupon
security. In addition, Brady bonds often contain a ¯xed coupon, a variable coupon, or
a step-up coupon. Whether Brady bonds actually mimic the risk-return characteristics
of nominal bonds is mute since the portfolio problem is concerned with the risk-return
characteristics of assets that are available to investors.
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for Mexico and from December 1992 to August 1999 for Brazil. The MSCI
Mexico Index and the MSCI Brazil Index are denominated in pesos and
reals, respectively, and are converted into monthly gross real rates of return
by de°ating by the CPI-Mexico and the CPI-Brazil. The Salomon Brothers
Brady Bond Mexico and Brazil indices as well as the MSCI EAFE Index
and the Lehman Brothers Global Government Index are denominated in
U.S. dollars so the appropriate exchange rate conversion is made before ¯nal
conversion into monthly gross real rates of return.8 The summary statistics
for Mexico are contained in Table 2 while the summary statistics for Brazil
are contained in Table 3. From May 1996 to March 1997, Banco de Mexico
(1997) notes that the real yield on the 3 to 5 year UDIBONOS averaged
7.42 percent and Price (1997) notes the real yield on NTNs has averaged
approximately 6.0 percent. Each is converted to a monthly measure and is
used as the risk-free rate.

The summary statistics for the United States are located in Table 1. Panel
A of Table 1 provides a list of the eligible indices. Panel B of Table 1 displays
the net monthly real rate of return, standard deviation of return, and mini-
mum and maximum monthly return values. The mean monthly U.S. dollar
returns across the four indices ranges from a high of 0.9 percent for the MSCI
USA Index to a low of 0.3 percent for the MSCI EAFE Index. Volatility as
measured by standard deviation was the highest for the MSCI EAFE Index
at 5.0 percent and lowest for the Lehman Brothers Long Treasury Index at
2.5 percent. The correlation matrix across the indices is contained in Panel
C of Table 1. The correlation was the strongest between the MSCI EAFE
Index and the MSCI USA Index at 54 percent. The correlation between the
Lehman Brothers Global Government (Ex-U.S.) Index and the MSCI USA
Index is -5.0 percent and the correlation between the MSCI EAFE Index and
the Lehman Brothers Long Treasury Index is 4.0 percent.

The summary statistics for Mexico and Brazil are contained in Tables 2
and 3 and are denominated in the local currency. The list of eligible indices
is contained in Panel A of each table and Panel B contains the summary

8The MSCI Mexico Index, the MSCI Brazil Index, the Salomon Brothers Brady Bond
Mexican Index, the Salomon Brothers Brady Bond Brazil Index, the CPI-Mexico, the CPI-
Brazil, the real/dollar exchange rate, and the peso/dollar exchange rate were obtained
from Datastream via the Thomas J. Maha®ey, Jr. Business Informantion Center at the
University of Notre Dame. The Lehman Brothers Global Government Index was obtained
from the Lehman Brothers Index Group.
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statistics. The developing economy equity returns are characterized by high
returns and high volatility. The mean monthly real rate of return for the
MSCI Mexico Index is 0.7 percent with volatility of 9.0 percent. For Brazil,
the same statistics are 1.5 percent and 12.4 percent, respectively. Volatility
in the Brady Bond market indices is lower, in part, because the bonds are
U.S. dollar denominated. A position in the U.S. dollar is exposed to U.S.
in°ation while eliminating exposure to local in°ation.

Over the sample studied, real rates of return on the Brady Bond market
indices were bene¯tted by this structure since rates of in°ation in Mexico
and Brazil were much higher than in the United States as shown in Table 4.
The mean monthly rate of in°ation as measured by the respective Consumer
Price Index (CPI) was 7.4 percent for Brazil, 1.5 percent for Mexico, and
0.3 percent for the United States. Under free °oating exchange rates, this
persistent in°ation di®erential relative to the U.S. dollar would cause the
Mexican peso and Brazilian real to depreciate in value. While both Mexico
and Brazil operated under ¯xed exchange rate systems during a portion of the
sample period, the Mexican currency crisis in 1994 and the Brazilian currency
crisis in 1998 caused both countries to re-evaluate this policy stance.

The correlation between assets for Mexico and Brazil are listed in Panel
C in Tables 2 and 3 respectively. Correlation between the Brady Bond mar-
ket indices and the MSCI market indices is 26 percent for Mexico and 58
percent in Brazil. The addition of the international indices helps to lower
the overall portfolio correlation. For example, the correlation between the
Global Government indices and the MSCI market indices is -33 percent for
Mexico and 10 percent for Brazil.

The values for the preference parameters were obtained from the litera-
ture. Recent studies on the bene¯ts of international diversi¯cation by Row-
land and Tesar (1997), Obstfeld (1994), and Lewis (1998) have all allowed
® and µ to vary between 2 and 5. Mehra and Prescott (1985) examine the
equity risk premium and place a upper bound on the risk premium below 10.
Based on these and other studies, values for ® between 2 and 10 and values
of µ between 2 and 5 are used. The rate of time preference, ¯, is speci¯ed to
be 0.98. The next section evaluates any gain in welfare across portfolios of
domestic assets only and portfolios of domestic and international assets..
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3.3.2 Evaluating the Welfare Gain

The utility gain to investors from the addition of the in°ation-protection se-
curity is inferred from the means and variances of the two optimal portfolios,
as given by equations 25 and 26 for the benchmark case of risky assets only
and equations 29 and 30 for the expanded case of risky and risk-free assets.
To calculate the gain in utility, the means and variances obtained from these
optimal portfolios are inserted into 20 and the results are displayed in Ta-
bles 5 through 7 for each country. The utility gain when the benchmark
set contains domestic assets only is listed in Panel A and the utility gain
when the benchmark set contains both domestic and international assets is
listed in Panel B of each table. As noted above, ´ measures the percent-
age increase in consumption that makes the individual indi®erent between
holding the optimal portfolio under the benchmark set of assets and the op-
timal portfolio under the expanded set of assets. For example, Panel A of
Table 5 lists the gain in utility for a U.S. investor from the introduction of
an in°ation-protection security when the benchmark set of assets contains
domestic assets only. When ® = 2 and µ = 2, the value reported for ´ is
0.053 percent. This suggests that the utility gain from the introduction of
an in°ation-protection security for a U.S. investor is one-half of one-percent
of consumption. Each row of Tables 5 through 7 reports utility gains for a
given level of risk aversion. As µ; the inverse of the intertemporal elasticity
of substitution, increases from left to right in the table, the gain in utility
decreases as individuals place less value on future increases in consumption.

The utility gains for U.S. investors in Table 5 correspond to what the the-
oretical model above and as displayed in Figure 1 would suggest and broadly
con¯rm the results in Viard (1993) and Bodie, Kane and McDonald (1985).
The gain in utility is non-decreasing over all combinations of ® and µ with
the largest gains in utility occurring under cases of very high or very low
risk aversion (the northwest and southwest corners of the table). When risk
aversion is high, the individual reduces holdings in the risky assets and takes
a long position in the risk-free security. When risk aversion is low, the indi-
vidual shorts the risk-free security to take larger positions in the risky assets.
Both individuals move to a higher indi®erence curve. When the benchmark
set contains domestic assets only, Panel A of Table 5 suggests a U.S. investor
with a level of risk aversion of 5 will hold the tangency portfolio. When
international assets are included in the benchmark set, the U.S. investor can
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take advantage of the low correlation between assets. Consequently, Panel
B of Table 5 suggests that risk aversion of 8 is needed to hold the tangency
portfolio. The mean-standard deviation frontier for a U.S. investor holding
domestic and international assets is shown in Figure 4.

The gains in utility displayed in Table 5 for U.S. investors are relatively
small or zero across all the suggested values of ® and µ: The largest gain in
utility for U.S. investors is when risk aversion is low (® = 2) and more value
is placed on future increases in consumption (µ = 2) : The utility gains for in-
vestors in Mexico and Brazil are larger than those found in the United States
and gains are consistently positive across the entire range of risk preferences
considered. Utility gains in Brazil are the largest of the three samples and,
like Mexico, the gains occur across a majority of the range of risk preferences.

The utility gain for Mexican investors is shown in Table 6. The largest
gains in utility in Panel A an Panel B of Table 6 occur when risky aversion is
high (the southwest corner of the table) and the smallest gain in utility occurs
when risk aversion is low. When the benchmark set contains domestic assets
only, Panel A of Table 6 reports the largest gain in utility when risk aversion is
10. The certainty equivalent measure is 0.262 or one-quarter of one-percent
of consumption. As international assets are added to the benchmark set,
Panel B of Table 6 lists the gain at the same level of risk aversion as 0.284.
The results in Table 6 also suggest that a high tolerance for risk is needed
for individuals to hold the tangency portfolio. The mean-standard deviation
frontier containing domestic and international assets for Mexico is shown in
Figure 5 and con¯rms this result. An extremely high level of risk tolerance
is needed to hold the market portfolio.

The utility gain for Brazilian investors is shown in Table 7 and the pattern
follows that found in Mexico. The largest gains in utility in Panel A and
Panel B of Table 7 occur when risk aversion is high and the smallest gain
occurs when risk aversion is low. However, while the pattern is the same as
that found in Mexico, the magnitude of the gains are much larger. When
the benchmark set contains domestic assets only, Panel A of Table 7 reports
the largest gain in utility when risk aversion is 10. The certainty equivalent
measure is 1.169 which is greater than one-percent of consumption. When
international assets are added to the benchmark set, the certainty equivalent
measure at the same level of risk aversion is 0.820 or eight-tenths of one-
percent of consumption. As was the case in Mexico, an extremely high level
of risk tolerance is needed for Brazilian investors to hold the market portfolio.
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The gain in utility from the introduction of an in°ation-protection security
in Brazil is larger due to the extreme volatility of real returns. The mean-
standard deviation frontier containing domestic and international assets for
Brazil is shown in Figure 6.

The use of data from Mexico and Brazil supports the theoretical con-
clusion in Viard (1993) that the welfare gain from the introduction of an
in°ation-protection security will be proportional to the variance of the global
minimum variance portfolio. The global minimum variance portfolio for
Brazil has a standard deviation of return of approximately 6 percent com-
pared to less than 4 percent in Mexico and 2 percent in the United States.
The welfare gain function in equation 20 captures this by measuring the dif-
ference between the certainty equivalent measure of the expanded asset case
to the benchmark asset case.

While access to international assets matters, a close examination of the
results across all three countries shows that the gain in utility from the in-
troduction of in°ation-protection securities is most dependent on in°ation.
Figure 2 shows the gain in utility across each country when the benchmark
set contains domestic assets only. In order to show the maximum gain and
highlight any di®erences, the values are shown when the inverse of the in-
tertemporal elasticity of substitution, µ, is low. The same statistics are re-
ported in Figure 3 when the benchmark set includes international assets.
Examination of the results in this manner allows a comparison of how the
distribution and magnitude of any gain changes when international assets are
added. The addition of international assets to the benchmark set may change
the distribution of gains across levels of risk aversion, but the magnitude of
the gain does not change dramatically. For example, access to international
assets changes the mean-variance frontier in the United States such that an
investor with higher risk aversion is now willing to hold the tangency port-
folio. However, the magnitude of the gain across the entire distribution of
risk aversion in the United States is relatively unchanged. Adding access
to international assets does not change the result much at all in the case of
Mexico or Brazil. In both cases, extreme risk tolerance is needed to hold the
tangency portfolio and the distribution and magnitude of the welfare gain
is changed little. Thus, while access to international markets may play a
role, the primary determinant of the potential welfare gain is the in°ation
process since it has the highest in°uence on the mean and standard deviation
of assets in real terms.

25



This analysis supports the notion put forth by Price (1997), Fischer (1975)
and many others that the introduction of in°ation-protection securities will
be most valued in portfolios when in°ation is high and/or volatile such that
the unexpected component of in°ation is more pronounced. In addition,
the ¯ndings also support the idea that utility gains are also conditional on
preferences if the in°ation-protection security is modeled as a risk-free asset.
Recent studies on diversi¯cation, most notably Rowland and Tesar (1997),
Bekaert and Urias (1996), and DeSantis (1993) are all concerned with com-
plete shifts of the portfolio frontier and, consequently, gains in utility will
be non-decreasing across all combinations of risk aversion and intertemporal
substitutability if the frontier is indeed found to shift. The introduction of
a risk-free security presents a di®erent type of portfolio shift. An individual
with risk aversion characteristics that would lead them to originally hold the
tangency portfolio will experience no gain in utility through the introduction
of a risk-free security.

The gains in utility through the introduction of an in°ation-protection
security may be relatively small if (1) the preference parameter values used
here are a reasonable estimation for the majority of individuals and, (2) these
parameters when combined with the existing portfolio frontier of risky assets
places the majority of individuals at or near the tangency portfolio. This may
help explain why the gain in welfare from the introduction of an in°ation-
protection security in the United States is so small based on the results
displayed in Table 5. It is well known that the United States economy has
been in a period of falling in°ation and any in°ation surprise has generally
been on the downside. This relatively subdued in°ation process is re°ected in
Table 4. In addition, if the preference parameters suggested here are indeed
representative of U.S. investors then a majority will hold almost all of their
wealth in the risky assets. Consequently, gains in utility may be relatively
small.

Preferences may also help to explain the results for Mexico and Brazil.
Since the menu of available assets in each country has higher means and vari-
ances in real terms due to the variable nature of in°ation in these economies,
the mean-variance frontier is shifted such that all investors regardless of risk
aversion will bene¯t from the introduction of in°ation-protection securities.
For both Mexico and Brazil, risk aversion has to be driven to extremely low
levels before utility gains completely disappear. Only extremely risk toler-
ant investors would hold the tangency portfolio. If the preference parameters
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used here are representative of investors in Mexico and Brazil then a majority
of investors will hold risky portfolios somewhere between the tangency port-
folio and the global minimum-variance portfolio. Thus, gains in welfare are
more widespread in Mexico and Brazil when the in°ation-protection security
is introduced.

4 Conclusion

The purpose of this study is to examine the welfare impact of in°ation-
protection securities on investment strategies. Historically, many economists
have promoted the introduction of such securities on the grounds that they
provide a ¯xed real rate of return and, therefore, maintenance of real pur-
chasing power over time.

The introduction of a riskless in°ation-protection security increases the
investment opportunity set and transforms the portfolio frontier in a unique
way; one that di®ers from the introduction of a risky asset to an existing
menu of risky assets. The gain in welfare is found to depend directly on the
heterogeneity of risk preferences across individuals. If risk aversion is equal
across individuals then there is no welfare loss. If risk aversion is found to
di®er across investors then investors will separate on the portfolio frontier
of risky assets and utility gains are possible through expanding the menu of
available assets to include a risk-free security. Risk tolerant investors will
borrow against the risk-free security and risk averse investors will hold the
security. Consequently, the distribution of risk aversion across investors will
play a role in determining the existence and magnitude of any welfare gain.

A certainty equivalent framework is used to calculate the potential gain in
welfare associated with expanding the menu of assets to include the in°ation-
protection security. The largest gains in utility are found in Brazil followed
by Mexico and the United States, respectively. The inclusion of international
assets in the benchmark set does not dramatically alter these results. This
supports the idea that in°ation-protection securities will be most valued in
portfolios when in°ation is high and/or volatile. More speci¯cally, this result
con¯rms the prediction that in°ation-protection securities are more widely
demanded by the public in developing economies where in°ation may be
problematic and are not widely demanded in developed economies like the
U.S. where in°ation is less of a problem. Thus, this analysis helps answer
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the question of why U.S. Treasury In°ation-Index Securities are not widely
traded or held by the general public.

In addition, these ¯ndings also support the idea that utility gains are
dependent on risk preferences. The preference parameters suggested here in
combination with the risk-return characteristics of available assets suggests
that almost all investors in Mexico and Brazil have bene¯ted from the in-
troduction of in°ation-protection securities while in the U.S. a majority of
investors will hold the tangency portfolio. Only in the extreme cases of risk
tolerance or risk aversion will in°ation-protection securities be demanded.
Hence, while the general public in the U.S. may not widely hold the avail-
able in°ation-protection security, this ¯nding may provide more insight as
to why insurance companies and/or pension plans do hold them. Not only
do they have long term exposure to in°ation, but a portion of the portfolio
assets may be weighted for a "worst case scenario" and risk aversion of this
nature could result in demand for this type of security.

One extension of this line of research would be to extend the welfare
analysis to include periodic rebalancing of portfolio weights based on condi-
tioning information. For example, Harvey (1993) examines the implications
of including developing market equity securities to a portfolio of developed
market securities. The author uses a moving window of asset returns which
may alter asset means, variances, and co-variances causing a rebalancing of
asset weights over time. In addition, Harvey includes conditioning informa-
tion to predict emerging market returns to produce better performance. The
implementation of these techniques would require a longer series of available
asset returns and auction yield data than is now currently available. This
study has been an early attempt in this direction.

Another extension of this line of research would be to extend the welfare
analysis from a partial equilibrium portfolio problem to a general equilibrium
analysis. This would enable a more complete analysis of welfare e®ects of
introducing in°ation-protection securities in areas outside of portfolio theory.
This would include, among other things, a full description of the government
budget and analysis of the role of the government in relation to individual
households.
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