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We examine whether explicitly controlling for the fixed-income exposure of mutual funds
affects conclusions drawn in performance assessment. We focus on daily return data from
two hybrid mutual fund samples. Comparing abnormal performance estimates from the
Carhart (1997) model to extensions designed to correct for bond holdings, we find that
the estimates within one of our samples change from positive to significantly negative.
Additional evidence indicates that cash flows to the funds are more closely correlated with
the traditional Carhart measure, clearly indicating that the absence of bond indices misleads
investors who use a fund’s risk-adjusted performance as the basis for investment decisions.
(JEL G11, G20)

The four-factor model of Carhart (1997) is widely accepted by academic re-
searchers for measuring the abnormal performance of equity fund managers.
The model is designed to explain equity returns and to measure the abnormal
return generated from picking stocks that outperform the benchmark on a risk-
adjusted basis. Because its focus is on equity fund performance, no bond indices
or factors are explicitly included as part of the model. However, an examination
of reported asset allocation data indicates that fixed-income securities compose
a nontrivial percentage of the holdings of equity mutual funds and a substantial
portion of the assets held by hybrid funds.
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Using the December Morningstar Principia Pro CDs for the years 2001
through 2005, we collect portfolio weight data for the four categories of equity
funds and two categories of hybrid funds frequently included in performance
studies. Across the 5 years, an average of 37% of equity income funds, 22%
of growth and income funds, 13% of aggressive growth funds, and 10% of
growth funds hold bonds as part of their portfolio. Nearly all balanced funds
and over 78% of asset allocation funds include debt in their portfolios. The
average fixed-income allocation of those funds reporting bond holdings ranges
from 3.4% (aggressive growth) to 34.7% (balanced).

These reported portfolio data raise the following issue, which serves as the
focus of our study: Does the Carhart (1997) model sufficiently account for
the returns from various fixed-income securities so that conclusions drawn in
performance evaluation are not sensitive to the percentage, credit quality, or
average maturity of fixed-income holdings within a mutual fund’s portfolio?
Accounting for bond holdings was first raised by Elton, Gruber, Das, and Hlvaka
(1993). Prior to the development of the Carhart model, they demonstrate that
returns on S&P stocks, non-S&P stocks, and bonds are significant factors in
the performance assessment of equity funds. However, they conclude that the
impact of bond holdings on the estimated abnormal return of equity funds is
negligible over the 1965–1984 period.

In this study, we revisit this issue but instead focus on evaluating hybrid
mutual funds. We focus on this class of funds for several reasons. First, pre-
vious work that examines the performance of hybrid funds typically includes
these funds as part of the equity fund sample and applies asset-pricing models
designed explicitly for equity funds despite the fact that hybrid funds typically
hold debt in their portfolios.1 Second, as a result of the bear market in stocks
during the early part of the decade, these funds have become popular invest-
ment vehicles. According to data from the Investment Company Institute, total
annual net new cash flow into hybrid funds outpaced that of equity funds for
the first time ever in 2002 and outpaced cash flow into bond funds both in 2003
and in 2004. At the end of 2004, over $500 billion was invested in these funds.
Third, performance measures provided by Morningstar suggest that managers
of hybrid funds generate substantial value for investors. As of the end of 2005,
Morningstar reports a positive abnormal return for over 75% of hybrid funds
as measured by the alpha from Sharpe’s (1964) single-factor CAPM.2

1 Among the papers that (1) examine either the asset selection ability and/or market timing skill of mutual funds;
(2) include hybrids as part of the overall fund sample; and (3) do not explicitly include bond factors or indices as
part of the fund benchmark are studies by Treynor and Mazuy (1966), Kon (1983), Chang and Lewellen (1984),
Henriksson (1984), Lee and Rahman (1990), Edelen (1999), and Wermers (2000). Exceptions include Ferson
and Schadt (1996); and Goetzmann, Ingersoll, and Ivkovic (2000), who include two bond indices as part of
their benchmark while Aragon (2004) explicitly examines hybrids but only includes the Lehman U.S. Aggregate
Index as part of the benchmark. The only published study to exclusively focus on hybrid funds is Comer (2006).

2 This estimated abnormal return is based on monthly return data over the previous 3 years.

482



Controlling for Fixed-Income Exposure in Portfolio Evaluation

In this study, we use daily fund return data to measure the abnormal return
earned by hybrid fund managers.3 First, based on available portfolio infor-
mation, we propose extensions to the Carhart (1997) model that would be
appropriate to measure the performance of a fund that holds both stocks and
bonds. Then, we measure abnormal return in two ways. First, we estimate the
intercept of the factor models, which is generally referred to as the fund’s alpha.
Based on evidence that these funds also engage in timing behavior, we estimate
a second measure of abnormal return suggested by Bollen and Busse (2004),
which combines both the manager’s asset selection and market timing perfor-
mance. Our goal is to compare the conclusions we draw about performance
from the Carhart model and the extended forms of the model.

Using Morningstar fund classifications, we examine the performance of two
hybrid fund samples. One sample of funds covers March 1994 to December
2000. The other sample covers January 2001 to June 2005. We partition the
sample in this manner due to data issues that are detailed in the next section. We
find that the extended forms of the Carhart (1997) model provide substantially
different conclusions concerning the abnormal performance of the hybrid funds
as measured by both alpha and the Bollen and Busse (2004) measure (hereafter
referred to as BB). In our 1994 sample, there is an improvement in estimated
performance when using the extended models although average performance
remains negative. In the 2001 sample, performance is initially positive accord-
ing to the Carhart model but is negative and statistically significant according
to the extended models. These changes in estimated performance are directly
related to changes in the relationship between bond returns and the factors
in the Carhart model. Our evidence indicates that the Carhart model is not
well suited for explaining variation in bond returns. Specifically, over our 2001
sample period, managers are positively rewarded by the Carhart model simply
for holding bonds regardless of the manager’s skill level. Once we control for
these holdings, abnormal performance becomes negative.

These results lead us to explore two additional issues. The academic literature
on equity fund cash flows indicates that investors chase past positive abnormal
returns (e.g., Gruber, 1996; Chevalier and Ellison, 1997; Sirri and Tufano, 1998;
Del Guercio and Tkac, 2002). We test for and find evidence that new cash flows
to hybrid funds are also correlated with past estimates of abnormal performance.
As a result, the difference across our performance measures raises the issue of
whether investors are properly controlling for fund fixed-income exposure in
their investment decisions. Across both samples, our results indicate that hybrid
fund cash flows are most strongly correlated with the traditional Carhart (1997)
alpha, clearly indicating that the absence of bond indices misleads investors who
use a fund’s risk-adjusted performance as the basis for investment decisions.

3 As discussed in the text, we focus on hybrid funds given that the academic literature typically ignores the bond
portion of the fund. But as a robustness test of our results, we do create a sample of equity funds that report
nonzero bond holdings over the 2001–2005 period and we report these results in a footnote in the empirical
section.
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Thus, a significant amount of investment dollars are flowing into funds that
according to the Carhart model have positive risk-adjusted performance but
have negative performance once we control for the fund’s bond holdings.
Overall, the results of our study emphasize the importance of controlling for
fixed-income exposure and motivate the use of bond indices in performance
evaluation when portfolio data indicate that funds hold a substantial proportion
of fixed-income securities.

The paper is organized as follows: Section 1 provides a description of the fund
sample. Section 2 introduces the empirical models used to measure abnormal
return. Sections 3 and 4 provide empirical results focusing on the estimates of
abnormal performance across the models. Section 5 focuses on the economic
value of our results. Section 6 examines the relationship between our abnormal
return estimates and subsequent cash flows to the funds. Section 7 concludes.

1. Fund Sample

Using simulated funds and monthly return data, Kothari and Warner (2001)
demonstrate that standard performance measures used in mutual fund research
have little ability to detect large magnitudes of abnormal fund performance.
Similarly, Goetzmann, Ingersoll, and Ivkovic (2000); and Bollen and Busse
(2001) indicate that conclusions concerning portfolio performance, specifically
market timing ability, are sensitive to data frequency. The conclusion of the
Bollen and Busse study is that model power is improved with higher frequency
data.

These results, combined with the fact that the extended forms of the Carhart
model to be presented later in this study include eight factors, motivate the use
of daily return data in our study. We construct fund samples for which daily net
asset value and distribution data are publicly available. This allows us to create
a daily return series for each fund as follows:

rp,d = navp,d + divp,d

navp,d−1
− 1, (1)

where navp,d is the net asset value of fund p on day d and divp,d is the ex div
dividends of fund p on day d.

We create two separate hybrid fund samples. For both samples, our selection
of funds is based on the fund’s Morningstar classification. Morningstar defines
asset allocation funds as funds that hold a flexible combination of stocks,
bonds, and cash. These funds shift assets frequently based on analysis of
business-cycle trends with the dual goal of income generation and capital
appreciation. Balanced funds are defined as funds that seek both income and
capital appreciation by investing in a generally fixed combination of stocks and
bonds. In general, balanced funds hold a minimum of 25% of their assets in
fixed-income or cash securities at all times.
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We have access to two separate sources of daily mutual fund data, and our
samples are partitioned such that within each sample the data are exclusively
collected from the specific data source. Net asset value and distribution data for
the first sample come from Bloomberg, which obtains data from the National
Association of Security Dealers. Beginning in January 2001, the Center for
Research in Security Prices (CRSP), which is the primary source of monthly
fund data for most academic studies, began to provide daily fund data, which
is less prone to error. The second sample uses this data source. There are two
advantages to using the separate samples. Given the growth in the number of
hybrid funds, the second sample provides us with a greater number of funds to
examine over a time period when these funds surged in popularity. Second, we
can test the robustness of our results across the two samples and see whether
they are applicable to each sample.

The first sample is based on hybrid funds in existence as of December 31,
1993. Very limited portfolio data are available on these funds. To ensure that
our results are not biased by funds with an international focus, we eliminate
any fund with the words “global,” “world,” or “international” in the fund name.
For fund groups with multiple classes of the same fund, we average the fund
returns across the multiple fund classes to create one fund that is a part of our
sample since the management strategies and returns generated are identical
across classes.

The daily return data cover the period March 1, 1994, to December 31, 2000.
The start date is motivated by the earliest availability of daily bond return
indices that are necessary for the extended Carhart (1997) models. Our sample
is constructed such that it is free from both look-ahead and survivorship bias.
Because we are using daily data to estimate performance, we do not need to
impose a minimum survival period to have sufficient data to estimate the model
parameters. Once included in the sample, all funds remain in the sample until
the end of the time period or until they cease operations.

For this sample, accuracy of the daily return series is extremely impor-
tant.4 We identify questionable data points by examining the tails of the daily
cross-sectional distribution of fund returns. Similar to Busse (1999), we verify
questionable net asset values against data provided by Yahoo Finance and The
Wall Street Journal. Questionable distributions are verified using either Stan-
dard and Poor’s Annual Dividend Record or Moody’s Dividend Record. In a
small number of cases, daily net asset value or distribution data are missing
for a specific fund and are not available from any of these data sources. Under
these circumstances, we estimate the missing return for that day as follows:
(i) we calculate the daily return of the typical hybrid fund benchmark, which is
weighted 60% CRSP Value-Weighted Index and 40% Lehman Aggregate Bond
Index; (ii) for the five trading days preceding the missing return, we calculate

4 It should be noted that an alternative source of fund return data over this specific time period is Standard &
Poor’s Micropal. However, S&P receives its data from the same source as Bloomberg, and the return data suffer
from the same problems discussed in the text.
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Table 1
Descriptive statistics of hybrid fund samples

1994 sample 2001 sample

Number of funds 132 263
Average total net assets 981.1 million 1017.4 million
Median total net assets 149.5 million 124.3 million
Stock allocation 56.9% 59.2%
Bond allocation 29.8% 29.5%
Cash allocation 8.7% 6.2%
Other allocation 4.6% 5.1%
Portfolio turnover 98.7% 91.8%
Expense ratio 1.14% 1.04%

The table presents descriptive statistics for the two samples of hybrid funds.
The first sample covers the time period March 1, 1994, to December 31, 2000,
while the second sample covers the period January 1, 2001, to June 30, 2005.
All values are averages across all funds in the sample. To obtain averages, we
first averaged the time-series data of each fund and then averaged across funds.
Data are from CRSP and represent annual year-end values.

the average difference between the fund return and the benchmark return; and
(iii) we estimate the missing return as the sum of the benchmark return on
the missing day and the average difference between the fund return and the
benchmark over the preceding five trading days.

The second sample is composed of asset allocation and balanced funds in
existence as of December 31, 2000, and the return data cover the time period
January 1, 2001, to June 30, 2005. Over this period, Morningstar provides more
detailed information about hybrid funds, and we are able to explicitly control
for internationally focused funds by limiting the sample to funds classified as
domestic hybrid funds.5 Similar to the earlier sample, this sample does not
suffer from either look-ahead or survivorship bias. In addition, because the
data are from CRSP, we do not encounter the same data issues as discussed
previously.

The 1994 sample is composed of 132 funds, while the 2001 sample features
263 funds reflecting the growth in hybrid funds since 1994. Table 1 presents
descriptive statistics of the fund samples. All data are annual data from CRSP
and represent year-end data.6 To obtain the averages reported in the table, we
first average over the time series for each fund and then average across funds.

Despite the growth in the number of hybrid funds, there are no substan-
tial differences in the attributes of the funds that would potentially drive any
differences in empirical results across the two samples. Median size ($149
million for the 1994 sample versus $124 million for the 2001 sample), expense
ratio (1.14% versus 1.04%), and portfolio turnover (98.7% versus 91.8%) are
roughly similar across the samples. In addition, there are no substantial changes
in the average allocation strategy pursued by each sample of funds despite the

5 Morningstar classifications are based on actual investment styles as measured by the most recently reported
portfolio holdings of the funds. The holdings may have been reported to Morningstar voluntarily or may have
been taken from the semiannual and annual reports filed by the fund.

6 For funds in the second sample, end of 2005 data are based on data reported as of the end of the second quarter.
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fact that bonds outperformed stocks during the latter sample period. The aver-
age bond investment (29.8% versus 29.5%) is nearly identical and is not driven
by outliers (median 32.1% versus 32.3%). These similarities are not simply a
reflection of the same funds representing the majority of both samples given
the continuous sample periods. Only 77 of the funds from the 1994 sample are
included in the 2001 sample.

Overall, the reported data indicate the major role that bonds play within
the portfolios of both of our fund samples, so we turn to a discussion of
controlling for the fixed-income exposure of these funds when evaluating their
performance.

2. Empirical Models Used to Measure Abnormal Return

As discussed, our goal is to compare estimated fund performance from the
Carhart (1997) model to extensions of the model that explicitly control for the
fixed-income holdings of hybrid funds. The Carhart model is

rp,d = αp +
4∑

s=1

bpsrs,d + ep,d , (2)

where rp,d is the excess return of fund p on day d, and rs,d represents the
daily returns of the following four stock market factors: (i) the excess return
of the market portfolio; (ii) the Fama-French (1993) size factor; (iii) the Fama-
French (1993) book-to-market factor; and (iv) the Carhart momentum factor.
The intercept of the model, αp, represents the daily abnormal return earned by
the manager.

Carhart’s (1997) model captures the major anomalies of the CAPM and
explains a considerable portion of the variation in equity returns. Unfortunately,
much less work has been done on the appropriate models to explain the returns
generated by bond mutual funds. Fama and French (1993) demonstrate that
factors related to bond maturity and default risk capture most of the variation
in the returns of government and corporate bond portfolios. Sharpe (1992) and
Blake, Elton, and Gruber (1993) propose various models that use bond indices
to explain the returns of bond funds. Ferson, Henry, and Kisgen (2005) use the
stochastic discount factor approach, which, unlike the previously mentioned
studies, does not require the use of indices or factor mimicking portfolios. Most
recently, Comer (2006) develops a four-index bond model that includes indices
that represent high-quality bonds, low-quality bonds, long-maturity bonds, and
short-maturity bonds to explain the bond portion of hybrid fund portfolios,
though more research is needed concerning the validity of the model.

We choose to extend the Carhart (1997) model using the portfolio approach
of Blake et al. (1993) and Comer (2006) given the recent increase in both
the availability of fund portfolio data and bond indices designed to measure
the performance of various bond market sectors. In general, the goal of the
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portfolio approach is to choose indices that span the investment opportunity
set of a typical bond fund manager. Given that bonds are classified by type and
maturity, we develop two extensions of the Carhart model based on portfolio
data provided by Morningstar. Our extensions of the model take the general
form

rp,d = αp +
4∑

s=1

bpsrs,d +
4∑

b=1

bpbrb,d + ep,d , (3)

where rb,d represents the daily excess returns to a set of bond indices.
At issue is the appropriate choice of bond indices to control for the fixed-

income holdings of the funds. Beginning in 2005, Morningstar provides a
history of the annual investment weights by fixed-income sector for funds
currently in existence that hold bonds as part of their portfolios. Morningstar
obtains these portfolio data from voluntary surveys returned by the mutual
funds within its database. From the 2001 sample, 229 of the 263 funds sur-
vived to 2005, and 198 of the survivors (86.5%) provide these annual data
to Morningstar. The data indicate that the bond investment for hybrid funds
spans all of the major sectors of the fixed-income market. According to data
from the reporting funds, the average percentage of total bond investment in
each sector is 36.6% credit, 23.9% government, 19.4% cash, 17.7% mortgage,
and 2.4% foreign. These numbers are not influenced by outliers as the median
percentages are nearly identical to the mean.

Based on these data, our first extension of the Carhart (1997) model includes
the daily excess returns from the following four sector bond indices: (i) gov-
ernment, (ii) credit, (iii) mortgage, and (iv) high yield. We exclude the foreign
sector in the interest of parsimony given its low average weight as reported by
the funds and given our initial fund screening that restricts our sample to hybrid
funds with a domestic focus. Despite not having specific data on high yield
exposure, we include a high yield index for two reasons. First, six funds in the
sample explicitly report a fixed-income style classified as low quality. Second,
Comer (2006) uses Sharpe’s (1992) style analysis to explain the variation in
returns across his hybrid fund samples and finds that the funds have a small
but statistically significant exposure to a high yield bond index. We will refer
to this first extension as the Carhart sector (C-sector) model.

Morningstar also reports an annual fixed-income style based on the average
maturity or duration of the funds’ bond holdings. These styles are based on self-
reported data, or in some cases, direct observation of the fund portfolio. From
the 2001 sample, 185 of the funds voluntarily provide at least one fixed-income
style classification during the sample period. Among these funds, 34 funds can
be classified as short maturity funds, 136 as intermediate maturity funds, and 15
as long maturity funds.7 We propose a second version of Equation (3) where the

7 We use the December 31, 2004, Morningstar CD period to obtain an annual history of the reported fixed-income
style for a fund, if reported. We assign a value of one for each annual short maturity classification, a value of
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sector daily excess returns from the government and credit indices are replaced
by daily excess returns from the intermediate maturity government/credit index
and the long maturity government/credit index. The mortgage and high yield
indices remain in the model, and we refer to this model as the Carhart (1997)
maturity (C-maturity) model.8 We do not include a short maturity index, as the
returns from such an index are highly correlated with the returns to cash.

All of the bond indices used in the extensions of the model are daily indices
from Lehman Brothers and measure total return. We use the daily risk-free rate
as calculated by Busse (1999) to calculate excess returns. The Lehman Brothers
indices are the most comprehensive market-weighted indices available and the
most widely used family of indices in bond portfolio evaluation. Daily bond
index return data for the indices used in the model are available from Lehman
Brothers beginning March 1, 1994, except for the high yield index. Daily high
yield data are available beginning June 1, 1998. Before this date, we calculate
the fixed daily high yield return that corresponds to the reported monthly return
and use that return in our models.

At issue is whether the extensions effectively represent the return-generating
process of hybrid funds. More specifically, we want to test whether the funds
have significant exposure to the indices included in the extended Carhart (1997)
models. We follow the methodology of Comer (2006) and employ Sharpe’s
(1992) quadratic programming technique. Sharpe’s methodology is designed
to determine the average exposure of a portfolio to movement in the returns of
various stock, bond, and cash indices. For each fund sample, we average the
fund returns for all funds in existence on a given day. Using this time series of
average returns, we solve the following quadratic program:

min

[
var

(
trp,d −

(
bpm trm,d +

3∑
s=1

bpsrs,d +
4∑

b=1
bpbtrb,d + bpctrc,d

))]

subject to
0 ≤ bpm, bpb, bpc ≤ 1

bpm +
4∑

b=1
bpb + bpc = 1,

(4)

where tr represents the total return as opposed to the excess return. Thus, trm,d ,
trb,d , and trc,d represent the daily total return to the Carhart market factor,
the bond factors, and cash (the risk-free return), respectively. Traditionally,
Sharpe’s methodology restricts all coefficients to values between zero and one,
but note that we only restrict the coefficients for the Carhart market factor,

two for each intermediate classification, and a value of three for each long maturity classification. Using the time
series of available classifications, we calculate an average maturity style for each fund. Funds with values less
than 1.5 are classified as short, funds with values between 1.5 and 2.5 are classified as intermediate, and funds
with values greater than 2.5 are classified as long maturity funds.

8 Boney, Comer, and Kelly (2006) examine the maturity timing ability of fixed-income managers and use a similar
model, which explains a significant percentage of the returns generated by high-quality bond fund managers.
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Table 2
Sharpe quadratic programming technique

Carhart sector model

1994 sample 2001 sample

Market 56.7∗∗∗ 55.1∗∗∗
Size −3.1∗∗∗ −1.1∗∗∗
Book to market 9.5∗∗∗ 4.2∗∗∗
Momentum −3.8∗∗∗ 2.4∗∗∗
Government 25.3∗∗∗ 13.3∗∗∗
Credit 0 10.3∗∗∗
Mortgage 4.2∗∗∗ 8.7∗∗∗
High yield 2.3∗ 1.8∗∗∗
Cash 11.5∗∗∗ 10.7∗∗∗
Adjusted r -square 0.984 0.994

Carhart maturity model

1994 sample 2001 sample

Market 56.6∗∗∗ 55.2∗∗∗
Size −3.1∗∗∗ −1.1∗∗∗
Book to market 9.4∗∗∗ 4.3∗∗∗
Momentum −3.8∗∗∗ 2.4∗∗∗
Intermediate 20.6∗∗∗ 19.8∗∗∗
Long 5.6∗∗∗ 5.0∗∗∗
Mortgage 4.2∗∗∗ 8.4∗∗∗
High yield 1.5∗ 1.8∗∗∗
Cash 11.5∗∗∗ 9.7∗∗∗
Adjusted r -square 0.984 0.993

The table presents results from the Sharpe quadratic portfolio technique
that is used to estimate the average percentage of assets that each fund
sample has allocated to the factors included in the Carhart (1997) sector
and Carhart maturity models. For each fund sample, the return on an
equally weighted portfolio of all funds in existence is calculated. This
return is regressed against the returns on the factors listed in the table. In
the estimation, the coefficient of the Carhart market factor, the coefficients
of the bond indices, and the coefficient of the cash index are constrained
to be between zero and one and the sum of those coefficients must equal
one. The size, book-to-market, and momentum factors represent zero
investment portfolios and thus their coefficients are not constrained to be
positive. Each coefficient estimate represents the average percentage of
assets allocated to each factor/strategy. ∗∗∗, ∗∗, and ∗ denote statistical
significance at the 1%, 5%, and 10% levels, respectively.

the bond indices, and the cash index. The remaining three stock factors in
the Carhart model represent zero investment factor mimicking portfolios. As
a result, the amount held in these portfolios does not affect the allocation of
funds across the other portfolios.

Results are reported in Table 2.9 They provide strong evidence that the
extended models capture much of the variation in hybrid fund returns despite
the constraints imposed by the quadratic programming method. The results also
provide our first indication of the potential importance of controlling for the
fixed-income exposure of hybrid funds. Across both samples and both models,

9 We use the Gauss-Newton method to obtain parameter estimates that minimize the objective function. Statistical
significance of the estimates is based on t-tests that use the estimated standard error of the coefficient estimates.
The tests are valid asymptotically.
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the regressions explain an average of 98.8% of the variation in the average
returns of these funds. Each of the included bond indices has a statistically
significant nonzero coefficient across the four regressions except for the credit
index in the 1994 sample.10 Results are particularly strong for the 2001 sample.
Across both models, all coefficients for the bond indices are significant at the
1% level. There do not appear to be any major differences in the results across
the C-sector and C-maturity models that would raise concerns with the use
of either model. Both models indicate average bond exposures ranging from
31.8% to 35.0% and confirm the portfolio data from the previous section,
which indicates that these funds hold a wide variety of bonds across sectors
and maturities.

In the next section, using our proposed extensions of the Carhart (1997)
model, we focus on establishing the importance of controlling for fund fixed-
income exposure.

3. Impact of Fixed-Income Holdings on Abnormal Return Estimates

Our proposed extensions of the Carhart (1997) model are based on portfolio
data provided by Morningstar. However, despite the fact that the models ex-
plain a substantial portion of the variation in hybrid fund returns, we need to
address whether these extended models are truly necessary. Econometrically,
the Carhart model or an extended model, which includes only a broad aggregate
bond index, would be preferable. Thus, we need to examine whether there is
substantial evidence that abnormal return estimates from more parsimonious
models may be biased due to the exclusion of the bond indices proposed in our
extended models. We now turn to exploring this issue.

3.1 Effect of bond returns on estimates of abnormal return from the
Carhart model

A fund’s abnormal return is a weighted average of the abnormal returns on the
individual assets that compose the portfolio. To see the potential effect of an
excluded asset class on the estimated abnormal returns from the Carhart (1997)
model, we need to estimate the abnormal return of that asset class. Thus, we
follow the methodology used by Elton et al. (1993) to examine the impact of
bond holdings on the abnormal returns from the Carhart model.

Based on the style analysis from the previous section, we assume that the
bond indices are reasonable proxies of the bond holdings of hybrid funds. As
a proxy for the performance of the bond holdings of hybrid funds, we employ
the daily returns of the bond indices included in the extended versions of the
Carhart (1997) model. We then run the following individual regressions for

10 The zero loading on the credit index can be traced to the high correlation (0.91) between the government and
credit indices during the earlier sample period. The government index captures the entire investment across the
two sectors.
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Table 3
Estimated abnormal return for various bond indices relative to the Carhart model

Bond index 1994–2000 abnormal return 2001–2005 abnormal return

Credit −1.05% 7.63%∗∗
Government −0.40% 6.39%∗∗
Intermediate −0.25% 6.23%∗∗
Long −1.42% 9.57%∗∗
Mortgage 0.20% 6.01%∗∗
High yield −5.27%∗∗ 8.86%∗∗

The table presents the results of the regression of each of the daily bond return indices listed
in the table against the Carhart (1997) four-factor model. The abnormal return is represented
by the alpha from the regressions. The daily alpha estimates have been annualized and the
annualized values are presented in the table. ∗∗ denotes statistical significance at the 5% level.

each of our bond indices:

rb,d = αb +
4∑

s=1

bpsrs,d + eb,d . (5)

If the Carhart model adequately explains bond returns, αb should not be
significantly different from zero since the bond indices represent passive port-
folios and no expenses have been deducted from the index returns. Otherwise,
the estimated abnormal return from the Carhart model for a fund that holds a
substantial amount of bonds within the specific index would be a function of
the “true” alpha and αb from Equation (5). The influence of αb would depend
on the weight of bonds within the fund portfolio and the bond index returns.

Results of the regressions are presented in Table 3. All reported abnormal
returns have been annualized. For the 1994 sample, the alphas across the bond
indices range from −5.27% to 0.20%, and the alpha for the high yield index is
statistically significant at the 5% level. On the other hand, the abnormal return
estimates for the 2001 sample are more dramatic. All are positive, statistically
significant, and much larger in absolute magnitude relative to the alphas from
the 1994 sample. These annualized estimates range from 6.01% to 9.57%, with
the long maturity government/credit index generating the largest abnormal
return.

The regression results indicate that estimates of abnormal return across the
Carhart (1997) and extended Carhart models are likely to differ. On average,
over the period 1994–2000, abnormal return estimates from the Carhart model
are likely to be lower than those for the extended models, which control for
bond exposure. The exceptions to this would be if the fund has a very low bond
exposure or if a substantial portion of the manager’s bond holdings are repre-
sented by mortgage securities, which is the only index with a positive alpha.
Even stronger evidence exists that the abnormal returns from the Carhart model
over the 2001–2005 period are likely to be greater than those of the extended
models. According to both the reported portfolio data and the style analy-
sis, the average percentage of bond holdings across both samples is relatively
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Table 4
Estimated abnormal return for various bond indices relative to the Carhart model
and Lehman Aggregate Bond Index

Bond index 1994–2000 abnormal return 2001–2005 abnormal return

Credit −0.53% 0.05%
Government 0.03% −0.98%∗∗∗
Mortgage 0.54% 0.92%∗∗
Intermediate 0.05% 0.23%
Long −0.58% −2.42%∗∗
High yield 0.31% 5.80%∗∗∗

The table presents the results of the regression of the excess returns of each of the daily bond
return indices listed in the table against the Carhart (1997) model with the Lehman Aggre-
gate Bond Index as an additional independent variable. The abnormal return is represented
by the alpha from the regressions. The daily alpha estimates have been annualized and the
annualized values are presented in the table. ∗∗∗, ∗∗, and ∗ denote statistical significance at
the 1%, 5%, and 10% levels, respectively.

constant. Thus, differences in estimated abnormal returns between the Carhart
and extended Carhart models are likely to be more significant over the latter
period given the greater magnitude and statistical significance of the bond index
alphas over that period.11

3.2 Is an aggregate bond index sufficient?
Given the potential bias of abnormal return estimates from the Carhart (1997)
model, we now examine whether adding a broad aggregate bond index to the
Carhart model is sufficient so that we can consider a more parsimonious form
of the extended Carhart models suggested in Equation (3). This would be
particularly useful if only monthly data are available.

We choose the Lehman Brothers Aggregate Bond Index as our broad bond
market index. This Lehman index is composed of a weighted average of gov-
ernment, investment grade corporate, mortgage-backed, and asset-backed se-
curities that have a time to maturity of at least 1 year. It is considered to be the
dominant fixed-income benchmark for money managers in the United States.
According to Lehman Brothers, 90% of U.S. fixed-income index users rely
on this index. Using this index, we conduct a similar test to the one in the
previous section. We regress each of the bond indices included in both of our
proposed models against the Carhart (1997) model with the Lehman Aggregate
Bond Index as an additional independent variable. This test directly addresses
whether we need to include multiple bond indices to control for fixed-income
exposure.

Results are presented in Table 4. The results indicate that for the 1994
sample, the broad index would likely be sufficient to control for fund fixed-
income exposure, but abnormal return estimates over the 2001 period still

11 One issue that we do not explore in this study is the reason for the change in the relationship between the
returns of the bond indices and the returns of the Carhart (1997) factors. A potential explanation lies in the fact
that the Carhart model is not well suited for explaining the variation in bond returns. The r-squared values of
the regressions across both time periods range from .025 to .108. Thus, the alphas appear to reflect the relative
performance of stocks and bonds. During the 1994–2000 period, stocks outperformed bonds. Over the 2001–2005
period, bonds outperformed stocks.
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could potentially be biased. Over the 1994–2000 period, the bond index alpha
estimates are in a narrow range (−0.58% to 0.54%), and none are statistically
significant. However, over the period 2001–2005, alphas for the government and
high-yield index are statistically significant at the 1% level, while alphas for the
long maturity government/credit index and the mortgage index are significant at
the 5% level. The government and long maturity index alphas are both negative
(−0.98% and −2.42%, respectively), reflecting the potential for downward-
biased estimates relative to the extended models. The opposite impact is likely
for funds that hold a substantial amount of mortgage and high-yield securities
whose alphas are both positive (0.92% and 5.80%, respectively).

Thus, our evidence suggests that our extended models are necessary to
reduce the potential for biased estimates of performance that could result from
the Carhart (1997) model or an extended model that only includes a broad bond
market index. The potential for bias is strongest for the 2001 sample. In the
next section, we test our hypotheses by estimating and comparing abnormal
return estimates across the Carhart and our extended Carhart models.

4. Comparison of Abnormal Return Estimates Across Models

Given the results of the previous section, our goal is to estimate the abnormal
returns of our samples of hybrid funds using the Carhart (1997) and extended
Carhart models and to examine the extent to which the assessment of manager
performance differs across the models. We first measure abnormal return as
the intercept of the models, which is referred to as the fund’s alpha. Then,
based on evidence that the funds also engage in timing behavior, we estimate
a second abnormal return measure, which combines both the manager’s asset
selection and market timing performance. In calculating abnormal return, we
first use the equal-weighted time series of average fund returns that was used
in the style analysis to estimate an abnormal return for the entire sample.
Because we are interested in inferences for individual funds, we also estimate
individual abnormal returns across the three models. For all regressions, we
correct for potential heteroskedasticity using the White correction, and all
statistical inferences are based on the corrected standard errors.

4.1 Abnormal return as measured by alpha
Using Equations (2) and (3), we estimate alpha for all three models and across
both samples. The results are presented in Table 5 and provide strong evidence
that abnormal return estimates are sensitive to the model used to estimate
performance. First, we focus on the 1994 sample. According to the Carhart
(1997) model, the average annualized alpha of the entire sample of hybrid
funds is −1.50%, clearly indicating that as a group the funds under perform
the benchmark. Individually, 80% of the funds have negative abnormal returns
and for 26% of these funds the abnormal return is negative and statistically
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Table 5
Comparison of alpha across Carhart models

1994 sample

Carhart model C-maturity model C-sector model

Average alpha equal weighted portfolio −1.501%∗∗ −1.252%∗∗ −1.263%∗∗
Positive alphas 27 31 27
Negative alphas 105 101 105
Positive and significant alphas 3 5 4
Negative and significant alphas 27 31 31
Alpha improved relative to Carhart model 82 70
Alpha unchanged from Carhart model 35 49
Alpha declined relative to Carhart model 15 13

2001 sample

Carhart model C-maturity model C-sector model

Average alpha equal weighted portfolio 0.082% −1.524%∗∗ −1.501%∗∗
Positive alphas 127 29 36
Negative alphas 136 234 227
Positive and significant alphas 12 4 5
Negative and significant alphas 14 94 89
Alpha improved relative to Carhart model 2 3
Alpha unchanged from Carhart model 3 2
Alpha declined relative to Carhart model 258 258

The table reports the cross section of estimated abnormal returns as measured by alpha for both the
1994 and 2001 samples when using the Carhart (1997), Carhart maturity, and Carhart sector models.
The daily alpha estimates reported in the table have been annualized. For the Carhart model, each fund’s
excess return is regressed against the four factors of the Carhart model. For the Carhart maturity model,
each fund’s excess return is regressed against the four factors of the Carhart model and the following
four bond indices: intermediate bond, long bond, mortgage, and high yield. For the Carhart sector
model, the excess return is regressed against the four factors of the Carhart model and the following
four bond indices: credit, government, mortgage, and high yield. Alpha is represented by the value
of the intercept of the regressions. The average alpha is based on the regression of the excess returns
of an equal-weighted portfolio of all funds with the sample. The statistical significance of individual
fund timing coefficients is based on heteroskedasticity consistent standard errors. ∗∗ denotes statistical
significance at the 5% level.

significant at the 5% level. Abnormal return estimates range from −12.28% to
5.51%.

When examining the results from the C-maturity and C-sector models, we
find that the inclusion of the bond indices does result in an improvement in the
abnormal return estimates. The average annualized alpha of the entire sample
is −1.25% according to the C-maturity model and −1.26% according to the
C-sector model. Matched pair t-tests of the difference in individual fund alphas
relative to the Carhart (1997) model are significant at the 1% level for the C-
maturity model and at 10% for the C-sector model. At the individual level, we
find that 62% of the fund alphas from the C-maturity model improve relative
to the Carhart model. The percentage is 53% for the C-sector model.

One of our hypotheses from Section 3.1 was that over the 1994–2000 period,
abnormal return estimates from the Carhart model are likely to be lower than
those for the extended models, which control for bond exposure unless a sub-
stantial portion of the manager’s bond holdings are represented by mortgage
securities. To test this hypothesis, we sort the funds into three groups based

495



The Review of Financial Studies / v 22 n 2 2009

on whether their alpha improved, remained unchanged, or declined when us-
ing the extended models. For each group, we calculate the average loading on
the mortgage index from the regressions. The results are consistent with the
hypothesis. According to the C-maturity model, the average loading on the
mortgage index for the 15 funds whose performance declined was 0.16 while
the loading of the other two groups averaged 0.04. Similar results hold for
the C-sector model, as the average loading for the funds whose performance
declined was 0.24 compared to an average of 0.05 for the other groups.

Turning to the 2001 sample, the results are also consistent with our hy-
pothesis and much more dramatic in magnitude relative to the 1994 sample.
According to the Carhart (1997) model, the average annualized alpha of the
entire sample is positive at 0.08% but declines to significantly negative values
of −1.52% and −1.50% according to the C-maturity and C-sector models.
At the individual fund level, 52% of funds have negative abnormal return
measures based on the Carhart model while at least 86% are negative based on
the extended models. Only 14 funds have significantly negative performance
based on the Carhart model while the number jumps to 89 funds based on
the extended models. Matched pair t-tests of the difference in individual fund
alphas relative to the Carhart model are significant at the 1% level for both the C-
maturity and C-sector models, and we find that 98% of the fund alphas from the
extended models are lower than their corresponding Carhart estimates. Conclu-
sions drawn concerning manager performance clearly differ across the models
within this sample with the Carhart model, suggesting that managers have skill,
particularly pre-expenses, while the extended models indicate otherwise.

Of equal importance, the results do not appear to be driven by the choice of
the extended model used to measure abnormal performance. The same broad
conclusion concerning hybrid fund performance can be drawn from both the
C-maturity and C-sector models. The rank correlations between the extended
model measures are 0.998 for the 1994 sample and 0.975 for the 2001 sample.
The absolute change in alpha is also virtually identical across models. For the
1994 sample, there is a 0.25% improvement in alpha when using the C-maturity
model compared to a 0.24% improvement according to the C-sector model. The
decline in alpha for the 2001 sample is −1.61% for the C-maturity model and
−1.58% for the C-sector model. Thus, the results do not appear to be sensitive
to the extended model used and do not affect the overall conclusions drawn
concerning performance.12

A final issue we examine is whether these results are a function of stale
pricing, which potentially induces autorcorrelation among the returns. Dimson

12 Although not reported, results for a separate sample of 230 equity funds that report nonzero bond holdings as of
December 31, 2000, are qualitatively similar. The use of the Carhart (1997) sector model results in an average
decline of 0.25% in the abnormal return estimates of the funds. Sixty-seven percent of the fund alphas from the
extended sector model are either the same or lower than their corresponding Carhart estimates. In addition, the
results are similar whether one is comparing the Carhart alphas to the Carhart-maturity model. Additional details
are available upon request.
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(1979) illustrates that estimated coefficients from asset pricing models, specif-
ically the CAPM, can be biased when an asset is infrequently traded. He
proposes the use of lagged values of the market factor to address this issue.
This issue is of potential concern given our use of daily returns and the potential
that funds may hold illiquid securities.

Following this work, we conduct several tests using lagged values of our
stock and bond returns. We reestimate the Carhart (1997) model and the ex-
tended Carhart models and include one lag for each of the factors in the model.13

We find that these new results are consistent with our previous results. Just as
we found earlier, the alphas for the 1994 sample improve when comparing the
Carhart results to the extended model results and the opposite occurs within
the 2001 sample as the alphas still change from positive to negative and are
significant. As an additional test, we examine whether a single bond factor with
lags captures the change in alpha we find across models. As our bond factors,
we first use the return on the Lehman Aggregate Bond Index as an additional
independent variable and then we repeat the test using the Lehman Treasury
Bond Index. Again, the results confirm that the nonsynchronous trading prob-
lem is not driving our results. Specifically, in the 1994 sample, we find that the
alphas estimated using the bond factor with a lag are not statistically different
from the Carhart alphas but are significantly different from the extended model
alphas. In the 2001 sample, the alphas estimated using a single bond factor with
a lag do improve relative to the Carhart alphas, but the improvement in perfor-
mance is lower in magnitude than the improvement found when comparing to
the extended model alphas.14

4.2 Market timing activity and estimated abnormal return
Comer (2006) provides evidence that hybrid funds engage in market timing
activity. As discussed in Bollen and Busse (2004), our results from the pre-
vious section may be subject to a specification problem as we treat all funds
as focusing on asset selection when some may engage in market timing.15

The performance of the market timers may not be recognized by the models
previously employed. Unfortunately, we do not have evidence on which funds
focus more on asset selection and which focus more on market timing. Thus,
we want to account for the potential impact of market timing behavior and

13 Our choice of one lag is based on Busse (1999), who uses daily return data and the Carhart (1997) model to
examine volatility timing in mutual funds. He finds that the use of one lag for each factor is sufficient to control
for any potential estimation problems related to nonsynchronous trading.

14 There are two potential reasons we do not find a substantial impact from stale pricing. First, based on the
semiannual reports, the portfolios of the hybrid funds in our samples tend to be well diversified and very liquid
so that funds can easily sell securities to meet unexpected redemptions. Second, funds are allowed to estimate
and report the fair value of their holdings to reduce valuation problems due to infrequently traded securities.

15 As a specific example, the Vanguard Asset Allocation fund is part of our fund sample and is one of the few funds
that provide detailed information about fund allocation strategy. In the prospectus, this fund explicitly states
that it uses an indexing strategy within the three major asset classes of stocks, bonds, and cash, but changes
allocations to the classes based on their financial models. Thus, this fund does not engage in any asset selection
and focuses strictly on market timing/tactical asset allocation.
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examine whether the previous relationships across the models still hold and
whether there are any significant differences in abnormal return estimates for
a specific model.

To account for market timing activity, we use the quadratic regression ap-
proach pioneered by Treynor and Mazuy (1966).16 Following Bollen and Busse
(2001), and Comer (2006), we supplement our Carhart (1997) model and our
extended Carhart models by including the square of the excess return of the
market portfolio as an additional explanatory variable in each model. The
quadratic term captures the nonlinearity between daily fund returns and daily
market returns that occurs due to the timing activity by the fund manager. Then,
following Bollen and Busse (2004), we estimate a daily abnormal return for
our fund sample that considers both asset selection and timing ability as

rp,d,γ = 1

n

n∑
d=1

(
αp + γpr2

m,d

)
, (6)

where n represents the total number of trading days the fund exists over our
sample period and γp is the coefficient on the quadratic term, which measures
timing ability. The term in parentheses captures the total abnormal return gen-
erated by both asset selection skill (αp) and market timing activity (γpr2

m,d ), and
we divide by the number of trading days to estimate a daily abnormal return.
We refer to rp,d,γ as our BB abnormal return.

As done in the previous section, we estimate the BB abnormal return for the
entire sample, and we also estimate individual BB abnormal returns across the
three models. Table 6 reports the results for the entire sample and also reports
alphas from the earlier tests for comparison.

We find that when we explicitly account for timing activity, the changes
in the average abnormal return estimates across models are relatively small,
ranging from −0.11% to 0.04%. More importantly, the results confirm the re-
lationships detected in the previous section. For the 1994 sample, the abnormal
return estimates from the Carhart (1997) BB model indicate worse performance
(−1.45%) than the estimates from the extended models (−1.36% and −1.35%
for the C-maturity and C-sector BB models, respectively). For the 2001 sample,
we see a decline in performance as we compare the Carhart BB model to the ex-
tended Carhart BB models. The Carhart BB model estimate of 0.12% declines to
−1.64% and −1.58% according to the extended models. Again, the magnitude
of the change is much greater for the 2001 sample and represents a statistically
significant reduction in estimated performance across model specifications.

These results reinforce our initial findings that the extended factor models
produce significantly different abnormal return estimates. In the next section,
we examine the economic value of the results from the extended models.

16 Another popular timing model specification is that of Henriksson and Merton (1981). However, no published
study has shown how the model works for funds that time across multiple asset classes. Thus, we do not include
this specification in this study.
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Table 6
Comparison of abnormal returns across specifications

1994 sample 2001 sample

Carhart alpha −1.501%∗∗ 0.082%
Carhart BB −1.445%∗∗ 0.122%
C-maturity alpha −1.252%∗∗ −1.524%∗∗
C-maturity BB −1.355%∗∗ −1.635%∗∗
C-sector alpha −1.263%∗∗ −1.501%∗∗
C-sector BB −1.353%∗∗ −1.575%∗∗

The table reports the estimated abnormal returns as measured by
alpha and the Bollen and Busse (BB) measure for both the 1994
and 2001 samples when using the Carhart (1997), Carhart maturity,
and Carhart sector models. The reported abnormal returns are based
on a regression of the excess returns of an equal-weighted portfolio
of all funds with the sample. For the Carhart model, fund excess
return is regressed against the four factors of the Carhart model. For
the Carhart maturity model, fund excess return is regressed against
the four factors of the Carhart model and the following four bond
indices: intermediate bond, long bond, mortgage, and high yield. For
the Carhart sector model, the excess return is regressed against the
four factors of the Carhart model and the following four bond indices:
credit, government, mortgage, and high yield. Alpha represents the
value of the intercept of the regressions. For the BB measure, each
of the three Carhart models is supplemented with a quadratic term
representing the square of the market return. The BB measure is then
computed as detailed in Equation (7) in the text, which considers both
asset selection and market timing skill. The statistical significance of
the coefficients is based on heteroskedasticity consistent standard
errors. ∗∗ denotes statistical significance at the 5% level.

5. Economic Value of the Models

Although the estimates from the extended forms of the Carhart (1997) model
clearly differ from those of the Carhart model, it is not so clear that adding
the bond factors results in a superior model specification. To examine the
economic value of the extended forms of the model, we conduct out-of-sample
tests to analyze the forecasting performance of the extended model estimates.
Specifically, we test for evidence that the models are effective at predicting
future alphas and factor loadings.

We follow the methodology of Gruber (1996), who examines the forecasting
performance of various performance measures. Each quarter, we estimate the
alpha of each fund that survives for the entire quarter.17 Then, at the end of each
quarter, the funds are ranked and placed into deciles based on the funds’ alphas
during the quarter. We refer to this initial quarter as the selection period. Next,
the alpha of each decile is estimated over the subsequent quarter, which we
refer to as the performance period. During this period, the alphas are computed
for each fund separately, and then the alpha for the decile is calculated as the
equal-weighted average of the individual fund alphas. Finally, we average the
time series of alphas for each decile across the performance periods. We can

17 Our use of daily return data provides us with a sufficient number of observations to use the same quarterly
measurement interval employed by Bollen and Busse (2004) in their study of the short-term persistence in the
performance of equity mutual funds.
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Table 7
Forecasting performance of extended Carhart model alphas

1994 sample 2001 sample

C-maturity C-sector C-maturity C-sector
Decile model alpha model alpha model alpha model alpha

1 (worst alpha) −4.24% −4.15% −2.95% −3.04%
2 −2.47% −2.36% −2.76% −2.87%
3 −1.66% −1.74% −2.48% −2.91%
4 −2.62% −2.58% −2.40% −2.44%
5 −2.36% −2.29% −2.00% −2.07%
6 −1.84% −1.64% −1.67% −1.87%
7 −2.13% −2.18% −1.91% −1.86%
8 −1.70% −1.59% −1.26% −1.37%
9 −1.36% −1.51% −1.57% −1.42%
10 (best alpha) −0.86% −0.83% 0.26% −0.08%
Best decile minus worst decile 3.38%∗∗∗ 3.32%∗∗∗ 3.20%∗∗∗ 2.96%∗∗∗
Spearman rank coefficient 0.782∗∗∗ 0.879∗∗∗ 0.976∗∗∗ 0.976∗∗∗

The table shows the average annual realized alpha for quarterly holding periods where the deciles were formed
based on the ranking criteria shown at the top of the column. For each fund, we use the Carhart (1997) maturity
and C-sector models to calculate alpha on a quarterly basis for each quarter the fund is in existence. Then, at
the end of each quarter, the funds are ranked and placed into deciles based on the funds’ alphas during the
quarter. Then, for each fund within a specific decile, we estimate the fund’s alpha for the subsequent quarter.
Each quarter, we average the individual alphas within a specific decile, and then we average the time series of
alphas for each decile, which is the value reported in the table. ∗∗∗ denotes statistical significance at the 1% level.

analyze the out-of-sample performance of the extended models in two ways.
First, we can calculate the rank correlation of the deciles in the selection and
performance period. Second, we compute the differences in alpha across deciles
and test whether they are statistically significant.

Results are presented in Table 7. All alphas reported in the table have been
annualized. We find strong evidence that the extended model alphas from a
previous quarter provide information about the future abnormal return earned
during the subsequent quarter. All of the rank correlations are significant at the
1% level. The differences between the best and worst deciles range from 2.96%
to 3.38% and are also significant at the 1% level. Across both models and both
samples, funds in decile one (worst alphas) on average perform the worst in
the subsequent quarter and funds in decile ten (best alphas) perform the best.
Even though a positive abnormal return is unlikely to be earned by purchasing
the best decile of funds, an investor clearly would be better off holding the best
decile funds than any other decile. Similar results hold when we sort on the BB
abnormal return measure instead of alpha.

We repeat our methodology and test for evidence that the extended models
are effective at predicting future factor loadings. First, we examine the rank
correlations of the loadings on each of the four stock factors in the model.
We find that all of the rank correlations for both the C-maturity and C-sector
models are one and that the average loadings across deciles for the market,
size, book-to-market, and momentum factors are virtually identical to and
statistically indistinguishable from the corresponding loadings for the Carhart
(1997) model. Next, we examine the correlations for the four bond factors. The
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Table 8
Forecasting performance of bond factor loadings from the extended Carhart models

1994 sample

C-maturity model C-sector model

Decile Intermediate Long Mortgage High yield Government Corporate Mortgage High yield

1 (lowest) 0.099 −0.039 0.066 0.005 −0.134 0.006 0.056 0.003
2 0.136 0.033 0.114 0.005 −0.103 0.101 0.072 0.005
3 0.187 0.022 0.061 0.014 0.055 0.137 0.053 0.010
4 0.140 0.049 0.089 0.017 0.083 0.174 0.095 0.013
5 0.252 0.044 0.074 0.021 0.165 0.213 0.095 0.017
6 0.185 0.040 0.115 0.029 0.116 0.240 0.109 0.028
7 0.223 0.050 0.093 0.030 0.204 0.210 0.106 0.032
8 0.142 0.052 0.120 0.038 0.172 0.206 0.114 0.043
9 0.251 0.072 0.184 0.046 0.232 0.206 0.156 0.048
10 (highest) 0.391 0.146 0.272 0.062 0.455 0.266 0.186 0.079

Spearman 0.733∗∗∗ 0.939∗∗∗ 0.818∗∗∗ 1.000∗∗∗ 0.976∗∗∗ 0.770∗∗ 0.939∗∗∗ 1.000∗∗∗
coefficient

2001 sample

C-maturity model C-sector model

Decile Intermediate Long Mortgage High yield Government Corporate Mortgage High yield

1 (lowest) 0.126 0.027 0.046 0.001 −0.146 0.034 −0.014 0.010
2 0.105 0.024 0.077 0.005 −0.047 0.044 0.006 0.005
3 0.154 0.032 0.046 0.007 −0.013 0.081 0.091 0.014
4 0.168 0.038 0.101 0.009 0.070 0.062 0.055 0.025
5 0.189 0.050 0.071 0.012 0.069 0.109 0.097 0.030
6 0.143 0.050 0.103 0.026 0.103 0.123 0.114 0.027
7 0.215 0.056 0.120 0.033 0.176 0.147 0.156 0.026
8 0.190 0.059 0.109 0.048 0.166 0.164 0.133 0.027
9 0.224 0.065 0.128 0.050 0.204 0.206 0.173 0.034
10 (highest) 0.211 0.138 0.101 0.095 0.441 0.226 0.147 0.075

Spearman 0.854∗∗∗ 0.988∗∗∗ 0.709∗∗ 1.000∗∗∗ 0.976∗∗∗ 0.988∗∗∗ 0.927∗∗∗ 0.903∗∗∗
coefficient

The table shows the average quarterly bond factor loadings for quarterly holding periods where the deciles were
formed based on the ranking criteria shown at the top of the column. For each fund, we use the C-maturity and
C-sector models to calculate the bond factor loadings on a quarterly basis for each quarter the fund is in existence.
Then, at the end of each quarter, the funds are ranked and placed into deciles based on each fund’s bond factor
loading during the quarter. Then, for each fund within a specific decile, we estimate the fund’s loading for the
subsequent quarter. Each quarter, we average the loadings within a specific decile, and then we average the time
series of loadings for each decile, which is the value reported in the table. ∗∗∗ denotes statistical significance at
the 1% level.

average loadings across deciles for both the C-maturity and C-sector models
are reported in Table 8 for both samples. Again, we find strong evidence that
the factor loadings from a previous quarter provide information about the future
factor loadings for the subsequent quarter. All rank correlations are statistically
significant at the 1% level except for the corporate factor in the 1994 sample
and the mortgage factor in the C-maturity model for the 2001 sample, which
are significant at the 5% level.

Overall, the evidence indicates that both the C-maturity and C-sector models
work well out-of-sample and provide information about future performance
and factor loadings. The evidence also shows that the loadings on the stock
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factors can be predicted equally well whether one uses the Carhart (1997)
or the extended Carhart models. Taken together, the results reinforce that the
difference in alpha estimates across the Carhart and extended Carhart models
is simply a function of a fund’s bond holdings. Thus, to avoid punishing or
rewarding hybrid fund managers simply for holding debt in their portfolios, the
extended models should be the preferred choice for portfolio evaluation given
that the estimates from these models do provide economic value and provide
additional information concerning the fixed-income exposure of the fund that
the Carhart model is unable to provide.

6. Relationship between Hybrid Fund Cash Flows and Abnormal Return
Estimates

Our main result thus far is that extended forms of the Carhart (1997) model
designed to control for fund fixed-income exposure provide significantly dif-
ferent conclusions about the abnormal performance of the funds relative to
the original model. These results lead us to explore two final issues. First, is
there evidence that cash flows into hybrid funds are related to past measures of
abnormal performance? The academic literature on equity fund cash flows in-
dicates that investors chase past positive abnormal returns (e.g., Gruber, 1996;
Chevalier and Ellison, 1997; Sirri and Tufano, 1998; Del Guercio and Tkac,
2002). If hybrid fund investors behave in a similar manner, then the differences
in our abnormal performance measures raise the issue of whether investors
are properly controlling for fund fixed-income exposure in their investment
decisions. Thus, we want to examine which model’s abnormal performance
measure drives the future investment dollars of investors.

Within each sample, we use the quarterly alphas from the Carhart (1997)
and Carhart maturity models to examine these issues.18 Each quarter, we sort
the funds into the following four groups based on their alpha during the quar-
ter: (i) both alpha measures are negative; (ii) negative Carhart alpha, positive
C-maturity alpha; (iii) positive Carhart alpha, negative C-maturity alpha; and
(iv) both alpha measures are positive. Then, for each quarter, we define the new
quarterly cash flow to each fund during the subsequent quarter as follows:

c f p,q = tnap,q − tnap,q−1
(
1 + rp,q

)
, (7)

where cf represents cash flow to fund p during quarter q, tna represents total
net assets, and r represents the quarterly holding period return of the fund. We
focus on total rather than percentage cash flows to a fund given that we are
interested in which performance measure drives the total investment dollars into

18 Throughout the paper, we have noted the close relationship between extended model results, particularly the
alphas. For this test, we also find that the results using the Carhart (1997) sector model and the BB measure are
virtually identical, and for the sake of clarity and brevity, we do not report them in this section.
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Table 9
Relationship between abnormal return estimates and subsequent cash flows

1994 sample

Carhart C-maturity Cash Number of Annualized Annualized
Group alpha alpha flow observations Carhart alpha C-maturity alpha

1 Negative Negative −13.44 62 −7.04% −7.98%
2 Negative Positive −10.53 16 −2.97% 4.01%
3 Positive Negative 0.17 14 0.27% −3.95%
4 Positive Positive −1.30 32 5.75% 7.60%
Cash flow: group 4 − group 1 12.14∗∗
Cash flow: group 3 − group 2 10.70∗∗

2001 sample

Carhart C-maturity Cash Number of Annualized Annualized
Group alpha alpha flow observations Carhart alpha C-maturity alpha

1 Negative Negative 0.88 115 −4.73% −5.78%
2 Negative Positive 3.03 19 −2.01% 2.12%
3 Positive Negative 8.05 54 1.91% −1.93%
4 Positive Positive 36.51 61 5.80% 4.95%
Cash flow: group 4 − group 1 35.63∗∗
Cash flow: group 3 − group 2 5.02∗∗

The table presents the relationship between abnormal return estimates and subsequent cash flows into the funds.
For each fund, we use the Carhart (1997) and C-maturity models to calculate alpha on a quarterly basis for each
quarter the fund is in existence. Each quarter, we sort the funds into the following four groups based on their
alpha during the quarter: (1) both alpha measures are negative; (2) negative Carhart alpha, positive C-maturity
alpha; (3) positive Carhart alpha, negative C-maturity alpha; and (4) both alpha measures are positive. Then, for
each quarter, we define the new quarterly cash flow to each fund during the subsequent quarter as the change
in total net asset value minus the appreciation in fund assets. Each quarter, we average the new quarterly cash
flow across funds within each group and then average the time series of cash flows across groups. The number
of observations, annualized Carhart alpha, and annualized C-maturity alpha also reflect the average of the time
series across groups. Cash flow is measured in millions of dollars. ∗∗ denotes significant differences in the average
cash flow across groups at the 5% level.

hybrid funds.19 Each quarter, we average the new quarterly cash flow across
funds within each group and then average the time series of cash flows for each
group.

Results are reported in Table 9. To test for evidence that investors chase
the past positive abnormal performance of hybrid funds with their investment
dollars, we calculate the difference in average cash flows between Group 4 (both
measures positive) and Group 1 (both measures negative). A positive difference
between the groups suggests that new cash flows are related to measures of
abnormal performance.

The results indicate a strong relationship between performance and cash
flows. For the 1994 sample, quarterly cash flows are negative for both groups,
but on average, $12.1 million less is being withdrawn from funds with past
positive abnormal performance than those with negative past performance.
For the 2001 sample, quarterly cash flows are positive for both groups, and
$35.6 million more is being invested in funds with positive performance. Both
differences are significant at the 5% level. We are not concerned with the

19 For the 2001 sample, all results that follow hold regardless of whether one uses total or percentage cash flows.
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different signs of the average new cash flow across samples since Investment
Company Institute data indicate that overall cash flow into hybrid funds was
negative over the 1994–2000 period while it was positive during the more recent
period. Thus, we are more concerned with the relative rather than absolute
relationship between the groups.

Given the evidence that investors behave as if they chase past performance,
we examine which performance measure drives the future investment dollars.
We calculate the difference in average cash flows between Group 3 (Carhart
positive, C-maturity negative) and Group 2 (Carhart negative, C-maturity pos-
itive) since risk-adjusted performance differs for the funds included in these
two groups.

The results provide strong evidence that investors are using the Carhart
(1997) measure as the basis for their investment decisions. Across both samples,
differences are positive and significant at the 5% level. For the 1994 sample, the
difference in quarterly new cash flows between groups is $10.7 million. Group
3 is the only group with a positive cash inflow of $0.17 million as investors
are placing money in funds that have a positive annualized Carhart alpha of
0.27% but a negative C-maturity alpha of −3.95%. Conversely, investors are
withdrawing an average of $10.5 million from funds with a negative Carhart
alpha of −2.97% but which are performing well on a risk-adjusted basis when
accounting for their fixed-income exposure as measured by the C-maturity alpha
of 4.01%. Similar results hold for the 2001 sample. We find $5.02 million more
is being invested in funds within Group 3 than Group 2, although the C-maturity
alphas indicate that Group 2 funds are outperforming Group 3 funds on a risk-
adjusted basis (2.12% versus −1.93%).

This final set of results emphasizes the importance of controlling for fixed-
income exposure in performance evaluation given that investors are placing
substantial amounts of cash into funds that have negative rather than positive
risk-adjusted performance according to models specifically designed to control
for the fixed-income exposure of the fund.

7. Conclusion

A study of portfolio data provided by Morningstar indicates that fixed-income
securities compose a nontrivial portion of mutual funds holdings across all
major classifications of mutual funds. This raises the following issue, which
is the focus of our study: Does the Carhart (1997) model sufficiently account
for the returns from various fixed-income securities so that conclusions drawn
in performance evaluation are not sensitive to the percentage, credit quality, or
average maturity of fixed-income holdings within a mutual fund’s portfolio?

In this study, we specifically focus on hybrid funds that hold a substantial
amount of fixed-income securities within their portfolios. Despite their growth
in popularity, the performance of these funds has received little attention in the
academic literature. We use daily return data to measure the abnormal return of
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two samples of hybrid funds. First, we estimate performance using the Carhart
(1997) four-factor model and then reestimate performance using two extensions
of the model that we believe are appropriate to measure the performance of
funds that hold both stocks and bonds. We measure abnormal performance
as the fund’s alpha and by using a measure proposed by Bollen and Busse
(2004), which combines both the manager’s asset selection and market timing
performance.

We find that the Carhart (1997) model inadequately explains fixed-income
returns, particularly over the period 2001–2005. As a result, we find that the
extended forms of the model that include a fully specified bond index model
for the bond portion of the fund provide substantially different conclusions
concerning the abnormal performance of the funds. Specifically, there is an
improvement in the estimated performance of our sample that covers March
1994 to December 2000. In the sample that spans January 2001 to June 2005,
performance is positive according to the Carhart model, but is negative and
statistically significant according to the extended models. Qualitatively similar
results also hold for a separate sample of 230 equity funds that report nonzero
bond holdings, and additional tests reinforce that the difference in alpha esti-
mates across the Carhart and extended Carhart models is simply a function of
a fund’s bond holdings.

These results lead us to examine whether investors are properly controlling
for fixed-income exposure in their investment decisions. Our additional tests
indicate that investors who use a fund’s Carhart (1997) alpha as the basis for
investment decisions are being clearly misled, as significantly more investment
dollars remain in or are added to funds with positive Carhart alphas and negative
extended model alphas than to funds with the opposite performance measures.

Overall, the results emphasize the importance of controlling for fixed-income
exposure and motivate the use of bond indices in performance evaluation when
portfolio data indicate that funds hold a substantial proportion of fixed-income
securities. These results are of particular importance given the evidence that
both equity and hybrid fund investors direct cash flows to funds based on
risk-adjusted measures.
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