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The literature testing for the skilled mutual fund managers is one of the largest in finance.
Studies of manager skill are easy to motivate. Actively managed mutual funds hold trillions of
dollars in assets and generate billions of dollars in management fees for fund families and their
managers. For example, while the market share of equity index funds continues to rise, 79.2% of
the assets invested in equity funds in the U.S. in 2014 were invested in actively managed funds.'
At the same time, the oldest branch of this literature continues to raise significant questions about
the ability of active fund managers to justify their fees.> Low levels of performance persistence
among active funds combined with average risk-adjusted, after-fee returns consistently below
those available in index funds has lead some prominent researchers to puzzle over the continued
demand for active management (e.g., Gruber (1996) and French (2008)). The essence of their
argument is that investors would do well to stop chasing active funds with high past returns (e.g.,
Chevalier and Ellison (1997) and Sirri and Tufano (1998)), because high past returns are more
likely to reflect luck than skill. This argument begs the question of why the majority of mutual
fund assets remain actively managed.’

Berk and Green (2004) provide an intriguing potential answer based on diseconomies of
scale. In their model, rational investors chase performance to the point that expected future re-
turns are equalized across funds. In equilibrium, more-skilled managers manage more assets
but—precisely because of the diseconomies of scale associated with managing more assets—
earn the same expected future return as their less-skilled peers. In other words, diseconomies of
scale can potentially rationalize both the high market share of active funds and low levels of per-

formance persistence. Whether diseconomies of scale play a first-order role in explaining the

' See Figure 2.15 in Investment Company Institute’s 2015 Fact Book.

* See, for example, Jensen (1968), Malkiel (1995), Gruber (1996), Carhart (1997), French (2008), and Fama and
French (2010).

A relatively new branch of the literature seeks to answer this question by focusing on measures other than risk-
adjusted, after-fee returns. See, for example, Glode (2011) and Berk and van Binsbergen (2012).



observed levels of performance persistence depends crucially on their magnitude.

Our goal in this paper is to estimate the causal impact of fund size on fund performance,
and then revisit estimates of performance persistence. To motivate our empirical strategy, it is
helpful to view the existing evidence through the lens of Berk and Green’s (2004) model. In a
study that is both representative and widely cited, Chen, Hong, Huang, and Kubik (2004, hereaf-
ter CHHK) regress mutual fund returns on lagged fund size and other observable fund character-
istics. They find that a fund that is a log order of magnitude larger earns risk-adjusted returns that
are 2 to 3 basis points per month lower.* If we were to interpret this difference as the causal ef-
fect of fund size on returns, we would conclude that diseconomies could not be masking a mean-
ingful amount of performance persistence. First, we know that a fund that outperforms its peers
by one percentage point this year will be 2-5 percentage points larger next year (one percentage
point from returns mechanically increasing assets, and the other 1-4 percentage points from the
flow-performance relation).” Second, CHHK's estimate implies that a fund that is one percent-
age point larger will earn returns that are about 0.003 percentage points lower over the next 12
months. Combining these two estimates implies that a fund that outperforms its peers by one
percentage point this year will suffer a 0.6-1.5 basis point penalty next year. In other words, if
we interpret CHHK's estimate as an estimate of the causal effect of fund size on performance, the
effect described in Berk and Green will cause us to underestimate an annual AR(1) coefficient by
0.006-0.015. Given that we estimate the annual AR(1) coefficient to be approximately 0.1, the
estimated diseconomies of scale in CHHK are too small to meaningfully affect our views about

the level of return persistence.

* Chen, Hong, Jiang, and Kubik (2013) and Massa, Reuter, and Zitzewitz (2010) estimate similar partial correlations
between fund size and fund returns, although neither paper is focused on the relation between fund size and returns.
° We take our range from the graphs of the inflow-performance relationship for the "young" (<2 years) and "old"
(>10 years) funds in Chevalier and Ellison (1997), but these slopes have been replicated in many other studies.



However, if fund size is endogenously related to expected future returns, in equilibrium,
fund size will be uncorrelated with future returns, thereby frustrating standard approaches to es-
timating diseconomies of scale. Even if we allow for the possibility that fund sizes are out of
equilibrium, the estimates in CHHK (and other studies) will underestimate the actual disecono-
mies of scale if larger funds have more-skilled managers.®” In other words, unless the correla-
tion between fund size and manager skill is zero, standard OLS estimates of diseconomies of
scale and performance persistence will be biased downward.® The interpretation of OLS regres-
sions of future returns on fund characteristics such as portfolio concentration (Kacperczyk, Si-
alm, and Zheng (2005)), return gap (Kacperczyk, Sialm, and Zheng (2008)), active share (Crem-
ers and Petajisto (2009)), and R* (Amihud and Goyenko (2013)) are also likely to be complicat-
ed, at least when used to learn about the return production process.

To identify diseconomies of scale in asset management, separately from the effects of
other factors that covary with size, we require a natural experiment—something that causes an
increase in fund size for reasons that are related to future returns only through diseconomies of
scale. We identify such an experiment using a regression discontinuity approach. Our insight is

that small changes in fund returns can have discontinuous impacts on fund flows through their

® When testing for diseconomies of scale, Elton, Gruber, and Blake (2012) assert that “if Berk and Green (2004) are
right, then we should find no predictability among big funds for which diseconomies of scale are more likely to be
important” (p. 34). This implicitly assumes that the correlation between manager skill and fund size is zero (or only
weakly positive), whereas the correlation is strongly positive within the Berk-Green model.

7 Controlling for additional fund characteristics, as is common in studies comparing large and small funds, does not
change the fundamental prediction that the partial correlation between fund size and expected returns should be zero,
even in the presence of scale diseconomies. When observable fund characteristics impact expected returns, investors
should allocate dollars across funds such that expected returns are equal conditional on those characteristics.

8 Edelen, Evans, and Kadlec (2007) and Yan (2008) provide evidence that trading costs are higher in larger funds,
likely depressing returns. If larger funds have more skilled managers, and skill mitigates trading costs, the partial
correlation should yield a conservative estimate of the causal effect of size on trading costs. Gutierrez, Maxwell,
and Xu (2009) find no evidence of a size-return correlation for bond funds, and suggest that differences in size-
return correlation between stock funds and bond funds reflects differences in economies of scale in trading costs for
stocks and bonds. Alternatively, size-skill relationship may stronger for bond funds, where skill may be more im-
portant or more readily inferred by investors from fund returns.



impact on the fund’s Morningstar rating. For example, as a fund’s within-category Morningstar
performance ranking increases from the 89" percentile to the 90" percentile, its Morningstar rat-
ing increases from four stars to five stars. Under the assumption that manager skill varies contin-
uously across each of the Morningstar rating thresholds, we can use high frequency data on
Morningstar performance rankings to identify the casual impact of Morningstar rating thresholds
on fund inflows. Then, because this source of fund inflows is uncorrelated with manager skill
(and other factors affecting future returns), we can use these inflows to identify the causal impact
of fund size on fund performance. In other words, we are using small deviations from the rational
behavior assumed in the Berk-Green model to measure the extent of diseconomies of scale.

We have four main empirical findings, based on monthly data from Morningstar that co-
vers virtually every mutual fund in operation between December 1996 and August 2009. First, in
our first-stage regressions, we show that mutual funds just above the threshold for a Morningstar
rating receive incremental net flows over the next six months that are equal to approximately 2.5
percent of assets under management. Second, looking out over the next 6-24 months, we find
little evidence of diseconomies of scale. Our reduced-form estimates of the impact of incremen-
tal net flows on returns are largely positive during the first six months and largely negative dur-
ing the subsequent eighteen months, but none of the estimates are statistically different from ze-
ro. In other words, within the full sample of funds, the exogenous variation in fund size that we
exploit has little impact on fund returns.’

Third, when we shift our focus to subsamples based on investment objectives (e.g., small-

cap equity funds or sector funds), we continue to find little evidence of diseconomies of scale.

’ Using an empirical strategy based on fund fixed effects, Pastor, Stambaugh, and Taylor (2014) find statistically
significant evidence of decreasing returns to scale at the mutual fund industry level. While their fund-level esti-
mates are negative, they are not statistically significant. Industry-level scale diseconomies may help explain low
average risk-adjusted returns, but they would not affect performance persistence coefficients. This motivates our
interest in fund-level diseconomies.



For example, despite the fact that incremental inflows into sector funds reach 14.0 percentage
points by month 24, and despite the fact that sector funds should be an ideal category in which to
test for diseconomies of scale, we cannot reject the hypothesis that the diseconomies implied by
the ratio of our reduced form and first-stage regression coefficients (the Wald estimator) equal
those obtained via standard OLS regressions. The only subsamples for which we can reject the
hypothesis that the Wald estimate equals the OLS estimate are mid-cap equity funds and munici-
pal bond funds.'® Moreover, within both of those subsamples, our Wald estimates imply (small)
positive economies of scale.

Finally, we adjust standard OLS estimates of performance persistence for potential dise-
conomies of scale. Because we find little evidence of diseconomies of scale, our median correct-
ed AR(1) estimate of 0.088 is virtually identical to our uncorrected estimate of 0.090. Moreover,
the upper bound of the 95% confidence interval for the corrected persistence coefficient is 0.14
in the full sample of funds, and even lower in some subsamples.'' Overall, the diseconomies of
scale that we estimated using our regression discontinuity approach are too small to rationalize

the low levels of performance persistence among actively managed funds.

I. Morningstar Ratings and Fund Characteristics
Our identification strategy relies on the discrete nature of Morningstar ratings. It also relies on
the fact that, because Morningstar ratings are based on past returns, we can identify funds near

rating thresholds. In this section, we describe how Morningstar ratings are determined. We then

' One might argue that when OLS and IV estimates are equal, there is no scientific contribution from having done
the IV. We disagree, particularly when there is a plausible alternative explanation for the OLS result that the IV
approach rules out. Two famous examples come from the literatures on smoking and lung cancer (e.g., Doll (1998))
and wages and education (e.g., Card (1999)). In both cases, initial correlative evidence was dismissed on the
grounds that there were very plausible confounding factors, and it was left to later work to establish a causal rela-
tionship.

' By way of comparison, our estimate of 0.14 is significantly lower than the 0.42 implied by the calibration exercise
in Berk and Green. Farnsworth (2013, footnote 2) critiques their calibration exercise on different grounds.



describe our sample.
A. Morningstar Ratings
Morningstar rates mutual fund share classes on a scale that ranges from one star (the lowest pos-
sible rating) to five stars (the highest possible rating). The rating assigned to each mutual fund
share class depends on its relative performance within its Morningstar-determined investment
category over the prior 3 years, 5 years, and 10 years, “after adjusting for risk and accounting for
all sales charges.”'> Morningstar does not rate mutual fund share classes that are less than three
years old.

For mutual fund share classes between the age of three and five years, the Morningstar
rating depends entirely on its relative performance over the prior 36 months. “Within each Morn-
ingstar Category, the top 10% of funds receive five stars, the next 22.5% four stars, the middle

»13 Therefore,

35% three stars, the next 22.5% two stars, and the bottom 10% receive one star.
small differences in past returns, such as going from the 10" percentile to the 11" percentile, or
from the 89" percentile to the 90" percentile, result in discrete changes in Morningstar ratings.
These discrete changes are evident in Figure 1, in which we plot Morningstar ratings for all share

classes that are less than 5 years old against Morningstar’s risk-adjusted, within category return

percentile. Figure 1 also provides graphical evidence that (residual) flows increase sharply

'2 Morningstar changed various detailed of its ratings process in June 2002. See Blume (1998) for a description of
the rating system used from 1996-2002 and http://quicktake.morningstar.com/DataDefs/FundRatingsAndRisk.html
(last accessed 6/30/2015) for Morningstar’s description of their current ratings process. The most significant change
was that the number of Morningstar Categories used for ratings increased from four on May 2002 (Domestic Equity,
International Equity, Taxable Bonds, and Municipal Bonds) to 48 on June 2002, eventually growing to 81 in August
2009. The new Morningstar Categories better reflect actual investment styles (e.g., distinguishing domestic equity
funds that focus on large-cap growth from those that focus on small-cap value). Morningstar also changed the meth-
od used to risk-adjusting returns, and made the relative importance of 5 and 10-year returns depend on whether a
fund had experienced style drift.

13 See http://quicktake. morningstar.com/DataDefs/FundRatingsAndRisk.htm] (last accessed 6/30/2015).



around ratings thresholds.'* (We present more formal evidence in Section III.)

For share classes between the age of 5 and 10, Morningstar determines separate ratings
based on the prior 36 months and the prior 60 months, and “averages” the underlying ratings to
calculate an overall integer rating. In Figure 2, we show how relative performance over the prior
36 and 60 months maps into a share classes' overall rating. The pattern reveals that Morningstar
calculates a fund's overall rating as a 60-40 average of the 5-year and 3-year integer ratings,
causing it to “round up” when the better performance is over the longer horizon."” For example,
a share class with a 36-month return that puts it at the 89" percentile (four stars) and a 60-month
return that puts it at the 90" percentile (five stars), receives an overall rating of five stars. In con-
trast, a share class with a 36-month return that puts it at the 90" percentile (five stars) and a 60-
month return that puts it at the 89" percentile (four stars), receives an overall rating of four stars.
To the extent that we are willing to assume that the managers of these two funds are similarly
skilled (conditional on current assets under management) and that the five-star fund receives
higher residual flows, we can study the impact of these incremental flows on future returns.

While the staircase boundaries between overall ratings may strike readers as an unusual
methodological choice by Morningstar, it is helpful from the perspective of our research, since
this approach increases the number of funds that are very close to a rating boundary. For share
classes that are more than 10 years old, Morningstar’s overall rating depends on the average of
the 3-year, 5-year, and 10-year ratings. For these share classes, thresholds between ratings are

conceptually similar to those in Figure 2. However, because these thresholds relate to three un-

'* The residual flows in Figure 1 come from versions of the baseline flow regression in Section III that omit the
Morningstar within-category percentile ranking and discontinuity dummy variable.

!> After June 2002, Morningstar began giving older history less weight when funds had experienced style drift. To
make Figure 2 more transparent, we exclude these funds from the picture. Depending on how much style drift was
experienced and when it was experienced, a fund's 3-year history can receive more than 50 percent of the weight,
causing the rounding to occur in the other direction.



derlying ratings, they must be plotted in three dimensions.

B. Sample Construction

To study the impact of mutual fund flows on mutual fund returns, we obtain data from Morn-
ingstar Principia CDs. Our sample consists of all open-end mutual funds that have at least one
share class rated by Morningstar. Because Morningstar does not rate share classes that are less
than three years old, mutual funds enter our sample when their oldest share class reaches three
years of age. The fact that we only study funds in the time period in which they appear on a
Morningstar CD limits the influence of incubation bias (Evans (2010)) on our results. While in-
cubation bias might help to explain why funds appearing on a Morningstar CD for the first time
have average Morningstar ratings about a quarter point above older funds, our analysis of future
inflows and performance uses only non-backfilled data. Consequently, our estimates of scale dis-
economies should be unaffected by incubation bias.

Our data begin in December 1996 and end in August 2009.'° Because mutual fund share
classes can earn different Morningstar ratings and experience different inflows, the unit of obser-
vation in our initial analysis of inflows is the share class. As any scale diseconomies would occur
at the fund (portfolio) level, however, in most of our analysis we aggregate variables to the fund
level, weighting each share class in proportion to its assets under management in the prior
month. In practice, the exact approach we take to weighting share classes has little influence on
the results because the average fund gets 84 percent of its assets from its largest share class.

Finally, because Morningstar within-category percentile rankings do not distinguish be-

tween actively and passively managed mutual funds, we include the share classes of index funds

' We have been unable to obtain data for 12 of the 36 months between January 1997 and December 1999. The
missing months are January 1997, February 1997, April 1997, May 1997, July 1997, August 1997, October 1997,
November 1997, January 1998, July 1998, January 1999, and November 1999. The fact that we have data for all
months that end a calendar quarter motivates our focus on time horizons divisible by three months.



in our sample when calculating within-category percentile rankings. However, we are careful to
exclude index funds from all inflow and return regressions.

C. Summary Statistics

In Table 1, we report fund-level summary statistics for the full sample of 491,863 fund-month
observations. We also use asset-weighted average Morningstar ratings to assign fund-level rat-
ings, and report summary statistics for each fund-level rating category. Looking across these cat-
egories, we see that funds with higher ratings tend to be larger and come from larger families.
Funds with higher ratings also tend to charge lower average fees (both in month # and month
t+12), tend to offer fewer share classes, and are less likely to charge a sales load. Of course, dif-
ferences in fees and sales loads follow, at least in part, from the fact that Morningstar ratings are
based on returns measured net of fees and loads. Although Guedj and Papastaikoudi (2003) find
that families can increase fund performance by allocating an additional manager to the fund, and
changes in the future allocation of managers to funds in response to crossing a ratings threshold
pose a potential challenge to our identification strategy, we find that the number of named fund
managers is effectively constant across the five ratings and highly persistent.'’

The most interesting differences between funds with higher and lower ratings involve fu-
ture flows and future returns. Consistent with investors responding to Morningstar ratings (or to
the return histories underlying them), we find that funds with higher ratings receive higher net
flows over the next 24 months. Relative to other funds in their Morningstar category, the typical
five-star funds grows by 23 percentage points over this period, while the typical one-star funds
shrinks by 18 percentage points. The results presented later imply that of this 41 percentage point

difference, about 9 percentage point represents a causal effect of the difference in Morningstar

" In Appendix Table A1, we test for, but do not detect, discontinuities with respect to current and future changes in
management structure.



ratings on flows, with the remainder being due to investors responding directly to observable
fund characteristics included in Morningstar’s ratings (e.g., past returns, risk, and loads), other
observable characteristics correlated with the ratings (e.g., low expenses), or unobservable char-
acteristics correlated with the ratings (e.g., marketing efforts).'®

Consistent with prior work on the predictive power of Morningstar ratings (e.g., Blake
and Morey (2009)), we find that one-star funds underperform other funds over the next 24
months, but find little difference in the future performance of other funds. The fact that 5-star
and 2-star funds perform approximately as well in the future despite 5-star funds experiencing
greater inflows does not necessarily imply the absence of scale diseconomies, however. In the
Berk-Green model, the 5-star funds attract more inflows because they have more skilled manag-
ers, and this skill allows the funds to match the 2-star funds’ returns despite managing more as-
sets. For a test for scale diseconomies to be valid, it needs to exploit a source of variation in in-
flows that is not caused by or correlated with manager skill. Fortunately, the discontinuities in

the Morningstar ranking function generate this type of variation.

I1. Overview of RD and our Identification Strategy

In order to measure the causal impact of fund size on fund performance, we must identify varia-
tion in fund size that is uncorrelated with manager skill. In markets with perfectly rational, in-
formed investors, this variation should be impossible to come by. We use a regression disconti-
nuity approach that exploits the fact that mutual funds with past returns immediately above a

Morningstar rating threshold receive a discretely higher rating than mutual funds with past re-

'8 Prior work examining the relationship between fund inflows and Morningstar ratings uses observable variables to
control for these factors. For example, when they include fund fixed effects, Del Guercio and Tkac (2008) continue
to find a positive association between stars and flows. A limitation of this approach is that fund fixed effects are
necessarily assumed to be constant, whereas one might expect some unobservable characteristics (e.g., marketing
efforts) to change.
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turns immediately below the threshold. To the extent that investors place positive weight on
Morningstar ratings, funds with risk-adjusted returns immediately above a ratings threshold are
likely to receive significantly more inflows than funds with risk-adjusted returns immediately
below the threshold."

Our analysis proceeds in two stages. In the first-stage regressions, we estimate the impact
of rating thresholds on future flows. Then, we use reduced-form regressions to estimate the im-
pact of rating thresholds on future returns. The identifying assumption is that while inflow will
vary sharply at each threshold, the other fund characteristics that might be related to future re-
turns will vary continuously.® Under this assumption, our first-stage and reduced-form esti-
mates allow us to measure the extent of diseconomies of scale.

More formally, our analysis focuses on actively managed mutual funds just above and
below each rating threshold. For example, with respect to the threshold between four stars and
five stars, our first-stage regression predicts log net flows as function of the within-category per-
centile ranking used to determine Morningstar ratings, a dummy variable that indicates whether
the within-category percentile ranking the share class i of fund j in month ¢ is above the five star

rating threshold, and controls, including multiple controls for past performance and past flows.

Flow, . ., =06, threshold indicator,  + Aranking . +f, X, +1,_, (1)

' In the Berk-Green model, investors use risk-adjusted past returns to directly infer manager skill. Because perfectly
informed investors will not place any weight on Morningstar ratings, flows will vary continuously across Morn-
ingstar rating thresholds. To motivate our RD approach, consider a version of the Berk-Green model where many
investors observe Morningstar stars rather than risk-adjusted returns, and make inferences about manager skill based
on the average characteristics of funds with that rating. In this version of the model, average performance will be
equalized across the different Morningstar ratings. However, there will be flow discontinuities at rating boundaries
and—because funds just over a boundary will have similar managerial skill to those just under it—the incremental
flows will cause funds just over a boundary to underperform. Of course, given this underperformance, sophisticated
investors who directly observe returns will rationally choose to invest in funds just below ratings boundaries. There-
fore, for the flow discontinuities that we observe in the data to exist, the number of sophisticated investors must be
limited.

*% Imbens and Lemieux (2008) and Lee and Lemieux (2009) provide excellent overviews of the regression disconti-
nuity approach.
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where 8, measures the discontinuous flow effect associated with the ratings threshold.'

In many RD settings, the “forcing variable”, which determines whether an observation is
above or below the threshold, is exogenous.” In our setting, the forcing variable is the within-
category percentile ranking, which is not exogenous. However, our identifying assumption is
that, because all managers are trying to maximize relative performance, manager skill will vary
continuously across the threshold for a higher rating. In other words, while we allow for the pos-
sibility that managers with slightly higher returns are slightly more skilled, our identification
strategy assumes that skill does not jump in a discontinuous way at the threshold between rat-
ings. The fact that thresholds for different Morningstar ratings depend on within-category per-
formance rankings over as many as three investment horizons increases our confidence that the
distribution of manager skill is smoother than the distribution of Morningstar ratings.”

To estimate fund-level flows, we focus on the discontinuity measure for the fund’s largest

share class. Then, we estimate a reduced-form regression

Return, , ,, =6 threshold indicator, ;, + Aranking, . +B.X, +n, ()

where O,r measures the causal effect of ratings thresholds on returns. Under the assumption that
the causal effect of ratings thresholds on flows is unrelated to differences in manager skill, &
will capture any diseconomies of scale associated with these flows. Finally, we can estimate the

causal impact of flows (i.c., the treatment) on returns (i.c., the outcome) as the ratio of &, to 0.

! Following the advice in Imbens and Lemieux (2008), we experimented with more flexible approaches to control-
ling for the ranking variable, but found that the results varied little from the local linear approach.

** For example, to study the impact of the Sarbanes-Oxley Act on firms costs and earnings, Iliev (2010) exploits the
fact that U.S. firms with a public float below $75 million in 2002, 2003, or 2004 were allowed to delay compliance
with Section 404 until well after the November 2004 date on which slightly larger firms were required to comply.

' An common concern in regression discontinuity studies is manipulation of the forcing variable. In our setting, the
forcing variables is the within-category percentile ranking, so our identification approach would be threatened if
funds with more skilled managers were also able to manipulate their returns in order to place just above a Morn-
ingstar cutoff. We conduct several tests for and find no evidence of such manipulation. We test for discontinuities in
the density of risk-adjusted returns around Morningstar cutoffs (McCrary (2008)) and for month-to-month persis-
tence in the discontinuity variable (controlling for the forcing variable). We also test for discontinuities in lagged
flows and returns and the control variables. These results are presented in an Appendix.

12



The more negative the Wald estimator, the larger the implied diseconomies of scale.

ITI. Impact of Morningstar Ratings on Flows
In this section, we present evidence that Morningstar ratings have a causal impact on investor
flows. Because our identification strategy exploits the discreteness of Morningstar ratings, and
because different share classes of the same mutual fund can receive different Morningstar rat-
ings, we begin by studying the impact of Morningstar ratings on net flows at the share class lev-
el. Consistent with equation (1), our general approach is to regress log net flows of share class i
in month 7+/ on its Morningstar percentile ranking in month ¢, which is our local linear control,
and a dummy variable that indicates whether share class i is above the threshold for a particular
rating in month ¢. Under the assumption that manager skill varies continuously across the rating
threshold, the dummy variable will capture incremental flows into the higher-rated fund that are
uncorrelated with manager skill.

To quantify these discontinuous flow effects, in Table 2, we estimate separate regressions
for each rating thresholds (i.e. one star versus two stars, ..., four stars versus five stars), and a
pooled regression that combines all four thresholds. In each case, the sample is restricted to those
share classes that are within five percentiles of a rating threshold.** For example, when we focus
on the threshold between four and five stars, we restrict the sample to share classes with Morn-
ingstar rankings between the 85" and 95™ percentiles. We further restrict the sample to actively
managed funds by excluding any fund that Morningstar identifies as an index fund.

In addition to the variables that we report in Table 2, “Baseline” regressions control for

the lagged log size of the share class, portfolio, and family, portfolio turnover, expense ratio, and

** In the Appendix, we present robustness checks that vary this five percentile bandwidth.
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the presence of loads (front, deferred, and trailing).”> Because our sample includes the full range
of Morningstar categories (i.e., large-cap equity, sector funds, corporate bond funds, etc.), we
include a separate fixed effect for each Morningstar category each month. This allows us to
compare funds to their peers.” In the regressions with “Additional Controls”, we supplement the
Morningstar percentile ranking variable with controls for Morningstar's measure of risk-adjusted
returns, lagged log returns from ¢-12 to ¢-1, t-24 to t-13, and #-36 to ¢-25, and lagged log inflows
from #-12 to ¢-1 and ¢-3 to t-1. Because mutual funds with multiple share classes can appear mul-
tiple times in the same month, we cluster standard errors on the fund.”’

The estimated coefficients on the threshold indicator variable are positive and statistically
significant for each of the four ratings thresholds, and for the pooled regression that includes all
four ratings thresholds. In the baseline regressions, the estimates range from 0.337 percentage
points at the boundary between 1 star and 2 stars (significant at the 5-percent level) to 0.946 per-
centage points at the boundary between 4 stars and 5 stars (significant at the 1-percent level).
When we include additional controls for past returns and past flows, the estimated coefficients
decline, but only slightly. For example, within the stacked regression, the estimated coefficient
falls from 0.518 to 0.432 percentage points, but remains statistically significant at the 1-percent

level. In other words, share classes that are just above the Morningstar ratings threshold this

** Edelen (1999) finds that investor flow volatility is associated with lower fund returns and higher trading activity.
The incremental net flow caused by Morningstar ratings may be accompanied by higher gross flow that stimulates
trading. While we lack Edelen’s hand-collected data on gross flows, we do not find evidence of discontinuities in
future portfolio turnover at Morningstar boundaries, and including portfolio turnover as a control does not materially
affect our results.

%% pastor and Stambaugh (2012) hypothesize and Pastor, Stambaugh, and Taylor (2014) conclude that there are dise-
conomies of scale at the mutual fund industry level. Including category-by-month fixed effects effectively controls
for changes in the average return each month due to changes in the intensity of competition.

* Given the large number of regressions estimated in the study and the large number of category-time fixed effects
included in each model, it is not practical to cluster standard errors on both fund and month (e.g., following Petersen
(2009)). However, when we experimented with two-way clustering on fund and month, we found that the standard
errors were quite similar to those reported in the paper. This is likely because all of our regressions include time
fixed effects and because the distribution of Morningstar ratings is stable across time periods. We also found that our
results were robust to clustering standard errors by family instead of by fund.

14



month receive an additional 0.432 percentage points in net flow next month, compared to share
classes that are just below the threshold.

Our identifying assumption is that manager skill and other fund characteristics related to
future returns vary continuously across rating thresholds. In the last two columns of Table 2, we
test this assumption by changing the dependent variable from log net flows in month 7+/ to log
net flows in month ¢. If the discontinuity in flows in month #+7/ is due to a discontinuity in flow-
producing (and, potentially, return-producing) fund characteristics at the start of month ¢, rather
than to the higher Morningstar rating, we should also find discontinuity effects in month 7. Im-
portantly for our empirical strategy, when we shift our focus to current-month flows, only five of
the ten estimated coefficients on the discontinuity dummy variable are positive, and only one is
statistically significant from zero (at the 10-percent level). These results strongly suggest that the
discontinuity in flows in month #+/ is solely due to the higher Morningstar rating. Overall, the
results in Table 2 provide the “first stage” that we need to study the causal impact of flows on
performance.

Of course, to test for diseconomies of scale, we need to study the impact of fund-level
flows on fund-level performance. In Table 3, we study the impact of Morningstar ratings on log
net flows at the fund level. Because many funds have more than one share class, we need a
measure of incremental flows that is aggregated across all of fund j’s share classes. Most funds
have a main share class that contains the majority of the assets (traditionally the “A” class for
load funds and the “Investor” class for no-load funds). Because other share classes have the same
return gross of fees and expenses, within-fund differences in returns (and Morningstar percentile
rankings) reflect differences in fees and expenses. The Morningstar rating of the largest share

class is generally the one marketed to potential investors, as other share classes either have lower
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ratings due to higher fees (e.g., B, C, and Service share classes) or impose restrictions on who
can purchase them (e.g., Institutional share classes). Our approach is to focus on the discontinui-
ty and ranking variables for fund ;’s largest share class.”®

The estimated coefficients in the first two columns of Table 3 are qualitatively similar to
those in Table 2, with slightly smaller magnitudes because the denominator is fund-level assets
rather than share class-level assets. Seven of the ten coefficients are statistically significantly dif-
ferent from zero at conventional levels, with the lack of a discontinuity at the 1/2 star boundary
being the major exception. Importantly, we continue to find little evidence of a discontinuity in
current month flows.

Again, the coefficient estimates from the regressions with additional controls are slightly
smaller than the baseline estimates, but the differences are never statistically significant. Because
we find the strongest evidence of flow discontinuities when we stack the 3/4 star and 4/5 star
boundaries, we focus on these boundaries in later tables. Figure 3 provides graphical evidence of
the discontinuity in future inflows at each rating threshold.”” Figure 4 provides graphical evi-
dence of the lack of the discontinuity in current month inflows. In the appendix, we provide evi-
dence of a lack of discontinuities in the control variables, which further supports our identifica-

tion strategy.

IV. Testing for Diseconomies of Scale
We now use the incremental flows earned by funds with returns just above rating thresholds to
test for diseconomies of scale. We begin by estimating first-stage and reduced-form regressions

on the full sample of mutual funds over longer investment horizons. Then, because diseconomies

** As an alternative, we experimented with taking the highest Morningstar rating and ranking variable across all
share classes, on the assumption that this would be the rating marketed to investors. We found very similar results.

%% Residual flows in Figures 3 and 4 are estimated from the baseline specification in Table 3 but omit the Morn-
ingstar within-category percentile ranking and discontinuity dummy variables.
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of scale may differ across asset classes, we estimate first-stage and reduced-form regressions for
different subsamples of mutual funds. Finally, we compare the diseconomies of scale estimates
implied by our first-stage and reduced-form regressions to the diseconomies of scale estimates
implied by standard OLS regressions.
A. Evidence from Broad Samples of Equity and Bond Mutual Funds
In Table 4, we extend the analysis in Table 3 along three dimensions. First, rather than estimat-
ing first-stage regressions focused on log net flows in month 7#+7, we estimate first-stage regres-
sions focused on cumulative log net flows over different investment horizons. Our goal is to
measure the long-term impact of rating thresholds on fund flows. Second, for each first-stage re-
gression of log net flows on the discontinuity variable (and full set of controls), we estimate an
analogous reduced-form regression of log net returns on the discontinuity variable (and same set
of controls). Given our identification assumption that flows associated with rating thresholds are
uncorrelated with manager skill, these flows should only impact fund returns through disecono-
mies of scale. The reduced-form regressions are intended to measure this impact. Third, in addi-
tion to reporting regression results for the full sample of actively managed funds (“All funds”),
we report results separately for equity funds (“All equity”’) and bond funds (“All bonds™). We
focus on specifications where the 3/4 star and 4/5 star boundaries are stacked, and report results
for specifications that use other boundaries in the Appendix. Standard errors are clustered on
fund.

When we restrict attention to net flows in #+/ and net returns in month #+/, we find little
evidence of diseconomies of scale. Estimated incremental flows are between 0.56 and 0.59 per-
centage points, depending on the sample that we study, and statistically significant from zero at

the 5-percent level and below. In contrast, the estimated coefficients on the threshold indicator
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variable in the return regression are economically small, ranging between -0.01 and 0.01 per-
centage points, and are not statistically significantly different from zero at conventional levels.

When we focus on cumulative log net flows beyond month #+7, we continue to find that
Morningstar rating boundaries are associated with significant incremental flows. For example, in
the “All funds” sample, the incremental flows associated with the threshold indicator variable
(measured in month ¢) are 0.59 percentage points in month ¢+, 1.75 percentage points through
month 7+6, 2.34 percentage points through month ¢+72, and 2.88 percentage points through
months 7+24. These estimates imply that while the effect of an extra Morningstar star in the
ranking disseminated during month #+7 is strongest in that month, the effect of the extra star per-
sists beyond the initial month. There are numerous mechanisms that could produce this effect.
Investors may make an initial investment in month #+/ based on the current-month Morningstar
rating, and that initial investment decision may affect the placement of subsequent investments.
Investors may also make investment decisions based on an accumulation of signals received over
several months. Regardless of the mechanism, our findings about the timing of investor reactions
to Morningstar are consistent with prior findings on the timing of investor reactions to media
mentions or advertising (e.g., Reuter and Zitzewitz (2000)).

When we examine returns after month 7+/, we continue to find little evidence that the
variation in fund size associated with rating thresholds affects future returns. Through month
t+6, the coefficients on the threshold indicator variable are almost uniformly small and positive,
possibly reflecting the finding in Lou (2012) that flows can temporarily push up security prices.
The strongest evidence of scale diseconomies appears in month ¢+/8, where equity funds with
returns just above a rating threshold receive flows totally 2.62 percentage points of assets and

underperform their peers by 5 basis points. However, the underperformance is not statistically
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significant at conventional levels. Moreover, none of the return effects for bonds after month
t+2 is negative. In other words, exploiting exogenous variation in fund size due to Morningstar
rating thresholds, we find little evidence of diseconomies of scale. In Figures 5A, 5B, 6A, and
6B, we graph the contemporaneous and cumulative flow and return effects for equity and bond
funds as a function of time.

B. Evidence from Different Investment Categories

Although we find little evidence of diseconomies of scale within broad sample of mutual funds,
we might reasonably expect the degree of diseconomies of scale to vary across asset classes. For
example, CHHK find their strongest evidence of diseconomies of scale among small-cap equity
funds. More generally, we might expect the strongest diseconomies of scale in asset classes with
less liquidity (e.g., municipal bond funds) or where the inflows experienced by a typical fund are
large relative to the investment options available (e.g., sector funds).

In Table 5, we re-estimate the first-stage and reduced-form regressions for different mu-
tual fund categories over four different investment horizons. We use the Morningstar category
variable to create the following seven non-overlapping subsamples of mutual funds: large-cap
equity; mid-cap equity; small-cap equity; sector funds; international equity; taxable bonds; mu-
nicipal bonds. (We exclude a small set of funds that do not fall into these categories, such as bal-
anced funds, commodities funds, and target-date retirement funds.) The “All equity” sample that
we introduced in Table 4 combines large-cap equity, mid-cap equity, small-cap equity, sector
funds, and international equity. The “All bonds” sample includes “taxable bonds” and “munici-
pal bonds.” We focus on cumulative log flows and log returns through month ¢+6, t+12, t+18,
and t+24.

The estimated flow and return effects in the first column of Table 5 are for all funds, all
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equity, and all bonds and match those reported in Table 4. The other columns focus on different
types of funds. Looking across the seven non-overlapping subsamples, we see that the estimated
flow effects are almost always positive, but also that the standard errors tend to be much larger
than in the full sample. The evidence that Morningstar rating thresholds impact flows is strongest
for sector funds, taxable bond funds, and municipal bond funds. For sector funds, the magnitudes
are quite large, ranging from 5.91 percentage points in month #+6 to 13.71 percentage points in
month 7+24. Given our need to focus on exogenous variation in fund size, it is hard to imagine
ever finding exogenous variation in fund size beyond 13.71 percentage points. The only subsam-
ple-horizon first-stage estimates that are negative for small-cap equity funds are for months #+1/2
through +24.

Turning to the reduced-form regressions for the seven non-overlapping subsamples, we
see that 15 of the 28 estimated coefficients are negative. However, the only negative coefficient
that is statistically different from zero at conventional levels is for small-cap equity in month
t+18, when the first-stage estimate is also negative (but statistically insignificant). Despite
strong flow effects, none of the return effects for sector funds is statistically significant. In con-
trast, seven of the eight estimates for mid-cap equity and municipal bonds are positive and statis-
tically significant from zero (at the 5-percent level). Overall, the evidence appears to be as con-
sistent with positive economies of scale as with diseconomies of scale.

D. Evidence from Different Levels of Aggregation

Above, when we ask how flow and return effects vary across asset classes, the unit of observa-
tion is the mutual fund. In this section, we ask how flow and return effects vary across more
highly aggregated portfolios. There are two ways to motivate this exercise.”’ The first is uncer-

tainty about the nature of the diseconomies of scale. As Berk and Green (2004) note, a fund may

3% We thank the two anonymous referees for encouraging us to perform the analysis in this section.
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generate lower returns when it grows “sufficiently large” either because “a manager will spread
his information processing activities too thin” (unit of observation should be the manager or
management team) or because “large trades will be associated with a larger price impact and
higher execution costs” (unit of observation should be the fund or all funds in the family in the
same asset class) (p. 1273). The second motivation is to address concerns that the fund-level
tests for diseconomies of scale are confounded by the reallocation of resources (or cross-
subsidization) within fund families.

We report versions of Table 5 for four different levels of aggregation in the Appendix.
(See Tables A4 through A7.) Regressions in each version include weighted-average threshold
indicators based on all the underlying share classes, the weighted-average running variable, and
the full set of controls.”’ For comparability, we begin with a version where the unit of observa-
tion is the mutual fund (i.e., an alternative version of Table 5). Next, we aggregate across portfo-
lios so that all funds with the same management team in the same broad category become a sin-

* In the third version, all funds with the same primary manager in the same

gle observation.’
(broad) category become a single observation. Because Morningstar does not appear to list man-
agers in alphabetical order, we assume that the primary manager is the manager listed first by
Morningstar.>® In the last version, we aggregate across all funds within the family that are in the
narrow Morningstar category, which allows us to test for diseconomies of scale at the family lev-

el for each asset class.

Looking across the four tables, we see that the flow effects that tend to be both larger and

3 Regressions in Tables A4 and AS include narrow Morningstar category-by-time fixed effects. Regressions in
Tables A6 and A7, which aggregate portfolios to the level of the broad Morningstar category, switch to broad Morn-
ingstar category-by-time fixed effects.

32 Broad categories are the categories used in Table 5: Large-cap equity, Mid-cap equity, Small-cap equity, Sector
funds, International equity, Taxable bonds, and Municipal bonds.

*3 For funds with two named managers, manager names are listed in alphabetical order only 52% of the time.
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more highly significant than in Table 5. However, because the sixteen return effects that we re-
port for each type of fund almost always contain a mixture of signs and magnitudes, few other
patterns emerge. At both the fund-level (Table A4) and the family-category level (Table A7), we
continue to find positive return effects for mid-cap equity. At the management team and prima-
ry-manager-levels, we find negative return effects for municipal bonds in months #+/8 and 7+24,
but the magnitudes are quite small. Five of the sixteen estimated return effects for large cap-
equity are negative and statistically significant (at the 10-percent level and below), but the im-
plied diseconomies of scale are the same as in Table 5 (because the flow effects and return ef-
fects are both larger). Finally, five of the sixteen estimated return effects for sector funds are
negative and statistically significant, while another is positive and statistically significant. To the
extent that we find evidence of meaningful diseconomies of scale in this section, it is only with
respect to sector funds, and only in the fund-level regressions.
E. A Comparison of Wald and OLS Estimates of Diseconomies of Scale
Our regression discontinuity approach allows us to directly estimate the causal impact of rating
thresholds on flows and the causal impact of rating thresholds on returns. However, we are ulti-
mately interested in measuring the causal impact of flows on returns. To obtain a Wald estimate
of the diseconomy of scales for a particular subsample of mutual funds and investment horizon,
we scale the estimated coefficient from the reduced-form by the estimated coefficient from the
first stage. For example, for the “All equity” sample of funds through month #+24, one percent-
age point in incremental flows is associated with incremental returns that are 0.03 percentage
points lower. (The Wald estimate of -0.03 equals -0.07 divided by 2.29.)

Table 6 reports Wald estimates for different sets of mutual funds and investment horizons

alongside the first-stage and reduced-form estimates (from Table 5). Eleven of the 28 Wald esti-
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mates are negative.”* Among the seven mutually exclusive categories of funds, nine of the 19
Wald estimates are negative. However, the standard errors associated with many of the estimates
are quite large, particularly at longer time horizons and in categories with smaller inflow effects.
In the last several columns of Table 6, we compare our Wald estimates to the partial cor-
relation between fund size and fund returns that we estimate within the same sample using stand-
ard OLS regressions (i.e., using a specification similar to that used in CHHK and numerous other
papers). Specifically, the partial correlation for each asset class and investment horizon is esti-
mated as the coefficient on fund size in a regression of future returns on the variables listed un-
der fund characteristics in Table 1, a control for past-12-month log returns, and a separate fixed
effect for each Morningstar category each month. Consistent with the existence of diseconomies
of scale, each of the negative Wald estimates is significantly more negative than the correspond-
ing OLS estimate. However, the average Wald estimate is 0.028 versus an average OLS estimate
of -0.002. Similarly, the median Wald estimate is 0.007 versus a median OLS estimate of -0.002.
Because of the larger standard errors on the Wald estimates, we can only reject the hypothesis
that the OLS and Wald estimates are equal in the six cases where the Wald estimate is statistical-
ly significant from zero (the p-values of the Hausman tests range from 0.02 to 0.09). Further-
more, in all six of these cases, which apply to mid-cap equity and municipal bond funds, the
Wald estimate is actually more positive than the OLS estimate, suggesting the existence of
(small) economies of scale.
F. Robustness: Estimating Diseconomies of Scale From Changes in Morningstar Ratings
To test for diseconomies of scale, we have been comparing the future flows and future returns of

funds whose current returns are near thresholds for specific Morningstar ratings. This approach is

** The fact that the estimated flow effects in Table 5 are negative for small-cap equity funds for months t+12, t+18,
and t+24 prompts us to drop these subsample-horizon combinations from Tables 6 and 7.
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inherently cross-sectional. The rating thresholds that we use in month ¢ are those that Morn-
ingstar uses to determine its rating in month z. In this section, we take a different approach and
use time-series changes in fund ratings to test for diseconomies of scale. When we modify our
baseline flow regression to include both the Morningstar star rating in month #-/ and the change
in Morningstar star ratings between month ¢ and #-/, the (unreported) estimated coefficient on the
change in ratings variable is 4.6% (standard error of 0.2%). This suggests that gaining one star is
associated with a 4.6% increase in fund size over the next 12 months. While 4.6% is two times
the full-sample estimate of 2.3% in Table 4, time-series changes in fund ratings are less plausibly
exogenous than the cross-sectional differences in fund ratings that we exploit above.

To identify exogenous changes in Morningstar ratings, we exploit a significant change in
how Morningstar ratings are determined. Through May 2002, fund ratings are based on rankings
“across four broad asset classes (U.S. stock, international stock, taxable bond, and municipal
bond).” However, beginning in June 2002, funds are “ranked and rated within nearly 50 Morn-

ingstar Categories.”’

This change in methodology increases the ratings of the top performing
funds in investment categories with lower average returns, and decreases the ratings of the not-
top-performing funds in investment categories with higher average returns. The standard devia-
tion of the variable measuring changes in ratings jumps from 0.3 stars within the full sample to
0.9 stars in June 2002. When we limit the flow regression sample to June 2002, the estimated
coefficient on the change in ratings variable is again 4.6% (standard error of 1.0%).

The advantage of focusing on June 2002 is that, if we treat the changes in ratings in this

month as being purely exogenous, they provide another strong first stage. The disadvantage is

that we are limited to a single (noisy) cross-section of mutual fund returns. In the reduced-form

?* See the Morningstar Press Release titled "Morningstar, Inc. to Change "Star Rating" for Funds", dated April 22,
2002.
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regression, the coefficient on the change in ratings variable is 0.19 percentage points (standard
error of 0.16). Combining the first-stage and reduced-form estimates, a one-percentage point in-
crease in fund size is associated with a 0.04 percentage point increase in fund returns (standard
error of 0.03). This effect is statistically and economically indistinguishable from the 0.01 per-
centage point increase that we find for “All funds” in Table 6. Therefore, regardless of whether
we focus on our preferred regression discontinuity estimates or estimates based on changes in the
Morningstar rating system, we find little evidence that fund size erodes performance.

G. How are Incremental Flows Invested?

There are two reasons why incremental flows might not depress fund returns. First, incremental
flows may be closet indexed rather than actively managed. This is what the Berk-Green model
assumes will happen when a fund’s assets under management exceed the optimal level for its
manager. Second, incremental flows may be used to deepen existing positions, but without gen-
erating enough price impact to significantly harm returns. For example, for sector funds in month
t+12, flows rise 8.54 percentage points and after-fee returns fall 0.11 percentage points. The
Wald estimate is that a 1 percentage point increase in size is associated with a 2 basis point de-
crease in returns (standard error is 6 basis points). This decrease is consistent with incremental
flows being invested at prices that are approximately 2% too high, which may be plausible given
that sector funds are constrained to a limited number of stocks.

In Table 7, we examine how incremental flows are invested. We begin by estimating a
reduced-form regression with the number of equity holdings as the dependent variable. This
specification measures the casual impact of incremental flows associated with the 4/5-star and
3/4-star boundaries on the number of equity holdings. The sample is limited to non-specialty

domestic equity funds for which we observe quarterly holdings. We do not find any evidence
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that the number of holdings increases in response to incremental flows. Instead, our findings
suggest that incremental flows are used to deepen existing positions, which is what Pollet and
Wilson (2008) find when they treat net flows as exogenous.*®

Next, we sort the sample of domestic equity funds into two groups based on the number
of stocks they hold. Our hypothesis is that funds with fewer stocks than the median fund (within
the same investment objective in the same month) may be more likely to actively manage their
incremental flows. If so, funds with more concentrated portfolios may be the most likely to ex-
hibit diseconomies of scale. Although the standard errors are higher than in our main tables, we
find some evidence that incremental flows are higher in funds with more concentrated portfolios.
This finding suggests that investors prefer to invest in more actively managed funds. However,
we find no evidence that funds with more concentrated portfolios earn lower returns than funds
with less concentrated portfolios.
H. Robustness: Variation in Fund and Family Characteristics

In a final set of robustness tests, we re-estimate flow and return regressions for different
partitions of the “All funds,” “All equity,” and “All bonds” samples. We report these results in
Appendix Tables A8, A8A, and A8B, respectively. We find stronger flow effects into smaller
funds (i.e., those of below median size within their category) and younger funds (i.e., those be-
tween 3 and 5 years old). (The standard errors are too large to conclude anything definitive
about the sample of small and young funds.) We also find stronger flow effects into smaller
families; funds that we classify as being more actively managed (based on their correlation with
the best-fit index as reported by Morningstar); and load funds. While these patterns suggest that

investors place more weight on Morningstar ratings when investing in funds for which recent

%% In unreported regressions, we test for changes in the Cremers-Petajisto (2009) active share measure. The estimat-
ed coefficients are positive, suggesting that incremental flows are driving portfolio weights further from benchmark
weights, but the standard errors are large.
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returns may be relatively more informative about manager skill—or when they are investing
through a broker—the return effects remain both economically small and statistically indistin-
guishable from zero. Of the 44 estimates from return regressions based on differences in fund
and family characteristics in the “All funds” sample, only 12 are negative. The final comparison
divides the sample into periods before and after November 2000, when Regulation Fair Disclo-
sure (Reg FD) went into effect. We find slightly stronger flow effects, but similar return effects,
in the post-Reg FD period.

1. Summary

While our identification strategy necessarily limits the variation in fund size that can be used to
test for scale diseconomies, it is important to note that we are testing for scale diseconomies at
many different points in the size distribution. We separately examine asset classes where Morn-
ingstar rating effects are large (e.g., sector funds and international equity) or modest but precise-
ly estimated (large-cap equity, municipal bonds). We also separately examine asset classes where
diseconomies of scale are most likely because managers have limited securities to chose from
(sector funds), where there is more room to invest additional assets (large-cap equity), and where
economies of scale may be most likely, due to large trades having lower trading costs (bonds).
The change in rating system in 2002 gives us a completely different, but still plausibly exoge-
nous, source of identification, as well as a few examples of rating changes of more than one star.
None of these estimates support the view that diseconomies of scale meaningfully erode perfor-
mance. Finally, while the Berk-Green model assumes that incremental flows by domestic equity
funds will be indexed, we find that they are used to deepen existing positions. Financial markets

appear liquid enough that even the latter practice does not have a significant impact on returns.

27



V. Adjusting Performance Persistence for Diseconomies of Scale

Finally, we turn to the important question of whether our estimated diseconomies of scale have
an economically significant impact on estimates of performance persistence. Berk and Green
(2004) show that the combination of diseconomies of scale with endogenous fund flows will
cause researchers to underestimate the true degree of performance persistence in the mutual fund
industry. In Table 8, we adjust measures of performance persistence for the causal impact of
flows on performance. To begin, we estimate standard OLS regressions that predict future re-
turns from past 12-month returns, as well as the category-by-month fixed effects and the control
variables included in Tables 2-7. We report the estimated coefficient on the past return measure,
and its standard error, in the first set of columns. Within the full sample of funds, assuming a 12-
month horizon, the estimated coefficient is 0.091. However, this estimate will be downwardly
biased if past returns attract incremental flows and there are diseconomies of scale.

We use a similar set of regressions to predict the impact of past returns on log net flows.
We report the estimated coefficient on the past return measure, and its standard error, in the se-
cond set of columns. For the full sample of funds, an additional percentage points in returns over
the past 12 months is associated with 0.947 percentage points in additional flow. The larger the
diseconomies of scale associated with these additional flows, the greater the downward bias in
the persistence coefficient.

Finally, we use the diseconomies of scale that we estimated in the prior section to adjust
the persistence coefficient. Specifically, we estimate the “Corrected persistence coefficient” as
the “Persistence coefficient” minus the “Flow coefficient” times the “Causal effect of flows”

from Table 6.>” For the full sample of funds and a 12-month horizon, adjusting for diseconomies

3" The “Persistence coefficient” is the increase in expected next-period percentage point return associated with a one
percentage point increase in 12-month past returns. The “Flow coefficient” times the “Causal effect of flows” is the
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of scale decreases the persistence correlation from 0.091 to 0.078. If we use the standard errors
from Table 6 to construct a 95% confidence interval for the corrected persistence coefficient, we
find that it ranges from 0.015 to 0.142. We cannot reject the hypothesis that the “Persistence co-
efficient” and “Corrected persistence coefficient” are equal. However, we can reject at the 1-
percent level the hypothesis that the corrected persistence coefficient is equal to 0.42, which is
the value implied by Berk and Green’s calibration.® On the other hand, we also can reject the
hypothesis that the corrected persistent coefficient is zero.

Within investment categories, the corrected persistence coefficient is less precisely esti-
mated. As we possess data on virtually every U.S. mutual fund in operation between December
1996 and August 2009, it may prove difficult to significantly increase the statistical power of our
tests. Nevertheless, the upper bound of the 95% confidence interval of the corrected persistence
coefficient is typical no more than twice the OLS estimate, and it tends to be lower in categories
where we expect diseconomies of scale to be largest. For sector funds the corrected persistence
coefficient is slightly higher than the unadjusted persistence coefficient (0.080 versus 0.069), but
the upper bound of the 95% confidence interval is only 0.168. In contrast, we obtain the largest
upper bound (0.433) for “Large-cap Equity”, a category for which we expect diseconomies of
scale to be relatively small. Our inference, based on our empirical strategy for identifying exoge-
nous variation in fund size, is that correcting for scale diseconomies does not significantly affect

our view of performance persistence.

expected percentage point decrease in next period’s return based on the expected percentage point increase in flows
times the expected diseconomies of scale associated with the incremental flow. The “Corrected persistence coeffi-
cient” removes the impact of return-induced flows on the expected percentage point increase in next period’s return.

** In Berk and Green's calibration exercise, managers’ skill, defined as the annualized alpha they would achieve in
the absence of scale diseconomies, is distributed normally with a mean of 6.5% and a standard deviation of 6.0%.
Given the within-objective standard deviations of returns of 7.4% over the past 12 months, in the absence of scale
diseconomies, this distribution of alpha would imply (within-objective) persistence coefficients of 0.42.
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VI. Conclusion

We use a regression discontinuity approach to test for fund-level diseconomies of scale in the
mutual fund industry. Specifically, we use the discrete changes in flows associated with discrete
changes in Morningstar ratings to identify flows that should only impact fund returns through
diseconomies of scale. On the one hand, the confidence intervals around the estimates of scale
diseconomies implied by these plausibly exogenous flows are wider than those implied by cross-
sectional comparisons of large and small funds. This raises the possibility that diseconomies of
scale are larger than previously estimated, perhaps because more-skilled managers do, in fact,
manage larger funds. On the other hand, when we use our diseconomies of scale estimates to
adjust standard measures of performance persistence, the upper bounds of the confidence inter-
vals are still too low to significantly change our views about the extent of performance persis-
tence in the U.S. mutual fund industry. In practical terms, we conclude that any downward bias
in OLS estimates of diseconomies of scale and performance persistence in prior and future stud-

ies of manager skill is likely to be small.
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Appendix
This appendix has three subsections. First, we present tests for manipulation of the forcing varia-
ble, the within-category percentile ranking. Second, we examine the robustness of our results to
alternative bandwidths around the rating thresholds. Third, we present the additional flow and
return regressions that are referenced in Sections IV.D and I'V.H.
A.1. Tests for manipulation
A common concern in regression discontinuity design studies is that agents may be able to ma-
nipulate the forcing variable. In our context, the concern would be that funds with more skilled
managers might be better at managing their returns (e.g., by time varying the riskiness of their
portfolios) in order to maximize their chances of placing just above a Morningstar boundary. If
manager skill is correlated with the probability of such manipulation succeeding, this could cre-
ate a discontinuity in skill at the boundary, confounding our use of the boundary to identify scale
diseconomies.

Our prior is that this type of manipulation would be very difficult to do successfully for
several reasons. First, the cutoffs for additional stars are not fixed, but depend on the perfor-
mance of the other funds in a Morningstar category. The median fund*month is in a category
with 131 other funds, and so tracking and forecasting the performance of the others funds that
are close to a cutoff would be non-trivial. Second, attempting to manage returns through the var-
iation of risk (e.g., as in Chevalier and Ellison, 1997) would be difficult for most mutual funds,
which often are restricted in their use of leverage or short selling. Manipulating returns through
discretion in the valuation of less-illiquid assets like corporate or municipal bonds might be more
feasible (e.g., Cici, Gibson, and Merrick, 2011), and so we run separate manipulation tests for

these asset categories. Third, the Morningstar ranking methodology is complicated. We are
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therefore more concerned about manipulation before June 2002, when the methodology became
substantially more complicated, and conduct separate tests for the pre-2002 period.

Given these concerns, we are therefore not that surprised that our tests fail to find evi-
dence of successful manipulation, even in the time periods and asset classes where our concerns
are the greatest. We conduct three types of tests: 1) McCrary (2008) tests for discontinuities in
the density of the forcing variables at rating cutoffs, 2) tests for discontinuities in the control var-
iables at the rating cutoffs, and 3) fund-level tests for persistence in the discontinuity variable
(controlling for the forcing variable). The first two tests are fairly standard in regression discon-
tinuity studies, while the third addresses a form of manipulation that would be particularly prob-
lematic for our methodology.

A.1.1. McCrary tests for discontinuities

McCrary outlines a simple test for manipulation of the forcing variable. If agents successfully
manipulate the forcing variable to just exceed a cutoff, then we should observe a discontinuity in
the density of the variable at the cutoff. As successful manipulators would be more common just
above the cutoff, to the extent that skill in manipulation was correlated with skill in fund man-
agement, this could create a discontinuity in skill at the cutoffs, and thus be a threat to identifica-
tion.

The McCrary test involves defining a bandwidth, calculating the number of observations
in each bin, and testing whether the number of observations in each bin changes discretely at the
boundary. Morningstar ratings are defined based on within-category percentile rankings on risk-
adjusted returns. Because the density of a percentile variable cannot vary, we test for discontinui-
ties in the density of Morningstar's measure of risk-adjusted returns. For simplicity, we test for

discontinuities at the boundaries of the 3, 5 and 10-year star ratings, without considering whether
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a boundary is pivotal for a fund's overall rating. As in the main analysis, we restrict attention to a
fund's largest share class, which for the reasons discussed above is the rating funds are most like-
ly to have an interest in manipulating.

In order to aggregate results over investment categories with different standard deviations
of returns, we first standardize returns into z-scores within each objective*month. If returns were
normally distributed, the 4 cutoffs would be at z-scores of approximately -1.28, -0.45, 0.45, and
1.28. In practice, the average and standard deviation z-score boundaries are -1.13, -0.29, 0.46,
and 1.22, reflecting some excess kurtosis and negative skew. The standard deviations are 0.22,
0.15, 0.15, and 0.24, reflecting some variation around these averages across objective*months.

After identifying the funds that are just above and below each boundary, we place funds
into bins that are 0.01 wide in z-score space and begin just after the first fund on each side of the
boundary. Figure A1 plots the share of funds in the 10 bins on either side of the four star bounda-
ries for the 3-year ratings (the time horizon which have the largest sample size). The standard
normal density is shown for comparison. There is no evidence of a discontinuity in density, and
this is confirmed by statistically insignificant coefficients on a discontinuity variable in a regres-
sion with a local linear control. Results are similar for the 5-year and 10-year ratings. They are
also similar when we split the sample based on pre/post-2002 and bond/stock funds.

A.1.2. Tests for discontinuities in control and lagged dependent variables

A second commonly used test for manipulation of the forcing variable is to test whether control
and lagged dependent variables exhibit discontinuities. Table Al replicates the regressions in
Table 3 with alternative dependent variables. While most of the control variables covary with the
forcing variable, there is no evidence of discontinuities at the rating boundaries. The fact that

there are no discontinuities in these pre-determined observable variables increases our confi-
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dence that there is also no discontinuity in manager skill, the key unobservable variable our ap-
proach is attempting to control for.

A.1.3. Tests for persistence in the discontinuity variable

As a final test for successful manipulation of Morningstar ratings, we ask whether certain funds
are able to persistently place just above rating thresholds. Morningstar ratings are based on risk-
adjusted returns over multi-period windows (36, 60, and 120 months), and so the month-to-
month change in a fund's percentile ranking is fairly small (with standard deviations of 6.6, 5.5,
and 4.7 percentile points, respectively). As a result, these tests require controlling for the forcing
variable non-linearly.

To see this, suppose that if a fund's percentile ranking change is drawn randomly each
month from a p.d.f. f(x), with a peak at x=0. The probability that a fund will exceed a threshold
next month will be given by F(z), where z is the current-month distance above the threshold and
F is the c.d.f. Given the peak in f() at 0, this probability F(z) will be non-linear in z with a slope
that peaks at zero. Especially if the spread in () is small, controlling for the current-month forc-
ing variable linearly when predicting the future discontinuity could lead one to falsely conclude
that there is persistence in the discontinuity variable.

As a result, we use a logit model to predict the future discontinuity variable as a function
of the current-month discontinuity and forcing variable, as well as the control variables used in
Table 3. Table A2 reports the coefficients on the current-month discontinuity and forcing varia-
ble for models predicting the discontinuity variable at the 1, 3, and 6 month horizon. In general,
the coefficients on the current-month discontinuity variable are statistically and economically
insignificant. In particular, we can usually rule out that being above the boundary this month

raises the future probability by more than a 2-percentile increment in the forcing variable.
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A.2. Robustness to bandwidth

It is common in regression discontinuity studies to check the robustness of the results to alterna-
tive choices about the bandwidth analyzed around the discontinuities. The results presented
above use a bandwidth of 5 percentiles in either direction of the cutoff for a Morningstar rating.
Table A3 replicates selected results from Tables 4 using alternative bandwidths.

The results do not appear sensitive to the choice of bandwidth. Because narrower band-
widths reduce the number of observations included, standard errors rise, particularly if the band-
width is narrowed to 2 percentiles. Likewise, standard errors decline slightly as the bandwidth
widens. The main conclusions are robust to bandwidth: 1) star boundaries are accompanied by
discontinuities in flows, 2) discontinuities in flows are larger for the 4/5-star boundary, and 3)
discontinuities in flows are rarely accompanied by discontinuities in future returns.

A.3. Additional first-stage and reduced form estimates

In Section IV.D., we discuss alternative versions of Table 5. In Table A4, we estimate flow and
return effects at the fund level, in regressions that include weighted-average threshold indicators
based on all the underlying share classes, the weighted-average running variable, and the full set
of controls. In Tables A5, A6, and A7, the unit of observation is no longer the mutual fund. We
aggregate portfolio to the management-team-by-narrow-Morningstar-category level, primary-
manager-by-broad-Morningstar-category level, and family-by-broad-Morningstar-category level,
respectively.

In Section IV.H., we discuss regressions where we split the sample of funds into two
groups based on different fund and family characteristics, and on the introduction of Regulation
Fair Disclosure. The samples being split in Tables A8, A8A, and A8B are “All funds,” “All eq-

uity,” and “All bonds,” respectively.
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Table 1. Summary statistics

Summary statistics are reported for portfolio*month combinations in which at least one share class receives a Morningstar rating, which requires at least
three years of history. Fund characteristics are the average characteristics of the funds' share classes, weighted by prior-month assets. A complete
management team change is defined as no overlap in manager surnames with the prior period; any management team change is defined as incomplete
overlap in manager surnames. Money market and index funds are excluded.

All funds By (asset-weighted average) Morningstar rating
Mean SD 1 star 2 stars 3 stars 4 stars 5 stars
Number of portfolio*months 475,633 34,719 98,799 171,057 120,783 50,275
Returns (cumulative log percentage points, adjusted for category mean)
Percent surviving to t+24 months? 86 35 73 80 86 91 92
Return (t) 0.0 1.8 -0.6 -0.2 0.0 0.2 0.3
Return (t+1) 0.0 1.8 -0.2 0.0 0.0 0.0 0.1
Return (t+1 to t+6) 0.0 5.1 -0.9 -0.2 0.0 0.2 0.4
Return (t+1 to t+12) 0.0 7.4 -1.4 -0.2 0.1 0.3 0.3
Return (t+1 to t+24) 0.0 10.0 -2.1 -0.2 0.1 0.4 0.4
Flows (cumulative log percentage points, adjusted for category mean)
Flow (t) 0.0 10.7 -1.5 -0.9 -0.2 0.6 1.9
Flow (t+1) 0.0 10.5 -1.4 -0.9 -0.2 0.6 1.9
Flow (t+1 to t+6) 0.0 25.7 -7.2 -4.7 -1.1 33 10.0
Flow (t+ 1 to t+12) 0.0 38.3 -12.0 -8.1 -1.9 6.0 16.4
Flow (t+1 to t+24) 0.0 55.7 -17.8 -11.7 -2.8 8.9 23.2
Other fund characteristics
Ln(Portfolio TNA) 5.2 1.8 4.2 4.8 5.2 5.6 5.9
Ln(Family TNA) 8.9 2.3 8.0 8.8 9.0 9.2 9.2
Expense ratio 1.20 0.71 1.74 1.37 1.15 1.03 1.03
Expense ratio (t+12) 1.19 0.71 1.76 1.37 1.16 1.04 1.03
Percent with any load 69 46 77 78 72 61 54
Portfolio turnover (%) 100 158 150 108 92 88 104
Number of share classes 24 1.6 24 2.5 2.5 2.3 2.1
Percent of assets in largest share class 84.3 19.6 82.6 81.7 84.0 86.1 87.3
Manager characteristics (funds with named managers only)
Complete management team change (%) 1.7 12.7 2.2 1.9 1.6 1.4 1.3
Any management team change (%) 3.6 18.6 4.1 4.0 3.7 3.2 3.1
Number of managers 1.77 1.05 1.72 1.80 1.80 1.76 1.72
Number of managers (t+6 months) 1.79 1.06 1.71 1.81 1.81 1.78 1.75
Morningstar ratings
Percent with same rating for all share classes 73 44 82 70 70 73 83
Average rating (t) 3.10 1.07 1.03 2.01 2.99 3.97 4.97
Average rating (t + 36 months) 3.06 1.02 2.16 2.62 2.98 3.40 3.63
Average risk-adjusted return percentile score
3 year 51 29 8 25 48 73 91
5 year 52 29 5 22 49 76 93
10 year 51 28 6 23 48 74 91
Percent of portfolios with:
5 year rating (5-9 year-old funds) 83 37 78 84 85 84 77

10 year rating (10+ year-old funds) 46 50 39 47 48 46 39
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Table 4. Discontinuities in cumulative flows and returns -- portfolio level (all funds)
Dependent variable: log net flows or log net returns (in percentage points)

The table repeats the regressions in Table 3 for different time horizons, for three samples of funds. The overall sample is the same as in Table
3. The dependent variable is the cumulative fund-level log flows or fund-level log returns, calculated either from the ranking month to a future
month, or from a past month to the ranking month. Asin Table 3, all regressions include the threshold indicator for the 4/5 and 3/4 star
boundaries and within-category percentile ranking variables for the largest share class. Regressions include the same controls as in the
additional controls specifications in Table 3. "All equity" includes "Large-cap equity", "Mid-cap equity", "Small-cap equity", "Sector funds", and
"International equity". "All bonds" includes "Taxable bonds" and "Municipal bonds". "All funds" includes "All equity", "All bonds", and a
relatively small number of funds that do not fit into these subsamples, such as balanced and hybrid funds. Standard errors (in parentheses)

allow for clustering within funds. Statistical significance at the 10-percent, 5-percent, and 1-percent level in two-sided tests is denoted by *,
**‘ and ***.

Flows Returns
Month All funds All equity All bonds All funds All equity All bonds
-12 -0.83 -0.80 -0.68 0.05 0.04 0.01
(0.60) (0.86) (0.86) (0.09) (0.16) (0.05)
-9 -0.69 -0.57 -0.71 -0.01 -0.01 -0.01
(0.51) (0.75) (0.70) (0.08) (0.13) (0.04)
-6 -0.61 -0.16 -1.25 * 0.05 0.08 -0.01
(0.41) (0.56) (0.66) (0.06) (0.12) (0.03)
-3 -0.46 * 0.01 -1.00 ** 0.03 0.06 -0.02
(0.27) (0.35) (0.49) (0.04) (0.08) (0.02)
0 -0.09 0.06 -0.23 0.01 0.02 -0.02 *
(0.14) (0.20) (0.22) (0.02) (0.04) (0.01)
1 0.59 FEx 0.56 ** 0.59 ** 0.01 0.00 -0.01
(0.19) (0.27) (0.27) (0.02) (0.05) (0.01)
2 0.79  *** 0.89 ** 0.66 ** 0.05 0.07 -0.01
(0.22) (0.37) (0.27) (0.03) (0.06) (0.01)
3 0.87  *** 0.70 ** 1.04 *** 0.05 0.06 0.00
(0.22) (0.35) (0.28) (0.03) (0.06) (0.02)
6 1.75 Hkx 1.93 *x* 1.62 *** 0.08 0.07 0.04
(0.39) (0.64) (0.47) (0.05) (0.09) (0.03)
9 2.04  Kkx* 2,19 x¥* 1.97 *** 0.05 -0.01 0.05
(0.51) (0.84) (0.60) (0.07) (0.12) (0.04)
12 234 *F** 235 ** 2,32 kX 0.03 -0.07 0.02
(0.63) (1.06) (0.71) (0.08) (0.15) (0.04)
15 235  kEx 229 * 234 HEx 0.03 -0.10 0.03
(0.72) (1.20) (0.82) (0.09) (0.17) (0.05)
18 2.62 Hkx 233 * 2,92 **x* 0.02 -0.12 0.03
(0.79) (1.34) (0.87) (0.10) (0.19) (0.05)
21 2.81 FEx 235 * 3.21 *** 0.02 -0.11 0.03
(0.86) (1.46) (0.94) (0.11) (0.20) (0.06)
24 2.88  *¥** 2.33 3.46 *F** 0.05 -0.07 0.02

(0.92) (1.55) (1.03) (0.11) (0.21) (0.06)




(90°0) (TT°0) (90°0) (05°0) (6£°0) (0£°0) (55°0) (,z°0) (tz°0) (tT°0)

« 070 L0°0- 200 90°0- 600 260~ «%  STT 7o L0°0- S0°0 SUYIUOW HZ+1
(s0°0) (oT°0) (s0°0) (st°0) (£9°0) (09°0) (05°0) (€z0) (61°0) (oT°0)
% 0T0 90°0- €00 700~ 100 « 660" 6L°0 LT0- zTo- 200 SyIUOW 8T+1
(v0°0) (80°0) (v0°0) (£€0) (ss0) (ev'0) (zv°0) (81°0) (sT°0) (80°0)
% 600 L0°0- 200 81°0- 110 €9°0- « 9.0 80°0- L0°0- €00 SyuoW ZT+L
(€0°0) (50°0) (€0°0) (sz°0) (ev'0) (8z°0) (82°0) (tT°0) (60°0) (50°0)
wx  L00 000 ¥0°0 (44} €0 870~ «%  §S0 ¥0°0- L0°0 80°0 syuow 9+1
$10944° uiniay
(68°0) (,02) (€0'1) (18'%) (05°9) (8T) (oT°¢€) (002) (sS°T) (z6°0)
xxx  6LC s VEV  wwx 9’ 0L's wx  TLET ST'¥- 81'C 0€'T €E'T 4% 88T SUYIUOW HZ+1
(v£0) (1£°71) (£8°0) (v¥v) (eL'v) (vs'e) (992) (59°1) (ve'T) (6£°0)
wxx  8TT wx E8€ ks 6T 19°S wx  LSTT vre- St ST EET  sxx 09T SyuoW 8T+
(99°0) (8€'1) (t2°0) (88°€) (t2°€) (60°€) (z6'1) (zT'1) (90°1) (€9°0)
wx% 86T w  T9T wwx [434 €09 «x VS8 8'T- 99T ST wx  SET  sxx  VET SYIUOW ZT+L
(9t°0) (88°0) (Lv°0) (ov'2) (290 (z9'1) (6T°1) (0£°0) (¥9°0) (6€°0)
*k 70T *k ok [4N4 * %k 91T * % r4:a% *k 16°S IT'T 89T 080 *k ok €6'T * Kk SL'T Ssyiuow 9+
S19944° MO|4
spuoq spuoq a|qexe] spuoq ||V Aynba spuny 401295 Aynba Aynba Aynba Aunba ||y spuny ||y
ledpiunin |euolleusaiu| deo-jjews ded-piN deos-adieq

“wxx PUB ‘4 ‘5 AQ p910OUSP SI S1591 PApIS-0M] Ul [9A3] Jud2Jad-T pue ‘Quadiad-g Quadiad-QT ayi 18 22uedlIusis [e213SIIRIS "SPUNY UIYHM Sulialsn|d 10y moj|e (sasayiuaJled ul) siouud

pJepueis ‘spuny pligAy pue pasuejeq se yans ‘sajdwesqns asayl 01ul 11} J0U Op 1ey) Spuny Jo Jaquinu ||ews AjaAllejal e pue ‘ spuoq ||v, ‘,Aunba ||y, sspnjoul spuny ||y, °,spuoq [edidiuniA,
pue ,spuoq s|gexe],, sspnpul ,spuoq ||y, ‘,Alnba |euoneusslul, pue ‘ spuny 101235, ‘,Alinba ded-jjews,, ‘,Aunba dea-pi,, ‘, Axinba des-a8.ieT, sepnjoul , Aunba ||y, 'T-1 01 £€-1 pue T-1 01

ZT-1 woJj smojjul 30| pad3e| pue ‘Gz-1 01 9€-1 pue ‘€T-1 01 $Z-1 ‘T-1 01 ¢T-1 Wodj suinial So| pad3e| ‘suinias paisnipe-ysi Jo ainseaw s,4e3s3uluol ‘Ajiwe) pue ‘oljoj1u0d ‘sse|d aueys ayi Jo azIs
80| ay3 pue ‘(Suljiesy pue ‘patiajap ‘AU0J4) Speo| ‘Janouany oljojlod ‘ones asuadxa padSe| 1€ 9|qe ] Ul SUOIedI429dS S|0J1U0D [BUOINPPE B3] Ul SB S|0JIU0D SWEeS Y] apnjdul suoissatday ‘spuny
|leninw padeuew AjaAIloe JO s9|dWesgNs pue sUOzIIoy Wi} JUSJaIP J0) & d|qe ul suolssaudal ,(paydels) v/€ pue G/, 94l Ul SUOISSaI3a WI0)-padnpal pue adeis-1s.l) ayl syeadad ajgel siyL

(squrod a8ejusdiad ul) suinial 1ou 30| J0 SMO[4 19U 30| :3|geLieA Juapuadag
(payoe1s) sauepunoq p/€ pue §/p -- sse[d 19sse Aq $199)Ja uinial pue Mojj anlze|nWINY °S 3|qeL



600 (¥000°0) 2000°0- (zo0) ¥0°0 (90°0) 0T'0 (68°0) 6L°C siunjp|
95°0 (s000°0) €000°0- (€0°0) 200~ (11°0) L0°0- (£02) veY spuoq a|qexe]
890 (€000°0) €000°0- (zo0) 100 (90°0) 200 (€0'1) 9t spuoq ||V
160 (s100°0) 0T00°0- (60°0) 10°0- (05°0) 90°0- (18'%) 0L’ Aunba |euoneussiu|
180 (6200°0) 6200°0- (90°0) 100 (6£°0) 600 (05°9) TL€ET spuny 403295
(€z00°0) 9/00°0- |njSulueaw JoN (0£0) 6°0- (8T'%) ST Aunba dea-|lews
€00 (9100°0) 9500°0- (zzo) 8%°0 (s5°0) 8T'T (ot°€) 87'C Avnba dea-piN
w70 (6000°0) €500°0- (tz0) LT0- (£z0) (443 (0072) 0€'T Axinba deos-a3ueq
LLO (£000°0) S¥00°0- (60°0) €0°0- (tz°0) 100~ (sS°T) €€C Aunba ||y
09°0 (s000°0) 0€00°0- (v0°0) 200 (t1°0) S0°0 (z6°0) 88'C spuny |y syuow ¢
200 (z000°0) T000°0- (zo0) S0°0 (¥0°0) 600 (99°0) 86T siunjp|
SE0 (€000°0) 20000~ (€0°0) €0°0- (80°0) L0°0- (8€'T) 9¢ spuoq a|qexeL
890 (z0000) 2000°0~ (zo0) 10°0 (¥0°0) 200 (t2°0) (44 spuoq ||
S9°0 (6000°0) 60000~ (90°0) €0°0- (£€0) 81°0- (88°€) €09 Aunba |euoneulaiu
180 (9100°0) £200°0- (90°0) 10°0- (s5°0) 1T°0- (T2°€) ¥5'8 spuny 403295
(¥100°0) 7500°0- |nySujuesw joN (ev0) €9°0- (60°€) 8T Axinba deo-|lews
L0°0 (6000°0) €€00°0- (91°0) 620 (zv0) 9.0 (z6'1) 99'C Avinba dea-pin
190 (s000°0) S€00°0- (v1°0) L0°0- (81°0) 80°0- (zT°1) STt Aunba des-agie]
590 (¥000°0) 0€00°0- (90°0) €0°0- (sT°0) L0°0- (90°T) GET Axinba ||y
€90 (€000°0) 12000~ (€0°0) 100 (80°0) €00 (€9°0) vET spuny |y syow ¢t
¥0'0 (To00°0) 0000°0 (€0°0) L0°0 (€0°0) L0°0 (9t°0) v0'1 SIUNA
160 (1000°0) 1000°0~ (zo0) 000 (s00) 000 (88°0) (44 spuoq a|qexe|
o (1000°0) 1000°0- (zo0) 200 (€00) ¥0°0 (2¥°0) 4 spuoq ||
LEO (s000°0) 9000°0- (so00) S0°0 (sz0) o (ot2) 4874 Aunba |euoneussiu|
70 (8000°0) L1000~ (200) S0°0 (ev°0) €0 (z92) 16'S Spuny 103995
€€°0 (£000°0) 9200°0- (sz0) ST0- (82°0) 8C°0- (z9°1) 11T Axinba deo-|jews
500 (s000°0) LT00°0- (81°0) SE0 (8z°0) S50 (6T°T) 85T Aunba dea-piy
SL0 (€000°0) 6T00°0- (¥1°0) S0°0- (t1°0) ¥0°0- (0£°0) 080 Ayinba des-a3.eq
1t'0 (zooo'0) LT00°0- (so0) ¥0'0 (60°0) L0°0 (¥9°0) €6'T Aunba v
[4%0) (1000°0) T100°0- (€0°0) ¥0°0 (s0°0) 800 (6€°0) SL'T spuny ||y syuow 9
EE 490D EXS 490D EXS 420D ERS 490D SSe|d 135Sy uozlIoH
w3_m>-n_ JU31214}902 3ZIS 01]|0j110d suJiniaJ uo SuJnial SMO|}

1591 UBWsSNeH

«S10 pJEPUE]S,,

109}J9 MOJ} JO D1BWIISD PIE

AN

uo Jejs JO 109})o |esne)

4 W04 pasnpay,,

uo Jejs JO 103})o |esne)

,98B1S 18Ul

:uoreoiyoads

“wx% PUB ‘s i ‘4 AQ p2I0OUDP S| S1S9] PapIs-0M] Ul [9A3] JU2Jad-T pue ‘Quadiad-G quadiad-QT Yyl 18 9ouedlIusis [ed1Isels
‘lenba aJe 5309443 |ESNed |, A, PUE UOI1E[3.10D dduBW.IOIad-9zIs ,STO PJepUERlS, 31 1ey) sisaylodAy [|nu ay3 103(aJ Jou Op Ajjeauas s3sa) uewsneH "aduewloylad (snosuelodwaluod) uo SMojul Jo
109}J9 [BSNED B} JO 91EWIISD SI|GEIIBA JUSWINIISU] UE SIPIA0I $109))3 POIBWIISS 953U JO Ol1eS BY[ °G d|qe] WOJ) Udde] Je SuIN}a) PUB SMOJJUl 24N3NJ UO Je]S JeISSUILIOIA BJIXD UE JO S109))9 PalewIIsa
9y "S199443 paxiy yiuow,Aio8a1ed pue ‘suinial So| yruow-gT-1sed Joj [0J3UO0D B ‘T D|ge Ul SI1ISII9IDBIBYD PUNY JSPUN PaISI| SB|GELIEA 3] UO SUINIDJ 3ININy JO UOISsaJSal e Ul 9zIs 01|0j314od UO JUdID1}}20d
9Y3 Se Pa1ew1sa S| UOIe[a.I0 [elled 9y "9oUBWIOMAM UO SMOJJUI JO 199))9 [BSNED PABWIISS BU] YIIM ddUBWIOad 3ininy pue azis oljojiiod U9am1ag Uolle[a.Jod [elpied ay) sasedwod a|qes siyl

SMOJ4 JO S193443 |ESNED PAIEWIISD YHM pPaJedwiod Suol1e|a.102 uewoyad-Mojy pue aduewoysad-azis 9 ajqeL



T1€C T1€C T1€C 89SC 85S°C 89SC 698t 698V 698V

(£82) (16°0) (z6'7) (v'2) (92°0) (10°9) (88°'T) (£5°0) (zze)

S8'f- 260 vS'v 650 0Z'0- 790 08'T- ST0 I4W4 syuowW g+l

609°C 609°C 609°C €V8'T €8T €8T sh's Tsh's Tsh's

(Lv'2) (0z0) (€0'P) (9z°2) (z9°0) (66°€) (s€T) (st°0) (z92)

90't- 060 8LV LTT 9t°0- 90 vL0- 9T°0 6T'€E SyluoW 8T+1

€€6'C €€6°C €€6°C vITe vIT'E vIT'e L09 L¥0'9 L09

(06°T) (zs0) (£52) (9s°1) (6t°0) (L€7€) (s€'T) (s€0) (€6'T)

0Tt LSO S0'S 6T°0 9€°0- 99'T 90°T- 010 90°€ syuow ZT+1

0€T’s 0€T's 0€T's vev's vev's vev's 599 599 599

(19°1) (€€0) (£2°T) (zo'1T) (62°0) (s€1) (s0'1) (t1z°0) (00°T)

0LC- 870 vy 14°0- 100 €0'C L9°T- 60°0 v6'C syuow 9+

9/€'s 9/€'s 9/€'s GLS'E QLSS GLS'E 1569 1569 1569

(v'1) (€z0) (ze'T) (To'T) (£1°0) (££0) (90°1) (€T°0) (89°0)

€V'T- 0T'0 86'T zL0- S0°0- 780 wT- 10°0- wT Syuow €+1
mmc__u_OI uinlay MO|4 mmc_U_OI uinlay MO|4 mmc__o_OI uinlay MO|4 uoziioy sawij

ueipsw Moj=q mmc__u_o_._ # uelipsaw aA0(ge Jo e mmc__u_OI # mmc__u_o_._ yim w_QEmm

'spuny ulyum 3ulaaisn|d 10} Moj|e (sesayruaded ul) si0J4e piepuels "T-1 01 €-1 pue T-1 01 ZT-1 wWodj smofjul 3o| padse| pue

‘GZ-1 01 9€-1 pue ‘€T-3 03 -3 ‘T-1 01 ¢T-1 WoOJj suinias 80| pad3e| ‘suinias paisnipe-ysi Jo ainseaw s, eissujulolp ‘Ajiwey pue ‘orjojiod
‘sse|d aJeys ay3 Jo azis 80| ay3 pue ‘(3uijiesy pue ‘patia4ap ‘UoJy) Speo| ‘“4anoulny oljojiod ‘ones asuadxa pad8e| :g-¢ sa|qe] ul se
S9|(elJeA |0J1UO0D SWES 3yl IPN[OUl SUOIILIIIDAdS ||y “Ja1enb swes ay) ul ‘9A1193[qo JuaWIISaAUL dWeS 3y} Yyum spuny uoy suipjoy Ayinba
JO Jaqwinu uejpaw ay3 03 sasedwod sduipjoy Alnba Jo Joaquinu s 1 punj Moy uo paseq ‘sajdwesgns 0OM] J0} S91eW1Sa JodaJ os|e 9\
‘s3uipjoy Alinba aAuasqo am yaiym Joy spuny Aunba siasawop Ayepads-uou jo ajdwes ||ns ay3 404 salewilsa uodad 9\ “s3uipjoy Aunba
J0 Jaquinu ay1 jo wyiiedo| |eanieu ay3 si d|geldeA Juspuadap ayi 1eys 31dadxa ‘uoiiediydads uinial ay3 03 snodojeue S| uolyedidads
s8uipjoy ay| ‘suoissaJda. wI0)-padnpal pue a3e)s-1s41) ,(PaYOeIS) 1/€ pue G/, 9yl ydlew suoliedlydads uinias pue mojf ayl ‘Auaenb
pPaso|asip aJe yaiym ‘sduipjoy Alnba anuasqo am yaiym 104 spuny Alinba a13sswop Ayjeioads-uou 03 pa3diaisad s 3l asnedaq sajgel 49ylo ul
ueyy Jojjews s| ajdwes syl 'SuOoI1ed1}103ds JUJIDP 994y} JOJ 9INSeaW A}INUIUOISIP SY3 UO SIUBID1}4900 Palewilsa ay3 s1odad a|qel siylL

¢POISOAU| SMO|H |ejuawiaJidu| ale MOH °/ 9|gel



0€T°0 ¥10°0 2L0°0 (TT¥°0) w't (zv0°0) 8€T'0 siuniy
L8T°0 %S00 0LT°0 (86T°0) 6T (€z0'0) 9110 Spuoq a|qexe|
SLTO w00 60T°0 (T6T°0) S6L'T (0ozo0) wro spuoq ||V
1020 120°0- 060°0 (680°0) L68°0 (zzo0) ¥90°0 Aunbas |euoneusaiu|
89T°0 z10°0- 800 (820°0) €690 (€zo0) 690°0 spuny J0309S
|nj8ulueaw 10N (#80°0) 8760 (sz0°0) 44N} Aunba deo-jjews
911’0 85t°0- TLT°0- (¥£0°0) 806°0 (0ozo0) 880°0 Avinba dea-piA
o SET0- wr1°0 (£tT°0) £96°0 (szo0) 180°0 Aunba deo-a8ie
97T’0 ¥00°0 STT0 (€¥0°0) €680 (tT0°0) 880°0 Aunba |y
10 ¥10°0 8L0°0 (Tv0°0) L¥6°0 (0t0°0) 1600 spuny ||y syuow z1
1D Jaddn 1D Jamo '}90) ‘J'S '}90) ‘'S '190) SS€|2 1955y uozlIoH

JUBID1}J202 D2UB)SISIDd PIIIBLI0)

1UBID1}4200 MO|4

JUBID1}J202 DIUDISISIA

"aA13eSBU S| 91BWIISD (MO]}) 98€3S 1541} DY) dSNEIA( |NJSUIUBSW JO0U DJB SIUBIDIHS0D PA3III0d dY} ‘spuny Alnba ded-|lews Jo4 "9 3|qe] Ul paiodal s1041a piepuels ay3 Suisn JU10144200
90Ud)sIsIad P3DII0D AU} JOJ S|BAIDIUI DUDPIUOD %G6 JO SPUNOQ JaMo| pue Jaddn ay3 a1e|ndjed 9\ "9 3|qe ] Ul paxiodal se ‘@duewoiad aininy UO MOJjul 13SSE JO %T [euolIppe

U J0 103443 |esned ay} pue (udnias Jaysiy %T e Auedwodoe 18yl SMOJUL BJIXD 3U3 “'3°1) JUBID1}}S0D MO} Y3 40 10npoJd aY1 Se pale|ndjed aie SU0i1daLI00 Y] "dduewlopad uo smojyul
J0 109443 |BSNED 33 40} PI3DII0D 3JE 1By} SIUSID14900 32Ud3sisiad uinias spodal Uayl d|gel 8yl "9- S9|ge Ul SUOISSaISa] WI0y-paonpas pue 98e1s-1s414 Y3 Ul Se S9|geldeA [043U0D
3WES 3Y3 40} [0JIUOD PUE S} PaXl} Yiuow ,A1089180 apn|oul SUOISSIEDY "SUINIDJ YIUOW-ZT ISed UO SMOJJUl PUB SUINIJ 3JNINY JO SUOISSDISDI WOUS SIUBIDIYD0I slodal 3|qel SiyL

SMOJ} JO 193443 [eSned 1oy 3dudlsisiad duewoyad Sunsnlpy g d|qel



(Arepunoq = Q) 2403s-7
10 S0°0 0 S0°0- 1°0-

[w]
)
[}

(=}
Ll
(=]

A —— D, S WP 2

utuo

(=}

(ehda)
cU

NEWYIUSG e [ENIDY @

Asepunoq Jeis-s/p

(Arepunoq = Q) 2402s-7

NYIEWYOUDG e [BNVIY @

Asepunoq Jeis-y/€

(Arepunoq = Q) 92402s-7

T0 S0°0 0 S0°0- T0-

(=]
(=]
(=]

(=]
N
(=]

P I O Lk i

(]
©
(]

NEWYIUSG e [ENIDY @

Asepunoq Jeis-g/z

(Arepunoq = Q) 2402s-7
T0 S0°0 0 S0°0- T0-

[}
S
(en]

o
N
o

e == = —omanamand

(=}
i
(]

NBWYIUDG e [ENIIY @

Atepunoq Jeis-z/T

‘uolINQIIISIP |ewJou piepuels ayi Ag paljdwi a4eys ay3 1o|d osje 9\ sSulles JedA-g ay3 Joj saliepunoq
G/¥ PUe “i/€ ‘€/7 “¢/T @Y1 4O 9PIS JBYUI UO Suig QT Y3 Ul SPUNy Jo aJ4eys ayl 10|d A\ "doeds 2403s-z Ul pIM TQ"Q 3J€ 1eY3 Sulq ojul spuny dde(d
am ‘Alepunoq yoea mojaq pue anoqge Isnf aJe 1ey3 spuny ayl SulAjuapl JoYY "YIuow ,3A1303[gO Yoea Ulyim S2400S-Z 03Ul SUINIDJ puny 9zIpJepuels 3\

sSuneu Jeah ¢ -- saluepunogq Suijes punoJe suiniad jenyde jo Ayisuap ayi Sunojd Ty 24n8i4



(9+1 01 1 wouy apew adueyd paiyidads i T=) sadueyd el ageuew ainin4

(¥0'0)  sxx  €L0 (€z0) 0 uinial paisnipe-ysi Jeah- 1e1sSuIuIo
(€00) 4% 080 (r1°0) ST°0- (301 ZT-1) uinja4 801
(€0°0)  sxx TVO- (sT°0) To- J3A0UIN] 01]0}140(
(0T'0)  «xx GSO- (s¥'s) 60T épeoj seH
(80°0) 000 (Tv°0) 0€°0- (zT+1) ones asuadx3
(80°0) 200 (8€°0) 10~ oljed asuadx3
(Tr0)  wxx  O9TT (91°2) oL'€- VNL Ajjwey 507
(T€0)  #x% OTT (89°T) 69°0 VNL Oljojiod 8o

S3|qelIeA [043U0)

ER 490D ER 4900 EICEREN

[043U0D Jeaul| |e207]

Alinunuoosig

“sesex PUB ‘s ‘s AQ PRIOUDP SI S1593 POpPIS-OM] Ul [9A3] Judduad

-T pue ‘quadJad-g quadiad-QT 3yl 18 20uedHIUSIS |BDIASIILIS “SPUNS UIYHM SULIS1ISN|D JOJ MO|[B SJ044D PIEPURIS "9+} YIUOW PUE } Yluow Ul Sweal Juswadeuew
paweu aAey 1eyl spuny 03 djdwies ay) paiwi| am 1eyy aJinbaJ s3sa3 asay3y jo Auely ‘Adepunoq Suijed ays 1e saSueyd |elda8euew a4niny Ul S9I3INUIIUOISIP

10} Pa3ONPUOD OS|e BJe SIST] "WY} U0 303443 |esned e dAeY 30U pjnoys Sulied JeisSujuioln ay3 ‘Supjued Jo awil ay3 3e paujw.alap-aid aJe $|0J1u0d 3say}

9OUIS "8-€ S|0e] Ul SU0ISsaudaJ [9A3]-01|0j140d BY3 Ul pasn S3|CelIBA |0J43U0D B3 Ul SIapJoq Sulyued Je3sSululo|A 38 S3IIINUIIUODSIP 104 S3S31 SIONPUOD 3|qe) SiyL

saSueyd |elsaSeuew aininy pue sa|geldeA [043U0I Ul SIHNUIIUOISIP 10} SS9 TV d|qeL



Table A2. Logit regressions predicting future rating

This table reports coefficients from regressions predicting future Morningstar ratings
using the same specification as in Tables 3-6. For funds at the boundary between s
and s+1 stars, the dependent variable is defined as 1 if the fund receives s+1 or more
stars in the future. Data from all four boundaries are stacked. Regressions with
controls include the controls used in Table 3 (both baseline and additional controls).

Time horizon Controls Discontinuity Local linear control
T+1 month No 0.54 0.425
(3.41) (0.007)
Yes 0.56 0.499
(5.87) (0.013)
T+3 month No 0.25 0.220
(3.40) (0.006)
Yes 0.19 0.283
(5.81) (0.012)
T+6 month No 0.13 0.119
(3.87) (0.007)
Yes 0.13 0.152

(6.87) (0.013)
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