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1 Introduction

“In short, we eat our own cooking. ...[N]o other testimonial means more.”
— Warren E. Buffett, 2009 Shareholder letter of Berkshire Hathaway Inc.

It is a belief widely acknowledged, that a fiduciary manager in possession of a
significant co-investment stake, must be in want of a fund outperformance. An
early articulation of this viewpoint in financial economics is Jensen and Meck-
ling (1976), who shed light on how co-investment mitigates agency problems.
Subsequent empirical work supports this notion, considering co-investment a
governance mechanism (Khorana et al., 2007; Agarwal et al., 2009; Cremers
et al., 2009; Fu and Wedge, 2011; Ma and Tang, 2019; Agarwal et al., 2022).
However, once fund managers have significant skin in the game, they may start
to see the fund portfolios as an extension of their private portfolios and thus
introduce personal considerations into professional fund management. For in-
stance, an increase in the personal capital gains taxes for fund managers, which
presumably affects only their private portfolios, can now also affect their fund
portfolios. In other words, co-investment may transmit manager-specific shocks
to the funds. In this paper, we aim to uncover the nuanced role of co-investment
as a transmission mechanism and investigate its potential adverse effect for fund
investors.

Recent studies have also drawn attention to the role of fund managers in trans-
mitting personal tax shocks to their managed funds.1 As fund managers are
pivotal decision-makers for their funds, the influence of personal capital gains
taxes on their individual behavior can potentially extend to their investment de-
cisions within the funds. This spillover effect can be intensified when fund man-
agers have considerable co-investment stakes. With over 70% of U.S. actively-
managed equity funds having co-investment (Ma and Tang, 2019), it becomes
increasingly crucial to understand how co-investment facilitates the transmission
of managers’ personal tax shocks to mutual funds’ investment decisions.

Ex ante, it is unclear how co-investing fund managers adjust investment deci-
sions in response to personal capital gains tax changes. Following tax literature,2
we provide a simple theoretical illustration to show that co-investing fund man-
agers would increase risk-taking as their capital gains taxes increase, under the
assumption of effective loss offset and risk aversion. The underlying intuition is
as follows. When capital gains taxes increase, co-investing managers encounter
a trade-off in deciding whether to take an additional unit of risk. In the case of
gains, they face a higher marginal cost due to increased tax payments. However,

1In the hedge fund literature, Agarwal et al. (2021) find that personal income taxes distort
the work incentives of hedge fund managers, leading to a decline in investment performance.
In the corporate finance literature, Yost (2018) and Armstrong et al. (2019) provide evidence
that CEOs adjust corporate risk-taking decisions in response to personal tax changes.

2See the seminal work of Domar and Musgrave (1944), the subsequent studies of Richter
(1960) and Penner (1964), and the literature review of Dammon and Spatt (2012).
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in the case of losses, they also experience a higher marginal benefit as they can
offset a greater proportion of capital losses against capital gains. A risk-averse
fund manager will appreciate the ability to reduce investment losses during bad
times, even if it means paying higher taxes during good times, and therefore
increases risk-taking. To a certain extent, this risk-sharing effect can be seen
as insurance against downside risk, with the insurance protection being more
pronounced under a higher tax regime compared to a lower one.

Motivated by the prediction of our theoretical model, we empirically test
whether co-investing fund managers exhibit a tendency to pursue a riskier
portfolio allocation as their capital gains taxes increase, with a specific focus on
U.S. actively-managed domestic equity mutual funds. This investigation raises
several follow-up questions that merit empirical exploration. For instance,
what adjustments do these managers make to their portfolios? Is the effect
primarily driven by agency incentives? Do fund investors experience negative
consequences as a result? More generally, how do equity incentives shape
mutual fund managers’ responses to personal tax shocks?

Investigating the empirical association between managerial co-investment, per-
sonal capital gains taxes, and fund risk-taking is complex due to at least three
factors. First, conventional risk measures fail to capture the ex-ante risk choices
of fund managers. These measures, often constructed based on the standard
deviation of fund returns, are heavily affected by the underlying volatility of
holdings stocks, which prevents them from isolating managers’ intended risk-
taking decisions. Second, personal capital gains taxes have an effect on both
fund managers and investors. In certain instances, fund managers may react
to tax changes not only because of their private incentives but also because of
their clientele considerations (Sialm and Starks, 2012), making it challenging
to differentiate between these two channels. Third, managerial incentives may
simultaneously react to tax changes. For instance, fund companies may adjust
managers’ compensation contracts when taxes change. In this paper, we aim to
address these potential confounding effects and establish causal explanations.

To isolate ex-ante risk choices, we leverage the changes in portfolio holdings
as a means to uncover the intended portfolio actions undertaken by fund man-
agers. Specifically, we follow Kempf et al. (2009) and Huang et al. (2011) and
construct a holdings-based risk-shift measure. This measure is designed to cap-
ture managers’ intended risk-taking that arises purely from their active portfolio
allocation decisions—i.e., changes in portfolio weights—while holding the under-
lying stock volatilities constant. Unlike realized risk measures, it better reflects
the ex-ante risk choices made by fund managers.

To rule out the impact of tax clienteles, we focus on the enactment of the
American Taxpayer Relief Act 2012 (ATRA) as an event that represents an
exogenous tax shock to fund managers. A noteworthy feature of the ATRA
is that it increased only the tax rates of top earners, while leaving the tax
code unchanged for the majority of taxpayers. Mutual fund investors, who are

2



typically middle-income households, were unlikely to be affected by the ATRA.3
In contrast, portfolio managers, known for their well-compensated occupation,
were likely to experience a tax hike as a result. Therefore, we see the ATRA as
a tax shock primarily affecting fund managers rather than fund investors.

We implement a difference-in-differences (DiD) design around the ATRA en-
actment, using data from 2009 to 2015. Treatment and control groups are de-
fined based on a manually collected dataset of managerial co-investment stakes.
The treatment group includes funds whose managers held above-median co-
investment stakes prior to the ATRA, while the control group comprises those
with below-median stakes. The key assumption here is that managers with sub-
stantial co-investment stakes are more likely to view the fund portfolio as an
extension of their own private wealth. Accordingly, when faced with personal
tax shocks, they have stronger incentives to adjust fund risk-taking in ways that
align with their private tax preferences. In contrast, managers with minimal co-
investment do not face the same incentives and are therefore less likely to alter
fund-level decisions in response to personal tax change. The treatment-control
comparison in the DiD setting accounts for the underlying factors that drive the
trends of both treatment and control groups. For instance, if fund companies
have incentives, if any, to change managers’ compensation contracts due to tax
changes, this effect would apply to both treatment and control groups. Assum-
ing both groups move in parallel in the absence of treatment, the post-treatment
difference can potentially indicate the treatment effect of having co-investment.
We test for common trends in an event study to alleviate the concern about
violating the parallel trend assumption.

Our baseline DiD results provide strong support for the private portfolio hy-
pothesis. Following the ATRA tax hike, fund managers with substantial co-
investment stakes (above the median) increased risk-taking by 12-21% of a
standard deviation relative to those with below-median stakes. This effect is
both statistically and economically significant, and its magnitude is comparable
to, or even exceeds, the 5-15% range documented in prior studies on manage-
rial risk-taking (Ma and Tang, 2019; Pool et al., 2019). Notably, the effect is
more pronounced when co-investment accounts for a larger proportion of the
manager’s effective compensation and accumulated wealth. These findings are
robust to a battery of alternative specifications, including different fixed effects,
risk-taking measures, treatment definitions, and sample windows.

We further shed light on the timing of managers’ risk-taking response. Our DiD
event study shows that treated co-investing managers respond to the tax hike
in 2014, one year after the enactment of the ATRA. In addition, we observe
no significant pre-trends prior to the ATRA, confirming the absence of pre-
treatment effects that are necessary for the internal validity of our DiD setting.

The post-treatment increase in risk-taking does not appear to be driven by clas-
3According to Bogdan and Schrass (2014), approximately 95% of household investors earn

less than $250,000 a year in 2012, far lower than the threshold of $400,000 required to be
placed in the top tax bracket after the enactment of the ATRA.
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sical managerial agency incentives. While treated managers simultaneously act
as investors—through their co-investment stakes—and as professional fund man-
agers, they remain subject to well-established agency-related incentives, such as
those linked to compensation structures and employment concerns (Kempf et al.,
2009). To disentangle these channels, we conduct a series of triple difference-in-
differences (3DiD) analyses, examining whether the post-treatment effect varies
with proxies for these managerial incentives. Across specifications, the triple
interaction terms are consistently insignificant, indicating that compensation-
and employment-related incentives do not account for the observed behavior. In
contrast, the main post-treatment effect remains both statistically and econom-
ically significant even after controlling for these agency frictions. This pattern
points to a distinct incentive mechanism—one rooted in managers’ own financial
stakes as investors, rather than in traditional agency frictions as managers.

We proceed to examine how co-investing fund managers adjust their portfolios
in response to increased personal taxes. Our analysis reveals that co-investing
managers do not significantly change their allocation between risk-free and risky
assets, nor do they concentrate their holdings in fewer stocks. Instead, they in-
crease exposure to systematic risk while avoiding idiosyncratic risk—consistent
with the notion that higher taxes distort work incentives and reduce managers’
willingness to exert effort in pursuing alpha through idiosyncratic bets. This
shift is further reflected in a reduced allocation to lottery-like stocks and an in-
creased tilt toward style factor exposures. Taken together, these findings suggest
that the post-treatment increase in risk-taking is implemented through subtle
adjustments in factor betas, rather than through aggressive alpha-seeking.

Such tax-induced risk-taking behavior appears to be costly for mutual fund
investors. Following the tax hike, we observe a significant decline in fund per-
formance, as evidenced by reductions in both the return gap (Kacperczyk et al.,
2008) and fund alpha. These results indicate that the risk-shifting decisions
induced by personal tax incentives do not create value for investors and may
even erode fund alpha. One potential explanation lies in managers’ increased
allocation to high-beta stocks. As suggested by the “betting-against-beta” phe-
nomenon (Frazzini and Pedersen, 2014), high-beta assets tend to underperform
on a risk-adjusted basis, leading to negative alpha outcomes.

Our study contributes to several strands of literature. First, we expand the
literature on the roles of co-investment in mutual fund governance. Previous re-
search has interpreted co-investment as an effective governance tool that aligns
incentives and mitigates agency problems (Jensen and Meckling, 1976): it re-
duces disposition effect (Fu and Wedge, 2011), excessive risk-taking (Ma and
Tang, 2019), and the tendency to hold lottery-like stocks (Agarwal et al., 2022),
leading to an improvement in fund performance (Khorana et al., 2007; Agarwal
et al., 2009; Cremers et al., 2009). Recent research has offered an alternative
interpretation of co-investment, suggesting that it can serve as a mechanism
through which fund managers incorporate their private considerations.4 Our

4Orlov et al. (2022) share a similar spirit, as they interpret co-investment as a manifestation
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finding complements this literature by showing that co-investing fund managers
take into account private tax considerations when determining fund risk-taking.
These two interpretations are not mutually exclusive. For instance, Ma and
Tang (2019) argue that co-investment can effectively mitigate agency-related
risk-taking. Our study further adds that a higher tax regime can reverse this
mitigating effect, making co-investment a less effective tool to temper excessive
risk-taking.

Second, we contribute to the literature on spillover effects of personal taxes
on managerial risk-taking decisions. Previous studies have extensively docu-
mented the direct effect of personal taxes on individuals’ investment decisions
(see Dammon and Spatt, 2012, for a literature review). However, only recently
have studies explored the spillover effects of personal taxes on professional man-
agers. For instance, Armstrong et al. (2019) and Yost (2018) focus on the con-
text of CEOs and find that they adjust corporate risk-taking in response to
the changes in personal income and capital gains taxation. We are the first
to extend the discussion to the context of mutual fund managers. Given that
mutual funds play a key role in the wealth accumulation of more than half of
U.S. households,5 it is important for policymakers to consider the tax response
of mutual funds when formulating optimal tax policies.

Finally, we add to the asset management literature by examining the agency
problems that arise from tax considerations. Previous studies have highlighted
that implicit incentives, such as flows-based compensation, can lead to a vari-
ety of tax-induced agency problems (Barclay et al., 1998; Dickson et al., 2000;
Harris et al., 2015). Yet, little attention has been paid to the explicit incen-
tives of fund managers, such as compensation and equity incentives. A recent
study by Agarwal et al. (2021) focuses on the context of compensation incen-
tives and finds that higher income taxes for hedge fund managers are associated
with reduced work incentives and worse fund performance. Our study adds to
this literature by considering equity incentives and focusing on capital gains
taxes. We find that higher capital gains taxes, coupled with co-investment, can
incentivize agency-prone mutual fund managers to increase risk-taking, leading
to a suboptimal performance. Together, both studies underscore the profound
impact of personal taxation on fund management, revealing the complex dy-
namics between personal taxation, managerial incentives, and fund investment
decisions.
of the revealed beliefs of fund managers toward specific investment decisions in the context
of ESG investing. In addition, Agarwal et al. (2022) show that a higher co-investment stake
is associated with lower risk-taking in lottery stocks, indicating that fund managers have no
preference over such stocks when betting with their own money. Their finding is in line with
our interpretation of co-investment—it measures how much fund managers take into account
their private considerations.

5See “Mutual Funds Are Key to Building Wealth for Majority of US Households.” (2022,
October 31). Investment Company Institute. https://www.ici.org/news-release/22-news-
ownership.
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2 Theoretical Background

The tax impact on individual portfolio decisions has been comprehensively es-
tablished since the first investigation in Domar and Musgrave (1944) and subse-
quent discussions in Feldstein (1969) and Stiglitz (1969). One conclusion is that
investors take greater risk as tax increases under the assumption of full loss
offset and risk aversion. Risk-averse investors—characterized by concave von
Neumann-Morgensterm utility functions—appreciate an increase in investment
payoff to a larger extent in bad times than in good. As a result, their utility
gains in bad times, when they use capital losses to offset future taxable income,
are much greater than the utility losses in good times due to tax payment.
Put differently, risk-averse investors perceive the loss offset rule as an insurance
contract with the government: they are insured against full loss in bad times,
while paying a premium in good times. A higher tax regime thus implies that
the government assumes more downside risk, motivating risk-averse investors to
take on greater risk.

Fund managers who have co-investment stakes respond to personal tax changes
in a way similar to individual investors. Figure 1 visualizes how co-investing
fund managers respond to a tax hike. Suppose that managers have a concave
utility function 𝑈(𝜋), i.e., 𝑈 ′ > 0 and 𝑈″ < 0, where 𝜋 is the payoff they derive
from fund performance. Fund performance, 𝑓𝑖(𝜎), is a function of risk-taking,
𝜎, and is dependent on market conditions, 𝑖 ∈ {𝑔𝑜𝑜𝑑, 𝑏𝑎𝑑}. In good times, with
probability 𝑝 ∈ {0, 1}, the investment delivers a gain, 𝑓𝑔(𝜎) > 0, that follows
𝑓 ′

𝑔 > 0 and 𝑓″
𝑔 < 0. In bad times, with probability (1 − 𝑝), it incurs a loss,

𝑓𝑏(𝜎) < 0, that follows 𝑓 ′
𝑏 < 0 and 𝑓″

𝑏 < 0. In a world of full loss offset with tax
𝜏 ∈ {0, 1}, the net payoff of co-investment takes the form:

𝜋𝐼𝑁𝑉 (𝜎, 𝜏) = {(1 − 𝜏)𝑓𝑔(𝜎) > 0, in good times
(1 − 𝜏)𝑓𝑏(𝜎) < 0, in bad times

Notably, −𝜏𝑓𝑔 < 0 is the capital gains tax payment and −𝜏𝑓𝑏 > 0 is the tax
savings due to loss offset. As seen in Figure 1, when tax increases from 0 to 𝜏 ,
the magnitude of utility gains in bad times, 𝑀𝐵 = |𝑈(𝑓𝑏) − 𝑈((1 − 𝜏)𝑓𝑏)|, are
greater than that of utility losses in good times, 𝑀𝐶 = |𝑈(𝑓𝑔) − 𝑈((1 − 𝜏)𝑓𝑔)|,
given that the utility function is concave, 𝑈″ < 0. As a result, fund managers
are motivated to increase risk-taking.

So far, we have disregarded compensation incentives of fund managers and
assumed that they behave similarly to individual investors. Now we further
consider this aspect. Fund managers’ total payoff associated with portfolio
management can now come from two sources: the performance-linked compen-
sation from their incentive contracts, 𝜋0, and the investment payoff from their
co-investment, 𝜋𝐼𝑁𝑉 .

𝜋 = 𝜋0(𝜎) + 𝜋𝐼𝑁𝑉 (𝜎, 𝜏)𝑉
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where 𝑉 = 𝟙(𝑐𝑜 − 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 > 0) is a dummy variable indicating whether
fund managers have co-investment. Note that 𝜋0 is not a function of managers’
personal taxes 𝜏 . Whether or not fund managers are rewarded by their incentive
contracts should be independent of their own tax status.6 For convenience, we
specify the performance-linked compensation as 𝜋0 = 𝑧𝑓(𝜎) with 𝑧 ≥ 0.7

𝜋(𝜎, 𝜏) = {𝜋𝑔 = (𝑧 + (1 − 𝜏)𝑉 )𝑓𝑔(𝜎) > 0, in good times
𝜋𝑏 = (𝑧 + (1 − 𝜏)𝑉 )𝑓𝑏(𝜎) < 0, in bad times

With this payoff structure, fund managers make risk-taking decisions following
a von Neumann-Morgensterm utility optimization. Their objective function is
of the form:

max
𝜎(𝑤)

𝐸𝑈{𝜋[𝜎(𝑤)]} = 𝑝𝑈(𝜋𝑔) + (1 − 𝑝)𝑈(𝜋𝑏)

where total risk-taking, 𝜎(𝑤), is a function of portfolio weightings, 𝑤, a variable
that fund managers determine during portfolio management. To simplify the
analysis, we examine fund managers’ optimal risk-taking decisions (𝜎), instead
of analyzing their optimal portfolio weightings (𝑤), while still maintaining the
insights obtained from our model. The optimal risk-taking, 𝜎∗, satisfies the first
order condition:8

𝐹𝑂𝐶 ≡ 𝜕𝐸𝑈
𝜕𝜎(𝑤) = 𝑝[𝑈 ′(𝜋𝑔)𝜋′

𝑔] + (1 − 𝑝)[𝑈 ′(𝜋𝑏)𝜋′
𝑏]

= 𝑝[𝑈 ′(𝜋𝑔)(𝑧 + (1 − 𝜏)𝑉 )𝑓 ′
𝑔] + (1 − 𝑝)[𝑈 ′(𝜋𝑏)(𝑧 + (1 − 𝜏)𝑉 )𝑓 ′

𝑏]
= 0

The first order condition characterizes fund managers’ risk-taking decision dy-
namics. With an additional unit of risk taken, the investing payoff increases
in good times, 𝜋′

𝑔 > 0, but decreases in bad times, 𝜋′
𝑏 < 0; fund managers

increase their risk-taking until their expected utility reaches zero. In addition,
the decision dynamics have a second implication for co-investing fund managers,
whose 𝑉 = 1. Due to tax payment, −𝜏𝑓𝑔 < 0, the co-investing fund managers
have fewer utility gains in good times, but they also have fewer utility losses in
bad times due to tax savings after offsetting losses, −𝜏𝑓𝑏 > 0. Fund managers’

6Although compensation contracts may sometimes relate to after-tax performance metrics
due to tax clienteles, the contracts are designed to induce optimal portfolio management based
on clients’ taxes, rather than fund managers’ taxes.

7If we consider 𝑧 a coefficient related to performance pay sensitivity (delta), we can set it
as a function of fund performance and therefore sigma, 𝑧(𝜎). The insights derived from this
alternative model align with those of our current model.

8We check the sign of the second order condition, 𝑆𝑂𝐶 = 𝑝{𝑈″(𝜋𝑔)[𝜋′
𝑔]2 + 𝑈′(𝜋𝑔)𝜋″

𝑔 } +
(1 − 𝑝){𝑈″(𝜋𝑔)[𝜋′

𝑏]2 + 𝑈′(𝜋𝑔)𝜋″
𝑏 } < 0, ensuring that 𝜎∗ derived from the first order condition

maximizes the objective function.
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ultimate risk-taking choice then depends on their risk attitudes, or as shown in
Figure 1, the concavity of utility functions.
By implicit function theorem, we can derive how fund managers change their
optimal risk-taking with respect to personal tax changes:

𝑑𝜎∗

𝑑𝜏 = −
𝜕𝐹𝑂𝐶

𝜕𝜏
𝜕𝐹𝑂𝐶

𝜕𝜎
=

𝜕𝐹𝑂𝐶
𝜕𝜏

−𝑆𝑂𝐶 (1)

where 𝑆𝑂𝐶 is the second order condition.9 Since 𝑆𝑂𝐶 < 0, whether co-
investing fund managers take greater risk then depends on the sign of the nu-
merator in Equation (1). After rearrangement,10 we show that

𝜕𝐹𝑂𝐶
𝜕𝜏 = 𝑝𝑈 ′(𝜋𝑔)𝜋′

𝑔(𝑅𝐴
𝑔 𝜋𝑔 − 𝑅𝐴

𝑏 𝜋𝑏)( 𝑠
1 − 𝜏 ),

where the share of co-investment stakes in good times, 𝑠 ≡ (1−𝜏)𝑉
𝑧+(1−𝜏)𝑉 , is greater

than 0 and the Arrow-Prat coefficient of absolute risk aversion, 𝑅𝐴
𝑖 ≡ − 𝑈″(𝜋𝑖)

𝑈′(𝜋𝑖) ,
is greater than 0 for 𝑖 ∈ {𝑔, 𝑏} under the assumption of utility concavity. Since
𝑈 ′, 𝜋′

𝑔, 𝑅𝐴
𝑔 , 𝑅𝐴

𝑏 , 𝜋𝑔 > 0 and 𝜋𝑏 < 0, we obtain

𝑑𝜎∗
𝑑𝜏 =

𝜕𝐹𝑂𝐶
𝜕𝜏

−𝑆𝑂𝐶 > 0, if 𝑉 = 1, and
= 0, if 𝑉 = 0.

This comparative statics provides several implications. First, the magnitude
of tax-induced risk depends on whether or not there is a co-investment stake.
Fund managers who co-invest (𝑉 = 1) and those who do not (𝑉 = 0) behave
differently: co-investing fund managers take on greater risk while their peers do
not react to rising taxes. In addition, the magnitude of tax-induced risk depends
on managerial risk aversion, 𝑅𝐴

𝑖 . The more risk-averse the fund managers are,
the more risk they take on as taxes increase, as long as 𝑅𝐴

𝑖 > 0. Put differently,
our analysis can apply to any concave utility functions without imposing further
restrictions on risk aversion 𝑅𝐴

𝑖 .
Thus, under the assumption of loss offset and risk aversion, if managerial taxes
increase, ceteris paribus, fund managers who have co-investment will increase
fund risk-taking.

3 Institutional background

We use the American Taxpayer Relief Act 2012 (ATRA) as a natural experiment
that led to a substantial tax increase in the U.S. in 2013. The ATRA was enacted

9The prerequisite of implicit function theorem, 𝜕𝐹𝑂𝐶
𝜕𝜎 ≠ 0, is by construction satisfied

because 𝑆𝑂𝐶 < 0.
10We show details of the rearrangement in Appendix A.1.
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to address the expiration of temporary tax provisions, including the Economic
Growth and Tax Relief Reconciliation Act of 2001 (known as “Bush tax cuts”).
To determine whether to extend these tax provisions, the legislation drafted
the bill of the ATRA in late December 2012 and swiftly passed it on January
1st, 2013.11 Under the ATRA, an additional tax bracket was added on the
top for both short-term12 and long-term capital gains. As a result, the top
federal tax rate for long-term (short-term) capital gains increased from 15% to
20% (35% to 39.6%) for high-income earners with an annual income exceeding
$400,000,13 while the tax code for other taxpayers remained unchanged. In
addition, the Patient Protection and Affordable Care Act introduced a 3.8% net
investment income tax.14 Overall, this leads to a long-term (short-term) capital
gains tax rate of 23.8 percent (43.4 percent) for top earners, which represents
a staggering 58% (24%) increase in 2013 compared to the tax rates in 2012.
Figure 2 visualizes the substantial increase in the long-term capital gains taxes
experienced by top earners across all US states, resulting in a noticeable shift
in the distribution of marginal tax rates toward higher levels.15

The ATRA presents a desirable research setting to distinguish between the tax
effects driven by investor clienteles and those driven by managerial incentives, as
it only affects top earners with an annual income greater than $400,000. Notably,
mutual fund investors are unlikely to be high-earning taxpayers. According to
Bogdan and Schrass (2014), the annual household income of a median mutual
fund investor was $80,000 and only 5% of household investors earn more than
$250,000 a year, far less than the threshold of $400,000 a year. In contrast,
portfolio managers, commonly considered a high-paying occupation,16 are more

11Appendix A.2 presents more details on the legislative history of the ATRA. Table A.1
displays the legislative progress, and in Figure A.1, Google Search Trend indicates that public
attention to the tax increase only started to rise toward the end of 2012.

12Short-term capital gains, i.e., the capital gains from investments held for one year or less,
are taxed at the same rate as ordinary income.

13The threshold amounts to $450,000 for joint filers in 2013.
14The threshold amounts to $200,000 ($250,000) for single (joint) filers in 2013.
15State-level deduction rules lead to slight variations in the magnitude of tax changes across

states.
16While we lack direct information on mutual fund managers’ annual income, we can infer

it indirectly from existing literature and anecdotal evidence from news outlets. Using data
from the U.S. Census Bureau, which covers unemployment insurance wage records for more
than 90% of civilian jobs in the U.S., Cen et al. (2023) have created a novel dataset indirectly
revealing the annual compensation of mutual fund managers. They report that the median
(75th percentile) of the annual compensation level is approximately $337 ($856) thousand.
While this reported number is still below $400 thousand, the threshold for being affected
by the ATRA shock, we argue that it may be underestimated for two significant reasons.
Firstly, the dataset’s current coverage extends to only 17 U.S. states, excluding states such
as New York and Massachusetts, which host the majority of registered mutual funds and
generally offer higher average compensation. Secondly, the dataset does not consider equity-
based compensations like option grants and restricted-stock grants, which can contribute
to a significant portion of their total compensation. According to the second annual All-
America Buy-Side Compensation report conducted in 2018 by the publisher Institutional
Investor, mutual fund managers (portfolio managers at investment advisory firms) reported an
expected base pay of $251,424 ($324,604) and variable pay, including bonuses, commissions,
and options, totaling $1.37 million ($805,583). Given this anecdotal evidence indicating a

9



likely to be placed in the new top income bracket and subject to the tax shock
than their investors. Thus, the ATRA tax hike can be seen as a tax shock
that is more likely to affect fund managers than fund investors.17 It presents a
unique setting where taxes increased for high-earning fund managers, while fund
investors in lower tax brackets did not face any tax changes.18 Consequently,
if co-investing managers adjust fund risk-taking following the ATRA tax shock,
it is unlikely that they respond to tax changes for their investors’ tax interests;
instead, fund managers may do so for their own tax benefits.

4 Data

We collect data from various sources, including the Center for Research in Se-
curity Prices (CRSP), Morningstar Direct (MSD), the Electronic Data Gather-
ing, Analysis, and Retrieval system (EDGAR), Thomson Reuters Mutual Fund
Holdings (TRH) database, and NBER TAXSIM (Feenberg and Coutts, 1993).19
Following prior literature (Chen et al., 2004; Busse and Tong, 2012; Ferson and
Lin, 2014; Busse et al., 2021), we screen actively managed U.S. domestic equity
funds and compute fund-level variables by aggregating across different share
classes based on lagged total net assets.20

We focus on the period from 2009 to 2015 around our event, the American
Taxpayer Relief Act of 2012 (ATRA). We chose this sample period for several
reasons. First, we include symmetric 3-year event windows before and after
2012, when the ATRA was passed. Second, as Trump’s Tax Cuts and Jobs Act
was announced in 2017 and led to substantial changes afterward, we omit the
years after 2016 to avoid biases from other significant concurrent tax changes
and potential anticipation effects—our major event, the ATRA, represents the
only sizable federal-level tax change during the sample period.
substantial variable pay, it is not unreasonable to assume that mutual fund managers earn
over $400 thousand a year on average and are likely to be affected by the ATRA tax hike.

17In Appendix A.3, we provide an explanation of how personal taxation applies to managerial
compensation. In Appendix A.4, we further discuss the relevance of capital gains taxes for
mutual fund investors, including those fund managers who have non-zero co-investment.

18For example, the subsequent Tax Cuts and Jobs Act 2017 (TCJA) would not provide as
clean of a setting. The TCJA reduced the short-term capital gains tax for all but the lowest
tax bracket but retained the level of long-term capital gains taxes. Furthermore, the law
substantially decreased the corporate tax rate and increased standard deductions.

19To merge CRSP Mutual Fund and TRH databases, we use the MFLINKS tables of Wer-
mers (2000). To merge CRSP Mutual Fund and MSD, we apply the algorithm of Pástor et al.
(2015) to reconcile the data discrepancies between MSD and CRSP Mutual Fund databases
(Berk and van Binsbergen, 2015; Pástor et al., 2015).

20Details of screening criteria are shown in Appendix A.5. We use wficn as the portfolio-level
identifiers.
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4.1 Holdings-based risk shift measures

Although many previous studies measure risk-taking with the standard devia-
tion of fund returns, such measures fail to isolate the intended change in fund
risk from the realized one (Kempf et al., 2009; Huang et al., 2011). As Kempf
et al. (2009) point out, “intended risk changes can deviate substantially from
realized changes in fund risk because risk changes of stocks affect the change of
funds’ volatility dramatically”(p. 96), indicating that it may be inappropriate
to measure intended risk changes by using return-based measures. To rule out
the unexpected market risk, we follow Kempf et al. (2009) and Huang et al.
(2011) and construct our holdings-based intended risk shift measure as follows:

RS𝑖,𝑡 = 𝜎𝐻
𝑖𝑡 /𝜎𝑅

𝑖,𝑡−1 − 1
= 𝑠𝑡𝑑𝑒𝑣(𝑤𝑡𝑟𝑡−1)/𝑠𝑡𝑑𝑒𝑣(𝑤𝑡−1𝑟𝑡−1) − 1
= √𝑤′

𝑡Σ𝑡−1𝑤𝑡/√𝑤′
𝑡−1Σ𝑡−1𝑤𝑡−1 − 1

(2)

where 𝑤𝑖,𝑡 refers to the portfolio weights of fund 𝑖 at period 𝑡, and Σ𝑡−1 refers
to the covariance of stock holdings at the previous period 𝑡 − 1. Note that
the numerator and denominator of Equation (2) share the same source of stock
volatility, Σ𝑡−1, suggesting that the difference in volatility is solely driven by
the changes in portfolio weights between period 𝑡 and 𝑡 − 1, after controlling for
the underlying stock volatility. As portfolio weighting allocation is the primary
means by which fund managers achieve desired risk levels, changes in portfolio
weights can thus reflect their ex-ante risk choices. For instance, an increase in
RS𝑖,𝑡 indicates that the managers of fund 𝑖 have changed the portfolio weightings
at period 𝑡 in a way that would result in a higher risk level at period 𝑡, assuming
the underlying stock volatility remains unchanged from period 𝑡 − 1.

In our empirical analysis, we measure the RS𝑖,𝑡 at each quarter of year 𝑡 by
setting the base period to be the previous quarter and then taking a yearly
average. The covariance of stock holdings is calculated by using the standard
deviation of the prior 52 weekly returns. We annualize intended risk changes
by multiplying them by the square root of 52. This measure is computed using
equity holdings data from TRH and security price data from CRSP.

4.2 Co-investment data and summary statistics

We manually collect a dataset of managerial co-investment from the “State-
ment of Additional Information” in the annual fund prospectus filed to SEC
EDGAR. Since 2005, fund managers have been obliged to disclose their personal
investments of the funds they manage. This co-investment information is re-
ported not as an absolute amount but within seven dollar ranges: $0, $1-$10,000,
$10,001-$50,000, $50,001-$100,000, $100,001-$500,000, $500,001-$1,000,000, or
over $1,000,000. Figure 3 shows the distribution of average co-investment per
manager across seven dollar ranges. Roughly 30% of fund managers do not have
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any co-investment stakes, while more than 5% of fund managers have invested
over $1 million dollar invested in the funds they manage. The most prevalent
co-investment stakes typically fall within the range of $100,001-$500,000. Fol-
lowing prior studies (Khorana et al., 2007; Ma and Tang, 2019), we first appoint
the midpoint of each reported range as an exact dollar amount to each manager.
We then construct the fund-level co-investment by adding up each manager’s
stake in the fund.21 Figure 4 displays the amount of managerial co-investment
across different investment styles. Note that the co-investment stakes are similar
across investment styles, alleviating selection concerns.

Summary statistics for managerial co-investment data as well as for risk-taking
measures and control variables are provided in Table 1. We provide a detailed
description of all variables in Appendix A.6. All data are available and analyzed
at a yearly frequency. We winsorize all variables at the 1% level. The average
fund in our sample has a mean risk-shift ratio of 0.71% and a standard deviation
of 2.43%. On average, funds manage approximately $1.87 billion in total net
assets, have a 19-year performance history, and experience 1.7% in fund flows.
Over 70% of funds have at least one manager with a co-investment stake, and
the average co-investment per manager is $289,280.

5 Empirical strategy and results

Our empirical strategy relies on a two-way fixed effects difference-in-differences
(DiD) design. Specifically, we use the enactment of the ATRA in early 2013—
described in Section 3—as a manager-level shock to capital gains taxes. Treat-
ment is assigned based on fund managers’ co-investment stakes: the greater
their personal stake, the more likely they are to view the fund portfolio as an
extension of their own private portfolio. Our objective is to identify the effect
of this treatment on managerial risk-taking decisions in the post-treatment pe-
riod. The key identifying assumption underpinning this setting is that of parallel
trends: in the absence of treatment, the treated and control groups would have
followed similar trajectories. To mitigate concerns about potential confounding
factors that could violate this assumption, we incorporate fixed effects and a
range of controls to account for both unobservable and observable heterogene-
ity. In later section, we formally assess the parallel trends assumption using the
standard dynamic DiD setting.

21To address potential measurement errors, we use a binary indicator to represent the pres-
ence or absence of co-investment stakes, a variable that can be accurately constructed even
when precise co-investment information is not available.
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5.1 Baseline: do co-investing managers increase risk-
taking?

As derived in Section 2, our hypothesis posits that co-investing fund managers
would take on greater risk in their funds when their personal capital gains taxes
increase. To test this hypothesis, we estimate the following DiD regression:

RS𝑖,𝑡 = 𝛽Post𝑡 × Treat𝑡 + ΓZ𝑖,𝑡−1 + 𝐹𝐸𝑖,𝑡 + 𝜖𝑖,𝑡 (3)

where the dependent variable RS𝑖,𝑡 is fund 𝑖’s the intended risk-shift ratio of year
𝑡. We measure RS𝑖,𝑡 at period 𝑡 while independent variables at period 𝑡−1 so as
to mitigate potential reverse causality concerns. Post𝑠,𝑡 is a binary variable equal
to 1 after 2013, when the ATRA was enacted and led to a significant tax increase
in the U.S. We define Treat𝑖 based on fund 𝑖’s co-investment stake in 201222—the
year before the ATRA was enacted—using different measures: a binary indicator
for holding any (non-zero) stake, a binary indicator for holding an above-median
stake, or a continuous measure given by the logarithm of the pre-event co-
investment level. Our primary interest is the coefficient of Post𝑡 × Treat𝑖, 𝛽,
which captures the relationship between changes in taxes and changes in risk-
taking conditional on co-investment. According to our hypothesis, we expect 𝛽
to be positive.
We include fund fixed effects and year-by-investment-style fixed effects to ac-
count for time-invariant fund characteristics and time-varying variation across
investment styles. Prior research shows that investment styles are associated
with funds’ tax management practices (Bergstresser and Pontiff, 2013; Sialm
and Zhang, 2020). As our hypothesis suggests that co-investing fund managers
exploit tax benefits, such as loss offsets, it is plausible that managers’ responses
to tax shocks vary by investment style. To isolate the effect of co-investment
from such style-driven differences, we remove year-by-style-level variation.
In addition, following Ma and Tang (2019), we control for a set of fund-,
manager-, and family-level characteristics that may influence managerial risk-
taking. The control variables, Z𝑖,𝑡−1, include fund return, the logarithm of
fund size, the logarithm of fund age, fund flows, expense ratio, the logarithm of
turnover ratio, fund activeness, a team management dummy, the logarithm of
the maximum tenure among team members, and the logarithm of fund family
size.23 Finally, to correct for autocorrelation in fund-level outcomes over time,
we cluster standard errors at the fund level.
Table 2 presents the results of our baseline regression, as specified in Equation
(3). We begin with the most basic specification, excluding all control variables

22Median co-investment stakes per manager remain stable around the ATRA, mitigating
the concern that taxes drive the changes in co-investment.

23Kempf and Ruenzi (2008), Kempf et al. (2009), and Huang et al. (2011) suggest that funds
with certain characteristics take more risk; for instance, funds with a higher expense ratio,
funds managed by a single manager, funds affiliated with larger families, funds with worse
performance, funds that are younger, funds managed by managers with shorter tenure, and
funds with higher activeness.
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and using the simplest treatment definition: a binary indicator equal to one if the
fund manager held any (non-zero) co-investment prior to the ATRA tax increase.
Consistent with our hypothesis, Column (1) shows a statistically significant
positive post-treatment effect. The point estimate indicates that, following the
ATRA tax hike, fund managers with co-investment stakes increased their risk-
shift ratio by 0.281 percentage points (pp) compared to managers without co-
investments. Economically, the estimated post-treatment effect is nontrivial.
Given the mean risk-shift ratio of 0.71 pp, the effect is equivalent to a 40%
increase (= 0.281 / 0.71). In terms of economic significance, it corresponds
to approximately a 12%-standard-deviation increase in the risk-shift ratio (=
0.281 / 2.43). In Column (2), we add the full set of controls following Ma
and Tang (2019). The estimated coefficient declines slightly to 0.232 pp and
remains statistically significant at the 10% level. The attenuation suggests that
the added controls account for some of the variation previously attributed to the
post-treatment effect. However, the effect size remains comparable, indicating
that omitted variable bias is unlikely to be substantial.

Note that the estimates in Columns (1) and (2) likely understate the actual
effect of co-investment. In these specifications, the non-zero treatment definition
classifies any manager with a positive co-investment—even as little as a single
dollar—as treated. However, such minimal stakes are unlikely to cause managers
to perceive the fund portfolio as part of their private wealth, as suggested by
our theoretical framework. Including these marginally co-invested managers in
the treatment group introduces attenuation bias, as their weak incentives dilute
the measured effect. As a result, the estimates in Columns (1) and (2) should
be interpreted as conservative lower bounds of the true impact of co-investment
on tax-induced managerial behavior.

We refine the treatment definitions to more accurately capture the private port-
folio incentive driven by co-investment. We argue that only fund managers with
substantial co-investments are likely to treat the fund portfolio as part of their
private wealth. Accordingly, we divide the treatment group used in Columns (1)
and (2) into two subgroups based on the median non-zero co-investment amount
(~ $670,000). Managers with no co-investment (approximately 30% of the sam-
ple) serve as the control group, while the below- and above-median treatment
groups each comprise roughly 35% of the sample, ensuring balanced group sizes.
Column (3) of Table 2 reports the estimation results. As predicted, the low-
stakes treatment group shows no significant effect, suggesting that small per-
sonal stakes are insufficient to induce managers to internalize the fund portfolio.
In contrast, the high-stakes treatment group exhibits a statistically significant
positive effect at the 1% level, with a coefficient of 0.501—nearly double the
estimate reported in Column (2). This effect corresponds to a 21%-standard-
deviation increase in the risk-shift ratio relative to the zero-stake control group
and exceeds 70% of the sample mean. These results reveal a nonlinear relation-
ship: only sufficiently large co-investments lead fund managers to adjust their
risk-taking behavior in response to tax changes.
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We do not aim to pinpoint the exact threshold at which a co-investment becomes
“sufficiently large” to trigger private portfolio incentive. Rather, we argue that
once a manager’s personal stake reaches a meaningful level, they may begin
to internalize the fund portfolio and alter their risk-taking behavior. Column
(4) of Table 2 reports estimates based on a simpler split at the unconditional
sample median (approximately $300,000). Funds are classified into either below-
median or above-median groups, with the former including managers with zero
co-investment. The results closely resemble those in Column (3), with a coeffi-
cient of 0.524 that is statistically significant at the 1% level. This consistency
supports the robustness of our findings and indicates that the observed effects
are not sensitive to the threshold choice. For simplicity, we adopt this median-
split definition as our preferred specification in the remaining analysis.

Our results remain robust across alternative fixed effects specifications. To
address concerns that co-investment decisions may be influenced by fund family
policies, we augment our preferred specification from Column (4) by adding
year-by-family fixed effects. This stricter specification absorbs all variation at
the fund family level within each year, ruling out the possibility that time-
varying family-level policies drive the results. This approach compares funds
within the same year, investment style, and family, offering a stringent test of
our identification strategy. In the Internet Appendix, we further confirm the
robustness by checking various choices of fixed effects.

Our result does not contradict the existing literature on co-investment. In Col-
umn (6) of Table 2, we relax the fund fixed effects to observe the direct relation-
ship between co-investment and managerial risk-taking. Under this specifica-
tion, co-investment itself is associated with a negative coefficient, corresponding
to approximately a 10%-standard-deviation decrease in the risk-shift ratio. This
finding aligns with Ma and Tang (2019), suggesting that co-investment can serve
as a governance mechanism to discourage excessive risk-taking. However, our
result suggests that this is only part of the story: beyond its role as a governance
mechanism, co-investment can also act as a transmission mechanism, through
which manager-level tax shocks lead to increased fund-level risk-taking.

Shifting focus from the plausible average treatment effect among the treated,
Table 3 examines the marginal effect of treatment intensity. Column (1) reports
results using the most basic continuous treatment measure: the log-transformed
co-investment amount in 2012. The estimated coefficient is 0.025 and statisti-
cally significant at the 5% level. As discussed in the context of Column (2) in
Table 2, this estimate likely understates the actual marginal effect, as it does
not account for potential nonlinearity.

To capture nonlinearity, we redefine the treatment intensity measure by exclud-
ing all variations below the median level of co-investment. This revised measure
aligns with our preferred treatment definition—namely, the above-median co-
investment dummy—and restricts the analysis to variation among managers
who are plausibly treated. As expected, the results reported in Column (2)
of Table 3 show a substantially larger effect than those in Column (1). The
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estimated coefficient is 0.039, indicating that a one-standard-deviation increase
in co-investment is associated with an approximately 21%-standard-deviation
increase in the risk-shift ratio following the ATRA (= ln(870,802) × 0.039 /
2.43). The stronger statistical significance (t = 4.298) further supports the
presence of nonlinearity in the co-investment effect, suggesting that variation
in below-median co-investment levels contributes little explanatory power and
may introduce noise that attenuates the estimate.24 This pattern is consistent
with our hypothesis: only when personal stakes are sufficiently large do fund
managers internalize the portfolio as part of their private wealth—an insight
also supported by the results in Table 2.

A natural concern is whether fund managers genuinely care about their
co-investment stakes, given their high labor income and substantial personal
wealth. Even large absolute co-investment amounts may represent only a
small fraction of their overall financial interests and may not meaningfully
affect behavior. Although we lack direct data on managers’ salaries or net
worth, we assess the relative economic importance of co-investment using
two measures. Our first measure scales co-investment against fund assets
under management (AUM), which we interpret as a proxy for labor income,
following Cen et al. (2023) evidence linking manager pay to fund flows and
hence AUM. Intuitively, a higher co-investment-to-AUM ratio thus reflects a
higher economic importance of co-investment relative to the managers’ labor
income. In Column (3) of Table 3, this scaled measure yields a coefficient of
0.139, significant at the 1% level—substantially larger than the estimate using
unscaled co-investment in Column (2)—suggesting that managers are more
likely to adjust fund-level risk-taking when co-investment represents a more
significant portion of their labor income.

As a second measure for the economic importance of co-investment, we scale co-
investment stakes by manager tenure, which we interpret as a rough proxy for
personal wealth. The underlying assumption is that longer-tenured managers
have had more time to accumulate their wealth. A higher co-investment-to-
tenure ratio therefore suggests a higher economic importance of co-investment
relative to the manager’s implied wealth. In Column (4) of Table 3, this scaled
measure yields an estimated coefficient of 1.26, substantially larger than the
unscaled estimate in Column (2). This finding reinforces our hypothesis: when
co-investment accounts for a larger share of manager wealth, the transmission
of personal tax incentives into fund-level risk-taking becomes more pronounced.

Finally, we examine whether team structure influences the transmission of per-
sonal tax shocks. In Column (5) of Table 3, we redefine treatment intensity
as average co-investment per manager, rather than total co-investment at the
fund level. This adjustment accounts for the possibility that incentives may

24If the relationship were linear, removing half the variations—specifically, all below the
median—would typically increase standard errors, making statistical significance harder to
achieve. The fact that we instead observe stronger effects provides strong evidence supporting
a nonlinear treatment mechanism.
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be diluted in team-managed funds, where multiple decision-makers share re-
sponsibility. The estimated coefficient indicates that a 1% increase in average
co-investment per manager is associated with a 0.021-percentage-point increase
in the risk-shift ratio. Although the effect remains positive and significant, both
the magnitude and significance are lower than in Column (2), suggesting that
team structure may attenuate the strength of the transmission mechanism. A
more detailed investigation of intra-team dynamics and differential influence
among managers is left for future research.

Taken together, our analyses using both dummy and continuous measures of
co-investment provide consistent support for the private portfolio hypothesis.
Fund managers with sufficiently large co-investment stakes appear more likely
to perceive the fund portfolio as an extension of their private wealth. As a
result, they may prioritize their own tax interests over the fiduciary interests of
fund investors. In this context, co-investment does not function as a governance
mechanism that aligns manager and investor incentives. Instead, it acts as a
shock transmission mechanism, allowing manager-level tax shocks to influence
fund-level decisions. This dynamic reveals a more subtle form of agency conflicts
that arise from the disparity in tax rates between fund managers and investors.

5.2 Dynamics: when do co-investing managers increase
risk-taking?

We continue to discuss the validity of the parallel trend assumption and the
timing of when fund managers increase fund risk-taking by employing a DiD
event study analysis.

The validity of our DiD baseline results relies on the parallel trend assumption,
i.e., in a counterfactual world where the ATRA were not implemented, the
difference in underlying risk-taking behavior between the treatment and control
groups would remain constant over time. To confirm, we employ a DiD event
study design:

RS𝑖,𝑡 = Σ𝑘≠2012𝛽𝑘𝑦𝑒𝑎𝑟𝑘 × Treat𝑖 + Γ𝑍𝑖,𝑡−1
+𝐹𝐸𝑖,𝑡 + 𝜖𝑖,𝑡

(4)

where the dependent variable RS𝑖,𝑡 is fund 𝑖’s risk-shift ratio of year 𝑡, 𝑦𝑒𝑎𝑟𝑘 is
a dummy equal to one in year 𝑘 and zero otherwise, and Treat𝑖 is our preferred
above-median treatment dummy; all other variables are defined as in Equation
(3). We are mainly interested in the interactions of 𝑦𝑒𝑎𝑟𝑘 and Treat𝑖, which
capture the development of the treatment group over time. We normalize the
coefficient in the period preceding the treatment, 𝛽2012, to zero. We interpret
the coefficient 𝛽𝑘 as the difference in the reaction between fund managers with
high (above-median) and low (below-median) co-investment stake in year 𝑘,
relative to the year 2012. Identical to Equation (3), we include the same set

17



of controls and fixed effects, and the standard errors are clustered at the fund
level.

Figure 5 visualizes the event study estimation as specified in Equation (4). If the
parallel trend assumption were violated, we might expect to observe statistically
significant differences in pre-treatment trends between the treatment and control
groups. As shown in Figure 5, the coefficients for 2009, 2010, and 2011 do
not show significant differences between the treatment and control groups, and
the point estimates are close to zero. We do not find direct evidence that
would suggest a violation of the parallel trend assumption based on the pre-
treatment period. Despit that, we acknowledge that the absence of pre-trends
does not guarantee the validity of the parallel trend assumption, nor does it
fully validate the causal interpretation of the DiD estimates. To pose a credible
alternative explanation, one would need to identify confounding factors that are
both temporally aligned with ATRA and selectively affect treated funds relative
to controls.

Another observation from Figure 5 is that the treated fund managers do not
immediately respond to the ATRA tax hike following its enactment. We identify
an effect in 2014, one year after the implementation of the ATRA. There are
two plausible explanations for this delayed response. First, it may be associated
with the timing of the execution of tax-motivated transactions. The literature
has documented that the loss offset mechanism incentivizes investors to engage
in year-end tax strategies (Dyl, 1977; Givoly and Ovadia, 1983; Keim, 1983).
Grinblatt and Keloharju (2004) provide a wash sale example, where investors
sell losers in December and repurchase the same stocks in January the next year.
Since the ATRA was passed on January 1st and swiftly implemented on January
2nd of 2013, fund managers aiming to leverage the loss offset mechanism must
wait until the year-end of 2013 to achieve the optimal execution timing. If tax-
motivated transactions predominantly occur around the turn of the year, it is
plausible that we only observe the overall effect of risk-taking in 2014 when all
tax-relevant transactions are fully executed.

Second, limited attention and tax salience may contribute to an underreaction
to taxes (Chetty et al., 2009; Finkelstein, 2009; Krishna, 2003). In the U.S.,
individuals typically file their annual tax returns in the months following the
end of the income year. Given that the ATRA was passed on short notice
and affected only a specific subgroup of taxpayers, it is plausible that fund
managers initially underestimated, or were unaware of, the extent of the ATRA
tax changes due to limited attention. However, in 2014 when they filed their tax
liability incurred during the previous year, every affected fund manager should
have understood the content of the tax shock and consequently reacted to it.
Put differently, the delayed response can be explained if we interpret the ATRA
as a tax shock that travels slowly.

Our first explanation provides a rational foundation for understanding the de-
layed response of the affected fund managers, while the second explanation as-
sumes behavioral bias among fund managers. Note that these two explanations
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are not mutually exclusive.

5.3 Incentive: why do co-investing managers increase risk-
taking?

In this section, we examine whether alternative risk-taking incentives—
specifically those related to managerial agency problems—can explain the
observed post-treatment effects.

Up to this point, we have interpreted the observed increase in risk-taking as
a consequence of treated fund managers viewing themselves as the fund’s pre-
eminent investors, prioritizing their own tax interests over those of other fund
investors. However, these co-investing fund managers occupy a dual role: they
are not only the VIP investors but also the managers of the funds, and thus
remain subject to the classical agency-related incentives well documented in the
literature. This duality raises an important empirical question: does the ob-
served risk-taking reflect the investor-level tax motives, or is it instead driven by
managerial agency incentives? If, for any reason, the ATRA-induced tax change
also strengthened managers’ incentives to take risk, then the observed behav-
ior among co-investing managers may be confounded by these agency dynamics.
Accordingly, this section aims to disentangle the two sources of incentive—those
stemming from the tax motives in their role as investors, and those arising from
agency frictions in their role as managers.

The existing literature identifies two classical managerial incentives for risk-
taking, each associated with distinct agency problems. The first is the com-
pensation incentive, which arises when fund managers increase portfolio risk to
boost flows-based compensation. This incentive is particularly strong when the
relationship between fund flows and past performance is convex—that is, when
investors respond more positively to strong performance with inflows than they
punish poor performance with outflows. To quantify this dynamic, we follow
prior studies (Longin and Solnik, 2001; Ang and Chen, 2002; Hong et al., 2007;
Ma and Tang, 2019) and construct a convexity measure, defined as the differ-
ence in the correlation between flows and past returns conditional on the returns
being positive and negative:

Convexity = corr(Flows, Return+) − corr(Flows, Return−)

where Return+ (Return−) refers to a positive (negative) twelve-month past re-
turn, and the correlations are calculated using monthly data over the past five
years. This measure captures the degree of asymmetry in investor response: a
higher value indicates that fund flows are more sensitive to outperformance than
to underperformance. Under high convexity, managers face stronger agency-
driven incentives to take excessive risk, as the upside from attracting inflows
outweighs the downside—even if risk-adjusted returns deteriorate.
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The second managerial incentive for risk-taking is the employment incentive,
which stems from managers’ career concerns—specifically, the desire to avoid
job loss due to large performance fluctuations. This incentive becomes particu-
larly salient when managers have persistently underperformed relative to their
peers and face increased pressure to retain their positions. To proxy for such
employment concerns, we construct a binary variable, 𝐿𝑜𝑠𝑒𝑟, which equals one
if the fund’s past three-year performance falls within the bottom 25% of its peer
group. We use a three-year evaluation window, following Ma and Tang (2019),
who document that this is the most commonly used timeframe in fund manager
compensation evaluations. When managers are in the 𝐿𝑜𝑠𝑒𝑟 state, we expect
them to adopt a more conservative strategy—taking too little risk in an effort
to safeguard their employment—rather than maximizing risk-adjusted returns.
This behavior reflects a distinct form of agency friction, rooted in employment
concerns rather than compensation-driven incentives.
To examine the source of risk-taking incentives, we estimate the following triple
difference-in-differences (3DiD) analysis:

RS𝑖,𝑡 = 𝛽1Post𝑡 × Treat𝑡 × Incentive𝑖,𝑡−1
+ 𝛽2Post𝑡 × Treat𝑡 + 𝛽3Post𝑡 × Incentive𝑖,𝑡−1 + 𝛽4Treat𝑖 × Incentive𝑖,𝑡−1
+ 𝛽5Incentive𝑖,𝑡−1 + ΓZ𝑖,𝑡−1 + 𝐹𝐸𝑖,𝑡 + 𝜖𝑖,𝑡 (5)

where the definition of RS𝑖,𝑡 , Post𝑡 , and Treat𝑖, the choice of control variables
and fixed effects, and the variable used to cluster standard errors are the same
as the baseline specification. The additional variable included in the triple
interaction term, Incentive𝑖,𝑡−1, captures the risk-taking incentive related to
either fund convexity or fund underperformance. Our primary focus lies in the
estimated 𝛽1, which tackles the question of whether the observed risk-taking is
driven by the corresponding managerial incentive. Table 4 presents the results
obtained by the estimated Equation (5).
Columns (1) and (2) of Table 4 present our 3DiD estimation results related to
managerial compensation incentives. In Column (1), we proxy compensation
incentives using fund convexity and find that the post-treatment effect remains
statistically significant at the 1% level, with a magnitude comparable to our
baseline estimate. The insignificant triple interaction term (Post × Treatment
× Convexity) indicates that this effect does not vary with the strength of con-
vexity, suggesting that observed behavior is not driven by managerial compen-
sation incentives. Column (2) replaces the binary treatment indicator with a
continuous measure of treatment intensity and yields consistent results. While
other coefficients are not statistically significant, their directions are consistent
with expectations: the positive coefficient on convexity confirms that managers
tend to take more risk when facing a more convex flow-performance relation-
ship, and the negative Treatment × Convexity interaction aligns with Ma and
Tang (2019), suggesting that co-investment may also have a disciplining effect.
We next examine whether managerial employment incentives could explain the
observed increase in risk-taking. In Column (3) of Table 4, we use the variable
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Loser to identify underperforming managers who may face a higher risk of job
loss. Even after accounting for such employment pressure, the post-treatment
effect remains positive and statistically significant. The triple interaction term
(Post × Treatment × Loser) is insignificant, suggesting that concerns about job
security do not drive the observed risk-taking behavior. Column (4) confirms
this result using the continuous treatment intensity measure.

Taken together, our analysis suggests that the observed increase in risk-taking is
not driven by managerial agency incentives—whether related to compensation
or career concerns—but is instead primarily motivated by tax considerations in
their role as investors.

5.4 Channel: how do co-investing managers increase risk-
taking?

After establishing the magnitude, timing, and underlying incentive of the ob-
served effect, we turn to examine the portfolio decisions made by fund managers
following the ATRA tax hike. To investigate how co-investing managers increase
risk-taking through portfolio adjustments, we estimate the following regression:

PortfolioDecision𝑖,𝑡 = 𝛽Post𝑡 × Treat𝑡 + ΓZ𝑖,𝑡−1 + 𝐹𝐸𝑖,𝑡 + 𝜖𝑖,𝑡 (6)

where we control for the same set of variables, include the same fixed effects,
and cluster standard errors at the fund level, as the specification specified in the
baseline analysis. The dependent variable, PortfolioDecision𝑖,𝑡, includes a set of
variables associated with portfolio decisions that fund 𝑖 can make in year 𝑡. Fol-
lowing the prior literature, we explore various dimensions of portfolio decisions,
including the allocation between cash and equity holdings, the number of port-
folio stocks, exposure to systematic as well as idiosyncratic risk, factor betas,
and lottery-like stock holdings (Huang et al., 2011; Agarwal et al., 2022). Our
primary focus lies in the estimated 𝛽, which represents the divergent portfolio
decisions made by managers with high (above-median) and low (below-median)
stake of co-investment after the ATRA tax hike. Table 5 presents the results ob-
tained by estimated Equation (6) and provides an overview of various portfolio
decisions potentially made by fund managers following a tax hike.

The first set of portfolio-level decisions we examine relates to the allocation
between risk-free and risky assets. If co-investing fund managers sought to in-
crease risk exposure in response to a personal tax shock, they could do so by
reducing cash holdings and increasing equity allocations. To test this channel,
we estimate Equation (6) using three dependent variables: the percentage of
equity holdings, the percentage of cash holdings, and the number of stocks in
the portfolio. As shown in Columns (1) and (2) of Table 5, the estimated co-
efficients for equity and cash holdings are in the expected directions—positive
and negative, respectively—but neither is statistically significant. These find-
ings suggest that co-investing managers do not respond to higher personal tax
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rates by significantly shifting the portfolio between risk-free and risky assets.
We also examine whether they increase risk by concentrating holdings in fewer
stocks. Column (3) shows no evidence of such overconcentration behavior. In
fact, co-investing managers slightly increase the number of stocks in the port-
folio, despite holding the overall equity share constant. These results indicate
that changes in portfolio-level asset allocation and concentration are unlikely to
be the primary channels of observed risk-taking.

The second set of portfolio decisions relates to the allocation within risky assets.
If fund managers aim to increase risk-taking by changing the allocation within
equity holdings, they can increase either their exposure to systematic risk or to
idiosyncratic risk. To investigate channel, we construct two variables to capture
the systematic risk shift and the idiosyncratic risk shift. First, we estimate a
Carhart (1997) four-factor model based on daily returns for fund 𝑖 in year 𝑡.

𝑅𝑖,𝑡 −𝑅𝑓,𝑡 = 𝛼𝑖 +𝛽𝑚
𝑖 (𝑅𝑚,𝑡 −𝑅𝑓,𝑡)+𝛽𝑠

𝑖 𝑆𝑀𝐵𝑡 +𝛽ℎ
𝑖 𝐻𝑀𝐿𝑡 +𝛽𝑢

𝑖 𝑈𝑀𝐷𝑡 +𝜖𝑖,𝑡 (7)

Then we decompose daily fund returns into two components: the return com-
ponent attributable to bearing systematic risk, 𝑅𝑠𝑦𝑠

𝑖,𝑡 , and the other return com-
ponent attributable to bearing idiosyncratic risk, 𝑅𝑖𝑑𝑖𝑜

𝑖,𝑡 , based on the estimated
betas from Equation (7).

𝑅𝑠𝑦𝑠
𝑖,𝑡 = ̂𝛽𝑚

𝑖 (𝑅𝑚,𝑡 − 𝑅𝑓,𝑡) + ̂𝛽𝑠
𝑖 𝑆𝑀𝐵𝑡 + ̂𝛽ℎ

𝑖 𝐻𝑀𝐿𝑡 + ̂𝛽𝑢
𝑖 𝑈𝑀𝐷𝑡

𝑅𝑖𝑑𝑖𝑜
𝑖,𝑡 = 𝑅𝑖,𝑡 − 𝑅𝑠𝑦𝑠

𝑖,𝑡

We proceed to construct the systematic risk shift by using 𝑅𝑠𝑦𝑠
𝑖,𝑡 in Equation (2).

Similarly, we construct the idiosyncratic risk shift by using 𝑅𝑖𝑑𝑖𝑜
𝑖,𝑡 . The higher the

systematic (idiosyncratic) risk shift, the more actively fund managers re-allocate
the portfolio toward stocks with higher systematic (idiosyncratic) risk.

Column (4) and (5) of Table 5 presents estimates of Equation (6) using system-
atic and idiosyncratic risk-shift ratios as dependent variables. We find a positive
and statistically significant effect on systematic risk shift and an insignificant
estimate for idiosyncratic risk shift. These results suggest that co-investing fund
managers primarily respond to the tax shock by increasing systematic, rather
than idiosyncratic, risk exposure. At first glance, this finding may appear coun-
terintuitive. If managers were taking on more risk for private benefits, one might
expect them to favor idiosyncratic risk, which is less observable and less likely
to trigger investor scrutiny due to low tracking errors. However, higher personal
tax rates may also weaken managers’ work incentives to exert effort in generat-
ing alpha, thereby reducing their willingness to assume idiosyncratic risk, which
typically requires greater skill and monitoring. These opposing forces may can-
cel out, leading to the observed insignificant effect. Table 6 confirms similar
patterns using a continuous measure of treatment intensity.

Not only is the effect on idiosyncratic risk insignificant, but managers with sub-
stantial co-investment stakes also appear to actively avoid such risk, reflecting
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their revealed investment preferences. When managers perceive the fund portfo-
lio as an extension of their private wealth, they tend to avoid asset characteristics
they personally dislike—for example, under-diversified portfolios, as shown in
Column (3) of Table 5. This behavioral pattern is consistent with prior findings.
Agarwal et al. (2022) document that while fund managers often increase lottery-
like holdings to attract investor flows, they reduce exposure to such stocks when
they themselves are co-invested. To test whether our co-investing managers en-
gage in similar behavior, we construct a portfolio-level measure for lottery-like
features of holding stocks following the prior literature (Agarwal et al., 2022;
Bali et al., 2011). We retrieve for each stock 𝑠 the highest daily return during
the previous month, MAX𝑠, and then compute the holding-weighted average
of MAX𝑠 across all stock held by a fund as MAXHold

𝑖 . We then take a yearly
average for each fund. Column (6) of Table 5 reports a statistically significant
negative coefficient on this measure, indicating that co-investing managers do
not increase fund risk-taking through lottery-like stocks and may even avoid
them altogether. This finding is consistent with Agarwal et al. (2022) and ro-
bust when we use a continuous measure of treatment intensity in Column (6)
of Table 6.

Building on the finding that co-investing managers avoid idiosyncratic but take
systematic risk, we next examine how this shift is implemented through ad-
justments in factor exposures. If managers intentionally raise systematic risk
in response to personal tax shocks, we would expect to observe increases in
portfolio betas. Moreover, since higher taxes may reduce their incentives to
pursue alpha or bear idiosyncratic risk—which typically requires greater effort—
managers may instead adopt simpler approaches, such as factor timing, to raise
systematic exposure. To test this hypothesis, we estimate Equation (6) using
the Carhart four-factor betas as dependent variables. Columns (1) through
(4) of Table 7 show significant increases in exposures to the size (SMB), value
(HML), and momentum (UMD) factors following the tax shock, while the mar-
ket beta is positive but not statistically significant at conventional levels. This
raises a natural question: why do managers increase exposures to style factors
rather than the market beta, which represents the most direct route to higher
systematic risk? A plausible explanation is that managers are constrained from
deviating too far from their benchmark index due to tracking error limits. In
contrast, style factor tilts (e.g., size and value) provide greater flexibility. Such
tilts allow managers to increase active risk in a less detectable way—remaining
close to benchmark holdings while subtly timing factor exposures. Column (5)
through (8) of Table 7 confirm similar patterns using a continuous measure of
treatment intensity.

5.5 Consequence: fund performance

Finally, we examine whether the tax-induced risk shift observed around the
ATRA enactment translates into fund performance consequences. Specifically,
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we ask whether the post-treatment increase in the risk-shift ratio serves as
a mediating channel through which the tax shock affects performance. This
question goes beyond a standard difference-in-differences (DiD) framework and
enters the domain of mediation. To isolate the role of risk-shift, we employ a two-
stage least squares (2SLS) approach. The DiD specifications from Section 5.1
constitute the first stage of the 2SLS model, satisfying the instrument relevance
condition by showing that the tax shock significantly influences the risk-shift
ratio among co-investing managers. The key identifying assumption is exclusion:
the tax shock must affect fund performance solely through its impact on risk-
shift, not through any other concurrent channel. Formally, we estimate the
following regressions:

RS𝑖,𝑡 = 𝛽Post𝑡 × Treat𝑡 + ΓZ𝑖,𝑡−1 + 𝐹𝐸𝑖,𝑡 + 𝜖𝑖,𝑡

Performance𝑖,𝑡 = 𝜃 ̂RS𝑖,𝑡 + ΛZ𝑖,𝑡−1 + 𝐹𝐸𝑖,𝑡 + 𝑣𝑖,𝑡
(8)

where the dependent variable, Performance, includes return gap (Kacperczyk
et al., 2008) and Carhart (1997) four-factor alpha. Factor alphas are the in-
tercept from the fund-year-level regressions of daily excess fund returns on the
daily factors. We control for the same set of variables as in Equation (3). We
include the same fixed effects and cluster standard errors at the fund level as
the baseline specification.
Table 8 presents the 2SLS results based on the estimation of Equation (8),
where we assess the performance consequences of tax-induced risk-taking. In
Column (1), we use the return gap as the dependent variable to capture the
unobserved actions of fund managers and the value added (or subtracted) by
their discretionary behavior. Following Kacperczyk et al. (2008), the return gap
is defined as:

Return gap𝑖,𝑡 = Net return𝑖,𝑡 − Buy-hold return𝑖,𝑡 + Expense𝑖,𝑡

where Net return𝑖,𝑡 is the average funds’ monthly return; Buy-hold return𝑖,𝑡 is
the average buy-and-hold return using the most recently available fund hold-
ings disclosure; Expense𝑖,𝑡 is the annual fund expense ratio. This measure iso-
lates the portion of performance not directly attributable to disclosed holdings,
thereby capturing unobserved managerial actions. The estimated coefficient
on the instrumented risk-shift ratio is negative and statistically significant at
the 10% level, indicating that tax-induced risk adjustments do not improve
fund performance—and may even harm it. This finding suggests that when co-
investing managers alter risk exposure in response to personal tax incentives,
the resulting portfolio changes do not benefit, and may even disadvantage, fund
investors. Our findings remain robust when we use the continuous treatment
intensity as the instrument, as shown in Column (3) of Table 8.
Table 8 also reports results using Carhart (1997) alpha as the performance mea-
sure. The estimated coefficient on the instrumented risk-shift ratio is negative
and statistically significant at the 1% level, whether we use the binary treat-
ment indicator in Column (2) or the continuous treatment intensity in Column
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(4) as the instrument. This negative alpha is consistent with our findings based
on return gap and idiosyncratic risk (Tables 5 and 6), reinforcing the conclu-
sion that co-investing managers do not generate value for mutual fund investors
through alpha-seeking behavior or idiosyncratic risk exposure. Instead, in line
with earlier results on increased systematic risk, the decline in performance may
be driven by the “betting-against-beta” mechanism. As shown in Frazzini and
Pedersen (2014), high-beta assets tend to deliver lower alphas due to leverage
constraints. In a frictionless setting, mean-variance investors would scale their
exposure to the optimal portfolio using leverage. However, when leverage is lim-
ited, investors instead tilt toward high-beta assets to achieve desired risk levels,
which depresses their expected returns. As shown in Section 5.4, co-investing
managers increased fund beta following the tax hike. The rise in beta, along with
the drop in alpha, is consistent with the predictions of the betting-against-beta
framework.

Note that our results remain robust when we employ reduced-form difference-
in-differences (DiD) specifications, as reported in Table 9. Unlike the 2SLS
framework, which isolates a specific channel—namely, the mediating role of
post-treatment risk shift—the reduced-form DiD captures the total effect and
encompasses all potential channels. While it does not establish a causal pathway
through any particular channel, its consistency with the 2SLS results reinforces
the overall validity of our findings.

6 Conclusion

This paper examines the interplay between personal taxation, managerial in-
centives, and mutual fund investment decisions. Leveraging the enactment of
the American Taxpayer Relief Act of 2012 (ATRA) as a natural experiment, we
find that co-investing fund managers respond to the tax shock by significantly
increasing fund risk-taking, particularly one year after the tax hike. These
managers actively reallocate their portfolios toward greater systematic risk ex-
posure while avoiding idiosyncratic risk. Importantly, this risk-shifting behavior
does not appear to be driven by classical agency incentives, such as the convex
flow-performance relationship or managers’ employment concerns. Instead, it is
driven by tax considerations stemming from their role as investors, rather than
by agency-related managerial incentives. Fund performance subsequently dete-
riorates, underscoring the costs of such behavior to investors. Taken together,
our findings highlight co-investment as a transmission channel through which
personal tax shocks influence fund-level portfolio decisions.

This study has implications for mutual fund investors, investment companies,
and policymakers. For fund investors, it is crucial to be aware of whether their
fund managers hold shares in the funds they manage and how they respond
to personal tax shocks, as their reaction can lead to adverse performance con-
sequences. For investment companies, they should consider reevaluating fund
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managers’ compensation contracts whenever there are changes in managerial
taxes. It is necessary to design optimal incentive contracts that uphold the
fiduciary duty of fund managers. By taking into account how taxes can distort
the risk-taking incentives of fund managers, investment companies can ensure
the alignment of interests and promote effective risk management within their
organizations. Last but not least, policymakers should consider the tax response
of mutual fund managers when formulating optimal policies related to personal
taxation. This is important because fund managers are influential individuals
whose decisions can potentially influence trillions of dollars in assets in the cap-
ital market. We argue that it is an important policy consideration because the
impact of a personal tax shock may unintentionally go beyond the scope of indi-
vidual fund managers and spill over, through co-investment, to a broader group
of investors. Overall, we call for greater awareness of the interplay between
personal taxes and managerial co-investment and urge mutual fund investors,
investment companies, and policymakers to consider measures to mitigate its
potential adverse effects.

26



References
Agarwal, V., Chen, G., Shi, Z., and Wang, B. (2021). Income taxes and man-

agerial incentives: Evidence from hedge funds. SSRN Electronic Journal.

Agarwal, V., Daniel, N. D., and Naik, N. Y. (2009). Role of Managerial Incen-
tives and Discretion in Hedge Fund Performance. The Journal of Finance,
64(5):2221–2256.

Agarwal, V., Jiang, L., and Wen, Q. (2022). Why do mutual funds hold lottery
stocks? Journal of Financial and Quantitative Analysis, 57(3):825–856.

Amihud, Y. and Goyenko, R. (2012). Mutual Fund’s R 2 as Predictor of Per-
formance. The Review of Financial Studies, 26(3):667–694.

Ang, A. and Chen, J. (2002). Asymmetric correlations of equity portfolios.
Journal of Financial Economics, 63(3):443–494.

Ang, A., Chen, J., and Xing, Y. (2006). Downside risk. Review of Financial
Studies, 19(4):1191–1239.

Armstrong, C. S., Glaeser, S., Huang, S., and Taylor, D. J. (2019). The eco-
nomics of managerial taxes and corporate risk-taking. The Accounting Review,
94(1):1–24.

Bali, T. G., Cakici, N., and Whitelaw, R. F. (2011). Maxing out: Stocks
as lotteries and the cross-section of expected returns. Journal of Financial
Economics, 99(2):427–446.

Barclay, M. J., Pearson, N. D., and Weisbach, M. S. (1998). Open-end mutual
funds and capital-gains taxes. Journal of Financial Economics, 49(1):3–43.

Bergstresser, D. and Pontiff, J. (2013). Investment taxation and portfolio per-
formance. Journal of Public Economics, 97:245–257.

Berk, J. B. and van Binsbergen, J. H. (2015). Measuring skill in the mutual
fund industry. Journal of Financial Economics, 118(1):1–20.

Bogdan, M. and Schrass, D. (2014). Profile of mutual fund shareholders 2013.
ICI Research Report.

Brunson, S. D. (2012). Mutual funds, fairness, and the income gap. SSRN
Electronic Journal.

Busse, J. A., Jiang, L., and Tang, Y. (2021). Double-Adjusted Mutual Fund
Performance. The Review of Asset Pricing Studies, 11(1):169–208.

Busse, J. A. and Tong, Q. (2012). Mutual Fund Industry Selection and Persis-
tence. Review of Asset Pricing Studies, 2(2):245–274.

Carhart, M. M. (1997). On Persistence in Mutual Fund Performance. The
Journal of Finance, 52(1):57–82.

27



Cen, X., Dou, W. W., Kogan, L., and Wu, W. (2023). Fund flows and income
risk of fund managers. SSRN Working Paper.

Chen, J., Hong, H., Huang, M., and Kubik, J. D. (2004). Does Fund Size
Erode Mutual Fund Performance? The Role of Liquidity and Organization.
American Economic Review, 94(5):1276–1302.

Chetty, R., Looney, A., and Kroft, K. (2009). Salience and taxation: Theory
and evidence. American Economic Review, 99(4):1145–1177.

Cremers, M., Driessen, J., Maenhout, P., and Weinbaum, D. (2009). Does Skin
in the Game Matter? Director Incentives and Governance in the Mutual Fund
Industry. Journal of Financial and Quantitative Analysis, 44(6):1345–1373.

Dammon, R. M. and Spatt, C. S. (2012). Taxes and Investment Choice. Annual
Review of Financial Economics, 4(1):411–429.

Dickson, J. M., Shoven, J. B., and Sialm, C. (2000). Tax Externalities of Equity
Mutual Funds. National Tax Journal, 53(3.2):607–628.

Domar, E. D. and Musgrave, R. A. (1944). Proportional Income Taxation and
Risk-Taking. The Quarterly Journal of Economics, 58(3):388.

Dyl, E. A. (1977). Capital gains taxation and year-end stock market behavior.
The Journal of Finance, 32(1):165–175.

Elton, E. J., Gruber, M. J., and Blake, C. R. (2001). A First Look at the Accu-
racy of the CRSP Mutual Fund Database and a Comparison of the CRSP and
Morningstar Mutual Fund Databases. The Journal of Finance, 56(6):2415–
2430.

Evans, R. B. (2010). Mutual Fund Incubation. The Journal of Finance,
65(4):1581–1611.

Feenberg, D. and Coutts, E. (1993). An Introduction to the TAXSIM Model.
Journal of Policy Analysis and Management, 12(1):189.

Feldstein, M. S. (1969). The Effects of Taxation on Risk Taking. Journal of
Political Economy, 77(5):755–764.

Ferson, W. and Lin, J. (2014). Alpha and Performance Measurement: The
Effects of Investor Disagreement and Heterogeneity: Alpha and Performance
Measurement. The Journal of Finance, 69(4):1565–1596.

Finkelstein, A. (2009). E-ZTAX : Tax salience and tax rates *. Quarterly
Journal of Economics, 124(3):969–1010.

Frazzini, A. and Pedersen, L. H. (2014). Betting against beta. Journal of
Financial Economics, 111(1):1–25.

28



Fu, R. and Wedge, L. (2011). Managerial ownership and the disposition effect.
Journal of Banking & Finance, 35(9):2407–2417.

Givoly, D. and Ovadia, A. (1983). Year-end tax-induced sales and stock market
seasonality. The Journal of Finance, 38(1):171–185.

Grinblatt, M. and Keloharju, M. (2004). Tax-loss trading and wash sales. Jour-
nal of Financial Economics, 71(1):51–76.

Harris, L. E., Hartzmark, S. M., and Solomon, D. H. (2015). Juicing the dividend
yield: Mutual funds and the demand for dividends. Journal of Financial
Economics, 116(3):433–451.

Hong, Y., Tu, J., and Zhou, G. (2007). Asymmetries in stock returns: Statistical
tests and economic evaluation. Review of Financial Studies, 20(5):1547–1581.

Huang, J., Sialm, C., and Zhang, H. (2011). Risk shifting and mutual fund
performance. Review of Financial Studies, 24(8):2575–2616.

Jensen, M. C. and Meckling, W. H. (1976). Theory of the firm: Managerial
behavior, agency costs and ownership structure. Journal of Financial Eco-
nomics, 3(4):305–360.

Kacperczyk, M., Sialm, C., and Zheng, L. (2008). Unobserved actions of mutual
funds. The Review of Financial Studies, 21(6):2379–2416.

Keim, D. B. (1983). Size-related anomalies and stock return seasonality. Journal
of Financial Economics, 12(1):13–32.

Kempf, A. and Ruenzi, S. (2008). Tournaments in Mutual-Fund Families. Re-
view of Financial Studies, 21(2):1013–1036.

Kempf, A., Ruenzi, S., and Thiele, T. (2009). Employment risk, compensa-
tion incentives, and managerial risk taking: Evidence from the mutual fund
industry. Journal of Financial Economics, 92(1):92–108.

Khorana, A., Servaes, H., and Wedge, L. (2007). Portfolio manager ownership
and fund performance. Journal of Financial Economics, 85(1):179–204.

Krishna, A. (2003). Behavioral public finance: Tax design as price presentation.
International Tax and Public Finance, 10(2):189–203.

Longin, F. and Solnik, B. (2001). Extreme correlation of international equity
markets. The Journal of Finance, 56(2):649–676.

Ma, L. and Tang, Y. (2019). Portfolio manager ownership and mutual fund risk
taking. Management Science, page mnsc.2018.3104.

Ma, L., Tang, Y., and Gómez, J. (2019). Portfolio manager compensation in
the u.s. mutual fund industry. The Journal of Finance, 74(2):587–638.

29



Orlov, V., Ramelli, S., and Wagner, A. F. (2022). Revealed Beliefs about Re-
sponsible Investing: Evidence from Mutual Fund Managers. SSRN Electronic
Journal.

Pástor, Ľ., Stambaugh, R. F., and Taylor, L. A. (2015). Scale and skill in active
management. Journal of Financial Economics, 116(1):23–45.

Penner, R. G. (1964). A Note on Portfolio Selection and Taxation. The Review
of Economic Studies, 31(1):83.

Pool, V. K., Stoffman, N., Yonker, S. E., and Zhang, H. (2019). Do shocks
to personal wealth affect risk-taking in delegated portfolios? The Review of
Financial Studies, 32(4):1457–1493.

Richter, M. K. (1960). Cardinal Utility, Portfolio Selection and Taxation. The
Review of Economic Studies, 27(3):152.

Sialm, C. and Starks, L. (2012). Mutual Fund Tax Clienteles. The Journal of
Finance, 67(4):1397–1422.

Sialm, C. and Zhang, H. (2020). Tax-Efficient Asset Management: Evidence
from Equity Mutual Funds. The Journal of Finance, 75(2):735–777.

Sirri, E. R. and Tufano, P. (1998). Costly Search and Mutual Fund Flows. The
Journal of Finance, 53(5):1589–1622.

Stiglitz, J. E. (1969). The effects of income, wealth, and capital gains taxation
on risk-taking. The Quarterly Journal of Economics, 83(2):263.

Wermers, R. (2000). Mutual Fund Performance: An Empirical Decomposition
into Stock-Picking Talent, Style, Transactions Costs, and Expenses. The
Journal of Finance, 55(4):1655–1695.

Yan, X. S. (2008). Liquidity, Investment Style, and the Relation between Fund
Size and Fund Performance. Journal of Financial and Quantitative Analysis,
43(3):741–767.

Yost, B. P. (2018). Locked-In: The Effect of CEOs’ Capital Gains Taxes on
Corporate Risk-Taking. The Accounting Review, 93(5):325–358.

30



Figures and Tables

31



Figure 1: The utility function of co-investing fund managers.

f

πINV

●●●●●●●●●●●●●

●●●●●●●●●●●●●

●●●●●●●●●●●●●

●●●●●●●●●●●●●

●●●●●●●●●●●●●

fg

fg

(1 − τ)fg

●●●●●●●●●●●●●

●●●●●●●●●●●●●

●●●●●●●●●●●●●

●●●●●●●●●●●●●

●●●●●●●●●●●●●

fb

fb

(1 − τ)fb

τ = 0

τ = 0.3

πINV

πINV

●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●

fg

fg

(1 − τ)fg

(1 − τ)fg

●●●●●●●●●●●●●

●●●●●●●●●●●●● ●●●●●●●●●●●●●

●●●●●●●●●●●●●

●●●●●●●●●●●●● ●●●●●●●●●●●●●

fb

fb

(1 − τ)fb

(1 − τ)fb

45o

πINV

U(π)

●●●●●●●●●●●●●

●●●●●●●●●●●●●

fg

U(fg)

●●●●●●●●●●●●●

●●●●●●●●●●●●●

(1 − τ)fg

U((1 − τ)fg)

●●●●●●●●●●●●●

●●●●●●●●●●●●●

fb

U(fb)

●●●●●●●●●●●●●

●●●●●●●●●●●●●

(1 − τ)fb

U((1 − τ)fb)

MC

MB

Note: The graph depicts how co-investing fund managers respond to a tax hike. The x-axis represents the co-investing payoff, and the y-axis
represents the utility of fund managers.
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Figure 2: Top marginal capital gains tax rates in the U.S. in 2012 and 2013.

Note: The graph depicts the distribution of the combined (state and federal level) top marginal
tax rates on long-term capital gains in the U.S. in 2012 (white) and 2013 (gray). Source: NBER
TAXSIM.
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Figure 3: Fund managerial co-investment distribution

Note: The graph depicts the distribution of co-investment across different dollar ranges.
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Figure 4: Fund managerial co-investment across different investment styles

Note: The graph depicts the heterogeneity of co-investment across investment styles. The
y-axis refers to the average co-investment per manager($1,000).
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Figure 5: Difference-in-differences event study: fund risk-taking

Note: This figure displays the results of a difference-in-differences event study on fund risk-
taking. The dependent variable, across-year risk difference, is defined as the average of the
quarterly risk difference between the hypothetical returns and realized past return, where the
hypothetical returns are constructed using current portfolio weightings and past stock returns.
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Table 1: Summary Statistics

Variable N Mean SD 1% Median 99%

Across-year risk difference (%) 4,987 0.19 0.59 -0.90 0.08 2.44
Risk-shift ratio (%) 4,987 0.71 2.43 -4.83 0.47 7.67
FF4 Alpha (bps) 4,987 -0.24 1.70 -4.41 -0.29 4.62
Coinvestment 4,610 659,203.46 870,802.72 0.00 310,001.50 3,800,001.50
Coinvestment per manager 4,610 289,279.92 327,546.76 0.00 165,000.50 1,000,000.00
Cum. 12-month return (%) 4,987 15.82 15.40 -10.57 13.97 51.67
Fund size ($bn) 4,987 1.87 3.87 0.01 0.54 20.76
Fund age (month) 4,987 228.46 164.90 48.00 190.00 934.00
Fund flows 1-year (%) 4,987 1.70 39.51 -57.76 -5.90 189.74
Fund expense (%) 4,987 1.06 0.30 0.18 1.06 1.80
Turnover (%) 4,987 63.76 48.30 0.00 53.00 242.00
Fund activiness (%) 4,987 4.36 3.01 0.60 3.65 15.15
Team-managed 4,987 0.79 0.41 0.00 1.00 1.00
Max manager tenure (month) 4,954 111.73 78.72 5.00 97.00 337.47
Fund family size ($bn) 4,924 214.40 481.44 0.00 39.50 2,152.74
a Note: This table shows descriptive statistics of all variables in our sample of the actively-managed

U.S. domestic equity funds. The sample ranges from 2009 to 2015. All data are summarized at
a yearly frequency and winsorize at the 1% level. Risk-shift ratio (difference) is defined as the
average of quarterly risk-shift ratio (difference) between the hypothetical returns and realized past
return, where the hypothetical returns are constructed using current portfolio weightings and past
stock returns. Cum. 12-month return is the cumulative return over the 12-month window in a
year; Fund size is the aggregated total net assets (TNA) of all share classes of a fund; Fund age
is the number of months that a fund starts trading; Fund flows are the change in TNA excluding
growth in TNA as a result of fund returns; Fund expense is the yearly expense ratio; Turnover
is the turnover ratio; Fund activeness is defined as 1 minus R-squared from Carhart (1997) four-
factor model regression; Team-managed is a dummy indicating that the fund is managed by
team; maximum tenure indicates the maximum length of time among managers who currently
manage the fund; Family size is the aggregated fund TNA in the family. We provide a detailed
description of all variables in the Appendix.
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Table 2: Baseline - do fund managers increase risk-taking (binary treatment)

(1) RS (2) RS (3) RS (4) RS (5) RS (6) RS

Post x I(Pre-coinvest > 0) 0.281** 0.232*
(2.203) (1.790)

Post x I(Low pre-coinvest) −0.047
(−0.316)

Post x I(High pre-coinvest) 0.501***
(3.324)

Post x I(Above pre-coinvest) 0.524*** 0.455*** 0.541***
(4.154) (2.890) (4.507)

I(Above pre-coinvest) −0.235***
(−3.273)

Controls X X X X X
Fund FE X X X X X
Year x Style FE X X X X X X
Year x Family FE X
Observations 4,780 4,740 4,740 4,740 4,740 4,740
Adj. R2 0.24 0.25 0.25 0.25 0.34 0.28
* p < 0.1, ** p < 0.05, *** p < 0.01
a Note: This table presents the baseline results of a difference-in-differences (DiD) analysis using

binary treatment. The dependent variable is the risk shift ratio, defined as the average of the
quarterly risk ratio of the hypothetical returns over realized past return, where the hypothet-
ical returns are constructed using current portfolio weightings and past stock returns. The
treatment indicators of the DiD analysis are defined in various ways. I(Pre-coinvest > 0) is a
binary treatment dummy indicating that the fund held positive co-investment stakes in 2012.
I(Low pre-coinvest) is a binary treatment dummy indicating that the fund held positive but
below-conditional-median co-investment stakes in 2012. I(High pre-coinvest) is a binary treat-
ment dummy indicating that the fund held above-conditional-median co-investment stakes in
2012. Post x I(Above pre-coinvest) is a binary treatment dummy indicating that the fund
held above-unconditional-median co-investment stakes in 2012. The unconditional median is
calculated using all samples, while the conditional median is calculated using only non-zero
samples. The event indicator of the DiD analysis, Post ATRA, is a dummy indicating a tax
change after 2013. The control variables include fund return, the logarithm of fund size,
the logarithm of fund age, fund flows, expense ratio, the logarithm of turnover ratio, fund
activeness, a team management dummy, the logarithm of the maximum tenure among team
members, and the logarithm of fund family size. Detailed definitions of all other variables
can be found in the Appendix. Standard errors are clustered at the fund level; t-statistics are
displayed in parentheses.
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Table 3: Baseline - do fund managers increase risk-taking (treatment intensity)

(1) RS (2) RS (3) RS (4) RS (5) RS

Post x log(Pre-coinvest) 0.025**
(2.488)

Post x log(Above pre-coinves) 0.039***
(4.298)

Post x log(Above pre-coinvest/AUM) 0.139***
(3.889)

Post x log(Above pre-coinves/tenure) 1.260**
(2.504)

Post x log(Above pre-coinvest per mgr) 0.021**
(2.207)

Controls X X X X X
Fund FE X X X X X
Year x Style FE X X X X X
Observations 4,740 4,740 4,740 4,734 4,740
Adj. R2 0.25 0.25 0.25 0.25 0.25
* p < 0.1, ** p < 0.05, *** p < 0.01
a Note: This table presents the baseline results of a difference-in-differences (DiD) analysis

using treatment intensity. The dependent variable is the risk shift ratio, defined as the av-
erage of the quarterly risk ratio of the hypothetical returns over realized past return, where
the hypothetical returns are constructed using current portfolio weightings and past stock
returns. The treatment intensity of the DiD analysis are defined in various ways. log(Pre-
coinvest) is the log-transformed aggregate dollar amount of the mid-point co-investment
interval of all managers in the fund in 2012. log(Above pre-coinves) is the same as log(Pre-
coinvest) but replaces all values below median to be zero. log(Above pre-coinvest/AUM)
is defined as log(Above pre-coinves) scaled by AUM. log(Above pre-coinves/tenure) is de-
fined as log(Above pre-coinves) scaled by maximum length of managers’ tenure. log(Above
pre-coinvest per mgr) is the log-transformed aggregate dollar amount of the mid-point co-
investment interval per manager in the fund in 2012. The event indicator of the DiD
analysis, Post ATRA, is a dummy indicating a tax change after 2013. All specifications in
this table include the same set of control variables as the baseline results. Detailed defi-
nitions of all other variables can be found in the Appendix. Standard errors are clustered
at the fund level; t-statistics are displayed in parentheses.
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Table 4: Incentive - why do fund managers increase risk-taking

(1) RS (2) RS (3) RS (4) RS

Post x Treat 0.542*** 0.438***
(3.792) (3.014)

Post x TreatIntensity 0.041*** 0.034***
(3.972) (3.205)

Convexity 0.123 0.130
(0.548) (0.580)

Post x Convexity −0.061 −0.056
(−0.238) (−0.219)

Treat x Convexity −0.346
(−1.022)

TreatIntensity x Convexity −0.026
(−1.085)

Post x Treat x Convexity 0.128
(0.343)

Post x TreatIntensity x Convexity 0.008
(0.313)

Loser −0.145 −0.150
(−0.895) (−0.922)

Post x Loser 0.510** 0.530**
(1.996) (2.078)

Treat x Loser −0.579***
(−2.639)

TreatIntensity x Loser −0.041***
(−2.619)

Post x Treat x Loser 0.315
(0.911)

Post x TreatIntensity x Loser 0.020
(0.792)

Controls X X X X
Fund FE X X X X
Year x Style FE X X X X
Observations 4,383 4,383 4,740 4,740
Adj. R2 0.25 0.25 0.26 0.26
* p < 0.1, ** p < 0.05, *** p < 0.01
a Note: This table presents the results of the triple difference-in-differences (DiD)

analysis. The dependent variable is the risk shift ratio, defined as the average
of the quarterly risk ratio of the hypothetical returns over realized past return,
where the hypothetical returns are constructed using current portfolio weightings
and past stock returns. Treat is a binary treatment dummy indicating that
the fund held above-unconditional-median co-investment stakes in 2012. The
unconditional median is calculated using all samples. TreatIntensity is the log-
transformed aggregate dollar amount of the mid-point co-investment interval of
all managers in the fund in 2012, replacing the below-median value to be zero.
The event indicator of the DiD analysis, Post ATRA, is a dummy indicating a
tax change after 2013. Convexity is calculated by the difference between the
correlation of (flows, positive returns) and the correlation of (flows, negative
returns), using five-year time-series data. Loser is a dummy variable equal to
one if the funds’ past two-year performance is in the bottom quartile, and zero
otherwise. All specifications in this table include the same set of control variables
as the baseline results. Detailed definitions of all other variables can be found
in the Appendix. Standard errors are clustered at the fund level; t-statistics are
displayed in parentheses.
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Table 5: Channel - how do fund managers increase risk-taking (binary treatment)

(1) %(Stock) (2) %(Cash) (3) N(stocks) (4) Systematic RS (5) Idiosyncratic RS (6) Lottery

Post x Treat 0.209 −0.009 6.297* 0.343*** 0.053 −0.075**
(1.112) (−0.077) (1.876) (3.142) (0.151) (−2.148)

Controls X X X X X X
Fund FE X X X X X X
Year x Style FE X X X X X X
Observations 4,216 4,216 4,785 4,748 4,748 4,785
Adj. R2 0.51 0.44 0.89 0.25 0.16 0.92
* p < 0.1, ** p < 0.05, *** p < 0.01
a Note: This table presents the results of a difference-in-differences (DiD) analysis for the dependent variables

associated with fund managers’ portfolio decisions, using binary treatment. We include the following dependent
variables. %(Stock) is defined as the percentage of equity holdings. %(Cash) is defined as the percentage of
cash holdings. N(stocks) is defined as number of holding stocks in the portfolio. Systematic risk shift ratio is
defined as the holdings-based risk shift ratio derived from the returns attributable to bearing systematic risk in
Carhart’s four-factor model. Idiosyncratic risk shift is defined as the holdings-based risk shift ratio derived from
the returns attributable to bearing idiosyncratic risk in the Carhart’s four-factor model. Lottery is defined as
the yearly average of the holding-weighted average of the maximum daily return at the previous month across all
portfolio stocks. Treat is a binary treatment dummy indicating that the fund held above-unconditional-median
co-investment stakes in 2012. The unconditional median is calculated using all samples. The event indicator of the
DiD analysis, Post ATRA, is a dummy indicating a tax change after 2013. All specifications in this table include
the same set of control variables as the baseline analysis Detailed definitions of all other variables can be found in
the Appendix. Standard errors are clustered at the fund level; t-statistics are displayed in parentheses.
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Table 6: Channel - how do fund managers increase risk-taking (treatment intensity)

(1) %(Stock) (2) %(Cash) (3) N(stocks) (4) Systematic RS (5) Idiosyncratic RS (6) Lottery

Post x TreatIntensity 0.016 −0.001 0.456* 0.026*** 0.005 −0.006**
(1.163) (−0.080) (1.876) (3.266) (0.215) (−2.311)

Controls X X X X X X
Fund FE X X X X X X
Year x Style FE X X X X X X
Observations 4,216 4,216 4,785 4,748 4,748 4,785
Adj. R2 0.51 0.44 0.89 0.25 0.16 0.92
* p < 0.1, ** p < 0.05, *** p < 0.01
a Note: This table presents the results of a difference-in-differences (DiD) analysis for the dependent variables associated

with fund managers’ portfolio decisions, using treatment intensity. We include the following dependent variables.
%(Stock) is defined as the percentage of equity holdings. %(Cash) is defined as the percentage of cash holdings.
N(stocks) is defined as number of holding stocks in the portfolio. Systematic risk shift ratio is defined as the holdings-
based risk shift ratio derived from the returns attributable to bearing systematic risk in Carhart’s four-factor model.
Idiosyncratic risk shift is defined as the holdings-based risk shift ratio derived from the returns attributable to bearing
idiosyncratic risk in the Carhart’s four-factor model. Lottery is defined as the yearly average of the holding-weighted
average of the maximum daily return at the previous month across all portfolio stocks. TreatIntensity is the log-
transformed aggregate dollar amount of the mid-point co-investment interval of all managers in the fund in 2012,
replacing the below-median value to be zero. The event indicator of the DiD analysis, Post ATRA, is a dummy
indicating a tax change after 2013. All specifications in this table include the same set of control variables as the
baseline analysis Detailed definitions of all other variables can be found in the Appendix. Standard errors are clustered
at the fund level; t-statistics are displayed in parentheses.
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Table 7: Channel - which systematic beta?

(1) Market 𝛽 (2) SMB 𝛽 (3) HML 𝛽 (4) UMD 𝛽 (5) Market 𝛽 (6) SMB 𝛽 (7) HML 𝛽 (8) UMD 𝛽
Post x Treat 0.004 0.010** 0.017** 0.008*

(1.314) (2.100) (2.261) (1.842)
Post x TreatIntensity 0.000 0.001** 0.001** 0.001*

(1.363) (2.118) (2.369) (1.920)
Controls X X X X X X X X
Fund FE X X X X X X X X
Year x Style FE X X X X X X X X
Observations 4,941 4,941 4,941 4,941 4,941 4,941 4,941 4,941
Adj. R2 0.69 0.97 0.86 0.66 0.69 0.97 0.86 0.66
* p < 0.1, ** p < 0.05, *** p < 0.01
a Note: This table presents the results of a difference-in-differences (DiD) analysis for the dependent variables associated with

Carhart’s factor betas. We include the following dependent variables: Market beta, SMB beta, HML beta, and UMD bata. All
betas are estimated coefficient using the Carhart’s four-factor model, which is the fund-year-level regressions of daily excess fund
returns on the daily market factor (CRSP value-weight market return minus the one-month Treasury bill rate), SMB (small-
minus-big) factor, HML (high-minus-low) factor, and momentum UMD factor. Treat is a binary treatment dummy indicating
that the fund held above-unconditional-median co-investment stakes in 2012. The unconditional median is calculated using all
samples. TreatIntensity is the log-transformed aggregate dollar amount of the mid-point co-investment interval of all managers
in the fund in 2012, replacing the below-median value to be zero. The event indicator of the DiD analysis, Post ATRA, is a
dummy indicating a tax change after 2013. All specifications in this table include the same set of control variables as the baseline
analysis Detailed definitions of all other variables can be found in the Appendix. Standard errors are clustered at the fund level;
t-statistics are displayed in parentheses.
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Table 8: Performance consequence (2SLS)

(1) Return gap (2) Carhart alpha (3) Return gap (4) Carhart alpha
̂𝑅𝑆 instrumented by Post x Treat −0.004* −0.527***

(−1.647) (−2.607)
̂𝑅𝑆 instrumented by Post x TreatIntensity −0.004* −0.528***

(−1.680) (−2.715)
Controls X X X X
Fund FE X X X X
Year x Style FE X X X X
Observations 4,557 4,740 4,557 4,740
Adj. R2 −0.03 −0.11 −0.01 −0.11
* p < 0.1, ** p < 0.05, *** p < 0.01
a Note: This table presents the results of a two-stage least squares (2SLS) analysis for the dependent variables

associated with fund performance. The dependent variables include return gap and Cahart(1997)’s four-factor
alpha. RS instrumented by Post x Treat is the fitted value from the first stage using the binary treatment as
instrument. RS instrumented by Post x TreatIntensity is the fitted value from the first stage using the treatment
intensity as instrument. Treat is a binary treatment dummy indicating that the fund held above-unconditional-
median co-investment stakes in 2012. The unconditional median is calculated using all samples. TreatIntensity
is the log-transformed aggregate dollar amount of the mid-point co-investment interval of all managers in the
fund in 2012, replacing the below-median value to be zero. All specifications in this table include the same
set of control variables as the baseline analysis. Detailed definitions of all other variables can be found in the
Appendix. Standard errors are clustered at the fund level; t-statistics are displayed in parentheses.
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Table 9: Performance consequence (reduced form)

(1) Return gap (2) Carhart alpha (3) Return gap (4) Carhart alpha

Post x Treat −0.002* −0.275***
(−1.756) (−3.269)

Post x TreatIntensity 0.000* −0.021***
(−1.787) (−3.414)

Controls X X X X
Fund FE X X X X
Year x Style FE X X X X
Observations 4,574 4,941 4,574 4,941
Adj. R2 0.16 0.3 0.16 0.3
* p < 0.1, ** p < 0.05, *** p < 0.01
a Note: This table presents the results of a reduced-form DiD analysis for the dependent

variables associated with fund performance. The dependent variables include return gap
and Cahart(1997)’s four-factor alpha. Treat is a binary treatment dummy indicating that
the fund held above-unconditional-median co-investment stakes in 2012. The unconditional
median is calculated using all samples. TreatIntensity is the log-transformed aggregate dollar
amount of the mid-point co-investment interval of all managers in the fund in 2012, replacing
the below-median value to be zero. All specifications in this table include the same set of
control variables as the baseline analysis. Detailed definitions of all other variables can be
found in the Appendix. Standard errors are clustered at the fund level; t-statistics are
displayed in parentheses.
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Appendix



A.1 Derivation of the dynamics of optimal risk-
taking with respect to tax changes

In this section, we derive the comparative statics of optimal risk-taking with
respect to tax changes, i.e., 𝑑𝜎∗

𝑑𝜏 , with a particular focus on co-investing fund
managers.

Given the first order condition of the optimization problem,

𝐹𝑂𝐶 ≡ 𝜕𝐸𝑈
𝜕𝜎 = 𝑝[𝑈 ′(𝜋𝑔(𝜎))𝜋′

𝑔(𝜎)] + (1 − 𝑝)[𝑈 ′(𝜋𝑏(𝜎))𝜋′
𝑏(𝜎)] = 0

where 𝜋′
𝑔(𝜎) = (𝑧+(1−𝜏)𝑉 )𝑓 ′

𝑔(𝜎) and 𝜋′
𝑏(𝜎) = (𝑧+(1−𝜏)𝑉 )𝑓 ′

𝑏(𝜎), we can derive
how fund managers change their optimal risk-taking with respect to personal
tax changes:

𝑑𝜎∗

𝑑𝜏 = −
𝜕𝐹𝑂𝐶

𝜕𝜏
𝜕𝐹𝑂𝐶

𝜕𝜎
=

𝜕𝐹𝑂𝐶
𝜕𝜏

−𝑆𝑂𝐶

Since 𝑆𝑂𝐶 < 0, the sign then depends on 𝜕𝐹𝑂𝐶
𝜕𝜏 .

𝜕𝐹𝑂𝐶
𝜕𝜏 = 𝑝[𝜕𝑈 ′(𝜋𝑔)𝜋′

𝑔
𝜕𝜏 ] + (1 − 𝑝)[𝜕𝑈 ′(𝜋𝑏)𝜋′

𝑏
𝜕𝜏 ]

To simplify the algebraic expression, we define 𝐺 ≡ 𝜕𝑈′(𝜋𝑔)𝜋′
𝑔

𝜕𝜏 and 𝐵 ≡ 𝜕𝑈′(𝜋𝑏)𝜋′
𝑏

𝜕𝜏 ,
so that 𝜕𝐹𝑂𝐶

𝜕𝜏 = 𝑝𝐺 + (1 − 𝑝)𝐵. We then rearrange 𝐺 and 𝐵, respectively.

𝐺 ≡ 𝜕𝑈′(𝜋𝑔)𝜋′
𝑔

𝜕𝜏
= [𝑈″(𝜋𝑔) 𝜕𝜋𝑔

𝜕𝜏 ]𝜋′
𝑔 + 𝑈 ′(𝜋𝑔)[ 𝜕𝜋′

𝑔
𝜕𝜏 ] , by the product rule

= 𝑈 ′(𝜋𝑔)𝜋′
𝑔{ 𝑈″(𝜋𝑔)

𝑈′(𝜋𝑔)
𝜕𝜋𝑔
𝜕𝜏 + 𝜕𝜋′

𝑔
𝜕𝜏

1
𝜋′𝑔

} , by taking out 𝑈 ′(𝜋𝑔)𝜋′
𝑔

= 𝑈 ′(𝜋𝑔)𝜋′
𝑔{−𝑅𝐴

𝑔
𝜕𝜋𝑔
𝜕𝜏 + 𝜕𝜋′

𝑔
𝜕𝜏

1
𝜋′𝑔

} , by 𝑅𝐴
𝑔 ≡ − 𝑈″(𝜋𝑔)

𝑈′(𝜋𝑔)

= 𝑈 ′(𝜋𝑔)𝜋′
𝑔{−𝑅𝐴

𝑔 (−𝑉 𝑓𝑔) + (−𝑉 𝑓 ′
𝑔) 1

[𝑧+(1−𝜏)𝑉 ]𝑓′𝑔
} , by 𝜕𝜋𝑔

𝜕𝜏 = −𝑉 𝑓𝑔 and 𝜕𝜋′
𝑔

𝜕𝜏 = −𝑉 𝑓 ′
𝑔

= 𝑈 ′(𝜋𝑔)𝜋′
𝑔{𝑅𝐴

𝑔 (𝑧 + (1 − 𝜏)𝑉 )𝑓𝑔 − 1}( 𝑉
𝑧+(1−𝜏)𝑉 ) , by taking out 𝑉

𝑧+(1−𝜏)𝑉
= 𝑈 ′(𝜋𝑔)𝜋′

𝑔{𝑅𝐴
𝑔 𝜋𝑔 − 1}( 𝑉

𝑧+(1−𝜏)𝑉 ) , by 𝜋𝑔 = 𝑧 + (1 − 𝜏)𝑉 𝑓𝑔
= 𝑈 ′(𝜋𝑔)𝜋′

𝑔{𝑅𝐴
𝑔 𝜋𝑔 − 1}( 𝑠

1−𝜏 ) , by 𝑠 ≡ (1−𝜏)𝑉
𝑧+(1−𝜏)𝑉

𝐵 ≡ 𝜕𝑈′(𝜋𝑏)𝜋′
𝑏

𝜕𝜏 , by following the same arrangements
= 𝑈 ′(𝜋𝑏)𝜋′

𝑏{𝑅𝐴
𝑏 𝜋𝑏 − 1}( 𝑠

1−𝜏 ) , by 𝑅𝐴
𝑏 ≡ − 𝑈″(𝜋𝑏)

𝑈′(𝜋𝑏)

where 𝑅𝑖
𝐴 for 𝑖 ∈ {𝑔, 𝑏} is the Arrow-Prat coefficient of absolute risk aversion.

Since 𝑈 is a concave function, both 𝑅𝐴
𝑔 > 0 and 𝑅𝐴

𝑏 > 0.
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Now we plug in the rearranged 𝐺 and 𝐵 to 𝜕𝐹𝑂𝐶
𝜕𝜏 .

𝜕𝐹𝑂𝐶
𝜕𝜏 = 𝑝𝐺 + (1 − 𝑝)𝐵

= [𝑝𝑈 ′(𝜋𝑔)𝜋′
𝑔](𝑅𝐴

𝑔 𝜋𝑔 − 1)( 𝑠
1−𝜏 ) + [(1 − 𝑝)𝑈 ′(𝜋𝑏)𝜋′

𝑏](𝑅𝐴
𝑏 𝜋𝑏 − 1)( 𝑠

1−𝜏 )

, by adding and substracting 𝑝𝑈 ′(𝜋𝑔)𝜋′
𝑔 in the second term

= [𝑝𝑈 ′(𝜋𝑔)𝜋′
𝑔](𝑅𝐴

𝑔 𝜋𝑔 − 1)( 𝑠
1−𝜏 ) + [(1 − 𝑝)𝑈 ′(𝜋𝑏)𝜋′

𝑏 + (𝑝𝑈 ′(𝜋𝑔)𝜋′
𝑔 − 𝑝𝑈 ′(𝜋𝑔)𝜋′

𝑔)](𝑅𝐴
𝑏 𝜋𝑏 − 1)( 𝑠

1−𝜏 )

, by FOC, (1 − 𝑝)𝑈 ′(𝜋𝑏)𝜋′
𝑏 + 𝑝𝑈 ′(𝜋𝑔)𝜋′

𝑔 = 0
= [𝑝𝑈 ′(𝜋𝑔)𝜋′

𝑔](𝑅𝐴
𝑔 𝜋𝑔 − 1)( 𝑠

1−𝜏 ) + [−𝑝𝑈 ′(𝜋𝑔)𝜋′
𝑔](𝑅𝐴

𝑏 𝜋𝑏 − 1)( 𝑠
1−𝜏 )

= 𝑝𝑈 ′(𝜋𝑔)𝜋′
𝑔[(𝑅𝐴

𝑔 𝜋𝑔 − 1) − (𝑅𝐴
𝑏 𝜋𝑏 − 1)]( 𝑠

1−𝜏 )
= 𝑝𝑈 ′(𝜋𝑔)𝜋′

𝑔(𝑅𝐴
𝑔 𝜋𝑔 − 𝑅𝐴

𝑏 𝜋𝑏)( 𝑠
1−𝜏 )

.

Given that 𝑅𝐴
𝑔 , 𝑅𝐴

𝑏 , and 𝜋𝑔 > 0 as well as 𝜋𝑏 < 0, we obtain that

𝜕𝐹𝑂𝐶
𝜕𝜏 > 0, if 𝑉 = 1, and

= 0, if 𝑉 = 0.

and therefore
𝑑𝜎∗
𝑑𝜏 =

𝜕𝐹𝑂𝐶
𝜕𝜏

−𝑆𝑂𝐶 > 0, if 𝑉 = 1, and
= 0, if 𝑉 = 0.

A.2 Legislative details on the American Tax-
payer Relief Act 2012 (ATRA)

The American Taxpayer Relief Act 2012 (ATRA) substantially increased federal
taxes in the U.S. in 2013. The act retained tax cuts that had been put in
place under Bush in the 2000s and subsequently continued for lower income tax
brackets. An additional net investment income tax (Unearned Income Medicare
Contribution Surtax), introduced with the Patient Protection and Affordable
Care Act, further increased the tax burden for investment income (such as
dividends, interest, passive income, annuities, royalties, capital gains) of high
earners.
Table A.1 displays the legislative process. While the Patient Protection and
Affordable Care Act had already been decided upon at the beginning of 2012,
the federal income tax changes were only discussed in the latter half of the year.
The amended American Taxpayer Relief Act was drafted in the last month of
2012 and quickly passed on January 1st, 2013. Thus, the upcoming tax changes
only started to raise public attention towards the end of 2012, as Google Search
trends indicate in Figure A.1.
Table A.2 and Table A.3 summarize the changes in the top federal tax rate for
short-term and long-term capital gains from 2012 to 2013, respectively. The
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ATRA added a new tax bracket on the top. Taxes on short-term capital gains
increased from 15% to 20% for high-income earners with an annual income
exceeding $400,000 ($450,000 for joint filers). Combined with the 3.8% net
investment income tax, which applied already from $200,000 ($250,000 for joint
filers), short-term capital gains taxes increased to 23.8%. Taxes on long-term
capital gains also increased from 35% to 39.6% for the highest tax bracket,
leading to a combined increase to 43.4% including the net investment income
tax.
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Figure A.1: The American Taxpayer Relief Act of 2012 (ATRA): Google trend
analysis
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Note: This figure shows the result of the Google Search for the term “Federal Tax Increase
2013.” The values indicate search interests relative to the highest point on the chart for the
U.S. from 1𝑠𝑡 January 2011 to 31𝑠𝑡 December 2014. The value 100 represents the highest
popularity of the search term. Source: Google Trends.
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Table A.1: The American Taxpayer Relief Act of 2012 (ATRA): Legislative
history

Date Regulation

2010-03-23 ”Patient Protection and Affordable Care Act” signed into law by Barack Obama
2012-07-24 Introduction of ”Job Portection and Recession Prevention Act” in House
2012-08-01 ”Job Portection and Recession Prevention Act” engrossed in House
2012-09-11 ”Job Portection and Recession Prevention Act” placed on calendar Senate
2012-12-30 Amendment and rename to ”American Taxpayer Relief Act of 2012”, engrossed in Senate
2013-01-01 ”American Taxpayer Relief Act of 2012”, passed in Senate
2013-01-01 ”American Taxpayer Relief Act of 2012”, passed in House
2013-01-02 ”American Taxpayer Relief Act of 2012”, signed into law by Barack Obama

This table displays the legislative history of tax increases up to the beginning of 2013.

A-5



Table A.2: Tax brackets of income tax in 2012 and 2013

2012 2013

Tax Bracket Married Filing Jointly Single Tax Bracket Married Filing Jointly Single

10% $0 – $17,400 $0 – $8,700 10% $0 - $17,850 $0 - $8,925
15% $17,400 – $70,700 $8,700 – $35,350 15% $17,850 - $72,500 $8,925 - $36,250
25% $70,700 – $142,700 $35,350 – $85,650 25% $72,500 - 146,400 $36,250 - $87,850
28% $142,700 – $217,450 $85,650 – $178,650 28% $146,400 - $223,050 $87,850 - $183,250
33% $217,450 – $388,350 $178,650 – $388,350 33% $223,050 - $398,350 $183,250 - $398,350
35% > $388,350 > $388,350 35% $398,350 - $450,000 $398,350 -$400,000

39.60% > $450,000 > $400,000

This table displays the tax brackets of income taxes in 2012 and 2013.
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Table A.3: Tax brackets of capital gains and dividend tax in 2012 and 2013

2012 2013

Tax Bracket Married Filing Jointly Single Tax Bracket Married Filing Jointly Single

0% $0 – $70,700 $0 – $35,350 0% $0 - $72,500 $0 - $36,250
15% > $70,700 >  $35,350 15% $72,500 - $450,000 $36,250 - $400,000

20% > $450,000 > $400,000

This table displays the tax brackets of long-term capital gains and dividend taxes in 2012 and 2013.
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A.3 Personal taxation of managerial compensa-
tion

In general, the personal taxation of mutual fund managers is similar to that of
CEOs, as described in Armstrong et al. (2019).
A mutual fund manager’s compensation structure typically consists of a base
salary, a performance bonus, and possibly equity-based compensation, such
as stock options or restricted stock units. The hand-collected information on
portfolio manager compensation structures in Ma et al. (2019) indicates that
bonuses are deferred in many cases, subject to vesting periods or hurdle condi-
tions. These forms of managerial compensation are taxed as follows.
The fixed base salary, performance-based compensation, and bonuses are subject
to the ordinary income tax in the year received.
For stock options, US tax law differentiates statutory stock options (incentive
stock options, ISOs), non-statutory stock options (non-qualified stock options,
NSOs), and restricted stocks. ISOs and NSOs are specific types of employee
stock options.

• ISOs do not result in tax consequences upon grant or exercise. ISOs
require a vesting period of at least two years and a holding period of more
than one year before they can be sold. At the time of sale, the reduced
capital gains tax rate is imposed on the profit.

• In contrast, the exercise of NSOs25 is taxed with ordinary income tax
on the difference between the fair market value and exercise price. The
tax basis of the stock is then increased to the fair market value (so-called
step-up). Any subsequent sale of the stock after the exercise thus will be
taxed with the capital gains tax rate based on the difference between the
sales price and the fair market value at the exercise time, avoiding double
taxation of the profit share that had already been subject to taxation at
the time of exercise.

• Restricted stocks become taxable as ordinary income upon the completion
of the vesting schedule in the year of vesting. Similarly as for NSOs,
there will be a corresponding step-up in the tax basis to avoid double
taxation. Any stocks held by the fund manager, whether purchased on
the open market, obtained through exercised stock options, or restricted
stock that has vested, are subject to the capital gains tax regulations. If
these stocks are sold and have been held for less than a year, the short-
term capital gains tax rate (equal to the ordinary income tax rate) must
be paid; otherwise, the reduced long-term capital gains tax rate applies.

Managerial co-investment stakes, the primary incentive we investigate in this pa-
per, are typically not part of the compensation package; instead, fund managers

25NSOs are taxed when granted only if their fair market value can be readily determined
(e.g., the option is actively traded on an established market), which is usually not the case.

A-8



make voluntary investments in the fund they manage. Therefore, any capital
gains or losses from the co-investment stakes are subject to the same capital
gains tax scheme as those from other private investments of the managers.

A.4 Taxation of mutual fund investors and co-
investing fund managers

If fund managers invest into the funds they manage, they become mutual fund
investors themselves. As such, they are subject to the same tax regulations as
all other investors. The standard tax regulations for capital income work as
follows.

Profits from capital investment are subject to taxation. Ordinary dividends and
realized capital gains from short-term investments are taxed with the short-term
capital gains tax, which equals the ordinary income tax rate. Qualified dividends
and long-term capital gains can benefit from a reduced long-term capital gains
tax rate. Qualified dividends are those paid by domestic or qualifying foreign
companies26 that have been held for at least 61 days out of the 121-day period
beginning 60 days prior to the ex-dividend date. Capital gains are defined as
long-term if the stock has been held for more than one year.

Tax brackets for both short term capital gains and long-term capital gains are
determined based on the overall yearly income. Thus, high-earners are subject
to the highest marginal tax rate even for small amounts of capital income. For
high-net-worth individuals with significant taxable income, switching to a lower
capital gains tax bracket can hence only be achieved by reducing overall income.

If investors incur losses on a capital investment, they can offset them against
other capital gains in that year. Net capital losses can only be offset with
ordinary income up to $3,000 per year. Remaining capital losses have to be
carried forward and set off against capital gains in the future without time
limit.

In the context of mutual funds, it has to be kept in mind that investors do not
directly own the assets the fund invests in. Instead, the mutual fund acts as an
intermediary. Mutual funds distribute their dividend and capital gains income
to their shareholders as taxable dividends at the long-term capital gains tax
rate.27 However, losses are not directly passed on to shareholders but are set off
or carried forward at the fund level. If a mutual fund incurs a net loss, the net
asset value will fall correspondingly. Fund investors can thus realize the loss by

26A foreign corporation is a qualified foreign corporation if it is incorporated in a possession
of the US or eligible for the benefits of an income tax treaty with the US that includes
an exchange of information provision. The IRS provides a regularly updated list currently
covering 57 countries, amongst them most of the largest economies in the world.

27Effectively, mutual funds distribute all of their annual income to their shareholders, see
Brunson (2012).
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selling their share in the mutual fund, enabling them to offset the loss incurred
on their capital investment according to the general regulations.

A.5 Screening of actively-managed U.S. equity
mutual funds

Following the prior literature (Chen et al., 2004; Busse and Tong, 2012;
Ferson and Lin, 2014; Busse et al., 2021), we screen actively-managed U.S.
equity mutual funds. An actively-managed US domestic equity fund must
satisfy the following criteria: (1) its CRSP Objective Code (crsp_obj_cd) is
either EDGY (equity domestic growth fund), EDYI (equity domestic income
fund), EDYB (equity domestic blend, newly fund), EDCL (equity domestic
cap-based large fund), EDCM (equity domestic cap-based medium fund),
EDCS (equity domestic cap-based small fund), or EDCI (equity domestic
cap-based micro fund); (2) its percentage of equity holdings (per_com) must be
between 85% and 105% for the entire lifespan; (3) it is neither ETF (et_flag),
index funds (index_fund_flag), nor variable annuity (vau_fund); (4) its fund
name (fund_name) does not contain either “Index,” “Ind,” “Idx,” “Indx,”
“Mkt,” “Market,” “Composite,” “S&P,” “SP,” “Russell,” “Nasdaq,” “DJ,”
“Dow,” “Jones,” “Wilshire,” “NYSE,” “iShares,” “SPDR,” “HOLDRs,” “ETF,”
“Exchange-Traded Fund,” “PowerShares,” “StreetTRACKS,” “100,” “400,”
“500,” “600,” “1000,” “1500,” “2000,” “’3000,” or “5000.”

To account for the incubation bias (Evans, 2010), we exclude funds with less
than three years of history and funds with monthly total net assets of less than
15 million, a threshold also used by Elton et al. (2001), Chen et al. (2004), Yan
(2008), and many others.

A.6 Variable description

This table contains a description of all variables used in our empirical analyses.
Data sources are as follows: Thomson Reuters Mutual Funds Holdings Database
(TRH), CRSP U.S. Stock Database (CRSP Stock), CRSP Survivorship-Bias-
Free Mutual Fund Database (CRSP Fund), MSD: Morningstar Direct (MSD),
the Electronic Data Gathering, Analysis, and Retrieval system (EDGAR), Data
Library on Kenneth French’s website (FF), and variables manually constructed
by the authors (MC).
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Table A.4: Variable description

Variable Description Source

Across-year risk shift ratio The average of the quarterly percentage
change of the hypothetical volatility of the
most recently disclosed fund holdings over
the realized volatility of the previous
quarter, where the hypothetical volatility is
calculated based on the portfolio weights of
the current quarter and the stock covariance
of the previous quarter (Huang et al., 2011;
Ma and Tang, 2019).

TRH, CRSP
Stock, MC

Across-year risk shift
difference

The average of the quarterly differences of
the hypothetical volatility of the most
recently disclosed fund holdings over the
realized volatility of the previous quarter,
where the hypothetical volatility is
calculated based on the portfolio weights of
the current quarter and the stock covariance
of the previous quarter (Huang et al., 2011;
Ma and Tang, 2019).

TRH, CRSP
Stock, MC

Across-year systematic risk
difference (Sys. FF4 risk
change)

It is computed with the same definition of
”Across-year risk difference,” but it uses only
the return data attributable to the
systematic component of the Fama-French
four-factor model.

TRH, CRSP
Stock, MC

Across-year idiosyncratic risk
difference (Idio. FF4 risk
change)

It is computed with the same definition of
”Across-year risk difference,” but it uses only
the return data attributable to the
idiosyncratic component of the Fama-French
four-factor model.

TRH, CRSP
Stock, MC

Co-investment The aggregate dollar amount of the
mid-point co-investment interval of all
managers in the fund at the year-end, where
the original co-investment intervals are
reported within seven dollar ranges: $0,
$1-$10,000, $10,001-$50,000,
$50,001-$100,000, $100,001-$500,000,
$500,001-$1,000,000, or over $1,000,000.

EDGAR, MC

Pre-coinvestment The aggregate dollar amount of the
mid-point co-investment interval of all
managers in the fund in 2012.

EDGAR, MC

I(Co-investment > 0) A dummy variable equal to one if the fund
holds positive co-investment, and zero
otherwise.

EDGAR, MC

I(Pre-coinvest > 0) A dummy variable equal to one if the fund
holds positive co-investment in 2012, and
zero otherwise.

EDGAR, MC

I(Low pre-coinvest) A dummy variable equal to one if the fund
holds co-investment within the range of (0,
Conditional median) in 2012, and zero
otherwise. Conditional median refers to the
median of non-zero co-investment.

EDGAR, MC
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Table A.4: Variable description (continued)

Variable Description Source

I(High pre-coinvest) A dummy variable equal to one if the fund
holds co-investment more than the
Conditional median in 2012, and zero
otherwise. Conditional median refers to the
median of non-zero co-investment.

EDGAR, MC

I(Above pre-coinvest) A dummy variable equal to one if the fund
holds co-investment more than the
unconditional median in 2012, and zero
otherwise. The unconditional median is
calculated using all samples, including those
with zero co-investment.

EDGAR, MC

Pre-coinvest The aggregate dollar amount of the
mid-point co-investment interval of all
managers in the fund in 2012.

EDGAR, MC

Above pre-coinves The aggregate dollar amount of the
mid-point co-investment interval of all
managers in the fund in 2012, while
replacing values below median with zero.

EDGAR, MC

Above pre-coinvest/AUM \text{treat_fmo_log_above_2012} divided
by a fund’s total net asset (AUM)

EDGAR, MC

Above pre-coinves/tenure \text{treat_fmo_log_above_2012} divided
by a maximum length of managers’ tenure

EDGAR, MC

Above pre-coinvest per mgr The dollar amount of the mid-point
co-investment interval per manager in the
fund in 2012, while replacing values below
median with zero.

EDGAR, MC

Combined long-term tax rates The combined federal- and state-level
long-term capital gains tax rates.

NBER
TAXSIM

Post ATRA A dummy variable equal to one after 2013,
and zero otherwise.

MC

Post ATRA tax increase A dummy variable equal to one after 2013
multiplied by the magnitude of tax increases
during 2012 and 2013, and zero otherwise.

NBER
TAXSIM, MC

Market beta The estimated coefficient of the market
factor using the Carhart (1997) four-factor
model, which is the fund-year-level
regressions of daily excess fund returns on
the daily market factor (CRSP value-weight
market return minus the one-month
Treasury bill rate), SMB (small-minus-big)
factor, HML (high-minus-low) factor, and
momentum factor (Carhart, 1997).

CRSP Fund,
FF, MC
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Table A.4: Variable description (continued)

Variable Description Source

SMB beta The estimated coefficient of the SMB factor
using the Carhart (1997) four-factor model,
which is the fund-year-level regressions of
daily excess fund returns on the daily market
factor (CRSP value-weight market return
minus the one-month Treasury bill rate),
SMB (small-minus-big) factor, HML
(high-minus-low) factor, and momentum
factor (Carhart, 1997).

CRSP Fund,
FF, MC

HML beta The estimated coefficient of the HML factor
using the Carhart (1997) four-factor model,
which is the fund-year-level regressions of
daily excess fund returns on the daily market
factor (CRSP value-weight market return
minus the one-month Treasury bill rate),
SMB (small-minus-big) factor, HML
(high-minus-low) factor, and momentum
factor (Carhart, 1997).

CRSP Fund,
FF, MC

UMD beta The estimated coefficient of the UMD factor
using the Carhart (1997) four-factor model,
which is the fund-year-level regressions of
daily excess fund returns on the daily market
factor (CRSP value-weight market return
minus the one-month Treasury bill rate),
SMB (small-minus-big) factor, HML
(high-minus-low) factor, and momentum
factor (Carhart, 1997).

CRSP Fund,
FF, MC

Downside beta The construction is the same as Market beta
except that its estimation is conditional on
the data whose market factor is less than its
yearly mean (Ang et al., 2006).

CRSP Fund,
FF, MC

CAPM Alpha The intercept from the fund-year-level
regressions of daily excess fund returns on
the daily market factor (CRSP value-weight
market return minus the one-month
Treasury bill rate).

CRSP Fund,
FF, MC

FF3 Alpha The intercept from the fund-year-level
regressions of daily excess fund returns on
the daily market factor (CRSP value-weight
market return minus the one-month
Treasury bill rate), SMB (small-minus-big)
factor, and HML (high-minus-low) factor.

CRSP Fund,
FF, MC

FF4 Alpha The intercept from the fund-year-level
regressions of daily excess fund returns on
the daily market factor (CRSP value-weight
market return minus the one-month
Treasury bill rate), SMB (small-minus-big)
factor, HML (high-minus-low) factor, and
momentum factor (Carhart, 1997).

CRSP Fund,
FF, MC
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Table A.4: Variable description (continued)

Variable Description Source

Fund size The total net assets of the fund (in billion
dollar).

CRSP Fund

Fund age The number of months since the oldest share
class of the fund launched.

CRSP Fund

Fund flows The change in total net assets (TNA)
excluding growth in TNA as a result of fund
returns (Sirri and Tufano, 1998).

CRSP Fund

Fund expense The annual expense ratio of the fund. CRSP Fund
Turnover The annual turnover ratio of the fund. CRSP Fund
Fund activeness One minus R-squared from Carhart (1997)

four-factor regression of the fund (Amihud
and Goyenko, 2012).

CRSP Fund,
FF, MC

Team-managed A dummy variable equal to one if the fund is
managed by a team, and zero otherwise.

CRSP Fund

maximum tenure The maximum length of time for which all
managers have been at the helm of the fund
(in months).

MSD

Family size The total net assets of the fund family (in
billion dollar).

CRSP Fund,
MC

Convexity We calculate the correlations between
monthly flows and past returns when past
returns are positive and when past returns
are negative, using five-year time-series data.
We measure convexity by the difference
between correlations of positive returns and
negative returns.

CRSP Fund,
MC

Loser A dummy variable equal to one if the fund’s
past two-year performance is in the bottom
quartile, and zero otherwise

CRSP Fund,
MC

%(Stock) Percentage of equity holdings (%) CRSP Fund
%(Cash) Percentage of cash holdings (%) CRSP Fund

N(Stocks) Number of holding stocks in the portfolio TRH, MC
Lottery The yearly average of the holding-weighted

average of the maximum daily return at the
previous month across all stocks held by the
fund (Agarwal et al., 2022; Bali et al., 2011).

TRH, CRSP
Stock, MC

State GDP growth The GDP growth rate of a state. FRED
State income growth The income growth rate of a state. FRED
State corporate taxes The corporate taxes of a state. NBER

TAXSIM
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Table IA.1: Alternative fixed effects

(1) RS (2) RS (3) RS (4) RS (5) RS (6) RS (7) RS (8) RS (9) RS (10) RS

Post x I(Above pre-coinvest) 0.533*** 0.572*** 0.550*** 0.462*** 0.421***
(4.131) (4.643) (4.578) (3.022) (2.586)

Post x log(Above pre-coinves) 0.040*** 0.043*** 0.042*** 0.036*** 0.033***
(4.318) (4.854) (4.783) (3.236) (2.744)

Controls X X X X X X X X X X
Year FE X X X X X X
Fund FE X X X X
Family FE X X
Style FE X X
Year x Family FE X X X X
Observations 4,797 4,797 4,740 4,797 4,797 4,797 4,797 4,740 4,797 4,797
Adj. R2 0.21 0.25 0.25 0.36 0.29 0.21 0.25 0.25 0.36 0.29
* p < 0.1, ** p < 0.05, *** p < 0.01
a Note: This table presents the baseline difference-in-differences (DiD) results using alternative fixed effect choices. The dependent variable

is the risk shift ratio, defined as the average of the quarterly risk ratio of the hypothetical returns over realized past return, where the
hypothetical returns are constructed using current portfolio weightings and past stock returns. All specifications in this table include the
same set of control variables as the baseline results. Detailed definitions of all other variables can be found in the Appendix. Standard errors
are clustered at the fund level; t-statistics are displayed in parentheses.
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Table IA.2: Alternative risk shift measure

(1) RS (2) RS (3) RS (4) RS (5) RS (6) RS

Post x I(Pre-coinvest > 0) 0.049** 0.039*
(2.220) (1.670)

Post x I(Low pre-coinvest) −0.009
(−0.363)

Post x I(High pre-coinvest) 0.085***
(3.101)

Post x I(Above pre-coinvest) 0.085***
(3.685)

Post x log(Pre-coinvest) 0.004**
(2.286)

Post x log(Above pre-coinves) 0.006***
(3.819)

Controls X X X X X
Fund FE X X X X X X
Year x Style FE X X X X X X
Observations 4,780 4,740 4,740 4,740 4,740 4,740
Adj. R2 0.29 0.3 0.3 0.3 0.3 0.3
* p < 0.1, ** p < 0.05, *** p < 0.01
a Note: This table presents the baseline results of a difference-in-differences (DiD) analysis

using binary treatment. The dependent variable is the risk shift difference, defined as the
average of the quarterly risk difference of the hypothetical returns over realized past return,
where the hypothetical returns are constructed using current portfolio weightings and past
stock returns. All specifications in this table include the same set of control variables as the
baseline results. Detailed definitions of all other variables can be found in the Appendix.
Standard errors are clustered at the fund level; t-statistics are displayed in parentheses.
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Table IA.3: Alternative Post event indicators

(1) RS (2) RS (3) RS (4) RS (5) RS (6) RS

Post ATRA x I(Above pre-coinvest) 0.524***
(4.154)

Post ATRA tax increase x I(Above pre-coinvest) 0.595***
(4.198)

Combined long-term taxes x I(Above pre-coinvest) 0.054***
(4.107)

Post ATRA x log(Above pre-coinves) 0.039***
(4.298)

Post ATRA tax increase x log(Above pre-coinves) 0.045***
(4.337)

Combined long-term taxes x log(Above pre-coinves) 0.004***
(4.239)

Controls X X X X X X
Fund FE X X X X X X
Year x Style FE X X X X X X
Observations 4,740 4,740 4,740 4,740 4,740 4,740
Adj. R2 0.25 0.25 0.25 0.25 0.25 0.25
* p < 0.1, ** p < 0.05, *** p < 0.01
a Note: This table contains results of difference-in-differences (DiD) analysis using alternative treatment indicators.

The dependent variable is the risk shift ratio, defined as the average of the quarterly risk ratio of the hypothetical
returns over realized past return, where the hypothetical returns are constructed using current portfolio weightings
and past stock returns. The event indicators of the DiD analysis include: Post ATRA, Post ATRA tax increase,
and Combined long-term tax rate. Post ATRA is an indicator that takes one afte 2013. Post ATRA tax increase
refers to a variable equal to one after 2013 multiplied by the magnitude of tax increases during 2012 and 2013, and
zero otherwise. Combined long-term tax rate are the the combined federal- and state-level long-term capital gains
tax rates. All specifications in this table include the same set of control variables as the baseline results. Detailed
definitions of all other variables can be found in the Appendix. Standard errors are clustered at the fund level;
t-statistics are displayed in parentheses.
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Table IA.4: Alternative time-varying treatment assignments

(1) RS (2) RS

Post x I(coinvest > 0) 0.297*
(1.821)

Post x log(coinvest) 0.029**
(2.427)

Controls X X
Fund FE X X
Year x Style FE X X
Observations 4,798 4,798
Adj. R2 0.27 0.27
* p < 0.1, ** p < 0.05, *** p < 0.01
a Note: This table contains results of

difference-in-differences (DiD) analysis
using alternative time-varying treatment
indicators. The treatment indicators of
the DiD analysis include: time-varying
co-investment dummy and time-varying
logarithm of co-investment. All speci-
fications in this table include the same
set of control variables as the baseline
results. Detailed definitions of all other
variables can be found in the Appendix.
Standard errors are clustered at the fund
level; t-statistics are displayed in paren-
theses.
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Table IA.5: Alternative sample periods

(1) 2008-2016 (2) 2009-2015 (3) 2010-2014 (4) 2008-2016 (5) 2009-2015 (6) 2010-2014

Post x I(Above pre-coinvest) 0.396*** 0.524*** 0.653***
(3.866) (4.154) (3.762)

Post x log(Above pre-coinves) 0.029*** 0.039*** 0.048***
(3.974) (4.298) (3.780)

Controls X X X X X X
Fund FE X X X X X X
Year x Style FE X X X X X X
Observations 5,922 4,740 3,469 5,922 4,740 3,469
Adj. R2 0.23 0.25 0.26 0.23 0.25 0.26
* p < 0.1, ** p < 0.05, *** p < 0.01
a Note: This table presents the baseline results of a difference-in-differences (DiD) analysis using different sample periods.

The dependent variable is the risk shift difference, defined as the average of the quarterly risk difference of the hypothetical
returns over realized past return, where the hypothetical returns are constructed using current portfolio weightings and
past stock returns. All specifications in this table include the same set of control variables as the baseline results. Detailed
definitions of all other variables can be found in the Appendix. Standard errors are clustered at the fund level; t-statistics
are displayed in parentheses.
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