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Executive Summary

Over the past two decades, capital formation has increasingly shifted toward private markets. Many fast-growing
and innovative companies now rely on private market funding for longer, and private markets play a larger role in
supporting business expansion and job creation. Yet for most retail investors—including most defined contribution
(DC) pension plan participants—access to investment opportunities in private markets remains limited.

The Department of Labor’s (the “Department”) recent proposed regulation, Fiduciary Duties in Selecting
Designated Investment Alternatives (the “Proposal”), seeks to address this access gap by establishing an asset
class—agnostic, process-based safe harbor that would empower plan fiduciaries to evaluate and, where
appropriate, incorporate private market investments within DC plans. Expanding access through this framework
can help participants invest in more diversified portfolios designed to support long-term retirement outcomes in
today’s capital markets.

DC plans are well positioned to provide access to private market assets. For decades, millions of Americans have
participated in public markets through their DC plans, accumulating $14.2 trillion in retirement savings in these
plans as of year-end 2025. Target date funds (TDFs), in particular, have become a widely used investment option
within DC plans, providing participants with an easy-to-understand, broadly diversified investment that is
professionally managed and rebalanced over time. TDFs are a natural vehicle through which a measured private
market allocation could be delivered to participants. Section | provides detailed information on the growth of
private markets, characteristics of DC plan participants, and the structure of TDFs.

ICI's economic analysis investigated how the addition of a private market allocation could impact diversification
and risk-return profiles of DC plan portfolios. Our analysis summarizes findings from academic literature on
private fund performance (Section IlI) and conducts three quantitative exercises: applying statistical methodologies
to unsmooth private asset returns—a necessary step to reduce the effects of appraisal smoothing (Section lll);
analyzing a mean-variance efficient frontier (Section IV); and simulating TDF glide path outcomes (Section V).

» Academic literature on private fund performance is contested, but, on balance, points to modest net-
of-fees risk-adjusted outperformance for certain asset classes.

Estimated risk-adjusted private fund performance varies materially with the choice of performance benchmark,
risk model, sample construction, and measurement period. For example, the same asset class can appear to
deliver positive or negative risk-adjusted returns depending on the methodology applied. Overall, the weight of
recent findings suggests positive net-of-fees risk-adjusted returns for private equity buyout funds and, in a smaller
but growing body of work, private credit and infrastructure funds. However, venture capital, real estate, and
certain other fund strategies do not appear to have risk-adjusted outperformance in recent work.
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»  Adjusting private market data for return smoothing is important to mitigate overstating diversification
benefits.

Reported net asset values (NAVs) for private funds tend to be determined through fair value methodologies that
often blend information across multiple reporting periods. This dampens measured return volatility, produces
positive autocorrelation in reported returns, and weakens measured correlations with public markets—features
that, left unadjusted, would overstate the diversification benefit of an allocation to private assets. Our analysis
applies three well-established unsmoothing techniques from academic literature: (i) the Geltner autoregressive
model; (ii) the Getmansky-Lo-Makarov (GLM) moving-average model; and (iii) the Dimson lagged-beta model. All
three substantially increase measured volatility (e.g., private equity return volatility rises from 6% to between 9.7%
and 12.7% depending on the method used) and reduce first-order autocorrelation to levels that are not statistically
different from zero.

» Adding private assets to public-only portfolios can provide diversification benefits and expand the
risk-return opportunity set for retirement investors.

Using quarterly returns and a portfolio optimization process that imposes realistic investment constraints on
private market allocations, our analysis indicates that a public-plus-private efficient frontier can offer meaningful
diversification benefits to investors. Relative to a public-only portfolio, a portfolio with a modest allocation to
private assets can offer an improved risk-return profile. For instance, our results indicate that at an annualized
expected return of 7%, the public-only efficient frontier has an annualized volatility of 6.7%, while frontiers with
allocations to private assets reach the same 7% expected return with lower annualized volatility (5.3% to 5.5%,
depending on the private return unsmoothing method used). The estimated Sharpe ratio of the optimal (tangency)
portfolio improves between 19% to 23% depending on the unsmoothing method used. These results are
consistent with academic and practitioner studies.

»  Simulations of TDF glide paths with modest private market allocations indicate the potential for
improved risk-adjusted outcomes for investors.

Across 100,000 simulations of a hypothetical 40-year career with a 10% contribution rate, a TDF with a 20%
allocation to private market assets generates an estimated median account balance that is 12% higher than the
public-only baseline. Additionally, in 94% of the simulations, TDF portfolios with private market asset allocations
produced higher balances at retirement age than the public-only option. These estimated results largely stem from
the diversification benefits gained by including private market assets in the TDF. Our findings are broadly
consistent with recent practitioner reports conducting similar exercises.
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l. Private Capital Markets and DC Plan Access

There are well-documented structural shifts in US capital formation that have occurred over the past several
decades. For example:

» Primary capital formation has shifted to private markets. US companies raised more equity through
private offerings than through initial public offerings (IPOs) in each of the past 15 years (Figure 1)."

»  The number of publicly listed US companies declined from 6,274 at year-end 2000 to 3,907 at year-end
2025. Meanwhile, the number of private equity—backed companies grew from around 2,000 to 13,143
over the same period (Figure 1).2

» The median age at which companies go public increased from 6 years in 1980 to 12 years in 2025.
Similarly, 6,519 companies went public between 1980 and 2000, while just 2,824 did so between 2001
and 2025 (Figure 1).

»  The “unicorn” population has grown substantially.® The number of US private companies valued at $1
billion or more rose from 64 firms (about $230 billion in aggregate valuation) in 2014 to about 900 firms
(about $5.8 trillion in aggregate valuation) as of the first quarter of 2026.4

In step with the increased reliance on private capital, assets under management of private capital in the United
States have grown over the past 15 years. Total US private markets assets under management increased from
just $1.9 trillion at year-end 2010 to $9.1 trillion as of September 2025 (Figure 2). Private equity has historically
represented the bulk of private capital assets under management, but the share of private debt (often referred to
as private credit), real estate, and infrastructure/natural resources has increased substantially in recent years.

' See Committee on Capital Markets Regulation, 2025, Expanding Opportunities for US Investors and Retirees: Private
Markets (August); available at https://capmktsreg.org/wp-content/uploads/2025/08/CCMR-Expanding-Access-to-Private-
Markets-08.07.25-Final.pdf. Also, see Securities and Exchange Commission (SEC), “Small Business Capital Formation
Reports;” available at www.sec.gov/about/divisions-offices/office-advocate-small-business-capital-formation/small-business-
capital-formation-reports.

2 Data for domestic listed public companies are from the World Federation of Exchanges. Data for private equity—backed
companies are from Citizens bank (for the year 2000) and PitchBook (for 2025). For more information, see Citizens, 2024,
“The Public to Private Equity Pivot Continues;” available at www.citizensbank.com/corporate-finance/insights/private-equity-
trends. Also, see PitchBook, 2026, “PitchBook 2025 Annual US PE Breakdown;” available at
https://pitchbook.com/news/reports/2025-annual-us-pe-breakdown.

3 A “unicorn” is a private company with an estimated valuation of $1 billion or more. The term was originally coined to reflect
the rarity of such companies.

4 See note 1 and PitchBook, 2026, “Q1 2026 PitchBook-NVCA Venture Monitor;” available at
https://pitchbook.com/news/reports/q1-2026-pitchbook-nvca-venture-monitor.
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FIGURE 1
Evolving Composition of US Public and Private Capital Markets

Capital raised through private offerings has
consistently exceeded that through IPOs
Total equity raised, billions of dollars, annual

The number of private equity—backed
companies climbs as the number of
public companies shrinks
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'Regulation D offerings are private placement offerings that are exempt from registration under the Securities Act of 1933.
Data exclude pooled investment funds.

?Data reflect IPOs after excluding those with an offer price below $5.00 per share, unit offers, American Depositary Receipts
(ADRs), closed-end funds, oil and gas limited partnerships, acquisition companies, REITs, bank and savings and loan IPOs,
and firms not listed on the Center for Research in Security Prices (CRSP).

Sources: World Federation of Exchanges, Preqin (a part of BlackRock), PitchBook, Citizens bank, JR Ritter (Initial Public
Offerings: Updated Statistics), and Committee on Capital Markets Regulation, “Expanding Opportunities for US Investors and
Retirees: Private Markets”
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FIGURE 2

Private Markets Have Grown Substantially in Recent Years
US private market assets under management, trillions of US dollars, end of period
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Note: Data exclude funds of funds and secondaries to avoid double counting. Natural resource only includes natural resources
and timberland fund types to avoid double counting.
Source: Preqin (a part of BlackRock)

Reforms instituted after the global financial crisis (GFC) are often cited as contributing to the growth in private
markets.® The Dodd-Frank Act reduced banks’ ability to provide financing to private market companies, which
forced some of those companies to seek financing elsewhere. Additionally, the extended period of ultra-low
interest rates that followed the GFC further encouraged investors—particularly institutional investors like state and
local defined benefit (DB) pension plans, university endowments, foundations, and sovereign wealth funds—to
consider higher-yielding assets beyond those in public markets.

Institutional investors have allocated part of their portfolios to private market assets for decades, and their
allocations increased substantially following the GFC. For example, between 2007 and 2024, state and local DB
pension plans increased their allocations to private equity from 4.8% to 13.8% and their allocations to real estate
(both public and private) from 5.6% to 9.1% (Figure 3). Similarly, university endowments and foundations
allocated 16.9% of their assets to private equity in 2024, and this share has increased over time.®

5 See chapter 2 in International Monetary Fund, 2024, Global Financial Stability Report: The Last Mile—Financial
Vulnerabilities and Risks (April); available at www.imf.org/-/media/files/publications/gfsr/2024/april/english/text.pdf. Also, see
chapter 3 in Board of Governors of the Federal Reserve System, 2023, Financial Stability Report (May); available at
www.federalreserve.gov/publications/files/financial-stability-report-20230508.pdf.

6 For more information, see Larry Rothman, 2025, “Endowments and Foundations Continue Favoring Alternative Assets,”
Pensions & Investments (May 8); available at www.pionline.com/interactive/endowments-and-foundations-continue-favoring-
alternative-assets/.
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FIGURE 3
State and Local DB Pension Plans Increased Their Allocations to Alternatives in the
Wake of the GFC
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Retail investors, on the other hand, have much more limited access to private market assets. Most individuals in
US households do not meet the requirements to be either accredited investors or qualified purchasers to directly
invest in private funds. For example, about 15% of US households meet the wealth or income requirements to
qualify as an accredited investor, and just 3% meet the wealth requirements to be a qualified purchaser.” Among
those that do meet the requirements, individual investors must be comfortable with the idea of putting assets in
private funds with long lock-up periods. Another pathway for individual investors to access private market assets
is through regulated funds that offer structured redemption policies (i.e., CEFs structured as interval funds, tender
offer funds, and business development companies [BDCs]). But many of these funds have accredited investor (or
qualified purchaser) standards or high minimum investment limits as well.2

DC plans provide another channel through which individual investors could potentially gain easier access to
private market assets, but few DC plans currently include private market investments in plan investment options.
The Department’s proposed process-based safe harbor seeks to address this by clarifying that all proposed plan

7 Data are calculated using the Federal Reserve’s 2022 Survey of Consumer Finances. An individual seeking to qualify as an
accredited investor must meet one of the following financial criteria: an individual income of $200,000 (or $300,000 with a
spouse or partner) in each of the prior two years with the same expectations for the current year; or a net worth of $1,000,000
(excluding the primary residence). An individual may also instead meet certain professional criteria. Qualified purchasers, on
the other hand, must have a net worth of $5,000,000 (excluding the primary residence). For more information, see Securities
and Exchange Commission, “Accredited Investors” (last reviewed or updated April 24, 2026); available at
www.sec.gov/resources-small-businesses/capital-raising-building-blocks/accredited-investors.

8 For more information, see James Duvall, 2026, “The Closed-End Fund Market, 2025,” ICI Research Perspective 32, no. 3
(April); available at www.ici.org/files/2026/per32-03.pdf.
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investments—including private market assets—are evaluated under the same rules.® DC plans play an important
role in the US retirement system. And TDFs—the most common qualified default investment alternative (QDIA)
offered in 401(k) plans'>—would be an effective vehicle within DC plans to provide access to private markets.

ERISA-Covered DC Plans Are Key to Americans’ Retirement Security

Employer-sponsored DC plans are a large and growing component of the US retirement system. At year-end
2025, DC plan assets were about 30% of total US retirement market assets ($49.1 trillion), up from about 20%
four decades ago.' DC plans held an estimated $14.2 trillion in assets at year-end 2025, with 84% held in
ERISA-covered plans—$10.1 trillion in 401(k) plans, $0.9 trillion in 403(b) plans, and $0.9 trillion in other private-
sector DC plans (Figure 4).

FIGURE 4
ERISA-Covered DC Plan Assets Are 84% of Total DC Plan Assets

DC plan assets, trillions of dollars, year-end 2025

Total DC plan assets $14.2
ERISA-covered DC plans 11.9
401(k) plans 10.1
403(b) plans 0.9
Other private-sector DC plans 0.9
Non-ERISA 403(b) plans 0.6
Federal Thrift Savings Plan (TSP) 1.1
457 plans 0.6

Note: Federal TSP data are from the Federal Reserve Board. All other data are estimated.
Sources: Investment Company Institute and the Federal Reserve Board

About 60% of US households, or more than 80 million households, had DC plan accounts in 2025."2 DC account—
owning households hail from all age groups: 19% were younger than 35, while 23% were 65 or older (Figure 5).
Among DC account-owning households, median household income was $120,000 in 2025. About 40% have
household incomes less than $100,000 and 37% have household incomes between $100,000 and $199,999. It is
likely that the majority of these households would not qualify as accredited investors or qualified purchasers to
directly invest in private market assets, which limits their ability to access the full capital market.

9 See 91 Fed. Reg. 16088 (March 31, 2026); available at www.govinfo.gov/content/pkg/FR-2026-03-31/pdf/2026-06178.pdf.

0 Among the 76.7% of plans that use a QDIA, 87.2% use TDFs as QDIAs. See Table 100 in Plan Sponsor Council of America,
2025, “68th Annual Survey of Profit Sharing and 401(k) Plans: Reflecting 2024 Plan Year Experience.”

" See Investment Company Institute, 2026, “The US Retirement Market, Fourth Quarter 2025;” available at
www.ici.org/research/statistics/quarterly-retirement-market-data.

12 Data are derived from tabulations of the 2025 Investment Company Institute Annual Mutual Fund Shareholder Tracking
Survey. For more information on the survey, see Sarah Holden, Daniel Schrass, and Michael Bogdan, 2025, “Ownership of
Mutual Funds and Shareholder Sentiment, 2025,” ICI Research Perspective 31, no. 8 (November); available at
www.ici.org/system/files/2025-11/per31-08.pdf.
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FIGURE 5

80.3 Million US Households Owned DC Plan Accounts in 2025
Percentage of US households that own DC plan accounts, 2025

More than half of DC account-owning And the median household income
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DC plan account ownership DC plan account ownership by
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Note: The 2025 Annual Mutual Fund Shareholder Tracking Survey was fielded on the KnowledgePanel®, a probability based
online panel designed to be representative of the US population. The KnowledgePanel® was designed and administered by
Ipsos, an online consumer research company. The 2025 Annual Mutual Fund Shareholder Tracking Survey sample included
9,021 US households drawn from the KnowledgePanel®. Of the households contacted, 5,375 households, or 59.6%, owned
DC plan accounts. Household income in 2025 is total household income before taxes in 2024.

Source: Tabulations from the 2025 Investment Company Institute Annual Mutual Fund Shareholder Tracking Survey

TDFs Are an Effective Choice to Include Private Market Assets in DC
Plans

Many have suggested that measured access to private investments through TDFs offered in DC plans could be
an option. In fact, the Department anticipates that TDFs will be the main vehicle through which DC plan investors
will access alternative assets. TDFs have several features that make them an attractive choice. They are
professionally managed, cost-effective, diversified among equities and bonds, and rebalanced over time as the
fund approaches and passes its target date.'® TDFs are largely used as intended—94% of TDF investors in
401(k) plans hold just one TDF and 88% hold just one age-appropriate TDF.'* Given their long-term allocation

'3 For data on the variety of glide path designs and investment compositions in target date mutual funds, see Investment
Company Institute, 2026, “Quick Facts on Target Date Funds;” available at www.ici.org/system/files/2026-05/26-quick-facts-
target-date-funds.pdf.

4 Investors may not hold an “age-appropriate” TDF from the perspective of aligning the investor’s age with the target date fund
series closest to an expected retirement age of 65. Some investors may plan to retire early (or later) than 65 and therefore
may choose a different retirement series (e.g., the 2040 fund instead of the 2045 fund). Additionally, some investors may want
to increase their equity or bond exposure within the TDF and therefore select a retirement series more in line with their view.
For more information, see Investment Company Institute, 2025, “Quick Facts on Target Date Fund Use in Retirement Plans;”
available at www.ici.org/system/files/2025-12/25-ici-quick-facts-target-date-funds-retirement.pdf.
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approach and their appropriate use by investors, a sleeve of private market assets in a TDF’s glide path would be
a natural fit.

TDFs have grown dramatically since their approval for inclusion in retirement plans as a QDIA in 2007. Total net
assets in TDFs increased from just $129 billion at year-end 2006 to $4.9 trillion at year-end 2025 (Figure 6).

Their inclusion as a QDIA has led to greater use over time. In 2023, 89% of 401(k) plan participants in the
EBRI/ICI 401(k) database were in plans offering TDFs and 71% of 401(k) plan participants held TDFs (Figure 7).
At year-end 2023, 42% of 401(k) plan assets were invested in TDFs.'s While their inclusion as a QDIA contributes
to higher TDF usage, especially by younger 401(k) plan participants, their offering and use are more widespread
than automatic enrollment. For example, in 2023, 66% of 401(k) plan participants in their 60s held TDFs.

FIGURE 6

TDF Assets Were Nearly $5 Trillion at Year-End 2025
Billions of dollars, year-end

2006: SEC rule requires funds of funds to add 4.855
mCITs more transparency around fees. ’
® Mutual funds 2006: Pension Protection Act encourages automatic 4.034
enrollment and allows for use of target date and other ’
hybrid funds as default investment options. 3.465
1994: The first TDF 2007: DOL implemented rule that defines
launched. QDIAs, which includes TDFs. 2,834

1996: Congres§ 1,747
expands funds
ability to invest in
other funds.

969
0.3 5 15 129 - . 1.101
: —
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1,753 1,971

Note: Data for CITs prior to 2015 are obtained via Morningstar Direct. Data for CITs beginning in 2015 use a combination of
Morningstar Direct and Morningstar’s proprietary manager survey.
Sources: Investment Company Institute and Morningstar

5 For additional detail, see Peter Brady, Steven Bass, and Craig Copeland, 2026, “401(k) Plan Asset Allocation, Account
Balances, and Loan Activity in 2023,” ICI Research Perspective 32, no. 2 (April); available at www.ici.org/files/2026/per32-

02.pdf.
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FIGURE 7

TDFs Are a Popular Investment in 401(k) Plans
Percentage of total 401(k) market, year-end
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Note: A TDF typically rebalances its portfolio to become less focused on growth and more focused on income as it approaches
and passes the target date of the fund, which is usually included in the fund’s name. Funds include mutual funds, bank
collective trusts, life insurance separate accounts, and other pooled investment products.

Source: Tabulations from EBRI/ICI Participant-Directed Retirement Plan Data Collection Project

Glide Path Convenience

A key feature of a TDF is its “glide path.” This is the strategy that the fund will follow to rebalance its portfolio as it
approaches and passes its specified target date, which is usually included in the fund’'s name. For the average
TDF, its glide path invests most of its assets (80% or more) in stocks when the fund is far from its target date
(Figure 8). There is, however, no one single glide path. Glide paths vary among fund providers, reflecting different
views on how best to accommodate retirement savers. Some providers set stock allocations at 100% for those
TDFs furthest from their target retirement date, while other providers select a lower allocation to stocks. Glide
path allocations can also differ between funds at the target retirement date and well into the “in retirement” phase.
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FIGURE 8

TDFs Move From Stocks to Bonds as They Approach and Pass Their Target Dates
Percentage of total net assets
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*Fixed income includes bonds as well as cash and cash equivalents (e.g., money market funds).

Note: The share of holdings (i.e., equity, fixed income) in each period and for each asset class type is calculated as the simple
average allocation across each TDF strategy. Data only include target date mutual funds and CITs that existed in April 2026.
The source data include a very small share of assets (between 1% and 3%, on average) held in “other” investments, which are
excluded from this figure.

Source: Investment Company Institute calculations of Morningstar data
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TDFs Are Highly Diversified

As a TDF approaches and passes its target date, the proportion of stocks in its portfolio tends to fall, with
increasingly more of the fund’s assets devoted to fixed income (bonds). But TDFs are highly diversified within
those stock and bond allocations. For example, mutual fund TDFs, which are primarily structured as funds of
funds, tend to hold a mix of domestic and world equity funds, large-cap and small-cap equity funds, domestic and
world bond funds, investment grade and high-yield bond funds, and still other types of funds as well (Figure 9).

FIGURE 9

TDFs Are Diversified and Have Age-Appropriate Asset Allocations
Percentage of total holdings by underlying investment category, year-end 2025
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'Data are based on quarterly public filings between November and January.

20ther includes hybrid funds, money market funds, unclassified mutual funds and ETFs, common stock, debt securities, and
other types of funds or securities.

Source: Investment Company Institute calculations of SEC Form N-PORT data
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TDFs Are Cost-Effective

TDFs provide investors with access to diversified portfolios that automatically rebalance for comparatively low
costs. Between 2010 and 2025, the asset-weighted average TDF expense ratio fell from 0.65% to 0.27% (Figure
10).78 The average TDF expense ratio is also on par with other investment options in 401(k) plans. For example,
the 401(k) asset-weighted average expense ratio for equity funds was also 0.27% in 2025.

FIGURE 10
TDFs Are Cost-Effective and Have Average Expense Ratios Similar to Those of

Equity and Bond Funds
Asset-weighted average expense ratio for mutual funds,* percent
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*For a more accurate comparison of the investments to which 401(k) plan investors would have access, average expense
ratios for equity and bond mutual funds are weighted by 401(k) plan assets rather than industry assets.

Note: Fund investment categories include active and index investment styles. Data exclude mutual funds available as
investment choices in variable annuities.

Sources: Investment Company Institute, Lipper, and Morningstar

16 Average expense ratios of funds in 401(k) plans also tend to differ by plan size. In 2023, TDFs in plans with less than $1
million in plan assets had an asset-weighted average expense ratio of 0.39% compared with 0.28% among plans with more
than $1 billion in plan assets. For more information, see Exhibit 4.5 in Investment Company Institute and ISS Market
Intelligence, 2026, The ICI/ISS MI Defined Contribution Plan Profile: A Close Look at 401(k) Plans, 2023, Washington, DC:
Investment Company Institute and San Diego, CA: ISS Market Intelligence; available at www.ici.org/system/files/2026-03/26-
rpt-dcplan-profile23-401k.pdf.
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Many TDF Investors Are Long-Term Investors

When considering whether to include investment options that hold private market assets, DC plan fiduciaries need
to determine whether they are appropriate for their plan participants.'” Diversified and pooled investment funds
(such as TDFs and other balanced funds) can effectively manage private investments through a variety of
approaches, including a long-term holding commitment.

The length of time that a given DC plan participant remains invested in a given fund depends on several factors,
including among others (1) job change or retirement, (2) plan investment lineup change, and (3) participant
reallocation of investments in their account. An EBRI/ICI analysis explored the last of these factors. Specifically,
the analysis tracked a group of consistent 401(k) plan participants (those with account balances at the end of
each year from 2016 through 2022) who were fully invested in at least one TDF at year-end 2016. The results
show that 85% of this group of participants were still fully invested in TDFs six years later at year-end 2022
(Figure 11).'® The result suggests that an allocation to private investments in a TDF could be appropriate given
the relative stability of ongoing 401(k) participants who are fully invested in TDFs.

FIGURE 11
ongoing 401(k) Participants Tend to Remain in TDFs

Share of consistent 401(k) participants with a full-TDF allocation, year-end
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Consistent sample: Percentage remaining full-TDF investors
2.1 million 401(k) plan participants through each year-end

Note: Participants with a full-TDF allocation had 100% of their 401(k) plan balance invested in TDFs. The consistent sample is
2.1 million 401(k) plan participants with account balances at the end of each year from 2016 through 2022; 0.7 million of these
consistent 401(k) plan participants had a full-TDF allocation at year-end 2016.

Source: Tabulations from EBRI/ICI Participant-Directed Retirement Plan Data Collection Project

7 For discussion of various considerations, see Fiona Greig, Roger Aliaga-Diaz, Ankul Daga, Kelly Hahn, Douglas Grim, and
Xiao Xu, 2025, Private assets in defined contribution plans: Benefits, risks, and implications, Valley Forge, PA: The Vanguard
Group; available at https://corporate.vanguard.com/content/dam/corp/public-policy/policy-

research/private _assets in_defined contribution plans benefits risks and implications.pdf.

'8 See Sarah Holden, Emily Williams, Steven Bass, and Craig Copeland, 2026, “A Closer Look at 401(k) Plan Target Date
Fund Investors’ Account Balance Asset Allocations Over Time,” ICI Research Perspective 32, no. 6 (May); available at
www.ici.org/files/2026/per32-06.pdf.
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In other work, the Vanguard Group examined data for DC plans where it served as recordkeeper and considered
all three factors (job changers/retirement, investment lineup changes, and plan participant behavior). Their work
found a median holding period of 4 years for TDF investors.'®

The length of an individual participant’s holding period should not be a concern when considering the inclusion of
a private assets sleeve within a TDF. A participant’s realized return from any holding within a TDF (be it public or
private) depends on when they enter and exit relative to that investment class’s performance. TDFs are designed
and managed with long-term investment horizons in mind. Consequently, the return benefits accrue to investors
as a cohort, not to any one individual in isolation. The relevant question for plan fiduciaries is whether the
allocation serves the investor cohort over the TDFs intended time horizon, not whether every individual participant
realizes the benefit of each and every position held. In addition, TDFs (including those with an allocation to private
market assets) generally provide for daily liquidity and valuation.?® Plan fiduciaries and TDF managers could
consider these factors as they evaluate and determine the glide path allocations to private investments.

Il. Review of Academic Literature on Risk-Adjusted
Performance of Private Market Assets

Evaluating private capital performance is inherently challenging. Unlike regulated funds that invest in public
assets, private funds feature irregular cash flows, infrequent and potentially smoothed valuations, and wide
heterogeneity in strategy and leverage. These features complicate performance benchmark construction and risk
adjustment and weaken statistical power in fund-level inference.2! As a consequence, estimated risk-adjusted
performance—"“alpha’—varies materially with the studies’ choice of benchmark, risk model, sample construction,
and data coverage. The same asset class can appear to deliver positive or negative risk-adjusted returns
depending on the methodology applied and the timeframe studied.

Notwithstanding the methodological differences, most academic evidence points toward modest net-of-fees
outperformance relative to public market benchmarks for certain asset classes—most notably for private equity
buyout funds and, in a smaller but growing body of work, for private debt funds. Appendix A provides an annotated
bibliography of selected research on private capital risk-adjusted performance.

Limitations of the Internal Rate of Return and the Need for Alternative
Metrics
The internal rate of return (IRR) is the dominant metric used by private funds to measure performance. It is a

time-weighted measure that aggregates a fund’s cash flows since inception into a single annualized number.
While IRR is easy to calculate and provides investors with an intuitive measure of private fund performance, it has

9 See Greig et al. (2025) in note 17.

20 Participant-level activity relating to events such as a job change or other withdrawals does not necessarily result in net
outflows from a plan’s investment in a TDF. A plan typically receives asset inflows from recurring automatic deferrals by
participants. Such inflows can more than offset any participant outflows. Even if a TDF experiences net investor outflows over
a given period, this does not necessarily mean that the TDF would determine to reduce its position in its underlying sleeve of
private assets. TDFs that include an allocation to a sleeve of private assets can manage any short-term liquidity needs to meet
investor (i.e., plan) demands through their more-liquid holdings.

21 At the same time, the methodological toolkit for measurement has been evolving quickly, with frequent refinements to cash-
flow discounting, benchmarking, and valuation models.
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well-documented methodological limitations. IRR is sensitive to the timing of early distributions, it implicitly
assumes interim cash flows are reinvested at the IRR itself (which is generally not achievable), and it cannot be
straightforwardly compared to the returns from public market benchmarks.22 Additionally, IRR computed from
reported NAVs inherits an appraisal smoothing problem—interim NAVs used to compute unrealized returns often
reflect lagged, rather than contemporaneous, economic value.??

These limitations have spurred a substantial body of academic work developing alternative evaluation frameworks
and applying them across different asset classes and time horizons. In this section, we review the principal
evaluation methodologies; summarize empirical findings by asset class; and discuss a question of direct
relevance to fiduciary review under the Proposal—whether the alpha documented in the literature has been
reliably captured by retail investors.

Other Performance Evaluation Methodologies

Alongside IRR, the total value to paid-in capital (TVPI) is another traditional performance measure.?* While IRR is
the annualized discount rate that sets the net present value of capital calls, distributions, and the ending NAV
equal to zero, TVPI is the ratio of total value (distributions plus remaining NAV) to paid-in capital (i.e., all capital
calls currently assessed). These metrics are intuitive and easy to compute, but they are not designed for risk
adjustment. IRR is particularly sensitive to cash-flow timing and embeds the strong (and often unrealistic)
reinvestment assumption, while TVPI ignores the time value of money altogether. Consequently, comparisons
across funds, vintages, and strategies based solely on IRR and TVPI can be misleading, especially when liquidity,
leverage, and market exposure differ materially across funds.

To assess risk-adjusted performance, much of the academic literature focuses on discounting and benchmarking
fund cash flows against investable public market portfolios. The public market equivalent (PME) of Kaplan and
Schoar (2005) compares the present value of contributions and distributions when both are discounted using
returns on a public market index (e.g., the S&P 500 index).?5 This basic idea has been generalized to support
richer forms of risk adjustment and more formal inference. For example, the generalized PME (GPME) framework
allows private fund cash flows to load on multiple risk factors with potential leverage.?8 A related investor-centric
approach—the investor portfolio equivalent (IPE)—discounts a fund’s cash flows using an investor’s own portfolio
return, taking into account the investor’s investment constraints.?”

Other cash-flow-based frameworks differ mainly in how they choose and interpret the benchmark discount rate.
The direct alpha measure of Gredil, Griffiths, and Stucke (2023) converts a fund’s PME-style comparison into an
annualized “alpha” and recommends matching each private strategy to appropriate public benchmarks rather than

22 See Andrew Ang, 2014, Asset Management: A Systematic Approach to Factor Investing, Oxford University Press.

23 For example, see Stephen Brown, Eric Ghysels, and Oskar Gredil, 2023, “Nowcasting Net Asset Values: The Case of
Private Equity,” Review of Financial Studies; see Ludovic Phalippou, 2008, “The Hazards of Using IRR to Measure
Performance: The Case of Private Equity,” The Journal of Performance Measurement.

24 TVPI is sometimes referred to as the multiple on invested capital (MOIC).

25 See Steven Kaplan and Antoinette Schoar, 2005, “Private Equity Performance: Returns, Persistence, and Capital Flows,”
Journal of Finance 60, no. 4: 1791-1823.

26 See Arthur Korteweg and Stefan Nagel, 2016, “Risk-Adjusting the Returns to Venture Capital,” Journal of Finance 71, no. 3:
1437—-1470; Arthur Korteweg and Stefan Nagel, 2025, “Risk-Adjusted Returns of Private Equity Funds: A New Approach,”
Review of Financial Studies 38, no. 9: 2557—-2601.

27 See Arthur Korteweg, Stavros Panageas, and Martin Systla, 2026, “Private Equity for Pension Plans? Evaluating Private
Equity Performance from an Investor’s Perspective,” Journal of Financial Economics (forthcoming).
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relying on a single index.2® The “strip-by-strip” valuation method of Gupta and Van Nieuwerburgh (2021) goes
further by mapping cash flows of a private fund to a portfolio of public “strips” (e.g., equity and bond payoffs) that
are priced in a structural model.2° More recently, the growing availability of secondary-market transactions has
enabled approaches that infer time-varying discount rates directly from observed prices and uses these implied
rates to evaluate funds.*°

A complementary strand of work addresses another key issue in private capital performance evaluation—reported
NAVs may be stale and smoothed. If fund valuations lack true economic value, then risk and performance
assessments that rely on NAV dynamics can be biased. In Section Ill, we discuss appraisal smoothing and
several unsmoothing approaches reported in the literature, including three widely used methodologies we apply in
our analysis.

Summary of Empirical Findings on Private Investment Performance

Across the literature, a recurring empirical finding is that risk-adjusted performance estimates of private funds are
choice-dependent. Risk-adjusted performance results can vary depending on many factors, including the
performance benchmark, the risk model applied, the underlying dataset, the sample’s construction, the
measurement period, and the asset class. On balance, however, the weight of recent academic studies points
toward modest net-of-fee risk-adjusted outperformance relative to public market benchmarks for certain asset
classes—most clearly for buyout funds and, in a smaller but converging body of work, private debt— while other
asset classes do not appear to have risk-adjusted outperformance in recent work.

For buyout funds, many studies conclude that average net-of-fee risk-adjusted performance is positive under
common market benchmarks. However, some other studies show that when models expand the set of factors
(e.g., adding term or credit exposures) or when discount rates are inferred from secondary-market transactions,
estimated average alpha for buyout funds often moves closer to zero.3' For venture capital (VC) funds, multiple
approaches indicate strong performance in earlier decades—especially prior to 2000—but little to no abnormal
performance, on average, in more recent samples.3? Furthermore, there is substantial cross-sectional dispersion
across funds. For example, Gupta and Van Nieuwerburgh (2021) show that strip-by-strip decompositions produce
negative average risk-adjusted profit measures as well as a meaningful right tail of outperforming funds.

Private Equity: Buyout Funds
The buyout literature includes both “close-to-zero alpha” and “positive alpha” findings. Harris, Jenkinson, and

Kaplan (2014) use multiple performance evaluation methodologies on a sample of approximately 1,400 US
buyout and VC funds with vintage years spanning 1984 to 2008 and find that buyout funds consistently

28 See Oleg Gredil, Barry Griffiths, and Ridiger Stucke, 2023, “Benchmarking Private Equity: The Direct Alpha Method,”
Journal of Corporate Finance 81.

29 See Arpit Gupta and Stijn Van Nieuwerburgh, 2021, “Valuing Private Equity Investments Strip by Strip,” Journal of Finance
76, no. 6: 3255-3307.

30 See Brian Boyer, Taylor Nadauld, Keith Vorkink, and Michael Weisbach, 2023, “Discount-Rate Risk in Private Equity:
Evidence from Secondary Market Transactions,” Journal of Finance 78, no. 2: 835-885.

31 See Boyer, Nadauld, Vorkink, and Weisback (2023) in note 30. Also, see Arthur Korteweg, 2023, “Risk and Return in Private
Equity,” Handbook of the Economics of Corporate Finance 1, no. 1: 343-418.

32 See Robert Harris, Tim Jenkinson, and Steven Kaplan, 2014, “Private Equity Performance: What Do We Know?” Journal of
Finance 69, no. 5: 1851-1882; Arthur Korteweg, 2019, “Risk Adjustment in Private Equity Returns,” Annual Review of
Financial Economics 11: 131-152; Korteweg and Nagel (2016) in note 26; and Korteweg (2023) in note 31.

ICI // ECONOMIC ANALYSIS OF THE DEPARTMENT OF LABOR'S DESIGNATED INVESTMENT ALTERNATIVES PROPOSAL 17



outperformed public markets. Similarly, Robinson and Sensoy (2016) use quarterly cash flows for 837 buyout and
VC funds (with vintage years spanning 1984 to 2010) and report that buyout funds outperformed with an average
PME of 1.18.33 A recent working paper by Brown, Gongalves, and Hu (2025) analyzes 5,028 US buyout, VC, and
real estate funds spanning 1987-2022 and finds that buyout funds had a statistically significant alpha of about
2.5%.%* Brown, Lundblad, and Volckmann (2025) study the performance of 7,816 global private equity, private
debt, and real asset funds with vintage years from 1988 to 2019 and find “reliable positive excess returns” for
buyout funds.35 Consistent with this narrative, Korteweg (2019) and Korteweg (2023) review empirical findings in
the literature and document that most studies find positive risk-adjusted returns for buyout funds.

Complementing these findings, Brown, Ghysels and Gredil (2023) show that once NAVs are “unsmoothed,”
buyout funds exhibit time variation in alphas (a bump in 2000-2006, decline 2006—2010, recovery after 2010). In
addition, the authors find that the market beta of an average buyout fund is about 1.

Other papers have found buyout funds have close-to-zero alphas. Kaplan and Schoar (2005) analyze 746 private
equity funds over 1980-2001 and find average performance comparable to the S&P 500 index, albeit with wide
cross-fund variation. Using secondary-market transaction prices, Boyer, Nadauld, Vorkink, and Weisbach (2023)
find that the risk-adjusted alpha for buyout funds is approximately zero. Stafford (2022) further argues that a
replicating public portfolio (i.e., small-cap value stocks with “homemade leverage”) outperformed buyout funds
with vintages between 1993 and 2010, consistent with the view that some buyout fund “outperformance” reflects
compensated public-factor exposure rather than pure manager skill.36

Private Equity: Venture Capital Funds

Generally, academic literature on the performance estimates for VC funds show that they are both more cyclical
and more sensitive to the sample period and risk-adjustment methodology than those for buyout funds. Harris,
Jenkinson, and Kaplan (2014) conclude that VC fund outperformance is concentrated in the 1990s and
disappears later. Korteweg (2019) and Korteweg (2023) confirm these findings and document that VC funds
generated positive risk-adjusted returns prior to 2000, which then become zero or negative thereafter. Similarly,
Brown, Ghysels, and Gredil (2023) find that estimated alphas of VC funds spike during the dotcom bubble and fall
sharply after. However, Korteweg and Nagel (2016) find that VC funds have slightly negative risk-adjusted returns
between 1979 and 2012 using GPME. Similarly, Brown, Gongalves, and Hu (2025) report that VC fund alphas are
not statistically significant in their multi-asset class dataset spanning 1987 through 2022.

Finally, Brown, Lundblad, and Volckmann (2025) document geographic dispersion in VC fund performance. They
find that VC funds outside the United States outperform their respective benchmarks, whereas US VC funds have
zero or negative risk-adjusted performance.

33 A PME of 1.18 means that over the sample period, buyout funds provided returns that were 18% higher than the public
market equivalent, which is the S&P 500 index in this case. See David Robinson and Berk Sensoy, 2016, “Cyclicality,
Performance Measurement, and Cash Flow Liquidity in Private Equity,” Journal of Financial Economics 122, no. 3: 521-543.

34 See Stephen Brown, Alexandre Gongalves, and Bingxu Hu, 2026, “The Private Capital Alpha,” Ohio State University
Working Paper.

35 See Stephen Brown, Christian Lundblad, and Florian Volckmann, 2025, “Risk-Adjusted Performance of Private Funds: What
Do We Know?” Institute for Private Capital Working Paper.

36 See Erik Stafford, 2022, “Replicating Private Equity with Value Investing, Homemade Leverage, and Hold-to-Maturity
Accounting,” Review of Financial Studies 35, no. 1: 299-342.
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Private Debt Funds

Most academic research into private funds has focused on private equity buyout funds and VC funds. Research
into private debt funds (or private credit funds) is more nascent, but a surge of interest in these products has led
to a growing body of academic research analyzing their risk-adjusted performance. Recently, Brown, Lundblad,
and Volckmann (2025) use leveraged-loan indices as benchmarks and find that risk-adjusted returns for private
debt funds were consistently positive across strategies and geographies. However, Erel, Flanagan, and Weisbach
(2026) apply multiple cash-flow-based methods to a sample of private debt funds with vintages between 1992 and
2015 and find insignificant risk-adjusted returns.3”

Private Real Estate and Infrastructure Funds

Like private debt funds, there is a limited (but developing) body of research into private real estate and private
infrastructure funds. For real estate funds, Brown, Gongalves, and Hu (2025) analyze 5,028 US buyout, VC, and
real estate funds (1987-2022) and find that real estate fund alphas are not statistically significant. In addition,
Brown, Lundblad, and Volckmann (2025) find zero or negative excess returns for real estate funds in their global
private fund dataset that spans the period between 1988 and 2019. Using the same dataset, Brown, Lundblad,
and Volckmann (2025) find that infrastructure funds deliver positive risk-adjusted returns.

Recent Literature on Risk-Adjusted Performance Related to Retail
Exposure to Private Investments

Some recent literature addresses the expansion of private market access to retail and DC plan investors through
funds with structured redemption policies (e.g., interval funds and business development companies [BDCs]) and
other “democratization” vehicles (e.g., retail 3(c)(7) funds).3 These studies are relevant to the practical question
raised by the Proposal: how do private market investments, when delivered through the kinds of vehicles
available to DC plan participants, affect the risk-return profiles of those investors’ portfolios?

Brown et al. (2022) evaluate the inclusion of private equity funds in DC plans and conclude that such inclusion
could offer retail investors potentially better risk-adjusted returns, access to otherwise unavailable companies, and
greater diversification for retirement portfolios.3® They also note that these potential benefits must be weighed
against higher fees, liquidity constraints, and reduced transparency—structural features that remain meaningfully
different from standard public market funds.

37 See Isil Erel, Caitlin Flanagan, and Michael Weisbach, 2026, “Risk-Adjusted Returns of Private Debt Funds,” National
Bureau of Economic Research (NBER) Working Paper 32278.

38 Retail 3(c)(7) funds are private funds that use Section 3(c)(7) of the Investment Company Act of 1940 to be exempt from
registering as investment companies with the SEC. The difference between “retail” 3(c)(7) funds and traditional 3(c)(7) funds is
that retail 3(c)(7) funds elect to be pursuant to Exchange Act reporting requirements. This allows them to have more than
2,000 investors. Retail 3(c)(7) funds are primarily designed for high-net-worth investors and often offer quarterly discretionary
repurchase offers.

39 See Gregory Brown, Keith Crouch, Andra Ghent, Robert Harris, Yael Hochberg, Tim Jenkinson, Steven Kaplan, and David
Robinson, 2022, “Should Defined Contribution Plans Include Private Equity Investments?” Kenan Institute of Private Enterprise
Research Paper.
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Pegoraro, Shive, and Zambrana (2025) focus on interval fund performance.*® They find that retail investors
achieve superior risk-adjusted returns when interval funds invest in private debt and other income-focused,
information-insensitive assets—primarily through higher income distributions rather than superior asset selection.
Performance is weaker when interval funds pursue public equity strategies or information-sensitive assets. Retail
investors also benefit when institutional investors co-invest, as institutional participation stabilizes fund flows and
improves governance oversight. The findings suggest that the design of the delivery vehicle and the choice of
underlying strategy matter substantially for the experience of retail investors—a consideration that is directly
relevant to the Department’s proposed framework as applied to designated investment alternatives in DC plans.

Ghysels, Gredil, and Rubin (2025), examining risk factors that can explain private equity fund returns, find that
more than 90% of private equity returns can be explained by factors common to both public and private markets.
They also find, however, that certain private equity—specific factors materially improve portfolio Sharpe ratios
through higher expected returns and better diversification. The authors suggest that an optimal allocation to
private equity should be in the range of 11% to 24%.

Based on the academic studies surveyed here, we believe that there is no single, definitive estimate of private
capital “alpha.” Performance measurement is best understood as a model-based exercise in which assumptions
about benchmarks, discount rates, and risk factors map directly into reported risk-adjusted returns. Subsequent
analysis should therefore treat alpha estimates as measurement outcomes tied to explicit assumptions, and
should prioritize robustness across benchmarks, risk models, and subsamples when drawing conclusions.

lll. Adjusting for Smoothed Valuations in Private Market
Returns

Infrequent and smoothed valuations are a well-documented aspect of private fund returns. Smoothed returns can
understate the volatility of the underlying assets and overstate the diversification benefits those assets offer
relative to public markets.#! The literature offers a range of methodologies to address return smoothing, and we
apply three of the most widely used approaches in this section. We ultimately use these estimated unsmoothed
returns as inputs in our efficient frontier and TDF glide path analyses to mitigate overstating the diversification
benefits that private market assets can add to a public market portfolio.

Why Reported Private Market Returns Need To Be Adjusted

Public and private market assets are valued in different ways. Public market assets generally have observable
pricing inputs available on a continuous basis. Stocks listed on an exchange, for example, trade throughout the
day at market-determined prices. When a large-cap equity fund strikes its NAV at market close, that value is
anchored to the executed prices of the underlying stocks—prices that emerge from active trading and often
update within seconds.*2

40 See Filippo Pegoraro, Sophie Shive, and David Zambrana, 2025, “Democratizing llliquid Assets: Liquidity Transformation
and Performance in Interval Funds,” Institute for Private Capital Working Paper.

41 Return smoothing of private funds is also discussed in the Proposal. See Section 12.7.3.1.1 at
www.govinfo.gov/content/pkg/FR-2026-03-31/pdf/2026-06178.pdf.

42 Some public market segments, such as corporate and municipal bonds, generally trade less frequently and in over-the-
counter dealer markets. However, observable transaction data, dealer quotes, and prices of comparable bonds are typically
available with sufficient frequency to support mark-to-market valuation.
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By contrast, the underlying investments held by private funds do not trade frequently, and their transaction prices
are typically not available at the reporting date. A private fund’s reported NAV is instead determined through fair
value methodologies that often rely on unobservable inputs, such as recent transactions in comparable assets,
discounted projected cash flows, multiples of trailing earnings, or some weighted combination of these
approaches. These methodologies are grounded in established fair value principles, but they can involve a
meaningful degree of judgment.*3

In practice, valuation professionals usually anchor each valuation’s estimate to the most recent estimate and
revise it as new evidence becomes available, such as through comparable transactions, changes in interest rates,
or other sources of information. These revisions sometimes accumulate over several quarters before a full
repricing is reflected. The consequence is that each quarter’s reported return can be a weighted average of true
economic returns in the current quarter and in prior quarters—not a clean measurement of the current period
alone.*

Empirical research has documented three typical consequences of appraisal smoothing. First, the volatility of
reported private market returns can be materially lower than that of the underlying economic returns. Second,
reported returns can exhibit positive autocorrelation, that is, a high return in one quarter tends to be associated
with a high return in the next. Third, reported correlations with public market indexes tend to be lower than the
underlying economic correlations. Taken together, these patterns can lead to overestimates of the diversification
benefit of adding private market assets to a public market portfolio because private assets can appear less
volatile and less correlated with public markets than they may actually be.

Unsmoothing Private Market Returns

The academic literature on return smoothing in illiquid assets is extensive and offers a range of adjustments to
address this issue. We apply three of the most widely used approaches, each built on somewhat different
assumptions about how new information is incorporated in private market returns. We describe each method
briefly below, and we include a more fulsome statistical analysis in Appendix B.

Method 1: Geltner’s Autoregressive Model

One of the most commonly used unsmoothing methods comes from a series of papers by David Geltner (the
“Geltner autoregressive (AR) model”).#> Geltner’s model assumes that each quarter’s reported return is a
combination of new economic information from the current quarter and “carry-over” from prior quarters’ reported
values. When appraisers update valuations more frequently, current information has more influence and the
impact from carry-over is limited. When they update less frequently—relying more on prior estimates and

43 Valuation governance also varies by investment vehicle. Registered investment companies and BDCs follow SEC Rule
2a-5, which is a detailed regulatory framework around fund valuation practices. Traditional private funds, on the other hand,
often operate under more principles-based standards. For more information on valuation governance considerations for private
credit assets, see Jason Nagler, 2026, “Valuation Governance Considerations for Private Credit Assets in Regulated Funds,”
Investment Company Institute White Paper; available at www.ici.org/system/files/2026-04/26-ppr-valuation-governance-for-
private-credit-assets.pdf.

44 Valuation practices have evolved over time and practices that were common in the past may not be in the future. For
example, as DC plans contemplate private markets as designated investment alternatives, the need for more frequent portfolio
valuation (e.g., daily) may become industry standard.

45 See David Geltner, 1991, “Smoothing in Appraisal-Based Returns,” Journal of Real Estate Finance and Economics 4, no. 3:
327-345; and David Geltner, 1993, “Estimating Market Values from Appraised Values Without Assuming an Efficient Market,”
Journal of Real Estate Research 8, no. 3: 325-345.
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adjusting only as new evidence accumulates—the impact from carry-over is larger, which can cause reported
returns to lag economic reality.

This combination can be summarized by one or more smoothing parameters that capture how much weight the
reporting process places on prior quarters’ values. The parameters can be estimated from reported returns using
statistical models and used to reverse the smoothing, thus recovering an unsmoothed return series that better
reflects the underlying economic returns.46

Method 2: Getmansky-Lo-Makarov (GLM) Moving-Average Model

Getmansky, Lo, and Makarov (2004), or GLM, build on Geltner’s framework by allowing the smoothing to extend
across multiple quarters in a more flexible way (the “GLM moving-average model”).#” Geltner's model assumes
the carry-over from prior quarters fades in a fixed pattern while GLM relaxes that assumption, allowing the weight
on each prior quarter to take any pattern.+®

This structure can better match appraisal practices for certain asset classes where the relationship between true
returns and reported returns does not follow a smoothly declining pattern. For example, private credit fund NAVs
reflect credit spreads, default rates, and comparable loan pricing—inputs that arrive on different schedules over
several reporting cycles. Hedge funds holding illiquid positions mark them using transaction comparables that
trickle in over multiple quarters.*®

Method 3: Dimson Lagged-Beta Model

The third method we apply is the Dimson lagged-beta model.5% 5 This approach assumes that private market
returns are driven by the same broad economic forces as public market returns, including corporate earnings,
interest rates, and credit conditions. Without smoothing, private market returns would move with their matched
public market benchmarks in the current quarter. But because the reported returns are smoothed, they respond to
public market movements both in the current quarter and with a delay—picking up some response in the following

46 We use an AR(2) specification—meaning the smoothing involves echoes of the prior two quarters’ reported values—which
nests the AR(1) structure used in some of Geltner’s original work and is consistent with the autocorrelation patterns observed
in recent academic applications to private asset data. For example, see Spencer Couts, Andrei S. Gongalves, and Andrea
Rossi, 2024, “Unsmoothing Returns of llliquid Funds,” Review of Financial Studies 37, no. 7: 2110-2155. They find that the
autocorrelation structure of most illiquid-fund returns is well described by an AR process with one or two lags.

47 See Mila Getmansky, Andrew W. Lo, and Igor Makarov, 2004, “An Econometric Model of Serial Correlation and llliquidity in
Hedge Fund Returns,” Journal of Financial Economics 74, no. 3: 529—-609.

48 Following the GLM moving-average model specification, we require the estimated weights to sum to one, so that the
adjustment does not change long-run average returns. Additionally, we use a standard statistical tool called the Akaike
Information Criterion (AIC) to decide how many quarters of smoothing each asset class will have. This approach balances
explanatory power against the risk of over-fitting the model. It is also more flexible than picking one fixed setting across all
asset classes, which may differ in how heavily smoothed their reported returns are.

49 Getmansky, Lo, and Makarov (2004) document this pattern empirically for hedge funds holding illiquid positions; Couts,
Gongalves, and Rossi (2024) document analogous multi-quarter smoothing in private commercial real estate fund NAVs.

50 See Elroy Dimson, 1979, “Risk Measurement When Shares Are Subject to Infrequent Trading,” Journal of Financial
Economics 7, no. 2: 197-226.

5" The Dimson lagged beta model was later extended by others. For an extension related to hedge funds, see Clifford Asness,
Robert Krail, and John Liew, 2001, “Do Hedge Funds Hedge?” Journal of Portfolio Management 28, no. 1: 6-19. For an
extension related to private equity funds, see Mark Anson, 2013, “Performance Measurement in Private Equity: Another Look,”
Journal of Private Equity 17, no. 1: 7-22, and Mark Anson, 2016, “Beta and Alpha Drivers of Hedge Fund Returns,” Journal of
Portfolio Management 42, no. 5: 25-37.
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quarters. By adding delayed responses to market movements to the current quarter’s response, the method
recovers private market assets’ full economic exposure to the public market. The unsmoothed return series can
then be derived by applying that full exposure to the public market data.

This method is conceptually different from the previous two because it relies on public market benchmarks for
each private asset class rather than directly modelling the appraisal process.

Impact of Unsmoothing on Private Market Returns

As discussed above, smoothing can have three downstream effects on reported private market returns:
dampened volatility, returns that look too similar from one quarter to the next, and weakened correlation with
public markets. Placing reported returns alongside unsmoothed returns—based on the GLM moving-average
model®?—illustrates some of these patterns directly across four asset classes: private equity (excluding venture
capital),® venture capital, private debt, and private real estate (Figure 12).5* For example, reported returns appear
less volatile and stay closer to their averages, while unsmoothed returns fluctuate more, including sharper drops
in 2020:Q1 during the COVID-19 shock.%® In addition, across the four asset classes, unsmoothing appears to
have a larger impact on venture capital and private real estate than on private equity (excluding venture capital)
and private debt.5®

52 For brevity, we plot the unsmoothed returns of the GLM moving-average model only in Figure 12. The unsmoothed returns
from the Geltner autoregressive model and the Dimson lagged-beta model against the reported (smoothed) returns produces
similar results.

53 Throughout this paper, private equity excludes venture capital.

54 Infrastructure is excluded because its returns have no statistically significant serial autocorrelation, indicating that no
smoothing adjustment is needed.

55 In our analysis, data for private market returns cover the period 2010:Q1 through 2025:Q3. See Appendix B for details on
the data, including the selection of the sample period.

56 One reason venture capital and private real estate funds may exhibit substantially more return volatility after unsmoothing is
that their underlying assets are only intermittently marked to fair value. For example, venture capital-backed companies are
re-valued primarily at new financing rounds and core real estate properties are primarily re-valued at periodic appraisal cycles
or at sale.
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FIGURE 12

Unsmoothed Private Market Returns Are More Volatile Than Reported Returns
Percent, quarterly, 2010:Q1-2025:Q3
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"Unsmoothed returns are reported returns adjusted using the GLM moving-average model.
2Private equity excludes venture capital.
Source: Investment Company Institute calculations of Preqin (a part of BlackRock) and Refinitiv data

We next compare annualized volatilities of unsmoothed returns with those of reported returns for the same four
asset classes using our three adjustment methods (Figure 13). Estimated volatility is higher after unsmoothing
returns. For example, estimated return volatility for private equity increases from 6.0% to between 9.7% and
12.7% across the unsmoothing methods. By comparison, the estimated increase for private debt is more modest,
rising from 3.8% to a range of 5.4% to 5.8%.
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FIGURE 13
Return Volatilities Are Higher Under the Three Unsmoothing Models
Annualized volatility over 2010:Q1-2025:Q3 period, percent
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Source: Investment Company Institute calculations of Preqin (a part of BlackRock) and Refinitiv data

The impact of unsmoothing on quarter-to-quarter correlation can be measured through first-order
autocorrelation—the correlation between one quarter’s return and the next—calculated both before and after the
unsmoothing adjustment (Figure 14). Higher autocorrelation is generally interpreted as evidence of more
smoothing: if appraisers blend information across quarters rather than fully repricing each period, a high return in
one quarter tends to be followed by a high return in the next. The dashed lines on the chart mark the range within
which autocorrelation is not statistically different from zero. Values inside the dashed lines are consistent with no
smoothing; values outside them reflect statistically significant autocorrelation, a pattern return smoothing tends to
produce.

The autocorrelations of reported returns are well above the upper dashed line, suggesting the presence of return
smoothing across all four asset classes (Figure 14). All three unsmoothing techniques tend to pull this
autocorrelation closer to zero. After adjustment, the autocorrelations for each of the four asset classes examined
fall within the dashed band—not statistically distinguishable from zero at the 95% confidence level—indicating
that the adjustments have addressed the bulk of the smoothing in the data. Nevertheless, some residual
smoothing may remain.
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FIGURE 14

Smoothing Creates Artificial Persistence in Reported Returns
First-order autocorrelation of quarterly returns
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IV. Incorporating Private Market Assets Into the Efficient
Frontier

This section presents the results of a mean-variance efficient frontier analysis to estimate the portfolio
diversification benefits of including private assets within an investment portfolio. The analysis addresses the
Proposal’s direction that fiduciaries consider how a DIA contributes to the overall diversification and investment
outcomes of a participant’s portfolio.

The efficient frontier, drawn from Markowitz’s (1952) mean-variance theory,%” helps shed light on the question of
whether private market assets have the potential to provide diversification benefits for retirement savers. An
efficient frontier traces the set of portfolios that achieve the maximum expected return—or equivalently, the
highest Sharpe ratio—for any given level of portfolio volatility, or the lowest volatility achievable for any given
expected return.58

This framework provides a setting to gauge the diversification benefit of adding a new asset or asset class to a
portfolio. If the frontier does not shift, the asset or asset class offers no further diversification benefit. If the frontier
shifts left (lower risk at the same return) or up (higher return at the same risk), the asset or asset class contributes
meaningfully to portfolio diversification and increases the highest Sharpe ratio achievable.

The estimated results presented below indicate that adding private market assets to a public-only portfolio can
provide a diversification benefit. The frontier shifts up and to the left across a range of risk levels. Although the
improvement using the unsmoothed private market returns is smaller than reported (smoothed) private return data
suggests, it remains economically meaningful. Moreover, this result holds under each of the three different
unsmoothing methodologies applied.

Evaluating the Impact of Including Private Market Assets on the
Efficient Frontier

We evaluate the impact of adding private market assets to a public-only portfolio on the efficient frontier using
quarterly returns from 2010:Q1 through 2025:Q3. We use three indexes for public market assets (US equity, world
equity, and US bonds) and five indexes for private market assets (private equity, venture capital, private debt,
private real estate, and infrastructure).5® For each asset class, we calculate three inputs: the return, the return
volatility, and return correlations between each asset class pairing. We use these inputs in a standard portfolio
optimization tool, which runs through every possible combination of asset allocations and, for each risk level, finds
the mix that yields the highest expected return. Plotting those best-performing mixes creates the efficient frontier.

57 See Harry Markowitz, 1952, “Portfolio Selection,” Journal of Finance 7, no. 1: 77-91.

58 An efficient frontier curve can be depicted on the volatility-return space, where no portfolio built from those assets can lie to
the left or above the curve.

59 Data for public market indexes are from the FT Wilshire 5000 Total Return Index (US equity), the MSCI ACWI Ex USA Index
(expressed in US dollars, world equity), and the FTSE US Broad Investment Grade Bond Index (US bond). Data for private
market indexes use Preqin’s private capital indices and include private equity (excluding venture capital), private debt, real
estate, and infrastructure. Data for public market indexes are sourced from Refinitiv and Morningstar, and data for private
market indexes are sourced from Pregin (a part of BlackRock).
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We compare a public-only frontier built from the three public asset classes to four public-plus-private frontiers that
use all eight asset classes. Of the four public-plus-private frontiers, one uses reported (smoothed) returns and
three use unsmoothed returns based on the adjustment methodologies outlined above (i.e., the Geltner
autoregressive model, the GLM moving-average model, and the Dimson lagged-beta model). This allows us to
examine how the diversification benefits change—if at all—under different unsmoothing methodologies, rather
than relying on a single statistical model.

We make several methodological choices to align with the framework in the Proposal. For example, we impose
some realistic portfolio constraints: no short positions and an upper bound allocation of 20% for the aggregate
weight of private market assets in a portfolio. This upper bound is broadly consistent with recent holdings of
institutional investors.89 A more fulsome statistical analysis of our methodology is outlined in Appendix B.

Private Market Assets Can Provide Diversification Benefits and Expand
the Risk-Return Opportunity Set for Investors

Adding private market assets to a portfolio shifts the efficient frontier meaningfully up and to the left of the public-
only frontier across the full range of risk levels shown (Figure 15). For example, at an annualized expected return
of 7%, the public-only frontier has an estimated annualized volatility of 6.7%, while the three unsmoothed frontiers
reach the same expected return at lower volatilities (Geltner, 5.3%; GLM, 5.3%; and Dimson, 5.5%). This is a
reduction of 1.2 to 1.4 percentage points in the estimated required risk. The direction of the leftward shift is
consistent across all three adjustment models. The reported (smoothed) frontier reaches a 7% expected return at
5% volatility, illustrating how appraisal smoothing overstates the diversification benefit.

60 For example, state and local DB plans allocated about 23% of their investments to private equity and real estate in 2024.
For more information, see Figure 3.
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FIGURE 15
Private Market Assets Can Provide Diversification Benefits and Expand the

Opportunity Set
Annualized expected return and volatility, percent
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Note: The public-plus-private efficient frontiers include those calculated from smoothed returns (reported) and each of the
three return unsmoothing methodologies, including the Geltner autoregressive model (Geltner), the GLM moving-average
model (GLM), and the Dimson lagged-beta model (Dimson).

Source: Investment Company Institute calculations of Preqin (a part of BlackRock) and Refinitiv data

Three further observations are worth noting. First, the three unsmoothed frontiers track one another closely
across the full range of risk levels, indicating that the diversification benefit identified here does not depend
critically on the choice of adjustment methodology. Second, the reported (smoothed) frontier tends to lie further to
the left than all three unsmoothed frontiers, suggesting that some portion of the diversification benefit reflects a
measurement artifact of appraisal smoothing rather than a pure diversification effect. Third, after unsmoothing
data, the three adjusted frontiers still lie to the left of the public-only frontier. The diversification benefit appears
economically meaningful, though smaller than the reported (smoothed) returns alone might suggest.
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Decomposing the Diversification Benefit

The comparison among the frontiers can be summarized by examining for each frontier the estimated Sharpe
ratio of the tangency portfolio, which captures the highest expected return-per-unit-of-risk achievable along the
frontier. We compare these estimated Sharpe ratios across the public-only baseline, the reported (smoothed)
returns, and the three unsmoothed models (Figure 16).

The same three points stand out. First, each of the three unsmoothing models yields a higher estimated Sharpe
ratio than the public-only baseline (0.85), confirming that the diversification benefit does not depend on the
adjustment model (Figure 16). Second, the unsmoothed Sharpe ratios cluster tightly in a narrow range—1.04
under the Geltner autoregressive model, 1.05 under the GLM moving-average model, and 1.01 under the Dimson
lagged-beta model—representing improvements of about 19% to 23% over the public-only baseline. Third, the
Sharpe ratios for all three unsmoothing models sit below the Sharpe ratio calculated using reported (smoothed)
returns, reinforcing the broader finding that appraisal smoothing overstates the diversification benefit of private
market assets.

FIGURE 16
Adding Private Market Assets Raises the Estimated Sharpe Ratio of the Tangency

Portfolio
Sharpe ratio

Public only Reported Geltner Dimson

Public-plus-private

Source: Investment Company Institute calculations of Preqin (a part of BlackRock) and Refinitiv data

Figure 17 decomposes the diversification benefit—the Sharpe ratio difference between the tangency portfolios of
the reported (smoothed) public-plus-private portfolio and the public-only baseline—into two pieces: the estimated
resulting benefit of diversification after unsmoothing and the estimated overstated benefit that exists in reported
(smoothed) returns.
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Across all three models, between 60% and 74% of the estimated resulting diversification benefit remains after
unsmoothing adjustments (Figure 17). The Geltner autoregressive model preserves about 70% of the benefit
(attributing roughly 30% to smoothing); the GLM moving-average model gives a very similar answer; and the
Dimson lagged-beta model preserves about 60% while attributing roughly 40% to smoothing. All three models,
built on different assumptions about how smoothing arises, preserve a majority of the estimated diversification
benefit, suggesting that adding private market investments to a diversified portfolio may provide diversification
benefits under the conditions modelled.

FIGURE 17

Decomposing the Estimated Diversification Benefit of the Tangency Portfolio
Percentage

m Estimated overstated benefit from appraisal smoothing

m Estimated resulting benefit after unsmoothing

Geltner autoregressive model GLM moving-average model Dimson lagged-beta model

Note: The diversification benefit is decomposed by comparing the Sharpe ratio of a mixed public-and-private portfolio before
and after unsmoothing private market returns. The portion of the gain in the Sharpe ratio that remains after unsmoothing is the
estimated resulting diversification benefit, and the portion that does not remain after unsmoothing is the estimated overstated
benefit from smoothing.

Source: Investment Company Institute calculations of Preqin (a part of BlackRock) and Refinitiv data
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Portfolio Comparisons at a Common Risk Level

Our analysis suggests that adding private market assets to a public-only portfolio can improve the efficient frontier
and deliver higher Sharpe ratios. We translate this finding into a dollar amount by calculating, for each scenario,
the estimated cumulative investment growth of one dollar at a common level of risk (Figure 18). To compare
strategies at the same level of risk, we follow a standard approach from modern portfolio theory:8! we blend each
frontier’s tangency portfolio with cash (the risk-free asset) so that the new portfolio has a common volatility.5?

FIGURE 18

Growth of Efficient Frontier Portfolios at the Same Level of Risk
Value of $1 invested on January 1, 2010, through September 30, 2025
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Source: Investment Company Institute calculations of Preqin (a part of BlackRock) and Refinitiv data

The pattern is consistent with the Sharpe ratio analysis. The portfolio based on reported (smoothed) private
market returns ends at the highest level, $2.97, though this overstates the true investment value because the
reported (smoothed) returns understate the underlying portfolio volatility and overstate the Sharpe ratio (Figure
18). The three unsmoothed portfolios, which provide the more appropriate basis for comparison, have estimated
ending values between $2.73 and $2.81, or roughly 13% to 17% above the public-only portfolio’s estimated $2.41.

61 This approach is based on two foundational findings in the academic literature—Markowitz’s (1952) mean-variance
framework and Tobin’s (1958) two-fund separation theorem—which together establish that any frontier portfolio can be
replicated by mixing the tangency portfolio with cash, i.e., the risk-free asset. Because cash has no volatility, this mix lowers
excess return and volatility in equal proportion, which preserves the Sharpe ratio. See note 57 and James Tobin, 1958,
“Liquidity Preference as Behavior Towards Risk,” Review of Economic Studies 25, no. 2: 65-86.

62 Combining the tangency portfolio with cash scales excess return and volatility proportionally, leaving the Sharpe ratio
unchanged. We use this property to compare portfolios at a common volatility. See Appendix B for details.
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Comparison of Estimated Diversification Benefits With Other Studies

Academic and industry research has reached broadly similar conclusions regarding the diversification benefits of
including private market assets in a portfolio. Our principal findings are consistent with that literature: adding
private market assets to a public-only portfolio shifts the entire frontier upwards and to the left and increases the
Sharpe ratio. A key contribution of our analysis is to quantify how much of that benefit remains after correcting for
appraisal smoothing. Cross-checking the magnitude of our results against recent studies helps to place them in
context.

On the academic side, Brown, Gongalves, and Hu (2025) estimate asset class alpha directly by measuring the
change in the maximum Sharpe ratio when investors expand from public to private investment set. The authors
find a statistically significant alpha of approximately 2.5% for US buyout funds—consistent with our estimates that
the expanded frontier dominates the public-only frontier across the full range of risk levels. In addition, Ghysels,
Gredil, and Rubin (2025) show that certain private equity—specific factors can increase Sharpe ratios relative to
public-only portfolios by boosting expected returns and enhancing diversification. Similarly, Pegoraro, Shive, and
Zambrana (2025) find that including interval funds that hold private market assets in TDFs can improve their
Sharpe ratios.

The practitioner literature corroborates these findings and provides a basis for cross-checking the magnitude of
the smoothing adjustment.?® Goldman Sachs Asset Management presents forward-looking expected portfolio
statistics across TDF glide path years and finds that adding a private markets allocation raises the Sharpe ratio by
approximately 8% to 9%, relative to a public-only portfolio.?* JP Morgan Asset Management similarly finds a 14%
improvement in the Sharpe ratio of a TDF portfolio with a 20% private markets sleeve.5® A recent T. Rowe Price
analysis examines the impact of adding private equity to a 60/40 stock/bond portfolio using fixed weights. Their
analysis suggests an 18% improvement in the Sharpe ratio with a 20% private equity allocation, when using
unsmoothed data.%8

Our analysis produces comparable results. Across the three unsmoothing methodologies applied, between 26%
and 40% of the estimated Sharpe ratio improvement is attributable to appraisal smoothing, with 60% to 74% of
the benefit remaining—representing a 19% to 23% improvement over the public-only portfolio. Finally, Mesirow
Fiduciary Solutions presents an efficient frontier comparison with and without private market assets and finds
directional support for the leftward and upward shift in the efficient frontier that our analysis indicates.®”

63 Differences between these results and our own reflect differences in methodology—including the use of forward-looking
capital market assumptions, fixed portfolio weights, and varying private market asset class coverage—rather than any
inconsistency in the underlying findings.

64 For more information, see Goldman Sachs Asset Management, 2025, “Private Market Developments for Retirement Plans;”
available at https://am.gs.com/cms-assets/gsam-app/documents/insights/en/2025/dc-private-markets-developments-
retirement-plans.pdf.

65 For more information, see Jared Gross, Tina Anstett, Ove Fladberg, Aaron Mulvihill, Steve Rubino, and Pulkit Sharma, 2025,
“From Complexity to Clarity: A Measured Approach for Evaluating Private Investments in DC Plans,” JP Morgan Asset
Management: Retirement Insights.

66 For more information, see Jessica Sclafani and Som Priestly, 2025, “Five Must-Ask Questions About Private Assets in DC
plans,” T. Rowe Price; available at www.troweprice.com/content/dam/trp-ecl/global/en/ipc/assets/americas-only/2025/q2/five-
must-ask-questions-about-private-assets-in-dc-plans/five-must-ask-questions-about-private-assets-in-dc-plans.pdf.

67 For more information, see Keith Gustafson and Christopher O’'Neill, 2026, “The Mesirow Approach to Private Assets in
Defined Contribution Plans,” Mesirow Fiduciary Solutions; available at https://cdn.prod.website-
files.com/68acbfec8fddad4d4ed12821/69a70ae6e960ed9465705cea Mesirow-Private-Assets.pdf.
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V. Evaluating Outcomes of Including Private Market Assets in
TDFs

The Proposal, which provides a roadmap for plan fiduciaries to follow when considering private market assets in
their plans, creates the need to evaluate how the addition of private market assets into TDF glide paths could
affect retirement outcomes. The return profile of private market assets must be carefully considered to avoid the
smoothing issues addressed previously. Analyzing the potential outcomes of a TDF with some allocation to private
markets must therefore use unsmoothed returns.

Adding private market assets to TDFs—even after unsmoothing their returns—has the potential to enhance the
risk-return profile and produce higher DC plan account balances at retirement in the scenarios we modelled. We
tested this by simulating 401(k) plan account balances over a hypothetical investor’s 40-year career under four
different glide paths. Our methodology and results are broadly in line with industry and practitioner literature that
has sought to answer the same question.

Key Assumptions Underpinning Simulations of 401(k) Plan Account
Balances

To assess the impact of including private market assets on 401(k) plan account balances, we simulate
hypothetical account balances over a 40-year career trajectory under four scenarios. One scenario uses a public-
only TDF invested in US equity, world equity, and US bonds with no private market assets allocation. The other
three scenarios have dedicated sleeves allocated to private equity, private debt, and private real estate. We
assume that plan participants represented in each simulation invest solely in one age-appropriate TDF for the
duration of their career. Additionally, we assume an annual contribution rate of 10% and a starting salary of
$44,400.68. 69,70

A key assumption behind this analysis is the glide path for each scenario. We start from the average TDF glide
path (see Figure 8) and then split the equity share into 60% US equity and 40% world equity.”" This glide path
represents the base scenario with all assets invested in public markets (Figure 19). Private market assets are
then incorporated into the glide path following three scenarios. Two of these scenarios assume the TDF starts
with (and maintains) a constant allocation to private market assets of 10% or 20%. This constant allocation shifts
from private equity and a modest amount in private real estate to private debt and a larger amount in private real
estate. This is consistent with the overall TDF philosophy of shifting from growth to income during the fund’s

68 This contribution rate includes both employee and employer contributions. We assume these contributions occur at the
beginning of the period on a quarterly basis.

69 For reference, the median contribution rate (including both employer and employee contributions) among participants in DC
plans recordkept by Vanguard was an estimated 10% in 2024. This includes plan participants that actively choose to not
participate (i.e., the employee contribution rate is 0%). For more information, see Jefffrey W. Clark, “How America Saves
2025,” Valley Forge, PA: The Vanguard Group; available at
https://corporate.vanguard.com/content/dam/corp/research/pdf/how_america_saves_report 2025.pdf.

70 The worker’s earnings are assumed to follow Social Security’s medium hypothetical earnings pattern (see “Scaled Factors
for Hypothetical Earnings Examples Under the 2025 Trustees Report Assumptions;” available at
www.ssa.gov/oact/NOTES/ran3/an2025-3.pdf), following the intermediate assumptions from the 2025 OASDI Trustees Report
intermediate projections (see “The 2025 Annual Report of the Board of Trustees of the Federal Old-age and Survivors
Insurance and Federal Disability Insurance Trust Funds;” available at www.ssa.gov/oact/TR/2025/index.html).

" This is derived by taking the average of the domestic equity fund share of all equity fund holdings across each target date
series in Figure 9.
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lifecycle. Given the lifecycle of a typical private equity fund and the need for income in retirement, we eliminate
the allocation to private equity five years before the target retirement date.

The fourth TDF glide path largely follows the constant allocation scenario but treats private markets, generally, as
“growth assets.” This allocation to private market assets is steadily reduced from 20% to 0% from five years
before the target retirement date to 15 years after the target retirement date (Figure 19).72 Including this scenario
seeks to account for the different philosophies regarding private market assets that asset managers may consider
regarding a TDF option in DC plan design. For example, certain private market asset classes require long holding
periods to generate meaningful returns, leaving insufficient runway for retirees to capture them.

72 Adjusting the allocation through to 15 years after the target retirement date is consistent with average TDF design. Across
mutual funds, 72% of TDFs follow “through” strategies that continue to adjust their allocations up to 30 years after the target
date. In particular, 4% of TDF series adjust their allocations through 5 years after the target retirement date; 15% adjust
through 10 years; 10% adjust through 15 years; 26% adjust through 20 years; and 18% adjust through 30 years. Data are
based on ICI calculations of Morningstar Direct data as of April 2026.
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FIGURE 19

TDF Glide Paths Used in Simulations
Percentage of assets

m US equity = World equity m Bond
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Source: Investment Company Institute calculations of Morningstar and SEC Form N-PORT data

The simulations draw from quarterly returns across three public asset classes (US equity, world equity, and US
bonds) and three private asset classes (private equity, private debt, and real estate) between 2010:Q1 and
2025:Q3 (the period for which we have a consistent sample).”® For private markets, we use the unsmoothed

73 See note 59.
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private market returns derived from the GLM moving-average model. Summary statistics along with correlations
between the return series are shown in Figure 20.

Of note, the annualized return (net of fees) for the private equity index is about the same as US equity over the
measurement period, but volatility for private equity was meaningfully lower (even after unsmoothing the returns),
which results in a better risk-return profile. Private debt, on the other hand, substantially outperformed US bonds
with only a modest increase in volatility.

Meanwhile, estimated correlations between the public and private market indexes over this measurement period
indicate the benefits they can offer as complements to a diversified portfolio. While private equity and private debt
are estimated to be relatively correlated with public equity, all of the unsmoothed private market returns exhibit
very low correlation with public bonds. Private real estate, in particular, shows generally low estimated correlation
with all of the indexes. These correlations suggest that private market assets could provide further diversification
benefits within a portfolio.”

FIGURE 20

Private Market Returns Exhibit Low Correlation With US Bond Returns

Summary statistics of return series used in simulations using quarterly data covering the period between January
2010 and September 2025

Data on Underlying Return Series

us World us Private Private Private
equity equity bond equity debt real estate
Annualized return 13.8% 6.8% 2.5% 13.5% 9.4% 9.2%
Annualized volatility 15.6% 16.2% 4.7% 9.7% 5.5% 12.4%
Sharpe ratio* 0.79 0.33 0.23 1.23 1.46 0.62

Correlation Matrix Between Return Series

us World us Private Private Private
equity equity bond equity debt real estate
US equity 1.00
World equity 0.88 1.00
US bond 0.12 0.20 1.00
Private equity 0.74 0.72 0.02 1.00
Private debt 0.75 0.73 -0.13 0.72 1.00
Private real estate 0.51 0.46 -0.05 0.66 0.56 1.00

*The risk-free rate used in the calculation of the Sharpe ratio is the yield on the 3-month Treasury Bill.

Note: In this figure, both public and private market return series are adjusted for expenses.

Source: Investment Company Institute calculations of Refinitiv, Preqin (a part of BlackRock), Morningstar, and Federal
Reserve data

74 We note that these correlations are measured over a single, fixed period. It is well known that correlations between asset
classes change over time, so across a different measurement period, the correlations between these indexes may be different.
For example, the rolling 3-year correlation between stocks and bonds has fluctuated substantially over time. See Amy Arnott,
Christine Benz, David Reyna, and Jack Shannon, 2025, “2026 Diversification Landscape,” Morningstar; available at
www.morningstar.com/business/insights/research/diversification-landscape.
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Since TDFs are typically structured as funds of funds, a TDF in a 401(k) plan would likely maintain a sleeve in
private markets through an underlying fund. Fee structures for TDFs and 401(k) plans differ widely, but TDF
expense ratios often have a “direct” component, charged by TDF managers, and an “indirect” component, which
is the asset-weighted expense ratio of the underlying funds held by the TDF. The asset-weighted average direct
expense ratio for TDFs structured as mutual funds was 0.08% in 2025. The asset-weighted average indirect
expense ratio was 0.12% in 2025 for US equity funds held by TDFs structured as mutual funds. Similarly, the
asset-weighted average indirect expense ratio was 0.21% for world equity funds and 0.17% for bond funds.” We
assume the direct and indirect expense ratios remain constant over time. We adjust the quarterly returns of the
three public market asset classes by these expense ratios to obtain an estimate of net-of-fee public market
returns. We do not make the same adjustment to the unsmoothed private asset returns because private equity,
private debt, and private real estate returns are already reported net of fees.

Projected Outcomes From TDF Simulations

We project possible outcomes for TDFs by running 100,000 simulations. In each year, quarterly returns for the
asset classes are randomly drawn from historical returns. These are drawn for 160 quarters, representing the 40-
year career trajectory for each individual simulation.

Our simulations indicate that allocations to private market assets can improve the average risk-return profile (i.e.,
the Sharpe ratio) of a TDF portfolio held for 40 years (Figure 21). The average Sharpe ratio for TDFs with a 20%
allocation to private markets was 17% higher than the average for public-only TDFs. This is reflected through the
combination of modestly higher net-of-fee returns and lower volatility when compared to the public-only TDF. In
particular, average annualized net-of-fee returns increased from 9.2% over the period for the public-only portfolio
to 9.7% for the portfolios with a 20% allocation to private market assets. And average volatility decreased from
12.2% to 11.1%, respectively.

75 TDFs have a wide range of fee structures. For example, some TDFs charge a higher direct expense ratio but little to no
expenses on the underlying funds, which tend to be affiliated with the same investment manager. Others may have no direct
expense ratio and receive the bulk of compensation from other arrangements. For these calculations, data with either direct or
indirect expense ratios equal to zero are excluded. Data are sourced from the Investment Company Institute and Morningstar.
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FIGURE 21
Simulation Results of TDF Glide Pqth Scenarios

TDFs with private market allocations And exhibited lower volatility
yielded modestedly higher net-of-fee | Annualized volatility

returns
Annualized return

12.2%
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'Results for the TDF portfolio that followed a fixed 20% private markets allocation are excluded because the results are
essentially the same as the 20% private markets allocation that adjusts back into public markets.

°The risk-free rate used in the calculation of the Sharpe ratio is the yield on the 3-month Treasury Bill.

Note: Simulations randomly draw historical quarterly returns between Q1:2010 and Q3:2025 over a 40-year period (160
quarters).

Note: The results do not materially change when the private market asset classes are unsmoothed using either the Geltner
autoregressive model or the Dimson lagged-beta model.

Source: Investment Company Institute calculations of Preqin (a part of BlackRock), Refinitiv, Morningstar, and Federal
Reserve data

Estimated account balances at the assumed retirement age were generally higher in the glide path scenarios with
private market allocations. For example, the median account balance was 12% higher for the TDF with a 20%
private market allocation when compared with the public-only TDF (Figure 22). Additionally, looking across all of
the simulations, the vast majority (94%) of TDFs with private market allocations have ending account balances
higher than those of public-only TDFs. A higher likelihood of more money in a participant’s account balance at the
end of their career may, on average, improve an investor’s ability to navigate their retirement. Even at lower
percentiles in the distribution, higher outcomes remain.
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FIGURE 22
Simulations Indicate That Private Market Allocations Can Improve Portfolio

Outcomes
Account balance percentiles at assumed retirement age in millions of dollars
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Note: Simulations randomly draw historical quarterly returns between Q1:2010 and Q3:2025 over a 40-year period (160
quarters).
Source: Investment Company Institute calculations of Preqgin (a part of BlackRock), Morningstar, and Refinitiv data

Comparison of Simulation Results With Other Studies

Reports by other groups and industry participants have also demonstrated potential benefits to investors through
including private market assets in DC plans. Like our analysis, many of these reports indicate that the capital
market assumptions used in their models rely on unsmoothed returns for private market asset classes to improve
the accuracy of their models.”®

The Georgetown Center for Retirement Initiatives (CRI) conducted a similar analysis?” but sought to measure
income replacement ratios’® under a range of different investor types. After running 5,000 simulations,’ the CRI
report found that replacement ratios, across the distribution of potential paths, improved when using a TDF

6 For example, a 2026 Franklin Templeton report explicitly states that their private market returns are unsmoothed through a
combination of “autoregressive models, sector and/or leverage-adjusted public proxies, and fundamental judgement to correct
for the challenges associated with lower data quality and high levels of autocorrelation exhibited by stated private asset index
returns.” For more information, see Jonathan Schreiber, Lavina Mehta, and Peter Blue, 2026, “Improving Outcomes with
Private Assets in Target Date Funds,” Perspective from Franklin Templeton Investment Solutions; available at
https://franklintempletonprod.widen.net/content/lda4vwdgaw/pdf/improving-outcomes-with-private-assets-in-target-date-

funds.pdf.
77 See Angela M. Antonelli, 2025, “Making the Case: The Effect of Private Market Assets on Retirement Income in Cases of

Disrupted Savings” Georgetown University Center for Retirement Initiatives in conjunction with WTW; available at
https://cri.georgetown.edu/wp-content/uploads/2025/08/Effect-of-private-market-assets.pdf.

78 In the CRI report, the replacement ratio is the share of pre-retirement income you are able to maintain in retirement after
converting an ending DC plan account balance into an expected lifetime income amount.

9 The assumptions in the CRI report are broadly similar to those in our analysis. Like our approach, their capital market
assumptions are based on historical return data. One key difference is that the CRI report allows for different contribution rates
and withdrawal behavior (e.g., hardship withdrawals, loan usage) across the DC plan profiles. By comparison, ours only allows
for accumulation of the account with no interruption in employment throughout an individual’s career.
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enhanced with private assets for each of their five different DC plan profiles. These “enhanced TDFs” include a
20% sleeve in private equity, private credit, and private real estate starting 20 years prior to the target retirement
date that decreases modestly as the fund approaches and passes its target retirement date. Ultimately, retirement
outcomes for the different investor profiles (as measured by the median replacement ratio) improved by 7% to
8%, net of fees, when comparing their enhanced TDF to the typical TDF.

A JP Morgan Asset Management Retirement Insights report®® ran simulations to measure portfolio performance
and account balances for individuals investing in TDFs both with and without alternative assets investments.?’
Their analysis found that the median TDF portfolio with private investments (measured using both a 10% sleeve
and a 20% sleeve) generates higher risk-adjusted returns with larger account balances at retirement when
compared with a TDF invested solely in public markets. The TDF portfolio with a 20% sleeve in private market
assets resulted in a median account balance that was 11% larger—than a TDF portfolio invested in public markets
only.

A 2025 BlackRock report discussed their solution for an enhanced TDF with allocations to private market assets
that they estimate could “generate about 15% more money in a participant’'s 401(k) accounts.”® A 2025 Vanguard
report found that a 10% to 20% allocation to private market assets through a TDF could boost retirement wealth
by 7% to 22% after fees.8® Mercer reports that adding a 20% private investment sleeve into a multi-asset DC
portfolio raises the expected return from 6.1% to 7.1% at the same expected portfolio-level risk.8* Finally, a 2026
Franklin Templeton report found that simulating TDF portfolios with an average 5% allocation to private assets
resulted in increased returns, lower volatility, and improved risk-adjusted outcomes under their model.8%

80 For more information, see Jared Gross, Tina Anstett, Ove Fladberg, Aaron Mulvihill, Steve Rubino, and Pulkit Sharma, 2025,
“From Complexity to Clarity: A Measured Approach for Evaluating Private Investments in DC Plans,” JP Morgan Asset
Management: Retirement Insights.

81 Unlike our simulations and those in the CRI report, the JP Morgan report uses its own forward-looking capital market
assumptions across asset classes. Like the CRI report, the simulations in the JP Morgan report incorporate the potential for
withdrawals and loans over an investor’s lifecycle.

82 See Jaime Magyera, Nick Nefouse, and Stacey Tovrov, 2025, “The Power of Private Markets: Unlocking the Benefits of
Private Assets in Defined Contribution Plans,” BlackRock; available at www.blackrock.com/us/financial-
professionals/literature/whitepaper/power-of-private-markets-dc-plans.pdf.

83 This report also acknowledges important considerations for DC plans such as the wide dispersion of returns among fund
managers (i.e., manager selection is important). See Greig et al. (2025) in note 17.

84 For more information, see Mercer, 2024, “Looking Into the Future: The Evolution of Private Investments in US Defined
Contribution Plans;” available at www.mercer.com/assets/us/en _us/shared-assets/local/attachments/pdf-private-investments-

in-dc-plans.pdf.
85 See note 76.
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Appendix A:

Annotated Bibliography of Selected Research on Private Capital Risk-Adjusted

Performance

Academic literature has extensively studied the risk-adjusted performance of private funds. Estimated risk-adjusted performance—*alpha”—for private
capital varies materially with one’s choice of performance benchmark, risk model, sample construction, and data coverage. The same asset class can
appear to deliver positive or negative risk-adjusted returns depending on the methodology applied. This annotated bibliography summarizes key findings
from selected, commonly cited academic papers on performance of private funds. These papers are divided into three sections: empirical findings on the
performance of private funds, performance evaluation methodologies, and selected papers on other related topics. The same paper may appear in more

than one section based on its contributions to the literature.

Performance Evaluation Findings

Title Author(s) Key Findings
Private Equity Performance: Returns, Kaplan and Schoar, 2005, Analyzing 746 private equity funds from 1980 to 2001, the study
Persistence, and Capital Flows Journal of Finance finds that, on average, these funds perform comparably to the
S&P 500 index, though individual fund performance varies
widely.
Private Equity Performance: What Do We Harris, Jenkinson, and This paper assesses private equity fund performance using
Know? Kaplan, 2014, Journal of multiple methodologies on a sample of approximately 1,400 US
Finance buyout and venture capital funds with vintage years spanning
1984 to 2008. This paper finds that buyout funds consistently
outperform public markets, while venture capital funds
outperform mainly in the 1990s but underperform later.
Limited Partner Performance and the Sensoy, Wang, and This paper finds that endowment investors initially achieved
Maturing of the Private Equity Industry Weisbach, 2014, Journal of superior returns in private equity because of greater access to
Financial Economics leading venture capital funds during the 1990s. However, this
outperformance diminishes between 1999 and 2006 as the
industry expands and matures.
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Risk-Adjusting the Returns to Venture
Capital

Korteweg and Nagel, 2016,
Journal of Finance

This paper finds that venture capital funds from 1979 to 2012
had slightly negative abnormal returns.

Cyclicality, Performance Measurement,
and Cash Flow Liquidity in Private Equity

Robinson and Sensoy,
2016, Journal of Financial
Economics

Analyzing quarterly cash flows for 837 buyout and venture
capital funds between 1984 and 2010, the paper finds that
buyout funds outperform the public equity market with an
average public market equivalent (PME) of 1.18. This means
that buyout funds had risk-adjusted returns 18% greater than
those earned in the public equity market. It also finds that funds
that call capital more aggressively in downturns earn higher
absolute and relative performance, consistent with a liquidity
premium.

Risk Adjustment in Private Equity Returns

Korteweg, 2019, Annual
Review of Financial
Economics

In general, venture capital funds had positive risk-adjusted
returns relative to comparably risky stock market investments
prior to 2000; however, their net-of-fee returns have since
become zero or negative. By contrast, average buyout funds
have generally earned positive risk-adjusted returns both
before and after fees, when compared with leveraged stock
portfolios.

Valuing Private Equity Investments Strip
by Strip

Gupta and Van
Nieuwerburgh, 2021, Journal
of Finance

Applying the risk-adjusted profit (RAP) methodology to private
equity funds between January 1981 through June 2019, the
authors find an average negative RAP. Notably, RAP exhibits
considerable variability across private equity funds, and a
substantial fraction of private equity funds outperform.

Replicating Private Equity With Value
Investing, Homemade Leverage, and Hold-
to-Maturity Accounting

Stafford, 2022, Review of
Financial Studies

This paper shows that companies selected by buyout funds for
public-to-private transactions are typically small, value firms with
strong earnings. A replicating portfolio composed of publicly
traded firms with similar characteristics and leverage
outperforms direct investments in buyout funds with
vintages between 1993 and 2010.

Discount-Rate Risk in Private Equity:
Evidence From Secondary Market
Transactions

Boyer, Nadauld, Vorkink, and
Weisbach, 2023, Journal of
Finance

Risk-adjusted alpha calculated using transaction prices is
approximately zero for buyout funds.
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Nowcasting Net Asset Values: The Case of
Private Equity

Brown, Ghysels, and Gredil,
2023, Review of Financial
Studies

The risk-return profiles of buyout funds and venture capital funds
have substantial variation over time and across funds.
Buyout funds have a notable bump in alphas between 2000 and
2006, a decline between 2006 and 2010, and a subsequent
recovery after 2010. Venture capital funds experienced
significant spikes in estimated alphas and betas during the
dotcom bubble era, followed by sharp declines as the bubble
burst.

Risk and Return in Private Equity

Korteweg, 2023, Handbook
of the Economics of

Corporate Finance, Chapter
8

Venture capital funds generally generated positive risk-
adjusted returns relative to market beta-matched portfolios of
public equities prior to 2000; however, this outperformance
diminished in subsequent years.

Buyout funds had positive risk-adjusted returns compared to
market beta-matched public stock portfolios since the 1980s.

Nevertheless, when additional risk factors such as term structure
and credit risk are incorporated, the risk-adjusted performance of
both venture capital and buyout funds tends to become
insignificant or, in certain cases, negative.

Risk-Adjusted Performance of Private
Funds: What Do We Know?

Brown, Lundblad, and
Volckmann, 2025, Institute
for Private Capital Working
Paper

The paper studies the performance of 7,816 global private
equity, private debt, and real asset funds with vintage years from
1988 to 2019. It concludes that buyout funds have reliable
positive excess returns (alphas), both within and outside the
us.

Venture capital funds outside the US also outperform their
respective benchmarks, whereas US venture capital funds
have zero or negative excess returns.

Using levered-loan indices as benchmarks, this paper finds
“consistently positive excess returns for private credit funds
across strategies and geographies.” Additionally, real estate
funds show zero or negative excess returns, while
infrastructure funds deliver positive excess returns.
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https://academic.oup.com/rfs/article-abstract/36/3/945/6649745
https://academic.oup.com/rfs/article-abstract/36/3/945/6649745
https://www.sciencedirect.com/science/chapter/handbook/abs/pii/S2949964X23000085
https://uncipc.com/wp-content/uploads/2025/03/Private-Risk-Adjusted-Returns-1.pdf
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Democratizing llliquid Assets: Liquidity
Transformation and Performance in

Interval Funds

Pegoraro, Shive, and
Zambrana, 2025, Institute for
Private Capital Working
Paper

This paper studies the performance of interval funds. It finds that
retail investors enjoy superior risk-adjusted returns when
interval funds invest in private credit and other income-
focused, information-insensitive assets. This outperformance is
mainly because of higher income distributions from illiquid, high-
yield assets, rather than better asset selection. By contrast,
interval funds underperform in public equities or strategies
sensitive to information.

The Private Capital Alpha

Brown, Gongalves, and Hu,
2026, Ohio State University
Working Paper

The study analyzes a dataset of 5,028 US buyout, venture
capital, and real estate funds spanning 1987 to 2022, and finds
that buyout funds have a statistically significant alpha of
approximately 2.5%, whereas alphas for venture capital and
real estate funds are not statistically significant.

Risk Adjusting the Returns to Private Debt
Funds

Erel, Flanagan, and
Weisbach, 2026, NBER
Working Paper

Using data from private debt funds originated between 1992 and
2015 (with robustness to the 2018 vintage), this paper finds
insignificant abnormal returns net of fees.

Private Equity for Pension Plans?
Evaluating Private Equity Performance
From an Investor’s Perspective

Korteweg, Panageas, and
Systla, 2026, Working Paper

Applying the investor portfolio equivalent (IPE) methodology, this
paper finds that, from 1995 to 2018, average pension plans did
not see significant gains from their allocations to private equity
funds after adjusting for risk. Although allocations to buyout
funds provided some net benefits, these were offset by the
underperformance of allocations to venture capital funds.
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Performance Evaluation Methodologies

Title Author(s) Key Findings
Private Equity Performance: Returns, Kaplan and Schoar, 2005, This paper introduces and popularizes the public market
Persistence, and Capital Flows Journal of Finance equivalent (PME) method to evaluate private equity fund

performance. PME compares the value of cash distributions from
private equity funds, adjusted for public stock market returns, to
their capital calls similarly discounted.

Risk-Adjusting the Returns to Venture Korteweg and Nagel, 2016, This paper develops the generalized PME (GPME) method for
Capital Journal of Finance assessing the performance of private equity funds. GPME uses

a stochastic discount factor calibrated to price both the risk-free
asset and market risk factors—such as the public stock market—
throughout a private equity fund’s cash flow period. Unlike PME,
GPME allows for leveraged exposure to market risk factors and
enables statistical inference on performance estimates.

Risk Adjustment in Private Equity Returns Korteweg, 2019, Annual This paper provides an overview of empirical approaches for
Review of Financial evaluating risk and return in private equity. It highlights that
Economics estimates of risk-adjusted returns may differ significantly

depending on the methodology, time frame, and data used.
There remains no consensus regarding the optimal empirical
method or benchmark selection.

Valuing Private Equity Investments Strip Gupta and Van This paper introduces a novel valuation method for private equity
by Strip Nieuwerburgh, 2021, Journal funds, pairing each cash flow from a private equity fund with a
of Finance corresponding “strip” of publicly listed securities—including

stocks, bonds, and other instruments. The strips are priced using
a structural asset-pricing model. This method allows for the
decomposition of private equity returns into a systematic
component (the return from the matching portfolio of strips) and
a risk-adjusted profit (RAP) for investors.
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Discount-Rate Risk in Private Equity:
Evidence From Secondary Market
Transactions

Boyer, Nadauld, Vorkink, and
Weisbach, 2023, Journal of
Finance

This paper constructs buyout fund return indices derived from
secondary market transaction prices. The authors find
significant variation over time in buyout discount rates.
Performance measures based on cash flows, such as PME and
GPME, overlook this risk and may overestimate fund
performance.

Nowcasting Net Asset Values: The Case of
Private Equity

Brown, Ghysels, and Gredil,
2023, Review of Financial
Studies

This paper employs a state-space model to “unsmooth” and
nowcast true net asset values (NAVs) at a high frequency
(weekly), using reported NAVs, cash flows, and returns from
comparable public assets.

Benchmarking Private Equity: The Direct
Alpha Method

Gredil, Griffiths, and Stucke,
2023, Journal of Corporate
Finance

This paper introduces the direct alpha (DA) method to evaluate
private fund performance. DA is simply the internal rate of return
(IRR) computed on cash flows discounted by a benchmark. The
paper also reviews several methods for estimating private fund
returns, including PME and GPME, and highlights the
importance of selecting an appropriate benchmark portfolio. The
authors advise choosing multiple suitable benchmarks instead of
relying on just one.

Risk-Adjusted Performance of Private
Funds: What Do We Know?

Brown, Lundblad, and
Volckmann, 2025, Institute
for Private Capital Working
Paper

This paper reviews and compares multiple approaches for
evaluating private fund performance. The study underscores the
significance of selecting an appropriate benchmark and suggests
that developing robust benchmarks should take precedence over
further econometric refinement.

Risk-Adjusted Returns of Private Equity
Funds: A New Approach

Korteweg and Nagel, 2025,
Review of Financial Studies

This paper improves the GPME method to reduce statistical
noise when estimating the performance of individual funds. The
updated method relies on stronger assumptions concerning fund
cash flow distribution and factor loadings. It produces the same
performance estimates as GPME at the asset class level while
enhancing the statistical power of fund-level performance
estimates.
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The Private Capital Alpha

Brown, Gongalves, and Hu,
2026, Ohio State University
Working Paper

This paper estimates asset-class alpha for private capital by
assessing the increase in the Sharpe ratio when expanding
the investment universe from public markets to include private
assets. The authors also adjust their methodology to account for
constraints faced by limited partners (LPs), such as illiquidity,
insufficient diversification, and the inability to accurately manage
allocations due to capital calls and distributions.

Private Equity for Pension Plans?
Evaluating Private Equity Performance

from an Investor’s Perspective

Korteweg, Panageas, and
Systla, 2026, Working Paper

This paper introduces investor portfolio equivalent (IPE) to
evaluate private equity performance. IPE discounts private
equity cash flows using an investor’s own portfolio returns
instead of the stock market’s returns. This paper also introduces
a generalized IPE.
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Related Topics

Title

Author(s)

Key Findings

The Economics of Private Equity Funds

Metrick and Yasuda, 2010,
Review of Financial Studies

This paper examines data from 238 private equity funds with
vintages between 1993 and 2006 and finds that approximately
two-thirds of expected general partner (GP) revenue is derived
from fixed fees rather than performance-based incentives.
Additionally, it finds that the buyout business is more scalable
than the venture capital business, as experienced buyout
managers expand their funds at a faster rate than venture capital
managers.

Do Private Equity Fund Managers Earn
Their Fees? Compensation, Ownership,

and Cash Flow Performance

Robinson and Sensoy,
2013, Review of Financial
Studies

Using detailed cash flow and contract data for 837 buyout and
venture capital funds between 1984 and 2010, this paper

finds no evidence that higher fees or lower GP ownership are
associated with worse net performance, suggesting that
management contracts reflect efficient bargaining
outcomes. The paper also documents agency-driven distortions
in cash flow timing, including clustering of distributions around
carried-interest waterfalls and delayed exits in funds with fee
bases tied to invested capital.

Has Persistence Persisted in Private
Equity? Evidence From Buyout and
Venture Capital Funds

Harris, Jenkinson, Kaplan,
and Stucke, 2023, Journal of
Corporate Finance

Using Burgiss data for US buyout and venture capital funds with
vintages between 1984 and 2014 (with cash flow data up to June
2019), the authors confirmed performance persistence of private
equity funds, as documented in the literature, when funds are
ranked based on ex post or most recent performance. However,
when funds are sorted based on their performance at the
time of successive fundraising, the authors find little or no
evidence of performance persistence for buyout funds post-
2000. By contrast, performance persistence remains for
venture capital funds, even using information available at
fundraising.
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Does Fund Size Affect Private Equity
Performance? Evidence From Donation
Inflows to Private Universities

Bhardwaj, Gupta, Howell,
and Zimmerschied, 2025,
NBER Working Paper

This paper employs an instrumental variables approach to
estimate the causal impact of private equity fund size on returns
and finds decreasing returns to scale. The primary explanation
is that larger funds tend to do larger deals, which on average
underperform.

Should Defined Contribution Plans Include

Private Equity Investments?

Brown, Crouch, Ghent,
Harris, Hochberg, Jenkinson,
Kaplan, Maxwell, and
Robinson, 2022, Kenan
Institute of Private Enterprise
Research Paper

This study evaluates the pros and cons of including private
equity funds in defined contribution (DC) plans. The authors
argue that including private equity funds in DC plans would offer
retail investors potentially better risk-adjusted returns, access to
otherwise unavailable companies, and greater diversification for
their retirement portfolios. However, they note that private equity
funds typically come with higher fees, stricter liquidity
constraints, and reduced transparency.

Do Public Equities Span Private Equity
Returns?

Ghysels, Gredil, and Rubin,
2025, Institute for Private
Capital Working Paper

This paper examines factors that can explain private equity fund
returns. It shows that over 90% of private equity fund returns can
be explained by factors common to public and private markets.
Nevertheless, factors specific to private equity significantly
increase a portfolio’s Sharpe ratio through higher expected
returns and better diversification. This paper suggests an
optimal allocation to private equity between 11% and 24% of
risky portfolios.
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Appendix B:
Unsmoothing Private Market Returns and Efficient Frontier
Estimation: Technical Supplement

Unsmoothing Private Market Returns

This appendix provides an expanded look at the data we used throughout this report as well as the methods we
considered to unsmooth private market returns. We apply three widely-used approaches in the academic
literature to unsmooth returns—the Geltner autoregressive model, the Getmansky-Lo-Makarov (GLM) moving-
average model, and the Dimson lagged-beta model.8 We describe the parameters we chose for each model and
find the models are not sensitive to those choices. Our analysis suggests that the results do not hinge on these
choices.

Data

Our analysis uses quarterly total returns from 2010:Q1 through 2025:Q3 for five private market asset classes:
private equity (excluding venture capital);®” venture capital; private debt; private real estate; and private
infrastructure. The returns for each asset class use Preqin’s aggregate private market indexes, which are
estimated using the individual funds in their database and are net of fees.88. 89

Most of the reported private market returns in our sample show patterns consistent with smoothing (Figure B.1).
Four of the five private market return series exhibit strong autocorrelation—a tendency for a high return in one
quarter to be followed by another high return, and a low return by another low one. A standard statistical test for
autocorrelation (the Ljung-Box test) is highly significant for private equity, venture capital, private debt, and private
real estate, but not for private infrastructure. In addition, the reported volatilities of those four private market series
are markedly lower than those of the public market benchmarks. Our analysis below therefore focuses on those
four asset classes; private infrastructure is included in the diversification analysis using its reported returns
directly (see Section V).

86 For references, see note 45 (Geltner 1991 and Geltner 1993), note 47 (Getmansky-Lo-Makarov 2004), and note 50 (Dimson
1979). In addition to these models, the academic literature continues to develop additional methods. Two recent contributions
include Brown, Ghysels, and Gredil (2023), who use mixed-frequency “nowcasting” methods to unsmooth fund-level NAVs,
and Couts, Gongalves, and Rossi (2024), or CGR, who propose a generalized three-step technique. CGR is directly related to
the approaches used in our analysis: the authors find that funds with similar illiquid assets share a common source of
autocorrelation that fund-by-fund unsmoothing based on the Geltner and GLM models can miss. However, because we apply
these models to aggregate index returns rather than individual fund returns, our application addresses this common-
component concern as well.

87 Private equity is defined to exclude venture capital throughout this appendix.

88 All returns are expressed as quarterly log returns, which ensures that the unsmoothing procedure only redistributes returns
across quarters and does not change the long-run compound return.

89 The Preqin Private Capital Indices are size-weighted averages of constituent funds. Each quarter’s return is computed using
the Modified Dietz formula, which adjusts for the timing of capital flows in and out of constituent funds. Underlying fund data
come from limited partner reports, freedom of information act (FOIA) disclosures, voluntary submissions from fund managers,
and public filings. For more information, see Preqin, April 2025, “Preqin Private Capital Indices Methodology.”

ICI // ECONOMIC ANALYSIS OF THE DEPARTMENT OF LABOR'S DESIGNATED INVESTMENT ALTERNATIVES PROPOSAL 51



FIGURE B.1
Summary Statistics for Private and Public Market Benchmarks

Private market returns Public market returns
Private Venture  Private Private Private us World us
equity capital debt real estate infrastructure equity  equity bond
Annualized mean return 13.1% 11.0% 9.1% 8.7% 9.0% 13.1% 6.8% 2.5%
Annualized volatility 5.8% 8.2% 3.8% 4.4% 2.8% 15.8% 16.6% 4.7%
Autocorrelation 0.49 0.67 0.36 0.58 0.11 -0.17 -0.14 0.1
Ljung-Box Test 15.8%** 29.2%* 8.1%** 21.0%** 0.77 1.95 1.29 0.85

*** = significant at the 1% level; ** = significant at the 5% level; * = significant at the 10% level.

Note: All returns are adjusted for expenses and are expressed as log returns, which ensures that the unsmoothing procedure
only redistributes returns across quarters and does not change the long-run compound return.

Source: Investment Company Institute calculations of Preqin (a part of BlackRock), Morningstar, and Refinitiv data

We use post-2010 Preqin indices rather than fund-level data to address several concerns in the private markets
literature. An index that pools many funds at different life-cycle stages mitigates the concern about the J-curve
pattern of private fund returns—negative returns in the early years of capital calls followed by positive returns in
later years. In addition, estimating directly on aggregate returns also addresses the Couts, Gongalves, and Rossi
(2024) concern that common smoothing factor(s) may still be present despite unsmoothing returns at the fund
level. Finally, post—global financial crisis (GFC) vintages are more representative of private market assets today
than those before the GFC.

Unsmoothing Models

We apply three return unsmoothing methods with different assumptions on how new information is incorporated
into private market appraisals. We describe each method below and estimate their parameters for our analysis.

Method 1: Geltner Autoregressive Model

The Geltner (1991, 1993) framework was originally developed for real estate valuations but also applies to other
private market assets, whose valuations also tend to come from periodic appraisals rather than continuous market
trades. The underlying intuition is that appraisers do not start fresh each period—they anchor on the previous
appraisal and may only partially update it with the most recent information. As a result, today’s reported value can
carry traces of older ones.

Geltner models this as a weighted average of past true returns, with weights that shrink at a roughly constant rate
over time. For example, if the weight on past returns shrinks by 50% each quarter, this quarter’s true return gets
50% of the weight, last quarter’s 25%, the quarter before 12.5%, and so on—after about six quarters the
contribution is negligible. Formally:

REP =) (k) - REY ™
h=0
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where R s the smoothed return reported in quarter t; RIS is the true economic return h quarters earlier;

and Y (h) is the weight on that lag, with 1(0) > 0 and all weights summing to one.®® How fast the weights shrink
is the heart of the model. In heavily smoothed assets, the weights fade slowly, while weights for lightly smoothed
assets will fade faster.

Equation (1) reaches back indefinitely but can be estimated with a handful of parameters via its equivalent
“autoregressive representation”—a regression of today’s reported return on its recent lags.®! We use an
autoregressive model with two lags:

reported __ reported reported
R, = @1R,”; + 2R, + & (2)

where the autoregressive parameters (¢, and ¢,) measure how much of today’s reported return is carried over
from the prior two quarters, and & captures new information arriving this quarter. Larger values of ¢; and ¢-

indicate more carry-over from prior quarters and therefore more smoothing. We apply this specification to each
private return series, except infrastructure, separately.

Method 2: Getmansky-Lo-Makarov (GLM) Moving-Average Model

Getmansky, Lo, and Makarov (2004), or GLM, extend Geltner’s framework by relaxing its assumption on a
constant decay rate. The cost of this added flexibility in the decay rate is that the weights can no longer run back
indefinitely; GLM cuts them off after a finite number of quarters H. Formally:

H
R;eported — Z e(h) 'RE:FE?L (3)
h=0

where 0(h)is the weight on the true economic return from h quarters earlier, H is the maximum number of
quarters the smoothing can reach back, and the weights again sum to one.

We estimate Equation (3) separately for each asset class by maximum likelihood, choosing the lookback H for
each asset class using the Akaike Information Criterion (AIC)—a model selection test that rewards better fit but
penalizes each extra parameter.

Method 3: Dimson Lagged-Beta Model

The Dimson (1979) approach uses a matched public market benchmark as an outside reference point for private
asset returns. It assumes that today’s reported return responds not only to this quarter’s market movements but
also to those in previous quarters. Regressing reported returns on the contemporaneous benchmark and its lags
captures both the immediate and the delayed responses; summing those responses conveys the asset’s true total
exposure to the market.

9 The constraint that the weights sum to one does not affect the long-run average of unsmoothed returns—only their timing.

91 Under standard conditions for returns (stationarity), the infinite weighted average in Equation (1) is equivalent to a
regression of the reported return on a few of its own past values (Wold’s theorem).
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Formally, following Dimson (1979) and its extensions in Asness, Krail, and Liew (2001) and Anson (2013, 2016),
we estimate, for each private asset class, the following regression:

rted
R — vl = a+ By (RP™ e — 1)) + By - (RPF — ) + - (4)
+ B RY — 1 Y+ g

where R is the smoothed return reported in quarter t; R7™*! is the matched public-market benchmark return

h quarters earlier; r{_h is the risk-free rate over the corresponding quarter; B, is the asset’s sensitivity to the
benchmark at lag h; a is the intercept; and &, is the asset-specific residual. Equation (4) is estimated with four
lagged quarters (L = 4).92

The asset’s estimated full economic beta—the total public market exposure that would have been present in the
same quarter had reporting not been smoothed—is the sum of the contemporaneous and lagged coefficients:

B=Bo+B1++B. (5)

Estimated unsmoothed returns can be reconstructed using the asset’s estimated full economic exposure.

In our analysis using the Dimson lagged-beta model, we pair each Preqin private market asset class index with an
ETF to proxy for net-of-fee total returns of each public market benchmark.%3

Estimated Parameters Across the Three Unsmoothing Methods

Estimated parameters for the three unsmoothing methods indicate signs of return smoothing (Figure B.2). The
Geltner first-lag coefficient (¢4) is significant at the 1% level for all four asset classes, the GLM lag horizon H
selected by AIC ranges from one to four quarters, and the Dimson F-statistic rejects the joint hypothesis that all
lagged betas equal zero at the 1% level in every case. In addition to the F-test, the individual lagged betas in the
Dimson model are statistically significant across multiple quarters, with significant coefficients extending out to the
fourth lag for most asset classes.®* The unsmoothed volatilities are higher than the reported volatilities: private
equity rises from 6.0% to between 10% and 13%; venture capital from 8.5% to between 16% and 22%; private
debt from 3.8% to about 5.5%; and private real estate from 4.5% to between 7% and 12%, depending on the
method.

92 \We use four lags as the lagged-beta effect in private markets is typically concentrated within the first year. For example,
Anson (2013) finds that the effect is statistically significant for up to four lagged quarters and dissipates thereafter.

93 The public and private benchmark pairings are Russell 2000 (IWM) for private equity; Russell 2000 Growth (IWO) for
venture capital; iBoxx US High Yield Corporate Bond Index (HYG) for private debt; MSCI US Investable Market Real Estate
Index (VNQ) for private real estate; and S&P Global Infrastructure Index (IGF) for private infrastructure.

9 For private equity and venture capital, all four lagged coefficients are significant at the 1% level. The fourth-lag beta is
statistically significant for private equity, venture capital, and private real estate, but not for private debt.
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FIGURE B.2
Smoothing Parameter Estimates and Estimated Unsmoothed Volatilities

Geltner autoregressive model

Asset class (ON (0% Unsmo_o_thed

volatility
Private equity 0.52***  -0.03 10.2%
Venture capital 0.58***  0.14 22.4%
Private debt 0.55***  -0.22* 5.4%
Private real estate 0.48***  0.08 8.3%
GLM moving-average model’
Asset class 80) 6(1) 6(2)  6@3)  6) 2‘;‘?&%") U”\/S(;Pa‘ii‘l’it:;ed
Private equity 0.53 0.28 0.19 — — 2 9.7%
Venture capital 0.37 0.22 0.28 0.13 — 3 15.6%
Private debt 0.66 0.34 — — — 1 5.4%
Private real estate 0.31 0.24 0.25 0.11 0.09 4 12.4%
Dimson lagged-beta model
Asset class Bo B1 B2 Bs Ba F-stat? Un\/s(:lqaciicl);f;ed
Private equity 0.23*** 0.15** 0.09*** 0.07*** 0.07*** 16.91** 12.7%
Venture capital 0.26*** 0.19** 0.15*** 0.12*** 0.09*** 15.18*** 18.1%
Private debt 0.29*** 0.23** 0.09* 0.08** -0.00 8.02*** 5.8%
Private real estate 0.11*** 0.11**  0.05* 0.02 0.06* 4.48*** 7.0%

"The GLM model works by picking the lag length that best fits the data rather than by estimating coefficients and checking
whether each is significant. Since no coefficients are being tested against zero, there are no significance levels to report.
°The F-statistic tests the null hypothesis that all lagged betas are jointly zero.

*** = significant at the 1% level; ** = significant at the 5% level; * = significant at the 10% level.

Source: Investment Company Institute calculations of Preqin (a part of BlackRock), Morningstar, and Refinitiv data

Smoothed reported returns tend to appear less correlated with public market returns than the underlying
economic returns actually are. The diversification analyses in this report use unsmoothed correlations as inputs,
so it is useful to confirm that those correlations behave as the smoothing literature would suggest.

Correlations with the US public equity benchmark tend to rise after unsmoothing across all asset classes (Figure

B.3). The largest increases are for venture capital and private real estate—the most heavily smoothed asset
classes.
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FIGURE B.3

Unsmoothing Increases Correlations With Public Markets
Correlations of unsmoothed private market returns with public US equity benchmark over the
2010:Q1-2025:Q3 period

m Reported (smoothed)

m Geltner autoregressive model
® GLM moving-average model
m Dimson lagged-beta model

91% 89%

83%

75% 75%
61%

50% 51%

Private equity Venture capital Private debt Private real estate

Source: Investment Company Institute calculations of Preqgin (a part of BlackRock), Morningstar, and Refinitiv data
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Efficient Frontier Estimation

In this section, we present the inputs, the optimization, and the procedure for identifying the tangency portfolios
shown in Section IV. The diversification benefit from adding private market assets to a public-only portfolio is
decomposed into the overstated benefit from appraisal smoothing and the resulting benefit after unsmoothing.

Inputs to the Efficient Frontier Optimization Framework

The efficient frontier optimization framework requires three inputs for each scenario and each asset class:
expected returns, volatilities, and return correlations across assets. We compute these from quarterly returns over
2010:Q1 through 2025:Q3 for the eight-asset universe previously described.®®

For the public assets, we use their reported returns directly. For the private assets, we compute four sets of inputs
and run the optimization separately for each set of inputs. One set uses reported (smoothed) private returns. The
other three use the unsmoothed series produced by the Geltner, GLM, and Dimson models. Each set produces its
own efficient frontier and tangency portfolio. The risk-free rate used to compute Sharpe ratios is the three-month
US Treasury bill yield over the sample window.

Mean-Variance Optimization

The efficient frontier traces the portfolios that achieve the lowest possible risk for any given target return
(Markowitz 1952). Formally, we solve, for a sequence of target returns, pharget:%

min,, w'Ew (6)

subject to the following constraints:

agw = Hiargets 1w =1, w = 0, Wpyrivate = Xie private Wi (7)
where Wy jyate < 20% and w; < 10% (Vi € private)

Equation (6) chooses the share of the portfolio held in each asset—the portfolio weights w—to minimize overall
portfolio risk, measured as a combination of each asset’s individual risk and the co-movement between assets
(W X2w).%” The constraints in Equation (7) require the portfolio’s expected return (& w) to match the target (urtarget),
the weights to sum to one (the portfolio is fully invested), no weight can be negative (no short positions), and the
total private asset weight across private equity, venture capital, private debt, private real estate, and infrastructure
cannot exceed 20% and no individual private market asset weight can exceed 10%.98 We trace out the frontier by

9 The three public asset classes are US equity, world equity, and US investment-grade bonds. The five private market asset
classes are private equity (excluding venture capital), venture capital, private debt, private real estate, and private
infrastructure.

9 |n technical terms, w is the N-vector of portfolio weights, with N = 8 for the public-plus-private universe (or N = 3 for the
public-only baseline). The expression j win the constraints is the portfolio’s expected return, which is the weighted average of
individual asset returns with weights given by w.

97The quantity wEwis the portfolio variance, a weighted combination of each asset’s variance and every pair’s covariance,
with the weights determined by w. Minimizing portfolio variance is equivalent to minimizing portfolio volatility.

98 This condition ensures that allocations are diversified across multiple private asset classes rather than concentrated in any
single one. This constraint reduces the achievable Sharpe ratio relative to the unconstrained case.
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numerically solving Equation (6) across a sequence of 150 evenly spaced target returns spanning the achievable
range.%®

The tangency portfolio is the portfolio on the frontier with the highest Sharpe ratio—the portfolio delivering the
most excess return (return above the risk-free rate) per unit of risk.'%° We identify it by computing the Sharpe ratio
at each of the 150 target returns and selecting the point with the maximum Sharpe ratio. 10

Decomposing the Estimated Diversification Benefit

One of the key outputs from each optimization is the Sharpe ratio of the tangency portfolio. We estimate five
tangency portfolios—one for the public-only baseline, one for the public-plus-private portfolio using reported
(smoothed) inputs, and three using unsmoothed inputs (one per unsmoothing method).

For each unsmoothing method, we estimate the diversification benefit that results after unsmoothing
(Diversificationggimateq) @s follows:

. P , S thed — Spublic—onl,
Diversificationgimated = —————LF x 100% (8)
sreported - Spuhlic—only

where S,uplic—onlys Sreported» @8Nd Sunsmoothea are the Sharpe ratios of the tangency portfolios using different inputs.

The remainder (1 — Diversification.gimateq) IS the estimated amount of overstated benefit induced from using
reported (smoothed) returns.

Comparing Portfolios at a Common Risk Level

The Sharpe ratio captures volatility-adjusted return but does not show how each portfolio would have grown a
dollar over the sample period. To translate the Sharpe ratio comparison into cumulative-return terms, we rescale
each tangency portfolio to a common level of risk before reporting dollar growth.

The rescaling follows the two-fund separation theorem (Tobin 1958): any portfolio on the efficient frontier can be
expressed as a combination of its tangency portfolio and the risk-free asset, in proportions A and

(1 = A), respectively. Because the risk-free asset carries no volatility, the rescaled portfolio’s volatility (Orescaled) is
simply a scaled-down version of the tangency portfolio’s volatility (Gtangency). A smaller A in the tangency portfolio
lowers the overall volatility, such that:

Orescaled = 4 - O'tangency 9)

We set Orescaled €qual to the lowest tangency volatility across the five scenarios. This ensures A < 1 for every
portfolio, so no portfolio relies on leverage or borrowing assumptions outside the model. Our estimated A values
are 0.52 (public-only), 1.00 (reported), 0.94 (Geltner), 0.91 (GLM), and 0.89 (Dimson). Because the reported

9 The sequence runs from the expected return of the minimum-variance portfolio (the lowest return achievable on the frontier)
up to the highest return attainable by any portfolio satisfying the constraints, which together capture the full range of feasible
frontier returns.

100 More formally, the tangency portfolio solves w* = arg max over w € Frontier of (u'w = r) / \(w'Ew), where ’'w is the
portfolio’s expected return, rx is the risk-free rate, and V(w'Ew) is the portfolio’s volatility.

01 An alternative would be to solve directly for the constrained tangency portfolio as a separate optimization that maximizes
the Sharpe ratio subject to the same constraints. The two approaches yield materially identical results.
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(smoothed) portfolio has the lowest tangency volatility (5.04%), it is held in full (A = 1). The other four portfolios are
blended with cash to achieve this same volatility. Importantly, the Sharpe ratio of each rescaled portfolio is
identical to that of its underlying tangency portfolio.

Adjusting Private Market Allocation Limits

In this section, we provide results for estimated Sharpe ratios, diversification benefits, and dollar outcomes at a
lower (15%) maximum allocation to private market assets and a higher (25%) maximum allocation in addition to
our baseline 20% maximum allocation. As shown in Figure B.4, there is still an improvement in the estimated
Sharpe ratios when adding a 15% allocation to private markets compared to a public-only portfolio.

FIGURE B.4
Sharpe Ratios Across Private Allocation Levels

m Private share upper bound = 15%
m Private share upper bound = 20%
Private share upper bound = 25%

112 1.21 1
1.04 0.99 1.04 109 100 105 11 093 1.01 1.05
TR II II II II
Public only Reported Geltner GLM moving-average Dimson lagged-beta
(smoothed) autoregressive model model model

Public-plus-private

Source: Investment Company Institute calculations of Preqgin (a part of BlackRock), Morningstar, and Refinitiv data
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Not surprising, as the share of private market assets increases in a portfolio, the estimated share of the
diversification benefit that is overstated due to appraisal smoothing also increases (Figure B.5). This highlights the
importance of using unsmoothed returns in these types of analyses. It is also important to note that the majority of
the estimated diversification benefit is retained (67%—Geltner, 70%—GLM, and 54%—Dimson) even at a 25%

private market assets allocation.

FIGURE B.5

Decomposition of Diversification Benefit by Private Allocation Limits

Percentage

m Estimated overstated benefit from appraisal smoothing

m Estimated resulting benefit after unsmoothing

I
I
I
I
I
73% 70% |
I
I
I
I
I

15% 20% 25%
Geltner autoregressive
model

74% 70%
15% 20% 25%
GLM moving-average
model

15% 20% 25%

Dimson lagged-beta model

Source: Investment Company Institute calculations of Preqin (a part of BlackRock), Morningstar, and Refinitiv data
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Figure B.6 shows that as the share of private market assets increases in the portfolio, the higher the estimated
end investment value would have been relative to the public-only portfolio over the period January 2010 to
September 2025 and holding volatility constant across the portfolios. At a lower 15% allocation to private market
assets, estimated end investment values would have been 10% to 12% higher than the public-only portfolio.

FIGURE B.6
Public-Plus-Private Investment Values Relative to Public-Only at a Common Risk

Level
End value* of private-plus-public portfolio relative to that of the public-only portfolio

m Private share upper bound = 15%
m Private share upper bound = 20%
Private share upper bound = 25%

32.4%

23.2%
: 20.7% 22.0%

15.8% 15.8% 16.6% 133/ 6.2%
I 112%. 12-O%I 104% ’

Reported (smoothed)  Geltner autoregressive ~ GLM moving-average Dimson Iagged-beta
model model model

*Value of $1 invested on January 1, 2010, through September 30, 2025.
Source: Investment Company Institute calculations of Preqgin (a part of BlackRock), Morningstar, and Refinitiv data
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