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AUTHOR Institutional investors have a duty to report their portfolio’s value and performance.’
However, at time of reporting, limited partners (LPs) may not have up-to-date

GP-supplied net asset values (NAV5) of their private fund shares.” Instead, since
Aili Chen, CFA
Vice President, Portfolio Research . . ) ) ,
PGIM Multi-Asset Solutions often rely on their own LP-estimated NAVs, having at hand only the prior quarter’s

private investments are illiquid and lack an actively traded secondary market, LPs must

GP-supplied NAV plus knowledge of capital calls and distributions during the quarter.

Depending on the investor type, obtaining a timely GP-supplied NAV can be a pressing
issue. For example, collective DC plans that permit member switching need daily real-time
NAVs. In contrast, sovereign wealth funds and some DB plans might make do with lagged
quarterly NAVs. In any event, all investor types seek up-to-date GP-supplied NAVs for risk
management and rebalancing purposes.’

During volatile market periods, “stale” private investment valuations that do not mirror
public market movements become noticeable. If the public market is down 10%, should a
CIO (the LP) estimate a NAV that is also 10% lower than the prior NAV? If not, is there
any justification for not doing so? Volatile market periods generate debate regarding whether
“subjective” LP-estimated NAVs are too high or too low.

For a valuation approach, some CIOs wait for the next GP report (which we define as the
“M1” approach) or adjust the prior GP-supplied NAVs for interim cash flows (“M2”). CIOs
may also employ a “roll forward” approach by adjusting prior GP-supplied NAVs for public
market movements (“M3”).

For Professional Investors Only. Which LP NAV estimation approach has performed the best?

Allinvestments involve risk,

including the possible loss of capital. There

is no guarantee that any particular asset

allocation will meet your investment

1 The specific requirements depend on: the type of institution, the regulatory framework in the jurisdiction in
which it operates, ezc.

2 Over the past twenty years, the secondaries market has grown significantly, with volumes starting around

objectives. Please $2 billion in 2002, rising to $132 billion at its peak in 2021, according to PitchBook, Global Private Market
see the “Important Information” Fundraising Report, as of February 22, 2023.
section for additional disclosures. 3 See]. Shen and M. Teng (2021). “The Rebalancing Conundrum: Private Equity Valuation and Market

Dislocations,” PMA.



We give LPs empirical data for each NAV estimation approach by examining how well each has matched the subsequently-reported
GP-supplied NAV. We find:*

* For private equity funds, rolling forward with the public markets (M3) and not rolling forward (M2) have, on
average, exhibited similar accuracy on a quarterly basis. However, in down markets rolling forward has produced
larger quarterly estimation errors vs. not rolling. In contrast, in up-markets rolling has yielded better estimates.

* Rolling vs. not rolling forward involves tradeoffs. While not rolling (M2) helps mitigate the overall volatility
of a portfolio’s reported value, rolling (M3) dampens the “denominator effect” whereby public market declines
(increases) lead to increased (decreased) PE portfolio allocations. For some investors, this effect may lead to
unnecessary portfolio rebalancing trades at inopportune times.

* For CIOs who wish to follow a consistent LP estimation approach over time, we also examine cumulative
estimation errors over several consecutive quarters. On a multi-quarter basis, allowing positive errors in some
quarters to offset negative errors in others, rolling forward has had consistently smaller cumulative errors and
might be considered the better approach.

* In contrast to PE, rolling forward (M3) for private real estate funds performed significantly worse on a quarterly
basis — in both up and down markets — compared to not rolling. We suspect this is mainly driven by the intrinsic
differences in the valuation process between the two asset classes. While private real estate valuations may hinge
more on transactions — largely absent during stressed markets — private equity can always lean on the readily
observable public equity market.

LP-Estimated NAVs

Pending receipt of the GP-supplied NAV for quarter-end q, NAVg, LPs must produce an estimated NAV at quarter-end g, mq
(Figure 1). LPs have different methods for estimating the to-be-reported GP-supplied NAV: historical information provided by GPs;
valuations supplied by third-party firms; or their own estimates.

Figure 1: Relative Timing
Quarterly LP-estimated NAVs and GP-supplied NAVs
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Source: PMA. For illustrative purposes only.

4 We summarize our main findings in Figure 23 on page 20.
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Throughout, our focus is on the GP-supplied (i.e., GP-reported) NAV. We assume that LPs wish to estimate NAVs that will closely
match to-be-reported GP-supplied NAVs. We recognized that there is a robust debate in the industry regarding the relative merits
of “GP-supplied” NAV, “intrinsic” NAV (a “true value” based on some valuation method) and “fair value” NAV (a market price
for fund shares arising from an orderly transaction between a buyer and seller).” While intrinsic and fair value NAVs are not always
observable, they are important to some market participants. For example, a secondary fund will be keen to produce their estimate of
intrinsic NAV and compare it to a fair value NAV at which they think they might sell/buy fund shares.

NAV Definitions

“GP-supplied” NAV: The GP’s “Intrinsic” NAV: A valuation estimate ~ “Fair Value” NAV: An estimate of the
valuation which the LP receives after based on some valuation methodology expected market price from the sale of
some lag following the portfolio (e.g., discounted expected future the LP interest in an orderly transaction
reporting date. cash flows). between market participants.

As discussed in the Appendix, accounting standards require investors to report a fair value NAV. However, as transactions are sparsely
reported (especially in stressed market environments) investors have some discretion in determining fair value. For reporting purposes,
GP-supplied NAVs are usually acceptable to regulators and accountants as a proxy for fair value NAVs. And, when the GP-supplied
NAV is delayed, using an estimated GP-supplied NAV is a practical and acceptable approach to measuring fair value.® Hence our
emphasis on the LP trying to estimate the to-be-reported GP-supplied NAV.

We examine three methods LPs could use to estimate the GP-supplied NAVj. We examine empirically how well the LP estimate (NAVq)
matches the subsequently-reported GP-supplied NAVy. In this analysis, both NAVq and NAVq are expressed as a percentage of the
total commitment amount to allow for a standardized comparison across vintages.

Using vintage-level North American buyout data, at each quarter end we produce an LP-estimated NAV and then see how closely it
approximates the subsequently-reported, GP-supplied NAV.” The three LP NAV estimation methods are:

*  Method 1 (M1): Use the prior quarter’s GP-supplied NAV;
NAV, = NAV, (1)
*  Method 2 (M2): Method 1 plus cash flow adjustments for the quarter; and
NAV 4 = NAV 41 + Contributions , - Distributions 2)

*  Method 3 (M3): Method 2 plus public market adjustments (i.e., “roll forward”) for the quarter.

Wq = (NAV 41 + Contributions g - Distributionsg) X (1 + Public Market Proxy Returng) (3)
Terminology
GP-supplied NAV (NAV): NAV provided by GP as of Estimation Error: The difference between NAVq and NAVj.
quarter end, q, which is received by LPs with a 1-4m lag A positive error indicates that NAVq is larger than NAVg, and
after quarter end. vice versa.
LP-estimated NAVq (@q): NAYV estimated by the LP in Percentage Estimation Error: The estimation error in quarter,
time for reporting shortly after quarter end, g, but before q, divided by NAVy.

receipt of the GP-supplied NAV.

5 'The GP-supplied NAV is subject to GP discretion and might deviate from the in#rinsic NAV (i.e., what a secondary market investor would be willing to pay for the
fund shares). This issue has been extensively studied (Jenkinson, Sousa and Stucke, 2013; Barber and Yasuda, 2016; Czasonis et al., 2017). Our study focuses solely
on the difference between the LP-estimated NAV and the subsequently-reported, GP-supplied NAV.

6 Duff & Phelps LLC (2010).

7 We use vintage-level quarterly data, i.c., there is one data point for each vintage, at the end of each quarter.
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Estimating GP-supplied NAV using the Roll Forward Method (M3)

M3 — the “roll forward” method — involves the LP making a market-related adjustment (in ad addition to adjusting for capital calls and
distributions) to the prior GP-supplied NAV, NAVq.1, to produce an LP-estimated NAV, NAVq, for the current reporting period.®
Accounting standards allow the roll forward method as a practical expedient in lieu of the LP’s own full revaluation of the investment.’

Rolling forward involves two steps:
* Adjust the prior GP-supplied NAV for actual cash flows that occurred during the period.

Review the contributions, distributions and any transactions of underlying investments that occurred between the as of date of
the prior GP-supplied NAV and the measurement date (i.e., the “interim period”). Apply these cash flows to adjust the prior GP-
supplied NAV (e.g., add contributions and subtract distributions).

* 'Then, adjust NAV for changes in public market conditions between the as of date of the prior reported NAV and the measurement
date (if significant).

Using an appropriate publicly-traded benchmark index or a custom public index to mimic the composition of the underlying
fund portfolio (e.g., match sector exposures) determine subjectively if the public market movement is significant during the
interim period. If the LP determines that the market movement is significant, adjust the NAV accordingly based on the historical
relationship between fund and index returns.

A roll forward example

Suppose that for an LP interest of a total commitment amount of $200m, the last reported GP-supplied NAV (NAVg3) was $100m
(50% of the total commitment amount) as of the end Q3 (see Figure 2) However, assuming the broad equity index was down 10%

during Q4, the LP seeks to update its overall portfolio valuation with a NAVq4 estimate soon after the end of Q4 by rolling forward
NAVgs3 to the end of Q4. To do so, the LP makes the following adjustments:

Capital calls: During Q4 the GP called $25m (12.5%); so, the adjusted NAV is $100m (50%) + $25m (12.5%) = $125m (62.5%)."°

Distributions: During Q4 the GP also distributed $5m (2.5%); so, the adjusted NAV becomes $125m (62.5%) - $5m (2.5%) =
$120m (60%).

Market adjustments: The LP uses available information such as recent valuations, earnings growth, or comparable company
performance, to estimate the change in the value of the fund’s portfolio companies. If such information is not available (the usual
situation), the LP estimates the changes in value using a public market proxy.'" If the public proxy decreased by 10% during Q4, the
adjusted NAV becomes $120m (60%) x (1 - 10%) = $108m (54%).

Fees and Expenses: The LP could also account for any GP management and performance fees and expenses charged by the
GP during Q4. For example, if the GP charged $0.25m (0.125%) in Q4, the final NAVq4 estimate at the end of Q4 would be
$108m (54%) - $0.25m (0.125%) = $107.75m (53.875%).

Figure 2: NAV “Roll Forward” Example ($m)

GP-supplied NAV (9/30) $100.00 50% (of Total Commitment Amount)

Step1: + Contributions in 04 $ 25.00 12.5%
Cash Flow Adjustment - pistributions in 04 $(5.00) (2.5%)

| Cashadjusted NAV (12/31) | $120.00 60%
Step 2: Return from Market Reference Index (e.g., S&P 500) in Q4 -10%
Market Adjustment Implied Appreciation/Depreciation of NAV in Q4 $ (12.00) (6%)

| Cash and Market-adjusted NAV (12/31) | $108.00 54%
Step 3: Fees & Expenses - Fees and Expenses in Q4 $(0.25) (0.125%)

_ Implied NAV (12/31) $107.75 53.875%

Source: PMA. For illustrative purposes only.

8  Daily Valuation of Alternative Assets in DC Plans: A Framework for Plan Sponsors and Industry Stakeholders, February 2021.

9 According to FASB ASC 820. See Appendix for details. LPs could also incorporate discussions with the GP about their expectations of changes in the fair values of
NAYV as of the current measurement date.

10 In this example and all other analysis, we assume all cash flows occur at the beginning of a quarter. In Appendix Figure A5, we also show results assuming cash flows
occur at the end of each quarter. Overall, the results exhibit similar patterns to those assuming cash flows occur at the beginning of a quarter.

11 Public market return is often adjusted based on the fund’s historical returns relative to the index, e.g., using estimated beta of fund returns on index returns.
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Accuracy of LP NAV Estimation

How well have the three LP estimation methods estimated NAVq? Our sample includes all quarterly periods for North American
buyout funds with a vintage year between 2000 and 2022 (inclusive). For each vintage, we collect quarterly, pooled NAVs from

Q1 2004 to Q3 2022, if available. During early years of a fund’s life, the NAV as a percentage of total commitments is relatively
small while capital calls are significant. Any forward-looking NAV estimator based on the prior quarter’s NAV may be particularly
misleading. To mitigate this issue, we exclude the first 3y of data for each vintage year. Finally, we exclude data for each vintage after
year 12 as PE funds typically have a life cycle of about 10-12y and there is generally little change in NAV afterwards.'

A Note on Methodology

We measure estimation errors either at the pooled vintage level NAV (a NAV weighted by the commitment amounts of all funds

in a vintage) or pooled across multiple vintages. This vintage(s)-level approach means that individual fund estimation errors may
offset other fund errors.

In practice, LPs generate NAV estimates at the fund level. For LPs with relatively few funds, their estimation errors may likely be

larger than what is reported below. The results of our approach are likely more informative for LPs with many fund investments
in a given vintage year.

Figure 3 illustrates the relationship between GP-supplied NAVs (NAVg, dark blue), LP-estimated NAVs (ﬁq, light blue) and net
cash flows (gold bars, with positive bars representing cash flows from LPs to GPs). Figure 3 shows data for a single vintage (2010) using
the three estimation methods. Overall, except for M3, Figure 3 suggests that LP-estimated NAV's generally do not deviate significantly
from GP-supplied NAVs. We note, however, that large deviations do occur.

Figure 3: GP-supplied NAVs, LP-estimated NAVs and Net Cash Flows

(Buyout, 2010 Vintage)
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Note: The GP-supplied NAV for the indicated quarter is the NAV that the GP supplies after that quarter end. In this chart, we show results over the entire 12y lifespan for the 2010 vintage. In all other analysis, we exclude data for the 3 full years after the inifial
year (investment period) for each vintage where large capital calls disproportionately influence a fund's NAV. As a result, vintages 2019 to 2022 are excluded. Source: Burgiss, Datastream, PMA. As of 30 September 2022. For illustrative purposes only.

Wee first calculate the arithmetic mean and volatility of quarterly percentage errors (error as a % of NAVy) over the lifetime of a vintage.
Here, for a given vintage, we allow a positive error in one quarter to offset a negative error in another quarter. We then take the average
of the mean percentage error and volatility across all vintages. Figure 4 shows a noticeable variability in the average errors and volatility
across different vintages. For example, the mean error is -0.02% for the 2014 vintage vs. 6.04% for the 2004 vintage. While the
magnitude of the average errors varies across vintages, the average error for M3 across all vintages tends to be notably smaller than for

M1 and M2, indicating that M3 has come closer to the GP-supplied NAV, than M1 and M2, on average.

12 While the majority of private capital funds have a 10-12y term, it is worth noting that many funds take longer to fully liquidate. A portion of the NAV at the end
of a 12y period may be categorized as “zombie” assets. These assets can linger for extended periods and may not eventually liquidate at the price indicated by the
GP’s NAV. LPs should be aware of the possibility of write-downs and approach NAVs with an understanding of the dynamics of “zombie” assets and the potential
discrepancies between GP valuations and actual liquidation values.
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Also, we note that the average error for M2 (-3.29%) and M3 (-2.11%) are both negative (i.e., @q is smaller than NAVg). For M2,
this might be because this method does not account for any appreciation over the reporting period of the underlying fund investments.
For M3, which does account for any public market appreciation over the reporting period, the negative (and smaller) mean error might
be driven by not accounting for the GP’s alpha (private equity return in excess of the public market return).

Figure 4: Average Quarterly Percentage Error (Mean & Volatility), by Vintage, by Method, in %
(Buyout, All Vintages (2000-2018), Market Proxy: S&P 500)

e B B S B T NS BT

2000 3.65% 8.37% -3.23% 5.73% -2.55% 5.78%
2001 3.02 6.40 -3.57 6.26 -2.31 792
2002 3.66 8.70 -2.88 5.55 -1.51 5.79
2003 3.84 7.83 -2.33 6.05 -1.35 5.63
2004 604 756 -1.34 4.79 -0.13 5.7
2005 5.46 799 -2.84 2.47 0.24 5.28
2006 4.86 782 -2.41 4.30 -0.19 4.13
2007 2.89 4.93 -2.84 2.57 -0.20 4.36
2008 3.63 750 -2.55 5.26 0.43 4.55
2009 4.02 7.39 -3.96 4.45 -0.65 5.17
2010 2.61 6.01 -3.64 3.26 -1.68 5.96
201 2.22 781 -4.02 5.74 -2.34 4.70
2012 1.88 6.79 -3.92 5.13 -1.88 5.57
2013 0.13 772 -3.66 6.03 -1.73 4.85
2014 -0.02 750 -4.39 6.21 -2.91 6.01
2015 -054 77 -4.39 5.46 -2.00 6.88
2016 -1.16 6.60 -4.92 6.91 -4.05 6.14
2017 2.7 6.64 -6.07 6.30 -6.78 4.45
2018 0.65 0.97 0.38 1.53 -8.61 5.33
Mverage 232 693 329 495 211 549

Note: The mean percentage error is the simple average of quarterly estimation errors by vintage. The error volatility is the standard deviation of the quarterly estimation errors, by vintage. We exclude data for the 3 full years after the initial year
(investment period). As a result, vintages 2019 to 2022 are excluded. This applies to all the following analysis unless otherwise specified. Source: Burgiss, Datastream, PMA. As of 30 September 2022. For illustrative purposes only.

However, a simple average is not an accurate representation of the estimation error experienced by LPs. For example, if we underestimate
by -10% in one quarter and overestimate by 10% in the following quarter, the simple average of the two quarters would be 0%, but
this would not be considered a reliable estimation method. Consequently, we use the Mean Absolute Percentage Error (MAPE),
the average absolute discrepancy between @q and NAVq as a percent of NAVy, to compare the estimation accuracy of the three
methods. Since MAPE takes the absolute value of each percentage error before averaging, it captures the magnitude of all errors
without allowing errors of opposite signs to offset each other.

MAPE = (2F) x $1_, (I(NAV, - NAV,) + NAV,]) 4
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Figure 5 (panel 5a) compares the performance, not controlling for the age of a vintage since its initial year (“vintage age”), across the
three methods during all quarterly perlods from Q1 2004 to Q3 2022. Across all ages (> 3y), M3 has the lowest MAPE (4.45%),

which implies that the LP-estimated NAVq using this method has been the closest to the subsequently-reported GP-supplied NAVg,
followed closely by M2 (4.81%) and then M1 (6.09%). This suggests that adjusting the prior quarter’s GP-supplied NAV for public

market movements would have only modestly improved LP estimation accuracy.

A MAPE of 6.09% means that, on average, the LP-estimated ﬁq deviates from GP-supplied NAVq by 6.09% of NAVq. In

a portfolio context, given, say, a 20% portfolio allocation to private equity, a 6.09% MAPE corresponds to an average absolute
error of 1.2% of the total portfolio value. In this context, the 36bp difference between M2 and M3 errors (i.e., 4.81% - 4.45%)
may translate to an average absolute error of 7bp of the total portfolio value.

Controlling for Public Market Movements

How does LP estimation accuracy depend on the public market environment? For example, does M3 (i.e., rolling forward) perform
better during periods of large public market movements? Panel 5b focuses on quarterly periods with significant public market
movements which we define as quarters where S&P 500 Price Return Index returns exceeds + 10%. Surprisingly, M2 had the
smallest MAPE (6.29%) and M3 — which rolls forward with market movement — had a larger MAPE (7.85%). In other words, during
periods of significant public market movement, up and down, M3 results in larger deviations from NAVq compared to M2 (and even
compared to M1 which makes no adjustments to the previous quarter’s GP-supplied NAVs). M2’s relative outperformance was driven
by performing much better during down-markets compared to the other two methods (panels 5¢ and 5d).

Notably, M3, not adjusting for vintage age, exhibits a larger MAPE in down-markets (11.00%) vs. up-markets (5.96%) driven by

the large negative errors (MAPE = 11.20%) in down-markets vs. the positive errors (MAPE = 6.41%) in up-markets. These results
suggest that, although LPs may feel under pressure to mark down their private assets during significant public down-markets (using
M3), this has resulted in larger errors since GPs do not mark down their NAVq pari passu with the public markets. Why might this be
so? The public return may be more volatile than private market valuation due to behavioral biases. In addition, GPs may argue that
their investments are more resilient during economic downturns thanks to their active engagement with the portfolio companies to
constantly streamline operations and improve profitability. And, perhaps, GPs may be slow to decrease valuations to please LPs."?

Figure 5: Average Absolute Quarterly Percentage Errors (MAPE), in %
Not Controlling for Vintage Age

(Buyout, All Vintages (2000-2018), Market Proxy: S&P 500)

5h 5¢ 5d
Volatile Periods with at least UP Periods with DOWN Periods with
+10% Public Return +10% or better Public Return -10% or worse Public Return

5a
All Quarterly Periods

Method Positive | Negative Positive | Negative Positive | Negative Positive Negative
MAPE MAPE MAPE MAPE MAPE MAPE MAPE MAPE

6.09% 7.23% 4.09% 6.90% 8.75% 4.09% 4.71% 5.23% 433% 10.55%  11.47% 1.66%

M2 4.81 4.64 4.85 6.29 762 5.70 6.16 NM* 6.16 6.49 762 1.66
M3 4.45 4.09 4.67 785 6.33 9.90 5.96 6.41 1.42 11.00 NM* 11.20

Note: All quarterly periods from Q1 2004 to Q3 2022. We exclude data for the 3 full years after the initial year (investment period) for each vintage. As a result, vintages 2019 to 2022 are excluded. NM* stands for not enough data points to be a
meaningful measure. Positive MAPE: Refers to the MAPE calculated using only those instances where the errors are positive. Negative MAPE: MAPE calculated using only those instances where the errors are negative. Source: Burgiss, Datastream,
PMA. As of 30 September 2022. For illustrative purposes only.

13 See G. Brown, et al. (2013).
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Since M2 exhibits primarily positive errors in down-markets, this can help mitigate the overall volatility of the CIO’s total portfolio,
but at the expense of exacerbating the denominator effect. In contrast, M3 which exhibits negative errors in down-markets, the
denominator effect is dampened, but likely with higher overall portfolio volatility compared to M2.

During significant public market movements, M2 yields the best estimates of GP-supplied NAVs while M3, which incorporates
market movement, results in the largest deviations, especially during down-markets.

Controlling for Vintage Age

Since age can significantly inﬂueﬁi the characteristics and performance of fund investments, Figure 6 shows the average quarterly
percentage estimation error (= (NAVq - NAVg) / NAV) for the three methods, by a vintage’s age since its initial year age, averaged
across all vintages from 2000 to 2020. On average, M1 tends to underestimate NAVqearlier in a vintage's life, especially in the first
three years. By age 5y the sign of the error flips likely due to M1 ignoring the net positive cash flows into the fund which add to NAVq
up to the end of the investment stage. Thereafter, M1 ignores the distributions resulting in an overestimation of NAVq

M2 tends to underestimate NAVq over the entire 12y life of a fund, with negative errors peaking by age 4y. In other words, M2 mq
tends to be lower than NAVq over a fund’s life.

In contrast, M3 tends to overestimate NAVq in a vintage’s first year and slightly underestimates NAVq up to year 11. Of the three
methods, after age 3y M3 hovers closest to the zero line indicating the lowest average deviations from the GP-supplied NAV.

Controlling for age and conditioning on up- and down-markets, we also plot errors against age to observe the relationship more
directly between LP NAV estimation errors and vintage age. For M2, the magnitude of positive estimation errors in down-markets
(panel 7b) is substantially larger than that of the negative estimation errors in up-markets (panel 7a). However, the magnitude of the
errors declines slightly with vintage age during these volatile market periods. For M3, the magnitude of negative estimation errors in
down-markets (panel 7b) is larger than that of the positive estimation errors in up-markets (panel 7a). Again, during periods of large
public market moves, the errors decline only slightly with age.'

Figure 6: Average Quarterly Percentage Error, in %, by Vintage Age
(Vintages 2000 to 2022)

= Mi - M2 M3

Average Quartely Percentage Error (in%)

0 2 4 6 8 10 12
Age (years)

Source: Burgiss, Datastream, PMA. As of 30 September 2022. For illustrative purposes only. In this chart, we show results over the entire 12y lifespan for each vintage. In all other analysis, we exclude data for the 3 full years after the initial year
(investment period) for each vintage. As a result, vintages 2019 to 2022 are excluded.

14 A confounding factor for this exercise is that the different vintage age groups may have experienced different market cycles. These variations in market conditions
may impact the results.
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Figure 7: Quarterly Percentage Errors vs. Vintage Age, in %
(Buyout, All Vintages (2000-2018), Market Proxy: S&P 500)

7a: UP Periods with +10% or better Public Return 7h: DOWN Periods with -10% or worse Public Return
M2 M3 M2 M3
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Note: All quarterly periods from Q1 2004 to Q3 2022. We exclude data for the 3 full years after the initial year (investment period) for each vintage. As a result, vintages 2019 to 2022 are excluded. Source: Burgiss, Datastream, PMA. As of 30
September 2022. For illustrative purposes only.

M2 displays large positive errors in down-markets, whereas M3 exhibits negative errors.

Figure 6 indicates that M2 and M3 estimation errors gradually decline with a vintage age. Figure 8 shows the MAPE — our measure of
estimation accuracy — for three age groups (3-6y, 6-9y and 9-12y). While the error gets larger with age for M1, for M2 and M3, the
average quarterly absolute percentage error gets smaller. M2 starts at a 5.42% MAPE then decreases to 4.91% and then 3.77%. M3
starts at 4.80% then decreases to 4.35%, and then 4.06%. This might be driven by the dwindling of GP’s alpha (which contributes

to both M2 and M3 errors) with age. Since GPs generate alpha by actively working with portfolio companies to improve operations,
and if operational improvements have a greater impact in the earlier stages of a company’s ownership, then this may explain why
LP-estimation errors tend to decrease with a vintage’s age. Additionally, the reason for shrinking errors could be due to a decrease in
leverage and an increase in the portion of post-IPO public stock in the portfolio as a vintage matures.

Figure 8: Average Absolute Quarterly Percentage Errors (MAPE), in %
Controlling for Vintage Age

(Buyout, All Vintages (2000-2018), Market Proxy: S&P 500)

8a 8h 8c
3<Age<6 6<Age<9 9<Age<12
Method Positive Negative Positive Negative Positive Negative
MAPE MAPE MAPE MAPE MAPE MAPE
4.59% 4.66% 4.56% 5.69% 6.47% 3.16% 8.84% 9.60% 2.40%
M2 5.42 493 5.50 4.91 5.00 4.89 3.77 4.04 3.69
M3 4.80 3.83 5.18 4.35 422 443 4.06 419 3.92

Note: All quarterly periods from Q1 2004 to Q3 2022. We exclude data for the 3 full years after the initial year (investment period) for each vintage. As a result, vintages 2019 to 2022 are excluded. Source: Burgiss, Datastream, PMA. As of 30
September 2022. For illustrative purposes only.
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In Figure 9, we segment the results into different market environments. In up-markets, the error for M2 decreases with age while that
for M3 increases. In down-markets, however, the pattern flips.

Figure 9: Average Absolute Quarterly Percentage Errors (MAPE), in %
Controlling for Vintage Age and Market Returns

(Buyout, All Vintages (2000-2018), Market Proxy: S&P 500)

9h 9c ad
Volatile Periods with at least UP Periods with DOWN Periods with
+10% Public Return +10% or better Public Return -10% or worse Public Return

4.59% 5.69% 8.84% 5.57% 6.90% 9.02% 4.75% 4.43% 5.05% 6.85%  10.98%  16.30%

9a
All Quarterly Periods

M2 5.42 4.91 3.77 6.21 6.39 6.26 6. 61 6.26 5.35 5.57 6.60 792
M3 4.80 4.35 4.06 8.01 777 772 5.53 5.87 6.72 11.91 10.90 9.56

Note: All quarterly periods from Q1 2004 to Q3 2022. We exclude data for the 3 full years after the initial year (investment period) for each vintage. As a result, vintages 2019 to 2022 are excluded. Source: Burgiss, Datastream, PMA. As of 30
September 2022. For illustrative purposes only.

For both M2 and M3, errors tend to decrease as a vintage ages, with distinct patterns in up- and down-markets.

Beta-adjusted Roll Forward

M2 and M3 consistently produce errors of opposite signs in volatile market environments. Since M2 implicitly assumes a beta of 0
between the fund and the public market proxy while M3, the roll forward method, assumes a beta of 1, a better estimator may lie
somewhere between the two. LPs could consider adjusting their public market proxy’s returns based on the historical or assumed
relationship of their PE fund NAVs with the public index as follows:

NAV q= (NAV 41 + Contributions 4 - Distributions g) X (1 + 3 X Public Market Proxy Movementy,) (5)

To identify what would have been the best beta adjustment, we consider a range of betas (from 0 to 1 in 0.1 increments) to the S&P
500 quarterly returns in M3 and compare the MAPEs (Figure 10). In a non-volatile market environment a beta of 0.4/0.5 yields the
lowest error (panel 10a) and the optimal beta decreases slightly with a vintage’s age. With a beta of 0.5, the M3 MAPE decreases to
3.80%, 3.03% and 2.57% (panel 10a) from 4.80%, 4.35% and 4.06% (panel 9a) for the three age groups, respectively.

In a volatile public market, a beta of 0.4/0.5 also yields the lowest errors (panel 10b). The optimal betas are slightly higher in up- vs.
down-markets (panels 10c & 10d). Using a somewhat smaller beta in a down market compared to an up market may further improve
the accuracy of an LP’s estimation approach for NAVj.
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Figure 10; Average Absolute Quarterly Percentage Error with Beta Adjustments (MAPE), in %
(M3, Buyout, All Vintages (2000-2018), Controlling for Vintage Age, Market Proxy: S&P 500)

102 10b 10c 10d
All Quarterly Periods Volatile Periods with at least UP Periods w!th DOWN Periods.with
£10% Public Return +10% or better Public Return -10% or worse Public Return

0.0 (M2) 5.42% 4.91% 3.77% 6.21% 6.39% 6.26% 6.61% 6.26% 5.35% 5.57% 6.60% 792%
0.1 493 4.34 3.30 5.03 5.27 5.05 5.42 5.09 418 4.40 5.56 6.65

0.2 4.53 3.87 293 4.14 4.37 4.07 4.24 412 3.20 ;éé 4.77 5.67
03 419 3.48 2.65 3.45 3.69 3.30 3.08 3.31 2.51 403 432 4.76

04 3.92 3.18 ég5 2ﬁ§;£73 3.19 f;lé 2.23 2.58 2]5 419 4];3 4”4':;
05 380° 303° 257 307 305 335 193 219 263 485 448 469
05 380 304 27 a5 33 386 217 235 305 578 507 534
0.7 3.95 3.23 2.96 4.49 4.20 4.65 2.91 2.99 3.77 6.98 6.19 6.26
08 418 3.54 3.28 5.60 5.27 5.63 3.73 3.84 4.71 8.54 7.61 731

09 4.47 3.92 3.65 6.80 6.48 6.65 4.62 4.80 5.7 10.23 9.25 8.36

1.0 (M3) 4.80 435 4,06 8.01 777 772 5.53 5.87 6.72 11.91 10.90 9.56

Note: All quarterly periods from Q1 2004 to Q3 2022. We exclude data for the 3 full years after the initial year (investment period) for each vintage. As a result, vintages 2019 to 2022 are excluded.
Source: Burgiss, Datastream, PMA. As of 30 September 2022. For illustrative purposes only.

LPs could consider using a beta adjustment to minimize quarterly roll-forward (M3) errors.

A beta of ~0.5 yields the lowest M3 estimation errors.

Controlling for Fund Size

Next, Figures 11 and 12 segment each vintage by fund size creating for each vintage year a “small-size fund” group (containing only
funds < $1.5b) and a “large-size fund” group (> $1.5b). Panel 11a shows that for small funds M2 achieved the smallest estimation
error across age groups, suggesting that adjusting the prior GP-supplied NAV for only interim cash flows might be the best LP NAV
estimator for smaller funds. For larger funds, however, panel 12a shows that M3 has the smallest MAPE among the three methods,
across the age groups.

We also examine the performance of the three methods for both smaller and larger funds in periods of significant market volatility.
During these volatile periods, M2 again yields the lowest MAPE for smaller funds while M3 again produces the lowest MAPE for
larger funds (panels 11b and 12b). In fact, for smaller funds, M3 exhibits the largest error of all three methods in volatile markets.
This difference in the lowest MAPE method between larger and smaller funds could be driven by the fact that larger funds may tend
to invest in larger and more mature portfolio companies which see more comparable transactions in the public market compared to
smaller companies. Both larger and smaller funds tend to exhibit larger errors in down- vs. up-markets. Overall, both M2 and M3
errors tend to decrease with age.
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Figure 11: Average Absolute Quarterly Percentage Errors for Smaller Funds (MAPE), by Vintage Age, in %
(Buyout, Constrained to Funds Less Than $1.5b)

11b 11c [ [i}
Volatile Periods with at least UP Periods with DOWN Periods with
+10% Public Return +10% or better Public Return -10% or worse Public Return

4.06% 5.25% 8.16% 4.28% 6.05% 6.95% 4.54% 4.33% 4.64% 3.87% 8.89% 11.20%
M2 5.09 4.37 3.78 4.97 4.86 4.95 5.72 5.00 4.91 3.79 4.61 5.01
M3 5.39 5.29 4.76 9.79 9.72 9.50 6.70 7.30 753 14.64 13.71 13.12

1a
All Quarterly Periods

Note: All quarterly periods from Q1 2004 to Q3 2022. We exclude data for the 3 full years after the initial year (investment period) for each vintage. As a result, vintages 2019 to 2022 are excluded. Source: Burgiss, Datastream, PMA. As of 30
September 2022. For illustrative purposes only.

Figure 12: Average Quarterly Percentage Errors for Larger Funds (MAPE), by Vintage Age, in %

(Buyout, Constrained to Funds Greater Than $1.5h)

12b 12¢ 12d
Volatile Periods with at least UP Periods with DOWN Periods with
+10% Public Return +10% or better Public Return -10% or worse Public Return

Method (3<Age<6) | (6<Age<9) [ (9<Age<12) | (3<Age<B) | (6<Age<9) | (9<Age<12) | (3<Age<6) | (6<Age<9) | (9<Age<12) | (3<Age<6) | (6<Age<9) | (9<Age<12)

5.06% 6.33% 11.54% 6.02% 8.57% 14.25% 5.18% 5.35% 772% 742%  1468%  21.59%
M2 5.64 5.51 4.26 6.53 8.40 8.41 710 7.51 6.18 5.57 10.08 10.91
M3 4.63 3.77 4.23 745 6.21 6.60 5.13 4.76 5.52 11.32 8.97 781

12a
All Quarterly Periods

Note: All quarterly periods from Q1 2004 to 03 2022. We exclude data for the 3 full years after the initial year (investment period) for each vintage. As a result, vintages 2019 to 2022 are excluded. Source: Burgiss, Datastream, PMA. As of 30
September 2022. For illustrative purposes only.

For smaller funds (< $1.5b), M2 has the smallest estimation error across vintage age groups, while for larger funds (> $1.5b), M3 is
more accurate. In volatile periods, M2 again performs best for smaller funds, whereas M3 is generally better for larger funds.

n-Quarter Estimation Errors

While quarterly estimation errors are important, a CIO will generally adopt a consistent approach for all quarters. Consequently, we
examine n-quarter cumulative estimation errors (the sum of errors over n-consecutive quarters from q to q+n) to smooth out short-
term noise where the public market proxy moves sharply but may subsequently reverse. While the average quarterly absolute error is a
good performance metric for an estimation method, CIOs may also want to know if their NAV estimator consistently over- or under-
estimates the GP-supplied NAV. A small n-quarter estimation error suggests that the CIO’s estimation has little directional bias.

We measure the value of the n-quarter cumulative estimation error beginning with each quarter of a vintage’s lifetime (Equation 6).
Note that for the n-quarter cumulative estimation error the positive errors in one period are offset by negative errors in another.

. , , I (NAV;- NAV)
n- Quarter Cumulative LP- Estimation Error = - ——~————
(BT NAV; )+ (n+1)

(©6)
Figure 13 presents the distribution of the n-quarter estimation errors for M2, M3 and M3 with a 0.5 beta adjustment (“M3-0.5”). For
all quarterly periods (Figure 13a), the magnitude of the n-quarter cumulative estimation error increases with n for M2, M3 and M3-
0.5. This is consistent with the non-zero average quarterly errors shown in Figure 4. Since quarterly errors do not average out to zero,

meaning that there is a slight bias in the quarterly errors in both M2 and M3, the n-quarter cumulative error becomes more negative
as n grOWS.
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Compared to M2 and M3-0.5, M3 has a wider IQR for the 1-q results but exhibits similar IQR thereafter. However, M3’s median
n-quarter estimation errors stay the closest to the 0 line over the n-quarter horizon. This means that M3 estimates hover closest to the
GP-supplied NAV, indicating a smaller estimation bias 5. M2 over time.

Importantly, the n-quarter error does not increase linearly with n for M3. In other words, the average absolute error per quarter
declines. This suggests that errors in the first quarter are offset, to some degree, in the following quarter(s). The observation that
the n-quarter cumulative estimation error for M2 increases at a faster rate compared to M3 is consistent with the fact that M2 ignores,
on average, any market return each quarter, whereas M3, on average, only ignores any incremental private market return above the
public return (i.e., GP alpha).

Given that M2 and M3 have similar quarterly MAPEs (Figure 5) and M3 has a smaller cumulative error (Figure 13a), M3
might be considered the better approach for CIOs who adopt a single LP-estimation method over time.

This finding becomes more compelling starting with a quarter with heightened market volatility. In these periods, M3 starts with a
bigger median error for the initial quarter, but stays relatively flat or even decreases as n increases (Figures 13b & 13c¢). To the extent
that large public market moves tend not to repeat in subsequent quarters (and may even reverse a bit), GPs eventually tend to catch
up and reflect the large public market move. In other words, a positive error is likely offset by a negative error and vice versa on a
cumulative basis. Consequently, M3’s cumulative estimation error flattens out over time. In contrast, since M2 never captures the
public market movement its n-quarter cumulative error continues to rise.

Figure 13: Mean Absolute Cumulative Percentage Error over n-Consecutive Quarters (M2 & M3), in %
Not Controlling for Vintage Age

(Buyout, All Vintages (2000-2018), Market Proxy: S&P 500)

13a: All Consecutive Quarterly Periods

M2 M3 M3 (with 0.5 Beta)
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M2 M3 M3 (with 0.5 Beta) M2 M3 M3 (with 0.5 Beta)
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Note: The box extends from the lower to upper quartile values of the data, with a line at the median. The whiskers extend from the hox to show the range of the data, i.e, 1.5 * IR (the interquartile range (03-Q1)). The upper whisker will extend to last datum
less than Q3 +1.5 x 1QR. Similarly, the lower whisker will extend to the first datum greater than Q1 - 1.5 % 1R, Beyond the whiskers, data are considered outliers and are not shown. All quarterly periods include periods from Q12004 to 03 2022. We are
omitting the last four quarters worth of data for each vintage where five consecutive quarter data are not available. Source: Burgiss, Datastream, PMA. As of 30 September 2022. For illustrative purposes only.
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When considering cumulative errors across multiple consecutive quarters, M3 consistently displays a smaller cumulative total
error over multiple quarters compared to M2.

A Year-end Effect?

Fund valuations are usually audited once a year — typically at calendar year end. We explore whether this timing affects GPs’ reporting
processes and, in turn, affects the accuracy of LP NAV estimation approaches. Jenkinson ez 2/ (2013) note that NAVs tend to experience
an upward correction at year end. We explore this effect by comparing the results between year-end and non-year-end quarters.

The MAPESs for M1 and M2 in year-end quarters are larger than in the other quarters. In contrast, M3 has the smallest MAPE

in year-end quarters. This suggests that adjusting for market movements improves LP-estimation accuracy during the 4™ quarter

where the year-end auditing process may prompt GPs to update fund values to reflect pertinent information from the public market
environment. Since M2 does not adjust for market movement while the year-end GP-supplied NAV may do so, this could explain why
M2 sees much larger MAPEs in year-end quarters (panel 14b) while there is no such pattern during non-year-end quarters (panel 14c).

Year-end audits may influence fund valuations, with M1 and M2 showing larger estimation errors during this period. However,
M3, which adjusts for market movements, proves more accurate as GP year-end valuations may update to the public market
environment.

Figure 14: Average Absolute Quarterly Percentage Errors (MAPE), by Vintage Age, in %

(Buyout, Year-end Periods vs. Non-year-end Periods, Vintages 2000-2018, Market Proxy: S&P 500)

14a 14b 14¢
(All Quarterly Periods) (Year-end Periods) (Non-year-end Periods)

(3<Age<B) | (6<Age<9) | (9<Age<12) | (3<Age<B) | (6<Age<9) | (9<Age<12) | (3<Age<B) | (6<Age<9) | (9<Age<12)

M1 4.59% 5.69% 8.84% 5.25% 6.74% 12.14% 4.39% 5.36% 783%
M2 5.42 4.91 3.77 7.36 5.46 4.70 4.81 4.74 3.48
M3 4.80 4.35 4.06 4.53 4.27 4.4 4.88 4.38 3.96

Note: All quarterly periods from Q1 2004 to 03 2022. Year-end periods include year end (04) periods from 04 2004 to 04 2021. Source: Burgiss, Datastream, PMA, As of 30 Septemher 2022. For illustrative purposes only.

Selection of the Market Proxy

The industry sector distribution of PE portfolio companies may be different than the sector distribution in public equity indices. For
example, Communication Services, Financials, Utilities and Real Estate are heavily represented in the S&P 500, while sectors like
Industrials, Information Technology and Consumer Discretionary are more prevalent in PE funds (Figure 15).

Instead of using the S&P 500 as the proxy public benchmark, LPs could use a custom sector-matching index based on the industry
composition of the private equity market or their own fund holdings. Perhaps M3 estimation errors can be reduced using this sector-
matching index, although the correlation between the quarterly price returns of the S&P 500 and the sector-matching index has been
0.98 since Q1 2000 (panel 15¢).
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Figure 15: Comparing PE & S&P 500 Sector Weights

15a: US PE Sector Weights
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Source: Pitchbook, PMA. As of 31 March 2021. For illustrative purposes only. Note: B2B in Pitchbook is mapped to GICS level 1 sector industrials and B2C is mapped to consumer discretionary and consumer staples. Other sectors including utilities and real
estate lack representation in the North American PE market and are not accounted for in this analysis.

In both normal and volatile market environments, the sector-matching index does not improve M3’s MAPE compared to the S&P 500
proxy (Figure 16 vs. Figure 9), suggesting that sector weights may not be a key factor driving LP-estimation errors."

Figure 16: Average Absolute Quarterly Percentage Errors (MAPE), by Vintage Age, in %

(Buyout, All Vintages (2000-2018), Market Proxy: A Sector-Matching Index)

16h
Volatile Periods with at least UP Periods with DOWN Periods with
+10% Public Return +10% or better Public Return -10% or worse Public Return

Method (3<Age<B) | (6<Age<9) [(9<Age<12)| (3<Age<6) | (<Age<9) | (9<Age<12)| (3<Age<6) | (6<Age<9) [(9<Age<12)| (3<Age<B) | (6<Age<9) |(9<Age<12)

16¢c 16d

16a
All Quarterly Periods

4.59% 5.69% 8.84% 5.57% 6.90% 9.02% 4.75% 4.43% 5.05% 6.85% 10.98%  16.30%
M2 5.42 491 3.77 6.21 6.39 6.26 6.61 6.26 5.35 5.57 6.60 792
M3 4.96 4.64 4.20 8.74 8.53 8.23 6.05 6.49 708 12.96 11.90 10.33

Note: All quarterly periods from Q1 2004 to 03 2022. Source: Burgiss, Datastream, PMA. As of 30 September 2022. For illustrative purposes only.

15 For this exercise, we also used Russell 2000 and several listed PE indices including the LPX50 Listed Private Equity, the Thomson Reuters PE Buyout Index, the
SummerHaven PE Strategy Index and the S&P Listed PE Index. None of them meaningfully improve the results compared to the S&P 500.
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A Portfolio Perspective: Errors Pooled across Vintages

So far, we have examined estimation errors at the vintage level. However, errors in each quarter may vary from one vintage to another.
Since LPs often hold diversified PE portfolios across multiple vintages, estimation errors may be smaller at the portfolio level than at
the vintage level.

We assume a portfolio pooled across a few nearby vintages (2010, 2011 and 2012, equally weighted) and perform the same analysis for
each LP-estimation method. We also compare the results with a single vintage (2010). For the diversified vintage portfolio, M3 again
exhibits the lowest MAPE (panel 17a) across the three age groups (using the average age for the multiple vintage portfolio). However,
Figure 17 shows that except for the young age group there is no general error diversification benefit at the portfolio level (at least for
this portfolio of vintages) - M3 MAPE:s are not uniformly lower across age for the portfolio compared to the single 2010 vintage
(panel 17b). This is perhaps attributable to M3 using the same public market adjustment (a common factor adjustment) for the NAV
estimate which dampens any portfolio diversification benefit.

Figure 17 - Average Absolute Quarterly Percentage Errors (MAPE), in %
(Buyout, Pooled across Three Vintages: 2010, 2011 and 2012 vs. a Single Vintage: 2010, 04 2012 - 03 2022)

17a 17b
(Diversified Vintages) (Single Vintage)

m (3<Age<6) (6<Age<9) (9<Age<12) (3<Age<6) (6<Age<9) (9<Age<12)

1.34% 5.59% 6.03% 4.85% 5.69% 5.64%
M2 4.87 6.01 4.63 3.27 413 5.29
M3 2.07 4.94 4.93 2.35 4.28 6.25

Source: Burgiss, Datastream, PMA. As of 30 September 2022. For illustrative purposes only.

LP NAV Estimation - Private Real Estate

LPs face similar challenges in reporting up-to-date NAVs for private real estate (RE) investments. We extend our analysis to private RE
using NAREIT (National Association of Real Estate Investment Trusts) as the public market proxy.

Unlike for PE (Figure 5) where M3 exhibits the lowest MAPE over all quarterly periods, for private real estate M3 exhibits the highest
MAPE, in all different market environments (Figure 18). Specifically, M3 overestimates NAVq in down-markets more so than it

underestimates NAVq in up-markets as suggested by the larger negative errors compared to positive ones (Figure 19). Also, compared
to PE the errors for RE in down-markets are much larger (panel 19b). Overall, the M3 MAPE: for RE are almost 2x than for PE
(8.03% vs. 4.45%).

Figure 18 : Average Absolute Quarterly Percentage Errors (MAPE), in %

(Real Estate, All Vintages (2000-2018), All Quarterly Periods (Q1 2004- 03 2022), Market Proxy: NAREIT)

18b 18¢ 18d
(Volatile Periods with at least (UP Periods with + (DOWN Periods with
+10% Public Return) 10% or hetter Public Return) -10% or worse Public Return)

18a
(All Quarterly Periods)

Positive | Negative Positive | Negative Positive | Negative Positive | Negative
MAPE MAPE MAPE MAPE MAPE MAPE MAPE MAPE

6.45% 749% 3.05% 720% 8.67% 2.70% 5.39% 6.72% 2.54% 9.90%  10.98% 3.32%

M2 3.77 4.87 3.40 4.94 6.85 3.67 4.54 5.54 413 5.55 785 2.54
M3 8.03 8.28 7.81 15.87 13.90 18.84 13.90 13.90 NM* 18.84 NM* 18.84

Source: Burgiss, Datastream, PMA. As of 30 September 2022. For illustrative purposes only. NM* = not enough data to be a meaningful measure.
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Figure 19: Quarterly Percentage Errors (M3) vs. Age, in %
(Real Estate vs. Buyout, All Vintages (2000-2018), Market Proxy: S&P 500 for PE and NAREIT for RE)

19a; UP Periods with +10% or better Public Return 19b: DOWN Periods with -10% or worse Public Return
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Source: Burgiss, Datastream, PMA. As of 30 September 2022. For illustrative purposes only.

As for PE, we seck a beta to minimize the M3 (roll forward) estimation error (MAPE) for private RE. We apply betas from 0 to 1 (in
0.1 increments) to the NAREIT index quarterly returns (Figure 20). We find that a beta of 0.1 yields the lowest MAPE (3.64%) which
is only slightly smaller than that for M2 (3.77%) which makes no public market adjustment (i.c., equivalent to a beta of 0). In other
words, quarterly GP-supplied NAVgs do not mimic quarterly changes in the public real estate market.

n-Quarter Estimation Errors for Private Real Estate

Figure 21 shows the n-quarter cumulative NAV estimation errors for private real estate using M2, M3 and M3 with a 0.1 beta adjustment
(“M3-0.17). Unlike for PE where M3 exhibits an error range like the other two methods, for private RE M3 shows a much wider IQR
range. In other words, the M3 errors are more spread out from the median compared to the errors for the other two methods.

In periods starting with a quarter of heightened market volatility (panels 21b & 21c in Figure 21), the M3 median cumulative error
deviates further away from the 0 line as n increases. Given that M3 has much larger quarterly MAPE compared to M2, 8.03% us.
3.77% (panel 18a) and M3 has a larger cumulative error over time, M2 might be considered the better approach for private RE.

Figure 20: MAPE with Beta Adjustments, in %
(Real Estate, All Vintages (2000-2018), All Quarterly Periods (Q1 2004- 3 2022), All Funds, Market Proxy: NAREIT)
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Source: Burgiss, Datastream, PMA. As of 30 September 2022. For illustrative purposes only.
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Figure 21: Mean Absolute Cumulative Percentage Error over n-Consecutive Quarters (M2 & M3), in %

21a: All Quarterly Periods
M2 M3 M3 (with 0.1 Beta)
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Note: The hox extends from the lower to upper quartile values of the data, with a line at the median. The whiskers extend from the box to show the range of the data, their 1.5 = IR (the interquartile range (03-01)). The upper whisker will extend to last
datum less than Q3 + 1.5 = IQR. Similarly, the lower whisker will extend to the first datum greater than Q1 - 1.5 x IR, Beyond the whiskers, data are considered outliers and are not shown. All quarterly periods include periods from Q1 2004 to 03 2022.
Source: Burgiss, Datastream, PMA. As of 30 September 2022. For illustrative purposes only.

A Year-end Effect for Real Estate?

In contrast to private equity, M3 for private RE has larger MAPEs at year-end periods (Figure 22). This might be explained by
valuation practice differences between RE and PE. For PE, the GP valuation process has access to observed public market movements
(i.e., “transactions”) as well as updated financial data (e.g., earnings). However, real estate valuations may have fewer, if any, observed
transactions to rely on. In other words, without transactions, real estate valuations may hold steady.

Figure 22: Average Absolute Estimation Errors (MAPE), in %
Year-end Periods vs. Non-year-end Periods

(Real Estate, Vintages 2000-2018; Market Proxy: NAREIT)

22a 22b 22c
(All Quarterly Periods) (Year-end Periods) (Non-year-end Periods)
Method Positive MAPE | Negative MAPE Positive MAPE | Negative MAPE Positive MAPE | Negative MAPE
M1 6.45% 7.49% 3.05% 8.76% 9.84% 4.67% 5.69% 6.69% 2.56%
M2 3.77 4.87 3.40 5.62 8.57 4.62 3.15 3.62 3.00
M3 8.03 8.28 781 8.29 8.96 7.69 794 8.05 785

Note: All quarterly periods from Q1 2004 to Q3 2022. Year-end periods include year end (04) periods from Q4 2004 to 04 2021. Source: Burgiss, Datastream, PMA. As of 30 Septemher 2022. For illustrative purposes only.
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Unlike for private equity, the roll forward NAV estimation method (M3) consistently yields large errors for private real estate.

CI0 Takeaways

For private equity, to roll (M3) vs. not to roll forward (M2) for LP NAV estimation may exhibit similar average results on a quarterly
basis, but the choice of whether or not to roll forward involves some tradeoffs.

During volatile quarterly periods, M2 produces estimates slightly closer to subsequently-reported GP-supplied NAVs. Interestingly,
the roll forward method which accounts for public market movement (M3), often deviates more from GP-supplied NAVs in volatile
markets, especially during market downturns. Moreover, we find that estimation errors are a function of a vintage’s age. Both methods
display diminishing errors as vintages age, but they exhibit distinct patterns during up- vs. down-markets.

To improve NAV estimates, LPs might consider a beta adjustment when rolling forward. We find a beta of approximately 0.5 (midway
between rolling forward and not rolling forward) to be the most effective in minimizing quarterly roll forward estimation errors.

The size of funds also plays a role in the effectiveness of the various estimation methods. For funds smaller than $1.5 billion, not rolling
forward consistently outperformed rolling forward across different age groups. In contrast, for funds larger than $1.5 billion, rolling
forward has proven to be the better method, especially in volatile markets.

Since CIOs may need to select one approach over time, we expand the analysis to examine cumulative consecutive quarterly errors. Rolling
forward proves to be a clear winner, displaying consistently smaller cumulative errors over multiple quarters than not rolling forward.

The year-end audit cycle further complicates fund valuation estimation. In these periods, rolling forward proves more accurate in year-end
periods likely because it aligns more closely with GPs’ year-end valuations processes that may reflect the public market environment.

Unlike for PE, M3 consistently lags the other two methods for private real estate NAV valuations. This is probably driven by the
intrinsic differences in the valuation processes between the two asset classes. Private RE primarily hinges on transaction-based
valuations, while PE is more responsive to market changes and new financial data. Notably, for RE, a beta of 0.1 appears to minimize
the estimation error (effectively, not rolling forward). Also, unlike for PE, the M3 method for RE has not been a superior estimation
method over multiple consecutive quarters.

For a CIO, the right approach may rest on the asset type, market environment, fund characteristics and investment goals. While many
factors are at play, our results may help support the CIO’s decision.
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Appendix

Al. Rules and Guidelines Regarding PE Valuation - A Review

Private equity firms and independent valuation services in the US rely upon self-regulatory organizations such as the International
Private Equity Valuation (IPEV) board and the Institutional Limited Partners Association (ILPA) for guidance on the valuation
of private assets. These groups offer a set of best practices that align with widely recognized accounting principles, notably the
International Financial Reporting Standards (IFRS) and US Generally Accepted Accounting Principles (GAAP).'¢

LPs have financial reporting requirements and fiduciary duties to calculate and report investments at “fair value.” The IPEV Guidelines
set forth several valuation methodologies for deriving the “fair value” of private funds ranging from comparable transactions and
discounted cash flows to publicly traded benchmarks. However, the Financial Accounting Standards Board (FASB) places the focus of
“fair value” on the exit value, or the expected proceeds from the sale of a given asset.

This section summarizes our understanding of the rules and methodologies that LPs can use to estimate the NAVs of their PE holdings
according to US regulatory guidelines.

Fair Value Definition

GAARP is a set of accounting standards and guidelines used in the US established by the FASB. Fair value is defined under GAAP
within its Accounting Standards Codification (ASC) Topic 820, “Fair Value Measurement.” ASC Topic 820 defines fair value as the
price that would be received to sell an asset or paid to transfer a liability in an orderly transaction between market participants at the
measurement date.

Fair value rules apply to all institutional investors that prepare their financial statements in accordance with GAAD, including sovereign
wealth funds, public and private pension funds, foundations, endowments and insurance companies, etc. These asset owners typically
invest in public and private assets and must report the fair value of these investments in their financial statements."”

The concept of fair value has evolved over time as accounting standards and practices have changed to better align with the needs of
financial reporting. Figure Al shows the key events related to the development of the fair value rule. Importantly, in September of
2006 the FASB adopted Statement of Financial Accounting Standards 157 (SFAS 157) which changed the NAV reporting standard
for PE funds. A part of SFAS 157, referred to as ASC 820, requires fair-value reporting of balance sheet assets. Early adopters began
complying in the last quarter of 2006, with all US funds complying by the end of 2008.

Figure Al: Evolution of the Fair Value Rules

1950s-1960s: 1993: 2006:
Introduction of the concept of fair value in FASB issued SFAS No. 115, “Accounting for Certain FASB issued SFAS No. 157,
US accounting literature, primarily in the Investments in Debt and Equity Securities,” which “Fair Value Measurements,” which
context of accounting for marketable established the use of fair value for classifying and established a single framework for
securities and investments measuring certain investments in securities measuring fair value
1973: 1998:
The FASB was established in 1973, and it began FASB issued SFAS No. 133, “Accounting for Derivative
to issue Statements of Financial Accounting Instruments and Hedging Activities,” requiring the use of
Standards (SFAS) that incorporated the use of fair value measurements for derivative instruments and
fair value measurements related hedging activities

Source: FASB, PMA. Forillustrative purposes only.

16 Jessica Hamlin, “Are private equity valuations too high—and would we know?” Pitchbook, March 31, 2023, hps://pirchbook.com/news/articles/bow-private-equity-
valuations-are-set#: - :text=The %20gap % 20is % 20striking %20and,in %20both %202022%20and%202023. Accessed April 6, 2023.

17 'The exceptions are held-to-maturity (HTM) securities which are debt securities for which an investor can and intends to hold until maturity — these securities are
reported at amortized cost, instead of fair value.
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Rules on Valuation Techniques

According to GAAP, the fair value of a private equity investment is determined using a valuation technique that is appropriate in
the circumstances and for which sufficient data are available to measure fair value, maximizing the use of relevant observable inputs
and minimizing the use of unobservable inputs. The valuation technique used should be consistent with market, income, or cost
approaches, depending on the nature of the investment and the availability of data.'®

* In determining the fair value of a private equity investment using a market approach an entity compares the investment to similar
investments that have been sold in the market, taking into account any differences that could affect the value of the investment."”

* In determining the fair value of a private equity investment using an income approach an entity estimates the future cash flows
that the investment is expected to generate and discounts those cash flows to their present value using a rate of return that reflects
the risks inherent in the investment.?’

* In determining the fair value of a private equity investment using a cost approach an entity estimates the current cost to replace
an asset or liability with a comparable substitute, adjusted for any physical or functional obsolescence that may exist. The cost
approach is typically used when there is little or no market data available for determining the fair value of an asset or liability.?!

Also, if market activity for an asset or liability has decreased significantly, the valuation techniques used to measure fair value should be
adjusted to incorporate inputs reflecting the extent to which market activity has decreased.*

In addition, according to the SEC’s ‘Good Faith Determinations of Fair Value’ rule, unbiased valuation of fund investments is crucial
as it influences the prices at which fund shares are purchased or redeemed by shareholders. Proper valuation provides both fund
managers and investors with a more accurate understanding of the funds’ volatility. This accuracy allows fund managers to better align
their portfolios with specific risk-reward profiles, ensuring alignment with the fund’s risk appetite statement. However, it’s noted that
improper valuation can lead to investors facing inflated fees or making decisions based on inaccurate information.?

Regulatory Guidelines Applicable to Specific Investor Types

Some types of investors may receive specific guidance on valuation, which could be found in laws and guidelines by regulatory bodies
other than the FASB. For example, the Department of Labor (DOL) provides such guidelines for US DC plans while the Pension
Benefit Guaranty Corporation (PBGC) regulates DB plans on their valuation practices.

* US DC plans: The Interpretive Bulletin 2015-01 issued by the US Department of Labor (DOL) provides guidance for fiduciaries
of private sector DC plans regarding the application of ERISA (Employee Retirement Income Security Act) to plan investments in
economically targeted investments (ET1Is) and other similar investments, including private equity.

- Fiduciaries should consider the extent to which the methods used to value underlying assets, such as investments in private equity
funds, reflect changes in market conditions and the financial condition of the underlying companies.

- Fiduciaries should also consider the use of independent, third-party valuation experts to assist in determining the fair value of
such investments.

- Fiduciaries cannot use outdated or unreliable valuations; Fiduciaries cannot rely solely on subjective input or historical cost.

- Fiduciaries must consider the potential impact of liquidity constraints on the valuation of private equity investments and ensure
that the methods used to value these investments are appropriate given the liquidity of the underlying assets.

* US DB plans: the Pension Benefit Guaranty Corporation (PBGC) regulates DB plans on valuation practices and funding rules.

- Under the PBGC’s funding rules, DB plan sponsors must value their plan assets, including illiquid assets using generally accepted
accounting principles (GAAP) and the fair market value of the assets. The PBGC’s regulations specify that the valuation of plan
assets should be based on the plan’s most recent actuarial valuation date and that any changes in the value of plan assets should be
reflected in subsequent actuarial valuations.

18 US GAAP ASC Topic 820-10-35-59
19 US GAAP ASC Topic 820-10-35-60
20 US GAAP ASC Topic 820-10-35-61
21 US GAAP ASC Topic 820-10-35-62
22 US GAAP ASC Topic 820-10-35-59

23 Securities and Exchange Commission. (2020). “Good Faith Determinations of Fair Value.” Release No. IC-34128. Retrieved from https://wwuw.sec.gov/files/rules/
final/2020/ic-34128.pdf.
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A2. Accuracy of LP NAV Estimation - Recent Years

In recent years, public markets have been volatile while private markets much less so. We evaluate the recent relative performance of
the three valuation methods using data from Q1 2018 to Q2 2023. The recent period’s results mirror the patterns observed for our

extended study.

Figure A2: Buyout Average Quarterly Absolute Percentage Errors (MAPE), in %
Not Controlling for Vintage Age, 01 2018 - 02 2023

(Vintages (2006-2018), Market Proxy: S&P 500)

Method All Quarterly Periods Volatile Periodf with at least UP Periods with DOWN Periods.with
10% Public Return +10% or better Public Return -10% or worse Public Return
M1 6.30% 9.21% 6.02% 13.46%
M2 5.34 714 740 6.80
M3 5.19 8.20 5.82 11.37
Private Real Estate Average Quarterly Absolute Percentage Errors (MAPE), in %
Not Controlling for Vintage Age, 012018 - 02 2023
(Vintages (2006-2018), Market Proxy: NAREIT)
W Volatile Periods with at least UP Periods w!th DOWN Periods.with
10% Public Return +10% or better Public Return -10% or worse Public Return
6.08% 6.85% 4.75% 9.60%
M2 3.02 3.13 3.20 3.04
M3 8.39 14.44 11.88 17.77

US Public vs. Private Equity Returns
== S&P Total Return Index

US Public vs. Private Real Estate Returns
- = NAREIT Index
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As of 31 March 2023, Vintage level US buyout funds, quarterly data for vintages from 2006 to 2018. We exclude data for the 3 full years after the initial year (investment period) for each vintage where negative net cash flows disproportionately influence a
fund’s NAV. Source: Burgiss, Datastream, PMA. For illustrative purposes only.
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A3. Accuracy of LP NAV Estimation — NAV-weighted

In the main paper, for each vintage we have weighted each vintage’s quarterly errors equally irrespective of the vintage’s quarterly NAV.
Here, we present errors that are weighted in proportion to each vintage’s quarterly NAVs, so that errors for quarters with larger NAVs
have relatively bigger impact on the overall results.

Figure A4: NAV-weighted Average Quarterly Percentage Error (Mean & Std. Dev.), by Vintage, by Method, in %
(Buyout, All Vintages (2000-2018), Market Proxy: S&P 500)

Ve M | Sude | Mer L S e Sl

2000 1.94% 8.37% -4.06% 5.73% -3.38% 5.78%
2001 2.36 6.40 -4.36 6.26 -3.46 792
2002 2.08 8.70 -3.16 5.55 -2.15 5.79
2003 2.47 783 -2.84 6.05 -2.04 5.63
2004 4.06 7.56 -1.73 4.79 -0.82 5.7
2005 2.85 799 -3.22 2.47 -0.01 5.28
2006 2.38 782 -3.07 4.30 -0.38 413
2007 1.82 4.93 -3.16 2.57 -0.49 4.36
2008 2.12 750 -3.31 5.26 -0.32 4.55
2009 2.55 739 -4.40 4.45 -1.41 517
2010 1.74 6.01 -3.68 3.26 -1.56 5.96
201 1.40 781 -4.30 5.74 -2.17 4.70
2012 1.27 6.79 -4.26 5.13 -1.77 5.57
2013 -0.10 772 -4.07 6.03 -1.65 4.85
2014 -0.24 750 -4.67 6.21 -2.77 6.01
2015 -0.66 717 -4.77 5.46 -2.00 6.88
2016 -1.21 6.60 -5.29 6.91 -4.00 6.14
2017 -2.64 6.64 -6.03 6.30 -6.66 4.45
2018 0.65 0.97 0.37 1.53 -8.60 5.33
Average 1.31 6.93 -3.68 495 240 5.49

As of 30 September 2022. Vintage level US buyout funds, quarterly data for vintages from 2000 fo 2022. We exclude data for the 3 full years after the initial year (investment period) for each vintage. As a result, vintages 2019 to 2022 are excluded.
Source: Burgiss, Datastream, PMA. For illustrative purposes only.

Figure AS: NAV-weighted Average Quarterly Absolute Percentage Errors (MAPE), in %
Buyout, Not Controlling for Vintage Age, Q1 2004 - 03 2022

(All Vintages (2000-2018), Market Proxy: S&P 500)

Method All Quarterly Periods Volatile Period:.s with at least UP Periods wflh DOWN Periuds.wilh
£10% Public Return +10% or better Public Return -10% or worse Public Return

M 5.30% 6.28% 4.71% 8.99%

M2 5.10 6.27 6.57 5.73

M3 (“Roll Forward”) 4.49 776 5.52 11.65

As of 30 September 2022. Vintage level US buyout funds, quarterly data for vintages from 2000 o 2022. We exclude data for the 3 full years after the initial year (investment period) for each vintage. As a result, vintages 2019 to 2022 are excluded.
Source: Burgiss, Datastream, PMA. For illustrative purposes only.

24 PGIM Multi-Asset Solutions



A4. Assuming Cash Flows Occur af the End of a Quarter

In the main paper, we assume all cash flows occur at the beginning of a quarter. Here, we show M3 results assuming cash flows occur
at the end of each quarter and so would not be affected by the proxy market return in the quarter. Overall, the results exhibit similar
patterns to those assuming cash flows occur at the beginning of a quarter.

Figure AG: Average Absolute Quarterly Percentage Errors (MAPE), in %
Assuming Cash Flows Occur at End of the Quarter
Controlling for Vintage Age and Market Returns

(Buyout, All Vintages (2000-2018), Market Proxy: S&P 500)

All Quarterly Periods Volatile Periods with at least up Perli?]::is with DOWN PI:rliiods with
+10% or better Public Return -10% or worse Public Return
R e e e ey ey ey
4.59 5.69 8.84 5.57 6.90 9.02 4.75 4.43 5.05 6.85 10.98 16.30
M2 5.42 4.91 3.77 6.21 6.39 6.26 6.61 6.26 5.35 5.57 6.60 792
M3 4.83 4.62 4.51 8.14 8.48 8.77 5.60 6.53 767 121 11.69 10.79

Note: All quarterly periods from Q1 2004 to Q3 2022. We exclude data for the 3 full years after the initial year (investment period) for each vintage where negative net cash flows disproportionately influence a fund's NAV. As a result, vintages 2019 to
2022 are excluded. Source: Burgiss, Datastream, PMA. As of 30 September 2022. For illustrative purposes only.
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These materials represent the views, opinions and recommendations of the author(s) regarding the economic conditions, asset classes, securities, issuers or fi nancial
instruments referenced herein, and are subject to change without notice. Certain information contained herein has been obtained from sources that PGIM believes to be
reliable; however, PGIM cannot guarantee the accuracy of such information, assure its completeness, or warrant such information will not be changed. The information
contained herein is current as of the date of issuance (or such earlier date as referenced herein) and is subject to change without notice. PGIM has no obligation to
update any or all of such information; nor do we make any express or implied warranties or representations as to the completeness or accuracy or accept responsibility
for errors. Any forecasts, estimates and certain information contained herein are based upon proprietary research and should not be considered as investment advice or
a recommendation of any particular security, strategy or investment product. These materials are not intended as an offer or solicitation with respect to the purchase or
sale of any security or other financial instrument or any investment management services and should not be used as the basis for any investment decision. No liability
whatsoever is accepted for any loss (whether direct, indirect, or consequential) that may arise from any use of the information contained in or derived from this report.
PGIM and its affiliates may make investment decisions that are inconsistent with the recommendations or views expressed herein, including for proprietary accounts of
PGIM or its affiliates. The opinions and recommendations herein do not take into account individual client circumstances, objectives, or needs and are not intended as
recommendations of particular securities, financial instruments or strategies to particular clients or prospects. No determination has been made regarding the suitability
of any securities, financial instruments or strategies for particular clients or prospects. For any securities or financial instruments mentioned herein, the recipient(s) of this
report must make its own independent decisions.

The information contained herein is provided by PGIM Multi-Asset Solutions LLC (“PMA”) and is part of PGIM, the global investment management business of
Prudential Financial, Inc. (“PFI”). Both PMA and PGIM Inc are registered investment adviser with the US Securities and Exchange Commission (“SEC”). Registration
with the SEC does not imply a certain level of skill or training. In the United Kingdom and various European Economic Area jurisdictions, information is issued by
PGIM Limited with registered office: Grand Buildings, 1-3 Strand, Trafalgar Square, London, WC2N 5HR. PGIM Limited is authorised and regulated by the Financial
Conduct Authority of the United Kingdom (registration number 193418) and duly passported in various jurisdictions in the EEA. Prudential Financial, Inc. of the
United States is not affiliated with Prudential plc, incorporated in the United Kingdom or with Prudential Assurance Company, a subsidiary of M&G ple, incorporated
in the United Kingdom. These materials are issued by PGIM Limited to persons who are professional clients or eligible counterparties as defined in Directive 2014/65/
EU (MIFID II), investing for their own account, for fund of funds, or discretionary clients. In certain countries in Asia, information is presented by PGIM (Singapore)
Pte. Ltd., a Singapore investment manager registered with and licensed by the Monetary Authority of Singapore. In Japan, information is presented by PGIM Japan Co.
Ltd., registered investment adviser with the Japanese Financial Services Agency. In South Korea, information is presented by PGIM, Inc., which is licensed to provide
discretionary investment management services directly to South Korean investors. In Hong Kong, information is provided by PGIM (Hong Kong) Limited, a regulated
entity with the Securities & Futures Commission in Hong Kong to professional investors as defined in Section 1 of Part 1 of Schedule 1 (paragraph (a) to (i) of the
Securities and Futures Ordinance (Cap.571). In Australia, this information is presented by PGIM (Australia) Pty Led. (“PGIM Australia”) for the general information of its
“wholesale” customers (as defined in the Corporations Act 2001). PGIM Australia is a representative of PGIM Limited, which is exempt from the requirement to hold an
Australian Financial Services License under the Australian Corporations Act 2001 in respect of financial services. PGIM Limited is exempt by virtue of its regulation by the
Financial Conduct Authority (Reg: 193418) under the laws of the United Kingdom and the application of ASIC Class Order 03/1099. The laws of the United Kingdom
differ from Australian laws. Pursuant to the international adviser registration exemption in National Instrument 31-103, PGIM, Inc. is informing you of that: (1) PGIM,
Inc. is not registered in Canada and relies upon an exemption from the adviser registration requirement under National Instrument 31-103; (2) PGIM, Inc.’s jurisdiction
of residence is New Jersey, U.S.A.; (3) there may be difficulty enforcing legal rights against PGIM, Inc. because it is resident outside of Canada and all or substantially all
of its assets may be situated outside of Canada; and (4) the name and address of the agent for service of process of PGIM, Inc. in the applicable Provinces of Canada are as
follows: in Québec: Borden Ladner Gervais LLP, 1000 de La Gauchetiére Street West, Suite 900 Montréal, QC H3B 5H4; in British Columbia: Borden Ladner Gervais
LLP, 1200 Waterfront Centre, 200 Burrard Street, Vancouver, BC V7X 1T2; in Ontario: Borden Ladner Gervais LLP, 22 Adelaide Street West, Suite 3400, Toronto, ON
MS5H 4E3; in Nova Scotia: Cox & Palmer, Q.C., 1100 Purdy’s Wharf Tower One, 1959 Upper Water Street, PO. Box 2380 - Stn Central RPO, Halifax, NS B3] 3E5; in
Alberta: Borden Ladner Gervais LLP, 530 Third Avenue S.W., Calgary, AB T2P R3.
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