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•

When investors commit capital to a fund with lockups, they effectively give up
the opportunity to take advantage of future opportunities.

•

We take an alternative approach to assessing the illiquidity discount by
modeling this opportunity cost.

•

The “optimal” illiquidity discount will compensate the investor for this
opportunity cost.

•

The illiquidity discount investors should command will reflect their perceived
skill and alpha-generating abilities.

•

We find illiquidity discounts on the order of 1.5%–2% per year are reasonable for
most investors, but they are much higher for investors who are highly skilled.

Vehicles that hold illiquid investments such as private equity, private credit or real estate often
require that end investors maintain their capital investments in the vehicles for a minimum period of
time – three to five years or even longer. This capital lockup should, in principle, force investors to
command higher expected returns. Accordingly, investors set their reservation price for shares at a
level below what they would command if the underlying investments were perfectly liquid. This
price gap is called the illiquidity discount. The increased expected return the investor earns as
a result of paying a lower price for less liquid investments is called the illiquidity premium.
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The illiquidity premium has been a topic of consideration since

convenient measure of opportunity cost because it doesn’t

John Maynard Keynes wrote that one of the motives for holding

require estimates of risk premia; investors discount future values

liquidity (cash) is for the purpose of future speculation. As

of alpha at the risk-free rate instead of highly subjective and

Keynes stated in his 1936 book, The General Theory of

asset-specific discount rates.

Employment, Interest and Money, “The rate of interest at any time,
being the reward for parting with liquidity, is a measure of the
unwillingness of those who possess money to part with their
liquid control over it.” In more recent work, researchers have
discussed several reasons for the existence of the illiquidity
premium. The primary justifications fall into four broad
categories: clientele effects, time-varying transaction costs,
portfolio inefficiency and opportunity cost.

Hence, the illiquidity discount that investors should command
is a function of how they perceive the alpha landscape over the
capital commitment horizon. If they view the opportunity as
significant, the cost of tying up capital is relatively high and they
should command a larger illiquidity discount. Conversely, if they
perceive the opportunity as scarce or unlikely to emerge over
the investment horizon, investors should be more comfortable
paying a price for an illiquid asset that is more in line with its

Amihud and Mendelson (1986) show that when investors have

fully liquid market valuation. In markets where “normal” alpha

differing needs for liquidity (known as clientele effects), this

opportunities are expected and the likelihood of a crisis is near

leads to their “specializing” in holding the securities that align

its unconditional probability, the illiquidity discount should be

most closely with their liquidity horizons. The authors conclude

somewhere between these two extremes. Our empirical results

that patient investors are able to earn an illiquidity premium

indicate that for reasonably capable investors, the illiquidity

relative to their less patient counterparts. Acharya and

discount ranges around 1.5% to 1.9% per year. For highly skilled

Pedersen (2005) and Ang et al. (2014) note that markets are

investors, however, the discount could range from 4.1% to 7.2%

subject to periods in which liquidity dries up and investors are

per year.

unable to liquidate positions (or must do so at onerous prices);
in markets characterized by time-varying liquidity, less liquid

1. METHODOLOGY

assets earn a risk premium as compensation for future liquidity

Our framework is based on the simple fact that if an asset is

uncertainty. Longstaff (2017) uses an option pricing framework
to show that investors holding illiquid assets should be
compensated for the opportunity cost of being precluded from
selling the assets at a favorable valuation over the investment
horizon. In this framework, omniscient investors who hold
perfectly illiquid assets are effectively short a lookback option
on the underlying investment and hence should earn an
illiquidity premium for exposing themselves to this particular
source of risk.
In this paper, we posit a formal framework for quantifying the
illiquidity discount through the lens of the opportunity cost. In our
model, the opportunity cost stems from the investor’s
expectations of “available alpha” in the market. Available alpha is
assumed to come from two sources: 1) a continuous alpha
stream that the investor can earn from exploiting relatively
known alpha sources, such as selection and timing, and 2) an
alpha jump component, which infrequently materializes but can
result in significant buying opportunities. The 2008 credit crisis is
an example of the jump component. Alpha is a particularly

liquid in the sense that it can be easily traded for minimal cost,
the investor can access his capital at will to take advantage of
future opportunities. This could include dynamically shifting
asset selection, timing the market or taking advantage of large
future dislocations. In contrast, investors who commit capital
to illiquid investments do not have such flexibility and therefore
should command return compensation in the form of an
illiquidity discount.1 Investors are assumed to be unable to
borrow against the illiquid asset. If an investor could do so, he
would be able to effectively use his capital to exploit the same
opportunities as if he were in a fully liquid position.2 In our
framework, an illiquidity discount would not be economically
justified in such a scenario.
We model the forgone alpha as coming from two distinct
sources: a continuous alpha process and a jump process. The
continuous process is employed to model general
opportunities through day-to-day alpha-seeking efforts such as
timing, asset selection and position sizing, whereas the jump
process is used to mimic a “dry powder” strategy that buys

1 Although there is likely some price at which an investor could sell an illiquid asset should he need to, we are making the assumption that the transaction, operational and
legal costs associated with doing so are sufficiently prohibitive that an investor would not be willing to incur them in any circumstance.
2 This same assumption is made in Ang et al. (2014) and Amihud and Mendelson (1986), in which the investor is constrained from borrowing against his illiquid
investment for purposes of smoothing consumption. For a general discussion of the relationship between borrowing frictions and market liquidity, see
Brunnermeier and Pedersen (2009).
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cheap assets whenever markets experience a significant sell-

current value of realizable alpha relative to its long-term mean.

off. We model the continuous alpha opportunity, α, as an

When we perceive the immediate alpha opportunity as being

Ornstein–Uhlenbeck (OU) process (Vasicek 1977):

above its long-run value, this has a positive impact on the value
(1)

dαt = k μ _ αt dt + σdWt

where k > 0 represents the mean-reverting speed,, μ is the longterm mean of available alpha in the market, σ > 0 is the

of realizable alpha. Note that unlike the first two terms in
Equation 4, the last term includes the mean-reversion speed, k,
as a discount parameter. If α0 > μ, then a faster mean-

reversion speed decreases the value of realizable alpha, as a
higher k implies a shorter window of time over which to earn the

instantaneous alpha volatility of dα and Wt denotes the
standard Wiener process.

excess alpha. Unless one has strong prior knowledge on the

The jump component, on the other hand, is designed to capture

only the first two terms in the equation relevant (For a further

infrequent but substantial opportunities expected to arise in the
future. It is modeled as a Poisson counting process qt . Given its
intensity, λ, the probability of an instantaneous jump is
P dqt ≥ 1 = λdt. Hence, the instantaneous expected return on

a dry-powder strategy is

value of α0, it may be reasonable to assume α0 = μ, making
discussion on this topic see Shimko, 1992).

Equation 4 is the present value of the forgone alpha opportunity
— that is, the liquidity premium. We convert V into an illiquidity
discount, Δ, in the following way:

Δ=

(2)

E Jdqt = λJdt

where E is the standard expectation operator and J is the alpha
an investor earns in a crisis period. In other words, the expected
profit from jumps is equal to the probability of a jump occurring

V

1+V

(5)

Thus, Δ is the discount that an investor would apply to a
nonmarketable investment relative to its fully marketable value.
By commanding an illiquidity discount, the investor is

(λdt) multiplied by the payoff in crisis states (J).

effectively increasing the required return of the illiquid asset so

The value of the total alpha opportunity, V, over the lockup

alpha V. Equation 5 has the desirable property of being

as to earn both its liquid-equivalent return and the forgone

period from time 0 to T is the expected present value of the

bounded by 100%.4

discounted opportunity, accruing from both the continuous and
the jump components:
V=E

T _rt
e
0

seeking abilities could come up with their own specifications
(3)

αt dt + Jdqt

where r is the risk-free interest rate.3 Combining Equations 1
and 2, Equation 3 can be solved as (see appendix for details):
μ

V = (1 _ e _rT ) +
r

λJ
r

Investors with varied experience and confidence in their alpha-

(1 − e _rT ) +

α0 _μ
r+k

1 _ e _ r+k

T

, (4)

where α0 represents the alpha state at the beginning of the period.

The first term in Equation 4 represents the capitalized value of
the continuous alpha stream, adjusted for the time horizon of
the capital lockup. Shorter time horizons imply lower realizable
alpha value, all else equal. Note that as T 🠖 ∞, the first term is

simply the perpetuity value of realizable alpha. The second term
reflects the capitalized value of dry powder. Intuitively, when the
long-term alpha opportunity μ is high, crises are frequent in

terms of large λ; or when the payoff in crises, J, is large, the

alpha value is high. The last term in Equation 4 represents the

for Equation 4. A skillful investor such as Warren Buffett, who
has shown the repeated ability to invest significantly (and
profitably) when markets are in turmoil, would view liquidity as
much more valuable than a less skilled investor would. In the
context of Equation 4, this implies that JBuffett > JAverage or
μBuffett > μAverage. Ultimately, the illiquidity discount will be

unique to each investor and will be based on their subjective
view of the relevant model parameters. In the next section, we
attempt to parameterize the model for a typical investor by
estimating sensible parameter values based on the historical
track record of realizable alpha.

2. MODEL ESTIMATION
In this section, we put forth what we believe to be reasonable
parameter values for Equation 4. Our intention is to provide
sensible estimates of the alpha opportunity rather than

3 We discount at r rather than at some assumed risk premium because the opportunity is modeled as coming from alpha, as opposed to beta.
4 Although it may seem intuitive that the illiquidity discount would have a lower bound of zero, that doesn’t have to be the case within the context of our model. If, for
example, the investor perceived the value of future alpha to be negative, then he would effectively pay an illiquidity premium (a negative discount) to avoid investing in
negative alpha opportunities.
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advocating these values as the “correct” model inputs. To the

thresholds and rules we use are admittedly subjective, our

extent that investors have different views from what we

intention is merely to put forth a strategy that mines for

estimate here, they should feel free to use them and come up

bargains. Exhibit 1 shows the parameter estimates for the

with their own illiquidity discounts.

continuous and jump alpha components.

To estimate the parameters of the continuous alpha process,

Based on the results in Exhibit 1, we set the following annualized

we create a simple representative trading strategy and

parameter values for each component of the model: μ = 1.0%,

estimate its alpha. Specifically, we take a universe of 35 equity

J = 5%, λ = 0.2, and k = 1.05. Investors would want to use the

index futures around the globe and rank them by their index

prevailing level of interest rates when assessing the illiquidity

dividend yield. We then form monthly portfolios that long the

discount. For simplicity, we assume that the current level of
alpha, α0, is equal to its long-run level of 1.0%.

top three dividend-yielding futures and short the bottom three.
Each position is held inversely proportional to its trailing
36-month volatility, estimated using monthly data. Leverage is
scaled to target 10% ex ante volatility. We assume a modest
transaction cost of 5 basis points each way. Because we

The parameter values in Exhibit 1 are designed to capture the
alpha potential of investors with a reasonable level of skill. This
means investors who possess superior selection and timing, as
well as dexterity and willingness to purchase distressed assets

model the time dependency of alpha vis-à-vis a meanreversion process, we run rolling 24-month regressions of the
strategy return on the MSCI ACWI index net of three-month
Libor. Using the maximum likelihood estimator (Berg 2011)
allows us to estimate all of the relevant parameters of the
continuous alpha process.

when valuations are favorable. Skill is, of course, a continuum,
with investors on both sides of the distribution. To illustrate our
model predictions for particularly skilled investors, we use the
example of Warren Buffett, who has shown a consistent ability
to add alpha throughout his long and storied career. Frazzini et
al. (2018) estimate Buffett’s information ratio from 1976 to 2017

The parameters of the jump component are determined

to be an impressive 0.79. As we do in the case of the continuous

through a simple dry-powder strategy that attempts to

alpha component, we scale this value to a constant 10%

determine highly attractive buying opportunities during

volatility strategy, yielding an alpha for Buffett of 7.9%. We use

stressed periods. To assess the size of such opportunities, we

this value in Equation 4 to show how the illiquidity discount

monitor the S&P 500 index for periods in which its peak-to-

would change for an investor who possesses an unusually high

trough drawdown exceeds the annualized volatility inferred

level of skill.

from the past 36 monthly returns; in these cases, a stress event

Exhibit 1: Estimation of model parameters

is triggered. When such a stress event occurs, we look to a

μ
k
σ
J
λ

universe of 11 equity, fixed income and commodity futures and
buy those that have experienced peak-to-trough drawdowns in

Continuous process

excess of 2 standard deviations. We hold each investment for
24 months, at which point it is automatically sold. Though the

Jump process

0.010
1.050
0.042
0.05
0.200

Source: PIMCO and Bloomberg as of 31 March 2018

Exhibit 2: Total and annual illiquidity discounts versus the investment horizon
Investment horizon ( in years)
4
5
6

Skill level

1

2

3

7

8

9

10

Total
discount

Average

1.9%

3.8%

5.5%

7.1%

8.6%

10.0%

11.3%

12.6%

13.8%

15.0%

Buffett

7.2%

13.3%

18.6%

23.1%

27.0%

30.5%

33.6%

36.3%

38.8%

41.0%

Annual
discount

Average

1.9%

1.9%

1.9%

1.8%

1.8%

1.7%

1.7%

1.7%

1.6%

1.6%

Buffett

7.2%

6.9%

6.6%

6.4%

6.1%

5.9%

5.7%

5.5%

5.3%

5.1%

Source: PIMCO and Bloomberg as of 31 March 2018

J U LY 2019 • Q UA N T I TAT I V E R E S E A RC H A N D A N A LY T IC S

5

Exhibit 2 shows the illiquidity discounts from Equation 5 for

actually does, the market-clearing illiquidity discount will be too

both the average and the highly skilled (Buffett) investor versus

high compared with the true alpha that can be achieved. This

the investment horizon. For example, using the parameter

introduces an interesting behavioral angle to our model in

values from Exhibit 1 and an interest rate of 2.6% (the five-year

which the market-clearing illiquidity discount should be

U.S. government bond yield as of this writing), we find that the

considered not on the basis of what is realistic – efficient

illiquidity discount associated with a five-year illiquidity horizon

market advocates view alpha as zero, on average — but rather

is 8.6%, or 1.8% per year for the average investor.5 The illiquidity

on the basis of investors’ views of their own abilities.

discount ranges from 1.9% for a single-year lockup to 15.0%
(1.6% per year) for a 10-year lockup.6 For highly skilled, Buffetttype investors, discounts are more than double those of the
average investor, ranging from 7.2% for a one-year investment
horizon to 41.0% (5.1% per year) for a 10-year horizon. This
difference reflects the important role that an investor’s skill
plays in determining his illiquidity discount, with highly skilled
investors requiring a much larger return compensation for
committing their capital.

3. AN ALTERNATIVE BEHAVIORIAL ANGLE
In the previous section, we posited a model in which the
illiquidity discount is “rationally” priced based on the alphagenerating abilities of the investor. Based on simple
representative trading strategies designed to achieve a
reasonable level of alpha, we found that investors should
command illiquidity discounts on the order of 1.6% to 1.9% per
year. In this section, we assert that the illiquidity discount need
not be based on what is attainable but rather should be a
function of the investor’s perceived skill.

In this context, there is evidence to suggest that individuals may
overestimate their mental aptitude when it comes to assessing
their own cognitive abilities. Several studies have found that
males in particular tend to overestimate their IQs, with findings
of overestimation ranging between 2.5 and 7.8 IQ points (Reilly
and Mulhern 1995).7 If, indeed, this overconfidence extends to
the pricing of financial assets–the illiquidity discount in
particular–this implies that within the context of Equation 4
illiquidity discounts may be higher than necessary, reflecting
biased self-perceptions of alpha skill. Interestingly, translating
IQ overestimation into the equivalent of a Sharpe ratio, by
dividing by the IQ standard deviation of 15, implies a Sharpe
ratio of between 0.17 and 0.52. These values lead to results not
dissimilar from those found in the previous section.

4. DISCUSSION
Absent the opportunity cost argument, investors who have
structured their allocations to illiquid assets in such a way that
their liquidity needs are not unduly burdened have little
justification for commanding large illiquidity discounts.

Asset prices are based on the beliefs of the marginal investor. If

Traditional arguments around portfolio inefficiency stemming

the marginal investor believes the asset’s value to be higher

from the inability to rebalance to restrictions on consumption

(lower) than the market price, the price will rise (fall) until it fully

smoothing are unlikely to be material as long as investors have

reflects their views. Equation 4 shows that the value of liquidity

not committed their portfolios to the point that liquidity is likely

(or, equivalently, the cost of illiquidity) is related to the alpha

to be an issue in the future. This leaves opportunity cost as the

opportunity over the capital commitment period. As such, the

primary justification for illiquidity discounts. To the extent that

illiquidity discount at any given time will represent the marginal

the investor believes there are likely to be future opportunities in

investor’s perception of his alpha-generating capabilities. The

which excess profits can be earned, the opportunity cost of

term “perception” is important. It implies that the investor’s

committing capital to an illiquid investment may be high, so the

actual alpha-generating capabilities are irrelevant; what matters

illiquidity discount should be high as well.

is what the investor believes he can achieve, whether or not the
belief is justified. To the extent, for example, that the marginal
investor believes he has greater alpha-generation skill than he

Within the context of Equation 4, the term α0 can be useful for

understanding the potential dynamics of the illiquidity discount
with respect to the business cycle. The term α0 measures the

5 The annualized illiquidity discount is equal to Δann = 1 + V 1/T _ 1 / 1 + V 1/T.
6 The astute reader may recognize that for a given set of model parameters, the per year illiquidity discount decreases with time (although the total illiquidity discount
increases with time). This occurs primarily due to the effect of discounting the future alpha opportunities at the interest rate, r. Because the term 1 _ e_rT in Equation 4
increases at a decreasing rate over time, this implies that the value of liquidity will be concave with respect to T. In the case where r = 0, for example, the value of liquidity
will increase linearly with time and the per period value of liquidity will be a constant.

7 For additional findings on the relationship between gender and self-reported IQ, see Furnham and Rawles (1995), Furnham and Rawles (1999) and Furnham,
Reeves and Budhani (2001).
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current alpha opportunity and becomes a relevant input only when
it deviates from the long-run alpha term, μ. When this deviation is
positive, it implies that the current alpha landscape is above

5. CONCLUSION
A major justification for the illiquidity discount is the
opportunity cost of being unable to exploit future

average. Conversely, when the term is negative, alpha
opportunities are perceived to be relatively scarce. Although we
haven’t explicitly calibrated this parameter in this paper, it would be
reasonable to conjecture that α0 should behave countercyclically,

increasing when the economy is in a bad state and decreasing in

good times. When the economy is doing poorly, such as during a

recession, the opportunity to earn abnormal returns is arguably
more pronounced, implying a high level of α0 . Conversely, in good
times alpha opportunities are likely scarce, meaning that α0

should be below average. Equation 5 implies that the illiquidity

discount should be highest during recessions and lowest in the
latter part of business-cycle expansions.

opportunities. In essence, illiquid assets must compensate
their holders for their inability to earn excess returns through
alpha-seeking behavior. To the extent that investors believe
the road to future wealth is paved with opportunities, they
should command higher illiquidity discounts. Doing so
effectively increases required return on the illiquid asset to
compensate for a perceived future windfall. Investors should
be cognizant that the illiquidity discount behaves
countercyclically: It is highest during recessions and lowest in
late expansions. Within the context of our model, this implies
that investors perceive alpha opportunities to be greatest at
the depth of business-cycle recessions.

In fact, countercyclical illiquidity discounts are generally
confirmed in the empirical data. Nadauld et al. (2018) find that
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=
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=
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=

λJ

r

(1 _ e _rT ).

(A.6)

(1 _ e _rT ).

(A.7)

Combining Equation A.3 with Equation A.4, we obtain

jfineco.2018.11.007

Equation 5 as

Reilly, Jacqueline and Gerry Mulhern. “Gender Difference in
Self-Estimated IQ: The Need for Care in Interpreting Group

E

Data.” Personality and Individual Differences, February 1995

r

Exhibit 2a: Total illiquidity discounts

Van den Berg, Thijs. “Calibrating the Ornstein–Uhlenbeck
(Vasicek) Model,” May 2011. https://www.statisticshowto.

Average

45%

datasciencecentral.com/wp-content/uploads/2016/01/

Buffett

40%

Calibrating-the-Ornstein.pdf

35%

Shimko, David C., “Finance in Continuous Time: A Primer.” Kolb

30%
25%

Publishing, 1992.

20%

Vasicek, Oldrich. “An Equilibrium Characterization of the Term

10%

15%
5%

Structure.” Journal of Financial Economics, November 1977

0%

Zuckerman, Ezra W. and John T. Jost. “What Makes You
Think Youʼre So Popular? Self-Evaluation Maintenance and the
Subjective Side of the ‘Friendship Paradox.’” Social

5%

(A.1)

where k > 0 is the mean-reverting speed, μ denotμes the long-run

mean and σ > 0 represents the volatility. The solution to (A.1) is
(A.2)

It is normal-distributed, with mean and variance as follows:

VAR αt =

2k

.

6

7

8

9

10

Average

8

9

10

Buffett

7%

as follows:

σ 2 1_e _2kt

5

Investment horizon

6%

E(αt ) = e _kt α0 + μ 1 _ e _kt

4

Source: PIMCO and Bloomberg as of 31 March 2018

The OU process – Equation 1 in the body of this paper – is copied

t 
e Ws .
0

3

8%

APPENDIX: THE SOLUTION TO EQUATION 4

αt = e _kt α0 + μ 1 _ e _kt + σe _kt

2

Exhibit 2b: Annual illiquidity discounts

Psychology Quarterly, September 2001

dαt = k(μ _ αt )dt + σdWt

1

4%
3%
2%
1%
0%

1

2

3

4

5

6

Investment horizon

Source: PIMCO and Bloomberg as of 31 March 2018

(A.3)
(A.4)

7

pimco.com
blog.pimco.com
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including the possible complete loss, of their investment. Investments in illiquid securities may reduce the returns of a portfolio because it may be not be able to sell
the securities at an advantageous time or price.
Alpha is a measure of performance on a risk-adjusted basis calculated by comparing the volatility (price risk) of a portfolio vs. its risk-adjusted performance to a
benchmark index; the excess return relative to the benchmark is alpha. 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. No representation is being
made that any account, product, or strategy will or is likely to achieve profits, losses, or results similar to those shown. Hypothetical and forecasted performance results
have several inherent limitations. Unlike an actual performance record, these results do not do not reflect actual trading, liquidity constraints, fees, and/or other costs.
There are numerous other factors related to the markets in general or the implementation of any specific investment strategy, which cannot be fully accounted for in the
preparation of simulated or forecasted results and all of which can adversely affect actual results. In addition, references to future results should not be construed as an
estimate or promise of results that a client portfolio may achieve.
References to skilled investors such as Warren Buffett is for illustrative purposes only and does not constitute an endorsement, authorization, sponsorship by or affiliation
with PIMCO in any manner, and should not be construed as such.
Statements concerning financial market trends or portfolio strategies are based on current market conditions, which will fluctuate. There is no guarantee that these
investment strategies will work under all market conditions or are suitable for all investors and each investor should evaluate their ability to invest for the long term,
especially during periods of downturn in the market. Outlook and strategies are subject to change without notice.
This material contains the current opinions of the manager and such opinions are subject to change without notice. This material is distributed for informational
purposes only and should not be considered as investment advice or a recommendation of any particular security, strategy or investment product. Information contained
herein has been obtained from sources believed to be reliable, but not guaranteed.
PIMCO provides services only to qualified institutions and investors. This is not an offer to any person in any jurisdiction where unlawful or unauthorized. | Paci ic
Investment Management Company LLC, 650 Newport Center Drive, Newport Beach, CA 92660 is regulated by the United States Securities and Exchange Commission.
| PIMCO Europe Ltd (Company No. 2604517) and PIMCO Europe Ltd - Italy (Company No. 07533910969) are authorised and regulated by the Financial Conduct
Authority (12 Endeavour Square, London E20 1JN) in the UK. The Italy branch is additionally regulated by the Commissione Nazionale per le Società e la Borsa (CONSOB)
in accordance with Article 27 of the Italian Consolidated Financial Act. PIMCO Europe Ltd services are available only to professional clients as defined in the Financial
Conduct Authority’s Handbook and are not available to individual investors, who should not rely on this communication. | PIMCO Deutschland GmbH (Company No.
192083, Seidlstr. 24-24a, 80335 Munich, Germany), PIMCO Deutschland GmbH Italian Branch (Company No. 10005170963), PIMCO Deutschland GmbH Spanish Branch
(N.I.F. W2765338E) and PIMCO Deutschland GmbH Swedish Branch (SCRO Reg. No. 516410-9190) are authorised and regulated by the German Federal Financial
Supervisory Authority (BaFin) (Marie- Curie-Str. 24-28, 60439 Frankfurt am Main) in Germany in accordance with Section 32 of the German Banking Act (KWG). The
Italian Branch, Spanish Branch and Swedish Branch are additionally supervised by the Commissione Nazionale per le Società e la Borsa (CONSOB) in accordance with
Article 27 of the Italian Consolidated Financial Act, the Comisión Nacional del Mercado de Valores (CNMV) in accordance with obligations stipulated in articles 168 and
203 to 224, as well as obligations contained in Tile V, Section I of the Law on the Securities Market (LSM) and in articles 111, 114 and 117 of Royal Decree 217/2008 and
the Swedish Financial Supervisory Authority (Finansinspektionen) in accordance with Chapter 25 Sections 12-14 of the Swedish Securities Markets Act, respectively. The
services provided by PIMCO Deutschland GmbH are available only to professional clients as defined in Section 67 para. 2 German Securities Trading Act (WpHG). They are
not available to individual investors, who should not rely on this communication. | PIMCO (Schweiz) GmbH (registered in Switzerland, Company No. CH-020.4.038.5822), Brandschenkestrasse 41, 8002 Zurich, Switzerland, Tel: + 41 44 512 49 10. The services provided by PIMCO (Schweiz) GmbH are not available to individual investors,
who should not rely on this communication but contact their financial adviser. | PIMCO Asia Pte Ltd (8 Marina View, #30-01, Asia Square Tower 1, Singapore 018960,
Registration No. 199804652K) is regulated by the Monetary Authority of Singapore as a holder of a capital markets services licence and an exempt financial adviser.
The asset management services and investment products are not available to persons where provision of such services and products is unauthorised. | PIMCO Asia
Limited (Suite 2201, 22nd Floor, Two International Finance Centre, No. 8 Finance Street, Central, Hong Kong) is licensed by the Securities and Futures Commission for
Types 1, 4 and 9 regulated activities under the Securities and Futures Ordinance. The asset management services and investment products are not available to persons
where provision of such services and products is unauthorised. | PIMCO Australia Pty Ltd ABN 54 084 280 508, AFSL 246862 (PIMCO Australia). This publication
has been prepared without taking into account the objectives, financial situation or needs of investors. Before making an investment decision, investors should obtain
professional advice and consider whether the information contained herein is appropriate having regard to their objectives, financial situation and needs. | PIMCO Japan
Ltd (Toranomon Towers Office 18F, 4-1-28, Toranomon, Minato-ku, Tokyo, Japan 105-0001) Financial Instruments Business Registration Number is Director of Kanto Local
Finance Bureau (Financial Instruments Firm) No. 382. PIMCO Japan Ltd is a member of Japan Investment Advisers Association and The Investment Trusts Association,
Japan. Investment management products and services offered by PIMCO Japan Ltd are offered only to persons within its respective jurisdiction, and are not available to
persons where provision of such products or services is unauthorized. Valuations of assets will fluctuate based upon prices of securities and values of derivative
transactions in the portfolio, market conditions, interest rates and credit risk, among others. Investments in foreign currency denominated assets will be affected by
foreign exchange rates. There is no guarantee that the principal amount of the investment will be preserved, or that a certain return will be realized; the investment could
suffer a loss. All profits and losses incur to the investor. The amounts, maximum amounts and calculation methodologies of each type of fee and expense and their total
amounts will vary depending on the investment strategy, the status of investment performance, period of management and outstanding balance of assets and thus
such fees and expenses cannot be set forth herein. | PIMCO Taiwan Limited is managed and operated independently. The reference number of business license of the
company approved by the competent authority is (107) FSC SICE Reg. No.001. 40F., No.68, Sec. 5, Zhongxiao E. Rd., Xinyi Dist., Taipei City 110, Taiwan (R.O.C.), Tel: +886
(02) 8729-5500. | PIMCO Canada Corp. (199 Bay Street, Suite 2050, Commerce Court Station, P.O. Box 363, Toronto, ON, M5L 1G2) services and products may only
be available in certain provinces or territories of Canada and only through dealers authorized for that purpose. | PIMCO Latin America Av. Brigadeiro Faria Lima 3477,
Torre A, 5° andar São Paulo, Brazil 04538-133. | No part of this publication may be reproduced in any form, or referred to in any other publication, without express written
permission. PIMCO is a trademark of Allianz Asset Management of America L.P. in the United States and throughout the world. ©2019, PIMCO.
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The analysis contained in this paper is based on hypothetical modeling. No representation is being made that any account, product, or strategy will or
is likely to achieve profits, losses, or results similar to those shown. Return assumptions are for illustrative purposes only and are not a prediction or a
projection of return. Actual returns may be higher or lower than those shown and may vary substantially over shorter time periods. Figures are provided for
illustrative purposes and are not indicative of the past or future performance of any PIMCO product.

