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Questions you need to ask before jumping into hedge funds, private real-estate or other deals

By Michael A. Pollock

It’s something to ask before investing: Once you're in, how tough will it be to get out?

¢ |lliquidity induces (at least) two major issues

(1) Do not observe market values: hard to measure performance

(2) Cannot easily buy and sell assets: hard to manage allocations

® This talk will focus on (1)
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e Key point: low volatility due to (artificially) smoothed returns
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® The notion of smoothed returns raises six important questions

(1) What are smoothed returns?

* Returns that have less volatility than if marked-to-market

(2) How do we detect smoothed returns empirically?

* Look for excessively positive autocorrelation in returns

(3) Do illiquid assets display smoothed returns empirically?

* Yes!

(4) What is the main driver of smoothed returns?

* lliquidity (as opposed to manipulation)

(5) How do smoothed returns impact performance measurement?

* Understated risk and overstated risk-adjusted performance

(6) How can we solve this issue (at least partially)?

* Return unsmoothing
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Defining Smoothed Returns

(1) What are smoothed returns?

o Returns that have less volatility than if marked-to-market

If that is the case, use market values to calculate returns!

o Great solution...for liquid assets

For illiquid assets, we very often do not observe market values

So, illiquid assets often display smoothed returns

But, ultimately, they are driven by the lack of market values

Defining return terminology:

o Returns based on estimated values = “reported returns”
(observable)

o Returns based on market values = “economic returns”
(unobservable)
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® A simple way to think about smoothed returns is to consider
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V is the economic value of the asset

V¢ is the reported value of the asset

16
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-0.4

—log(V)
—log(v*)
0 20 40 60 80 100 120

Simulation Quarter



[1] Smoothed Returns
[1.1] Defining and Detecting Smoothed Returns

Detecting Smoothed Returns (Logic)

® A simple way to think about smoothed returns is to consider

te = (1=0)rg + 6017

r is the economic log return on the asset
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® A simple way to think about smoothed returns is to consider
te = (1=0)rg + 6017
r is the economic log return on the asset
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® A simple way to think about smoothed returns is to consider
te = (1=0)rg + 6017
r is the economic log return on the asset

r° is the reported log return on the asset
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(3) Do illiquid assets display smoothed returns empirically?
* Yes!
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(3) Do illiquid assets display smoothed returns empirically?

* Yes!

® For NAV REITs:

Autocorrelations at Monthly Lags 1 to 12 (Observed Returns)
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Detecting Smoothed Returns (Evidence)
(3) Do illiquid assets display smoothed returns empirically?

* Yes!

¢ For Private Equity Funds (Real Estate):
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(3) Do illiquid assets display smoothed returns empirically?

* Yes!

® For Private Equity Funds (Venture Capital):
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(3) Do illiquid assets display smoothed returns empirically?
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® For Private Equity Funds (Buyout):
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(3) Do illiquid assets display smoothed returns empirically?

* Yes!

® For Public Equities:
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Detecting Smoothed Returns (Evidence)
(3) Do illiquid assets display smoothed returns empirically?
* Yes!
® |t is not only about private vs public markets

® For Hedge Funds (assets are publicly traded but often illiquid)
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Main Drivers of Smoothed Returns

(4) What is the main driver of smoothed returns?

* lliquidity (as opposed to manipulation)

Managers report AUM based on the value of their asset
But managers only observe noisy signals of illiquid asset values

So, optimal estimates of illiquid AUM imply smoothed returns

But managers may manipulate reported AUM to “look good”

Both aspects are present in the data, but illiquidity dominates

Table 2. Lyxor and Main Fund Smoothing

MA(1) model Main fund Lyxor Difference

Average 0, 0.182 0.121 0.061
t-Statistic (9.22) (6.28) (4.35)
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e Consider a simple example:
R = (1-0)-Re + 0 R4
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® |n this case, the risk exposure estimated using Ry is
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(5) How do smoothed returns impact performance measurement?
* Understated risk and overstated risk-adjusted performance

e Consider a simple example:
R = (1-0)-Re + 0 R4
Re = B Rm: + &

® |n this case, the risk exposure estimated using Ry is

Cov[R?, Rn.t] Cov|[Re, Ri.1]
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(5) How do smoothed returns impact performance measurement?
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* Understated risk and overstated risk-adjusted performance

e Consider a simple example:
Rf — (].— )Rt + 'Rt—l
Re = B Rnt + €

® |n this case, the risk exposure estimated using Ry is

(COV[R?, Rm,t] _ (1 _ ) ) (:1OV[R1-7 Rm,t]
Var[Rp.¢] Var[Rm,]

® And the estimated alpha is
= E[R°]-p%-E[Rn] = (B8—-0°)-E[Rn] =

® So, f°< B and a° >0
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(5) How do smoothed returns impact performance measurement?

* Understated risk and overstated risk-adjusted performance

e Consider a simple example:
R? — (].— )Rt + 'Rt—l
Re = B Rmt + €

® Objection: reported values better reflect “fundamental value”

o So, the risk that matters is 5° and not !

e Consider Ry, + = —10% with no other movement in markets:
R = —(1-0)-38-10% and P = —0-6-10%
U
:.?+1 + Rf = - 5 -10%
.

If you hold the investment for 2 periods, what matters is 5!



[1] Smoothed Returns
[1.3] Effect of Smoothed Returns on Performance Measurement

Can Market Time Change the Risk Exposure to [3°7


https://doi.org/10.1016/j.jfineco.2018.11.007
https://doi.org/10.1111/jofi.13202

[1] Smoothed Returns
[1.3] Effect of Smoothed Returns on Performance Measurement

Can Market Time Change the Risk Exposure to [3°7

® Buying and selling illiquid assets incurs large transaction costs


https://doi.org/10.1016/j.jfineco.2018.11.007
https://doi.org/10.1111/jofi.13202

[1] Smoothed Returns
[1.3] Effect of Smoothed Returns on Performance Measurement

Can Market Time Change the Risk Exposure to [3°7

® Buying and selling illiquid assets incurs large transaction costs

® Funds impose restrictions that limit market timing incentives


https://doi.org/10.1016/j.jfineco.2018.11.007
https://doi.org/10.1111/jofi.13202

[1] Smoothed Returns
[1.3] Effect of Smoothed Returns on Performance Measurement

Can Market Time Change the Risk Exposure to [3°7

® Buying and selling illiquid assets incurs large transaction costs

® Funds impose restrictions that limit market timing incentives

o Front-end & back-end loads, lock-in periods, gates, queues...


https://doi.org/10.1016/j.jfineco.2018.11.007
https://doi.org/10.1111/jofi.13202

[1] Smoothed Returns
[1.3] Effect of Smoothed Returns on Performance Measurement

Can Market Time Change the Risk Exposure to [3°7

® Buying and selling illiquid assets incurs large transaction costs

® Funds impose restrictions that limit market timing incentives
o Front-end & back-end loads, lock-in periods, gates, queues...

0.04

0.05

-0.04

Total Flow & Queue (% of TNA)
Prior 1-quarter Market Return (Annual)

-0.06

I

-0.08
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Total Flow: sssses Net Queue

Private Market Return


https://doi.org/10.1016/j.jfineco.2018.11.007
https://doi.org/10.1111/jofi.13202
https://dx.doi.org/10.2139/ssrn.3445622

[1] Smoothed Returns
[1.3] Effect of Smoothed Returns on Performance Measurement

Can Market Time Change the Risk Exposure to [3°7

® Buying and selling illiquid assets incurs large transaction costs

® Funds impose restrictions that limit market timing incentives

o Front-end & back-end loads, lock-in periods, gates, queues...

10% 1

9%

5%

4% +

3% +

2%

Future 1-quarter Return (Annual)

1 2 3 4 5
Prior 4-quarter Return

=On Paper ™ Achievable


https://doi.org/10.1016/j.jfineco.2018.11.007
https://doi.org/10.1111/jofi.13202
https://dx.doi.org/10.2139/ssrn.3445622

[2] Unsmoothing Returns

Outline

[2] Unsmoothing Returns



[2] Unsmoothing Returns
[2.1] MA(H) and AR(L) Unsmoothing

Outline

[2] Unsmoothing Returns

[2.1] MA(H) and AR(L) Unsmoothing



[2] Unsmoothing Returns

MA(H) Unsmoothing

[2.1] MA(H) and AR(L) Unsmoothing


https://doi.org/10.1016/j.jfineco.2004.04.001

[2] Unsmoothing Returns

MA(H) Unsmoothing

® Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing


https://doi.org/10.1016/j.jfineco.2004.04.001

[2] Unsmoothing Returns

MA(H) Unsmoothing

® Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

Re, = 0 Rie + 0 Ry +ot 0 Ry


https://doi.org/10.1016/j.jfineco.2004.04.001

[2] Unsmoothing Returns

MA(H) Unsmoothing

® Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

R = ‘R + “Rjt—1 +..+ “Rjt—n

where ZhH:O =1 (information is eventually incorporated)


https://doi.org/10.1016/j.jfineco.2004.04.001

[2] Unsmoothing Returns

MA(H) Unsmoothing

® Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

R = ‘R + “Rjt—1 +..+ “Rjt—n

where ZhH:O =1 (information is eventually incorporated)

iid

® Identification: R;; =+, with 7, ~ N(0,07)


https://doi.org/10.1016/j.jfineco.2004.04.001

[2] Unsmoothing Returns

MA(H) Unsmoothing

® Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

R = ‘R + “Rjt—1 +..+ “Rjt—n
where ZhH:O =1 (information is eventually incorporated)

iid

® Identification: Rj; = pj+ 1, with 7, ~ N(0,07)

R/ot = MJ + .njzt + .nj7t71 +"'+ ‘T].j:t_H


https://doi.org/10.1016/j.jfineco.2004.04.001

[2] Unsmoothing Returns

MA(H) Unsmoothing

® Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

R = ‘R + “Rjt—1 +..+ “Rjt—n
where ZhH:O =1 (information is eventually incorporated)
L . . iid
® Identification: Rj; = pj+ 1, with 7, ~ N(0,07)
R/ot = MJ + ’ njzt + ’ nj7t71 + o + ’ T].ht_H

® This is a MA(H): moving average process of order H


https://doi.org/10.1016/j.jfineco.2004.04.001

[2] Unsmoothing Returns

MA(H) Unsmoothing

Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

Rjot = ’ I?jvt + : I?jvtil + T + ’ R/vt_H
where ZhH:O =1 (information is eventually incorporated)
L . . iid
® Identification: Rj; = pj+ 1, with 7, ~ N(0,07)
Ry = wp+ 0 mpe + 07 mje1 4o+ “Mjt—H

This is a MA(H): moving average process of order H

Estimate p; and by MLE


https://doi.org/10.1016/j.jfineco.2004.04.001

[2] Unsmoothing Returns

MA(H) Unsmoothing

Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

Rjot = ’ I?jvt + : I?jvtil + T + ’ R/vt_H
where ZhH:O =1 (information is eventually incorporated)
L . . iid
® Identification: Rj; = pj+ 1, with 7, ~ N(0,07)
Ry = wp+ 0 mpe + 07 mje1 4o+ “Mjt—H

This is a MA(H): moving average process of order H

Estimate p; and by MLE

Get 7+ from MA(H) residuals to obtain unsmoothed returns:


https://doi.org/10.1016/j.jfineco.2004.04.001

[2] Unsmoothing Returns

MA(H) Unsmoothing

Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

Rjot = ’ I?jvt + : I?jvtil + T + ’ R/vt_H
where ZhH:O =1 (information is eventually incorporated)
L . . iid
® Identification: Rj; = pj+ 1, with 7, ~ N(0,07)
Ry = wp+ 0 mpe + 07 mje1 4o+ “Mjt—H

This is a MA(H): moving average process of order H

Estimate p; and by MLE

Get 7+ from MA(H) residuals to obtain unsmoothed returns:

Rt = pj + e


https://doi.org/10.1016/j.jfineco.2004.04.001

[2] Unsmoothing Returns

AR(1) Unsmoothing

® Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing


https://link.springer.com/article/10.1007/BF00161933
https://www.jstor.org/stable/44095449

[2] Unsmoothing Returns

AR(1) Unsmoothing

® Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

Ree = (L—0)-Rie + 0,-Ro


https://link.springer.com/article/10.1007/BF00161933
https://www.jstor.org/stable/44095449

[2] Unsmoothing Returns

AR(1) Unsmoothing

® Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

Rie = (1=0)) R + 0;- Ry

where ZhH:O =1 (information is eventually incorporated)


https://link.springer.com/article/10.1007/BF00161933
https://www.jstor.org/stable/44095449

[2] Unsmoothing Returns

AR(1) Unsmoothing

® Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

ch,)t = (1 - ) ’ ijt + ’ Rﬁtfl
where ZhH:O =1 (information is eventually incorporated)

® |dentification: Rj: = pj+n;: with n;; “ Dist(0,07)


https://link.springer.com/article/10.1007/BF00161933
https://www.jstor.org/stable/44095449

[2] Unsmoothing Returns

AR(1) Unsmoothing

® Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

ch,)t = (1 - ) ’ ijt + ’ Rﬁtfl
where ZhH:O =1 (information is eventually incorporated)

® |dentification: Rj: = pj+n;: with n;; “ Dist(0,07)

Rﬁt =pj + ’ (Rﬁtfl - MJ') + (1 - ) Tt
—_—

€.t


https://link.springer.com/article/10.1007/BF00161933
https://www.jstor.org/stable/44095449

[2] Unsmoothing Returns

AR(1) Unsmoothing

® Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

ch,)t = (1 - ) ’ ijt + ’ Rﬁtfl
where ZhH:O =1 (information is eventually incorporated)

® |dentification: Rj: = pj+n;: with n;; “ Dist(0,07)

Rﬁt =pj + ’ (Rﬁtfl - MJ') + (1 - ) IR
—_—
Ej,t

® This is an AR(1): autoregressive process of order 1


https://link.springer.com/article/10.1007/BF00161933
https://www.jstor.org/stable/44095449

[2] Unsmoothing Returns

AR(1) Unsmoothing

[2.1] MA(H) and AR(L) Unsmoothing

® Reported returns (R°) reflect past economic returns (R):
ch,)t = (1 - ) ’ ijt + ’ Rﬁtfl
where ZhH:O =1 (information is eventually incorporated)

P . iid .
dentification: Rj: = pj+nj: with 7;: ~ Dist(0,07)

Rﬁt =pj + ’ (Rﬁtfl - MJ') + (1 - ) Tt
—_—

€.t

This is an AR(1): autoregressive process of order 1

® We can estimate y; and ¢; by OLS


https://link.springer.com/article/10.1007/BF00161933
https://www.jstor.org/stable/44095449

[2] Unsmoothing Returns

AR(1) Unsmoothing

Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

ch,)t = (1 - ) ’ ijt + ’ Rﬁtfl
where ZhH:O =1 (information is eventually incorporated)

P . iid .
dentification: Rj: = pj+nj: with 7;: ~ Dist(0,07)

Rﬁt =pj + ’ (Rﬁtfl - MJ') + (1 - ) Tt
—_—

€.t

This is an AR(1): autoregressive process of order 1
® We can estimate y; and ¢; by OLS

® Get ¢j+ from AR(1) residuals to obtain unsmoothed returns:


https://link.springer.com/article/10.1007/BF00161933
https://www.jstor.org/stable/44095449

[2] Unsmoothing Returns

AR(1) Unsmoothing

Reported returns (R°) reflect past economic returns (R):

[2.1] MA(H) and AR(L) Unsmoothing

ch,)t = (1 - ) ’ ijt + ’ Rﬁtfl
where ZhH:O =1 (information is eventually incorporated)

P . iid .
dentification: Rj: = pj+nj: with 7;: ~ Dist(0,07)

Rﬁt =pj + ’ (Rﬁtfl - MJ') + (1 - ) Tt
—_—

€.t

This is an AR(1): autoregressive process of order 1

® We can estimate y; and ¢; by OLS

Get €j+ from AR(1) residuals to obtain unsmoothed returns:

Rie = i + €.¢/(1=10))


https://link.springer.com/article/10.1007/BF00161933
https://www.jstor.org/stable/44095449

[2] Unsmoothing Returns
[2.1] MA(H) and AR(L) Unsmoothing

Autocorrelation Functions: MA(1) and AR(1)



[2] Unsmoothing Returns
[2.1] MA(H) and AR(L) Unsmoothing

Autocorrelation Functions: MA(1) and AR(1)

ACF of MA(1)

08

ACF
04

00




[2] Unsmoothing Returns
[2.1] MA(H) and AR(L) Unsmoothing

Autocorrelation Functions: MA(1) and AR(1)

ACF of MA(1)

08

ACF
04

00

08

ACF
04

0.0



[2] Unsmoothing Returns
[2.2] 3-Step Unsmoothing

Outline

[2] Unsmoothing Returns

[2.2] 3-Step Unsmoothing



[2] Unsmoothing Returns
[2.2] 3-Step Unsmoothing

Motivation: Autocorrelations (1 Lag)



[2] Unsmoothing Returns
[2.2] 3-Step Unsmoothing

Motivation: Autocorrelations (1 Lag)

Fund-Level Returns
0.50

M Observed Returns
0.40

W 1-step Unsmoothing

Real Estate Funds Low Liquidity HF Mid Liquidity HF High Liquidity HF


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.2] 3-Step Unsmoothing

Motivation: Autocorrelations (1 Lag)

Fund-Level Returns Aggregated Returns

0.50 0.80
M Observed Returns

0.40

W 1-step Unsmoothing 0.60

Real Estate Funds Low Liquidity HF Mid Liquidity HF High Liquidity HF Real Estate Funds Low Liquidity HF Mid Liquidity HF High Liquidity HF


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.2] 3-Step Unsmoothing

Motivation: Autocorrelations (1 Lag)

Fund-Level Returns Aggregated Returns

0.50 0.80

W Observed Returns
0.40
W 1-step Unsmoothing 0.60

0 3-step Unsmoothing

Real Estate Funds Low Liquidity HF Mid Liquidity HF High Liquidity HF Real Estate Funds Low Liquidity HF Mid Liquidity HF High Liquidity HF


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.2] 3-Step Unsmoothing

Motivation: Autocorrelations (1 Lag)

Fund-Level Returns Aggregated Returns

0.50 0.80

W Observed Returns
0.40
W 1-step Unsmoothing 0.60

0 3-step Unsmoothing

Real Estate Funds Low Liquidity HF Mid Liquidity HF High Liquidity HF Real Estate Funds Low Liquidity HF Mid Liquidity HF High Liquidity HF


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns

3-Step MA(H) Unsmoothing

[2.2] 3-Step Unsmoothing



[2] Unsmoothing Returns

3-Step MA(H) Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

[2.2] 3-Step Unsmoothing



[2] Unsmoothing Returns

3-Step MA(H) Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

R? LN §
it Zho/ Ryt hof

[2.2] 3-Step Unsmoothing



[2] Unsmoothing Returns

3-Step MA(H) Unsmoothing

® R reflects past aggregate (R) and relative (R) returns:
H =
Rie = Zho/ Jf”+zhof
MJ+Z >- r}Jth—I-Zhoj(h-*

[2.2] 3-Step Unsmoothing



[2] Unsmoothing Returns

3-Step MA(H) Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:
H n S
Rﬁt = Zh 0 J Jt ot Zh 0 J
(h) —
MJ"’Z " ’]Jth+zh0j :
where )1 ol =00 ;j(.m =1

[2.2] 3-Step Unsmoothing



[2] Unsmoothing Returns

3-Step MA(H) Unsmoothing
(

[2.2] 3-Step Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

H

~ H _
Rﬁt = tho ’ Rj’tfh + tho ’ Rt*h

H y H B
Hj + tho “Mjt—h + tho e

where ZhH:O = ZhH:O =1

e Step 1: 7, from MA(H) on R;



[2] Unsmoothing Returns

3-Step MA(H) Unsmoothing
(

[2.2] 3-Step Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

H

~ H _
Rﬁt = tho ’ Rj’tfh + tho ’ Rt*h

H y H B
Hj + tho “Mjt—h + tho e

where ZhH:O = ZhH:O =1

e Step 1: 7, from MA(H) on R;

Y H B
Rie =~ pw + tho “Te—h



[2] Unsmoothing Returns

3-Step MA(H) Unsmoothing
(

[2.2] 3-Step Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

H

~ H _
Rﬁt = tho ’ Rj’tfh + tho ’ Rt*h

H y H B
K+ tho “Mjt—h T tho “Me—h

where ZhH:O = Z,’LO =1

e Step 1: 7, from MA(H) on R;

Y H B
Rie =~ pw + tho “Te—h

e Step 2: 7). from MA(H) on ﬁﬁt with 7js as covariates



[2] Unsmoothing Returns

3-Step MA(H) Unsmoothing
(

[2.2] 3-Step Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

H

~ H _
Rﬁt = tho ’ Rj’tfh + tho ’ Rt*h

H y H B
K+ tho “Mjt—h T tho “Me—h

where ZhH:O = Z,’LO =1

e Step 1: 7, from MA(H) on R;

Y H B
Rie =~ pw + tho “Te—h

e Step 2: 7). from MA(H) on ﬁﬁt with 7js as covariates

H _ H .
o= Wt Zh:o “Njt—h + tho “Ne—n



[2] Unsmoothing Returns

3-Step MA(H) Unsmoothing
(

[2.2] 3-Step Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

H

~ H _
Rﬁt = tho ’ Rj’tfh + tho ’ Rt*h

H y H B
K+ tho “Mjt—h T tho “Me—h

where ZhH:O = Z,’LO =1

e Step 1: 7, from MA(H) on R;

—o H N
Rie =~ pw + tho “Te—h
e Step 2: 7). from MA(H) on ﬁﬁt with 7js as covariates
R°

~ H ~ H _
o= Kt tho “Mjt—h + tho “Me—h

e Step 3: Rje = pj + e +7;



[2] Unsmoothing Returns

3-Step AR(1) Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

[2.2] 3-Step Unsmoothing



[2] Unsmoothing Returns

3-Step AR(1) Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

[2.2] 3-Step Unsmoothing

o D Do s) B°
R = (1_()j)'Rj-f+”j"L?j,t71 + (1_ﬁj)'Rt+ﬁj'Rj3t71

ot



[2] Unsmoothing Returns

3-Step AR(1) Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

[2.2] 3-Step Unsmoothing

o D Do ) e
R (1=0) Rit+0Reqg + (L=m) Re+7m- Ry

ot

= w+ O (R — ) + 7 (Rje1 — 1) + €



[2] Unsmoothing Returns

3-Step AR(1) Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

[2.2] 3-Step Unsmoothing

~ ~ o

R? (1=0) Riue+¢ Ry + (L=m)-Re+7m- Ry

ot

= w+ O (R — ) + 7 (Rje1 — 1) + €

where ¢+ = (1 — ;) - 7.0 + (1= 7)) - 77,



[2] Unsmoothing Returns

3-Step AR(1) Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

[2.2] 3-Step Unsmoothing

o

R? = (1_ )'Rj-t+ 'A'éﬁtfl‘i'(l_ )'ﬁt+ 'ﬁj,tfl

Jst

= w+ O (R — ) + 7 (Rje1 — 1) + €
where ¢ = (1 — &) - 775, + (1 — ;) - 7,

® Step 1: ¢, are residuals in the time-series regression above



[2] Unsmoothing Returns

3-Step AR(1) Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

[2.2] 3-Step Unsmoothing

RS, = (1—¢) Ru+¢ Ry + (1—m) Retm-R

Jst

= w+ O (R — ) + 7 (Rje1 — 1) + €
where ¢ = (1 — &) - 775, + (1 — ;) - 7,

® Step 1: ¢, are residuals in the time-series regression above

® Step2: &~ (1—7) 7, = N =&/(1—7)



[2] Unsmoothing Returns

3-Step AR(1) Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

[2.2] 3-Step Unsmoothing

RS, = (1—¢) Ru+¢ Ry + (1—m) Retm-R

Jst

= w+ O (R — ) + 7 (Rje1 — 1) + €
where € = (1 — ) -1 + (1 —7;) - 7,
® Step 1: ¢, are residuals in the time-series regression above
® Step 2: & ~ (1 —7) 7, = Ny =€/(1—7)

® Step 3: Rt =+ +77;



[2] Unsmoothing Returns

3-Step AR(1) Unsmoothing

e Re reflects past aggregate (R) and relative (R) returns:

[2.2] 3-Step Unsmoothing

RS, = (1—¢) Ru+¢ Ry + (1—m) Retm-R

Jst

= Wi + 0 (ﬁﬁtfl — ) + 7 (Rﬁtfl —T;) + €
where ¢; s = (1 — ;) -7 + (1 —7;) - 7,
® Step 1: ¢, are residuals in the time-series regression above
® Step2: e~ (1—7)-7, = 7, =¢€/(1—7)
® Step 3: Rj: =+, +7, where

. - Ej,t—(l_ )'Th
T )




[2] Unsmoothing Returns
[2.3] Bayesian Justification

Outline

[2] Unsmoothing Returns

[2.3] Bayesian Justification



[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager: MA(1)



[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager: MA(1)

® Consider a simple framework for v; ; = log(V}¢):



[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager: MA(1)

® Consider a simple framework for v; ; = log(V}¢):

Vie = fj + Ve + mje with . ~N(0,07)



[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager: MA(1)

® Consider a simple framework for v; ; = log(V}¢):
Vie = Hj T Vit-1 + Tt with 77+ ~N(0,07)

® At t, the manager learns v; ;1 and observes the noisy signal



[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager: MA(1)
® Consider a simple framework for v; ; = log(V}¢):
Vie = pj + Ve + e with nie~N(0,07)
® At t, the manager learns v; ;1 and observes the noisy signal

= njt + with NN(O, )



[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager: MA(1)
® Consider a simple framework for v; ; = log(V}¢):
Vit = Hj + Vi1 + je with 7;+ ~ N(0,07)
® At t, the manager learns v; ;1 and observes the noisy signal
= N + with ~N(0,57)

® The manager reports the Bayesian estimate for the fund value,



[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager: MA(1)
® Consider a simple framework for v; ; = log(V}¢):
Vit = Hj + Vi1 + je with 7;+ ~ N(0,07)
® At t, the manager learns v; ;1 and observes the noisy signal
= N + with ~ N(0,57)
® The manager reports the Bayesian estimate for the fund value,

Ve = W+ Vi1 + Enjelne]
————



[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager: MA(1)
® Consider a simple framework for v; ; = log(V}¢):
Vit = Hj + Vi1 + e with 7 ~ N(0, 07)
® At t, the manager learns v; ;1 and observes the noisy signal
= N + with ~ N(0,57)
® The manager reports the Bayesian estimate for the fund value,

Ve = W+ Vi1 + Enjelne]
————

where (" = (1/07)/(1/0} +1/77)



[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager: MA(1)
® Consider a simple framework for v; ; = log(V}¢):
Vie = Mj + Vit-1 + e with nj,tNN(O,af)

® At t, the manager learns v; ;1 and observes the noisy signal

= nt + with ~ N(O, )
® The manager reports the Bayesian estimate for the fund value,
Ve = i+ Vi1 + Enjeln ]
————
where =(1/57)/(1)o7 +1/57)

® |n this case, the reported return is

o] . (o] o
e = Vie = Vit-1



[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager: MA(1)
® Consider a simple framework for v; ; = log(V}¢):
Vie = Mj + Vit-1 + e with nj,tNN(O,af)

® At t, the manager learns v; ;1 and observes the noisy signal

= nt + with ~ N(O, )
® The manager reports the Bayesian estimate for the fund value,
Ve = i+ Vi1 + Enjeln ]
————
where =(1/57)/(1)o7 +1/57)

® |n this case, the reported return is

e = Ve = Vi = (Vi1 — Vie2) + (M —



[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager: MA(1)
® Consider a simple framework for v; ; = log(V}¢):
Vie = Mj + Vit-1 + e with nj,tNN(O,af)

® At t, the manager learns v; ;1 and observes the noisy signal

= nt + with NN(O, )
® The manager reports the Bayesian estimate for the fund value,
Ve = i+ Vi1 + Enjeln ]
————
where =(1/57)/(1)o7 +1/57)
® |n this case, the reported return is
e = Ve = Ve = (1= Vie2) + 00 (0 -

= rie + (L=077) re1 + e



[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager: MA(1)
® Consider a simple framework for v; ; = log(V}¢):
Vie = Mj + Vit-1 + e with nj,tNN(O,af)

® At t, the manager learns v; ;1 and observes the noisy signal

= nt + with NN(O, )
® The manager reports the Bayesian estimate for the fund value,

Ve = i+ Vi1 + Enjeln ]

————

where =(1/57)/(1)o7 +1/57)
® |n this case, the reported return is
e = Ve = Ve = (1= Vie2) + 00 (0 -
= e+ (L=07) re1 + G

where &, = (e — )



[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager

® Our Bayesian smoothing process is a MA(1) except for &; ;


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager
® Our Bayesian smoothing process is a MA(1) except for &; ;

® We can ignore the &; ; term


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager
® Our Bayesian smoothing process is a MA(1) except for &; ¢
® We can ignore the &; ; term

o In this case, we have a MA(1) process


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager
® Our Bayesian smoothing process is a MA(1) except for &; ¢
® We can ignore the &; ; term

o In this case, we have a MA(1) process

o We still have unbiased estimates of 3 and «


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager
® Our Bayesian smoothing process is a MA(1) except for &; ¢
® We can ignore the &; ; term

o In this case, we have a MA(1) process

o We still have unbiased estimates of 3 and «

o The reason is that ; ; is uncorrelated with returns


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager

® Our Bayesian smoothing process is a MA(1) except for &; ¢
® We can ignore the &; ; term

o In this case, we have a MA(1) process
o We still have unbiased estimates of 3 and «
o The reason is that ; ; is uncorrelated with returns

® The Bayesian framework can be generalized to a MA(H)


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager
® Our Bayesian smoothing process is a MA(1) except for &; ¢
® We can ignore the &; ; term

o In this case, we have a MA(1) process

o We still have unbiased estimates of 3 and «

o The reason is that ; ; is uncorrelated with returns
® The Bayesian framework can be generalized to a MA(H)

o At t, the manager learns v; ;4 (instead of vj ;1)


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager
® Our Bayesian smoothing process is a MA(1) except for &; ¢
® We can ignore the &; ; term

o In this case, we have a MA(1) process

o We still have unbiased estimates of 3 and «

o The reason is that ; ; is uncorrelated with returns
® The Bayesian framework can be generalized to a MA(H)

o At t, the manager learns v; ;4 (instead of vj ;1)

o The manager can also observe noisy signals for 7; ;_


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager
® Our Bayesian smoothing process is a MA(1) except for &; ¢
® We can ignore the &; ; term

o In this case, we have a MA(1) process

o We still have unbiased estimates of 3 and «

o The reason is that ; ; is uncorrelated with returns

® The Bayesian framework can be generalized to a MA(H)
o At t, the manager learns v; ;4 (instead of vj ;1)
o The manager can also observe noisy signals for 7; ;_

[ )

The Bayesian framework can also be generalized to a AR(L)


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager
® Our Bayesian smoothing process is a MA(1) except for &; ¢
® We can ignore the &; ; term

o In this case, we have a MA(1) process

o We still have unbiased estimates of 3 and «

o The reason is that ; ; is uncorrelated with returns

The Bayesian framework can be generalized to a MA(H)
o At t, the manager learns v; ;4 (instead of vj ;1)

o The manager can also observe noisy signals for 7; ;_

The Bayesian framework can also be generalized to a AR(L)

o The manager never learns v; ;


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager
® Our Bayesian smoothing process is a MA(1) except for &; ¢
® We can ignore the &; ; term

o In this case, we have a MA(1) process

o We still have unbiased estimates of 3 and «

o The reason is that ; ; is uncorrelated with returns

The Bayesian framework can be generalized to a MA(H)
o At t, the manager learns v; ;4 (instead of vj ;1)

o The manager can also observe noisy signals for 7; ;_

The Bayesian framework can also be generalized to a AR(L)
o The manager never learns v; .

o But the manager observes noisy signals about 7;; and 1 :—


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager
® Our Bayesian smoothing process is a MA(1) except for &; ¢
® We can ignore the &; ; term

o In this case, we have a MA(1) process

o We still have unbiased estimates of 3 and «

o The reason is that ; ; is uncorrelated with returns

The Bayesian framework can be generalized to a MA(H)
o At t, the manager learns v; ;4 (instead of vj ;1)

o The manager can also observe noisy signals for 7; ;_

The Bayesian framework can also be generalized to a AR(L)
o The manager never learns v; .

o But the manager observes noisy signals about 7;; and 1 ;s

The Bayesian framework can justify the 3-Step method as well


https://doi.org/10.1093/rfs/hhae006

[2] Unsmoothing Returns
[2.3] Bayesian Justification

Smoothed Returns with Bayesian Fund Manager
® Our Bayesian smoothing process is a MA(1) except for &; ¢
® We can ignore the &; ; term

o In this case, we have a MA(1) process

o We still have unbiased estimates of 3 and «

o The reason is that ; ; is uncorrelated with returns

The Bayesian framework can be generalized to a MA(H)
o At t, the manager learns v; ;4 (instead of vj ;1)

o The manager can also observe noisy signals for 7; ;_
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2-factor model
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L. Raw performance 1-factor model
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Conclusion

Illiquidity induces two major issues
(1) Do not observe market values: hard to measure performance
(2) Cannot easily buy and sell assets: hard to manage allocations
We explored (1) in this talk

o Discussed smoothed returns and understated risk

o Provided a solution: return unsmoothing methods
There are alternative approaches to deal with (1)

o Dimson regressions
o Nowcasted NAVs

o NPVs from cash flows

Need more work on how (2) affects performance measurement
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