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Portfolio Statistics

“Scene I”“Scene I”

First consider the possibilities presented by five major investmFirst consider the possibilities presented by five major investment asset ent asset 
classes of all publiclyclasses of all publicly--traded securities, based on historical risk & return traded securities, based on historical risk & return 

performance during 1978performance during 1978--2002 . . .2002 . . .
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Portfolio Statistics: With NCREIF

“Scene II”“Scene II”

Now consider the possibilities if we add a sixth major investmenNow consider the possibilities if we add a sixth major investment asset t asset 
classes: private direct real estate, as represented by the NCREIclasses: private direct real estate, as represented by the NCREIF Property F Property 

Index (NPI).Index (NPI).
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•• Preceding meanPreceding mean--variance optimal portfolios trace out the “efficient frontier” variance optimal portfolios trace out the “efficient frontier” 
(non(non--dominated allocations), based on ex post historical total returndominated allocations), based on ex post historical total return performance performance 
of 6 asset classes (2 stocks, 2 bonds, and 2 real estate). of 6 asset classes (2 stocks, 2 bonds, and 2 real estate). 

•• These input assumptions are shown in the table below:These input assumptions are shown in the table below:
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•• The preceding efficient portfolios are superior to The preceding efficient portfolios are superior to Fairweather’sFairweather’s allall--bond bond 
portfolio from a meanportfolio from a mean--variance perspective. E.g., If variance perspective. E.g., If FairweatherFairweather has been in has been in 
intermediateintermediate--term bonds, then the portfolio would have achieved:term bonds, then the portfolio would have achieved:

•• 9.46% average return; 7.20% volatility.9.46% average return; 7.20% volatility.

•• In contrast, an efficient 5In contrast, an efficient 5--class portfolio of only class portfolio of only pubiclypubicly--traded securities could traded securities could 
have achieved:have achieved:

•• 11.00% average return; 6.85% volatility;11.00% average return; 6.85% volatility;

•• By investing in: 72% intermediateBy investing in: 72% intermediate--term bonds, 10% small stocks, 10% term bonds, 10% small stocks, 10% REITsREITs, , 
and 7% large stocks.and 7% large stocks.

•• Or, including also private (direct) real estate (as representedOr, including also private (direct) real estate (as represented by the NCREIF by the NCREIF 
Index), the portfolio could have achieved, for example:Index), the portfolio could have achieved, for example:

•• 11.00% average return; 5.27% volatility;11.00% average return; 5.27% volatility;

•• By investing in: 45% private real estate, 26% intermediateBy investing in: 45% private real estate, 26% intermediate--term bonds, 11% term bonds, 11% 
small stocks, 10% small stocks, 10% REITsREITs, 5% large stocks, and 4% long, 5% large stocks, and 4% long--term bonds.term bonds.



“Scene III”“Scene III”

Preceding analysis has two problems:Preceding analysis has two problems:
•• Historical risk/return patterns not necessarily completely reprHistorical risk/return patterns not necessarily completely representative of esentative of 
reasonable or typical current investor expectations looking forwreasonable or typical current investor expectations looking forward in time;ard in time;
•• The private real estate return statistics, particularly the The private real estate return statistics, particularly the “second moments”“second moments”
(volatility & correlations) probably reflect a (volatility & correlations) probably reflect a “smoothing and lagging bias”“smoothing and lagging bias” that that 
tends to tends to lowerlower these statistics (volatility biased toward zero, correlations bthese statistics (volatility biased toward zero, correlations biased iased 
downward).downward).

In addressing these problems, we suggest three major consideratiIn addressing these problems, we suggest three major considerations…ons…
1.1. Adjust for the difference between current inflation expectationsAdjust for the difference between current inflation expectations (say, (say, 

2.5%/yr) versus historical 2.5%/yr) versus historical avgavg inflation in our 1978inflation in our 1978--2002 history (4.35%).2002 history (4.35%).
2.2. “Unsmooth”“Unsmooth” the private real estate second moments using a simple model thathe private real estate second moments using a simple model that t 

approximately corrects for the lag bias in the NCREIF Index (theapproximately corrects for the lag bias in the NCREIF Index (the “Simple 1“Simple 1--
Step” ModelStep” Model ).).

3.3. Increase expected private real estate correlation with bonds to Increase expected private real estate correlation with bonds to zero: The zero: The 
unsmoothed returns still show negative correlation with bonds, wunsmoothed returns still show negative correlation with bonds, which may hich may 
reflect the particular historical period including the late 1970reflect the particular historical period including the late 1970s & 80s in which s & 80s in which 
inflation was particularly volatile and of concern to investors inflation was particularly volatile and of concern to investors (real estate (real estate 
benefited from inflation, while bonds were hurt).benefited from inflation, while bonds were hurt).



7.40%7.40%9.25%9.25%NCREIFNCREIF
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Less Less InflaInfla Difference Difference 
(4.35%(4.35%--2.5%)2.5%)

Actual 1978Actual 1978--20022002

Arithmetic Average TimeArithmetic Average Time--Weighted Total Returns:Weighted Total Returns:

Adjusting the mean return expectations for inflation…Adjusting the mean return expectations for inflation…



Adjusting the private real estate returns for smoothing bias…Adjusting the private real estate returns for smoothing bias…

NCREIF Price Index Levels: Smoothed & Unsmoothed
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1.000.120.000.000.040.098.547.40NCREIF Property (79-02)
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Revised Inputs Summary*Revised Inputs Summary*

** Based on 1978-2002 historical returns (except 79-02 for private real estate), 
modified for changed inflation expectations.
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As seen below, the revised assumptions do not mush change the coAs seen below, the revised assumptions do not mush change the composition of mposition of 
the optimal portfolio…the optimal portfolio…

Thus, even Thus, even 
adjusting return adjusting return 
expectations to be expectations to be 
more realistic, the more realistic, the 
role of real estate role of real estate 
(including both (including both 
private and public) private and public) 
is substantial from is substantial from 
a classical MPT a classical MPT 
perspective.perspective.



“Scene IV”“Scene IV”

Extending the Analysis:Extending the Analysis:

•• Where should Where should FairweatherFairweather be on the frontier (risk tolerance)?...be on the frontier (risk tolerance)?...

•• Broader considerations (beyond MPT)…Broader considerations (beyond MPT)…



Where should Fairweather be on the frontier? . . .

E.G., ARE YOU HERE (9%)?...E.G., ARE YOU HERE (9%)?...

Optimal portfolio (P) for a conservative investor: Target=9%
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OR ARE YOU HERE (11%)?...OR ARE YOU HERE (11%)?...

Optimal portfolio (P) for an aggressive investor: Target=11%
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How to determine the investor’s risk preferences (target risk and return) is not an exact science. There are some exercises that are often employed (e.g., asking the investor to choose betw various combinations of stocks and bonds, or between various risk/return simulated distributions, or to specify maximum acceptable probability of a given degree of specified loss, etc.,etc.). The final decision ends up usually being both intuitive and “political”, especially for decision-making entities that are “organizations” (e.g., institutions, firms, that is, collectivities of multiple individuals) as opposed to single wealthy individuals. Note that, from a “scientific” perspective, there is no rigorous way to quantitatively aggregate across individuals’ utility functions (“Arrow’s Impossibility Theorem” of welfare economics).



•• Pension funds by their fundamental nature (and by law) must be Pension funds by their fundamental nature (and by law) must be 
managed relatively conservatively. However, within the generallymanaged relatively conservatively. However, within the generally
conservative perspective,…conservative perspective,…

•• Fairweather’sFairweather’s relatively young pension member age profile, and relatively young pension member age profile, and 
Fairweather’sFairweather’s track record as a relatively stable, growing company, track record as a relatively stable, growing company, 
suggests that suggests that FairweatherFairweather might consider a relatively aggressive (high might consider a relatively aggressive (high 
return) target within the range typical of pension funds.return) target within the range typical of pension funds.

•• For example, a target roughly in the midFor example, a target roughly in the mid--range of the classical MPT range of the classical MPT 
frontier. Say, an 11% or 12% nominal target (8%frontier. Say, an 11% or 12% nominal target (8%--10% real)?...10% real)?...

0.700.540.590.630.660.690.70Sharpe Ratio

5.7916.3213.1610.848.776.955.43Standard Deviation

9.2814.0013.0012.0011.0010.009.00Expected Return

38.790.000.008.7425.9734.6241.59NCREIF Property

13.8417.9734.3230.0024.0418.7211.57NAREIT-Equity TR

0.000.006.0615.7015.655.870.00U.S. LT Gvt TR

29.340.000.000.000.0016.0331.69U.S. IT Gvt TR

10.3673.5037.5826.8620.3114.009.14U.S. Small Stk TR

7.678.5322.0518.7014.0210.776.01S&P 500 TR

Max Sharpe 
Ratio

Expected 
Return = 14

Expected 
Return = 13

Expected 
Return = 12

Expected 
Return = 11

Expected 
Return = 10

Expected 
Return = 9



Another perspective on the target question would be to consider Another perspective on the target question would be to consider the the 
implications of assuming the existence of a implications of assuming the existence of a ““risklessriskless asset”asset”..

This theoretical construct makes some sense as an approximation This theoretical construct makes some sense as an approximation of reality, of reality, 
in that shortin that short--term term GovtGovt bonds (Tbonds (T--Bills) have very little risk, and highly liquid Bills) have very little risk, and highly liquid 
investors such as pension funds can borrow or lend shortinvestors such as pension funds can borrow or lend short--term at interest term at interest 
rates not much different from Trates not much different from T--Bills (“cash management”).Bills (“cash management”).

If TIf T--Bills are Bills are risklessriskless, then classical MPT implies that , then classical MPT implies that no matter what your no matter what your 
risk preferencesrisk preferences, the optimal combination of risky assets is that which , the optimal combination of risky assets is that which 
maximizes the maximizes the “Sharpe Ratio”“Sharpe Ratio” (the portfolio excess expected return over T(the portfolio excess expected return over T--
Bills, divided by the volatility of the portfolio).Bills, divided by the volatility of the portfolio).
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Either of the preceding perspectives suggests that the role of rEither of the preceding perspectives suggests that the role of real estate (both eal estate (both REITsREITs
and private property) should be considerable in the optimal pensand private property) should be considerable in the optimal pension portfolio.ion portfolio.
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However, some important considerations relevant especially to prHowever, some important considerations relevant especially to private real estate are ivate real estate are 
left out of the classical MPT model, such as:left out of the classical MPT model, such as:
•• Illiquidity of real estate.Illiquidity of real estate.
•• Transaction cost differentials (&/or related holding period andTransaction cost differentials (&/or related holding period and rebalancing rebalancing 
constraints).constraints).
•• Asset operational management requirements for direct real estatAsset operational management requirements for direct real estate investment.e investment.
•• Lack of informational efficiency in private asset markets.Lack of informational efficiency in private asset markets.
These considerations suggest caution in allocating as much to prThese considerations suggest caution in allocating as much to private real estate as ivate real estate as 
suggested by MPT. Some major large P.F.s have set private R.E. tsuggested by MPT. Some major large P.F.s have set private R.E. targets around 10%.argets around 10%.



OPT PORTF FINDER NO RISKLESS ASSET (CInput Target Mean= 11.00%
7-Asset Portfolio Optimizer: (Check to make sure target mean is sufficiently high to be above bottom edge of feasible frontier, that is, the bottom side of "the parabola".)
Based on Variance Stats:

Inputs: Outputs: Use Solver in Tools menu to find optimal portfolio.
Asset #: Definition: Shares Target cell is portf Variance in cell i50 which should be MINimized.

By varying portfolio weights in cells b39:h39.
1 Large Stocks 13.92% Subject to constraints:
2 Small Stocks 21.78%   Each weight (B39 through H39) >=0;
3 IT Bonds 0.00%   Portf Mean equal Target Mean (i41=G1);
4 LT Bonds 16.00%   Sum of weights equal 1 (i39=1).
5 NAREIT 21.96%
6 NCREIF 26.33% (For less than 7 assets, make "junk" assets with very high variance and correlation, and very low means, then save spreadsheet under new name.)
7 Junk 0.00%

Portf Mean= 11.00%
Portf STD= 8.76%

Inputs... Asset #:
Stat 1 2 3 4 5 6 7
Mean 0.1229 0.1458 0.0761 0.0896 0.1244 0.0740 -10.0000
Std.Dev 0.1615 0.1867 0.0720 0.1311 0.1444 0.0620 10.0000
Corr.Tbl:

1 1.0000 0.5739 0.1800 0.2362 0.2859 0.0912 1.0000
2 1.0000 0.0102 -0.0202 0.6433 0.0389 1.0000
3 1.0000 0.9389 0.2005 0.0000 1.0000
4 1.0000 0.1959 0.0000 1.0000
5 1.0000 0.1174 1.0000
6 1.0000 1.0000
7 1.0000

Mechanics...
Covariance Table:

1 0.0261 0.0173 0.0021 0.0050 0.0067 0.0009 1.6151
2 0.0173 0.0348 0.0001 -0.0005 0.0173 0.0004 1.8667
3 0.0021 0.0001 0.0052 0.0089 0.0021 0.0000 0.7200
4 0.0050 -0.0005 0.0089 0.0172 0.0037 0.0000 1.3113
5 0.0067 0.0173 0.0021 0.0037 0.0209 0.0011 1.4441
6 0.0009 0.0004 0.0000 0.0000 0.0011 0.0038 0.6200
7 1.6151 1.8667 0.7200 1.3113 1.4441 0.6200 100.0000

Opt. Share 0.1392 0.2178 0.0000 0.1600 0.2196 0.2633 0.0000 1
Sum w*R

w*R 0.0171 0.0317 0.0000 0.0143 0.0273 0.0195 0.0000 0.1100 =Port Mean
Weighted Pairwise Covariance Matrix (wiwjCOVij):

0.0005 0.0005 0.0000 0.0001 0.0002 0.0000 0.0000
0.0005 0.0017 0.0000 0.0000 0.0008 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0001 0.0000 0.0000 0.0004 0.0001 0.0000 0.0000
0.0002 0.0008 0.0000 0.0001 0.0010 0.0001 0.0000
0.0000 0.0000 0.0000 0.0000 0.0001 0.0003 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 Sum cells:

0.0077 =Portf Var

Excel template (“Portfo1”) results for no Excel template (“Portfo1”) results for no risklessriskless asset, 11% target:asset, 11% target:



OPT PORTF FINDER NO RISKLESS ASSET (CInput Target Mean= 11.00%
7-Asset Portfolio Optimizer: (Check to make sure target mean i
Based on Variance Stats:

Inputs: Outputs: Use Solver in Tools me
Asset #: Definition: Shares Target cell is portf Varia

By varying portfolio wei
1 Large Stocks 13.92% Subject to constraints:
2 Small Stocks 21.78%  Each weight (B39 thro
3 IT Bonds 0.00%  Portf Mean equal Targ
4 LT Bonds 16.00%  Sum of weights equal 
5 NAREIT 21.96%
6 NCREIF 26.33% (For less than 7 assets
7 Junk 0.00%

Portf Mean= 11.00%
Portf STD= 8.76%

0.700.540.590.630.660.690.70Sharpe Ratio

5.7916.3213.1610.848.776.955.43Standard Deviation

9.2814.0013.0012.0011.0010.009.00Expected Return

38.790.000.008.7425.9734.6241.59NCREIF Property

13.8417.9734.3230.0024.0418.7211.57NAREIT-Equity TR

0.000.006.0615.7015.655.870.00U.S. LT Gvt TR

29.340.000.000.000.0016.0331.69U.S. IT Gvt TR

10.3673.5037.5826.8620.3114.009.14U.S. Small Stk TR

7.678.5322.0518.7014.0210.776.01S&P 500 TR

Max Sharpe 
Ratio

Expected 
Return = 14

Expected 
Return = 13

Expected 
Return = 12

Expected 
Return = 11

Expected 
Return = 10

Expected 
Return = 9

Results should not be Results should not be 
expected to match expected to match 
exactly due to roundexactly due to round--offs offs 
in both inputs and in both inputs and 
outputs, and due to outputs, and due to 
numerical iteration numerical iteration 
procedures used to find procedures used to find 
optima.optima.



Excel template (“Portfo1”) results with Excel template (“Portfo1”) results with risklessriskless asset, 9.28% target:asset, 9.28% target:
OPTIMAL PORTFOLIO FINDER WITH RISKLInput Target Return= 9.28%
7-Asset Risky Portfolio Optimizer: Input Riskfree Rate= 5.20%
Based on Variance Stats, assuming riskless asset exists (optimal portfolio is Sharpe-maximizing portfolio):

Inputs: Outputs: Use Solver in Tools menu to find optimal risky portfolio in presence of riskless asset.
Asset #: Definition: Opt.Shares Target cell is portf Sharpe Ratio in cell i51 which should be MAXimized.

0 Riskless -1.40% By varying risky portfolio weights in cells b39:h39.
1 Large Stocks 7.46% Subject to constraints:
2 Small Stocks 12.34%   Each weight (B39 through H39) >=0;
3 IT Bonds 30.32%   Sum of risky weights equal 1 (i39=1).
4 LT Bonds 0.00% (For less than 7 risky assets, make "junk" assets with very high variance and correlation, and very low means, then save spreadsheet under new name.)
5 NAREIT 10.60% (To achieve target mean, mix optimal risky portfolio with riskless borrowing or lending.)
6 NCREIF 40.67%
7 Junk 0.00%

Portf Mean= 9.28%
Portf STD= 5.77%

Portf Sharpe= 0.7069
Inputs... Asset #:
Stat 1 2 3 4 5 6 7
Mean 0.1229 0.1458 0.0761 0.0896 0.1244 0.0740 -10.0000
Std.Dev 0.1615 0.1867 0.0720 0.1311 0.1444 0.0620 10.0000
Corr.Tbl:

1 1.0000 0.5739 0.1800 0.2362 0.2859 0.0912 1.0000
2 1.0000 0.0102 -0.0202 0.6433 0.0389 1.0000
3 1.0000 0.9389 0.2005 0.0000 1.0000
4 1.0000 0.1959 0.0000 1.0000
5 1.0000 0.1174 1.0000
6 1.0000 1.0000
7 1.0000

Mechanics...
Covariance Table:

1 0.0261 0.0173 0.0021 0.0050 0.0067 0.0009 1.6151
2 0.0173 0.0348 0.0001 -0.0005 0.0173 0.0004 1.8667
3 0.0021 0.0001 0.0052 0.0089 0.0021 0.0000 0.7200
4 0.0050 -0.0005 0.0089 0.0172 0.0037 0.0000 1.3113
5 0.0067 0.0173 0.0021 0.0037 0.0209 0.0011 1.4441
6 0.0009 0.0004 0.0000 0.0000 0.0011 0.0038 0.6200
7 1.6151 1.8667 0.7200 1.3113 1.4441 0.6200 100.0000

Opt. Share 0.0736 0.1217 0.2990 0.0000 0.1046 0.4011 0.0000 1
Sum w*R

w*R 0.0090 0.0177 0.0228 0.0000 0.0130 0.0297 0.0000 0.0922 =Risky Portf Mean
Weighted Pairwise Covariance Matrix (wiwjCOVij):

0.0001 0.0002 0.0000 0.0000 0.0001 0.0000 0.0000
0.0002 0.0005 0.0000 0.0000 0.0002 0.0000 0.0000
0.0000 0.0000 0.0005 0.0000 0.0001 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0001 0.0002 0.0001 0.0000 0.0002 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0006 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 Sum cells:

0.0032 =Portf Var
0.7069 =Sharpe Ratio
1.0140 =Risky Weight



OPTIMAL PORTFOLIO FINDER WITH RISKLInput Target Return= 9.28%
7-Asset Risky Portfolio Optimizer: Input Riskfree Rate= 5.20%
Based on Variance Stats, assuming riskless asset exists (optimal portfolio is Shar

Inputs: Outputs: Use Solver in Tools men
Asset #: Definition: Opt.Shares Target cell is portf Sharp

0 Riskless -1.40% By varying risky portfolio
1 Large Stocks 7.46% Subject to constraints:
2 Small Stocks 12.34%  Each weight (B39 thro
3 IT Bonds 30.32%  Sum of risky weights e
4 LT Bonds 0.00% (For less than 7 risky as
5 NAREIT 10.60% (To achieve target mean
6 NCREIF 40.67%
7 Junk 0.00%

Portf Mean= 9.28%
Portf STD= 5.77%

Portf Sharpe= 0.7069

Results should not be Results should not be 
expected to match expected to match exactlexactl
due to rounddue to round--offs in both offs in both 
inputs and outputs, and inputs and outputs, and 
due to numerical due to numerical 
iteration procedures iteration procedures 
used to find optima.used to find optima.

0.700.540.590.630.660.690.70Sharpe Ratio

5.7916.3213.1610.848.776.955.43Standard Deviation

9.2814.0013.0012.0011.0010.009.00Expected Return

38.790.000.008.7425.9734.6241.59NCREIF Property

13.8417.9734.3230.0024.0418.7211.57NAREIT-Equity TR

0.000.006.0615.7015.655.870.00U.S. LT Gvt TR

29.340.000.000.000.0016.0331.69U.S. IT Gvt TR

10.3673.5037.5826.8620.3114.009.14U.S. Small Stk TR

7.678.5322.0518.7014.0210.776.01S&P 500 TR

Max Sharpe 
Ratio

Expected 
Return = 14

Expected 
Return = 13
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Return = 9




