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ExECUTIVE SUMMARY

T
he purpose of this paper is to demonstrate how return-based style analysis (attribution analysis) 
can be used to ascertain the extent to which managers of REITs add value to their firm’s stock 
returns. The only data required to implement this technique are the total returns for the REIT 
and the returns of a set of passive indexes. In this demonstration, a weighted combination of the 

passive indexes is used to construct a benchmark portfolio that most closely replicates the actual 
performance of a manager’s portfolio over a specified time period. Management performance is then 
measured relative to this benchmark portfolio. The weights used to construct the benchmark portfolio 
provide an insight into the behavior of the REIT.

Measuring the Value Added of REIT Managers 
Using MSA Benchmarks: 

A Return-Based Attribution Analysis Approach

by Walter I. Boudry, Crocker H. Liu, and Andrey Ukhov 
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A
n interesting, important, and challenging financial question both in academic research 
and in practice is how to determine asset managers’ investment performance. That is, how 
much can be attributed to luck or serendipitous timing and how much is skill? In this 
paper we demonstrate how return-based style analysis, known as attribution analysis, can 

be used to ascertain the extent to which managers of REITs add value to their firm’s stock returns. 
Developed by William F. Sharpe, a Nobel Laureate, the attribution analysis technique was originally 
used to analyze a manager’s investment style based on the individual’s equity portfolio (e.g., large cap 
growth versus large cap value) by comparing returns on various indices.1 The manager’s style would be 
inferred according to the extent to which a weighted combination of indices most closely replicated 
the actual performance of the manager’s portfolio over a specified time period. In this way, a fund 
manager’s style is determined by finding the mix of indices that provides returns that are the most 
similar to the manager’s portfolio’s returns. The manager’s performance can then be assessed from the 
resulting benchmark portfolio, which is constructed using the various indices. The unmanaged 
benchmark reflects how an investor would do if he or she owned a portfolio comprising the same 
indices but didn’t have the manager.

1 William Sharpe, “Determining a Fund’s Effective Asset Mix,” Investment Management Review, 1988, pp. 59-69. See also: William Sharpe, “Asset Al-
location: Management Style and Performance Measurement,” Journal of Portfolio Management, Vol. 18, No. 2 (1992), pp. 7-19.

Measuring the Value Added of REIT Managers  
Using MSA Benchmarks: 

A Return-Based Attribution Analysis Approach

by Walter I. Boudry, Crocker H. Liu, and Andrey Ukhov 
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This type of return-based style analysis can be applied to 
management of real estate investment trusts (REITs). Instead 
of equities, we are interested in the management of the REIT. 
A REIT is analogous to a stock mutual fund in the sense that 
it is a portfolio of direct real estate investments of various 
types in various locations. A particular limitation relating to 
measuring REIT performance is that, in contrast to stocks, 
bonds, and cash indices, whose returns are available at high 
frequencies, returns for underlying real estate indices are 
only available on a quarterly basis. Moreover, indices for 
direct real estate investment are typically not available for an 
MSA or city, although that is the measurement we seek to 
make in this study. 

Our analysis focuses on geographical REIT portfolios. 
While one can use REIT indices for various property types, 
this approach does not allow one to look at REIT perfor-
mance in terms of MSA (city) exposures. A possible solution 
to address this issue is to compare the REIT’s performance 
to an index that includes a portfolio of publicly traded stocks 
that act as a proxy for the local economy.2 Since real estate is 
fixed in location, we argue that the revenue and net income 
from a given property is tied to the health of the local econ-
omy as well as the health of the tenants who are a part of 
that economy. Property value is also partly tied to the local 
economy in addition to the national economy.3 For example, 
we implicitly assume that real estate in Detroit, Michigan, or 
in Silicon Valley is tied to the health of the automotive in-
dustry in one case and high tech manufacturing in the other. 
A study by Coulson, Liu, and Villupuram provides evidence 
that is consistent with this view.4 

Like other investment analysis techniques, return-based 
style analysis depends on the correct selection of passive 
indices, the time frame (window) used, and the return fre-
quency chosen. Return-based analysis also requires a reason-
ably lengthy time span to detect major changes. Advantages 
of this type of style analysis are that it is neither expensive 
nor labor intensive.

For purposes of illustration, we use a hotel REIT, Her-
sha Hospitality Trust, whose properties are located primarily 
in the following six MSAs: Boston, Los Angeles, Miami, New 

2 Theoretically, we assume that the economic base of a given city is the 
primary driver of commercial real estate. The economic base is the port-
folio of local industries that represents the local economy, especially firms 
whose goods are exported (i.e., output is in excess of local consumption 
needs). 
3 Value is also a function of discount rates, which are a function of inter-
est rates at the national level as well as the risk of a given property type, 
among other factors.
4 See: N. Edward Coulson, Crocker H. Liu, and Sriram V. Villupuram, 

“Urban Economic Base as a Catalyst for Movements in Real Estate Prices,” 
Working Paper, Cornell University, 2012. This study differs from the 
approach in the working paper because their focus is on the link between 
residential real estate (housing) and local economic conditions. 

York, Philadelphia, and Washington (District of Columbia).5 
Our chief goal is to show the usefulness of attribution analy-
sis in evaluating management performance. This demonstra-
tion of attribution analysis also shows the extent to which 
management adds value by measuring the difference in 
REIT returns relative to returns on a benchmark portfolio 
that we construct from cash, investment grade bonds, and 
the MSA indices. We do not employ a real estate index in 
our analysis because intuitively the reference indices should 
be based on asset classes the manager has discretion over. 
That is, including the FTSE/NAREIT index would simply 
answer the question, does Hersha look like a REIT?6 

We include cash because Hersha lists cash and cash 
equivalents as part of their balance sheet. As for including 
bonds in the comparison index, certain elements of a hotel 
investment are not unlike bonds. While Hersha does not 
hold investment grade bonds, the trust does invest in insti-
tutional grade hotels in central business districts, suburban 
office markets, and stable destinations and secondary mar-
kets in the Northeast, as well as selected markets on the West 
Coast. Moreover, Hersha focuses on high quality upscale ho-
tels in high barrier-to-entry markets. This suggests that the 
return on these hotels should at least equal to, if not exceed, 
BBB investment grade bonds, since institutional grade hotels 
are riskier and thus demand a higher risk premium. For this 
reason, it is important to add returns on a bond portfolio as 
one of the indices in the attribution analysis. 

It is well known that real estate returns have both 
a fixed-income-like component (a flow of rents) and an 
equity-like (property value appreciation) aspect.7 Real 
estate’s fixed-income investment properties are not the only 
reason that including a bond return index into attribution 
analysis is important. This method applies to real estate in 
general, and thus a general set of benchmarks should be 
included. Finally, we note the empirical issue regarding the 
use of fixed-income returns. If the returns generated by a 
manager do not behave in a fixed-income-like fashion, then 
the attribution analysis will assign a low weight to the fixed 
income index, reflecting this property of returns. 

While there is no absolute standard regarding the ap-
propriate time frame necessary to analyze a fund manager, 
we use a five-year (20 quarter) rolling window of quarterly 

5 The use of Hersha is without loss of generality. The analysis is well suited 
for any REIT that has a moderately geographically diversified portfolio. 
6  An alternative way of looking at this involves considering the original 
use of attribution analysis. When benchmarking a small cap mutual fund, 
the reference indices would not include a mutual fund index. It is likely 
to include a small cap index, small cap value and growth indices, and 
potentially mid cap indices to examine whether there has been a size drift 
in the portfolio. 
7 For example, see: David Swensen, Pioneering Portfolio Management: 
An Unconventional Approach to Institutional Investment (New York: Free 
Press, 2009), a book by Yale’s endowment manager.



CREF Report Series • January 2013 • www.cref.cornell.edu 7

returns since real estate holding periods tend to be at least five 
years in duration. Another, more practical reason for choosing 
this time frame is that it reflects the limited time series data 
available on our MSA indices.

To conduct the attribution analysis, we assume the return 
on the REIT is equal to the weighted returns on the passive 
MSA indices plus some random error:

Rt = w1tR1t + w2tR2t + w3tR3t + …. + wNtRNt + et

where Rt is the return on the REIT during period t, wjt is the 
weight of index j, Rjt is the return on index j during period t, 
and et is the residual for period t; for wjt, j = 1,…. N, repre-
senting the weights on the 1st through Nth indices. N is the 
total number of passive benchmark indices. This specifica-
tion assumes that returns on indices, Rjt, drive returns on the 
real estate portfolio, Rt, with weights wjt capturing the contri-
bution of different indices to the return on the portfolio. The 
return on the real estate portfolio is the weighted average of 
returns on indices plus an error term, which represents return 
on the real estate portfolio that cannot be explained by returns 
on the indices. 

To create the benchmark passive portfolio return, we 
need to estimate the w term in equation (1), that is, the 
weight that each passive index has in the portfolio. To do 
this, we need a sensible criterion upon which to base the 
estimate. The approach we take is to find the portfolio 
weights that minimize the sum of the squared deviation 
between the REIT return and the passive indices.8 Follow-
ing this approach will allow us to estimate the weights that 
create the portfolio that most closely matches the REIT’s 
historic performance. 

In order for the portfolio weights to make economic 
sense, we must impose two restrictions on the values that 
the w’s can take in equation (1). First, the weights must 
sum to 1, since the portfolio weights sum to 100 percent, 
and, second, each weight must have a value between 0 
and 1 (this implies no short sales.) Estimating the weights 
subject to these constraints is a simple case of constrained 
optimization:

8 This criterion follows the same logic as a standard ordinary least 
squares (OLS) regression.

Exhibit 1

Changing weights on the benchmark portfolio (quarterly returns)

(1)
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with equation (1) identifies how the returns on our bench-
mark portfolio tracked the REIT’s actual performance over 
the 2004Q1–2012Q1 period. We then use the constructed 
passive benchmark portfolio returns to examine the value 
added of the REIT’s management.

Data
We obtained monthly return data for the hotel REIT from 
the Center for Research in Security Prices (CRSP)10 with 
monthly yields on a constant-maturity 10-year Treasury 
bond and yields on a BBB corporate bond taken from the 
Federal Reserve website.11 To construct the city indices for 
Boston, Los Angeles, Miami, New York, Philadelphia, and 
Washington, DC, we calculated the value weighted return 
on all companies headquartered in these cities. We obtain 

10 For practitioners who don’t have access to CRSP, returns can be down-
loaded through a downloadable Bloomberg terminal.
11 www.federalreserve.gov/econresdata/statisticsdata.htm.

An attribution analysis spreadsheet is available on the 
CREF webpage,9 and Appendix A in this study shows how 
to implement this approach by hand using an Excel spread-
sheet. For our example, we use the following eight indices: 
cash, investment grade corporate bonds, and the regional 
stock indices for Boston, Los Angeles, Miami, New York, 
Philadelphia, and the District of Columbia. The return as-
sociated with our hotel REIT and for the eight indices are 
reported in Appendix A. The R-squared statistic associated 

9 The spreadsheet simply requires a target asset and reference indices. As 
such, it could be used for any attribution analysis problem, not only the 
one discussed in this paper.

Exhibit 2

Weights and portfolio return for benchmark portfolio from attribution analysis (quarterly analysis)

subject to
w1 + w2 +   + wN = 1
0 ≤ wj ≤ 1 for all j

Σ
T

e t
2min

http://www.federalreserve.gov/econresdata/statisticsdata.htm
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Exhibit 3

Percentage of hotel rooms in each MSA for our hotel REIT

company headquarters from COMPUSTAT and company 
return data from CRSP.12 

We use quarterly returns in our analysis to match the 
quarterly frequency of most commercially available data-
bases on institutional fund managers, including NCREIF. 
In addition to this, the model implicitly assumes a normal 
distribution of returns, and quarterly returns are more likely 
to be normally distributed. Moreover, changes in real estate 
holdings are only reported in the 10Q on a quarterly basis 
at best. While we could have used monthly returns in lieu of 
quarterly returns, Lieberman shows there is little difference 
in monthly versus quarterly style classifications if enough 
data are available.13 She further argues that results must be 
consistent using either monthly or quarterly data for return-
based analysis to be useful. To convert monthly returns to 

12 An alternative set of indices would be the Bloomberg regional indices 
for these markets. The tickers for the Bloomberg regional indices are 
BBNX for Boston, BOCX for Los Angeles, BMHX for Miami, BCNY 
for New York, INQB for Philadelphia, and BDCAX for Washington, DC. 
13 Diana Lieberman, “Return-Based Style Analysis: Are Quarterly Re-
turns as Meaningful?,” Journal of Investing, Vol. 5, No. 3 (1996), pp. 51-55.

quarterly returns, we used the following calculation: add 1 to 
each of the monthly returns for three successive months and 
then multiply the three terms together, subtracting 1 from 
the result and converting to percentage: 

For example, suppose that the return is -0.0384 for 
month 1, 0.0672 for month 2, and -0.1362, for month 3. 
Then the return for the first quarter is -11.36 percent, as 
follows:

Results
Quarterly Analysis

Exhibit 1 (page 7)shows the changing weights or exposures 
to the eight indexes that we used to create a benchmark 
portfolio for the purpose of attribution analysis (also known 
as an exposure distribution area graph). The graph repre-
sents one of the easiest ways to assess a REIT’s stability, that 
is, to gauge the stability of its exposure with respect to the 
eight indices over time. 

Rq = (1+Rt1)(1+Rt2)(1+Rt3) - 1

RQ1 = (1-0.0384)*(1+0.0672)*(1-0.1362) - 1 = -0.1136  
(*100 percent)
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The change in the exposure to local economies is partly 
the result of when hotels in a given MSA were acquired or 
sold, in addition to the average daily rate setting in each of 
the local economies. Exhibit 3 (page 9) provides the percent-
age of hotel rooms in each MSA for our hotel REIT which 
is constructed from the REIT’s various 10Ks and annual re-
ports. A comparison of Exhibit 3 with the exposure distribu-
tion graph in Exhibit 1 reveals that the percentage distribu-
tion of hotel rooms differs from MSA exposures in terms of 
the benchmark portfolio. What is not available from SEC 
filings is the contribution that hotels in aggregate for each 
MSA make to the profits (and RevPAR) of the hotel REIT.14 
This information provides a better basis for comparison with 
Exhibit 3.15

14 The level of financial disclosure made by REITs with respect to port-
folio cash flows is quite varied. While all firms report company level cash 
flows, the granularity with which they disclose segment level cash flows 
(i.e., market by market) in their financial supplements differs widely. Due 
to Regulation FD, if these data are not disclosed in the firm’s financial 
supplement, it is unlikely the investor could readily obtain them from the 
company or other sources. 
15 Attribution analysis is especially useful when geographical mix of 
properties is available for the company being researched, but one cannot 
obtain the figures for profit contribution from different geographical areas. 

Looking at Exhibit 2 (page 8), which reports the actual 
weights in conjunction with Exhibit 1, the benchmark port-
folio in our example for the first quarter of 2004 (2004Q1) 
consists of 65.1 percent BBB investment grade corporate 
bonds, 2.3 percent District of Columbia, 21.1 percent Los 
Angeles, and 11.5 percent Miami. This benchmark portfo-
lio represents a reasonable passive alternative to the REIT 
manager’s active management. This suggests that over this 
time period, the REIT’s institutional grade hotels exhibited 
similar performance behavior to BBB investment grade 
corporate bonds. Notice that the exposure to various indices 
changes over time. Early on, the benchmark portfolio had 
large exposures to BBB investment grade corporate bonds 
and Washington, D.C. (2004Q1 to 2007Q2). Subsequent to 
2007Q2, when other markets were in recession, a large por-
tion of the hotel REIT returns is attributable to the Boston 
and D.C. local economies (2007Q3 to 2008Q3). A large 
vacillating exposure to either the New York City or Boston 
economy followed during the 2008Q4 to 2011Q4 period 
with more recent exposure to the economies of Miami and 
Philadelphia in 2012Q1. Thus, it appears that the investment 
grade hotels acquired over time outperformed BBB invest-
ment grade corporate bonds, with the exposure to the six 
MSA economies changing over time. 

Exhibit 4

Performance of REIT relative to benchmark portfolio
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Given these weights in time period t (say, 2004Q1), we 
can compare the performance of the benchmark portfolio 
to that of the actual REIT over a subsequent time period, 
say, the next quarter (2004Q2). That is, we compare returns 
for the eight indices with the returns for our REIT, one 
quarter ahead. (See Appendix A for a description of how to 
calculate these returns.) If we assume that our chosen set 
of passive indices fully captures both the MSA exposures 
(inclusive of cash and investment grade bond weights) and 
the manager’s style, and if we also assume that there was 
no change in style in the five-year period used to create the 
benchmark portfolio (in this example, the second quarter 
of 1999 (1999Q2) to the first quarter of 2004 (2004Q1)) and 
the evaluation period (in this example, 2004Q2), the differ-
ence in returns between this benchmark and the actual fund 
represent the return arising from the manager’s active strat-
egies regarding the setting of daily rents (since it is a hotel 
REIT), along with acquisitions and disposal of hotel proper-
ties. The intuition for using weights calculated in the prior 
five-year period and applied to returns in the subsequent 
quarter meets the criteria for measuring the manager’s 

performance. In particular, the benchmark portfolio is easily 
constructed, identifiable in advance, and represents a viable 
alternative to investing in the REIT. The method allows for 
the weights to vary according to time—that is, estimated 
weights can change from quarter to quarter. To the extent 
that managers may be engaged in picking markets in which 
they operate—and therefore changing their exposure to dif-
ferent real estate markets—by allowing the estimated weights 
to change from period to period our proposed measurement 
approach captures and reflects this variability in exposure to 
different markets. 

Exhibit 4 shows the quarterly return performance of our 
hotel REIT relative to the benchmark portfolio, while Exhibit 
5 summarizes the difference in performance that is shown 
in Exhibit 4. This represents the REIT management’s value 
added return. On average, the management adds value to the 
tune of 1.51 percent per quarter or 6.2 percent per annum.16 
During periods when the REIT’s management outperformed 
the benchmark, they generally did so by a large amount.

16 To calculate the per annum return, we compound the quarterly returns: 
(1+.0151)4 – 1 = .0620 or 6.2%

Exhibit 5

Management value-added return
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The R2 statistic identifies how well the constant alloca-
tion (portfolio weights) tracked our REIT’s actual perfor-
mance over each five-year period (rolling by quarter). Stated 
differently, the higher the percentage value of the R2, the 
better, as this indicates that the benchmark portfolio more 
consistently accounts for the long-term behavior of the REIT. 
In this case, the weighted allocation was associated with 
36.6 percent of the variation in the REIT manager’s actual 
performance (weighted as given in Exhibit 2, 2004Q1), as 
follows: 10-year Treasury bond, 0; BBB investment grade 
corporate bond, .651; Washington DC, .023; New York City, 
0; Los Angeles, .211; Miami, .115; Boston, 0; and Philadel-
phia, 0. The remaining 63.4 percent is attributable to some 
combination of the manager’s exposure to MSAs other than 
the six included in this analysis, the manager’s acquisition 
and disposal of (hotel) properties, daily rent-setting behavior, 
efficiency of operations (control of expenses), market timing, 
or statistical error. Exhibit 6 shows the time series portion of 
the quarterly returns attributed to REIT management rela-
tive to the benchmark portfolio. On average, 42 percent of 
the REIT performance is attributable to the style behavior of 
the REIT manager with a low of 30 percent occurring dur-
ing the 2007 to 2009Q2 period and nearly 50 percent after 
2009Q4.

Summary
We demonstrate how to evaluate whether REIT manage-
ment adds value to their firm’s stock performance using 
attribution analysis, a technique developed by William F. 
Sharpe. To achieve this, a benchmark portfolio is construct-
ed using a weighted combination of indices that most closely 
replicates the actual performance of a manager’s portfolio 
over a specified time period. The benchmark reflects how 
an investor would do if he or she didn’t have the manager. 
The novel feature of this analysis is that we look at REIT 
performance in terms of MSA exposures using city-level 
stock indices which represent a portfolio of publicly traded 
stocks as a proxy for the local economy. Comparing a hotel 
REIT to indices for cash, BBB investment grade corporate 
bonds, and MSA indices for Boston, Los Angeles, Miami, 
New York, Philadelphia, and Washington, D.C., we show 
that management of our hotel REIT does add value. The re-
sulting weights from this attribution analysis reveal the style 
behavior of the REIT manager and which local economies 
where properties are located in are the primary drivers of 
REIT returns since hotels are fixed in location. n

Exhibit 6

Portion of quarterly returns attributed to benchmark versus management
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Appendix: Sharpe Return Based Attribution Analysis Using Excel
Suppose that we have the following returns on a hotel REIT together with returns for cash (yield on a constant maturity 10-year Treasury 
bond), for a BBB quality corporate bond, and for a value weighted portfolios of common stocks whose firms have a major presence in Boston, 
Los Angeles, Miami, New York, Philadelphia, and Washington, D.C.

Exhibit A: REIT Return Data
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Using the return data in Exhibit A, we wish to determine the extent to which this REIT’s actual performance is replicable using the Solver 
subroutine in Microsoft’s Excel software to reveal the implicit management style of the REIT.

Step 1: Open the Excel Spreadsheet and using the information given in Exhibit A, perform the following operations (an example of what your 
spreadsheet should resemble follows):
Enter your returns in column B through column J after the third row
Put the initial weights above each return column excluding the REIT return column. Set each weight equal to 1/n where n = 8 asset classes or 
1/8 (.125). Notice that the weights sum to 1 and that each weight is between 0 and 1. 

In cell B25 (column B, row 25), use the AVERAGE command in excel to calculate the average REIT return (average of column B) of cell B4 
through cell B23

Set cell K2 equal to K27 (=K27) and set cell L2 equal to L27 (=L27)

In cell K4 (column K, row 4) subtract the sum of the weights multiplied by the returns on each asset (index) class from the REIT return in cell 
B4. Square this difference e.g., input into cell K4 the following:
=(B4-($C$2*C4+$D$2*D4+$E$2*E4+$F$2*F4+$G$2*G4+$H$2*H4+$I$2*I4+$J$2*J4))^2

In cell L4 (column L, row 4), subtract the REIT return in cell B4 from the average (mean) of the REIT return that is located in cell B25 (cell B25 
=AVERAGE(B4:B23)) . Square this difference e.g., input into cell L4 the following:
=(B4-$B$25)^2
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Copy and paste the contents of cell K4 into cell K5 through cell K23. Using the same logic process, copy and paste the contents of cell L4 into 
cell L5 through cell L23.

In cell J25 (column J, row 25), use the SUM command in excel to sum the weights located in cell C2 through cell J2. Recall that the sum of the 
weights equal 1 (w1 + w2 + …. + wN = 1).

In cell K25, use the SUM command in excel to sum the residuals that you calculated in cell K4 through cell K23. In a similar fashion, in cell L25, 
use the SUM command in excel to sum the squared differences that you calculated in cell L4 through cell L23.

• In cell K27, calculate the R-squared (the percentage of the variation in REIT returns that our set of cash, bond, and MSA equity indices 
accounts for). R-squared is calculated as 1 minus the ratio of the sum of squared residuals (SS(Resid)) located in cell K25 to the sum of squared 
total (SS(Total)) located in cell L25. In cell L27, calculate 1 minus the R-squared which is equal to the portion of the REIT return that reflects 
management’s value added arising from their active management strategies such as changes in their rental rates, acquisitions and/or 
dispositions of properties, etc (portion of the return that is not attributable to the cash, bond, and MSA indices).
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Following is what your completed spreadsheet should look like using 5 years of quarterly returns (20 quarters of data):

Step 2: Click on the Data tab in Excel 2007 and select the Solver option (see circled areas below).

If you do not see the Solver option, you will need to install it using the following procedure. Click on the Office Button located in the upper 
left corner of the Excel 2007 spreadsheet.
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You should see the following window. At the bottom of this window, click on the button labeled Excel Options.

Click on Add-Ins located in the left side box. The following box should now appear. At the bottom of the page, click on the Go… button.
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This should bring up the Add-Ins box. Select the Solver Add-in box by clicking in the box next to it and then click the OK button. When you 
now click on the Data tab you should now see the Solver option (see circled areas below). Clicking on the Solver subroutine should bring up 
the following box

 

Fill in the boxes as follows: 
 Set Target Cell: $K$25 The target cell is the cell you’re minimizing
 Equal to:  Min  (You’re minimizing the sum of the squared residuals)
 By Changing Cells: $C$2:$J$2 (These are the cells containing the initial weights = .125)
 

Subject to the Constraints: $J$25 = 1  Note: you need to click on the Add button to add this constraint. The cell 
 reference is $J$25, pull down the arrow and choose =, then type 1 in the 
 constraint: box. Click on the OK button.
    $C$2 => 0  The % invested in Cash (10 Year Treasury bond) is ≥ 0 
    $D$2 => 0  The % invested in BBB Investment Grade Corporate Bond is ≥ 0
    $E$2 => 0  The % invested in a portfolio of Washington DC stocks is ≥ 0
    $F$2 => 0  The % invested in a portfolio of New York City stocks is ≥ 0
    $G$2 => 0  The % invested in a portfolio of Los Angeles stocks is ≥ 0
    $H$2 => 0  The % invested in a portfolio of Miami stocks is ≥ 0
    $I$2 => 0    The % invested in a portfolio of Boston stocks is ≥ 0
    $J$2 => 0    The % invested in a portfolio of Philadelphia stocks is ≥ 0
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The result should resemble the following:

Click on the Solve button should yield the following output with the revised set of weights which minimize the sum of squared residuals:

These are the weights associated with 2004Q1. To calculate the weights for 2004Q2, replace cell A4 through cell J23 with return data from 
1999.03 through 2004.02 e.g., replace 1999Q2 – 2004Q1 with 1999Q3 – 2004Q2. We are dropping one quarter and adding one quarter of 
data so that we are using a 5 year (20 quarter) moving window.
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To calculate the weights for 2004Q2, your new setup should resemble the following:
 

Step 3: Calculating the return on the benchmark portfolio. Recall that the return on a portfolio is 
Rt = w1tR1t + w2tR2t + w3tR3t + …. + wNtRNt
where wjt j = 1,…. N represents the weights on the 1st through Nth indices.
 Rjt j=1,…., N represents the returns on the 1st through Nth indices; N is the total number of passive benchmark indices. N = 8 indices in our 
example. From our example, the weights for the first quarter, 2004Q1 are

 
And the corresponding returns on the 8 indices for the subsequent quarter, 2004Q2, are 

 
So it follows given the formula above that the return on the benchmark portfolio for 2004Q2 is 1.85%.
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