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REIT-Based Property Return
Indices: A New Way to Track and
Trade Commercial Real Estate

HoLLy HORRIGAN, BRAD CASE, DAVID GELTNER,

AND HENRY POLLAKOWSKI

EITs are a means of real estate
investment that provide good lig-
uidity and good transparency.
While REIT equity values were
pummeled during the recent downturn—in a

manner understandably exaggerated by REIT
leverage—REIT stocks have nevertheless
maintained their hiquidity and transparency.
Whatever the stock market’s
regarding herd behavior and excess volatility, the

weaknesses

public securities exchanges are highly efficient
mechanisms for information aggregation and
price discovery. These beneficial characteris-
tics allow us to infer price movements in
underlying property markets on a daily basis
from REIT returns without having to directly
observe property transactions, which occur
only with varying frequency and among dis-
similar assets.

REITs pose some dithculties for investors
and hedgers wishing to trade in commercial
property markets, however. On the right-hand
side of the balance sheet, almost all REI'Ts are
levered. On the left-hand side, almost all REIT
asset holdings are diversified across individual
commercial property market segments, espe-
cially across national and international regions.
The result is some degree of obfuscation
between the property level of the direct real
estate market segments and the returns visible
directly in REIT stocks or sectors. This article
reports on a major eftort, sponsored by

NAREIT and undertaken at the MIT Center
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for Real Estate, to develop tradable REI'T-based
portfolios whose returns retlect unlevered, prop-
erty-level returns within individual property
market segments that are defined by property
usage type sector and geographic region. These
so-called pure-play portfolios can be usetul both
as information sources about property markets
and potentially as tradable portfolios to enable
liquid, transparent investment in property market
segment-specific porttolios.’

BACKGROUND

The approach presented in this article of
combining information on REIT asset hold-
ings with REIT stock returns to derive infor-
mation about the underlying property markets
dates back, in part, to at least the mid-1990s
with work by Giliberto [1993], Gyourko and
Nelling [1996], and Geltner and Kluger [1995,
1998]. The last authors originally proposed
two methodologies for constructing property
return indices using REIT data. Geltner and
Kluger [1995] oftered a regression-based appr-
oach wherein REIT returns are delevered and
regressed against property holding data 1n a
pooled regression. Data limitations at the time
of their analysis prevented the construction of
a high-frequency index. With the benefits of
new, larger datasets, we refined and extended
their analysis. We show that it is possible to
create good-quality, high-frequency indices of
property prices using REIT data.
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Geltner and Kluger [1998] oftered a second approach—
the pure-play methodology. This approach constructed
long—short combination portfolios with “pure” exposures
to target real estate segments using mathematical opti-
mization. The pure-play approach also yielded promising
results, but, again, a high-frequency index could not be well
constructed due to limited data availability at the tame. In
this article, we will compare the pure-play methodology
with the regression methodology, and show that under con-
ventional assumptions the two methodologies yield math-
ematically identical results. In 2008, NAREIT and the MIT
Center for Real Estate launched a project to revive and
reexamine the pure-play index idea with the aim of devel-
oping commercially useful information and a trading
product, taking advantage of the rich REIT industry data
now available and the considerable growth and develop-
ment of the REIT industry since the mid-1990s.

THE MECHANICS: HOW PURE-PLAY
PORTFOLIOS WORK

As noted, from a mathematical perspective there are
two essentially identical approaches to using REIT returns
to construct segment-specific returns in the property asset
market—the regression model and the long—short hedge
portfolio. In the article, we will present the regression per-
spective, leaving to the appendix the discussion of the
equivalence of the two approaches. In our analysis, we
examined property-segment indices at the monthly and
daily frequencies and compared them historically to the
Moody’s/REAL Commercial Property Price Indices
(CPPI), the leading transaction price—based indices of U.S.
commercial property price movements in the direct pri-
vate asset markets.”

We employed a modified version of the Geltner—
Kluger model in which we regressed the contempora-
neous monthly REIT returns on a set of variables that
represent proportional property-segment holdings for each
REIT.” For a capital return index, the dependent variable
is the REIT price return delevered using the weighted
average cost of capital (WACC) accounting identity,*

roa, = (Yequity, ) - r,, + (1 — %equity, ) - debtrate, (1)

Rather than pooling observations as Geltner and
Kluger [1995] did, due to the greater availability of REIT
data now, we were able to perform a separate regression

for each subperiod (monthly or daily) over the period
January 1, 2001, to December 31, 2007.°

SPECIAL REAL ESTATE Issug 2009

Theretore, the delevered return for REIT i is
regressed on 1ts asset-holding exposures to each property
market segment,
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where roa. 1s the REIT i delevered return over the period
t—1 to t: x refers to the REIT | percentage of total assets
held in each segment at t — 1: b is the market-segment
index return; and the A, I, O, R, and H subscripts refer
to the apartment, industrial, office, retail, and hotel market
segments, respectively, and®
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Rewriting in matrix notation, we have the following
(omitting the subscript ¢ for clarity):

roa = Xb + u (4)

where roa 1s a vector of length N, with each element
representing the period t — 1 to f return to each of the
r=1... NREITs. X 1s an N X K matrix containing
the dollar percentages of assets held by each REIT in
each of the k=1 ... Ksegments (in the model described
by Equation (2), K is the fifth of five segments). By
increasing the number and specificity of explanatory
variables, we were able to construct indices of greater
granularity as we will show later in the article.

In order to efficiently estimate the segment returns
(the regression coefhicients), we employed generalized
least squares (GLS) weightings based on an assump-
tion, consistent with Geltner—Kluger, that the variance
of each REIT’s idiosyncratic return, e, is inversely pro-
portional to the total dollar value of its property hold-
ings, and that the idiosyncratic returns are uncorrelated,
normally distributed, and have mean zero.” Intuitively,
this weighting reflects the assumption that larger REIT's
are likely to have less idiosyncratic return variance
because they have less property-level idiosyncratic risk
exposure as a result of holding larger, more diversified
portfolios of properties. In other words, a type of het-
eroskedasticity exists in which smaller REITs have
greater idiosyncratic variance.

We then estimated the indices using generalized least
squares,

5

B=(X"Q'X)"' X"Qroa (5)
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where £ is an N X N diagonal matrix containing the idio-
‘i"}-"l‘lCI‘L‘ltiC REIT return variances, with each di.‘lgmm] ele-
ment defined as”

tutal_.

-

.

(6)

where
total, = total dollar value of properties held by REIT i.
We define a segment pm*tﬁ]]in H as tollows:

H=(X"Q'X)" X" Q" (7)

The matrix H describes a set rﬂ"u-'::ightﬁ-; which detine
hedge portfolios that eliminate exposure to all but one

market segment for each portfolio, That is, His a KX N

matrix where each row k represents a portfolio of weights
of REITs having umit exposure (100% exposure) to seg-
ment k and zero exposure to every segment other than
segment k. The segment portfolio weights, which repre-
sent both long and short positions, sum to one for the
target segment and to zero for the nontarget segments.
A segment portfolio, were it investable, would yield a pure
return to the target segment while mmimzing 1diosyn-
cratic REIT return variance.

The segment porttolios contained in H do not
include the debt positions needed to oftset the leverage

held by the REITs, because that leverage has already been
removed from the dependent variable, roa. Note also that
the optimal relative weights of the REITs in the segment
portfolio H are independent of leverage and the tech-
niques used to deleverage the REIT returns. This imphes
that, were an investor to purchase the segment portfolio, 1t
would be possible to synthetically add or subtract leverage

by appropriately scaling the portfolio weights.

DATA

We studied publicly traded equity REITS during the
period 2001-2007, using as our umiverse the REITs hsted in
the NAREIT/FTSE indices. Exhibit 1 shows the number ot
publicly traded equity REITs in each of the NAREIT/FTSE
indices in each year during the study period. The decline 1n
publicly traded equity REITS in 2006, 2007, and into 2008
was caused both by consolidation within the REIT industry
and by a tlurry of privatizations.

Using information supplhied by NAREIT along with
data pulled from public SEC 10-K filings, we calculated
the explanatory variables needed for the models tor each
month. For example, Exhibit 2 shows the distributions of
the exposures, exp, to the office sector for the first and last
years in our study period.

Where the dollar value of assets n a REIT port-

folio 1s unknown, proxies for property value, such as rental

EXHIBIT 1
Equity REIT Universe
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EXHIBIT 2
REIT Investment Levels in Office Sector
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0.25 <exp <0.50

0.50 <exp<0.75 0.75<exp<1.0

Percentage of Holdings

W 2001

2007

income or total square footage, were used to calculate the
percentage holdings in the various market segments.” Few
REITs diversify equally across industries. It 1s unusual to
find a REIT with 25% of its holdings in apartment, 25%
in industrial, 25% in retail, and so forth, but many REITs
do have some small exposure to sectors outside their pri-
mary type. Of the sectors examined, hotel/lodging REITs
tend to be the most highly focused.

Exhibit 2 1s typical and shows that classifying REITs
into property sector categories without accounting for
smaller segment holdings ignores a good deal of valuable
information. The regression model presented here 1s able
to utilize all of the property holding information—even
the smallest exposures. By contrast, the NAREIT/FTSE
sector indices exclude from the retail sector index any
REIT whose retail properties compose 60% of its port-
folio, despite the fact that the majority of its property
exposure is 1n the retail sector. (As noted, this convention
applies to all of the NAREIT/FTSE indices.)

Using the same property holding data, we can sim-
ilarly generate independent variables for a 20-segment
model consisting of the five property sectors times four
geographic regions. As we will discuss later in the results
portion of the article, a few segments must be recombined

SPECIAL REAL ESTATE Issug 2009

in order to create stable regression estimates. For example,
regional hotel segments are not well represented in the
data in the early years of the study and are recombined.

Return data for the REITs were supplied by
NAREIT. We utilized price-only returns (excluding div-
1dends), so as to track property price movements."’ Returns
were reviewed for data errors, but none needed to be
culled or truncated.

Using tinancial information from NAREIT and
from annual 10-K forms, we generated values for the
voequity, , and the (1 — %equity, ) terms of Equation (1)
tor each REIT and time period. The %equity, also referred
to as the equity ratio, 1s defined as total stockholder’s
equity, as reported on the REITs’ 10-K forms, divided by
the sum of total stockholder’s equity and total liabilities.
The equity ratio data 1s updated annually for each vear in
the study. We did not adjust for possible minority interest
holdings, because during the study period minority inter-
ests were relatively insignificant on most balance sheets.
In the future, minority interests may become more sig-
nificant on a greater number of REIT balance sheets
and would then warrant closer attention. Equity ratios
remained fairly stable over the period with a mean and
median of 36% in both 2001 and 2007, and with a
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cross-sectional range from 7% to 83% mn 2001 and trom
7% to 76% 1n 2007.

In reference to Equation (1), we needed an estimate
for the cost of debt, debrrate, in order to complete the
deleverage calculation. Pagliari, Scherer, and Monopol
|2005] proposed estimating the cost of debt as a function
of interest expense, preferred dividends, value of preferred
shares, and debt. In our study, we used market-wide average
yields on unsecured REIT debt as a proxy for the cost of
debt, with the same rate applied to every REIT for the
year. Some REITs report their weighted average cost of
debt in their annual 10-K filings. A comparison of the
REIT-reported average costs of debt with the estimated
values in Exhibit 3 indicates that our estimates are rea-
sonable. For example, in 2007, Boston Properties reported
a weighted average cost of debt of 5.60% and Mack-Cali
R ealty reported a value of 6.08%. The model uses a value
of 5.66% in 2007 for all REITs. Although the deleveraging
process would be more precise if REIT-specific values
were obtained, we deter this rehinement for tuture research.
As mentioned in the preceding section, assumptions
regarding the cost of debt can be varied without changing
the composition of the segment portfolios detined by
Equation (7).

RESULTS

We began by separately running the GLS regres-
sions described by Equation (2) for each of the 84 months
spanning the period 2001-2007. We accumulated the esti-
mated segment returns defined by Equation (5) and plotted
them against the corresponding quarterly or annual
Moody’s/REAL CPPI, which directly tracks private market
transaction prices. As 1illustrative examples, Exhibits 4
and 5 plot the indices for the apartment and office sec-
tors. The similarity between the REIT-based and private
market—based price indices suggests that the REIT-based
indices are indeed capturing the essence of the segment-
specific returns to the underlying private property market,
but with some mteresting differences, as described next.

For each sector except apartment/residential, the
REIT-based estimated delevered segment returns
resemble the corresponding Moodys/REAL price
changes. Of course, we would not expect the two types
ot indices to be identical because they are not tracking the
exact same property markets and the stock market does
not exactly evaluate property in the same way the private
direct market does. Furthermore, the REIT-based indices
may reflect effects of REIT-level management or a

EXHIBIT 3
Historical REIT Debt Costs

g .

Annualized Yield %

2001 2002 2003

——— e e —a e e—————————y

2004 2005 2006 2007

= Unsecured Fixed-Rate REIT Bonds (All maturities, average = 6.02%))|

Note: Rates on newly issued mwnsecured debts.
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EXHIBIT 4
Apartment Sector, 2001-2007

2.5

2.3

2.1

1.8

1.7 o 2

1.5 [+ 2

1.1 1

0.9

0.7

0.5 +—

NN
@ﬂmra-"'ﬁg
37 ¥

e ——— e —

I I P PP IFRISILFIFIHIHLL LS
of ga{f@ﬂﬁ“s%ﬁ @ @b“*ﬁ:‘eﬁ & ‘}@"igﬁ -}ra‘:{ ¢ﬁ6$ & @fﬁ"'%a 3@‘:‘@@"‘*@@?

Month

—+—Apartment GLS All Regions —o—Moody's/REAL Apartment
-o-NAREIT Apartment

Note: Industry-only delevered GLS REI-based index,

EXHIBIT 5
Office Sector, 2001-2007
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market-wide REIT discount or premium. Perhaps
most interesting is the apparent ability of the REIT-
based indices to lead the private market price move-
ments. For example, the PLEIT-based oftice index
shown in Exhibit 5 begins to decline in January
2007, whereas the Moody “/REAL suggests that
prices in the private market did not begin to decline
until after the following June.

The difterence noticeable in Exhibit 4 between
the REIT-based index and the private market—based
index in the apartment sector is logically attribut-
able to the difference in condo-conversion partic-
ipation during this time period, with REITs being
less active in this market than private investors.
Exhibit 6 highlights the spike in private-market
condo conversions that began in 2003 and 2004
and dechined after 2005. During 2004 and 2005,
condo-conversion demand drove up broadly the
prices of apartment property transactions in the
private market as landlords sold to converters. But
apartment REITs were generally committed to
remaining permanently in the apartment rental
business and the stock market knew that. Hence,
apartment REIT share prices were not bid up in
anticipation of “flipping” apartments to condo con-
verters. The REIT-based apartment index there-
fore continued to reflect more fundamental valuations
of apartments as rental units, unlike many transac-
tions in the direct private property market. In late
2005 and 2006, the condo boom came to an abrupt
end, causing the price drop in the private market
reflected in the Moody’s/REAL index during that
period, while the REI'T-based valuations continued
to rise steadily. The last surge in the private equity
and CMBS-based boom in the private property
market was reflected in the upsurge of the
Moody's/REAL index from late 2006 through
mid-2007, whereas the REIT-based apartment
index began its downturn in January 2007, antic-
ipating the subsequent private market correction.

Exhibit 7 compares the annualized volatilities
of the REIT-based pure-play indices with the
Moody’s/REAL indices over the same period.'' The
pure-play volatilities are similar to, and in some cases
lower than, the volatihties of the corresponding trans-
action-based private market indices.'
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EXHIBIT 6
Apartment Purchases, 2001-2007
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EXHIBIT 7
Volatility Comparison, 2001-2007

'Apartment Office |Industrial Retail | Hotel

REIT-based
Monthly Delevered
Annualized
Volatility
'Moody's/REAL
Quarterly
Annualized
Volatility

4.80% 5.84% 6.46% 5.18% 10.15%

8.06% 6.27% 7.05% 5.11% N/A

market segments.'* To do this, we expanded the
number of independent variables in the regres-
sions from 5 to 20, reflecting five sectors times four
regions. Of course, the inclusion of 20 explana-
tory variables can cause high standard errors in the
estimated segment returns due to the multi-
collinearity of a few of the exposure variables."
In order to quantify and mitigate the severity of
this multicollinearity, we calculated variance intla-
tion factors (VIFs).'

For each month over the period 2001-2007,
we regressed each market segment variable on all

EXPERIMENTING WITH MODEL
GRANULARITY

Across industry segments, the pure-play indices
resemble delevered NAREIT indices while offering
modest improvement in volatility.”” A more significant
contribution of the pure-play methodology lies in its
ability to simultaneously provide granularity across
industry segments and regions. Therefore, we explored
the feasibility of combining property-usage-type sectors
and geographic location information to further refine

86 ILEIT-BaseD PrOPERTY IETURN INDICES

remaining market segment variables and calculated
VIFs. We averaged the 84 period VIFs to compute an
average VIF for each explanatory variable. Using the VIF
analysis, in addition to simple correlations between vari-
ables, we analyzed how best to combine regions so as to
retain as much granularity as possible. We combined the
hotel market segments into a single, nearly orthogonal,
independent variable, and we combined the industrial
South and industrial West. The resulting VIFs in the
1 6-segment model are much lower for the combined seg-
ments and are low and mostly unchanged for the
remaining segments (VIFs of 2.00 or lower). Only the
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industrial Midwest segment remains possibly problemat-
ical. It 1s important to remark that the VIFs for the regional
hotel market segments drop signiticantly between 2001
and 2007. In fact, by 2006, the regional hotel VIFs are all
2.00 or lower as a result of increased REIT participation
in the hotel market segment. In the future, it may be pos-
sible to disaggregate the hotel segments. In contrast, the
VIFs for Southern industrials and Western industrials
remain stable and elevated over the period. Given the lim-
itations of the data, at this time we are unable to explore
market segments, such as economic or metropolitan
regions. OQur early investigations suggest, however, that
with additional data, further segmentation will be pos-
sible and valuable.

Exhibit 8 shows the graphs for the delevered
industrial East, Midwest, and South/West model along-
side the corresponding Moody's/REAL index (where
available) and the national sector index previously
reported. Exhibit 8 highlights the difterence 1n regional
performance within the industrial property sector over
the period 2001-2007. The difference in cumulative return
performance between Southern/Western industrials and

Midwestern Industrials is over 130%. Other sectors
show less regional differentiation. For example, in the
retail sector, the West Coast outperformed the East
Coast by 35% over the seven years in our study period."”
In general, the Moody’s/REAL indices do not reflect
as much regional differentiation as the REIT-based
indices over this period.

DAILY FREQUENCY PROPERTY SECTOR
INDICES

We generated the national sector indices on a daily
basis beginning in 2004. We have not yet been able to
update property portfolio holdings or balance sheet data
on a daily basis for this study, but we have observed little
change in overall proportional holdings over time, even
on a quarterly basis. Daily returns for REITs are readily
available. Exhibit 9 shows the estimated indices for the
industrial sector on a daily basis, on a monthly basis, and
as compared to the quarterly Moodys/REAL CPPI.
Increasing the estimation frequency from monthly to daily
does not introduce additional noise into the estimated
indices. This is confirmed visually by the

EXHIBIT 8

Industrial Sector, 16-Sector Model GLS REIT-Based Indices

graphical comparison of the daily and monthly
indices, as well as statistically, as shown in
Exhibit 10, which provides a comparison
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property market segments; however, they
potentially go beyond merely providing
useful information to the marketplace. These

indices present mnteresting possibilities for

87
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EXHIBIT 9

Industrial Sector Daily and Monthly Indices, 2004-2007

17

The pure-play indices presented in this
article may support commercial property deriv-
atives and synthetic or indirect property invest-
ment in several new ways. First, as we have
discussed, the public market tends to lead the

1.5

oo  private market indices in time, so the pure-play
indices contemporaneously reflect the relevant
price discovery in each property market seg-
ment. Second, the pure-play indices can be
produced at a high frequency without loss of

accuracy. For example, daily updated indices
can be easily produced using daily REIT share
closing prices. Frequent updating can be usetul

- in derivatives markets because it allows fre-
| quent marking to market of the values of the
et derivative contracts, which in turn minimizes
| required margin positions. Third, unlike private
0.5 — B ——— market—based indices for which it is not pos-
% % % % % % % % % % %’ % % % % % % % :‘% :‘% % % % % sible to actually buy and s::l_] Fhe undrer]yiing
R R R EREEREREEREEREEREREEREEREERREEEREEREERE R properties, the pure-play portfolios can, in prin-
i = R T = T ciple, be directly constructed and traded via
— Daily Industrial o Moody's/REAL Industrial o Monthly Industrial ]m]g and short p(}'r-'.iti{]ﬂ!i taken in the I::ublifly
traded REITs that compose the portfolios. This
ExXHIBIT 10 tacilitates }"}I:iL'i]Eg of derivatives (*h it 1'&1111t‘_r5
Volatility Comparison, 2004-2007 more 11'1-:'3:11ngffhxlr the use of tradltmna‘l arbi-
trage-based pricing tormulae), and it also
- 'Apartment| Office  Industrial Retail Hotel = enables construction of exchange-traded funds
Daily Model (ETFs) or other such tunded vehicles that track
Annualized Volatility | 4.70% | 6.49% | 6.25% 6.32% 7.34%  orimplement the pure-play indices. This helps
Monthly Model to address the “counter-party problem™ that
Annualized Volatility = 4.36% 6.11% 6.18% 6.27% 7.27%  can make it difficult to establish a liquid deriv-
Moody’s/REAL CPPI atives market. In effect, the hiquidity in the stock
Quarterly Annualized market can be used to provide the necessary
Volatility 8.03% [6.15% | 6.13% [5.70% | N/A counterparties to the derivative transactions.
supporting derivatives and investment vehicles for syn- CONCLUSIONS

thetic or indirect investment in commercial property.
Recently, the trading of derivatives based on private market
indices of commercial property returns has significantly
taken off in the U.K., where the notional value of swaps
traded based on the (appraisal-based) IPD Index has grown
to approximately one-half the cash trading volume in the
physical properties tracked by the index."® Synthetic real
estate investment vehicles ofter certain features, such
ds ]ﬂ"ﬁ" trﬂnﬁélf_'tll(]ﬂ.‘i and []]fll]ilgt‘ﬂ]t_']]t COSLs, I'L‘]E-'Iti"'v"t'].}' ]t“.if"i-
management burden, easy diversification across individual
properties, and the ability to sell short, which enables
hedging of real estate market risk exposures and the har-
vesting of portable alpha.

88

R EI'T-BASED PROPERTY RETURMN INDICES

Using REIT return data, property holdings data,
and REIT financial information, it 1s possible to construct
R EIT-based pure-play indices (or porttolios) with unit
exposure to a desired property market segment, zero expo-
sure to all other property market segments, and mimmimum
idiosyncratic risk. Additionally, with financial data about
REIT debt and equity holdings along with information
about the cost of REIT debt, it is possible to adjust for
REIT leverage and to generate estimated market-segment
returns for the underlying property market using the seg-
ment portfolio weights. These estimated market-segment
returns, or indices, provide new and valuable information
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about the underlying property markets on a high-fre-
quency, temporally leading basis. In this article, we have
demonstrated by comparison to the Moody's/REAL
indices that a 16-segment model provides good granu-
larity with high-frequency potential.

An important contribution of the type of indices we
have described in the article lies in their application to sup-
port derivatives trading and synthetic investment in the
commercial property market. Higher-frequency indices
enable lower margin requirements for derivative products
such as swaps. Because REIT-based indices lead private
market—based indices, they are a natural basis for derivative
products. The tradable underlying market-segment portfo-
lios enable arbitrage execution between the derivative and
the underlying, thus facilitating pricing in the derivatives
market and providing a profit opportunity for traders, which
promotes liquidity in the derivatives market. Starting from
the market-segment portfolio weights, sophisticated users
can synthetically construct targeted or balanced portfolios
and synthetically add or subtract leverage as desired.

APPENDIX

Demonstration of Equivalence
of the Regression and Long-Short
Pure-Play Portfolio Approaches

Consider how the regression-based approach to prop-
erty segment-specific index identification using REIT returns
represented by Equations (1) through (7) effectively implements
the so-called pure-play portfolio approach described in Geltner
and Kluger [1998]. Using Geltner—Kluger notation,
=ar e )t b es ) Fa AF 8 Yt

P+ ) (A-1)

-

where

r.= observed return to REIT i

r, = pure-play return to segment k

x, .= fraction of REIT i invested in segment k

€, = idiosyncratic return to REIT i property in segment k
and again,

where K denotes the last of some number of segments. Note
that Equation (A-1) looks very similar to Equation (2) except
for the specification of the error terms (the idiosyncratic returns).

The Geltner—Kluger notation assumes that the idiosyn-
cratic components are random, uncorrelated with each other,
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and have mean zero. Define a pure-play portfolio as a portfolio
with unit exposure to the desired segment and zero exposure
to all other segments,

N N N
rP = 1"_*2‘1.-*1.'ufﬂ_r + ;}}ZHJr&;”J o R ERE o rHZu-:ﬂ.\:m
i=1 i=| i=l1
N
" ] TR o ) —j
- z(“'.:" O, A e bl s (A-2)
r=1

where each w, equals the percentage of the portfolio’s holdings
n REIT i and where the constraints for a pure-play portfolio
for a single segment k can be written mathematically as

iz WX, =) (A-3a)

i=l =i

Y
2 WX, = ]

1=1

(A-3b)

Substituting the constraints (A-3) into Equation (A-2)
yields a simplified equation for the return to the pure-play port-
tolio for segment k,

I

M
r=r+ Z{”’.x-q_ﬂ’_a_. Fren bl R ) (A-4)

the variance of which is given by

M
VAR(7 )= VAR(7,) + ) (w’x’, VAR(e, )+
r=1

+w'x: VAR(e, )) (A-5)

In Geltner and Kluger [1998], the authors assumed that
the idiosyncratic segment variance is inversely proportional to
a REITS dollar holdings in that segment; recall that this assump-
tion 1s similar to, but not identical to, the assumption used in
the GLS model, Equation (6). Specifically,

VAR (e, )= ' (A-6)

x,  -total

If we substitute the values from Equation (A-6) into Equa-
tion (A-3), we can simplify the minimization problem some-
what more, as follows:

.
e - I 1 1 1

VAR(7 )= VAR(7) + ), | w'x’, Joonns

-1

k
%+ total

> 1

2 2
+ WX

(A7)

! X, - total
o P
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which reduces to

I
total

VAR(7 )= VAR@)+ ), | w- (A-8)

As we differentiate Equation (A-8) with respect to 1w, for
the purposes of minimization, it becomes clear that the solu-
tion 1s a function of only the second term.

Because of our assumptions regarding idiosyncratic
returns, the variance of the idiosyncratic returns in the pure-
play model reduces to the same variance assumption used in the
GLS regression models. Recall that the estimated GLS coeth-
cient vector minimizes the sum of the squared errors of the
regression. In other words, it minimizes the variance of the error
terms (i.e., the idiosyncratic returns)." In the case of the GLS
regression models, these variances are assumed values contained
in £ that were defined in Equation (6). Therefore, the GLS
solution yielding H is identical to the solution to minimizing
Equation (A-8) with respect to w. As a result, it 1s not neces-
sary to develop both the regression and long—short hedge port-
folio frameworks under the current set of assumptions, and the
article proceeds using the regression framework.

ENDNOTES

We are thanktul for the support of Brandon Benjamin,
John Barwick, Maxx Mantooth, and everyone at NAREIT, and
Schery Bokhari, Dan Kim, and everyone at the MIT Center for
R eal Estate, with special thanks to David Hutchings for excel-
lent research assistance.

"We use the term “segment” to refer to a combination
of property-usage-type sector and geographical region that
defines some segment of the overall aggregate commercial prop-
erty market. From the perspective of institutional investment,
the entire commercial property market (all income-producing
investable properties) may be viewed as composing the invest-
ment asset class. However, from the perspective of users of com-
mercial space (the rental market), this aggregate of all property
is actually a collection of numerous, eftectively geographically
bounded, specific-property-type markets, such as the Manhattan
office market. Many investors in the real estate asset class hike
to target their investments based on some segmentation related
to an understanding of the underlying rental markets. Although
the REIT-based indices presented in this article are not granular
to the metro-area level, they do provide substantial geographical
and usage-type segmentation.

*The Moodys/REAL Commercial Property Price Index
(CPPI) 15 based on data from Real Capital Analytics and method-
ology licensed by MIT to Real Estate Analytics LLC (REAL).
The CPPI is produced and published monthly by Moody’s
Investors Service and is downloadable at no cost from Moody's at
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www.Moodys.com, REAL at htep://www.realindices.com, or
MIT/CRE at http://web.mit.edu/cre/research/credl/rca.html.

The Geltner—Kluger [1995] working paper was pre-
sented at the 1996 AREUEA Annual Meeting and is available
from the authors upon request.

'Of course, a total return index is also possible simply by
substituting total returns for price returns. In the present model
the same debt interest rate 1s used for each REIT in order to
implement the WACC. This could be revised to incorporate
unique debt rates at the REIT level. We also created the pure-
play indices without delevering REIT returns, but the results
are not presented in the interest of brevity.

*Although running a pooled regression can sometimes
provide more explanatory power than running separate regres-
sions for each time period, separate regressions have the advan-
tage of avoiding backward revisions in estimated returns, and
this can be useful in an index designed to support derivatves
trading,

“In practice, many REITs have miscellaneous property
exposures to segments not included in the model, such as land,
garages, or international assets. Based on experimentation, we
aggregated the miscellaneous property exposures into a single
“Other” segment and excluded any REITs having an “Other”
segment in excess of 30% of total property holdings. When
“Other” was less than 30% of total holdings, the REIT was
included in the regression, the “Other” exposure was ignored,
and the remaining segment exposures were rescaled to sum to
one. The error term correctly captures returns due to these
miscellaneous exposures as long as the miscellaneous exposures
are not substantially correlated with our included segments.

"These assumptions are not necessary to construct our
model using regression analysis, but relaxing these assumptions
requires additional econometric manipulations not explored
within the scope of this article.

1

", = Jom, as our idiosyncratic variance assumption. The results

”:C-'Lf’c also explored an alternative assumption using
are not presented in the article, but we tound that in certain cir-
cumstances this formulation may be preterable; in most cases,
however, results were insignificantly difterent.

"We checked the validity of this assumption by com-
paring changes in exposures using various methodologies on
REITs for which multple types of data were available.

""As noted previously, the methodology described here
could just as casily be applied to total return data in order to
yield total return property indices. From the perspective of
derivatives trading, there is little need for a total return index,
as almost all of the volatility in property returns is in the cap-
ital component.

""Annualized volatility = monthly volatility * sqrt(12) for
the REIT-based index and quarterly volatility = sqrt(4) for the
Moody’s/REAL index.
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NCREIF indices may have even lower volatility, but
they are based on appraisals rather than actual transaction prices.
With an appraisal-based index, low volatility suggests a concern
about lagging and smoothing in the appraisal and index con-
struction process. However, in the case of a transaction-based
or stock market—based index, artificial lagging and smoothing
are not a concern, which means that low volatility is an indi-
cation of a good quality index that avoids excess noise or idio-
Syncratic variance.

“Please contact the authors for detailed comparisons
between the five-segment industry pure-play indices and the
NAREIT/FTSE indices.

“¥We used the NCREIF geographic definitions for West,
Midwest, South, and East.

“Fundamentally, this is due to insufficient REIT hold-
ings in the case of the hotel sector. In the industrial sector, the
multicollinearity is caused not by a scarcity of holdings but
rather by similar investment patterns across REITs.

"“For more information on variance inflation factors, see,
for example, Greene [2003, pp. 56-58].

""Please contact the authors for detail on all 16 property
and region indices.

“In the U.S,, trading on the NCREIF index has been
slower to take oft, but has been active since mid-2007 with over
$2 billion notional value of OTC NPI swaps by late 2008. (This
amount is miniscule compared to direct cash trading in under-
lying commercial property, which exceeded $300 billion in the
U.S. during 2006, as tracked by Real Capital Analytics.)

"As long as we continue to assume the idiosyncratic
returns are random, uncorrelated, and have mean zero.
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