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Office Capitalization Rates: The Effects of Interest Rates

“It’s all about the spread.”

—Patrick Cox
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1 Abstract

In the presence of the largest real estate boom in history, securitized finance has played an
integral role in completing transactions. With the emergence of private equity funds as the
largest buyers of office properties (Figure 1.1), understanding leverage is essential to
comprehending the dynamics of real estate markets. Taking supply and demand as exogenous to
this study, I focus on isolating the effects of interest rates on office prices and cap rates during
the real estate boom lasting from October 2002 to October 2007. I find that the risk premium
charged by banks for securitized debt is highly significant and positively related to cap rates,
while the benchmark rates, such as the 30 day London Interbank Offered Rate (LIBOR), the
federal funds rate and the 10 year Treasury are negatively related to cap rate movement. These
findings stand in direct opposition to the common belief that rising interest rates mean falling
prices.

Figure 1.1
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Introduction

Within the world of real estate, interest rates serve as the gravitational center of investment
decision making. Throughout the industry, the widely held belief is that when interest rates fall,
prices increase. The reasons for this belief normally revolve around an increase in capital flows
to real estate as cheaper capital can more easily make a profit. Throughout history, this belief has

held true. But consider this, during the last five years and largest commercial real estate boom in
history, interest rates were rising.

From October 2002 to October 2007, the federal funds rate increased from 1.75 to 4.76 percent,
the 30-day LIBOR increased from 1.8 to 4.99 percent and the 10 year treasury constant maturity
increased from 3.94 to 4.53 percent. The yield curve went from upward sloping to inverted.
Meanwhile, prices were increasing and cap rates were compressing dramatically. During this
period, U.S. rolling 12-month average cap rates fell from 8.64 to 5.7 percent for properties
located in a central business district and average cap rates for suburban office properties fell
from 9.32 to 6.76 percent. This translates into the average price per square foot for an office
building increasing from $171 to $262, representing a 34.7 percent total increase in office prices,
or a 6.14 percent compound annual growth rate.

Figure 2.1
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This historical rise in commercial office prices can only be explained through interest rates if the
benchmark rates are decoupled from the cost or premium banks charge to borrowers. This paper
will focus on the effects of CMBS financing and how the cost of CMBS financing directly

contributed to these new capital gains. This paper will also seek to give the real estate investor a
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better understanding of how much impact benchmark rates had on office prices during this
period and how they impact office prices today. Lastly, since leverage is critical for meeting
investor’s return requirements and maximizing gains and because the majority of real estate
transactions use debt financing, the importance and scope of interest rates’ effects cannot be
overstated. The age old saying and fundamental law of real estate economics; “When interest
rates rise, prices fall,” is the null hypothesis of this paper.

Theory and Literature Review

According to William “Buzz” McCoy, former founder and president of Morgan Stanley Realty,
real estate capital markets can be broken down into four moving parts: the public market pricing
cycle, the private market pricing cycle, local supply and demand cycles, and interest rate cycles.
Today, there is a large amount of research on supply and demand in real estate markets
(Ambrose and Nourse, 1993; Jud and Winkler, 1995) and even more research on real estate
valuation methods used by private and public investors (Froland, 1987; Giliberto, 1996; Korpacz,
1996; Sivitanidou and Sivitanides, 1999; Brueggeman and Fisher, 2006). There has also been
substantial research on the influences of national capital markets on commercial real estate prices
(e.g., Fisher, Lentz, and Stern, 1984; Hartzell, Hekman, and Miles, 1987; Ambrose and Nourse,
1993; Jud and Winkler, 1995). There has been little research, however, published on how interest
rates affect the valuation of commercial real estate.

One of the primary goals of this paper is to define the relationship between the three main

interest rates used by commercial lenders — the 10 year treasury, 30 day LIBOR, and the federal
funds rate — and the risk premium, or spread, charged by lenders and how these rates affect
commercial real estate valuation. Historically, research has shown that interest rates and cap
rates have a direct relationship. Typically, cap rates, which are widely used throughout the real
estate industry as a quick and dirty valuation method, decrease when the cost of capital decreases.
A cap rate is simply a discount rate, C, and a ratio of an asset’s net operating income, NOI,
divided by the asset’s purchase price, P (1):

_ NOI

P

In an efficient market, cap rates will incorporate data from recent transactions with similar
location and cash flow characteristics (leases) and value characteristics (comparable age, design
and financing advantages or disadvantages). Deviations such as leases with different terms,
options, rental rates, or different expected depreciation or obsolescence rates due to the age of
amenities of the property would be valued differently. Furthermore, the affect of transferable
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below market financing through tax credits or government incentive should be valued into the
asset as an, “interest rate subsidy” (Hendershott and Turner, 1998). Normally, the value of an
asset should be the present value of the future net operating income the property will produce.
Stabilized properties (e.g. post-development) are given an appropriate discount rate, d, based on
comparable properties — also known as a cap rate. Rents are assumed to grow forever at a stable
rate g, such that the ratio of current income to price is (2):

NOI p
P g

In the above case we assume that rents and net operating income are one in the same. This will
not always be the case as the percentage of net operating income generated from rents is entirely
dependent on the lease, which is asset specific. Since the nominal discount rate d is the sum of
the risk-free rate, r, and the market risk premium, p, and the stabilized rental growth rate g is
more specifically the expected rate of rental growth adjusted for inflation, we can express the
discount rate as (3):

d=r+p
We can then substitute the ratio of current income to price as (4):

NOI

5 S rtP—4g

Or, in a short-run, partial equilibrium model given office market j, where office supply and rents
are exogenous, the equilibrium cap rate can be expressed as Cj; ° at time t, as the ratio of net

operating income (NOI), NOI;;, over the equilibrium asset price, it S )
. NOI
£ =
J pﬁ

Property market equilibrium exists when the local office market’s current vacancy rate equals its
long-run vacancy rate, when the expected real rental appreciation rate equals the negative
depreciation rate, and when the expectation is that both conditions will continue in the future.' At
equilibrium, the property value will equal its replacement cost (Hendershott, 1996). Surplus
returns will be arbitraged away to leave investors with their minimum required rate of return.

The cumulative discount fact from period 1 to # will be represented by d;. This is consistent with
the theory that the value of a real estate asset should equal the present value of its future rents for
a given NOI;; discounted at dj;. Thus, the cash flows represent the sum of two components (6):

T n
. CFj, CFj¢
B

‘T L+d A+dot s (A +dg)t

' The expected real rent appreciation rate is a weighted average of the structure and the underlying land, where the
latter will be positive in growing markets (Capozza and Helsley, 1989).
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The first term with holding period T is assumed to be exogenous. The second term represents the
remaining life of the asset after T periods and determines the asset’s exit price at time T. A more
practical asset pricing model is given by taking into consideration vacancy rates (Gunnelin,
Hendershott and Hoesli, 2004). Vacancy rates and gross rents can be adjusted before and after
the holding period (7):

N o)
N @-vRA+g) (1—vy)Ry(1+g)"
Pe= L A+ay +t=N21 A+t

In this model, g is the constant rent growth rate for the first N periods, g'is constant growth rate
after N periods, R is the gross potential net operating income of the asset, Ry is the gross
potential net operating income of the asset in period N, P, is the value of Asset, v is the short-
term vacancy rate, vy is the vacancy rate in period N, d is the constant discount rate, and when
simplified, d-g is the estimated exit cap rate (8):

»_ N A-MRA+Y N A -vnRy(1+9)"
4 a+d t;ﬂ (d—g)A+dN

Since investors have different hold periods and opinions on real rental growth rates, using a
terminal pricing model can be the most efficient way to arrive at a standardized pricing method
because the income and the vacancy of the property is fact. In this case (8) can be simplified into
(9) by getting rid of the hold period and assuming infinite life of the asset:

_ (1 —v)R(1+ gp)
B = (d —g:HA +dp)tt

Py

Therefore, during cap rate negotiations, the debate implicitly revolves around the buyer and
seller’s perception of the asset’s potential growth of real rents. Moving forward, it is important to
mention that local office markets play a larger role than the national capital market in shaping
cap rates due to their influence on investor risk perceptions and income growth expectations.
Investors will consider local time-invariant effects such as local office-market size or service
industry growth, since faster rent growth often occurs in smaller markets. They will also consider
local time variant effects such as past rental growth, office vacancy, or absorption rates. Looking
to the capital markets, investors will look at alternative investments and indicators of purchasing
power risk (Sivitanidou and Sivitanides, 1999).

In the limited research on real estate’s relationship with capital markets, Ambrose and Nourse
find that the average weighted cost of borrowing is significant and positively related to office
capitalization rates.” Furthermore, they created a proxy for inflation by taking the spread between
long-term and short-term government bonds. Their hypothesis stated that it was reasonable to

2 Ambrose, B., and H. Nourse. (1993). “Factors Influencing Capitalization Rates.” The Journal of Real Estate
Research 8, 221-237.
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assume that real estate equity yields and mortgage interest rates would be related to other rates in
the capital market since investors had the ability to substitute across investments types. They
determined, however, that the spread is not statistically significant using Zellner’s Seemingly
Unrelated Regression (SUR) technique.’ They then use a cross section/time series regression
with panel data to find that inflation, or spread, was positively related to cap rates at the 10
percent level. Regardless, the conclusion of their paper revolved around taking maximum
consideration for property type and their findings on inflation were a tertiary concern.

Similar properties normally trade at the same cap rate. When cap rates decrease, the denominator
in the valuation equation decreases and the value of the asset increases. While cap rates can
decrease for many reasons from increased demand to a decrease in supply, this paper focuses
specifically on the role financing plays in determining this market driven discount rate.
Theoretically, if money is cheap investors will enter the market looking for a return that would
normally be considered too small when the cost of capital was higher. This capital influx causes
price inflation. Applying this theory to interest rates produces the hypothesis that as the LIBOR,
treasury, and federal funds rate decreases, real estate prices will go up as higher returns are
arbitraged away. Cap rate equilibrium will respond to changes in the real interest rate or the
property risk premium (Hendershott, 1996).

Data Summary

Within the world of real estate academia, the four most heavily cited journals — in order — are
Real Estate Economics, The Journal of Real Estate Finance and Economics, The Journal of Real
Estate Research, and the Journal of Urban Economics (Hardin, Liano and Chan, 2006). In
addition to these journals, I used less cited journals and private publications to provide
background and theoretical framework for my paper.

The hard data was mostly provided by a subscription to Real Capital Analytics. Real Capital
Analytics is the leading data provider for transaction information within the commercial real
estate industry. The company has established a, “rigid data collection and classification
methodology including sourcing requirements and detailed procedures to ensure our information
is accurate and timely.”* RCA conforms whenever possible to the standards and definitions of

3 Their weighted average mortgage cost comes from the American Council of Life Insurance’s quarterly Investment
Bulletin and spans from 1966-1988. The ACLI tracks mortgages for about two-thirds of the commercial mortgages
held by U.S. life Insurance companies and reports the number of new loans, the total volume of financing, the mean
mortgage constant, the average contract interest rate (weighted by dollar and number), the mean loan-to-value ratio,
and the mean capitalization rate for nine commercial property types.

* Office Capital Trends Monthly: September 2007. Under, “Notes.”
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the Appraisal Institute, NCREIF, PREA, and NAREIM.’ Listed transactions include properties
or portfolios with minimum valuations of $5 million or more.® They properly note that a large
amount of investment occurs below this threshold, although they note that most of this activity is
local. Transactions are assumed to be fee simple asset sales and not entity level transactions like
merger and acquisition activity between REITs. If a partial sale is made, the transaction is
recorded and grossed up to reflect the full value of the property.” They are also the leading
commercial real estate information provider for the Wall Street Journal. For all these reasons, 1
will assume that data provided by Real Capital Analytics to be accurate.

In my tables, interest rate data on the 10 year Treasury, federal funds rate and prime rate were
taken from the federal reserve’s website,” cap rates and prices were taken from Real Capital
Analytics,” CMBS statistics were provided by the Commercial Mortgage Securitization
Association,'® and LIBOR was provided by Fannie Mae."!

4.1 Description of Data

I worked with 3,022 transactions as panel data, each transaction having several data points: type
(refinancing or sale), age, size (gross square footage), occupancy, closing price, price per square
foot, cap rate, location (CBD or non-CBD), address, type (office) and date of transaction.
Because Real Capital Analytics only records transactions that are at least $5 million, minor
upward selection bias may occur. The majority of transactions used for this study involved
investment grade properties, arbitrarily defined as nice properties in larger cities, which normally
exhibit higher occupancies. That said, because Real Capital Analytics records every transaction
over $5 million, selection bias is mitigated because the data set includes all anomalies and
outliers such as forward sales and distressed purchases. Variation in location can be accounted
for because each transaction has an address and is assigned to a Metropolitan Statistical Area
(MSA). Unfortunately, there was not an easy way to account for investor type. This would have
allowed me to break down the pool of investors into primarily cash buyers (pension funds) and
primarily leveraged buyers (private equity funds). Decoupling the investor pool would have
allowed me to explain the effects of interest rates on the cash market and leverage market.
Another downside is the lack of a measurement for asset quality in these data, making it difficult
to use a hedonic model to account for property-specific variation.

Table 4.1

National Level Stats Data Description

Median Minimum Maximum Std Dev Variance

> Ibid.

° Ibid.

7 Ibid.

¥ http://www.federalreserve.gov/releases/h15/data.htm

? www.rcanalytics.com

'% http://www.cmbs.org/statistics/compendium/CMSA_Compendium.pdf
' http://www.fanniemae.com/tools/libor/index.jhtml
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Transaction Type

(1=sale) 1 0 1 0.5 0.25
Age 1984 1810 2007 31.09 966
Price per Square Foot 205 (] NA 37,362 NA
Cap Rate 7.1 2 13.4 0.01 0.0002
Occupancy 97 0 100 0.144 0.021
30 day LIBOR US (%) 2.98 1.09 5.5 1.76 3.1
Federal Funds (%) 2.79 0.98 5.28 1.75 3.05
10 year Treasury (%) 4.35 3.33 5.11 0.38 0.15
CMBS AAA 5 year (bps) 71.38 58.63 105.2 10.46 109.42
CBD (1=yes) 0 0 1 0.488 0.238
Size 134,924 85 3,787,238 343,249 118,000,000,000

As I analyzed the data, I regressed cap rates against each variable supplied by RCA to see if it
was significant. [ used fixed effects to take into account specific market and time effects in
accordance with the results of Sivitanidou and Sivitanides (1999). They found local-fixed and
time-variant components to be incorporated into office capitalization rates from 1985 to 1995 in
17 large metropolitan markets. Jud and Winkler (1995) also found similar effects for 21
metropolitan statistical areas (MSAs) from 1985 to 1992. For property characteristics, I used the
following regression specification to test for significance (10):

J T
cap;jr = z 2 @t Dje + BXije + €4t

j=1t=1

Time fixed effects were not included when testing for significance amongst the benchmark
interest rates due to their time series nature. The following regression specification was made for
rates (11):

J

Capijt = Z a']D] + ,BXt + gijt
j=1

4.1.1 Transaction Type

Of the 3,040 transactions, 1,586 of them were property sales, while 1,454 were refinancing
transactions. New York had the highest refinancing to sales ratio with only 37.5 percent of its
observations being property sales. San Francisco had the highest property sale to refinancing
ratio with 68.2 percent of its observations being property sales. Theoretically, cities with more
expensive properties would have greater incentives to investors to refinance their properties since
transaction costs, such as the value of their time, an origination fee and other fixed costs, would
represent a smaller portion of the refinancing proceeds. The standard deviation amongst the cities
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ranged from .47 to .5, while the variance ranged from .22 to .25. Nationally, 52.2 percent of
transactions were property sales (Table 4.1). There was no obvious pattern in the distribution of
cities based on their refinancing to sale ratios. When cap rates were regressed on transaction type
using equation 10, it was not found to be significant.

4.1.2 Age

The date the building was completed was given for 3,022 properties. Hypothetically, it is
possible that old and new buildings hold extra value for their architectural and historical
significance or their cutting edge design and features. No such relationship was found. When cap
rates were regressed on the age of the properties using equation 10, age was not determined to be
significant. Interestingly, New York City is much older than the other 11 cities, with the median
property being built in 1926 and the range of properties being sold representing nearly two
centuries of design, with the oldest property being finished in 1810 and the newest in 2005. New
York City’s standard deviation is 30.2. A distant second in age is Boston with a median age of
1980. Boston does have, however, a similarly impressive range with the oldest building dating
back to 1814 and the newest building being recently completed in 2007. Charlotte is the
youngest city with the median property being built in 1997. The national median is 1984, with a
standard deviation of 31 (Table 4.1).

4.1.3 Price per Square Foot (Price/Sqft)

As expected, there was a large range represented in the national cross section, with New York
City’s median of $380 per square foot towering over Dallas’ $124 per square foot (Appendix).
The national median was higher than 8 of the cities at $204 per square foot (Table 4.1). The
standard deviation and variance have substantial noise included due to impossibly large numbers
reported by RCA. This is possible because I had to generate this variable. Since closing price,
square footage and cap rates are separately reported, it’s possible that closing price or square
footage was inputted incorrectly because the reported cap rates were reasonable.

4.1.4 Cap Rate

Every transaction had a reported cap rate. Of the 3,040 cap rates reported, the median is 7.1
percent, the standard deviation is .01, the variance is .000219, the minimum cap rate reported
was 2 percent, and the maximum was 13.4 percent (Table 4.1). As expected, the larger cities
have higher median cap rates with New York City reporting a 6.3 percent median cap rate, San
Francisco reporting a 6.8 percent median cap rate, and DC following closely with a 7 percent
median cap rate. The national average is upward biased, as nine of the twelve cities have median
cap rates below the national average. No t surprisingly, southern and smaller cities had less
expensive median cap rates, with Nashville being the cheapest market with an 8 percent median
cap rate. Minneapolis, Kansas City and Dallas are the second, third and fourth least expensive
markets with 7.75 percent, 7.7 percent and 7.6 percent median cap rates respectively. The highest
and lowest half-percent of values were dropped to exclude outliers. This was determined after
regressing cap rates restricted at the 10, 5, 2 and 1 percent levels on the regression specification
found in Model 6.

4.1.5 Occupancy
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Reported occupancies were higher than expectations. The median national occupancy rate is 91.6
percent, with completely full and empty buildings representing the minimum and maximum
occupancies (Table 4.1). The standard deviation is .144 and the variance is .0207. Atlanta was
the most vacant market with a 92 percent median occupancy rate, while Kansas City was the
closest to maximum capacity with a 99 percent median occupancy rate.

4.1.6 Interest Rates

The federal funds rate is used for short-term lending, such as a construction loan. Thus, I
included it in my primary regression specification. The federal funds rate is perfectly correlated
with LIBOR during this period (Table 4.2). It is less correlated with the 10 year Treasury and the
rate of AAA debt, with correlation coefficients of .73 and .24 respectively. The median federal
funds rate is 2.79 percent, with a standard deviation of 1.75, variance of 3.05, minimum of .98
percent and a maximum of 5.28 percent (Appendix).

Table 4.2

Correlation 10yrT LIBOR FFR AAA (t-3)

10yrT 1.00

LIBOR 0.74 1.00

FFR 0.73 1.00 1.00

AAA(t-3) 0.23 0.27 0.24 1.00
Covariance 10yrT LIBOR FFR AAA (t-3)

10yrT 1.44E-05

LIBOR 4.88E-05 3.06E-04

FFR 4 81E-05 3.03E-04  3.00E-04

AAA(t-3) 1.12E-06  6.03E-06  5.46E-06  1.68E-06

Rates were calculated as percentages, not basis points.

The London Interbank Offered Rate (LIBOR) is used for variety of real estate loans. Medium
term financing, floating and fixed rate debt may use LIBOR as their benchmark. For that reason,
I included it in my original regression specification. LIBOR was perfectly correlated with the
federal funds rate over the observation period (Table 4.2). LIBOR was less correlated with the 10
year Treasury and the AAA rate with correlation coefficients of .74 and .23. The median LIBOR
was 2.98 percent, with a standard deviation of 1.76, variance of 3.11, minimum of 1.09 percent
and a maximum of 5.5 percent (Table 4.1).

The 10 year Treasury bond is used for long-term financing, such as fixed and floating rate debt.
Therefore, I included it in my primary regression specification and my secondary regression
specifications. Due to its inherent stability, it posed significant challenges in the regression
specifications. I attribute this to its small range during the period, with a minimum of 3.33
percent and a maximum of 5.11 percent (Table 4.1). The median rate was 4.35 percent, with a
standard deviation of .38 and variance of .15. It is correlated highly with LIBOR and the federal
funds rate at .74 and .73 respectively (Table 4.2).

Real Capital Analytics (RCA) provides spread data for CMBS. They take the average monthly
and weekly market rates for CMBS spreads above the 10 year Treasury and swaps. The median
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spread on AAA 5 year debt was 73.52 basis points. The minimum was 58.63 basis points and the
maximum was 105.2. The standard deviation was 10.46 and the variance was 109.42. It was
moderately correlated with LIBOR, the federal funds rate and the 10 year Treasury, with
correlation relationships of -.27, -.24, and -.23 respectively (Table 4.2).

4.1.7 CBD and Size (Gross Square Footage)

To better understand the data set and characteristics of the variables, I regressed property
characteristics on cap rates to see if they were significant. Whether the transaction was a sale or
refinancing, the transaction type was insignificant. The location of the property in the central
business district, however, was very significant. Please see table 19. The age of the property was
statistically insignificant, while the size of the property was very significant. In looking through
the data, there were 1192 transactions of CBD properties, or approximately 39.2 percent (Table
4.1). Larger buildings were worth more and the largest median property size was New York
City’s 255,180. The national median was 134,924 and the fourth highest median size (Table 4.2).
Undoubtedly, New York biased the national average. Neither the CBD dummy variable nor the
average size of the building was statistically significant when placed within the broader
regression framework. It was excluded, however, from the final regression because it a
property’s location is implied in its spread. The smallest median building went to San Francisco
at 104,862.

4.2 Cross Section and Time Series Properties of Occupancy

To better determine the effects of occupancy rates on the return required by investors, the data
set was reconstructed at four occupancy levels. The four levels were all transactions, all
transactions with 98 percent or below occupancy, 95 percent or below occupancy and 90 percent
or below occupancy. To make the results more meaningful, the dependent was created from the
difference of the cap rate and the risk free rate. This variable roughly estimates the ‘real’ rate of
return to the investor assuming no financing costs. Since the distribution of observations is
lopsided due to a large amount of transactions with completely occupied properties, the levels
were created to better isolate the slope of occupancy to return. These regressions shared two
goals: 1) to identify the relationship between occupancy and return; 2) determine what level most
accurately identifies that relationship. Fixed effects were used for time and location (12).

T

]
(CapRateijt - 10yTTt) = Z Z athjt + Soijt + Eijt
=1

t=1

The results definitively show that the regression using all observations produces the highest t-stat
on the occupancy term. The positive coefficient on occupancy suggests that as the building
becomes more occupied, investors require a larger return over the risk free rate. This suggests
that buildings with extra space command lower cap rates, likely for their abilities to generate
more income. Furthermore, buildings with extra space will be able to sign leases at current or
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future market rates, which may be higher than a building with older leases. Specifically, the
results suggest that every 10 percent of empty space will garner 8 basis points.

Table 4.3
Occupancy Excess Return Excess Return Excess Return Excess Return
Study Occ <=100% Occ <= 98% Occ <=95% Occ <=90%
Occupancy .008585 *** .0057433 *** .001047 -.001247
5.13 3.64 0.72 -0.92
_cons .028576  *** .031298 *** .03035 *** .032541 ***
5.27 6.44 6.58 8.11
N 3,022 2,962 2,720 2,418
R-squared .6026 .6278 .6115 .5847
F 6.14 6.68 5.77 4.66

*** Significant at 1% Level; ** Significant at 5% Level; * Significant at 10% Level

4.3 Specific Market Effects

Since it was determined that the entire data set should be used, including the buildings that were
refinanced or sold with 100 percent occupancy, a new data set for each city was created to test
for persistence. The following equation was used to test for predictability of occupancy in
markets, where Occ represents some level of occupancy for a given market (13):

Occjr = aj; + p;jOccjr_q1 + €t

Given the results of the previous regression, we assume that the 100 percent level will yield the
most statistically significant results, and will simplify the equation to just the 100 percent level,
represented by Occ (14):

Occjy = ajp + pjOccjr_q + €t

Average occupancies were determined by averaging the transactions that occurred during a
specific period in a specific market. The averages are not the true average market occupancy
because it does not take into account the majority of office space which is not being sold. Thus,
these tests are only accurate in predicting or analyzing average transaction occupancy. The
averages towards the end of the observation period have less volatility due to larger
denominators and increased observations because there was more transaction activity in the back
half of the period, as seen in Table 4.4 and Table 4.5:

Table 4.4
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I ran regressions for each city and none of the city’s occupancies produced statistically
significant results for the persistence term. Standard errors ranged from .1-.4 and the adjusted R-
squared terms were less than .1 for all markets. This is likely due to the volatility in average
occupancies. For seven of the cities, average occupancy per quarter was used, while for five,
average occupancy was semi-annual. Since the regression results were hardly informative, the
correlation of current occupancy with lagged occupancy was taken. Correlation is negative at the
city level and positive at the national level, in both cases however, the correlation is low. We can
conclude that there is little evidence of predictability in occupancy. On the macro level, there is
some predictability of annual occupancy that is worth noting. Since there is little predictability in
occupancy, I will not worry about accounting for it in my master regression.

4.4 Lags
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When working with interest rates, selecting the appropriate rate in time can be tricky. The effects
of interest rates can be felt today and many months from today. For example, this delay can be
seen when an investor submits a loan application and has the option to lock in the financing rate
at the beginning, middle or end of the one to three month origination period. Furthermore, each
loan could take a different amount of time to close. For CMBS financing, it normally takes two
months for the borrower to receive the disbursed funds and another two months for the debt to be
sold by the bank to investors. After the CMBS financing is disbursed to the borrower, it may take
additional time for the borrower to close the transaction and for Real Capital Analytics to record
the transaction. In other words, it is not clear what period of interest rates would affect the
average cap rate reported by Real Capital Analytics. In fact, each transaction recorded would
probably vary in what interest rate from what period it used. Thus, in order to accurately capture
the greatest impact of interest rates on capitalization rates, I set up four time periods for each
average monthly rate in order to figure out when that individual rate was most significant in
describing the movement of cap rates. I then regressed cap rates on each of the benchmark rates
individually at four time periods using the following single variable regression (15):

capijr = Bo + BX: + &ije

Table 4.6

Lags 0 1 month 2 month 3 month

Federal Funds -4025615 *** -.3981614 *** -.3937775 *** -.3898954 ***
-30.19 -29.87 -29.32 -28.78

30 Day LIBOR -4034329 *** -4009943 *** -.3964836 *** -.3927743 ***
-30.35 -30.02 -29.46 -28.96

10 yr Treasury -1.45402 *** -1.439528 *** -1.430378 *** -1.411426 ™™
-21.98 -21.64 -21.71 -21.79

AAA 5 year CMBS .4663029 ** 2,0793 *** 4.734773 *** 5.70874 ***
2.33 8.59 17.44 21.55
R-squared .0018 .0241 .0923 .1344
F(1,2990) 5.43 73.83 304.11 464.35
Observations 2,992 2,992 2,992 2,992

*** Significant at 1% Level; ** Significant at 5% Level; * Significant at 10% Level

The results suggest that the market is efficient at accounting for the current 10 year Treasury rate,

LIBOR and federal funds rate. CMBS financing rates, however, have the greatest impact on cap

rates three months in the future. It was also the only interest rate that had a largely increasing t-
statistic. Therefore, I decided to include a three period lag on my CMBS variable and no lag on
my benchmark rates in my future regressions. This three period lag term on the CMBS variable

mirrors Jud and Winkler’s (1995) findings that cap rates did not adjust quickly to capital market

changes and that lag terms are necessary to correct for the inefficiencies in real estate markets.
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Empirical Strategy

5.1 Primary Model Specification

The primary goal of this paper is to determine the relationship between interest rates and office
capitalization rates during the real estate boom from October 2002 to October 2007. The age old
saying and fundamental law of real estate economics; “When interest rates rise, prices fall,” is
the null hypothesis.

5.1.1 Interest Rate Selection

I first selected the three interest rates that are most widely used by underwriters and lenders.
These three are the 10-year treasury rate, the 30 day LIBOR, and the federal funds rate. I chose
the 10-year treasury and LIBOR because lenders use these rates as a benchmark of risk.
Traditionally, loans are issued at a premium to one of these rates, commonly referred to as a
“spread.” Conduit markets, such as the Commercial Mortgage Backed Securities market, are
priced as a spread. For example, a quote from an investment bank for CMBS financing would
sound something like, “285 to 325 basis points over the 10 year Treasury.”

I chose the federal funds rate because portfolio lenders often use this rate as their benchmark for
risk. Short-term loans like construction loans — normally lasting no longer than a year - are often
issued over the federal funds rate while short-term floating rate debt lasting more than a year can
be issued as a spread above the 30 day LIBOR. The Treasury is rarely used as a benchmark for
short-term financing. Most times, the 10 year Treasury is used for long-term fixed rate or
floating rate financing, such as a 30 year mortgage on a commercial property. Inevitably, it is the
most important rate in this study since investment in large offices is normally longer term, quite
sizeable in volume of debt, and because properties have greater value if their debt has a longer
maturity because there is less refinancing risk. Since these three rates — the 10 year Treasury, the
30 day LIBOR, and the fed funds rate are the most popular and representative of the interest rates
affecting real estate developers and investors through securitized financing and portfolio lending
(Figure 7), they will be the center of this paper’s focus.

In addition to these three interest rates, I felt it was necessary to include a variable that captures
the risk premium a lender would charge a borrower. By including this variable, the regression
specification should capture the true cost of borrowing. I chose the interest rate on AAA rated
Commercial Mortgage Backed Securities (CMBS) because I believe CMBS financing was the
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primary and most popular method of securitizing commercial real estate debt during this time
period. Furthermore, since my data only includes transactions over $5 million, using the average
interest rate of CMBS financing does a better job matching the upward bias of my average
transaction price than a national average interest rate on portfolio loans. This is mainly because
CMBS financing is cost prohibitive for loans less than $2 million. It is also normally cheaper,
easier and sometimes the only means of financing for very large transactions - those with a price
tag north of $100 million. Over the period of this study, there was a dramatic increase and
acceptance of Commercial Mortgage Backed Securities (Figure 5.1). Throughout this period, the
robustness of the capital markets tempted many firms to refinance. In addition, the cost of CMBS
financing fell as ratings agencies and banks adjusted their risk premiums and measurements

downwards.
Figure 5.1
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5.1.2 Basic Linear Model

w0

[ "L B = T B =

10-year Treasury (%)

My four independent variables are the average monthly 10-year treasury rate, the average
monthly 30 day LIBOR, the average monthly federal funds rate, and the monthly average cost of
CMBS financing. Consideration was given to the delay in loan disbursement. Traditionally, from
initial application to closing, it takes a financial institution 30 days to provide cash to the
borrower. In the case of CMBS issuance, it typically takes 2 months for the borrower to receive
cash and then it takes the financial institution another two months to securitize and sell the loan.

My dependent is a pooled series of cap rates for every transaction valued over $5 million in
twelve US MSAs from October 2002 to October 2007. The goal of this baseline regression was
to isolate the impact of the four most widely used interest rates on capitalization rates and to
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determine which rates were the most influential. I used an Ordinary Least Squares (OLS)
regression. I checked for heteroskedasticity with the Breusch-Pagan/Cooke-Weisberg test. It
produced a chi-squared value of .02 and a probability less than chi-squared of .88, allowing me
to accept the null hypothesis of constant variance of the residuals. The baseline specification is
(16):

CapRate; = By + P1FFRy + B,LIBOR; + B310yrT, + [,SprdAAA;_; + &

Table 5.1: Variable Descriptions

Variable Description

FFR Average Monthly Federal Funds Rate

L/IBOR Average Monthly 30 day LIBOR (US)

10yrT Average Monthly 10 year Treasury Constant Maturity

SprdAAA .1 Average Monthly CMBS spread for 5 year debt with a AAA rating above the
matching 10 year Treasury Constant Maturity

Size Gross square footage of the property

Occ Occupancy of the building at time of transaction

Location Dummy variable; equals 1 when the property is located in the central business
district of a city

D; structural variables in the fixed-effects model for each city

€ Error term

5.2 Secondary Model Specifications
5.2.1 Model 2, 3 and 4 — Interest Rate Medley

I also added the property specific characteristics that were determined to be significant in section
3.1. Size, occupancy and location were included in the secondary model specification to absorb
observation specific variation. This equation is Model 2 in the results (17):

cap;jc = Pyocciji + PoSize + B3LIBOR + 6,Location + fsSprdAAA,_; + BeFedFunds
+ B;10yrT + €

In order to take into account maximum consideration market-specific characteristics, I inserted a
structural variable into my model that toggles between each of the 12 MSAs. By assuming fixed
effects, this constant term will absorb city-specific effects like long run cap rates levels and rent
growth. This will allow the model to better isolate the relationship between interest rates and the
movement in cap rates. Thus, by adding size, occupancy, location and fixed effects, both
property and market-specific characteristics should be accounted for the in the regression
specification. This is Model 3 and 4 in the results (18).
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cap;jc = Byocciji + PoSize + B3 LIBOR + 6,Location + fsSprdAAA,_; + BeFedFunds

J
+ B,10yrT + Z a;Dj + €
j=1

Random effects were used for Model 4. The Breusch-Pagan Lagrangian Multiplier test and the
Hausman tests were used for Models 4, 7 and 8. In every case, the null hypothesis that the
difference in coefficients is not systematic was upheld. To test for heteroskedasticity, the
Breusch-Pagan/Cook-Weisberg test for heteroskedasticity was used. For Models 2-8, the null
hypothesis of constant variance of the error term was rejected. Models 2-8 were corrected for
heteroskedasticity using robust standard error calculations. For Models 2-8, the Chow test
confirmed the significance of the structural variables at the 1 percent level. Furthermore, the t-
statistics and the z-statistics for all location dummies were significant in every regression where
fixed or random effects were used at the 1 percent level. This confirmation is consistent with
previous studies that have confirmed the significance and impact of location, and more
specifically MSAs, on cap rates. For Models 1-8, serial correlation was not found and the
Durbin-Watson statistic was calculated to be 2.29, suggesting I should not reject the null
hypothesis of no autocorrelation in the error terms. Given the independence of each of the
transactions, none of these results were surprising. Cross correlation of the residuals was tested
for across time and location. None of correlation statistics were statistically significant. I
accepted the null that there was no cross correlation in the residuals.

5.2.2 Model 5 and 6 — Short and Long-term Financing

I created another model to account for the high correlation between LIBOR and the federal funds
rate (Table 4.2). I dropped the federal funds rate due to problems with collinearity. This model
also excludes the 10 year Treasury rate because of its noticeable correlation to the federal funds
rate and LIBOR. This model captures short-term interest rates and floating debt interest rates by
including LIBOR and long-term rates by including the interest rate on investment grade CMBS
financing. I felt it was the most concise way to account for the costs of short-term and long-term
debt. I continue to use fixed effects by including a structural variable that represents each of the
12 MSAs. This equation also includes modeled varying intercepts (random effects) in Model 6
(19):

J
cap;jc = Byroccijr + BoSize + B3 LIBOR + 6,Location + BsSprdAAA,_; + Z a;D; + €
j=1

5.2.3 Model 7 and 8 — Optimization

I felt another variation of the model could better capture cap rate movements if the majority of
the transactions used long-term debt. Thus, I switched out LIBOR for the 10 year Treasury to
take into account the underlying costs of long-term debt in addition to the risk premium
accounted for in the spread. I felt it there was an advantage to removing LIBOR entirely to
remove any bias that could be created by LIBOR and the 10 year Treasury’s high correlation.
This model theoretically assumes that little, if any, short-term debt is being issued and that cap
rate movements can be explained using only the costs of long-term debt. This model should
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favor markets where CMBS financing is abundant. I used random effects for the same reason as
before in Model 8 (20):

J
cap;jc = Pyroccijr + BrSize + §,Location + BsSprdAAA._3 + B;10yrT + z a;Dj + €
j=1

To increase the likelihood that equation 6 or 7 was the optimal specification, I tried putting all
three rates in at once. This equation could capture the maximum impact of the interest rates. I
used random effect for the same reasons as explained above. The results can be found in Model 7
(21):

cap;jc = proccijr + BySize + 8,Location + BsSprdAAA,_3+F,;10yrT + B;LIBOR

]
+ Z ' aJD] + Eijt
j=1

54 Capital Market Specifications

In 2001, Donald Jud and Daniel Winkler built on the theoretical framework for a Weighted
Average Cost of Capital Model (WACC) and a Capital Asset Pricing Model (CAPM) for real
estate first proposed by Nourse (1987). They also built on the work of Ambrose and Nourse
(1993) which related cap rates to a local variable, the spread between long-term and short-term
government bond rates, the earnings/price ratio of the S&P 500, and other debt and equity
measurements. After Ambrose and Nourse applied a seemingly unrelated regression (SUR), they
concluded that cap rates were not closely correlated to either the bond risk premium spread or the
S&P 500. They did, however, conclude that the return on equity was approximately 4.85% and
the weighted cost of debt was .98. The weighted cost of debt was not statistically different from
zero. The results were produced using a cross-sectional and time series regression model. Jud
and Winkler (2001) use the National Real Estate Index for 21 metropolitan statistical areas
(MSAs) from 1985-1992. They include one and two period lags, consistent with Evans (1990).
Their basic model is a one factor (location) fixed-effects model with correction for each location
fixed effect.

For the scope of this paper, I will use Jud and Winkler’s model and apply it to individual office
transactions instead of semi-annual average cap rates on office, warehouse/distribution, retail,
and apartment transactions. This will allow further description of the relationship between
national capital markets and office capitalization rates. Building on Brueggeman and Fisher
(1993), which observed that cap rates are not an internal rate of return because it does not
consider changes in expected future income, I modify equation 1 to account for constant growth,
g, in future income divided by a given discount rate, d (22):

NOI

d—g
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We can then figure out the total required return on investment, cap rate, C, minus the expected
future growth rate by rearranging the equation as (22):

NOI

C=d-g-= 5

Since the WACC model takes into account the weighted average of the cost of debt and equity,
we can substitute the loan to value ratio 5, as the ratio of the market value of debt, L, to the

firm’s value, V. The WACC equation equals the return on debt, 4, multiplied by the loan to
value ratio, plus the return on equity, 7., multiplied by one minus the loan to value ratio minus
the growth rate (23):

L L
WACC = V*Td-l- (1—V)*7’e_g

The tax shield is excluded since this analysis is on a pre-tax basis and focuses on the operating
income before taxes. Since we know the cap rate is defined as C = d — g, we set the WACC
equation equal to cap rate (24):

L L
C= V*rd-l_ (1—V)*re—g

Moving to the Capital Asset Pricing Model (CAPM), given rsthe risk-free interest rate and 1,
the market return, we can calculate the return on equity E (1) as (25):

COV (e, 1)

E(Te)=rf+(E(rm)_rf)*[ G2

By substituting E (1;,) into the previous equation for 7, we can rearrange the CAPM as follows
(26):

L L cov(r,r,,)
C =Tf+;(rd—rf) +<1—;)[E(rm)—rf] [#] -9

Lastly, we can simplify further by substituting an equity beta 8 for COV (,,7,,)/ 0% and setting
the equation equal to its excess return form (27):

L L
C—Tf Zv(rd—rf)+<1_v>[E(Tm)_rf]:B_g

5.4.1 Models 9 through 12 - WACC and CAPM Models

As Jud and Winkler pointed out, the model suggests that the excess cap rate return can be
explained by three terms: 1) the spread between long-term debt and the risk free rate multiplied
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by the loan-to-value ratio; 2) the difference of one and the loan-to-value ratio multiplied by the
expected return on equity minus the risk free rate and multiplied by beta, which is estimated to
be the covariance of the returns on real estate equity with market returns divided by the variance
of market returns); 3) the growth rate in net operating income. This will allow the model to
capture the affects of national capital markets on real returns. The empirical model of this
equation can be found below. The lags allow the model to capture information variation from
previous periods that have compounded into cap rates. The structural variable will control for
market-specific fixed effects in cap rates levels and growth rates between cities (28):

ReturnPremy;,
= B, + B, SprdAAA, + B,SprdAAA,_| + B,SprdAAA,_, + B,SprdAAA,_,
J

+ B.SprdSP,+ B SprdSP,_, + B,SprdSP,_, + B SprdSP,_, + Z a;D; + &

j=1

Table 5.4

Variable Description

SpraAAA ; the return on the average CMBS issued during the given month with a AAA rating
minus the average return on the 10 year Treasury bond during the month of the
transaction

SprdAAA t1 the return on the average CMBS issued during the given month with a AAA rating
lagged one period minus the average return on the 10 year Treasury bond during the
month of the transaction

SprdAAA t2 the return on the average CMBS issued during the given month with a AAA rating
lagged two periods minus the average return on the 10 year Treasury bond during the
month of the transaction

SprdAAA t3 the return on the average CMBS issued during the given month with a AAA rating
lagged three periods minus the average return on the 10 year Treasury bond during
the month of the transaction

SprdSP ¢ the total return on the Standard & Poor’s 500 Index (annualized) minus the average
return on the 10 year Treasury bond during the month of the transaction

SprdSP 1 the total return on the Standard & Poor’s 500 Index (annualized) lagged one period
minus the average return on the 10 year Treasury bond during the month of the
transaction

SprdSP 2 the total return on the Standard & Poor’s 500 Index (annualized) lagged two periods
minus the average return on the 10 year Treasury bond during the month of the
transaction

SprdSP 3 the total return on the Standard & Poor’s 500 Index (annualized) lagged three periods
minus the average return on the 10 year Treasury bond during the month of the
transaction

D; structural variables in the fixed-effects model for each city

€_ijt error term
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My model is different from Jud and Winkler’s in three ways: 1) I used the market rate for AAA 5
year CMBS debt instead of riskier BAA corporate debt; I believe this to be more accurate
because it represents a more accurate borrowing cost since we are borrowing against real estate
and we know for what rate the market will purchase real estate debt; 2) I added terms with a third
lag given my prior lag results which showed the effects of CMBS interest rates having the most
statistically significant impact three periods into the future; 3) my dependent variable draws from
2,992 individual transactions instead of 315 semi-annual average cap rates for four asset classes
published in the Market History Reports by the National Real Estate Index. My data consists
specifically of only the office asset class and is more recent, as Jud and Winkler’s study looked
at data from 1985 to 1992.

Table 5.5

National Level Stats Data Description

Median Minimum Maximum Std Dev Variance
SprdAAA 71.38 58.7 133.13 15.40 237.26
SprdAAA 1 71.38 58.63 133.13 14.33 205.33
SprdAAA +2 71.38 58.63 132.15 12.57 157.93
SprdAAA rs 71.38 58.63 105.2 10.46 109.42
SprdSP 1 11.83 -24.76 38.52 13.25 175.69
SprdSP 1 11.73 -24.76 38.52 13.80 190.36
SprdSP 2 11.46 -24.76 38.52 14.20 201.61
SprdSP s 10.88 -24.76 38.52 14.76 217.81
Cap Rate 7.1 2 134 0.01 0.0002

In regards to testing the data, I used the Breusch-Pagan/Cook-Weisberg test for
heteroskedasticity and accepted the null of constant variance of the residuals. I calculated the
Durbin-Watson statistic to be 2.34, so I accepted the null that the lag one autocorrelation is zero
in the population. I used the Breusch-Pagan Lagrangian Multiplier test for random effects and
the Hausman test and did not reject the null that the difference in coefficients is not systematic.

Jud and Winkler hypothesized that efficient markets would be demonstrated by positive
coefficients on the debt and equity spread terms for the first period. They also predicted positive
and negative coefficients on the lagged terms as corrections for informational inefficiencies in
cap rate markets.
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Results and Conclusion

My primary and secondary regression specifications answer the main question of this paper:
when interest rates rise, prices go up. Or at least this is true from October 2002 to October 2007.
In every regression specification, the sign on LIBOR’s coefficient was negative. Furthermore,
the 10 year Treasury had an inverse relationship with cap rates the only time it was significant in
Model 8. The only interest rate that had a direct, as expected, relationship with cap rates was the
spread on AAA 5 year CMBS debt. Not only was its coefficient positive in all models, but it was
highly statistically and economically significant. For every 1 basis point increase in the rate of
AAA commercial mortgage backed debt, there should be a 2.34 basis point increase in the
average cap rate. In the capital market specification, the impact of an increase would have an
even greater positive effect.

6.1 Primary Regression

Model 1 suggests that the relationship between LIBOR and cap rates is the opposite of the
hypothesis. The regression argues that for every one percentage increase in LIBOR, cap rates
will move one percentage point downwards. The positive sign on the federal funds rate
counteracts the effects of LIBOR on cap rates. The federal funds rate positive sign agrees with
the hypothesis that interest rates move directly with cap rates. Surprisingly, the most widely used
interest rate in long-term debt, the 10 year Treasury, does not produce statistically significant
results.

6.2 Secondary Regressions

Model 2 affirms the significance of property level characteristics on capitalization rates. It also
affirms that the 10 year Treasury does not make the results more robust. Property characteristics
such as size, occupancy and location add an additional 8 hundredths to the R-squared value when
the regression specification moves from Model 1 to Model 2. With the addition of fixed effects
in Model 3, an additional seven hundredths are added to the R-squared value, suggesting that
market-specific factors are significant in the composition of capitalization rates. This is also
verified by the Chow test performed on the location dummy variables. The highest R-squared
value computed was 0.4036 in Model 5. This suggests that individual properties have notable
exposure to the effects of interest rates and thus are tied loosely to national and global capital
markets.
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Model 1 Model 2 Model 3 Model 4
CapPR;ﬁTt]e;ijrt, Wﬁr?gu?gitigg CapRateijt with CapRateijt with
Specificati y Fixed Effects Random Effects
pecification Effects

10yrTreasury -.0086941 .0255709 .0109041 .0113773
-.09 .29 .13 .14

LIBOR -.9977201 *** -1.163139 *** -1.046581 *** -1.047301 ==
-3.86 -4.77 -4.5 -4.41

Federal Funds .6683047 *** .812618 *** 6836541 *** .6845783 *=
2.58 3.32 2.94 2.88

AAA 5yr(t-3) 2.602481 *** 2578811 *** 2437449 *** 2437068 ***
8.97 9.42 9.33 9.35

CBD dummy -.0069179 *** -.0042254 *** -.0042771 x>
-15.44 -8.54 -8.38

Size (Sqft) -3.75e-9 *** -3.84e-9 *** -3.86e-9
-5.9 -6.25 -6.37

Occupancy .0042796 *** .0058939 *** .0058667  ***
2.9 4.17 3.15

_cons .0662347 *** .065564  *** .0690317 *** 0675269 **=*
14.55 14.68 13.79 14.42
N 2,992 2,992 2,992 2,992
R-squared .2565 .3388 4053 4053
F/Wald chi2 257.67 218.41 112.59 1439.44

*** Significant at 1% Level; ** Significant at 5% Level; * Significant at 10% Level
Model 1 is the first regression specification that tried to explain movement in cap rates with the four most widely
used interest rates. Model 2 is the secondary regression specification before fixed effects. This model takes into
account property level characteristics like size, occupancy and its location in its respective MSA. Model 3 is the
secondary regression specification with fixed effects. The Breusch-Pagan Lagrangian Multiplier test and the

Hausman test were used to affirm the use of random effects in Model 4. This more efficient method with modeled

varying intercepts produces slightly different results from Model 3.

Model 5 Model 6 Model 7 Model 8
Cap Rateijt, Optimal Model Cap Rateijt, -
FE, Lpong and Caz Rateijt, RE Random Efieot. gﬁf’yﬁfgﬂeﬁﬁ
Shon-tgrm Long an_d Shc_)rt- All Rates Financin
Financing term Financing 9
10yrTreasury -.000654 -1.087194 ™
-0.01 -16.50
LIBOR -.3657934 *** -.3653829 *** -.355527 ***
-26.51 -26.22 -13.38
Federal Funds
AAA 5yr(t-3) 2.341023 *** 2.340171 *** 2470349 *** 3.811497 ***
9.11 9.12 6.64 15.20
CBD dummy -.0041762 *** -.0042544 *** -.0068857 *** -.0038276 ***
-8.45 --8.34 -15.43 -7.09
Size
(Sqft/100,000) -.0003833 *** -.000385 *** -.000391 *** -.000351 ***
-6.22 -6.35 -6.18 -5.31
Occupancy .0059464 *** .0059067 *** .0042357 *** .0065229 ***
4.2 3.17 2.88 3.40
_cons 0592725 *** .0677857 *** .066703 *** .0917983 ***
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23.16 22.09 10.58 19.97
N 2,992 2,992 2,992 2,992
R-squared 4036 - - -
F/Wald chi2 125.84 1430.51 975.88 959.7

*** Significant at 1% Level; ** Significant at 5% Level; * Significant at 10% Level

Model 5 and 6 are streamlined models that assume the effects of the federal funds rate will be captured by LIBOR
because they have a correlation coefficient of 1 during the observation period and that assume that changes in
financing costs for long-term debt will be picked up by the spread on AAA 5 year debt, while the impact of changes
in the short-term financing costs will be reflected in the coefficient on LIBOR. Model 8 assumes that the
transactions will be using long-term debt and that the addition of the 10 year Treasury regressor into the
specification will pick up additional variation in the impacts of changes in financing. Model 7 reflects the three main
rates.

Models 5 and 6 produced the most robust results, suggesting that the effects of changes in short-
term interest rates have real effects on capitalization rates. The decision to drop the federal funds
rate was confirmed because the results showed that the sum of the coefficients for LIBOR and
the federal funds rate nearly equaled the coefficient on LIBOR when only LIBOR was included
in the specification. The importance of LIBOR could be due to the extensive use of commercial
paper and short-term financing used by speculators and private equity funds during this time
period. Buyers were able to complete billion dollar transactions with debt that had three to six
month maturities. The recent collapse of Harry Macklowe’s empire was caused by an inability to
refinance short-term debt for long-term debt. It could also suggest that the perceived use of
LIBOR as the benchmark rate for long-term floating or fixed rate debt is underestimated. Models
7 and 8 suggested that in the presence of a broader regression framework, the 10 year Treasury is
not significant and does not have significant explanatory power. This can probably be attributed
to its steady nature as the risk free rate. It varied less than two percentage points during the
period. This also probably contributed to its lack of explanatory power. Furthermore, any
explanatory power would be diminished by the presence of the spread term which has an implied
risk free rate.

6.3 Primary and Secondary Regression Conclusion

Models 5 and 6 suggest that larger buildings are worth more. This could be due to the preference
of professional investors for large properties or investors’ minimum investment thresholds.
Theoretically, larger buildings are less risky because they have a larger and more diverse rent roll,
decreasing the potential for a large drop in net operating income if a tenant were to leave.

The results of the occupancy term were surprising. Originally, I had expected for more occupied
buildings to be worth more because I thought it was riskier to purchase a building under the
expectation of being able to lease it up than a property that was already completely leased. The
negative and significant sign on the occupancy term, however, suggests that investors are willing
to pay more for the unoccupied space. This could be due to the flexibility they have at bringing
in new tenants at higher rents, their ability to resign current tenants by giving them the option to
expand or because of some property specific considerations like the occupied buildings having
long-term leases that won’t allow rent bumps for several years. In any case, it is still a surprising
result. Lastly, there is a negative cap rate adjustment of 42.5 basis points if the property is
located within the central business district of its MSA.
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The largest take away from Models 1-8 was the economic and statistical significance of the
spread term. With significant coefficients ranging between 2.3 to 3.81, the economic
implications are tremendous. Given the limited range of interest rates of AAA rated 5 year debt —
its range was a trivial 47 basis points — movements in this rate are meaningful. Traditionally,
AAA ratings are only given to the senior most portion of the top slice of a senior mortgage on an
investment grade asset. Senior mortgages are sliced into a B piece and an A piece. Only the A
piece can be given an AAA rating. Normally, AAA ratings cannot be achieved on a slice of debt
that covers more than 40 percent of the value of the property. In other words, the AAA rate can
be interpreted loosely as the risk free rate of commercial real estate. Thus, it makes sense that
cap rates would move so dramatically when the perception of “risk free” shifts. As the markets
stabilize, this model would suggest that investors should keep a very close eye on where the
spreads on AAA CMBS debt return over the long run. If current expert predictions hold, the

spread will be permanently higher than where it was during the boom, and thus cap rates will be
permanently higher.

Lastly, finding that the spread on AAA debt had the greatest impact and significance on cap rates
three months in the future has important and widespread implications for investors. Knowing this
can make forward curves more accurate. This could help when evaluating investments. It could
also serve as an important leading indicator, like the canary in the coal mine. Just as an inverted
yield curve may suggest a pending recession, a noticeable increase in AAA spreads could
suggest a potential bust or closing of the markets. Take for example the recent halt in transaction
activity after a jump in CMBS spreads. The line in Figure 6.1 represents the end of the this
paper’s observation period. There have been few large transactions since October.

Figure 6.1
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Table 6.2 Capital Market Regressions
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Model 9 Model 10 Model 11 Model 12
ExcessReturnijt ExcessReturnijt ExcessReturnijt E .
National National Cross xqessRetur_nut
. . Lo National Capital
Capital Market Capltgl Market Secthnal time- Market RE
FE Without FE series FGLS
SprdAAA -1.490181 *** -1.634645 *** -1.634645 *** -1.498969 ***
-4.03 -4.19 -4.19 -4.07
SprdAAA(t-1) -.045959 .0530876 .0530876 -.0302322
-.07 .08 .08 -.05
SprdAAA(t-2) 1.227041 * 1.256249 1.256249 1.222871 =
1.68 1.62 1.63 1.68
SprdAAA(t-3) 5.653309 *** 5.637989 *** 5.637989 *** 5.647559 *+*
10.67 9.69 9.71 10.29
SprdSP .0118662 ** .0066115 .0066115 0117281
2.16 1.19 1.19 2.24
SprdSP(t-1) -.0045557 .0014013 .0014013 -.0043002
-.59 .18 -.18 -.569
SprdSP(t-2) -.0006154 -.00384 -.00384 -.0007696
-.08 -.49 .-.49 -.10
SprdSP(t-3) -.0053008 -.0030121 -.0030121 -.0052308
-.95 -.565 -.565 -1.01
_cons .0247725 .0336631 *** .0336631 *** 0357826  ***
9.75 12.76 12.78 12.89
N 2,992 2,992 2,992 2,992
R-squared .2520 .1520
F/Wald chi2 57.56 66.84 536.3 594.65

*** Significant at 1% Level; ** Significant at 5% Level; * Significant at 10% Level
Models are based on Capital Market Specification. I used the Breusch-Pagan/Cooke-Weisberg test for
heteroskedasticity and with a chi-squared value of 2.02 and a probability of .1556, accepted the null of
homoscedasticity. In determining whether to use location fixed effects or location random effects, I used both the
Breusch-Pagan Lagrangian Multiplier test for random effects and the Hausman Test. Both tests failed to reject the
null hypothesis that the difference in coefficients is not systematic. Thus, I concluded that using location random
effects would be the most efficient method. I also used the Chow test to the city effects. The results showed that city
effects are significant at the one percent level for all regressions. This is consistent with Jud and Winkler’s findings. I
used fixed effects in model 7, no effects in Model 8, random effects in Model 10 and a cross sectional time-series

FLGS in Model 9.

6.4 Results and Conclusion: Capital Markets Model

In all models, the Sprd AAA, term was significant and negative, while the Sprd AAA.; term was

significant and positive. This is the reverse of Jud and Winkler’s findings. They find a positive

coefficient on the debt spread term with no lag and a negative coefficient on their significant debt

spread term that is lagged two periods. Furthermore, my debt spread term that has three lags is
highly significant and my debt spread term that has no lags is much less significant. Likewise,

their debt spread term with no lags is highly significant and their debt spread term with two lags
is much less significant.

In model 7 and 10, the SprdSP term was significant and positive. No other term was significant

or positive in the four regressions. Jud and Winkler found their SprdSP term with no lag to be
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highly significant, while they found their equity spread term with one lag to be significant to a
lesser extent. This implies that as risk premiums increase in the stock market so do risk
premiums in real estate. This would suggest efficiency in capital flows. Surprisingly, since the
significant SprdSP terms do not have a lag, it suggests that commercial real estate markets show
some characteristics of market efficiency. Simply put, during this real estate boom real estate risk
premiums moved loosely with stock market risk premiums. That said, the presence of a large and
positive coefficient on the Sprd AAA; term suggests that commercial real estate markets are still
inefficient. Furthermore, the very significant location dummies suggest a lack of integration with
national capital markets.

My results differ from their study when it comes to R-squared values. My R-squared is only .252
in Model 9. This is relatively small compared to their R-squared value of .8267 for their office
regression. I would posit that this is due to the individual transaction nature of my dependent.
Whereas their dependent is the semi-annual average of 21 MSAs, mine is 2,992 independent
transactions in 12 MSAs. Taking averages across six months and all transactions would allow
there to be inner-period adjustment to capital market adjustments. My observation period is
smaller and my periods are monthly, thus my dependent has many noticeably different properties
than Jud and Winkler’s. Thus, I would argue that my data set is not as well suited for this model.

Like the primary and secondary model specifications, the results of the capital market regression
suggest that the interest rate of CMBS financing has a tremendous impact on capitalization rates
three months into the future. The coefficient of 5.65 implies that a 100 basis point increase in the
cost of CMBS financing would force the excess return on real estate up 565 basis points three
months into the future. This has extraordinary implications. The constant term was positive and
significant in all models.

Future Research and Discussion

Given the large impact CMBS debt prices have on cap rates, it is no surprise that very few deals
are getting done given current market conditions. In February, the cost of AAA rated debt was
higher than the average cap rate. As of February 2008, sales are down year-over-year by 90% as
of March for properties worth more than $100 million. This is particularly telling because
properties of that size almost always require the use of debt. Wall Street investment banks are
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averaging 90-99% less lending activity for 2008 year to date.'* An interesting extension of this
study would be finding a rate that nearly stops transactions. The recent absence of large
transactions suggests there is a rate that will stop almost all transactions that require capital
market financing. It would be very interesting to figure it out.

Figure 7.1

Commercial Real Estate Equity & Debt Spreads

to 10-yr Treasuries

2,000

1.800

1.600

1,400

1.200

1.000

800

600

400

200

bps J A J O J A J O J A JOJAJOJAIOIJAIOJIAITOY
01 02 ‘03 ‘04 05 ‘06 07 ‘08

Real Capital Analytics 2008 ©

Likewise, a more broad study of how cap rates are affected by irrational interest rate behavior
and the credit crunch would be enlightening to investors. Since the spread for CMBS financing
over the time period of this study only ranged from 60.9 to 132.4 basis points, this study is not
sufficient to explain current market conditions. There would be serious difficulties in coming up
with significant results due to the lack of total transactions and the even greater lack of
transactions using securitized debt financing.

A second interesting extension of this study would be an analysis of how much impact the large
influx in capital flows to office properties had during this same time period, from October 2002
to October 2007. Roughly $654 billion poured into net office investment from 2001 to the
beginning of 2008. More than $1.5 trillion in commercial real estate properties transactions
occurred during these seven years. >

Figure 7.2

'2 Real Capital Analytics. “Quarter in Review: By any Metric Q1 Sales Activity Disappoints.” Capital Trends
Monthly. April 2008.
'3 Real Capital Analytics, “RCA Net Investment.” March 2008. Online. www.rcanalytics.com
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Large capital inflows may be attributed to the falling dollar, the health of the U.S. economy, the
preference for stable returns, the creation of wealth, the desirability of U.S. office buildings, or
the ease of acquiring debt against U.S. commercial real estate to outsize returns. As the dollar
has fallen, marginal labor has become cheaper, potentially causing multi-nationals to grow their
presences in the United States. Speculation may be partially responsible as well, especially in
supply-constrained markets like New York, DC, and San Francisco where barriers to
development are high and long run occupancy is high. Furthermore, due to the heterogeneity and
depth of their economies, office buildings with specific uses, such as biotech or stock trading, are
more easily substitutable amongst local businesses.

Looking forward, the outlook for commercial real estate is not particularly bright despite the
large increase in investment. In fact, recent reports from the research departments at J.P. Morgan
Securities and Goldman Sachs are predicting 20 percent and 26 percent declines peak to trough
respectively.'* January and February transaction volume was only $6.8 billion, which is paltry in
comparison to $68 billion a year before. There is a very real sense that this is the calm before the
storm. Distressed funds are flush with cash and waiting for highly leveraged properties to not
cover rent. In predicting where prices will resettle, we can look at CMBS spreads for AAA debt.
Experts predict that spreads will permanently widen in the long run. If that means the median
long run rate of AAA 5 year debt goes up 10 basis points, we should see an increase in average
cap rates of a quarter point given this study’s optimal model. If the spread suffers a permanent
increase of 20 basis points, we can expect average cap rates to increase half a percentage.
Similarly, if we use the national capital market model, we may see a half percentage or full
percentage increase in long run average cap rates. Only time will tell, but after this study, it is
safe to confirm the proverbial industry saying, “It’s all about the spread.”

' Hudgins, Matt. National Real Estate Investor, “Shrinking Values, Growing Anxiety.” April 1, 2008.
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Figure 1: As interest rates have declined, prices have moved upwards, showing an inverse relationship.
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Figure 2: As interest rates have declined, cap rates have compressed, suggesting a direct relationship.
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Figure 3: There has been tremendous activity in the office market over the last few years. This rise in
transactions is mirrored by Figure 5’s demonstration in the increase in CMBS issuance.
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Figure 4: Office financing is procured through traditional lending, such as direct lending, in addition to

CMBS financing.

©2007 Real Capital Analytics, Inc. All rights reserved.
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Figure 5: Demonstration of the mispricing of risk, or the revaluation of commercial real estate risk by the

markets.
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Figure 6: After the credit crunch, a shift occurred in office purchasers. This shift is indicative of financial
sponsors’ need for leverage. This purchaser mix is more sustainable with tighter capital markets.
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