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1. Introduction 

The “black swan” events that caused the severe dilution in REIT stock values caused 

investors to reevaluate the degree of risk associated with commercial real estate mutual 

funds. Several researchers have found that REITs are cointegrated with the economic and 

real estate housing markets (He 2000, Glascock, Lu and Su 2000, and Nishigaki 2007). 

Consequently, REITs experienced stock market devaluation due to excessive leverage and 

abnormally high defaults within the industry. Although the extended economic cycle 

downturns could be considered the “new normal,” investors still do not understand how 

much compensation they should receive for risk bearing when REITs are impacted by hard 

to predict rare events.  

This study reexamines the relationship between REIT returns and economic risk by 

incorporating housing default into the empirical analysis. It has been predicted that 

housing defaults are a major determinant of the downturn in the economy and, therefore, 

indirectly responsible for the decline in REIT returns. 

In decades past, previous research on returns to real estate investment trust has 

considered the impact of stock-market risk as well as interest-rate risk on REIT returns, 

because of their relatively stable nature historically. Other scholars have analyzed REITs 

and the respective stock-market and interest-rate risks during prior periods of downturn 

as summarized: 

 

- Early 1970s – Late 1970s: a period of high inflation and unemployment, 

interest rates soared, oil and energy crisis 
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- Early 1980s – Mid 1980s: recession due to 1970s, bankruptcy prevalent, 

interest rates continue to rise through 1983, inflation begins to level off by 1983, 

recovery begins 

- Mid 1980s – Late 1980s: economy recovers, in 1985 US has 1/3 world GDP, 

Reaganomics, 1987 Black Monday 

- Early 1990s – Mid 1990s: began with short recession, boom following in 1992 

through the end of the decade, huge economic growth 

- 2007-2010 an economic crisis that saw the devaluation of commercial and 

residential real estate  

 

None of the studies, however, empirically measure importance of default risk during high 

volatility periods that relate to the recent financial crisis.  In an article written by Kim 

Dixon and Kevin Drawbaugh in December of 2008, John Dugan, then Comptroller of the 

Currency, was quoted saying, “You have to think that it will get worse before it gets 

better…One very troubling point is that whether measuring using 30-day or 60-day 

delinquencies, re-default rates increased each month and showed no signs of leveling off 

after six months or even eight months.” Dugan is speaking on loan modifications and the re-

default that occurred despite these bettering of terms for the borrower. These statements 

indicate that the need for investigation into default risk during high economic volatility.  
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2. Literature Review: 

In this section, I will summarize and discuss current and past studies that in some 

capacity pertain to my current study. I will highlight the areas in which these studies 

succeed as well as their shortcomings, which I will attempt to develop within this study.  

 

2.1 Chen and Tzang (1988) evaluate whether REITs, equity and mortgage, are sensitive to 

IR changes.  Based on two periods of time ’73-’79 and ’80-’85, equity and mortgage REITs 

were found to be sensitive to changes in long-term IRs and changes in expected inflation 

from ’73-’79. For the ’80-’85 period, equity was sensitive to only changes in exp inflation 

while mortgage was sensitive to both changes in real rates and exp inflation. In both time 

periods, equity was less sensitive to IR changes than mortgage, which makes sense due to 

mortgage REIT prices moving in the opposite direction of IRs. This study does not evaluate 

how sensitive equity and mortgage REITs are to the level of housing default rates. During 

the great recession, housing defaults created the collapse in the collateralized mortgage 

obligation market.  

 

2.2 Another study, Liang and Webb (1995) examine mortgage REITs to determine whether 

IR risk for REITs is diversifiable or systematic. They tested the years ’76-’79, ’80-’82, and 

’83-’90, and find that the IR sensitivity of REITs has changed over time. They concluded that 

IR uncertainty plays a significant role in systematic risk for REITs. They also concluded that 

IR risk is priced at equilibrium. Lastly, weak evidence exists that IR risk is not taken into 

account by the equity market, but they did not evaluate whether default rates are priced 
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correctly. The final conclusion they reached was that a two-index model is more 

appropriate than a single index model when analyzing mortgage REITs.  

 

2.3 Mueller and Pauley (1995) examine REITs from ’72-’93. Mueller and Pauley further 

break this down by identifying the time periods of falling IR and rising IR. They then 

compare correlations: 1) of IR during rising periods to REIT prices and 2) of IR during 

falling periods to REIT prices. The two discover that despite the rise or fall of IRs, the 

correlation between IR and REIT prices is typically negative or very low, which leads them 

to conclude that REIT movements cannot be explained by IR movements. The two also 

found that the more leveraged a REIT was, the more IR had an effect on its price. I will 

analyze whether leverage and general default rates have an interacting effect on REIT 

returns.  

 

2.4 Allen Madura and Springer (2000) compare REIT prices to movements in the stock 

market and IRs. Allen, Madura, and Springer are taking previous studies to a more modern 

time (’92-’97) in order to see what may or may not apply in more current terms. They are 

taking the comparison to a new level by developing what specific characteristics of REITs 

actually influence the changes in REIT prices. Specifically, the trio examines REIT asset 

structure, financial leverage, management strategy, and amount of specialization in the 

given portfolio. They found that minimal leverage was indicative of minimal exposure to 

fluctuations in correspondence with the stock market. Self-managed investment portfolios 

also were found to have minimal correlation with the stock market in relation to externally 

managed REITs due to the rate of debt as well as internal REIT managers having more of a 
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stake in the REIT’s performance. They found that REITs are sensitive to long and short-

term IRs, but analysis of the characteristics of individual REITs did not indicate that 

exposure to IR changes could be affected through asset structure, financial leverage, 

management strategy, or amount of specialization.  

 

2.5 Campbell, Dodd, Hill, and Kelly (2012), use the Standard and Poors publically available 

qualitative ratings criteria in order to derive the corporate default risk of various REITs. 

These criteria include financial obligations, expected financial resources, and variability in 

these resources. In respect to financial obligations, they hypothesized an inverse 

relationship between ratings and REIT debt levels and a direct relationship between credit 

ratings and dividends. In respect to expected financial resources, they hypothesized a 

direct relationship between credit ratings and credit line borrowing capacity and an 

inverse relationship between credit ratings and cash. In respect to variability in the 

resources, less certain cash flows increase default risk, smaller firms will have more 

volatile operations and higher default risk, and more consistent dividend policies 

correspond with lower default risk, meaning overall, that higher ratings coincide with 

reduced volatility. No significance was found between ratings and access to credit lines. 

Leverage significance was conditional on methodology and the choice of operating 

performance measure. There is somewhat of a relation between ratings and dividend 

levels, but more of a relation between ratings and dividend variability; less variability 

results in higher ratings. It was found that Fitch ratings relate to cash flow based measures 

while S&P ratings relate to earnings based measures, which in turn indicates that S&P 

ratings do no necessarily account for the financial wellbeing of the REIT. 
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2.6 Elul, Souleles, Chomsisengphet, Glennon (2010), and Hunt analyze the importance of 

negative equity and illiquidity in relation to mortgage default. As a measure of 

unemployment, they retrieved quarterly data from the Bureau of Labor Statistics. In the 

methodology section, dynamic logit models for mortgage default are employed.  They found 

that negative equity and illiquidity are significant in relation to default. Unemployment 

shocks were also found to be associated with higher default risk. It was also found that as 

combined loan-to-value ratios increased along with unemployment rates, default risk 

increased substantially. 

 

2.7 Li, Moordian, and Yang (2004), attempt to investigate information efficiency in the 

REIT market. They found that REITs are efficient in terms of incorporating information 

from the economy and stock market. They also found that REIT returns show a strong 

relation to stock market returns, but do not lag the market. It was also found that REIT 

performance leads economic performance by a minimum of two quarters. Additionally, 

they found that income return to real estate leads the economy by four quarters. The 

primary concern with this study is the inclusion of GDP in the regression calculations, 

which is believed to be an underlying factor for REIT returns. 

 

2.8 In a study by Li and White (2009), bankruptcy and mortgage default are analyzed for 

their relationship in respect to the recent recession of 2008. The two show that bankruptcy 

and default are often complimentary in order to reduce the cost of defaulting on a 

mortgage. For the measure of default, Li and White used monthly data fro LPS Applied 
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Analytics, which consisted of a large sample of prime and subprime mortgages that 

originated in 2004-2005 with first liens and 30-year terms. They also used a number of 

control variables in their regressions including FICO scores, debt-to-income ratio, a dummy 

variable for missing debt-to-income ratio, whether the homeowner provided full 

documentation of assets and income at the time the mortgage originated, whether the 

property is single-family, whether the loan is a jumbo, whether the interest rate is fixed or 

adjustable, whether the loan is for purchase or refinance, whether the lender is private or is 

one of the US government agencies, and whether the loan was securitized in the private 

market or securitized by a US government agency.  

 

2.9 Fogli, Hiil, and Perri (2012), use county level data to analyze the US business cycle over 

the past 30 years with respect to geographic location. They also argue that geography is an 

important element of the business cycle with respect to the spread and magnitude of a 

given economic condition. They found that initially, unemployment occurs in disperse 

areas, while eventually clustering around those initial areas, similar to the spread of an 

infection. They then develop a model business cycle that allows them to apply the same 

shock to different locations, with differing results, depending on the resiliency of the given 

location. They then introduce two methods of connection between the given locations. The 

first being that neighboring locations may be contemporaneously correlated, meaning that 

positive attributes in one location likely have spillover positive effects in a neighboring 

location. The second being the effect of unemployment in one location today on future 

unemployment in surrounding locations due to migration and commuting. The paper 

concludes that local, geographical factors that are not usually used in macro analysis could 
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be quite important in understanding the dynamics of the business cycle. It is also suggested 

that a better understanding of the local channels through which the economy functions 

could lead to a better macro understanding. 

 

3. Contribution and Hypothesis 

As shown above, previous research analyzes REITs from the early 1970s through 

the 1990s. My research will focus on the more recent developments in the economy and the 

effects that those economic changes have had on REITs. More specifically, I will analyze the 

economic collapse of 2008 as well as housing and collateralized mortgage default rates and 

their on REIT returns and REIT predicted default rates.  

 

The residential real estate market crashed was due in part to collateralized 

mortgage obligation purchases by investors who did not truly understand the risk 

associated with such assets. The uncertainty of risk is due to the lack of transparency in 

these assets. Many mortgages were bundled together into a single financial asset, where 

the underlying assets all could have had different risks associated with them. This bundling 

of mortgages into CMOs and the associated risks due to lack of transparency is also 

applicable to bundling that occurs in the REIT market.  

 

As shown in the above reviews of journal articles, previous studies have failed to 

analyze the importance of various underlying affects of financial crises upon REIT returns, 

specifically default risk. Mortgage REITs can be composed of a variety of underlying assets. 

For the purposes of this study, I will use various commercial and residential REITs so as to 
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distinguish the affects upon the differing markets. I will analyze whether REIT returns are 

cointegrated with CMO markets during a financial crisis such as the one in 2008. 

Additionally, REIT returns are a function of various underlying aspects, some of which have 

yet to be analyzed in depth: 

 

- Stock Market Risk – risk associated with changes in the stock market 

- Interest Rate Risk – risk associated with changes in the real rate 

- Financial Leverage – amount of debt relative to equity to finance assets 

- Asset Structure – equity vs. mortgage investment in real estate 

- Internal/External Management – external management uses above market debt 

rates, internal management has REITs interests in mind 

- Default Risk in Commercial RE – inability to repay debts in commercial real 

estate 

- Economic Risk associated with Unemployment – UE could result in 

loans/interest not being repaid on mortgages 

- Change in GDP – gross domestic product’s change and associated change in REIT 

returns 

- Default in Housing – defaulting on housing payments and affect on REITs 

- Geographic Location – certain areas may not be as greatly affected by economic 

crises 
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Upon analyzing these various contributing factors to REIT returns, I will develop a better 

understanding of what plays a role in REIT pricing and risk, specifically during times of 

financial uncertainty and upheaval.  

 

4. Sample 

The data that will be used in this study will be comprised of publically traded 

mortgage REITs, both primarily commercial and residential. Returns will be analyzed from 

the period prior to the economic collapse in October of 2008 and after the collapse to 

better understand how default risk plays a role in REIT returns. Daily returns for REITs will 

be pulled from finance.yahoo.com to analyze the betas of the various REITs prior to and 

after the economic collapse. The S&P 500 Index will be used as the benchmark for 

comparison.  

 

5. Proxies: Determinants of REIT Return 

The proxies that will be evaluated against REIT returns include interest rate risk, 

financial leverage, stock market risk, asset structure, the use of internal or external 

management, default risk in commercial real estate, economic risk associated with 

unemployment, changes in GDP, default risk in housing, and geographic location. All of the 

proxies’ measurements and descriptions are given below. 

 

5.1 Interest Rate Risk  

As measured by Chen and Tzang, interest rate risk is calculated through the 

following equation. Rt = B0 + B1Rmt + B2Et + B3Ert + t , where Rt is the return on asset at 
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time t, Rmt is the return on the market portfolio at time t, B1 and B2 are multiple regression 

coefficients, t is the error term, Et is the expected inflation rate at time t, and Ert is the 

expected real rate at time t. Equity and mortgage REITs were obtained from the NYSE and 

AMEX for the period 1973-1985.  

 

5.2 Financial Leverage  

As measured by Mueller and Pauley, financial leverage risk was calculated through 

the comparison to two separate indexes. With these two indexes, Mueleer and Pauley 

compared correlations in times of rising interest rates to price change and times or falling 

interest rates to price change. The Wilshire real estate index includes publically traded real 

estate investment companies that typically have higher leverage than equity REITs. During 

falling IR periods, the Wilshire had a stronger upward movement, and during rising IR 

periods, the Wilshire had a stronger downward movement. Monthly changes in IR (3mo T-

bill, 10yr bonds, LT government bonds) are compared to monthly changes in S&P 500, S&P 

40, NAREIT price index, and Wilshire REI. 

 

5.3 Stock Market Risk  

As measured by Allen, Madura, and Springer, stock market and interest rate 

sensitivity was measured using the following formula.  Rj,t = B0 + B1Rm,t + B2it + wt , where 

Rj,t is the monthly return on the jth REIT, B1 is the sensitivity of the jth REIT’s returns to 

market returns, B2 is the sensitivity of the jth REIT’s returns to IR, and w is the error term. 

Allen Madura and Springer used the NAREIT publications from 1993-1997 to identify 46 

publicly traded REITs, of which 26 were equity and 20 were non-equity. Moody’s and 
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NAREIT were used for balance sheet and asset composition. Monthly stock returns were 

obtained from the Center for Research in Security Prices files. Historical information on 

two interest rate variables, the yield on one-year treasury securities, and the yield on ten-

year treasury securities were obtained from the Federal Reserve Board publications. 

 

5.4 – 5.6 Asset Structure, Internal/External Management, and Leverage  

As measured by Allen, Madura, and Springer, asset structure, internal/external 

management, and leverage, are defined and measured by the following equations. B1,j = 0 + 

1Assets + 2Leverage + 3Management + 4Specialization + wt; B2,j = 0 + 1Assets + 

2Leverage + 3Management + 4Specialization + wt, where B1 and B2 are sensitivities to 

market returns and IR respectively, 1 refers to the portion of the REIT invested in equity 

real estate, 2 refers to the degree of financial leverage (debt/debt+equity), 3 is a dummy 

variable (1 if the REIT self manages and 0 if it is externally managed), 4 is the sum of the 

squared proportions of the REIT’s portfolio invested in each property type, and wt is the 

error term. Allen Madura and Springer used the NAREIT publications from 1993-1997 to 

identify 46 publicly traded REITs, of which 26 were equity and 20 were non-equity. 

Moody’s and NAREIT were used for balance sheet and asset composition. Monthly stock 

returns were obtained from the Center for Research in Security Prices files. Historical 

information on two interest rate variables, the yield on one-year treasury securities, and 

the yield on ten-year treasury securities were obtained from the Federal Reserve Board 

publications. 
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5.7 Default Risk in Commercial RE 

As measured by Campbell, Dodd, Hill, and Kelly, default risk is defined and 

measured by the following equation. Ri,t = B0 + B2Divi,t-1 + B3UnusedLOCi,t-1 + B4Cashi,t-1+ 

B5OperPerfi,t-1+ B6OperPerfVoli+ B7DivVoli+ B8Ln(MktCap)i,t-1+ ∑1
10BkTimeDummiesk,t + i,t , 

using a probit model, Rating was a binary variable equal to one if the observation is 

investment grade, or zero if it is not. Leverage is total liabilities scaled by total assets. 

Dividends are DPS. UnusedLOC is the ratio of unused lines of credit to total assets. Cash is 

cash holdings scaled by total assets. OperPerf represents net income, FFO (funds from 

operations), and free cash flow, all scaled by shares outstanding. OperPerVol and DivVol 

are calculated by dividing the standard deviation of the variable by its mean. Sources used 

include SNL Datasource from 1999-2010, S&P, and Fitch.  

 

5.8 Economic Risk associated with Unemployment  

Elul, Souleles, Chomsisengphet, Glennon, and Hunt analyze the importance of 

negative equity and illiquidity in relation to mortgage default. As a measure of 

unemployment, they retrieved quarterly data from the Bureau of Labor Statistics. In the 

methodology section, dynamic logit models for mortgage default are employed. The 

dependent variable is a dummy that designates a mortgage that is more than 60 days late. 

Independent variables include information from the LPS data including initial loan-to-value 

ratios and FICO score. From the credit bureau, total balances relative to total limits for all 

credit cards are obtained as well as total second mortgage balance, or the total of all active 

home equity installment and home equity revolving mortgage loan balances. Lender 
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Processing Services, Equifax, the Federal Housing Finance Agency, and the Bureau of Labor 

Statistics were all used in obtaining data for this paper from years 2005 and 2006. The 

results are shown below. 
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5.9 Change in GDP  

Li, Moordian, and Yang attempt to investigate information efficiency in the REIT 

market. They found that REITs are efficient in terms of incorporating information from the 

economy and stock market. They also found that REIT returns show a strong relation to 

stock market returns, but do not lag the market. It was also found that REIT performance 

leads economic performance by a minimum of two quarters. Additionally, they found that 

income return to real estate leads the economy by four quarters. In order to determine 

whether equity markets predict the economy by more than one quarter, they regressed 

GDP growth rate on stock return and economic state variables through this model: 

tttttttt TBILTSPREADCSPREADppgdp    11312112111  

where tp  denotes the logarithm difference of price, 1 tgdp  is quarterly growth of GDP, 

CSPREAD is the difference between Moody’s BAA rate and 10 year Treasury bond rate, 

TSPREAD is the difference between 30 year treasury bond rate and 3 month treasury bill 

rate, and TBIL is the 3-month treasury bill rate. They found that REITs predict changes in 

the economy by two quarters. The results are given below. 

 

Table 5. Predictability of GDP 
 

tttttttt TBILTSPREADCSPREADppgdp    11312112111  

 

 GDP Growth ( tgdp ) 

(A) (B) (C) 
Intercept 0.509 

(0.409) 
0.638 

(0.423) 
0.720 

(0.438) 

S&P500 Return 1t  0.031** 
(0.015) 

  

S&P500 Return 2t  0.025*   
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(0.015) 

REIT Total Return 1t   
0.022* 
(0.012) 

 

REIT Total Return

2t  
 

0.033*** 
(0.012) 

 

REIT Price Return 1t    
0.022* 
(0.012) 

REIT Price Return 2t    
0.028** 
(0.160) 

1tCSPREAD  0.086 
(0.157) 

0.213 
(0.157) 

0.211 
(0.160) 

1tTSPREAD  0.074 
(0.091) 

-0.014 
(0.093) 

-0.007 
(0.095) 

1tTBIL  0.087* 
(0.045) 

0.052 
(0.046) 

0.056 
(0.047) 

1 tgdp  0.213** 
(0.108) 

0.273*** 
(0.106) 

0.285*** 
(0.106) 

2R  0.230 0.259 0.241 

 

Also of interest, they tested whether commercial real estate income leads the economy 

using a vector autoregressive analysis similar to the one below:  

 

t

i

it

i

t

t

t

REI T

t

SP

t

TBIL

TSPREAD

CSPREAD

BA
p

p
 














































4

1

2,23,21,2  

where t  ~ ),0( 2,21,2 N . 

Then, based upon this VAR analysis, they conducted the Granger Causality Wald test.   

The three found that REIT income return leads the economy by four quarters. The results 

are given below.  

 

Table 9. VAR Analysis on GDP Growth and NAREIT Income Return  
 

Panel A. Granger Causality Wald Test  

Test 2  DF Prob>
2  

REIT Income not cause GDP 21.85 4 0.000 
GDP not cause REIT Income 5.29 4 0.259 
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Panel B. Regression Estimates 

 tgdp  NAREIT Income
t
 

Intercept 
0.753 

(0.264) 
0.694 

(0.570) 

1-tgdp  0.208** 
(0.102) 

0.393* 
(0.220) 

2-tgdp  0.047 
(0.108) 

0.429* 
(0.233) 

3-tgdp  0.150 
(0.101) 

-0.018 
(0.218) 

4-tgdp  -0.081 
(0.096) 

-0.080 
(0.208) 

REIT Income
1-t
 0.012 

(0.052) 
0.007 

(0.112) 

REIT Income
2-t

 0.085 
(0.061) 

0.256* 
(0.131) 

REIT Income
3-t
 0.161*** 

(0.051) 
-0.028 
(0.110) 

REIT Income
4-t

 -0.109** 
(0.052) 

-0.147 
(0.113) 

tCSPREAD  -0.428** 
(0.205) 

0.459 
(0.443) 

tTSPREAD  0.263* 
(0.158) 

0.012 
(0.342) 

tTBIL  0.432*** 
(0.155) 

-0.713** 
(0.334) 

Univariate 
2R  0.513 0.281 

 
Note: Estimation errors are reported in the parentheses below parameters.  
*    : Significant at the 10% level.  
**  : Significant at the 5% level.  
***: Significant at the 1% level. 
 

 

5.10 Default Risk in Housing  

In a study by Li and White, bankruptcy and mortgage default are analyzed for their 

relationship in respect to the recent recession of 2008. The two show that bankruptcy and 

default are often complimentary in order to reduce the cost of defaulting on a mortgage. 

For the measure of default, Li and White used monthly data fro LPS Applied Analytics, 

which consisted of a large sample of prime and subprime mortgages that originated in 
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2004-2005 with first liens and 30-year terms. They also used a number of control variables 

in their regressions including FICO scores, debt-to-income ratio, a dummy variable for 

missing debt-to-income ratio, whether the homeowner provided full documentation of 

assets and income at the time the mortgage originated, whether the property is single-

family, whether the loan is a jumbo, whether the interest rate is fixed or adjustable, 

whether the loan is for purchase or refinance, whether the lender is private or is one of the 

US government agencies, and whether the loan was securitized in the private market or 

securitized by a US government agency. In order to calculate regressions, they used the Cox 

proportional hazard model with all regressions run separately for prime and subprime 

mortgages. Statistics are shown below. 
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5.11 Geographic Location  

Fogli, Hiil, and Perri use county level data to analyze the US business cycle over the 

past 30 years with respect to geographic location. They also argue that geography is an 

important element of the business cycle with respect to the spread and magnitude of a 

given economic condition. They found that initially, unemployment occurs in disperse 

areas, while eventually clustering around those initial areas, similar to the spread of an 

infection. They then develop a model business cycle that allows them to apply the same 

shock to different locations, with differing results, depending on the resiliency of the given 

location. They then introduce two methods of connection between the given locations. The 

first being that neighboring locations may be contemporaneously correlated, meaning that 

positive attributes in one location likely have spillover positive effects in a neighboring 

location. The second being the effect of unemployment in one location today on future 

unemployment in surrounding locations due to migration and commuting.  

First they give maps of the United States for various time periods from June 2007 to June 

2009, each with accompanying aggregate unemployment from the Bureau of Labor 

Statistics, the standard deviation of unemployment across counties, and the spatial 

autoregressive coefficient which is explained below. 
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The paper concludes that local, geographical factors that are not usually used in macro 

analysis could be quite important in understanding the dynamics of the business cycle. It is 

also suggested that a better understanding of the local channels through which the 

economy functions could lead to a better macro understanding. 

 

6. Methodology 

 In addition to the REIT and S&P returns that were obtained from finance.yahoo.com, 

data was pulled from numerous sources in order to regress the given proxies against REIT 

returns for the period 2006-2012.  These sources include the Bureau of Labor Statistics for 

unemployment figures, the Bureau of Economic Analysis for GDP figures, the US Treasury 

for interest rate figures, the Wilshire index for comparison to determine financial leverage 

effects as well determining a list of REITs to analyze, and the SEC filings to determine asset 

structure. Multiple regression was implemented through Excel in order to determine the 

relationships between REIT returns and the underlying variables that affect the returns.  

 All REIT returns, GDP data, S&P data, Wilshire returns, t-bill rates, t-bond rates, and 

unemployment figures were pulled on a monthly basis for regression purposes. Three 

month t-bills as well as one year, five year, and ten year t-bonds were used as proxies for 

analyzing interest rate effects. From the Bureau of Labor Statistics, unemployment figures 

were pulled for nine regions of the United States: Pacific, Mountain, West South Central, 

East South Central, South Atlantic, West North Central, East North Central, Middle Atlantic, 

and New England. Not only does this allow for analyzing the effects from an unemployment 

perspective, but it also allows for geographic effects of the recession to be analyzed. 
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Transformation was used with GDP by taking the natural log of the figures in order to 

eliminate issues with residuals.  

 REITs were divided based upon asset structure for further analyzing. The primary 

REIT compositions included office, retail, health, residential, hotel, apartment, industrial 

and other REITs. Residential was distinguished from apartment due to the volatile nature 

of occupancy and turnover in apartment operations. Other included REITs that were 

composed of a number of the listed properties or ones that did not fall into any category. 

For purposes of analyzing, REIT returns were regressed against the proxies by both REIT 

asset composition group as well as all analyzed REITs pooled together. This allows for 

comparison between the affects of the proxies on individual asset structures compared to 

the array of REITs within the Wilshire Index. In order to demonstrate the effects of the 

recession upon REIT proxies and the REIT returns themselves, the years 2008-2010 were 

also analyzed apart from the entire data set of 2006-2012.  

 First, all REITs were analyzed against the Wilshire Index returns. All REITs were 

then analyzed against the Wilshire along with all of the other proxies. REIT asset classes 

were analyzed individually against all of the proxies. REIT returns and proxies were also 

analyzed separately for the years 2008-2010 in order to determine the recession’s affect 

upon the relationship between the returns and proxies. 

 

 

 

 

 



 25 

7. Regression Results and Analysis 

 While all of the REITs used are within the Wilshire Index, not all of the REITs have 

been in the index over the period analyzed nor do the REITs analyzed necessarily reflect 

the composition of the Wilshire over the 2006-2012 period. First, the REIT returns over the 

2006-2012 period were regressed against the Wilshire Index. The results are shown below. 

 

 

 

Here, it is seen that the coefficient of Wilshire, in this case shows minimal positive 

relationship despite the REITs being with in the index itself. Additionally, the low R-

squared value indicates that this model explains very little of the variation of the 

dependent variable.  In order to better understand this, the returns are later broken into 

categories that differentiate the REITs based upon asset composition.  
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 Next, the REIT returns were regressed against all of the proxies including the 

Wilshire returns. The results are shown below. 

 

As can be seen above, a number of p-values were significant including the Wilshire index, 

GDP, S&P, 3 month T-bill, 1 year T-bond, 5 year T-bond, 10 year T-bond, and a number of 

unemployment proxies. The slightly higher F statistic and R-squared values indicate that 

this test does a better job of explaining the variation in the dependent variable, REIT 

returns. The coefficients of the Wilshire, interest proxies, and unemployment proxies 

indicate there is minimal correlation between the respective proxies and the dependent 

variable.  

 In order to better understand the reasoning for the low coefficient and R-squared 

values, the regression was run again, this time with the REITs divided by asset composition. 

The regressions are shown below.  
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While the above tables only take into account the Wilshire as a proxy, they allow for the 

different asset compositions to be analyzed. While hotel, residential, industrial, and retail 

had similar R-squared values, college, office, health, and other all deviated from the 

previous combined REIT return regression. Additionally, the F statistic was significantly 

lower on all of the individual asset structures as compared to the combined REIT returns 

regression.  

 Each asset class was also regressed using a dummy variable that indicated 

recessionary years, 2008-2010. Years within the recession were given a value of 1 and 

years outside of the recession were given a value of 0. The dummy variable was used in 

combination with both the Wilshire and the S&P to better understand the effect that the 
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recession had on the respective proxies and as a result, REIT returns. In order to integrate 

the dummy variable into the proxies along with the Wilshire and S&P, the dummy variable 

was multiplied by each of the two proxies respectively. Upon completing of the regression, 

the coefficient associated with the dummy and the respective proxy indicates an 

incremental value over the proxy alone. The table for each asset class is shown below. 
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As seen in office, retail, hotel, and industrial, when the dummy variable is multiplied by the 

Wilshire or the S&P, a significant effect occurs as a result of the recession. As seen above in 

office, retail, and industrial, when the dummy is combined with the Wilshire or S&P, a 

substantial coefficient along with a significant p-value results. This indicates that during the 

recessionary times, the given asset class was more correlated with the market than during 

non-recessionary times. This is the essence of the black swan. In normal markets, the asset 

class behaves outside of the market norms, but during the recessionary time periods, the 

asset class moves much more heavily with the market. With the exception of college, also 

notice how much higher the R-squared values are. This indicates that the independent 

variables are explaining substantially more of the variability in the REIT returns.  
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 Finally, the recessionary years’ data were pulled and regressed against the proxies 

without 2006-2007 or 2011-2012 years being included. The results are shown below.  

 

 

As seen above, the R-squared value, F statistic, and several of the coefficients are more 

substantial as compared to the original regression of REIT returns with all of the proxies. 

This indicates that during recessionary times, REIT returns are substantially more 

explainable through these proxies. Additionally, with the exception of the unemployment 

data, all but one of the proxies are significant, further indicating the role of these proxies in 

determining REIT returns during recessionary periods. This again is evidence of the black 

swan. While REIT returns are not normally as highly correlated with the given proxies, 

during times of economic recession, and the proxies become more significant and give 

further insight as to the variability of the dependent variable.   
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8. Conclusion 

Black swan events are those that are very difficult to predict due to a special set of 

unforeseeable circumstances from which they arise. The theory itself contends that it is 

very difficult if not impossible to look at the outcomes of a given event in hindsight and 

determine the underlying aspects that led to the unforeseeable event so as to make it 

predictable in the future. While this is true to a certain extent, what has been shown 

through the analyzing of recessionary periods as well as differing asset classes is that in the 

months leading up to events such as the recession of 2008, proxies for REITs may indeed 

be able to predict black swans in the short run.  
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