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MOTIVATION



Image source: the Extra Mile https://goo.gl/5E4LTg
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Luxury hotels in Buckhead
(Atlanta)

2010Q3: Pebblebrook buys 
Intercontinental for $105 mi

@ 70% premium

2011Q1: Travistock buys 

St. Regis for $160 mi

@ 100% premium
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Upscale hotels in Marietta 
(Atlanta)

2013 Q1: Sage hospitality buys 
Courtland for $5 mi

@ 30% discount

2013 Q2: The Roberts 
company sells Radisson for 
$2.5 mi

@ 45% discount
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RESEARCH QUESTION

General question:

o What explains the spatial dependence in pricing commercial real estate assets?

Why is this question important?

o Explains the structure of spatial propagation in pricing and mispricing

o Improves prediction in pricing the illiquid commercial assets

Our hypothesis:

o The spatial dependence –at least partially- is driven by sentiments



BACKGROUND
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SPATIAL DEPENDENCE

Fixity of Location

o Corgel et al. (2015)

Segmentation & informational inefficiencies 

o Ling, Naranjo & Scheick (2014)

o Clauretie and Daneshvary (2009) 

o Basu and Thibodeau (1998)

o Dubin (1998)

Spatial regression models

Admired for their superior explanatory power 

o Osland (2010) 

o Sinha, Caulkins, & Cropper (2018)

Criticised for lack of explanation

o Subjectivity in identifying the “economically 
important spatial effects” (Osland, 2010) 

o Difficult interpretation of “spatial reaction” or 
“resource flow” across neighbopring social agents 
(Anselin, 2002)

o “Purely mechanical”(Corrado & Fingleton, 2012)

o “Spatial spillover” or “ommitted spatially dependent 
variables” (Corrado & Fingleton, 2012)

o “Pointless” about “causal economic processes at 
work” and should best be applied in describing the 
data (Gibbons & Overman, 2012) 
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THE ‘RATIONAL’ SPATIAL DEPENDENCE

• Omitted Variable bias: micro location characteristics

o Corgel (2007)

o Chegut et al. (2015) 

o Das, Blal & Freybote (2018)

• Externality-based motivation

o Lesage & Pace (2009) 

o Corrado & Fingleton (2012)

o Das, Smith, & Gallimore (2017)

o Rushmore, S.& O’Neill (2012)

o Thrall (2002)



• Overreaction to the nearby transaction (Fischer, Füss & Stehl, 2018)

• “Time-dependence… influenced by the behavior of other agents in the previous period” (LeSage & Pace, 2009)

• Higher spatial correlation in financial markets during times of crisis characterized by a higher degree of 
uncertainty and anxiety (Bradley & Taqqu, 2004)

• A pronounced spatial co-movement in listed property returns across countries during the economic crisis (Zhu and 
Milcheva, 2016) 

• Behavioral biases in pricing commercial real estate were stronger during the economic crisis of 2007 to 08 
(Bokhari and Geltner, 2011)

• Market participants are less willing to accept the pricing in neighboring assets during downturns, but more when 
the prices are rising, which leads to high spatial dependence (Hyun and Milcheva, 2018) 
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COMPARABLE SALES & ANCHORING
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SENTIMENTS 

Sentiment-Measure in General Finance:

o Closed-end fund discount (Lee, Shleifer, & 
Thaler, 1991)

o Share turnover (Baker & Wurgler, 2006)

o Spread between the volatility index (VIX) 
and the actual volatility (Ben-Rephael, 
Kandel, & Wohl, 2012) 

o trading volume (Baker & Wurgler, 2006)

Sentiments-based asset pricing in commercial 
real estate:

o Clayton, Ling, & Naranjo (2009)

o Das, Freybote, & Marcato (2014)

o Freybote & Seagraves (2017)

o Ling, Naranjo, & Scheick (2013)

“A belief about future cash flows and investment risks that is not justified by the facts at hand”

o Baker & Wurgler (2007)



• Limited focus on the economics behind spatial dependencies in real estate

• Spatial studies focus on residential assets

• Some recent studies explain spatial effects in behavioral terms, but:

o Focus on macro-economic phenomena

o Housing trends

o Market fundamentals only

Our approach:

o Focus on spatial dependencies in commercial real estate assets

o Examine sentiments in particular

o Market fundamentals in general

GAPS IN THE LITERATURE



THEORY & HYPOTHESES
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BASED ON CHANG, LUO AND REN (2013); BOKHARI AND GELTNER (2011); SHILLER (2003); 

NORTHCRAFT AND NEALE (1987)

Suppose, 

ʃͯ .ʃȟʎ ) = True value of an asset

ʃᴂ= A possible value estimated using income capitalization based on incomplete information

Data paucity encourages deriving ‘signal’ s from a nearby sale

(The Sales comparison approach to valuation posits price as the value):

s = θ + ;ɴ ᶰͯ .πȟʎɴ )

From the principle of orthogonality:

Ὁ
„

„ „
Ӷ—

„

„ „
ί

However, the valuer infersʃfrom ʃ’, and builds a rational expectation of valuation as 

Ὁ —ᴂ ί (A)
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MISPRICING AFTER OBSERVING THE SIGNAL

Mispricing— Ὁ — —ᴂ ί

As s = θ + ;ɴ 

— Ὁ
„

„ „
— —ᴂ

„

„ „
ᶰ

Therefore, 

Expected Mispricing E[— Ὁ ʃ ʃᴂ)

As <1, E[— Ὁ ͮ ʃ ʃᴂ

-> Observing neighboring sale may reduce mispricing:

reported in literature



TRANSACTION HAPPENS AT ‘PERCEIVED’ VALUATION

R² = 0,6288
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Appraisal Cap Rate

Hotel transactions in the US between 2001 & 2016: The two capitalization rates were the same only in 9% cases. In 60% cases, the 
difference between actual and pro-forma cap rate was substantial and exceeded 100bps. 



20

SPATIAL DEPENDENCE

Ὁ
„

„ „
Ӷ—

„

„ „
ί

s is derived from nearby transactions

ḈThe second term induces spatial dependence

However, what is perceived as a signal may contain some mispricing (ʀ) as well:

Thus, the spatial dependence may occur both via pricing and mispricing
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ANCHORING

According to anchoring literature, the adjustment (”) from the perceived signal may be imperfect, 
such that:

”ᶰπȟρ | Spatial autoregression (in s)

And

‗ɴ πȟρ | Spatial error propagation (in ʀ)

Besides,
”  “

 rational spatial propagation in pricing

“ irrational spatial propagation in pricing

Ὁ —ᴂ ” “ ί “ ί ‗ʀ
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HYPOTHESES

Ὁ —ᴂ ” “ ί “ ί ⱦ

For a behavioral explanation in spatial propagation to be true:

It should be associated with sentiments:

a. in the observable component of pricing (s)

b. NOT in the unobservable component (‐

Testable hypotheses:

If • Ὢὸdenotes time varying sentiments,

Hypothesis 1:  π

Hypothesis 2:  π



DATA



• 5,845 hotel transactions (2001-2016) in the US (CoStar)

• Hotel attributes (STR)

• Macroeconomic data on debt & equity (Federal Reserve)

• Data on commercial loans (NCREIF)

• Commercial property Price Index (Moody’s)

• Investor sentiments (RERC)
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DATA SOURCES
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DATA SUMMARY: CROSS SECTION

Mean Min Max Stdev

SALEPRICE 13,606,437 700,000 808,753,517 41,226,479

ROOMS 126.34 10 2955 139.12

FLOORS 4.41 1 60 4.68

SALEAGE 27.59 0 218 21.12

LAND (Acres) 5.57 0 2517 51.04

SIZES (sf) 85,353.9 1 4,292,500 143,410

OPERATION

Chain Management 0.07 0 1

Franchise 0.66 0 1

Independent 0.27 0 1

CLASS

Economy Class 0.34 0 1

Luxury Class 0.03 0 1

Midscale Class 0.18 0 1

Upper Midscale Class 0.21 0 1

Upper Upscale Class 0.09 0 1

Upscale Class 0.15 0 1

Only salient variables are presented in this table
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DATA SUMMARY : QUARTERLY TIME SERIES

Mean Min Max Stdev

HRERC (Hotel Investor Sentiments) 5.210 2.100 7.100 1.367

CPPI  (Commercial Property Price Index) 0.406 -3.661 1.737 1.153

TERM (Spread) 2.091 -0.433 3.610 1.092

DEFAULT (Spread) 4.817 1.179 8.535 1.625

INT.RATE (Hotel loans) 0.057 0.020 0.080 0.011

LTV (Hotel loans) 0.543 0.384 0.837 0.087

S&P500 0.338 -7.882 4.907 2.839

VIX.S&P500 20.501 11.024 58.857 8.487

T3MON (Risk Free Rate) 1.468 0.015 5.117 1.721

T10YR (Yield on 10-Year Treasury) 3.559 1.643 5.272 1.071

IRR.SENT (Unexplained Sentiments) 0.000 -1.633 1.785 0.741

ANXIETY (Principal Component of relevant fundamentals) 0.000 -3.562 5.274 1.705



METHODOLOGY
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STEP-1: SENTIMENT & ANXIETY

Sentiment (Unexplained by facts at hand)

ὛὉὔὝ=‘ ╩ ύ ,

Anxiety (Explained by fundamentals)

Principal Component

Regression-Based Sentiment Partitioning

Estimate

(Intercept) 7.322 ***

CPPI 0.646 ***

TERM -1.249 ***

DEFAULT 0.993 **

INT.RATE -18.539

LTV -1.7117

S&P500 -0.049

VIX.S&P500 -0.124 ***

R-squared: 0.7058

Adj. R-squared: 0.6662

F-statistic: 17.82***

First Principal Component 

Loadings

Return Measures 

CPPI -0.656

S&P500 -0.255

Risk Measures 

VIX.S&P500 0.801

DEFAULT 0.955

TERM 0.796

Leverage Measures 

LTV 0.169

INT.RATE -0.383
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STEP-2: HEDONIC MODELING

Classical OLS Model 

y = ɻ) 0ɼ (ɼ ,ɼ 4ɼ ʉ

ḳ

y =ɻ)+X ʉ

• Ignores spatial dependence

• Inconsistent estimates

• y is spatially endogenous violating the 
OLS assumptions (Pace, Barry and 
Sirmans, 1998)

n = sample size

y = n Ĭ1 vector of Ln(sales price) 

= intercept

Ὅ=n Ĭ1 vector of ones. 

P = n ĬὯmatrix of a hotelôs Ὧ physical 
characteristics (size, age, number of floors, land 
acreage, and number of rooms)

H = n ĬὯmatrix of Ὧ industry specific quality controls 
(class, type and location type of a hotel, amenities 
offered, and the operational models)

L = a matrix of location controls such as submarket or 
geographic region

T = controls for yearly trend and quarterly seasonality

’= the error term vector with n element
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SPATIAL HEDONIC MODEL

• Identification of spatial lags

o Distance matrix D
Ὠ Ễ Ὠ
ể Ệ ể
Ὠ Ễ Ὠ

o Row standardized distance matrix

Ὀ Ȣḳ(Ὠᴂ
В

• Defining spatial weight

ί
ρ

Ὠ

(transactions that are nearer are more influential )

• Spatial Weight Matrix W

ρ

Ὠᴂ
Ễ

ρ

Ὠᴂ
ể Ệ ể
ρ

Ὠᴂ
Ễ

ρ

Ὠᴂ

Classical SARAR

ώ Ὅ ὢ ”ὡώ 

 λὡ ό
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TEMPORALLY ADJUSTED WEIGHT MATRIX 

• nx1 vector for transaction date ὸ

• nxn Temporal precedence matrix

T ḳὸ
ρȟὭὪὸ ὸ π

πȟὭὪὸ ὸ π

• Temporally adjusted weight matrix 

7 W.T

(element-wise multiplication)

• Not all past transactions matter

o ὓὥὼὸ ὸ ᴆὸ

o We test ᴆὸ= 1 to 10 years

• Some future transactions may also matter

o ὓὭὲὸ ὸ ᴆὸ

o We assume = 2 months

• nxn temporal neighborhood matrix

T’ḳ—

ρȟὭὪπ ὸ ὸ ᴆὸ

ρȟὭὪπ ὸ ὸ ὸ

πȟ ὕὸὬὩὶύὭίὩ



RESULTS & 
DISCUSSION 
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BASELINE OLS & SPATIAL HEDONIC MODELS

OLS
SARAR-Temporal 

Precedence

SARAR-Temporal 

Neighborhood

(Intercept) 11.5112*** 10.2193*** 10.2053***

Property Charecteristics Included Included Included

Business Characteristics Included Included Included

Location Characteristics Included Included Included

Trend & Seasonality Included Included Included

ρ 0.1580*** 0.1761***

λ 0.8159*** 0.6143***

R2 0.7554

Adj. R2 0.7471

Num. obs. 5845 5845 5845

Log Likelihood -5639.14 -5645.12

LR test: statistic 718.8*** 706.8***
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SPATIAL EFFECTS VARYING WITH

FUNDAMENTALS (ANXIETY)

Fundamentals (Anxiety)

low Low-mid middle Mid-hig high

(Intercept) 11.3423*** 11.1202*** 7.8684*** 7.7759*** 12.2687***

ρ 0.0700* 0.0529 0.2486*** 0.2417*** 0.2890***

λ 0.4021*** 0.5344*** 0.2735*** 0.5193*** 0.1825*

Other hedonic variables Included Included Included Included Included

Num. obs. 1289 1088 1322 1000 1146

Log Likelihood -1134.09 -1172.75 -1346.92 -937.43 -940.17

LR test: statistic 70.3*** 66.82*** 80.8*** 157.9*** 83.4***
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SPATIAL EFFECTS VARYING WITH SENTIMENTS

Irrational Sentiment in Hotel Investors

low Low-mid middle Mid-high high

(Intercept) 8.2436*** 10.0123*** 12.8370*** 11.0606*** 11.1680***

ρ 0.2233*** 0.0977* 0.1837*** 0.0846* 0.0792*

λ 0.4069*** 0.4408*** 0.2596*** 0.4519*** 0.4518***

Other hedonic variables Included Included Included Included Included

Num. obs. 1265 1075 1319 1160 1026

Log Likelihood -1104.15 -1173.75 -1296.92 -1056.08 -972.36

LR test: statistic 117.0*** 48.4*** 66.2*** 78.7*** 80.8***



CONCLUSIONS



• Spatial propagation of pricing is the highest when the markets are in turmoil (high anxiety)

• Spatial propagation of pricing is the highest when the investors are irrationally pessimistic
(low unexplained sentiments)

• Spatial propagation of (unobservable) mis-pricing does not seem to be a function of anxiety
or sentiments
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Thank you
Questions?


