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Motivation

* The recent performance of the U.S. residential real estate market:
m A protracted period of increasing housing prices

m followed by a massive and expensive correction

» July 2007: Robert Shiller observed that such a
correction may cost trillions of dollars

« Observers quickly labeled it dbusing bubble’
m Yet, is it due to irrationality of investors or fundamentals?

m [he formeris more popular than the latter: E.g., Wikipedia:
» “Thehousing bubbleinthe U.S was caused by
historically low interest rates, poor lending standards,
and a mania for purchasing houses [and]isrelated to
the stock market or dot-com bubble of the 199@s.”



The research question

= What explains theomovement among U.S. residential real
estate prices over the last two decades?

m EXisting literature links financial crises &xcess covariation
among asset prices
» Covariation that cannot be explained by common
exposures to fundametal pricing factors
» E.g., Loretan & English (2000); Forbes & Rigobon
(2002); Bekaert et al. (2005)

m EXxcess comovement may be related to market irrationality
or investors’ trading activity

» E.g., Kodres & Pritsker (2002); Pasquariello (2007)

= |n essence, we find that domestic residential real estate markets
within the U.S. have become madihdamentally integrated



Data description

= Housing price data

« Monthly returns for S&P/Case-Shiller Home Price Indices (CSI,
) between 01/1987 and 10/2006

m K = 14 individual metropolitan markets:

» Los Angeles, San Diego, San Francisco, Denver, DC, Miami, Tampa,
Chicago, Boston, Charlotte, Las Vegas, New York, Cleveland, Portland

m Based oractual transactions:

» Price changes between two arms-length sales of the
same single-family home

» Filters to ensure constant-quality

» Lower weights to adjust for extreme price changes,
physical changes, local neighborhood effects



Table 1. Descriptive statistics

Index M T a Skew Kurt g LB ()
Compoaite 237 LE3TH  OEER 011 -0.40 12307 437ed’
Metropolitan Markets
Loz Angelea 237 0645% 1.08% 02  -0.08 09617 279047

San Diego 037 06N% 007% o7y 1mt pswat 12099
San Francisco 237 0.646%° 1.08% 064" 038 1139 34760
Denver 237 0.420%" 064% 001 037 06897 205657
Washingion 237 0.563%  O080% 0537 035 08957 219297
Miami 277 0.592% 072% o061 1300 o046’ 13934
Tampa 037 0.467% 070% o0es 120t psot 14040
Chicago 237 0454%° 062%  0.34* 1587 osset 129007
Boaton 237 0.398%° O0.70% -0.07 005 08747 207627
Charlotie 277 0.208%" 048R 027 113t o4mst 1zemt
La:z Vega: ag7 osn% 1o0% 218" osth oeset 12067
New York 237 0.444%  0E9R  00F  -0.40 1057 247227
Cleveland 237 0.345%" 049% 015 002 04857  105.087
Poriland 237 0.62THT 0625 074t 133t o093t 1578t

Montly returns are positive and large: greater than nationwide
monthly inflation (0.25% for CPI excluding shelter)
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Measuring excess comovement

= A multi-step approach similar to Kallberg & Pasquariello (2007):

1. Fundamental comovement
m A multi-factor (f;) model of real assets’ returns with
time-varying sensitivitiesfix):
Na = Okt -I—ft,Bkt + €kt

m  Nationwide shocks in real estate, financial, real markets

» Composite CSIl(int), S&P500 ( spt), 30-year conventional mortgage
rate (M TG:y), slope of yield curve 8L P%), inflation ex-shelterCPl 1)

<« Real analysis yields similar inference
= Nationwide economic and demographic shocks

» % change in unemploymetANE;}), population POP%), disposable
income { NC;), nominal GDP GDP»)



Measuring excess comovement (2)

= A multi-step approach similar to Kallberg & Pasquariello (2007):

2. Latent comovement
m From a stacked version of above model ojter N + 1,t]:

O11t O12t -+ O1kKt
021t O22t -+ O2Kt
/
E[etet]ZVtZ . QI =2
OKit OK2t -°°* OKKt

» whenE[exes] = O across observations £ S);
m XIS of interest to this paper

m OLS = FGLSsincef; is common to alk (Greene, 1997)
» FGLS (OLS) under (alternative) (null) hypothesis@ (not) comoving



Measuring excess comovement (3)

= A multi-step approach similar to Kallberg & Pasquariello (2007):
3. Excess comovemerdre return residuals correlated?

. A0S (eRS)eds
u USIﬂg Ont — N , We Compute excess comovement;
~OLS
~OLSx Pnt
knt o

1
~OLS (6\%}8)2 2
{1 + |: (Aotké — 1:| |:1 ~ AOLSAOLS
O kkt )LT Okkt Onnt
.. . . .- ~0LS
m fo control for heteroskedasticity biasingnditional [olvee

upward (Forbes & Rigobon, 2002)

m EXcesssquare, significant correlation (at 10% usingratio
tests forp,->) over each metro area & U.S.:

.. ~0L L i
» No sign mpck)nts’s directional moves & sample variation



AOLS* _ Z AOLS* 2|0Ls g #OLS _ 1 ZK ~ OLSk
Pt _ K 1 n=1\ Pknt knt Pt K k:1:0kt

Nk
« Model is estimated over rolling windows of lendgthandgN

~0LS AOLS
€k ) Okt

A

| | |
t—gN+1 t—N+1 t

Y

. OLS
( eOLS (/\ )
LT

m E.g., Campbell et al. (2001)



OLS comovement

P& p* (benchmark, using raw returns)

s N =30(2.5years) & = 2 : 01/1992 to 10/2006
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Raw comovement doubles in late 1990s, especially on Coasts
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m Dynamics may be due to common fundamentals

~ OLSx & ~ BASEx

OLS comovement (2)

(benchmark, using raw returns)
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% Change

OLS comovement (3)

Which common factors play the most porminent role?

s Average individuaRczit and square partial correlationg

A%

g
S

40/

0%

1 Sauare Correlation & R2

0%

14

Part

00

0%

2%/,
200/
CMHTE ¥ fx
5 Bl |
D, X % X X ;
15/ x{ ¥
’;w’k X );(x X ¥
X x J&X Xly
107 )‘g‘” X
1 &
3 /H\ [\
i
1/
D,
0% PRIA £
A0 ) e e
"'n l“\l\ o [N o "\I
13/
b 9 D9l Mg Qe Me®H Apll Jm0b  Qeld
Tine

2070,

CPI

100

X
H 9o
15% 5oox
80%
) 2
107 oo W 5
X |FX £
! X X Xy a0 8
© (8% : ¢ W X =
E w X | | &
g MVWW\ L 0 S
: Wl :
N2 W ! s
‘ VT “” 4% 2
i X 7]
;% i R ;‘; X | X =
03/ x X . & 3 x 306 g
g wx | X =
X 11 Yo X | !
K)“ )&x }? ’}i i %éx%{ 200
A0 ‘ ; X . % AR
X x ARIALZ X 10%
' LS % )
. o Vowet .
ELZ . o

g O DIl My % MeD Apll okt Qe

Tine

Slope

0%

353/

307

25/

207

Rate (in %)
&
=

107

(3%

N0%

e
3
R

0%

1B0%

3
rtial Sauare Correlation & R2

10046 &
-9

03/

1070

» 50%

0%

g O DIl My % MeD Apll okt Qels

Tine

Common real estate shocks, realized inflation, and slope



OLS comovement (4)

 Yet, there is excess comovement in the U.S. residential market

s E.g., 43% of squarp > are significant at 10% level

ﬁz.s- EEAEE'-

Treclenc £E o Bo e Tpep Fg= £L o T Fg*=
Maticnwide 0.1127 o.neT  -p23F aEWm P 47% o.FesT 0,159 519 23R
Meiropolitan Marketa
Los Angelea o.izst  o.oTE 0.06s 305 A0 500 o445t o206 TOR 15
San Disgo o.ied?  oEF  -0.049 24%% 3R 447 04307 0206 TESR MR
San Francisco 0.1427 0074 0225 FeFH TR 455 04017 0186 229 2
Dienver ongs’  ooTex  0.0FF 21T Fi1H 43% o4Fs’ 0200 56 55
Wazshington 01157 0.0Ts  -0114 265 545 43% o441 0T 525 2F%
Diimemni [ T e T 1 [N 0 1= = I 5 =2 - & 4 47% o361’ 0.1ET TERE TER
Tampa 00T 0092 —0.159 30T TR by o.FevT o200 TIOR TR
T hicago o.pgsE’  O.0TH  -0.030 339 20 4T 04507 0183 54T =l
Boston o.n%ET 0.0en  -0oD02 205 2TSR FEH o470’ 0.1Rr 5O aein
Charloiie 008"  0.0F%  -0.D11  F1H 345 4205 02777 o134 F1R Z19%
Las Vegas o.1287  oopgl 0.105 47T gl 4205 02757 ool T19% T50%
Mew York 01317 o.pds  -0LDT4 3EDE 4108 5209 04627 0,165 509 =l
Cleveland o102’ o.oTe 0024 ITE 3R 415 oz74"  D11E SO 915
Portland 0,171 0.144  00Fs IR 1R 44F o3e3T 01T 525 279

«  p "> important forp > up to mid-1990sRp > 50%) but
decouples from it in late 1990s (IoRp)
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OLS comovement (5)

« Dynamics of (excess) comovement differ across metro areas

San Francisco Las Vegas New York
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 E.g.,In San Francisco & Las Vegﬁ%ts* matters more, while in
New York & San Dieggp, > matters less



Robustness tests

Absolute, nossgquare correlations
Tests for sample variation

m LM test strongly rejects the null thay is diagonal
m 10%, 5%, or no significance threshold foy->

Different N andg
No control for heteroskedasticity

From Normality to Multivariatd (Zhou, 1993) forey

m Simulations: our test does not reject the null of no excess
comovement “too often”

Our inference Is unaffected



Regime shift in comovement?

= When & to what extent dg;>">* & p>-> decouple?

« A more rigorous test for a break date for

P = a+ bpo-> + gy

m Baietal. (1998)nonparametric test for a regime shift i,

b, or both based upon\#ald statistic of their distance at any
possible break date over the sample period

P = a+bp > + (Aa+ Abp - )di(z) + &

» wheredi(7) = 1ift > r and zero otherwise
» Confidence interval around break date

» Bekaert et al. (2002): test displays satisfactory
finite-sample properties



Regime shift in comovement? (2)

. Large, statistically significant breaks betwegi™>" & po->'

m Average nationwide " is 144% higher after 09/1998

t

Index F{7) T - =1 B2 = & e Y.}
INationwids 1ggT.@2t Sep-92 Sep-A95 Sep-9E gE.95% o224t Lo e ] o 324’ 0. 204
L. P T -

Ietrop - alitan Warkets

Los Angeles g7 437" Plmn— 9 Jun-98 Jun-98 52 575 o.1eet 0.3FeT o_FF6" gk
1 &1 Fosl R ) L.
San Diego 1769357  Sep-az Sep-95 Sep-38 90.91% o.ovat 1233 oss0t -1 s1af
a.FL 1395 IE.FF - .73
San Franciaco 167 90T Dhec—03F i p— Y  p—— ] 50_25% o_zost 0_241 o_47eY  _0_Bsa"
AF_aw E_Ew "_eT -
Drenmrer TAZ DOT Jam-8T Tul-a7 o so.To%  o.aent oEneT o458 -—o.eTzt
| Sy [0 LE. e -F.ra
Washimgton 1162 g9t Jun-99 Jun-99 Jun-99 S6.24% o027zt 045 o_gast o.01E
AN - UE.FF E.1F
Mliarmi ETN R Ang-aF Sep-0T Sep-98 T2.07T% o0.a7al 0120 o 2ot 0. 250
1E_FW .- ) In.3F L. &F
Tamps ez 11T Play—99  Jun-99 Jun-99 S2.33% 01677 -—0o190*  o_zza’ o.302%
13 =% -1 3k avT.Ta .l
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Ciharlotte 290 97T Jul-98 Aug-95F Auag-92 F1.94% o.1saol -0 o147 0. Tea"
F.aw -8 N1 T H.lE
Lasz Vegas saz.gsT Apr-00 DMey-00 a0  S2E0F Oo.08sT 04957 04237  _o_Tazt
a.Epr TR ET.rE -~ El
MNew York 5T 50T Feb-9% Aiar-%0 Mar-99 S4.44% 2 o.407T o752 oo1est E
RE - - -
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~ OLSx . IR .
« p, ~ plays no role in shift4b ~ 0) except locally in a few cases
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Further properties of comovement

. Raw comovementiy">*) is greater during NBER recessions &
prolonged U.S. stock market declines

m Especially in Los Angeles, Las Vegas, Boston

» Pavlova & Rigobon (2007): output shocks alter relative prices

s P is higher during upward momentum in CSl indices

» Herding, imitation, momentum speculators

s - — — 3
Imdex Clonatand i oy ol L A [ e L )
Mationwide [/ o071t ooigaT -0.04z o.010 o_EnT 41395

5TEF [ - L.TN -1.@T E.FF a=se
FPanesl B:- Efz's' and ;3_?::1"5-

- = + — + — — =
Index Clonsta ot s ol el - S o .l < I i
Mationwide o114’ —n.oF1’ —0.007T o.oz1”® 0.oo7T [ ] o] 22 _5TH

1. rF -1.7F -5.1T 1.4 qA_ N

- Less clear picture for excess comovemeijt ¢*)
m Higher (lower) during CSI downturns (NBER recessions)
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Conclusions

First empirical analysis of extent & dynamics of comovement
among U.S. residential real estate markets in 1987-2006

m Multi-step approach as in Kallberg & Pasquariello (2007)

. Raw comovement is economically significant

m U.S. metro areas amor e fundamentally integrated
» Via mortgage rates, realized & expected inflation, GDP
» Higher in NBER recessions, upward CSI momentum

. Excess comovement exists but snall

. The dynamics of former angeakly related to those of latter,
especially after 1998 & 1999

Contagion played only aminor rolein U.S. real estate price
dynamics during the “bubble”





