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Bubbles in House Prices and their Impact on
Consumption: Evidence for the US

Efthymios G. Pavlidis, Ivan Paya, David A. Peel, Alina Spiru

Economics Department, Lancaster University, UK, LA1 4YX

Abstract

This paper provides evidence that some aggregate and regional U.S. real

house price indices exhibited a bubble in the last few years according to the

Phillips et al. (2007) unit root test. We subsequently investigate whether house

price acceleration (deceleration) had a signi�cant impact on consumption in an

error correction mechanism implied by a wide class of optimizing models. Our

results support the argument that real house prices have their major e¤ect on

consumption only during the bubble period.
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1 Introduction

Movements in house prices in the last few years have sparked considerable debate

about the presence of bubbles in the housing market. For example, Smith

and Smith (2006), Himmelberg et al. (2005), Krainer and Wei (2004) and

McCarthy and Peach (2004) examine the price of houses in the U.S. relative

to various fundamentals, such as per capita personal income, historical prices,

population density and long-term interest rates. Their analyses suggest there

was no overall evidence of bubbles except, possibly, in a few coastal states.

These results indicate that fundamentals can explain both the patterns and the

geographical dispersion of U.S. house prices, as well as why some areas seem

more likely to experience house price booms than others. Other studies have

disputed this view and argued that a bubble was present. McCarthy and Peach

(2005) hinted that a bubble at the aggregate level may not be ruled out as �a

continued surge[...] probably would put prices signi�cantly above levels consistent

with their fundamentals�. Shiller warned in 2005 that �the [housing] market is

in the throes of a bubble of unprecedented proportions that probably will end

ugly.�Krugman (2005) also argued that there was de�nitely a housing bubble

on the coasts and that, indeed, the air had already begun leaking out of the

bubble.

The presence of a bubble and its implied boom and bust behavior might

concern policymakers, among other things, due to its impact on consumption,

the largest component of aggregate demand. We address this issue by augment-

ing the consumption model of Lettau and Ludvigson (2001, and 2004) with a

variable that captures the acceleration(deceleration) in house prices. In order to

analyze such e¤ect this paper proceeds sequentially. First, we test for bubbles

in house prices and second, we examine their e¤ect on consumption.
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2 Bubbles in House Prices?

There are di¤erent ways to test for bubbles in asset prices (see Gurkaynak,

2005, for a comprehensive review). We follow the more recent methodology of

Phillips et al. (2007) because it enables us to identify the starting and �nishing

date of the bubble, if it exists. This will be useful when trying to relate the

e¤ect of house prices on consumption with the bubble process. In the Phillips

et al.(op.cit.) test the house price is classi�ed as a bubble when the null of a

unit root can be rejected against the alternative of an explosive series using the

following regression

st = �+ �st�1 +
JX
j=1

�j�st�j + "s;t; "s;t � NID(0; �2s); (1)

where st is the asset price, the null hypothesis is H0 : � = 1; and the alterna-

tive H1 : � > 1. Phillips et al. (2007) propose two tests, a right-side and a

sup Augmented Dickey�Fuller (ADF) test based on the recursive estimation of

(1).1 Under the null, the corresponding test statistics, denoted by ADFr and

supr2[r0;1]ADFr, are

ADFr )
R r
0
WdWR r
0
W 2

; (2)

sup
r2[r0;1]

ADFr ) sup
r2[r0;1]

R r
0
WdWR r
0
W 2

; (3)

where W denotes a Brownian motion, and r 2 [r0; 1] a fraction of the sam-

ple.2 We apply these tests to twenty U.S. metropolitan area and two aggregate

monthly S&P/Case-Shiller house price indices over the period January 1987 to

1Recursive estimation is implemented by �tting (1) to a fraction of the sample, r0, and

sequentially increasing this fraction by including successive observations. Phiilips et al. (2007)

claim that their test can detect bubbles à la Evans with a � as low as 0.25.
2The lag length J in Equation (1) is selected on the basis of the Akaike Information

Criterion and r0 is set to 0.25. If the null hypothesis is rejected then con�dence intervals

for the parameter � can be constructed on the basis of the work by Phillips and Magdalinos

(2007) regarding the asymptotic distribution theory for mildly explosive processes.
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June 2008. We also examine the quarterly house price index from the O¢ ce

of Federal Housing Enterprise Oversight (OFHEO) from 1980.Q1 to 2007.Q4,

which we will denote by HPI.3

The results in Table 1 show rejection of the null hypothesis of a unit root,

suggestive of a bubble, in the case of 9 metropolitan areas house price indices,

the Composite-20 index, and the HPI. Figure 1 plots the recursive supADFr

statistic and suggests that a bubble originated in 2003, and burst at the end of

2006 and 2007 for the Case-Schiller Composite-20 and HPI aggregate indices,

respectively. At the regional level, bubbles originating between late 1990s and

2001 and ending around 2005 can be found for Atlanta, Chicago, Detroit, Las

Vegas, Miami, Minneapolis, Phoenix and Seattle. Whilst the presence of a

house price bubble in the Miami and Tampa areas has also been documented in

Mikhed and Zemcik (2006) and Lai and VanOrder (2009), our results, with an

extended sample, suggest that a larger number of areas exhibited bubbles.

3 The Impact of House Prices on Consumption

Lettau and Ludvigson (2001) demonstrate and provide empirical evidence that

a wide class of optimal models of consumer behavior imply that the log of real

non-durable consumption, c, is cointegrated with the log of real wealth, w, and

the log of real labour income, y. In order to investigate the possible impact of

real house price in�ation on real consumption, we estimate an error correction

model employing updated data from Lettau and Ludvigson supplemented with

real house prices. We apply a �general to speci�c�model selection procedure

and end up with the following speci�cation

3All series are de�ated by the consumer price index, obtained from the International Fi-

nancial Statistics database. Note that some of the Case-Shiller indices do not cover the whole

period from January 1987 to June 2008. For a more detailed description of the data see

www.homeprice.standardpoors.com and www.fhfa.gov.
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�ct = �0+
3X
i=1

�i�ct�i+�4�wt�1+�5�yt�1+�6(�rhpt�1��rhpt�2)+�t (4)

where � represents �rst di¤erence, and rhp the log of real house prices

(HPI).4 The term that distinguishes our speci�cation from the general form

estimated by Lettau and Ludvigson is �rhpt�1��rhpt�2; which measures the

acceleration (deceleration) in real house prices.

Table 2 reports the results of our estimation of the error correction mech-

anism over the full sample period, 1975.Q1 to 2007.Q4, and for various sub-

samples suggested by the �ndings regarding the presence and timing of a house

price bubble discussed above. Since the Jarque-Bera test of the OLS regres-

sions indicates non-normality, we complement the OLS estimates with Least

Absolute Deviations, LAD, estimates.5 The acceleration (deceleration) in the

rate of change of real house prices is signi�cant and this �nding is robust to the

estimation method used.6 Furthermore, the coe¢ cient of the real house price

acceleration (deceleration) term in the consumption equation exhibits only a

small variation in value across the samples considered, ranging between 0.070

and 0.097 for the OLS estimates and between 0.098 and 0.122 for the LAD ones.

As illustrated by model (3) in Table 2, omission of this term results in a drop

4The data for c; w; and y is the updated version of that used in Lettau and Ludvigson

(2004) available at: http://www.econ.nyu.edu/user/ludvigsons/. House prices are represented

by HPI. Wealth is de�ned as asset wealth, including housing wealth together with �nancial

wealth and consumer durables.
5 In Table 2, column one, we also report the result including the cointegrating residual

from the consumption, wealth, and labour income relationship, denoted by cayt�1; which is

insigni�cant for the full sample, 1975Q1-2007Q4. A similar result was obtained by Lettau and

Ludvigson.
6To check the robustness of our results, we obtained signi�cance levels based on the wild

bootstrap suggested, inter alia, by Davidson and Flachaire (2008), which replicates any het-

eroskedasticity and non-normality in the residuals of the estimated regression. The results,

not reported here for brevity, are available upon request from the authors and are consistent

with the results reported.
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of four percent in the explanatory power of the consumption model considered

for the full sample.7

In order to investigate further the e¤ect of the possibly identi�ed bubble

part of house prices on consumption we estimate the error correction mechanism

recursively. We start with an initial sample of ten years, 1975.Q1 to 1985.Q4,

and iteratively add an extra observation until the end of the sample. Figure

2 shows the way in which the value of the t-statistic of the coe¢ cient of the

house price acceleration term, �6; evolves. This suggests that the signi�cance

of the acceleration term is largely driven by the period in which a bubble may

have occurred as indicated by the Phillips et al. test. Figure 3 illustrates

the recursive estimate of �6 which displays an upward trend over the period.

This suggests that the sensitivity of consumption to real house price changes is

highest in the bubble period (2003.Q4 to 2007.Q4). Our �ndings are consistent

with the analysis of Buiter (2008) who demonstrates that a pure wealth e¤ect

on consumption from a change in house prices can only exist if it re�ects a

bubble.8

3.1 The Impact of the Bubble

To gain more insight on the impact of a house price bubble on consumption,

we consider the extreme values of the acceleration(deceleration) in real house

prices for the period before and that after prices peaked (that is, before and after

2006.Q4). By multiplying these values by the point estimate of the coe¢ cient

linking the rate of change of consumption to the rate of change of real house in-

�ation (with a value of 0.083 for the full sample period considered), we can deter-

7We also note that our results corroborate the argument in Piazzesi and Schneider (2009).
8Alternative rationales for the impact of house prices could include relaxtion of borrowing

constraints, as argued by Campbell and Cocco (2007); arguments from behavioural economics,

such as those presented in Shefrin and Thaler (1988); but also by empirical evidence as in De

Veirman and Dunstan (2008), who suggest that transitory changes in housing wealth tend to

restore the long-run relationship between wealth and consumption.
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mine, ceteris paribus, the maximum impact that the acceleration(deceleration)

in real house in�ation has exerted upon the rate of change of consumption before

and after the bubble burst.

Our calculations indicate that this impact reached a maximum value of

0.188% before the bubble burst and 0.186% after that. This may be consid-

ered as further evidence in support of our assertion in line with Buiter (2008).

A pure wealth e¤ect of changes in house prices on consumption can be unveiled

if it represents a manifestation of a bubble, with consumption (almost) returning

to the level before the origination of the bubble after its collapse.

4 Conclusion

We apply the Phillips et al. (2007) test for bubbles to a number of regional

and aggregate house price indices in the U.S. for the last twenty three years.

Our results indicate that a number of U.S. cities experienced a bubble in their

housing market as well as the country as a whole. To analyze their impact on

aggregate consumption we extend the Lettau and Ludvigson (2001, and 2004)

model and �nd evidence that real house price acceleration(deceleration) a¤ect

consumption only when they display explosive behavior.

References

Buiter, Willem H. 2008. �Housing Wealth Isn�t Wealth.�National Bureau

of Economic Research Working Paper 14204.

Campbell, John Y., and João F. Cocco. 2007. �How Do House Prices

A¤ect Consumption? Evidence from Micro Data.� Journal of Monetary Eco-

nomics, 54 (3): 591-621.

Evans, George, W. 1991. �Pitfalls in Testing for Explosive Bubbles in

Asset Prices.�American Economic Review, 81(4): 922�930.

7



Davidson, Russell, and Emmanuel Flachaire. 2008. �The Wild Boot-

strap, Tamed at Last.�Journal of Econometrics, 146(1): 162-169.

De Veirman, Emmanuel, and Ashley Dunstan. 2008. �How Do Hous-

ing Wealth, Financial Wealth and Consumption Interact? Evidence from New

Zealand.�Reserve Bank of New Zealand Discussion Paper 2008/05.

Gürkaynak, Refet, S. 2005. �Econometric Tests of Asset Price Bubbles:

Taking Stock.�Board of Governors of the Federal Reserve System Finance and

Economics Discussion Series 2005-04.

Himmelberg, Charles, Christopher Mayer, and Todd Sinai. 2005.

�Assessing High House Prices: Bubbles, Fundamentals and Misperceptions.�

Journal of Economic Perspectives, 19(4): 67-92.

Krugman, Paul. 2005. �That Hissing Sound.�The New York Times.

August 8.

Krainer, John, R., and Chishen Wei. 2004. �House Prices and Funda-

mental Value.�Federal Reserve Bank of San Francisco Economic Letter, October

1.

Lai, Rose, N., and Robert Van Order. 2009. �Momentum and House

Price Growth in the U.S.: Anatomy Of a Bubble.� Ross School of Business

Paper 1124.

Lettau, Martin, and Sydney C. Ludvigson. 2001. �Consumption,

Aggregate Wealth, and Expected Stock Returns.� Journal of Finance, 56(3):

815-849.

Lettau, Martin, and Sydney C. Ludvigson. 2004. �Understanding

Trend and Cycle in Asset Values: Reevaluating the Wealth E¤ect on Consump-

tion.�American Economic Review, 94(1 ): 276-299.

McCarthy, Jonathan, and Richard W. Peach. 2004. �Are Home

Prices the Next �Bubble?.�Federal Researve Bank of New York Economic Policy

Review, 10(3): 1-17.

McCarthy, Jonathan, and Richard W. Peach. 2005. �Is There a

8



Bubble in the Housing Market Now?.�Networks Financial Institute Policy Brief

2005-PB-01.

Mikhed, Vyacheslav, and Petr Zemcik. 2007. �Do House Prices Re�ect

Fundamentals? Aggregate and Panel Data Evidence.� Center for Economic

Research and Graduate Education - Economic Institute Prague Working Paper

337.

Phillips, Peter, C.B., and Tassos Magdalinos. 2007. �Limit Theory

for Moderate Deviations from Unity under Weak Dependence�In The Re�ne-

ment of Economic Estimation and Test Procedures: Finite Sample and Asymp-

totic Analysis, eds.Garry D.A. Phillips and Elias Tzavalis, 123-62. Cambridge:

Cambridge University Press.

Phillips, Peter, C.B., Jun Yu, and Yangru Wu. 2007. �Explosive

Behaviour in the 1990s Nasdaq: When Did Exuberance Escalate Asset Values.�

Hong Kong Institute for Monetary Research Working Paper 22.

Piazzesi, Monika, and Martin Schneider. 2009. �Momentum Traders

in the Housing Market: Survey Evidence and a Search Model.�National Bureau

of Economic Research Working Paper 14669.

Schiller, R. 2005. �The Bubble�s New Home�, Barron�s, June 20.

Shefrin, Hersh, M., and Richard H.Thaler. 1988. �The Behavioral

Life-Cycle Hypothesis.�Economic Inquiry, 26, 609-643.

Smith, Margaret, H., and Garry Smith. 2006. �Bubble, Bubble,

Where�s the Housing Bubble?.�Brookings Papers on Economic Activity, 1: 1-

50.

9



Table 1. Test for bubbles. Phillips et al. (2006) statistics (2) and (3)

City supADFr ADF1 City supADFr ADF1

Phoenix 2.07?? -2.656 Minneapolis 1.52?? -2.97

Los Angeles -1.21 -4.412 Charlotte 1.14 -0.79

San Diego 0.30 -3.289 Las Vegas 2.66??? -2.87

San Francisco 0.19 -2.521 New York -0.90 -3.28

Denver 0.09 -2.406 Cleveland 0.15 -1.05

Washington -0.27 -4.682 Portland 0.41 -2.19

Miami 1.51?? -5.292 Dallas 0.49 0.49??

Tampa 1.23? -4.262 Seattle 1.75?? -2.02

Atlanta 1.67?? -2.347 Aggregate Index

Chicago 1.50?? -1.906 Composite�10 -0.30 -4.76

Boston -1.37 -2.637 Composite�20 2.80??? -2.43

Detroit 2.56??? -1.178 HPI 1.32? -1.26

Notes: ���;��and �indicate signi�cance at 1%, 5% and 10% signi�cance levels

10



T
ab
le
2:
T
h
e
im
p
ac
t
of
re
al
h
ou
se
p
ri
ce
s
on

co
n
su
m
p
ti
on
.

R
eg
re
ss
io
n
(4
)
w
h
er
e
th
e
d
ep
en
d
en
t
va
ri
ab
le
is
re
al
co
n
su
m
p
ti
on

gr
ow
th
(�
c
o
n
s
t
)

19
75
.Q
1-
20
07
.Q
4

19
80
.Q
1-
20
07
.Q
4

19
90
.Q
1-
20
07
.Q
4

20
00
.Q
1-
20
07
.Q
4

19
75
.Q
1-
20
00
.Q
4

19
75
.Q
1-
20
05
.Q
4

O
L
S

L
A
D

O
L
S

L
A
D

O
L
S

L
A
D

O
L
S

L
A
D

O
L
S

L
A
D

O
L
S

L
A
D

(1
)

(2
)

(3
)

�
0

0.
00
2�

�
�

0.
00
1�

�
�

0.
00
1�

�
�

0.
00
2�

�
�

0.
00
1�

�
0.
00
2�

�
�

0.
00
1�

�
0.
00
2�

�
0.
00
2�

�
�

0.
00
2�

�
�

0.
00
1�

�
0.
00
3�

�
�

0.
00
1�

�
�

0.
00
2�

�
�

(3
.1
19
)

(2
.8
67
)

(2
.7
68
)

(3
.8
20
)

(2
.5
13
)

(2
.6
38
)

(2
.2
39
)

(3
.2
23
)

(2
.9
11
)

(1
.8
16
)

(2
.3
45
)

(3
.9
65
)

(2
.7
70
)

(4
.2
30
)

[0
.0
00
]

[0
.0
00
]

[0
.0
00
]

[0
.0
01
]

[0
.0
00
]

[0
.0
01
]

[0
.0
00
]

[0
.0
00
]

[0
.0
01
]

[0
.0
01
]

[0
.0
00
]

[0
.0
01
]

[0
.0
00
]

[0
.0
01
]

�
1

0.
20
1�

�
�

0.
20
3�

�
�

0.
20
9�

�
�

0.
09
3

0.
19
4�

�
0.
11
1

0.
08
3

-0
.0
64

0.
06
2

-0
.0
94

0.
20
6�

�
0.
06
0

0.
20
0�

�
�

0.
07
1

(2
.8
74
)

(2
.8
42
)

(2
.5
68
)

(1
.1
95
)

(2
.6
04
)

(1
.2
46
)

(0
.6
32
)

(-
0.
43
7)

(0
.6
00
)

(-
0.
37
9)

(2
.3
45
)

(0
.6
64
)

(2
.7
21
)

(0
.9
10
)

[0
.0
69
]

[0
.0
71
]

[0
.0
81
]

[0
.0
78
]

[0
.0
75
]

[0
.0
89
]

[0
.1
32
]

[0
.1
48
]

[0
.1
03
]

[0
.2
48
]

[0
.0
83
]

[0
.0
90
]

[0
.0
73
]

[0
.0
78
]

�
2

0.
06
1

0.
06
5

-0
.0
29

0.
13
9

0.
11
0

0.
17
6�

0.
14
9�

0.
16
2

0.
22
0�

�
0.
28
9

0.
27
6

0.
12
9

0.
05
5

0.
13
1

(0
.6
64
)

(0
.7
04
)

(-
0.
31
8)

(1
.4
91
)

(1
.1
57
)

(1
.6
62
)

(1
.6
84
)

(1
.5
34
)

(2
.0
89
)

(1
.6
93
)

(0
.2
34
)

(1
.1
15
)

(0
.5
79
)

(1
.3
75
)

[0
.0
92
]

[0
.0
92
]

[0
.0
91
]

[0
.0
93
]

[0
.0
95
]

[0
.1
06
]

[0
.0
89
]

[0
.1
05
]

[0
.1
05
]

[0
.1
71
]

[0
.1
18
]

[0
.1
16
]

[0
.0
95
]

[0
.0
95
]

�
3

0.
23
2�

�
�

0.
23
7�

�
�

0.
30
1�

�
�

0.
22
9�

�
�

0.
21
4�

�
�

0.
21
8�

�
0.
26
4�

�
�

0.
20
8�

0.
07
4

0.
03
1

0.
26
7�

�
�

0.
21
6�

�
0.
24
1�

�
�

0.
24
6�

�
�

(3
.2
65
)

(3
.2
40
)

(3
.6
59
)

(2
.8
52
)

(2
.8
58
)

(2
.5
61
)

(3
.8
67
)

(1
.8
10
)

(0
.6
69
)

(0
.1
45
)

(3
.4
35
)

(2
.1
13
)

(3
.2
73
)

(2
.8
95
)

[0
.0
71
]

[0
.0
73
]

[0
.0
82
]

[0
.0
80
]

[0
.0
75
]

[0
.0
85
]

[0
.0
68
]

[0
.1
15
]

[0
.1
11
]

[0
.2
16
]

[0
.0
78
]

[0
.1
02
]

[0
.0
73
]

[0
.0
84
]

�
4

0.
10
5�

�
�

0.
11
7�

�
�

0.
13
2�

�
�

0.
08
9�

�
�

0.
10
7�

�
�

0.
07
8�

�
0.
10
4�

�
�

0.
09
0�

�
0.
06
9�

�
0.
09
0

0.
14
4�

�
�

0.
08
3�

0.
12
6�

�
�

0.
07
8�

�

(3
.5
80
)

(3
.7
72
)

(4
.1
05
)

(2
.5
77
)

(3
.6
44
)

(2
.1
98
)

(3
.0
81
)

(2
.0
43
)

(2
.2
13
)

(1
.2
89
)

(3
.2
70
)

(1
.8
40
)

(3
.6
84
)

(2
.1
97
)

[0
.0
29
]

[0
.0
31
]

[0
.0
32
]

[0
.0
34
]

[0
.0
29
]

[0
.0
35
]

[0
.0
34
]

[0
.0
44
]

[0
.0
31
]

[0
.0
70
]

[0
.0
44
]

[0
.0
45
]

[0
.0
34
]

[0
.0
36
]

�
5

0.
03
3�

�
0.
03
7�

�
�

0.
04
0�

�
�

0.
03
3�

�
�

0.
03
9�

�
�

0.
03
9�

�
0.
04
3�

�
�

0.
03
9�

�
�

0.
04
0�

�
�

0.
04
0�

�
0.
03
0

0.
03
0

0.
03
8�

�
�

0.
03
6�

�

(2
.5
53
)

(2
.9
17
)

(3
.0
27
)

(2
.0
53
)

(3
.0
36
)

(2
.3
44
)

(3
.7
65
)

(2
.7
68
)

(3
.9
77
)

(2
.2
16
)

(1
.4
33
)

(1
.1
50
)

(2
.8
84
)

(2
.0
69
)

[0
.0
13
]

[0
.0
13
]

[0
.0
13
]

[0
.0
16
]

[0
.0
13
]

[0
.0
17
]

[0
.0
11
]

[0
.0
14
]

[0
.0
10
]

[0
.0
19
]

[0
.0
21
]

[0
.0
26
]

[0
.0
13
]

[0
.0
17
]

�
6

0.
08
5�

�
�

0.
08
3�

�
�

-
0.
10
8�

�
�

0.
09
1�

�
�

0.
10
6�

�
�

0/
09
7�

�
�

0.
13
0�

�
�

0.
08
9�

�
�

0.
09
8�

�
0.
07
0

0.
12
2�

�
�

0.
08
5�

�
�

0.
10
4�

�
�

(2
.9
68
)

(2
.8
89
)

(3
.9
86
)

(2
.8
33
)

(3
.4
44
)

(3
.0
76
)

(2
.9
66
)

(4
.3
56
)

(2
.2
82
)

(1
.6
37
)

(2
.8
97
)

(2
.6
55
)

(3
.3
82
)

[0
.0
28
]

[0
.0
28
]

[0
.0
27
]

[0
.0
32
]

[0
.0
31
]

[0
.0
31
]

[0
.0
44
]

[0
.0
20
]

[0
.0
43
]

[0
.0
43
]

[0
.0
42
]

[0
.0
32
]

[0
.0
31
]

c
a
y
t
�
1

-0
.0
26

-
-

-
-

-
-

-
-

-
-

-
-

-
(-
1.
56
8)

[0
.1
20
]

R
2

0.
34
2

0.
33
9

0.
30
4

0.
20
9

0.
33
7

0.
21
5

0.
41
5

0.
26
0

0.
63
8

0.
32
0

0.
31
8

0.
18
0

0.
33
8

0.
20
4

J
B

26
.7
47

25
.7
35

27
.4
37

36
.6
98

30
.9
39

43
.0
10

13
.9
76

35
.0
94

0.
68
3

0.
07
2

16
.3
58

24
.3
84

21
.6
17

37
.3
18

[0
.0
00
]

[0
.0
00
]

[0
.0
00
]

[0
.0
00
]

[0
.0
00
]

[0
.0
00
]

[0
.0
00
]

[0
.0
00
]

[0
.7
10
]

[0
.9
65
]

[0
.0
00
]

[0
.0
00
]

[0
.0
00
]

[0
.0
00
]

A
R
C
H
(1
)

0.
22
8

0.
34
0

0.
27
2

0.
47
2

5.
64
6

1.
40
3

0.
13
5

0.
25
4

[0
.6
34
]

[0
.5
61
]

[0
.6
03
]

[0
.4
93
]

[0
.0
20
]

[0
.2
46
]

[0
.7
15
]

[0
.6
15
]

A
R
C
H
(4
)

0.
23
9

0.
27
7

0.
24
8

0.
13
8

4.
96
5

0.
38
8

0.
28
0

0.
25
7

[0
.9
15
]

[0
.8
92
]

[0
.9
10
]

[0
.9
68
]

[0
.0
01
]

[0
.8
15
]

[0
.8
90
]

[0
.9
05
]

N
ot
es
:
t-
st
at
is
ti
c
in

()
;N
ew
ey
-W
es
t
ro
bu
st
st
an
da
rd
er
ro
rs
in
[
].�

�
�
;�
�
an
d

�
in
di
ca
te
si
gn
i�
ca
nc
e
at
1%
,
5%

an
d
10
%
le
ve
ls
,
J
B
is
th
e
Ja
rq
ue
-B
er
a
te
st
fo
r

no
rm
al
it
y.

A
R
C
H
(1
)a
nd

A
R
C
H
(4
)a
re
he
te
ro
sk
ed
as
ti
ci
ty
te
st
s
fo
r
re
si
du
al
s.
F
or
th
e
J
B
;
A
R
C
H
(1
)a
nd

A
R
C
H
(4
)s
ta
ti
st
ic
s,
p
-v
al
ue
s
ar
e
re
p
or
te
d
in
[].

11



Figure 1: SupADFr statistic of Phillips et al. (2006) for di¤erent city and

aggregate U.S. real house prices
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Figure 2: Recursive t-statistic of the sensitivity of changes in consupmtion to

real house price acceleration, �6: Shaded area denotes presence of bubble in HPI

according to Phillips et al. (2006) test.
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Figure 3: Recursive point estimate of the sensitivity of changes in consumption

to real house price acceleration, �6: Shaded area denotes presence of bubble in

HPI according to Phillips et al. (2006) test.
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