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Abstract

Cycles of boom and bust in the housing market deegive support to the ‘bubble
theory’ of the house price where the house pri@ssentially the sum of the fundamental
price and the bubble. We test the theory usingtbss-sectional time series data of 50
US states from 1985 onwards. We measure the bulsbig the percentage changes in
median house prices for the 2004:1 to 2006:2 pasodell as the deviation from the
long run PIR (price-to-income ratios). We find tisédtes with a larger bubble experience
a larger subsequent price downfall. Our data suggkeat the house price bubble is quite
widespread, but geographically confined to 3-4 gaplgical regions. We document that
the excessive liquidity measured by the subprimeggage and the speculative activity as
measured by the variation of house prices explayathe past increases in prices cause
the bubble formation and the subsequent burstdaiar also shows that the states with
the greater use of subprime mortgages experiengeebter bubble and a greater
subsequent bust suggesting that the excessivdiligthat led to excessive subprime
mortgage financing contributed to the most recentsing market bubble.
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1. Introduction

The US housing market has been subject to two dmiigsustained cycles of
boom and bust in recent years; the first boomeénl®80’s and the subsequent crash in
the early part of 1990 and the second boom fronutaite mid-1990’s to about 2006 and
the corresponding crash still under progre$he boom/bust cycle currently under
progress, especially in major metropolitan citeggpears to be the biggest cycle in record
both in duration and strength. As shown in Figuteelboom/bust cycles appear to be
more evident in markets such as California andidiothan others such as Nebraska. The
real house prices in California, between 1975-20@@erwent three sustained run-ups
and three sustained falls. The most recent house pm-up started in the mid-1990’s
until it reached the peak around 2006. Then, hpuses fell rapidly since 2007. The
house prices in Florida, unlike those in Califormieere relatively stagnant between 1980
and 1996, but they too rose quickly through thedi@iaf the 2000’s before they started
to decline in 2007. In contrast, house prices ébfdska rose slowly over the last four
decades right up to 2007.

Within the latest boom, America has seen one obtfgest increases in house
prices between 2004:1-2006:2 with the averagepmes growing by 19.3%. In
California, Florida, Nevada, Hawaii, Maryland ané$Hington D.C., they soared by
more than 40%. Standard and Poor Composite Horae Frilex, which is based on 10
major US cities and has been published monthlyeslianiuary 1987, peaked in June,
2006. We take the view that we can measure thelduising this period in which a

sudden acceleration of the house price increasg®udgthin a boom cycle.

! Refer to Shiller (2008a) for a thorough discussibthe major booms and busts in the US housing
markets.



[Insert Figure 1 about here.]

The booms and busts in house prices observed id.Beand abroad have
stimulated a great deal of academic research.rticpiar, Abraham and Hendershott
(1996) and Case and Shiller (2003) provide empigealence of housing price bubbles
in the U.S. Goodman and Thibodeau (2008) showtkiese was an extreme speculative
activity between 2001 and 2005 in the Atlantic ¢@emsl California’s Pacific coasts.
International studies examine bubbles in the UKe&wn, Spain, China and the OECD
countries as a whole among others. There are aeuohlstudies that examine bubbles in
the Asian real estate markets as well. An exangphéui and Yue (2006), who examine
the recent house price run-ups in Hong Kong, Bgigind Shanghai. Noord (2006)
examines the recent house price run-ups in the O&fiDtries as a whole.

First, since the housing markets in the US araadir@verheated by the end of
2003, we assume that the subsequent rapid prieda&sa represents the bubble.
Therefore, we measure the bubble using the pemgemtaanges in median house prices
for the 2004:1 to 2006:2 period. We find that tatéth a larger bubble experience a
larger subsequent price downfall that occurs betva8®6 and 2008.

Next, we assume that house prices are a sum of switiples of income and a
bubble, we measure bubbles using the deviation &gquilibrium house price-to-income
ratios. We estimate the deviation from the equtlilor house price-to-income ratio at a
state level from the first quarter of 1985 to teeand quarter of 2006 where we use the
US log run average price-to-income ratio and tagedbng-run price-to-income ratio as
the equilibrium house price-to-income ratio. Wedfthat states with a larger bubble

experience a larger subsequent price downfall.



Our data suggests that the house price bubblates widespread- there are 22
states whose PIR deviation was 15% or higher arstdlt8s whose deviation was 20% or
higher, but geographically confined to 3-4 geogregliregions, but the household
wealth it impacted is quite large. We document tha excess liquidity measured by the
subprime mortgage and the speculative activity @asured by the variation of house
prices explained by the past increase in pricdgente the size of the bubble. Our data
shows that the states with the greater use of subpnortgages experienced a greater
bubble and a greater subsequent bust suggestinp¢ghexcess liquidity that caused the
rapid growth of the subprime mortgage financingtabaoted to the current housing
market cycle. Overall our results are consistetth Wie bubble theory of house prices
where bubbles grow as house prices rise aboveaititamental prices (boom cycle)
followed by a collapse of the bubble where houseeprrevert back to fundamental
prices (bust cycle).

The paper is structured as follows. The next seatwiews some of the existing
studies on house price dynamics, develops the gheal framework of house price
dynamics with bubble and derives econometric modeésction 3 discusses the data.
Section 4 tests these models and also evaluatesfféa of the speculative activities as
well as excess liquidity on the bubble and the sqbent price corrections. Section 5

concludes.

2. Literature Review and Hypothesis Development
The boom and bust phenomena in house prices olosiertiee U.S. and abroad

have stimulated extensive academic research. ticplar, Abraham and Hendershott



(1996) and Case and Shiller (2003) provide evidefi¢teusing price bubbles in the U.S.
International studies examining bubbles in housiragkets include Muellbauer and
Murphy (1997) who study the UK housing markets;rBlond and Soderburg (1999)
who study the Swedish housing markets; and HuiSiveh (2006) who examine the the
Chinise housing markets; Fernandez-Kranz and Ho8GRwho study the Spanish
housing markets.

Muellbauer and Murphy (1997) examine the econoraicses of booms and busts
of the UK housing market between 1957 and 1994rkBjod and Soderberg (1999)
show that the Swedish market for rental propertiag have been partly driven by a
speculative bubble during the 1980’s. FernandezzKend Hon (2006) examine the
house price bubble in Spain between 1998 and 200&.d (2006) examines the recent
house price run-ups in OECD countries showing ttatisk of the housing upswing
nearing a peak, even without further interest hgites, is found to be high (at or close to
100%) in the United States, and smaller but gghisicant in France and New Zealand.

Using annual real house prices of 30 metropolithescfrom 1978 to 1992,
Abraham and Hendershott find that fundamental éegsuch as the growth in real
income and construction costs and change in thaftea-tax interest rate account for
about two-fifths of the variation in real housegermovements and that non-fundamental
variables (lagged real appreciation and the diffeeebetween the actual and equilibrium
real house price levels) account for about twingifof the variation and together about
three-fifths of the variation. Similarly, Garciaj@@nikos and Guirguts (2007) present

evidence that the high growth rates of Spanish éguses can not be fully attributed to



fundamentals and that momentum bubbles have disegrtiimpact on real house prices
between 1993 and 2004.

More recently, using quarterly housing price tireeiess from 1985 to 2002 for the
50 states of the US, Case and Shiller (2003) repattincome alone explains patterns of
home price changes since 1985 in all but eighést@tiawaii, Connecticut, New
Hampshire, California, Rhode Island, Massachusksy Jersey and New York), and in
these states the addition of other fundamentahkibes adds explanatory power. They
point out that the pattern of smoothly rising aallirig price-to-income ratios and the
consistent pattern of under-forecasting of homegsrin 2000-2002 suggest that a bubble
may exist in these states.

By estimating a probit model of the probabilitatia peak is nearing in the
current situation using the OECD data for the kfi®70-2005, van den Noord (2006)
finds that an increase in interest rates by 1per2Zentage points above then the current
historically low interest rates would result in pabilities of a peak nearing 50% or more
in the United States, France, Denmark, Ireland, Mewland, Spain and Sweden. He
notes that the subsequent drops in prices in eeastmight be large and that the process
could be protracted.

Hott and Monnin (2008) propose two alternative nietie estimate fundamental
prices in real estate markets. They estimate baithets for the USA, the UK, Japan,
Switzerland and the Netherlands between 1997 a@8. Zhey find that observed prices
deviate substantially and for long periods fromirtkestimated fundamental values.
However, they find some evidence that, in the lang actual prices tend to return to

their fundamental values over time.



Shiller (2007) notes that the recent run-up in legqusces has occurred, not just in
the US., but also in Australia, Canada, China, égaindia, Ireland, Italy, Korea, Russia,
Spain, and the UK. The coincidence of housing boanrsss countries would seem to
cast doubt on the argument that purely local ph&mansuch as supply constraints,
could be responsible for house price growth pastevioreover, Shiller argues, the boom
in the U.S. may be best understood as a seriesgidrral booms, starting at different
times. Shiller characterizes the boom in houseeprias a classic speculative bubble,
driven by extravagant expectations for future piilcereases, and argues that survey
research measuring consumer expectations confirisigiéscription.

Schnabl and Hoffman (2008) using the NAREIT RedhtesMortgage Index and
the NAREIT Real Estate 50 Index argue that in th&.Uthe sharp interest cuts in
response to the bursting of the dotcom bubble @02@d to an overinvestment in the
housing market, which in turn led to the most rédevom and bust in the US housing
markets.

Stiglitz (1990) provides an intuitive definition aEset bubble: “If the reason that
the price is high today is only because investakebe that the selling price is high
tomorrow—when fundamental factors do not seem stifjusuch a price—then a bubble
exists.” Moreover, Shiller (2007) also providedddinition of a speculative bubble as a
feedback mechanism operating through public observaf price increase and public
expectations of future price increases. Thusaaamable theoretical framework of house
price dynamics with bubble can be based on thetitszbubbles exist if the appreciation
of prices is motivated mainly by speculation basadgast price increases rather than by

market fundamentals.



The preceding literature review suggests that hpuses are a sum of
fundamental prices and speculative componentstaidiie behavior of the speculative
component then gives rise to boom/bust cycles.ataris in the fundamental component
of house prices are a result of demand and suppiglance. Assuming that house prices
are some combinations of fundamental factors sachcme and a bubble, we can
measure bubbles using the deviation of house phicessome fundamental prices. If
prices and income are cointegrated, then the gaypebe the two may be a useful
indicator of when house prices are above or belair equilibrium values (Abraham and
Hendershott, 1996; Capozza et al., 2002 ; Malp2a£i2; Meen, 2002, Gallin, 2003).

Therefore, we measure the size of bubbles usingdhese price run-up as well as
the deviation of PIR (price-to-income ratios) frame long run PIR. We measure
speculation by the influence of house price mommand&mong others. We then measure
the size of the bubble burst by the price correctlmat occurs following the bubble. For
example, we measure the size of the most recertidloirst by the price drop between

2006:2 and 2008:3.

3. Data Discussion

The study period comprises 1985:1 to 2008:3 fostafes, from which we use the
sample period from 1985:1 to 2006:2, a total ofj8érterly observations, to estimate the
bubble size and we use the sample period from 200@008:3 to estimate the size of
the bubble burstWe use the OFHEO (Office of Federal Housing EmtsepOversight)
qguarterly house price index, which uses data orveational conforming mortgage

transactions on single detached properties obtainech the Federal Home Loan

% The main findings of the paper do not change evieen we include Washington D.C. in the sample.



Mortgage Corporation (Freddie Mac) and the Fedblational Mortgage Association
(Fannie Mae). The house price indexes (HPI) pubtishy the OFHEO are based on a
modified version of the weighted repeat sales (WR&hodology proposed by Case and
Shiller (1989)*

Since we do not have the actual median house pitcetbe states, we estimate
the state median house prices from the OFHEO hotise index for each state. First, we
estimate the median house prices in 1975:1 by idigidhe 2000 state median house
prices by the state house price indices in 2008vE choose to show the median house
price indices in 1975:1 because the OFHEO statsénquice indices start in 1975:1.
Then, we multiply the 1975:1 median house priceshagy2006:2 house price index to
calculate the median house prices in 2006:2. Silyilave multiply the 1975:1 median
house prices by the 2008:3 house price index toulzke the median house prices in
2008:3.

The data for house price determinants are obtamwved the same period as our
guarterly house price index. They come from varisoigrces and precise definitions and
sources are shown in the Appendix 1. We use qlatteal personal income time series.
However, when the total personal income is avalaihly on an annual basis, we
interpolate it to generate quarterly observatiosmai the cubic methotFor monthly
data such as the interest rates on 30-year coovahtmortgage loans, we use March,

June, September and December observaficitsose variables measured in nominal

3 calhoun (1996) provides the background and a teahdescription of the data and statistical method
used to estimate the HPI.

* State-level median house prices in 2000 are basevner estimates found in the 2000 census.

®We use the cubic spline interpolation, which inesyoining segments of third degree (cubic) polyi@m
curves.

® When we use monthly average interest rates touyseduarterly observations, we get similar results.
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terms (such as house price index, total persoraime and construction cost index) are
deflated by the consumer price index of the cowadmg state. For the regression results
in the tables, we do not adjust for the possibéesaeality in housing price indéxll the
variables, with the exception of interest rates aonverted to natural logarithms.
Subprime originations as a share of housing unit2005 by states are from the 2006

Mortgage Market Statistical Annual.

4. Empirical Results and Discussion

Next, we use the price increases that occur afiéB 20 measure the size of the
bubble. That is, we measure the bubble as the pricease over 2004:1 to 2006:2 where
we assume that prices in 2003:4 are fundamente¢gpm@and price increases over 2004:1
to 2006:2 are bubbles. Prices which began risiogn fthe second half of 1990s appear to
peak in 2003. Then as the real federal funds tatesnegative in 2004, house prices rise
even more sharply. Therefore, one can argue thag prcreases from 2004 till 2006 are
speculative bubbles caused by excessively low gatiee real interest rates. Assuming
that bubbles start in 2004:1 and burst in 2006:2neasure the size of the bubble as rates
of changes in house prices for the 2004:1 to 20@@érdod. The state level results are
shown in Appendix 2 and the decile summaries aog/shn Table 1.

[Insert Table 1 about here.]

Appendix 1 shows the median house prices in 20@4elmedian house prices in

2006:2, the median house prices in 2008:3, theep&age changes in median house

prices for the 2004:1 to 2006:2 period and the gre|age changes in median house prices

" However, when the housing price index is seaspmaljusted using the THistrict seasonal adjustment
method we get essentially similar results.
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for the 2006:2 to 2008:3 period for all 50 stat€éhe 50 states are ranked by the
percentage changes in median house prices forOlv 2 to 2006:2 period, then grouped
into 10 deciles where the decile 1 corresponds¢ostates with the highest price run-up
and the decile 10, the lowest price run-up. Theesponding decile figures are shown in
Panel A of Table 1. In column (A) of Panel A of Tald we show the decile median

house prices in 2004:1. In column (B) we show tbeild median house prices in 2006:2.
In column (C) we show the decile median house price2008:3. Assuming that bubbles
start in 2004:1 and burst in 2006:2 we measuresthe of the bubble as percentage
changes in median house prices for the 2004:1 @6:20period as shown in column (D).

We find that the bust is concentrated in the detilstates where the price run-up of
58.86% is followed by the price fall of 16.78%. dontrast, the price fall is relatively

modest in deciles 2 through 10.

Shiller (2008) indicates that the rate of US hogsippreciation slowed after 2005
and suggests that sometime after mid-2006 pricgarbdeclining. Schnabl and Hoffman
(2008) indicate that the recent speculative bulbl¢he US housing market burst in
summer of 2007 suggesting that prices reached e¢a& pbout 2007:1. Therefore, we,
albeit somewhat arbitrarily, consider the state imredhouse prices in 2006:2 to be the
peak prices, which we show in column (B) of Apperaif

We regress the percentage changes in house poic283d6:2/2008:3 on those for
2004:2/2006:2 and show the OLS regression analy$tanel B. The regression
coefficient is negative (-0.26) and significant@ue < 1%) suggesting that the bubble

formed during the boom causes the bust in themafifr. We conduct non-parametric

8 Even if we move up the peak up to four quartes®bd 2006:2, the main conclusions of the papenate
affected.
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tests of the correlation between the percentagegdsain house prices for 2004:2-2006:2
and those for 2006:2-2008:3 and find that theystn@ngly negatively correlated.
Kendal's tau is -0.822 and Spearman’s rho is -Q.9t8ch are significant at 1%,
respectively. The non-parametric correlation testilt suggests that the bubble formed
during the boom is closely associated with the buite aftermath.

We also measure the size of the bubble in resigdmbiuse prices in each state by
calculating the deviation from the long run staterage PIR. After ranking the states by
the PIR deviations, which are shown in Appendix8,form 10 deciles where the decile
1 corresponds to the states with the highest Pikatien and the decile 10, those states
with the lowest PIR deviation. Panel A of Tablslbws the size of the bubble and the
corresponding size of the bubble burst for theldseciColumn A shows the state average
PIR; column B, the state 2006:2 PIR; column C,déeation from the state average PIR;
and column D, the deviation from the US average. BI®umn E shows the percentage
changes in median house prices for 2006:2-200883 fild a clear correlation between
the PIR deviation and the house price drop.

[Insert Table 2 about here.]

In Panel B, we regress the size of the bubble bamsthe size of the bubble
formed (the deviation from the state average aedUlt. average) using the ordinary
least squares method. The results reported in #relpshow that the regression
coefficient of the bubble formed is highly signdit and negative. We conduct non-
parametric tests of the correlation between therweasures (the deviation from the state
average PIR and the subsequent price drop) andtlisdthey are strongly negatively

correlated as shown in Panel C. Kendal's tau ig649.and Spearman’s rho is -0.894,
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which are significant at 1%, respectively. Our i&sin Panels B and C imply that the
states with a larger bubble experience a largesesyent price correction. They also
suggest that the rise in the house price abovéutidamental price (bubble formation) is
followed by a collapse of the bubble where the kogpsice reverts back to the
fundamental price (bubble burst).

In Figure 2, we show on the US map the largestd@¥Ration states (the deciles 1
and 2 states), which are Hawaii (HI), CalifornigdjCWashington (WA), Arizona (AZ),
Nevada (NV), Oregon (OR), Rhode Island (RI), Wagton D.C. (DC), Florida (FL) and
New Jersey (NJ). The largest PIR deviation statesnalicated with the horizontal lines.
States which experienced the largest subsequesthmice drops from 2006:2 to 2008:3
(the deciles 1 and 2 states) are indicated witlicarlines. These states are California
(CA), Nevada (NV), Florida (FL), Arizona (AZ), Rhedisland (RI), Michigan (Ml),
Massachusetts (MA), New Hampshire (NH), Montana {MNd New Jersey (NJ). The
states which experienced the largest PIR deviatiben, the largest price drop are
California (CA), Nevada (NV), Arizona (AZ), Florid@L), New Jersey (NJ) and Rhode
Island (RI) and they are indicated by meshed lines.

Notice that most of the states that show a lardebleuformation belong to the
northern part of the east coast, west coast (imofueiawaii), and states with a warm
climate such as Nevada, Arizona, and Florida. Thigonsistent with the anecdotal
observation that the bubble in the recent real testlbom concentrated on the
northeastern states, states along the west cods$tates with a warm climate. This is

also consistent with the findings of Goodman anibdtieau (2008) who show that there
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was an extreme speculative activity between 20@l 2605 in the Atlantic coast and
California’s Pacific coasts.

Our data suggests that the speculation is quitespictad— there are 22 states
whose PIR deviation was 15% or higher and 18 statesse deviation was 20% or
higher, but geographically confined to 3-4 geogreghregions, but the household
wealth it impacted is quite large.

[Insert Figure 2 about here.]

We next analyze the rate of change in real housegas a function of
fundamental variables and the house price momefduthe 50 U.S. states for the
1985:1 to 2006:2 periotdWe choose this time frame (and not 1975:1 to 2Z)06: focus
on the current bubble. As fundamental variablesigesthe natural logarithm of the total
household income, mortgage rates, and the rateavfge in construction costs which is
measured by the first difference in the naturaaldhm of construction costs in real
dollars. As momentum variables, which are measofréfse speculative component of
house prices we use the lagged rate of change ireth house price up to four quarters.

Here we adopt the simple version of the fundamemtalse price equation as
proposed by Hendry (1984) among others where theheuse price is expressed in
terms of the total personal income, constructiosts;aand interest rat To this simple
model of house prices where house price deternsranat fundamental factors of house
prices, we add the influence of the past housepric model the speculative component
of house prices. The explanatory power of the passe increases on the current price

increases in a given state can measure the spgewativity in the housing market.

° The exact starting date of the time series vatéggending on the number of lags used in the model.
9 Total personal income is the product of the nunabéouseholds and per capita income.

15



Table 3 reports the regression estimates for twectssl states: California (a
bubble state) and Nebraska (a non-bubble state).flihdamental variables have the
expected signs for California and Nebraska. Théficaent of the rate of change in total
personal income is positive suggesting that in@gas real income raise real house
prices. The coefficient of the rate of change imstouction costs is also positive
suggesting that increases in construction costh ppsreal house prices. The negative
coefficient associated with mortgage rates sugdhatsa drop in the mortgage rate leads
to increases in real house prices.

[Insert Table 3 about here.]

We document that house prices show a strong mommeintvelation to past price
changes and the previous period mispricing oni@atifornia. For the Nebraska sample,
the influence of the past four quarter returns onsimg is limited at most. House prices
in non-bubble states like Nebraska have been ¢affiom the beginning of the sample
period (1975) to about mid-90s monotonically. Waalode that speculative activities
are unlikely to be present in states like Nebrasidspeculative activities are likely to be
present in states like California.

We forecast the ‘fundamental house prices’ from4&20@o 2008:3 using the in-
sample forecasting method. The house price equaties the fundamental variables only.
Using the model estimates for 1985:1-2003:4, wedast house prices for 2004:1-2008:3.
We plot the actual housing prices vs. forecasteg@rices in Figure 3. We find that in
California the observed house prices overshootdiezasted prices by a wide margin
(19%) for 2004:1-2006:2 then they fall quite rapidly &nd the ‘fundamental prices’

thereafter while in Nebraska the actual house prace only slightly higher than the
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fundamental price&%) through the entire period of 2004:1-2008:3. Thisansistent
with the hypothesis that a large bubble was formdte California house price prior to
the bubble burst that followed.

[Insert Figure 3 about here.]

We extend this analysis to all 50 states. We firad the ten states with the
greatest overshooting of the actual house prices ttwe forecasted prices in 2006Q2 are
Nevada with 22% of overshooting; California, 19%qrida, 16%; Hawalii, 14%,....

When we can add the housing supply variable, wisicheasured by the new
housing units, as a fundamental variable to theséquice equation, we find qualitatively
the same results as before. When we use the fddarhtates, prime lending rates and
yields on 10-year treasury notes instead of inteetss on the 30-year conventional
mortgage loans, we find qualitatively the sameltesas before. To control for the
substitution effect of the stock market, we adddhanges in the NYSE-Amex-
NASDAQ weighted average stock price index as araggtory variable. We obtain
gualitatively the same results as before.

A number of studies have indicated that the pubtigectation of future house
prices affects the current house prices. In paei¢c Abraham and Hendershott (1996)
and Case and Shiller (2003) use the explanatoryepofthe past prices as a measure of
speculation. Similarly, we measure the level ofcsieion using the Rof the past four
quarter prices. First, we estimate the regressiodeats for each of the 50 states. Then,
we measure the level of speculation using thefRhe price momentum variables for

each of the 50 states. Next, we divide the statesdeciles based on thé Bf the
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momentum variables. The results are reported inel@bWe present, for each decile, the
R? of the overall variables, the’Rf the fundamental variables, thé & the momentum
variables and the percentage changes in houses pAasasual observation reveals a
strong negative correlation between tHeoRthe momentum variables and the percentage
changes in house prices during the bust phase.

[Insert Table 4 about here.]

We compare the current bubble with the previousliim order to present a
more dynamic picture of bubble formation and sdmilibles are becoming more
extensive and larger over time suggesting thahéx bubble will be even more
extensive and larger. We measure bubbles usinglReleviation from the
“equilibrium” PIR, which we estimate by subtractitige US average PIR from the PIR
peak for each state for both the 1975:1-1998:2deand the 1998:3-2008:3 period. We
then calculate the percent PIR deviations for geeiod. The PIR deviation and the
percent PIR deviation are shown in Table 5. We fivat the number of bubble states has
increased from 2 to 14 states using the 50% Pliaten as the threshold of bubble. The
number of bubble states has increased from 10 &ie26s using 20% PIR deviation as
the threshold of bubble. Bubbles in bubble stata®lbecome larger and some non-
bubble states such as Arizona and Florida and Madyhave become bubble states in the
current cycle. Clearly, the current bubble is farenextensive than the previous one. The
size of the bubble is much greater than the previmibble for most of bubble states. In
particular, the increase in the bubble size inttipefour bubble states (Hawaii, California,
Nevada and Arizona) is in excess of 60%. Theegfwe conclude that the extent and

the intensity of bubble has increased from theipressbubble to the current bubble.
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[Insert Table 5 about here.]

The cause of the housing bubble in the 2000’s bas the focus of significant
policy and academic research. In particular, werena the effect of the excess liquidity
on the bubble and the subsequent burst. We metsuexcess liquidity using the
subprime loan origination to the extent that aresst/ze amount of subprime loans were
made because of the excess liquidity as pointethyp@oleman IV, LaCour-Little and
Vandell (2008), Mayer and Pense (2008), Mian arfd(8008), Schnabl and Hoffman
(2008), Shiller (2008b), Sherland (2008) and Whea@ind Nechayev (2008) among
others.

Schnabl and Hoffman (2008) using the NAREIT RedatesMortgage Index and
the NAREIT Real Estate 50 Index argue that in th®.the sharp interest cuts in
response to the bursting of the dotcom bubble 6028d to an overinvestment in the
housing market, which in turn led to the most rédmom and bust in the US housing
markets. Coleman, LaCour-Little and Vandell (206i8)w that the dramatic increase in
subprime lending during this period is in part sgible for these market dynamics.
Mian and Sufi (2008) demonstrate that a rapid egiganin the supply of mortgages
driven by disintermediation explains a large fractof recent U.S. house price
appreciation and subsequent mortgage defaults.

In order to examine the possible effect of subpramgination on the bubble
dynamics, we conduct a two-stage regression. Fstse the ratio of subprime
originations per housing units as independent ta&iand the deviation from period state

average PIR of 2006:2 as dependent variable ineipession estimation. We obtain

1 Average combined loan —to-value (CLTV) rationsaprime variable-rate mortgages rose from less
than 80 percent in 2000 to over 85 percent in 2206. (Sherlund 2008)
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fitted values of the deviation from period staterage PIR of 2006:2, which we use as
the independent variable in the regression estimatf the price change over 2006:2-
2008:3.

In Table 5, we report the two-stage regression e/haer use the subprime lending
as one of the causes of the bubble in the firsessgon. The first-stage regression where
the deviation from the state average PIR is thedédent variable indicates that the
deviation from the state average PIR is relatedtigely to the subprime lending.
Therefore, the subprime lending seems to haveeantiad the bubble growth measured
by the deviation from the state average PIR. Tkers#stage regression where the house
price change between 2006:2 and 2008:3 is the depénariable indicates that the
house price change between 2006:2 and 2008:3iedehegatively to the deviation from
the state average PIR showing that a larger bubhatis to a greater price correction.

[Insert Table 6 about here.]
Next, we examine the role of supply elasticityslpossible that states with low elasticity
had bigger bubbles but states with high elastlté#igt smaller/no bubbles. In addition, the
states where the magnitude of the bubbles thi®gevere worse than those in previous
periods could be because of worsening supply eilsfivhich would again suggest that
absent some regulatory changes, the bubbles neateill be worse since supply
elasticity will continue to deteriorate).

We estimate the supply elasticity using a two-stageession as in Goodman and
Thibodeau (2008). In the first stage they derivedsoprice estimates using a regression
analysis similar to that in Table 3. Then, in teeand stage, the predicted real house

price estimates are used as an explanatory vairakie supply regression (change in
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(log) supply = a*change in (log) real prices + bdaolge in (log) incomes +c*change in
(log) construction costs + d*change in (log) popiola+ e*change in (log)
unemployment + f*change in (log) interest rate)e Bupply elasticity will be given by
the coefficient of change in (log) real prices {:a”

There is one issue with measuring supply elastigltich may be relevant. When
prices decline in a state, supply elasticity isateg because housing stock is not
destroyed in declining markets. Obviously this neganumber is meaningless — in fact
since supply increases in falling markets, oneargne that supply is highly elastic.
Therefore, we use the boom period only for thenetion.

[Insert Table 7 about here.]

We conduct a series of robustness checks on auitgessing alternative
measures of the size of bust. Instead of usin@®&:3-2008:3 to measure the bubble
burst, we use 2007:1-2008:3 instead since a nuoflstates show the peak price in the
latter half of 2006 as measured by the OFHEO intx obtain qualitatively the same
results. We also measure the size of the bubbkt lem the quarter after the peak
guarter to 2008:3 for each state. We obtain quadély the same results. Finally, we use
the Case-Shiller house price index instead of tHEED index since the OHFEO index
is based on conforming loan data, which would edelexpensive housésWe also

obtain qualitatively the same results as before.

5. Conclusion

12 Conforming mortgage loans are mortgage loans wiigtify for the Fannie Mae and Freddie Mac
mortgage loan purchase programs.
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Cycles of boom and bust in the housing market deegive support to the
‘bubble theory’ of the house price where the hqusee is essentially the sum of the
fundamental price and the bubble. We examine tiblewdynamics in the 50 states in
the most recent house price cycle, which startedrat the second half of 1990s and
peaked around 2006.

Assuming that house prices are some combinatiohsndamental factors such as
income and a bubble, we measure bubbles usingethatibn of house prices from some
fundamental prices. Specifically, we measure the sf bubbles using the percentage
changes in the median house prices between 200d:2006:2 as well as the deviation
of price-to-income ratios from the long run pricedhicome ratios. We then measure the
size of the bubble burst by the price correctiat thccurred between 2006:2 and 2008:3,
specifically the percentage changes in the mediaisdnprices between 2006:2 and
2008:3.

We estimate the size of the bust as well as tleedithe bubble for all 50 states.
We also form deciles based on the measures ofutbield. A visual inspection of the
deciles shows a clear correlation between the megpmeasures of the bubble and the
bubble burst.

We model the size of the bust as a function ofthe of the bubble. We estimate
the model using the cross-sectional regressiondinlehat larger bubbles cause larger
bubble busts. We confirm the statistical signifioanf this relationship using the non-
parametric tests. Overall our results are condistéh the basic notion of the ‘bubble

theory’ of house prices where bubbles grow as hpuses rise above the fundamental
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prices (boom cycle) followed by a collapse of thublle where house prices revert back
to fundamental prices (bust cycle).

Our data suggests that the house price bubblates \gidespread, but
geographically confined to 3-4 geographical regi¢nsthermore, the household wealth
it impacted is quite large. Most of the states #iettw a large bubble formation belong to
the northern part of the east coast, the west ¢oadtiding Hawaii), and states with a
warm climate such as Nevada, Arizona, and Flofithés is consistent with the anecdotal
observation that the bubble in the recent reate&taoms is concentrated on the
northeastern states, states along the west codstates with a warm climate.

We document that the speculative activity as meakhy the variation of house
prices explained by the past increases in pridégeince the size of the bubble. We also
document that the excess liquidity measured bysieeof subprime mortgage loans also
has a positive effect on the size of the bubble. data shows that the states with the
greater use of subprime mortgages experiencedadegieubble and a greater subsequent
bust suggesting that the excess liquidity as mat@tethrough excessive subprime
mortgage lending contributed to the most recensimgumarket bubble.

There is much debate on whether using the PIRtextla bubble is appropriate.
While a few other measures of bubble were propaséuk literature, there is no
universally accepted measure of bubble as yet. Mekyé there is a large deviation of
the PIR from the long-run average PIR in a regiba,possibility of a bubble exists.
Using the deviation from the long-run average Bligps can be taken to minimize the
negative consequences resulting from the eventisdl Measuring a bubble using many

variables require a great deal of time and efforhtike necessary observations of
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regression variables and to determine the sizeeobubble. Therefore, it may take
excessive amount of time for the government tavetee in a timely manner. In contrast,
the use of a simple measure such as the PIR allaather straightforward monitoring of
a bubble enabling the government to make policysaats in a timely manner.

Shiller (2008b) attributes the US economy’s two tmesent bubbles- one in the
stock markets in the 1990s and the other in thsihgumarkets in the 2000s-to the
irrational exuberance. The lesson of the subprinsgsds that the government should not
allow an irrational exuberance to drive the housimagkets. Given the havoc an
extensive bubble in the housing markets can cdlsesarly detection of the bubble is
critical. The deviation from the long run averadR i a simple and intuitive measure of
bubble based on the household’s ability to payHerhousing costs allowing policy

advisors to make timely decisions.
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Table 1. The relationship between percentage chaeg in median house prices for
the subperiod 2004:1-2006:2 and those for the subped 2006:2-2008:3

Panel A. Deciles of percentage changes in medianuse prices for 2004:1-2006:2
(A) (B) (C) (D) (E)
percentage percentage
changes in changesin
median house  median house median house house house
prices, 2004:1  prices, 2006:2  prices, 2008:3 prices for  prices for
2004:1- 2006:2-
2006:2 2008:3

decile 1 251,153 396,304 336,341 58.86 -16.78
decile 2 193,667 285,859 284,155 46.59 0.11
decile 3 185,622 252,803 257,881 35.70 2.87
decile 4 175,213 229,372 231,797 30.93 3.52
decile 5 174,857 220,775 221,144 26.41 1.01
decile 6 111,451 135,059 141,230 21.18 5.11
decile 7 138,356 163,600 162,367 18.22 2.92
decile 8 123,013 143,935 147,663 16.96 3.63
decile 9 125,802 141,962 146,229 12.98 4.05
decile 10 111,226 121,516 119,004 9.49 -1.43

Panel B. The OLS model estimation of the house pecchanges of the 50 US states for the
subperiod 2006:2—-2008:3 as a function of those ftire subperiod 2004:1-2006:2

percentage changes in the median

variables house prices (2006:2—2008:3)
constant 7.46 (3.17
percentage changes

in the median -0.26 (-3.39)°

house prices

(2004:1-2006:2)
R? 0.19
adjusted R 0.17

The dependent variable is the percentage changbse imedian house prices between 2006:2-2008:3. The
explanatory variable is the percentage changabeaiedian house prices between 2004:1-2006:2.
@ denotes significance at the 1% level.

Percentage changes in median house prices foOthe Rto 2006:2 period are calculated for all
50 states. The 50 states are ranked by the pegeetii@nges in median house prices for the
2004:1 to 2006:2 period, then grouped into 10 decithere the decile 1 corresponds to the states
with the highest price run-up and the decile 18,lthwvest price run-up.
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Table 2. Bubble measured by the deviation from thetate average PIR (price-to-
income ratios)

Panel A. Deciles of the PIR deviation from the stataverage PIR

(A) (B) (©) (D) (E)
period 2006:2 deviation from  deviation from  percentage
average PIR PIR state average US average PIR changes in
PIR house prices
between
2006:2 and
2008:3
decile 1 6.84 11.07 4.23 6.39 -13.54
decile 2 5.30 7.72 2.42 3.04 -5.31
decile 3 5.11 6.91 1.80 2.23 -3.20
decile 4 491 5.96 1.06 1.28 3.07
decile 5 5.16 5.96 0.80 1.28 1.34
decile 6 4.61 5.09 0.48 0.41 -0.77
decile 7 4.45 4.41 -0.04 -0.27 2.22
decile 8 3.95 3.68 -0.27 -1.00 7.93
decile 9 3.94 3.53 -0.41 -1.15 2.06
decile 10 4.18 3.52 -0.66 -1.16 9.10

Panel B. The OLS model of the subsequent price drdfpubble burst) as a function
of the deviation of the PIR (bubble) using 50 US &tes

Model 1 Model 2
deviation from state average PIR -0.1@3.30)*
deviation from US average PIR -0.06-2.81)%
constant 0.19 (2.91) 0.15 (2.37)°
R-squared 0.18 0.14
adj R-squared 0.16 0.12

Period average price-to-income ratios are calcdlateer the 1975:1 to 2006:2 period. The dependant
variable is the percentage changes in house pretegeen 2006:2 and 2008:3. The t-statistics areshio
parentheses.

@ denotes significance at the 1% level.

® denotes significance at the 5% level.

Panel C. Non-parametric test of correlation betweethe size of the bubble burst and
the deviation from the historical average PIR usig 50 US States

Kendall's tau -0.764

Spearman's rho -0.894°
The correlation variables are the deviation from state average PIR and the percentage changesse h
prices between 2006:2 and 2008:3 by deciles
@ denotes significance at the 1% level.
® denotes significance at the 5% level.
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Table 3. OLS models of percentage changes in reabiise prices as a function of
fundamental variables and house price momentum vaables

Panel A. California
variables
constant

parameter estimates explained squares R
-0.003 (-0.726)

Alog(income) 0.238 (1.502) 0.0019 0.049
A (mortgage rate) -0.614(-1.936§ 0.0004 0.011
Alog (construction cost) 0.382(1.738§ 0.0025 0.065
Alog (population) 1.046 (0.956) 0.0035 0.093
Alog (unemployment) 0022 (-1.050f 00000 0001
R? of fundamental variables 0.219
Alog (house price(-1)) 0.530(4.646) 0.0161 0.424
Alog (house price (-2)) -0.005(-0.039) 0.0005 0.013
Alog (house price (-3)) 0.426(3.483)° 0.0016 0.043
Alog (house price (-4)) -0.151(-1.359) 00003 0008
R? of momentum variables 0.488
total sum of squares 0.03797
R? of overall variables 0.707
Panel B.Nebraska
variables parameter estimate explained squares R
constant -0.003 (-1.932f
Alog(income) 0.213 (3.187)° 0.0010 0.149
A (mortgage rate) -0.345(-2.023§ 0.0002 0.029
Alog (construction cost) 0.273(3.603} 0.0010 0.153
Alog (population) 2.068 (2.281F 0.0004 0.064
Alog (unemployment) -0.013 (-2.176Y 0.0003

R? of fundamental variables

0.005

Alog (house price(-1)) 0.052(0.549) 0.0000

Alog (house price (-2)) -0.018(-0.198) 0.0000 0.000
Alog (house price (-3)) 0.168(1.829% 0.0002 0.033
Alog (house price (-4)) 0.155(1.558) 0.0001 ~0.017
R? of momentum variables 0.055
total sum of squares 0.0067

R? of overall variables 0.491

The dependent variable is the rate of nominal hpuise between 1985:1-2006:2.

The explanatory variables are the rate of chandetal real household income, mortgage rates, atee of
change in real construction costs and four laghefreal house pricélog indicates the first difference in
the natural logarithm. The t-statistics are showparentheses.

@ denotes significance at the 1% level.

® denotes significance at the 5% level.

¢ denotes significance at the 10% level.
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Table 4. The relation between the house price momtmm and the subsequent price
change

Panel A. Deciles of the Rof the house price momentum variables

1985:1- 1985:1- 1985:1- 2006:2-

2006:2 2006:2 2006:2 2008:3
R? of percentage
R? of overall fundamental R?of momentum changes in
variables variables variables house price
decile 1 0.689 0.140 0.549 -11.157
decile 2 0.624 0.173 0.451 -0.824
decile 3 0.567 0.178 0.388 -2.134
decile 4 0.564 0.253 0.310 -4.183
decile 5 0.496 0.225 0.271 3.002
decile 6 0.487 0.267 0.220 3.084
decile 7 0.503 0.328 0.174 2.404
decile 8 0.439 0.312 0.127 4,798
decile 9 0.335 0.260 0.075 3.633
decile 10 0.326 0.286 0.040 5.078

We estimate the regression models of the percerta@ges in house prices as a function of fundaahent
variables as well as house price momentum varighasse price changes in the previous four quarters
for each of the 50 US states. Then, we measurevieéof speculation using the? Bf the price momentum
variables for each of the 50 U.S. states. Nextgdiwiele the states into deciles based on theffthe
momentum variables.

Panel B. The OLS model of the subsequent house peichanges as a function of the
R? of the house price momentum across the 50 U.S. s

Model 1 Model 2
R? of price momentum variables
(1985:1-2006:2) -17.147(-2.23)°
R? of fundamental variables
(1985:1-2006:2) 1.377 (0.120)
constant 5.033 (2.110)° 0.142 (0.050)
R? 0.092 0.000
adjusted R 0.073 -0.020

The dependent variable is the percentage chante imouse price between 2006:2-2008:3.
The explanatory variable of Model 1 is thé dRthe momentum variables (1985:1-2006:2).
The explanatory variable of Model 2 is thé dkthe fundamental variables (1985:1-2006:2).
t- statistics are shown in parenthesis.

@ denotes significance at the 1% level.

® denotes significance at the 5% level.
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Table 5. Comparison of bubble sizes between the 7-1998:2 period and the

1998:3-2008:Q3 period

Peak-US Average

% Deviation

State 1975:1-1998:2 1998:3-2008:Q3 1975:1-1998:2 1998:3-2008:Q3
Hawaii 8.93 12.96 190.71 276.97
California 4.08 8.98 87.24 191.79
Nevada 0.93 3.84 19.96 82.01
Arizona 0.26 3.61 5.51 77.05
Oregon 1.05 3.56 22.41 75.96
Rhode Island 1.81 3.31 38.68 70.81
Louisiana -0.89 3.25 -19.04 69.34
Washington 1.08 3.24 23.10 69.25
Utah 2.08 3.24 4451 69.21
New Jersey 1.70 3.01 36.37 64.23
Massachusetts 1.81 2.90 38.61 61.92
Maryland 0.84 2.73 17.84 58.23
Washington DC 0.36 2.67 7.69 57.03
Florida -0.48 2.36 -10.30 50.49
New York 0.93 2.23 19.85 47.54
Virginia 0.43 1.85 9.23 39.51
Delaware 0.67 1.78 14.34 37.93
New Hampshire 1.20 1.74 25.71 37.20
Alaska 0.45 1.71 9.57 36.52
Connecticut 1.74 1.43 37.14 30.53
Colorado 0.40 1.40 8.48 29.83
Vermont 0.83 1.33 17.74 28.50
New Mexico 0.81 1.33 17.39 28.38
Idaho 0.24 1.27 5.17 27.09
Maine 0.49 1.00 10.56 21.28
Montana 0.04 0.94 0.75 20.09
Minnesota -0.73 0.66 -15.56 14.06
lllinois -0.19 0.62 -4.02 13.18
Georgia -0.15 0.21 -3.23 4.53
Wisconsin -0.57 0.07 -12.18 1.45
North Carolina -0.22 0.05 -4.76 1.11
South Carolina -0.40 -0.07 -8.61 -1.52
Michigan -0.82 -0.18 -17.44 -3.82
Pennsylvania -0.42 -0.20 -9.06 -4.21
Ohio -0.79 -0.62 -16.88 -13.16
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Wyoming
Tennessee
Missouri
Alabama
Kentucky
West Virginia
Mississippi
Indiana
Arkansas
South Dakota
North Dakota
Nebraska
lowa

Texas
Kansas

Oklahoma

-0.69
-0.71
-0.99
-0.73
-0.88
-1.04
-0.75
-0.93
-1.01
-1.21
-1.16
-1.36
-1.36
-1.02
-1.44
-1.50

-0.62
-0.65
-0.72
-0.75
-0.76
-0.80
-0.87
-0.96
-1.01
-1.21
-1.24
-1.34
-1.34
-1.38
-1.42
-1.56

-14.72
-15.11
-21.15
-15.68
-18.70
-22.29
-15.94
-19.91
-21.54
-25.92
-24.70
-29.04
-28.97
-21.71
-30.83
-32.12

-13.25
-13.85
-15.30
-16.05
-16.22
-17.14
-18.50
-20.53
-21.52
-25.81
-26.56
-28.53
-28.59
-29.47
-30.43
-33.33
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Table 6. The effect of the subprime mortgages on ¢hhouse price bubble using the
two- stage least squares analysis.

variables first equation second equation

constant -1.03 (-3.72)2 5.82 (5.50F%

ratio of the subprime originations to all

55.25 (7.51)%
mortgage loans

fitted deviation from the state average PIR -6.968.36)°
R? 0.55 0.59
adjusted R 0.54 0.58

& denotes significance at the 1% level.
® denotes significance at the 5% level.

The deviation from the period state average Pisisnated in the first stage and the estimatedegadue
used to estimate the house price change betwedh280d 2008:3 in the second stage. Instrument
variable is the ratio of subprime originations peusing units by state in 2005. Hawaii and Alasiea a
excluded in the sample because we can not geativeof subprime originations per housing unitse Th
statistics are shown in parentheses.
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Table 7. The estimation of price elasticity of buble states
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Figure 1. Cycles in the US house price.
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The shaded area is from 2006:2 to 2008:3.
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Figure 2. Bubble states

The largest PIR deviation states are Hawaii (H§lif6rnia (CA), Washington (WA), Arizona
(AZ), Nevada (NV), Oregon (OR), Rhode Island (Rf)ashington D.C. (DC), Florida (FL), New
Jersey (NJ), which are indicated with the horizblnas. States which experienced the largest
subsequent house price drops from 2006:2 to 200@:&alifornia (CA), Nevada (NV), Florida
(FL), Arizona (AZ), Rhode Island (RI), Michigan (MIMassachusetts (MA), New Hampshire
(NH), Montana (MN), New Jersey (NJ), are indicateth vertical lines. The states which
experienced the largest PIR deviation, then, tigekt price drop are California (CA), Nevada
(NV), Arizona (AZ), Florida (FL), New Jersey (NM@&Rhode Island (RI) and they are indicated
by meshed lines.
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Figure 3. Actual prices vs. forecasted prices
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Solid line: actual housing prices ; dotted linaeftasted house prices; vertical line is 2006:2.
We use in-sample forecasting method. The house pdaation is the one used in Table 2. Using the
model estimates for 1985:1-2003:4, we forecast équises for 2004:1-2008:3.
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Appendix 1. Data descriptions and sources

variables explanations sources

house price index (HPI) the OFHEO house price index for the U.S. OFHEO (www.ofheo.gov)
and all states from OFHEO

consumer price index all states from the US Census Bureau US CensusaBu(census.gov)

(CPI)

total household incomeall states from Bureau of Economic AnalysiBureau of Economic Analysis

(TPY) (ea.gov)

population (POP) all states from Bureau of Econofirialysis Bureau of Economic Analysis
(bea.gov)

construction cost index Means Construction Cost index

(CC) by RS Means Company
(constructionbook.com)

new housing units all states from the US Censugs®ur US Census Bureau (census.gov)

employment rate all states from the Bureau of Labor Statistics Ruref Labor Statistics

(data.bls.gov)

unemployment rate all states from the Bureau obk&iatistics Bureau of Labor Statistics
(data.bls.gov)

federal funds rates CRSP

prime lending rates CRSP

Treasury notes rates yields on 10-year treasumgsnot CRSP

S&P/Case-Shiller Case-Shiller Home Price Indices (from Case-Shiller Home Price

Home Price Indices January, 1987 to September, 2008) Indices (homepricr.
standardandpoors.com)

mortgage rates 30-year conforming fixed mortgage rates Freddie Mae

from Freddie Mae (freddiemac.com)

stock market valuation NYSE-Amex-NASDAQ value weighted CRSP
price index from CRSP
volume of subprime originations as a share of housing units by 2006 Mortgage Market
mortgage loans State, 2005 Statistical Annual
(www.imfpubs.com)
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Appendix 2. The percentage changes in the median te prices for the 2004:1-
2006:2 period and the 2006:2-2008:3 period for the0 U.S. states

(A)

(B)

©

(%)

(E)

median house
price in 2004:1

median house

median house

price in 2006:2 price in 2008:3

percentage percentage

changes
between

changes
between

2004:1 and 2006:2 and

2006:2 2008:3
Alabama 99,794 118,375 130,186 18.62 9.98
Alaska 178,193 233,944 250,612 31.29 7.12
Arizona 155,174 258,010 221,327 66.27 -14.22
Arkansas 86,297 102,207 105,781 18.44 3.50
California 342,931 526,724 389,239 53.59 -26.10
Colorado 208,543 233,548 233,528 11.99 -0.01
Connecticut 237,474 303,299 289,582 27.72 -4.52
Delaware 181,380 244,405 249,757 34.75 2.19
Florida 156,921 251,365 204,281 60.19 -18.73
Georgia 136,639 155,576 155,124 13.86 -0.29
Hawaii 400,873 632,970 631,233 57.90 -0.27
Idaho 124,343 175,626 183,760 41.24 4.63
lllinois 165,545 201,334 201,312 21.62 -0.01
Indiana 108,223 117,111 118,564 8.21 1.24
lowa 97,644 109,039 112,249 11.67 2.94
Kansas 99,327 110,801 114,152 11.55 3.02
Kentucky 101,910 114,828 119,134 12.68 3.75
Louisiana 101,985 124,728 134,042 22.30 7.47
Maine 144,633 179,952 182,364 24.42 1.34
Maryland 214,479 323,426 310,437 50.80 -4.02
Massachusetts 285,670 337,827 306,170 18.26 -9.37
Michigan 138,640 148,071 128,952 6.80 -12.91
Minnesota 173,427 203,678 190,988 17.44 -6.23
Mississippi 82,669 97,202 107,557 17.58 10.65
Missouri 111,204 128,774 129,778 15.80 0.78
Montana 127,243 167,217 183,689 31.42 9.85
Nebraska 101,631 112,877 114,254 11.06 1.22
Nevada 199,866 312,448 235,622 56.33 -24.59
New Hampshire 204,916 251,060 234,275 22.52 -6.69
New Jersey 259,981 355,775 337,086 36.85 -5.25
New Mexico 128,590 170,046 182,135 32.24 7.11
New York 222,639 290,035 280,886 30.27 -3.15
North Carolina 126,820 148,690 160,037 17.25 7.63
North Dakota 89,899 109,750 120,422 22.08 9.72
Ohio 121,888 131,199 125,854 7.64 -4.07
Oklahoma 84,420 95,787 102,300 13.47 6.80
Oregon 185,527 266,454 277,314 43.62 4.08
Pennsylvania 126,260 163,056 166,506 29.14 2.12
Rhode Island 225,257 295,472 256,409 31.17 -13.22
South Carolina 112,979 134,637 144,168 19.17 7.08
South Dakota 95,942 112,305 121,744 17.05 8.40
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Tennessee 107,671 126,228 135,768 17.23 7.56
Texas 97,498 110,073 121,061 12.90 9.98
Utah 161,003 206,509 232,992 28.26 12.82
Vermont 151,809 203,158 210,724 33.82 3.72
Virginia 176,388 254,700 250,562 44.40 -1.62
Washington 206,350 290,631 309,703 40.84 6.56
West Virginia 86,847 104,846 106,206 20.72 1.30
Wisconsin 137,348 162,387 162,143 18.23 -0.15
Wyoming 122,732 160,191 187,389 30.52 16.98
mean 158,098 207,401 203,099
median 137,348 170,046 183,689
min 82,669 95,787 102,300
max 400,873 632,970 631,233
range 318,205 537,183 528,934
SD 68,244 110,555 98,101
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Appendix 3. Deviation from the state average PIR aa measure of bubble for the 50
U.S. states

(A) (B) © (D) (E)

state 2006:2 deviation from  deviation from  Percentage
average PIR the state average the US average house price

PIR PIR PIR changes

(C)=(B)-(A) (D)= (B)-US between
average 2006:2 and

2008:3

Alabama 4.39 3.81 -0.58 -0.87 9.98
Alaska 5.33 6.30 0.97 1.62 7.12
Arizona 5.57 8.29 2.72 3.61 -14.22
Arkansas 414 3.67 -0.47 -1.01 3.50
California 7.44 13.66 6.22 8.98 -26.10
Colorado 5.36 6.07 0.71 1.39 -0.01
Connecticut 5.27 6.11 0.83 1.43 -4.52
Delaware 4.89 6.34 1.45 1.66 2.19
Florida 474 7.04 2.30 2.36 -18.73
Georgia 4.82 4.89 0.07 0.21 -0.29
Hawaii 10.81 17.64 6.83 12.96 -0.27
Idaho 5.15 5.89 0.74 1.21 4.63
lllinois 4,57 5.28 0.72 0.60 -0.01
Indiana 4.01 3.62 -0.39 -1.06 1.24
lowa 3.55 3.27 -0.29 -1.41 2.94
Kansas 3.60 3.21 -0.39 -1.47 3.02
Kentucky 4.10 3.92 -0.18 -0.76 3.75
Louisiana 454 4.04 -0.50 -0.64 7.47
Maine 4,50 5.57 1.06 0.89 1.34
Maryland 5.25 7.36 211 2.68 -4.02
Massachusetts 5.48 7.40 1.92 2.72 -9.37
Michigan 3.89 4.39 0.50 -0.29 -12.91
Minnesota 4.45 5.28 0.83 0.60 -6.23
Mississippi 4.39 3.68 -0.71 -1.00 10.65
Missouri 3.90 3.94 0.04 -0.74 0.78
Montana 4.58 5.55 0.97 0.87 9.85
Nebraska 3.69 3.29 -0.40 -1.39 1.22
Nevada 5.83 8.46 2.63 3.78 -24.59
New Hampshire 5.08 6.38 1.30 1.70 -6.69
New Jersey 5.46 7.69 2.22 3.01 -5.25
New Mexico 5.60 5.80 0.19 1.12 7.11
New York 4.93 6.91 1.98 2.23 -3.15
North Carolina 4.78 4.67 -0.11 -0.01 7.63
North Dakota 3.89 3.37 -0.52 -1.31 9.72
Ohio 4.10 3.96 -0.14 -0.72 -4.07
Oklahoma 3.81 3.00 -0.81 -1.68 6.80
Oregon 5.40 8.01 2.61 3.33 4.08
Pennsylvania 3.94 4.48 0.54 -0.20 2.12
Rhode Island 5.43 7.93 2.50 3.25 -13.22
South Carolina 4.65 4.59 -0.06 -0.09 7.08
South Dakota 3.67 3.32 -0.35 -1.36 8.40
Tennessee 4.26 3.91 -0.35 -0.77 7.56
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Texas 4.07 3.24 -0.83 -1.44 9.98

Utah 6.34 7.21 0.88 2.53 12.82
Vermont 5.03 6.01 0.98 1.33 3.72
Virginia 5.00 6.53 1.53 1.85 -1.62
Washington 5.46 7.92 2.46 3.24 6.56
West Virginia 4.25 3.84 -0.40 -0.84 1.30
Wisconsin 4.26 4.70 0.44 0.02 -0.15
Wyoming 4.17 3.98 -0.19 -0.70 16.98

Column (A) shows the state average PIR, columrsf®ws 2006:2 state PIR and column (C)
shows the size of the bubble using the 2006:2 tdewidrom the state average PIR and column
(D) shows the 2006:2 deviation from the US aveflge Column (E) shows the percentage
changes in median house prices for 2006:2-2008:3.
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Appendix 4. Explanatory power of momentum variabledor house price changes
using the 1985:1-2006:2 data for the 50 U.S. States

1985:1- 1985:1- 1985:1- 2006:2-
2006:2 2006:2 2006:2 2008:3
R® of house
R? of price Percentage
R? of overall  fundamental momentum changes in
variables variables variables house prices
Alabama 0.520 0.468 0.052 9.98
Alaska 0.046 0.018 0.027 7.12
Arizona 0.575 0.269 0.307 -14.22
Arkansas 0.416 0.358 0.057 3.50
California 0.697 0.124 0.572 -26.10
Colorado 0.552 0.149 0.403 -0.01
Connecticut 0.688 0.153 0.534 -4.52
Delaware 0.614 0.214 0.401 2.19
Florida 0.668 0.413 0.256 -18.73
Georgia 0.556 0.393 0.163 -0.29
Hawaii 0.616 0.186 0.430 -0.27
Idaho 0.393 0.219 0.174 4.63
lllinois 0.449 0.264 0.185 -0.01
Indiana 0.372 0.324 0.049 1.24
lowa 0.176 0.081 0.095 2.94
Kansas 0.460 0.306 0.155 3.02
Kentucky 0.395 0.378 0.017 3.75
Louisiana 0.509 0.318 0.191 7.47
Maine 0.524 0.207 0.317 1.34
Maryland 0.682 0.288 0.394 -4.02
Massachusetts 0.724 0.228 0.496 -9.37
Michigan 0.507 0.180 0.326 -12.91
Minnesota 0.534 0.356 0.178 -6.23
Mississippi 0.301 0.234 0.067 10.65
Missouri 0.511 0.260 0.252 0.78
Montana 0.231 0.106 0.125 9.85
Nebraska 0.427 0.331 0.095 1.22
Nevada 0.577 0.270 0.307 -24.59
New Hampshire 0.685 0.171 0.514 -6.69

43



New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin

Wyoming

0.687
0.545
0.653
0.499
0.454
0.477
0.486
0.478
0.613
0.690
0.423
0.321
0.528
0.453
0.568
0.573
0.712
0.515
0.201
0.357
0.327

0.106
0.362
0.199
0.388
0.229
0.379
0.312
0.060
0.193
0.146
0.366
0.063
0.383
0.165
0.271
0.250
0.435
0.060
0.161
0.296
0.050

0.581
0.183
0.454
0.110
0.225
0.098
0.174
0.418
0.420
0.544
0.057
0.258
0.146
0.288
0.297
0.323
0.278
0.455
0.040
0.061
0.277

-5.25
7.11
-3.15
7.63
9.72
-4.07
6.80
4.08
2.12
-13.22
7.08
8.40
7.56
9.98
12.82
3.72
-1.62
6.56
1.30
-0.15
16.98
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Appendix 5. Deviation from mean price-to-income rabs as a measure of bubble.

Panel A. Sub Period(1975:1-1998:2)

(A) (B) ©) (D) (E) (F)
Peak-US Quarter of

Trough Peak Average  Average % Deviation Peak
Alabama 3.66 3.95 3.80 -0.73 -15.68 1989:4
Alaska 3.75 5.13 4.44 0.45 9.57 19964
Arizona 4.70 4.94 4.82 0.26 5,51 1996:1
Arkansas 3.36 3.67 3.52 -1.01 -21.54 19894
California 6.34 8.76 7.55 4.08 87.24 19894
Colorado 4.23 5.08 4.65 0.40 8.48 1995:4
Connecticut 4.13 6.42 5.27 1.74 37.14 19894
Delaware 4.31 5.35 4.83 0.67 14.34 1990:1
Washington DC 3.60 5.04 4.32 0.36 7.69 19894
Florida 3.76 4.20 3.98 -0.48 -10.30 19894
Georgia 3.93 4.53 4.23 -0.15 -3.23  1991:2
Hawaii 10.54 13.61 12.07 8.93 190.71  1995:3
Idaho 4.14 4,92 4,53 0.24 5.17 1994:1
lllinois 4.13 4.49 4.31 -0.19 -4.02 19911
Indiana 3.58 3.75 3.67 -0.93 -19.91  1993:3
lowa 3.01 3.32 3.17 -1.36 -28.97 1989:4
Kansas 2.91 3.24 3.08 -1.44 -30.83 19894
Kentucky 3.57 3.81 3.69 -0.88 -18.70  1989:4
Louisiana 3.51 3.79 3.65 -0.89 -19.04 19894
Maine 3.78 5.17 4.48 0.49 10.56 1989:4
Maryland 453 5.52 5.02 0.84 17.84 1989:4
Massachusetts 4.70 6.49 5.59 1.81 38.61 19974
Michigan 3.43 3.86 3.65 -0.82 -17.44  1993:3
Minnesota 3.66 3.95 3.81 -0.73 -15.56 1990:1
Mississippi 3.46 3.93 3.70 -0.75 -15.94 19894
Missouri 3.32 3.69 3.50 -0.99 -21.15 1996:1
Montana 3.58 4.72 4.15 0.04 0.75 1994:3
Nebraska 3.10 3.32 3.21 -1.36 -29.04 19914
Nevada 4.96 5.61 5.29 0.93 19.96 1989:4
New Hampshire 3.88 5.88 4.88 1.20 25.71 19894
New Jersey 4,54 6.38 5.46 1.70 36.37 19954
New Mexico 4.83 5.49 5.16 0.81 17.39 1989:4
New York 4,22 5.61 4,91 0.93 19.85 1989:4
North Carolina 4,12 4.46 4.29 -0.22 -4.76 1989:4
North Dakota 3.14 3.52 3.33 -1.16 -24.70  1996:1
Ohio 3.67 3.89 3.78 -0.79 -16.88  1995:4
Oklahoma 3.02 3.18 3.10 -1.50 -32.12 19974
Oregon 4.15 5.73 4.94 1.05 22.41 19894
Pennsylvania 3.45 4.26 3.85 -0.42 -9.06  1989:4
Rhode Island 4.52 6.49 5.51 1.81 38.68 19894
South Carolina 3.93 4.28 4.10 -0.40 -8.61 1995:2
South Dakota 3.05 3.47 3.26 -1.21 -25.92 1989:4
Tennessee 3.55 3.97 3.76 -0.71 -15.11 19894
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Texas 3.00 3.66 3.33 -1.02 -21.71 19974
Utah 4.89 6.76 5.83 2.08 4451 19894
Vermont 417 5.51 4.84 0.83 17.74 1989:4
Virginia 4.20 5.11 4.66 0.43 9.23 19954
Washington 5.07 5.76 5.42 1.08 23.10 1990:1
West Virginia 3.44 3.64 3.54 -1.04 -22.29 1995:3
Wisconsin 3.71 4.11 3.91 -0.57 -12.18  1995:4
Wyoming 3.08 3.99 3.54 -0.69 -14.72  1996:1
Panel B. Sub Period(1998:3-2008:3)
(A) (B) ©) (D) (E) (F)
Peak-US % Quarter
Trough Peak Average  Average Deviation  of Peak
Alabama 3.60 3.93 3.74 -0.75 -16.05 2007:1
Alaska 4.81 6.39 5.49 1.71 36.52 2007:2
Arizona 4.75 8.29 6.06 3.61 77.05 2006:2
Arkansas 3.35 3.67 3.46 -1.01 -21.52 2006:2
California 6.48 13.66 9.62 8.98 191.79 2006:2
Colorado 5.01 6.08 5.67 1.40 29.83 2005:4
Connecticut 4.10 6.11 5.06 1.43 30.53 2006:2
Delaware 4.29 6.46 5.26 1.78 37.93 2007:1
Washington DC 3.70 7.35 5.35 2.67 57.03 2006:3
Florida 3.76 7.04 5.07 2.36 50.49 2006:2
Georgia 4.01 4.89 4.49 0.21 453 2006:2
Hawaii 9.73 17.64 13.09 12.96 276.97 2006:2
Idaho 4.42 5.95 5.03 1.27 27.09 2006:3
lllinois 4.11 5.30 4.71 0.62 13.18 2007:1
Indiana 3.46 3.72 3.63 -0.96 -20.53 2001:4
lowa 3.07 3.34 3.24 -1.34 -28.59 2003:1
Kansas 2.99 3.26 3.16 -1.42 -30.43 2003:2
Kentucky 3.59 3.92 3.78 -0.76 -16.22 2006:2
Louisiana 3.60 7.93 3.89 3.25 69.34 2005:3
Maine 3.77 5.68 4.74 1.00 21.28 2005:4
Maryland 4.35 7.41 5.65 2.73 58.23 2007:1
Massachusetts 4.76 7.58 6.31 2.90 61.92 2005:4
Michigan 3.64 4.50 4.21 -0.18 -3.82 2005:1
Minnesota 3.70 5.34 4.62 0.66 14.06 2005:4
Mississippi 3.43 3.81 3.56 -0.87 -18.50 2007:1
Missouri 3.31 3.96 3.67 -0.72 -15.30 2006:1
Montana 4.34 5.62 4.85 0.94 20.09 2006:3
Nebraska 3.03 3.35 3.25 -1.34 -28.53 2005:3
Nevada 4.72 8.52 6.20 3.84 82.01 2006:1
New Hampshire 3.90 6.42 5.31 1.74 37.20 2005:4
New Jersey 452 7.69 6.06 3.01 64.23 2006:2
New Mexico 4.72 6.01 5.24 1.33 28.38 2007:3
New York 4.19 6.91 5.56 2.23 47.54 2006:2
North Carolina 4.07 4.73 4.40 0.05 1.11 2008:2
North Dakota 2.98 3.44 3.17 -1.24 -26.56 2007:1
Ohio 3.52 4.06 3.88 -0.62 -13.16  2005:3
Oklahoma 2.76 3.12 2.99 -1.56 -33.33  2003:1
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Oregon 5.46 8.24 6.56 3.56 75.96 2007:2
Pennsylvania 3.32 4.48 3.86 -0.20 -4.21 2006:2
Rhode Island 4,51 7.99 6.20 3.31 70.81 2006:1
South Carolina 3.93 4.61 4.28 -0.07 -1.52 2008:2
South Dakota 3.12 3.47 3.24 -1.21 -25.81 2007:1
Tennessee 3.60 4.03 3.78 -0.65 -13.85 2007:4
Texas 2.97 3.30 3.15 -1.38 -29.47 2003:1
Utah 6.14 7.92 6.70 3.24 69.21 2007:4
Vermont 4.08 6.01 4.91 1.33 28.50 2006:2
Virginia 4.11 6.53 5.16 1.85 39.51 2006:2
Washington 5.25 7.92 6.41 3.24 69.25 2006:2
West Virginia 3.34 3.88 3.56 -0.80 -17.14 2005:4
Wisconsin 3.88 4.75 4.31 0.07 1.45 2005:4
Wyoming 3.39 4.06 3.68 -0.62 -13.25 2006:3
Panel C. Deciles of Sub Period(1975:1-1998:2)

Trough Peak Average Difference Change
decile 1 5.685 7.941 6.634 1.307 -0.296
decile 2 4.207 5.794 4.884 0.910 -0.274
decile 3 4.079 5.283 4.742 0.541 -0.227
decile 4 3.843 4.674 4.268 0.406 -0.179
decile 5 4.000 4,767 4.417 0.350 -0.162
decile 6 3.516 3.995 3.727 0.268 -0.118
decile 7 3.713 4.102 3.889 0.213 -0.096
decile 8 3.633 4,011 3.824 0.188 -0.092
decile 9 3.564 3.849 3.712 0.136 -0.074
decile 10 3.683 3.878 3.786 0.091 -0.050

Panel D. Deciles of Sub Period(1998:3-2008:3)

Trough Peak Average Difference Change
decile 1 5.496 10.563 7.368 5.067 -0.482
decile 2 4.381 7.541 5.856 3.160 -0.420
decile 3 4.583 7.202 5.798 2.620 -0.366
decile 4 4.476 6.435 5.334 1.958 -0.309
decile 5 4.396 5.860 5.046 1.464 -0.251
decile 6 4.065 5.099 4.607 1.034 -0.204
decile 7 3.670 4.373 4.045 0.703 -0.161
decile 8 3.374 3.845 3.591 0.471 -0.123
decile 9 3.208 3.549 3.380 0.340 -0.097
decile 10 3.179 3.467 3.349 0.288 -0.083

47



