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Abstract

We show that local house prices may be driven degrely by the demands of
one identifiable group for several years and theddmands of another group at other
times. We present evidence that house prices inaiilavere subject to such regime
shifts. Prices responded to demands associatedJathincomes and wealth for most
years from 1975 through 2008. For about a decaudtrgj in the middle of the 1980s,
after the Japanese yen appreciated dramaticallya@mahese housing and stock market
wealth soared, however, house prices in Hawaiiaieded to Japanese incomes and
wealth. Estimated models with these regime shiitp@formed conventional, constant-
coefficient models. The regime-shifting model hedaplain why, when, and by how
much the volatility and the elasticities of housegs in Hawaii with respect to the
incomes and wealth of the U.S. and Japan variedtowe.



l. Introduction

We investigate the oft-made observations of re@teprofessionals that, in some
places and times, house prices appear to be davgely by the demands of one
identifiable group of buyers, whose effects ongsioften arise abruptly, prevail for a
time, and then vanish.Our study provides evidence that house pricétaiwaii over
recent decades fit that pattern.

We find that a regime-shifting model, which estigsator each year whether U.S.
demands or Japanese demands but not both, bettemas for house prices in Hawaii
than does a conventional model, which imposes aohsbefficients on U.S. and on
Japanese demands. Estimates of the regime-shiftag! imply that only U.S. demands
affected house prices in Hawaii during the yearg12008, except for the Japanese
“regime”, which we estimated to run from the mid308 through the mid-1990s.
Because the market reflected only Japanese dentfagrdsprices were driven by
Japanese incomes and wealth and their associatgttities. During the Japanese
regime, the implied effects of U.S. incomes, weadthd elasticities on house prices in
Hawaii were zero. In the U.S. regime, the rolesenerersed: Prices were driven by U.S.
demand to the virtual exclusion of effects of Jags@ndemand.

Why might the effects on house prices of one greulgmands rise and fall so far
so fast? If houses can be regarded, in effecteimglsold via auctions, then their sales
prices reflect the demands of the highest biddrrsnot the demands of the lower
bidders. When enough of the winning bidders coramfone identifiable (the “first”)
group for a time, house prices are in a “regimeéwmehonly the first group’s demands

affect prices. The winning bids from the first gpowill affect the sales prices of many



houses directly. Because of the partial substitlifyabf houses, the higher demands of
the first group can also indirectly raise the saleses of many other houses, which are
purchased by those in the second group and by ttasai

While in the first group’s regime, prices changenceensurately with the first
group’s incomes, wealth, elasticities, and any o#agiables that affect their demands. If
the second group’s incomes and wealth rise sufffiiethen the second group’s share of
winning bids can rise dramatically. So can its &@8eon prices. After shifting to a regime
dominated by the second group, prices will be aeitezd by the wealth and other
determinants of demand and the elasticities ofdther group. As a market shifts to the
second regime, the effects of the first group’s deds on prices shift to zero. Regime
shifts then can be a source of time-varying effectsoefficients.

After a market shifts regimes, prices then (butbefbore the regime shift) reflect
the demands of the group who became the highedétsdin the new regime, demands
from the group that formerly had the highest bidder longer affect prices. That is, the
effects on prices, or coefficients, of demand af group rise abruptly and the
coefficients of the other group fall abruptly.

Regime shifts can also be a source of time-varywoigtility of prices (and other
variables) and of the volatility of their unaccoamfor movements. The volatility of
prices depends on the interaction of the volatdtglemand determinants with their
associated elasticities. The volatilities of theedminants of demands may differ
considerably across groups. For example, the weélbhe group may be more volatile
than that of the other group. In addition, demdadteities may differ by group.

Responses of demand to changes in incomes anddntates, for example, may be



smaller for a higher-saving group. Regime shifemtban translate into time-varying
variances of prices and of any other endogenouablas. Differences across groups in
measured determinants are likely to be complemédnyeatifferences in unmeasured
determinants. If so, then regime shifts can alsalpce heteroskedasticity in the
unaccounted-for movements of prices and other blwsa Thus, regime shifts imply that
neither coefficients nor volatilities will be coast over time.

This article is organized as follows. In Sectibwé sketch out an auction-based
model of house prices with two groups of biddenst @odel explains how a group’s
share of the sales of houses can fluctuate draafigtieven when its relative income or
wealth changes only moderately. Section Ill diseasome of the special features of
Hawaii. In Section 1V, we present a constant-caeedfit, reduced-form model of house
prices in Hawaii that serves as benchmark. Sestidascribes the selection and
construction of the variables that we used. Sedfiopresents estimates of several
specifications of the benchmark model, which imgoseights on the demands from the
U.S. and from Japan that do not vary over time.d&tmonstrate in Section VIl that,
despite their successes, the benchmark modelsajlgrexhibit considerable coefficient
instability.

Section VIII explains how we estimated our regirhdtsg model. By various
criteria, we show that the estimated regime-shgftimodel significantly outperforms the
benchmark model. In Section IX, we summarize cuglifigs and argue that regime shifts
might account for effects and volatilities in othienes and in other markets that are time-

varying.



Il. Determining House Prices via Auctions

This section begins by describing briefly featuréthe demand for and supply of
houses in Hawaii that led us to use an auctionebas®lel to explain their prices. We
consider the effects on prices of the demands fiongroups of potential bidders. Our
model implies that the share of houses sold tditsiegroup rises highly nonlinearly with
the relative demand of the first group. The modielgs that the share can rise
dramatically (or negligibly) when the first grouglemand, relative to that of the second
group, rises only moderately. The model furtherliegpthe marginal effect of the first
group’s demand on prices is proportional to itskaashare. Thus, the effect of, and
regression coefficient on, each group’s demandesaronlinearly with its demand

relative to the demand of the other group.

Uncertainties and Auctions

The market for houses in Hawaii has some featurasaion markets and has,
perhaps, more similarities than most markets farskes. Individual houses in Hawalii
(and elsewhere) are indivisible goods and have iomperfect substitutes. In that regard,
they are like objects of fine art, but are unlikeaarel of oil or a bushel of wheat, each of
which have prices that are not posted but thaéssentially determined by auctions. In
many auctions, supply is predetermined. As we Hie&ow, the supply of houses in
Hawaii is severely constrained both by nature anchan.

Given who buys houses in Hawaii, we contend théddxis from the U.S. and
from Japan for houses in Hawaii have relativelgéaincomes and wealth and have large

income and wealth elasticities of demand. We olesthat owners and even visitors to



Hawaii are skewed toward higher incomes and web#ter, we provide some evidence
that elasticities of demand with respect to inc@né wealth are quite high. It would
generally be uncontroversial to use a house in Hasan example of a “luxury good.”
Households with higher incomes, in part becaughef high effective correlations with
capital market incomes, may well also have moratieland more uncertain incomes
and wealth’

The combination of uncertain incomes and wealth twee and large elasticities
can make individual demands for houses in Hawateqguncertain over time. Another
source of demand uncertainty likely stems fromiticemes, wealth, and availability of
imperfectly-substitutable alternative (vacationutes of offshore bidders being heavily
dependent on the (mainland) U.S. and on the Japa&wesomies, which are very distant
and very different from the economy of Hawaii. Clagpwith the low elasticity of
supply, uncertain (i.e., unpredictable) demandscraate significant uncertainties about
the market clearing prices of houses, and espgaétlhdividual houses. One way that
markets sometimes resolve significant uncertairaisit market-clearing prices is to
conduct auctions. Thus, we regard there being geasbns for houses to be sold as if by
auctions and we regard (sealed-bid) auctions afazbry approximations to the actual
sales mechanisms for houses in Hawaii.

We assume that there are enough bidders to rulefimative price collusion. We
assume that bidders are all equally well informi&e. assume that, for each house, each
bidder has a reservation value, which is the mamiramount that bidder is willing to
pay for that house. The maximum amount dependl@bitider’s preferences for the

attributes of each house and the bidder’'s abiitgay. We take the bidder’s income or



wealth to indicate ability to pay. Because bidd#ffer by preferences and by ability to

pay, reservation values differ by bidder.

Bidding, Prices, and Market Shares

The optimal strategy in sealed-bid auctions wittiigent, equally-informed
bidders is to bid one’s reservation vafiiBo simplify our model, we assume that each
bidderj (from the US or Japan, as denoted byllseandJP superscripts) has Cobb-
Douglas preferences. We denote the number of ddemn the U.S. a3’ the number
of bidders from Japan &°. Cobb-Douglas preferences imply that each biddsreh
reservation value for each house at each tjiR¥jj;, that is proportional to the bidder’s
wealth at time, Wi

(1) R\/ijust :”ijusvvjust andR\/ijJPt =,7ijJPV\/jJPt '
For each bidder, that proportion, , varies across houses due to differences across

houses in their attributes, but does not vary tivee. For a particular house, that

proportion, /s, , also varies across bidders due to differencéisein preferences.

Each seller is uncertain aboBf;, the eventual sales price. Uncertainty abigut
can result from sellers’ uncertainties about (1)many people from each countdy®

JJP

andJ™ will bid, (2) what the values of the proportiomg,, are for each bidder for each

house, and (3) what the bidders’ individual wealth, is. As noted above, such
uncertainties often lead to auctions.
Eventually, each housewill be sold at time to the highest bidder at a pride;,

regardless of which country (the U.S. or Japanpiider comes from:



v P, = max[RV,,,...RV.

iJUSt y

RVig 4RV e ]
The probability s;, that the maximum bid is made by a Japanese bigsider
3) 5, = Pr(maxRV,,, ,..RV, ,, P maxRV,, ,..RV .. |

Equations (2) and (3) imply that the expected saties for house is given by
equation (4), which weights the expected maximudnflmm each country by the
probability that bid would be the winning bid:

(4) E(R) = (15, )MaxRVyy . RV e, Tr'§, MaxRVyy, RV, ]

We assume that the expected maximum bid from eaghtry at any time can be
reasonably approximated by a linear function of doaintry’s wealth. The stronger the
preferences for houses in Hawalii, the larger welevexpect the coefficients in equation
(5). Then, for Japan, and analogously for the Ut expected maximum bid is given
by:

(5) E (max[R\/ilt v RV ]) =a) +afw>*

whereW,” is the national wealth of Japan.

The actual prices of houses sold at any time diften their expected prices
because the actual winning bids can differ frometkgected winning bids implied by
eqguation (5). We can collect the difference betwiberactual and expected price of a

house into a disturbance teren, as shown in equation (6):

(6) R=E(R)+e
The actual and expected price of housevitably differ because equation (5),

which contains only one national indicator, doesindude all of the factors that affect

the expected winning bids. Differences also diseause equation (5) omits any



information that is specific to houser that pertains to individual bidders in the two
countries. As a result, the disturbance tezmis a composite of the omitted effects
associated with either country. The variancedhen also would incorporate the
variance of the omitted effects from each country.

Substituting equation (5) from the U.S. and Japahegjuation (4) into equation
(6) and averaging over thénouses sold during timeroduces the equation for the

average price of houses:

@) TYR =Y (@800 + VW) + 5, (@ +a W) )

We denote the average price from equation (P asd the average during timef e; as
e.® We interpres, the average ovérof the probabilities that the highest bidder is
Japanese, as the Japanese share of purchasesof(fleshows that the average price
depends on the Japanese share of purchases ameitie of the U.S. and of Japan:
(8) R=(1-5)@"+a W=)+s(ag +aiW")+e.

Equation (8) shows that the effect of a countryéaith on the average price at
any timet varies positively with the strength of that courgngreferences for houses in
Hawaii and with its share of purchases. Equatigral® shows that a rise in the
Japanese sharg, reduces the effect of U.S. wealth at the same thmat it raises the
effect of Japanese wealth, and vice versa. Nex@heg how the distribution of
preferences and shifts in the relative wealth af deuntries interact. In particular, we
show that the effect of, or coefficient on, a couistwealth can shift dramatically, even

if relative wealth changes only moderately.
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Skewness of Reservation Values

Figure 1 shows distributions of reservation valwéhin a country that are
skewed to the right. There we depict reservatidnesthat are distributed as chi-
squares. The solid line shows a chi-square digtabuhat has a mean equal to 5; the
dashed line shows a chi-square distribution thatshaean equal to 7, which implies a
more skewed distribution. The vertical line is draat a house price equal to 15. The
areas under the two distributions show the shabedofers whose reservation values
are larger than 15. Figure 1 then shows how skesvagds higher bidders. In Figure 1,
for any house price above (approximately) 7, adagipare of bidders from the more
skewed distribution has reservation values thataager than the house price.

One reason that reservation values are likely tskiegved to the right is that
distributions of individual incomes and wealth witimost countries are skewed to the
right. The distribution of preferences is alsoygkely skewed rightward, as
evidenced by some households’ being willing to sipian more of their incomes or
wealth on houses in Hawaii than others are. Anyvslkess of preferences for houses in
Hawaii, thereby, adds to the skewness of the Higions of reservation values that
would arise from skewed income and wealth distidns’

Shifts in the relative wealth of two countries charthe probability for each
country that the maximum (winning) bid for a hogsenes from that country.
Separately, a widespread increase in the prefesesrde the skewness of preferences in
a country for houses in Hawaii would also increthgereservation values and resulting

probabilities.
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Shifting Wealth and Mar ket Shares

Figure 2 illustrates how the probability that theaming bid comes from country
B rises as country B’s wealth rises. To highlidig effects of relative wealth on the
calculated probabilities in Figure 2, we made nesgon values for each individual in
each country the same proportion of each individuakalth. We assume that wealth in

Country A has a chi-squared distribution with a mequal to 5, i.e.x*(5). To show

how relative wealth affects the probabilities, &imals the market shares, we calculated
the probability for a range of values of the meathe chi-squared distribution of wealth
in country B from 0.25 to 12. The population of theited States is about double that of
Japan. The total numbers of actual and potentildss for each house typically might
be quite large. Therefore, Figure 2 presents tbbaiilities that would be implied by 100
random draws from the wealth (and thus reservatabne) distribution of Country A and
50 random draws from the wealth distribution of Gy B2 Figure 2 shows that, even
when the means of the wealth distributions of W@ ¢ountries A and B are equal to 5,
having fewer bidders implies that the probabilityle winning bid coming from

Country B is noticeably less than 0.50.

The probabilities of a winning bid coming from CaynB trace out an S-shape as
the wealth of Country B rises. The probabilitieammtpe most dramatically when the mean
of Country B’s wealth, and thus its reservatiorueal, is closer to Country A’'s mean. If
country B’s wealth rises enough relative to the Weslth, the probabilities of a bidder

from B winning each house auction asymptoticallgrapches 1.00 (i.e., 100 percent).
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Similarly, a country whose bidders had prefererioesouses in Hawaii that
strengthened over time would have increasinglydangrrginal effects on prices.

The probabilities in Figure 2 also serve as esesafs, the share of all houses
sold to bidders from Country B. Thus, Figure 2 sedww considerably the share, which
equation (8) shows determines the marginal effeot coefficient on prices of a
country’s wealth, rises over the range of its re&g wealth. As Country B’s relative
wealth ranges from nearly zero to over 10, Figush@ws that the probabilities, and thus
s, rise from nearly zero to 100 percent, implyingttthe effects on prices of changes in
Country B’s wealth range from nearly zero to banegrly the only factor that affects
prices.

Below we analyze an especially dramatic shift iafioients. We analyze
whether the shifts in the relative wealth of th&land Japan have been large enough
that the prices of houses in Hawaii acted as if there determined completely by
bidders from the U.S. for some years, but were detaly determined by bidders from
Japan for other years. We find evidence that hpuses in Hawaii were better
accounted for when we allowed for dramatic “regshédts” of coefficients than when

we specified constant (but different) coefficieatsthe wealth of the U.S. and Japan.

. Hawaii Is Ideal

Demand for Houses in Hawaii

In many ways, the market for houses in Hawaii isdaal setting for detecting

regime shifts. Located nearly in the middle of Beific Ocean, Hawaii is 2,500 miles
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from the U.S. mainland and 3,800 miles from Tokyapan. The climate, beaches,
culture, scenery, and entertainment in Hawaii ersiong demand for its houses. Two
large, identifiable groups dominate the offshormded for houses in Hawaii, the
residents of Japan and the residents of the (nmalhldnited States. There is no
significant source of offshore demand for houseddamwaii that is nearer than the U.S.
mainland or Japan. The per-capita incomes and lwehthe residents of Hawaii's two
closest and important neighbors, the mainland &h8.Japan, were also two of the
highest in the world.Relative to the populations of the mainland Ur&l dapan, the
number of houses available for sale in Hawaii iglém

The demands of these two groups were not highlyetaied in recent decades.
Per-capita incomes and wealth in Japan and in tBewkre all volatile but not highly
correlated with that of the other country over plast three decades. Starting in about
1986, land values and stock prices in Japan begaset, as did the Japanese yen relative
to the U.S. dollar. As a result, Japanese incomdsaeealth (in U.S. dollars) rose
suddenly and grew rapidly. With the collapse oBgset values and subpar GDP
performance in the 1990s, however, Japan sufferadjar reversal of fortune and
endured a “lost decade” and more. The 1990s wekengfly different for the U.S.: Real
GDP grew rapidly, and, by the late 1990s, the Q&8l. its own asset price boom, with

enormous increases in (mainland) real estate amtyadglues.

Supply of Houses in Hawalii

The supply of houses in Hawaii is constrained tymaand by man. The price-

elasticity of the supply of houses in Hawaii il to be especially low for two reasons.
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First, the mountains and the ocean severely limgitamount of potentially buildable land
in this small U.S. state. Second, for historicals@ns, a very large share of all land in
Hawaii is held in public trust or owned by the palslector'® Consistent with strong
demand and supply that is quite inelastic with eespo house prices, the median house
price in Hawaii is about three times the medianttierU.S. as a whole.

The relatively inelastic supply of houses, coupietth the large magnitude, the
volatility, and the low correlation of demands frohne U.S. and Japan, suggest that house
prices in Hawaii might respond strongly to U.St Wweakly to Japanese, demand before
the years of the Japanese “bubble economy” anditftend. Conversely, prices might
have been determined almost completely by demamd Japan during the years of the

bubble economy. That is, there may have been regjmifies.

Endogeneity of Local Demand for Houses

Hawaiian residents own and buy more houses in Halan the two large groups
of offshore demanders dbThus we need to consider their role in the denfantiouses
in Hawaii.

Hawaii is not only geographically distinct, butdtalso economically distinct. Of
the 50 states, Hawaii’s economic activity is amtngleast correlated with aggregate
U.S. economic activity. One reason for the lackafelation is that the Hawaiian
economy’s sectoral composition differs considerdfayn that of the mainland U.S.
economy and from the economy of Japan. At the €¢20@6, for example, the share of
employment in manufacturing was less than 3 perncedawaii, while manufacturing

accounted for 10 percent of total U.S. employmeult B8 percent of total Japanese
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employment. While 17 percent of Hawaiian employeesked in the leisure and
hospitality sector, only 10 percent of U.S. empks/and 5 percent of Japanese
employees worked in that sectdrAlthough Hawaiian per-capita incomes were similar
to those in the rest of the U.S. at about $35,80005, Hawaiian residents had
homeownership rates in 2005 that were only aboyteBfent, compared with 69 percent
in the U.S.

Thus, Hawaiian incomes and wealth are unusuallgiégnt, directly and
indirectly, on the leisure and hospitality secttronger demand in that sector directly
raises many Hawaiians’ incomes and wealth, whigpleis generally across the Hawaiian
economy and population. Therefore, we took thervasen values fueled by incomes
and wealth, or demand, for houses by Hawaiian eassoto be primarily determined
endogenously by demand for the output of the leisund hospitality sector, which in
turn was driven primarily by visitors from Japardahe United States. Their visits and
expenditures while there, in turn, were driven liy ¢onditions in the distant, U.S. and
Japanese economies. Because it was endogenousHawaaiian demand for houses was
incorporated into but did not appear directly ia teduced forms for house prices that we

develop further below.

Reverberations of Concentrated Demand

Even if they were concentrated near the perimdtdreoHawaiian islands,
offshore demands could affect, not just house prizethe perimeter but, the prices of
many more houses in the geographically small stltéawaii. The urban structure model

of Capozza and Helsley (1990) shows that the hprse-distance gradient reflects the
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costs associated with physical distance. In thalusase, property prices decline
monotonically with distance from an urban employtrmmter. The Hawaiian analog to
the urban center is perhaps the beach. Indeed, weayhigh-priced houses are not near
the urban center, but instead are near the penismetéhe islands. The houses that sit
along a distance-to-the-beach gradient are impiyfdmit somewhat, substitutable.
Given the inelastic supply of houses at any givstadce from the beach, increased
offshore demand for beachfront or any other housetawaii would directly raise the
prices of those houses. Those higher prices wiald indirectly raise the prices of other,
somewhat substitutable houses as the upward sbhqaeimeter prices reverberated

along the price gradient.

IV. A Constant-Coefficient, Reduced-Form Model of Hous®rices
Before we estimate a regime-shifting model in thgtrsection, here we specify
and then estimate a conventional model of housegthat implies reduced-form
coefficients that are constant over time. The P&kox (1991) model of the supply of
and demand for houses is one example of a moddethds to reduced forms whose

coefficients are constant over time. They assuraethie supply of house®, depends

positively on the price of houseB)(
) Q°=¢,+¢P.
When exogenous demand comes from the U.S. and,Jhpaiotal demand for houses,

QP, depends positively on the wealth of each coumfy,andW"S, and negatively on the

price of housesH). The inverted demand function for houses can beewritten as:

(10) P=g,+6W"+oW* -6Q°.
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Equating demand and supply and inserting (9) i@ produces (11), the reduced form

for the price of house®:

1) p=(90‘93¢oj+( 6, ijS+(_91 jw
1+ 69, 1+ 64, 1+ 04,

Since the supply and demand functions are lineahane parameters, tige's

and thef 's, that are constant, the reduced form for the pfdeousesP, has constant

coefficients. The reduced form in (11) can be r&emiin terms of constant reduced-form

coefficients as equation (13:

(12) P=y, +yW"+yw”>,
0 1 2

V. Data for House Prices and Demand
In this section we describe the selection and coasbn of house price, wealth,
income variables that we use to estimate reduced-foodels of the prices of houses in

Hawaii.

House Pricesin Hawalii, the United States, and in Japan

Figure 3 shows indexes of house prices in real do8ars for three places:
Hawaii, the U.S., and Japan. For Hawaii and the,W8 used the annual Federal
Housing Finance Agency (FHFA) nominal house primekes:* We divided those
nominal house prices by the consumer price index@molulu and for the U.S.,
respectively, to get the real price of houses iw&laand the U.S. There is no readily

available nationwide measure for house pricespaddor our long sample period.
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We use prices of land and prices of structure®tsituct a price index for houses
in Japan. First, we calculated an equally-weiglaestage of the prices of land in each
prefecture’® Next, we assumed that the real price of structirdapan was constant over
our sample period. The more elastic is the supptyecfor structures, the less that
changes in demand for houses get capitalizeductsire prices and the more that they
get capitalized into the prices of less-elasticallpplied land. We scaled the indexes of
land and structure prices so that the value ofrileg@houses in 1976 consisted of equal
values of land and of structures. Then, we addeddthled Japanese real land and real
structure prices to form the index of real hous@dl plus structures) prices for Japan for
the years 1976-2008.

Changes in the real price of land, which rose aticehormously over our sample
period, shifted the share of total house valueswieae associated with land. Land’s
shifting shares and structure’s constant real pie time meant that our real house
price series for Japan was highly, but certainlypesfectly, correlated with real land
prices. We multiplied the index of real house pigeJapan by the dollar/yen exchange
rate to get the real, U.S. dollar value of Japahesese prices.

Figure 3 shows that the (real, U.S. dollar) pritba@uses in Hawaii was quite
highly correlated with prices of houses in the UdB.most of our sample peridf. That
is not too surprising, since both would have bdécted by common national factors,
like interest rates, inflation, GDP, housing anxpalicies, and financial policies (such as
those of the GSEs). Notable, however, is the loweerelation between the prices of
houses in the U.S. and in Hawaii from the late 39®@ough the middle of the 1990s.

The prices of houses in Hawaii appear to have rolosely mimicked Japanese house
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prices then. The price of houses in Hawaii rosemhaluring the years of the Japanese
bubble economy and then, after the bubble popgdidsifnificantly in the early 1990s,

as did Japanese house prices.

Wealth and Other Indicators of Demand for Houses in Hawaii

Below we use indicators of demand from the U.S.famah Japan to help explain
house prices in Hawaii. Among the indicators of dads for houses in Hawaii, we use
the prices of houses in the U.S. and in Japarddittian to reflecting measurable
variables, such as incomes and wealth, that afeciand for houses in Hawaii, house
prices in the U.S. and in Japan reflect otheroflemeasurable variables that affect the
demand for houses, such as credit conditions, ¢xi@as about future economic
conditions, and so on. Therefore, we use housegpncthe U.S. and in Japan as one
indicator for the U.S. and for the Japanese denf@anidouses in Hawalii.

Figures 4 and 5 plot three, more-commonly-useccatdrs of demand for houses:
stock prices, national net worth, and GDP. (Like$®prices in Figure 3, each of these
series are expressed in real U.S. dollars anchdexed to equal 100 in 1990.) In addition
to showing results based on these indicators, sewde an indicator of demand that
focuses on higher-income households: the producatidnal net worth and the share of
total wages accruing to households in the top 8rtent of the income distributidh.
Those with very high incomes may comprise very mafimjose who bid for and buy
houses in Hawaii. In addition and in contrast tbamal aggregates, this indicator

captures the increasing skewness of the incomevaatth distributions during our
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sample period. As such, this indicator would betieorporate the effects of the more-

skewed distributions on the maximum bids and thicep of houses in Hawdi.

VI. Estimates of the Constant-Coefficient Model
In this section, we show the results of estimativgconstant-coefficient,
reduced-form model of house prices in Hawaii thatderived in Section IV. We use the

results as a benchmark for the results of estimgatindels that allow for regime shifts.

Estimated Elasticities

Table 1 shows (OLS) estimates of constant-coefitgjieeduced-form) models of
the price of houses in Hawaii for 1975-2008. Eagluimn shows the results of regressing
the log of the real price of houses in Hawaii otigators of demands from the U.S. and
Japan, as measured by the logs of real U.S. armshdap incomes and wealth. Column 1
shows the large and significant estimated elasgf house prices in Hawaii when we
use real house prices in the U.S. and in Japamdasators of demand. We estimated the
elasticity of house prices in Hawaii to U.S. hopsees to be 1.27; the estimated
elasticity with respect to Japanese house pricesOua8. Both of these coefficients were
statistically significant®

The estimated price elasticities in Table 1 f@ ¢ther indicators of demand are
much smaller. The estimated elasticities with respestock prices were a significant
0.22 and an insignificant 0.21, respectively, fo U.S. and for Japan (column 2). The
estimated U.S. and Japanese price elasticitiestoarth (column 3) were a significant

0.44 and an insignificant 0.18, respectively. Catusrshows the estimated elasticities
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with respect to the indicator of demand by highmmime households, which was
constructed as the product of net worth and theesbfaincomes that accrued to the top
0.1 percent of the distribution of household incema contrast to the other estimates in
Table 1, and perhaps surprisingly, the estimat&l elasticity was small and
insignificant (and even slightly negative). Themstted Japanese elasticity for the high-
income indicator was quite large (0.45), significamd larger than for any of the other

Japanese indicators.

Unit Roots, Statistical Sgnificance, and Cointegration

Because the incomes and wealth of these two cesrtended to rise over time,
we also expected house prices in Hawaii to haesriser time. Trends raise issues that
are associated with unit roots and cointegration.

We could not reject the hypothesis of a unit raotany of the data series that we
use in the estimated reduced forms for house pic&ablel. As a consequence, the t-
statistics and p-values that are calculated irstaedard way do not follow their standard
distributions.

Trends in the variables that we use for Table derabncern that they might be
spuriously correlated. To allay that concern, v tehether house prices in Hawaii are
cointegrated, rather than spuriously correlateth wiealth and other indicators of U.S.
and Japanese demand. The p-values for the PHikpsen tests for unit roots in the
residuals, shown in the bottom row of Table 1, nexeeeded 0.05. Those p-values
imply that we can reject the hypothesis of no agnation for each of the five

specifications in Table 1.
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Since statistical tests reject that the three bé&gin each regression were not
cointegrated, we conclude that the reduced-fornfficents were estimated consistently.
Relying on those consistent estimates, we thenrrégignificance” that is based on the
ratio of the estimated coefficients relative toitlstandard errors and that makes some
allowance for those ratios not following standadistributions. Often, regression tables
denote statistical significance at the 0.10, Oabfg] 0.01 levels (or better) by attaching 1,
2, or 3 asterisks to the estimated coefficientgidally, those levels correspond to
calculated t-statistics of 1.64, 1.96, or 2.32r{mre in absolute value).

To allow for the nonstandard distributions of th&as of estimated coefficients to
standard errors, we attached an asterisk to esicha¢sd coefficient in each regression
table, Tables 1 — 5, according to the followingerior ratios that exceeded 3, 4, or 5,
respectively, we attached 1, 2, or 3 asterisksffiect, that means that we attached a
number of asterisks that corresponded to ratidsvikee at least double the usual
minimums of 1.64, 1.96, and 2.32. Thus, we useniant” to refer to coefficients that
had ratios of at least 4, about double the critiedilie for a standard t-statistic at a
significance level of .05.

Despite accepting cointegration, the OLS residfral® the reduced-form
estimates in Table 1 were highly autocorrelateck diagnostic statistics for the
residuals, which are shown in the bottom rows dfld@d., show that each of the demand
indicators produced a first-order autocorrelatioefticient for the residuals that was at
least 0.70. Highly autocorrelated residuals areroé signal of some kind of mis-
specification, perhaps of functional form, of omdttvariables, or of time-varying

coefficients.
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VII.  Time-Varying Coefficients

Our auction-based model of house prices impliesfthetuations over time in the
relative wealth of nations can lead to large flations in the effects, or coefficients, of
U.S. and Japanese demand on the prices for haustsniaii.

Figures 4 and 5 show that there have been lardts ghihe incomes and wealth
in Japan relative to those in the United Statgzadese (relative) wealth rose sharply
after the middle of the 1980s and fell sharplyna 1990s, when the Japanese economy
stagnated and the U.S. economy flourished. Figwsteo8vs that house prices in Japan
relative to those in the U.S. also rose duringldite 1980s and then sagged during the
1990s. Our auction-based model suggests thenhibaiasticities of house prices in
Hawaii with respect to demand from the U.S. andnfidapan might shift considerably,
and in opposite directions, over the 1980s and 498fler the middle of the 1980s, when
Japanese wealth was relatively higher, so too shivaNe been the estimated elasticities
of house prices in Hawaii with respect to Japamgeseand; then after Japanese fortunes
reversed dramatically during the 1990s, so too kshioave the coefficients of U.S. and of
Japanese demand on house prices in Hawaii.

Figure 3 shows that house prices in Hawaii wemdeda, strongly correlated with
Japanese demand (for example, as indicated by dsgpaouse prices) for about a decade
beginning in the middle of the 1980s. Other thartiiat period, however, those two
series seem much less correlated. Instead, hoiess pm Hawaii, both before and after
the Japanese decade of dominance, quite clearl/nmvech more correlated with U.S.

demand (as indicated by the price of houses ittle). Thus, house prices in Hawalii
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tended to be highly correlated with the wealth ebantry only when that country was

relatively wealthier.

Estimates for Subperiods

To analyze whether the effects on house pricéts alemand changed with each
country’s fortunes, we applied the constant-cogdfitspecification that we used for
column 1 of Table 1 to data for several subperi&ds.ease of comparison, we repeat in
column 1 of Table 2 the full-sample results in cotul of Table 1.

To see if the elasticities of house prices in Hawiéth respect to demand did
shift importantly over time, we estimated the cotuinspecification for each of three
subperiods. The results are shown in columns 2efurn 2 shows that the elasticity
with respect to U.S. demand, though insignificargs much larger than that for Japan
(0.69 vs. 0.12) during 1975-1985, when U.S. incoareswealth were relatively higher.

In the 1986-1996 subperiod, when Japanese weakhelatively larger, the
estimated coefficient on Japanese demand is I&@8&)(and significant, while the
estimated U.S. coefficient was insignificant, neggtand large. After the middle of the
1990s, the reversal of Japanese fortunes was ntaligha reversal of coefficients.
Column 4 shows the estimates for the 1997-2008esidih  Then, the estimated U.S.
demand elasticity soared to 1.94, while the Jaaekssticity declined somewhat and
was no longer significant. The negative correlateer time of the estimated U.S. and
Japanese elasticities and the negative correlafitme estimated U.S. elasticity with the

relative wealth of Japan are what our model predict
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Shifts in two countries’ coefficients that arefstiéntly abrupt, large, and
negatively correlated can be regarded as reginfis siiable 3 in the next section
presents the results of estimating specificatibas allow for regime shifts. The estimates
in column 1 of Table 3 imply that house prices awii were in a “Japanese regime”
from 1987 through 2000. All of the other years ur @975-2008 sample period were
estimated to be in a regime where house prices detsgmined solely by U.S. demand.

Columns 5 and 6 of Table 2 report the results tireging a constant-coefficient
model separately for the years of the U.S. regib®¢%-1986 plus 2001-2008) and for the
years of the Japanese regime (1987-2000). (Thenesgare implied by the estimates in
column 1 of Table 3. We fully discuss Table 3 beljoWwolumn 5 shows that the
estimated coefficient for Japanese demand was (8rg6) and significant, while the
U.S. demand coefficient was negative and insigarfic The coefficient pattern was
reversed when fortunes were reversed. During thesyehen the U.S. was relatively
wealthier, the estimated coefficient on U.S. demaad very large (2.05) and significant,

while the estimated Japanese coefficient was \iytaaro and insignificant.

VIIl. A Regime-Shifting Model of the Price of Houses in Bwaii
Our model implies that market shares and thus iefits vary continuously
with relative demand. Throughout, we assume thattuntry-specific demand
coefficients (i.e., ther's above), as opposed to the weights, are constafiitciSntly
large increases of a country’s incomes and weaithtlus demand, however, can boost
market shares, and thus the weight on that country’s demandeieanining prices

enough that the weight can be approximated as aigan from zero to one. In our
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context, the regime-shifting model puts a weight@fo on demand from one country at
the same time that it puts a weight of one on dehfisom the other country. As such,
regime shifting is an extreme version of time-vagyweights.

Next we develop a regime-shifting model, which aldor extreme shifts in the
effects on house prices in Hawaii of U.S. and Japamlemands. In equation (8), the
average of house prices at any tina@e determined by a share-weighted average of the
maximum bids from the U.S. and from Japan. In @stfrthe regime-shifting model
requires that prices are determined by the maxirnigis from the U.S. or from Japan,
but not bottf° Thus, the weight on U.S. demand at any tiriseeither zero or one. When
the U.S. weight is zero, the Japanese weight isamgkvice versa. As before, suppose
that the expected maximum bid from each countiyéar function of the wealth of that
country and that there is a disturbance term foh@auntry. The average price of houses

sold,P;, in the regime-shifting model then is:

(13) P =max ay® +a/ W™ +&° af +al WP +£7 ],

where the disturbance terms are distributed 8s- N(0,v"°) and &* ~ N(0,v™).

Denote the probability that the highest bids comenfthe U.S. and thus the

probability that house prices equal the reservataeloes of U.S. bidders:
(14) A =Pr(e - &P > o + oW — a¥® - ot W),
We denote the maximum bid from each countryBy The joint distribution of

U.S. and Japanese bidsgéB’,B*). When the average price is determined by U.S.

bids, then the conditional probability Bfis:

R
(15 (R P =8°)=([" 98, 8" )iB” ) /A,

27



WhenP:; is determined by Japanese bids, the conditios#iiloution ofP; is:
(15) (R 1P =87)=(["g(8°, B 18] 11-,).

Then the unconditional distribution Bf is:
(17) h(R) =Ah(R |R =B®)+1-A)h(R |[R=B).
The likelihood function forR, is:

(18) L=[Th(R).

We can estimate the elasticities of house pricé$amvaii with respect to wealth
in the U.S. and in Japan by maximum likelihood. fethod also estimates the

probabilities A, , thatP; was determined by U.S. bids and estimates foUtle and for

Japan the variance, of its disturbance termg’®> and & . The method allows the data to

choose the number of regimes that maximize théitiged function. A U.S. regime is

defined as any year when U.S. rather than Japdn@éseletermined:;.

Estimates of the Regime-Shifting Model

Table 3 shows estimates of the regime-shifting moaldee estimates in each
column use the same indicators of demand as theners in Tables 1 and 2. The size and
significance of the estimated elasticities of th&.Hemand indicators differ greatly in
Table 3 from the estimates in Table 1. The regiménsg coefficients are generally
much larger and much more statistically signific&dr example, The estimated value of
the elasticity of house prices in Hawaii with respi® U.S. net worth rose enormously,
from an insignificant 0.60 in Table 1 to becomeg®a(2.46) and very significant.

Compared with the constant-coefficient results abl€ 1, Table 3 also shows that the
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estimated coefficients in the regime-shifting moidelthe indicators of Japanese demand
have tend to be much larger and much more signifi¢end, in a sign that allowing for
regime shifts may have reduced mis-specificatiba residuals in Table 3 are generally
less autocorrelated than those based on the cttstefficient specifications. As
evidenced by the generally high@¥'s in Table 3, the regime-shifting model generally
outperforms the constant-coefficient model.

Figure 6 plots the (log of the real) price of haiseHawaii and the prices that
the estimated coefficients in column 1 of Tablend #&he indicators of U.S. and Japanese
demands imply for 1975-2008. Figure 6 shows théitneded U.S. demand clearly
exceeded demand from Japan until the mid-1980shé&4980s proceeded, the large
appreciation of the yen, the onset of the bubbtmemy in Japan, and the tepid
performance of the U.S. economy combined to raapadese demand above that of the
U.S. The latter 1980s is the time when contempaasi@ccounts noted the surge in
Japanese tourism and home purchases in HawaiernV8klarz, and Ordway (1988)
document that the Japanese share of house purdiradeding those by Hawaiians) rose
dramatically during this period. The Japanese sbh@uses purchased by offshore
buyers then rose even more dramatically. Figurs® shows that, even though Japanese
demand declined through most of the 1990s, itestileeded U.S. demand until 1998.
Not until estimated U.S. demand rose in the pramperlatter 1990s was the market for
houses in Hawaii estimated to be in a U.S. regimere it remained through the end of
our sample period in 2008.

Figure 7 shows that the estimated probabilitypf being in a U.S. regime

remained at nearly 100 percent into the middldef1980s. That probability then
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plummeted in the latter 1980s to near zero ancest#tyere through 1997. After that, the
continuing stagnation of Japanese incomes and hyealtipled with the resurgence of
U.S. demand, raised the probability of being in.&.UWegime to nearly 100 percent. Thus,
estimates in column 1 of Table 3 of the regimetsigfmodel suggest that U.S. demand
held sway in Hawalii, except for the notable pebdabout a decade beginning in the

latter 1980s.

Additional Evidence Regarding Regime Shifts

The relative numbers of visitors from the U.S. dagan to Hawaii by airlines
corroborate the boom and bust of Japanese dematitefoutput, presumably including
services of houses, of Hawaii. For the period 12908 when data are available, Figure
8 plots the ratio of the number of visitors fronpda to those from the U.S. The ratio
was high during the years that the regime-shiftmaglel estimates that house prices were
in the Japanese regime. More interesting, perhapisat the ratio of Japanese to U.S.
visitors continued to grow even as our indicatdr3apanese demand were weakening.

Table 4 uses a Davidson-MacKinnon test to diyeadimpare the performance of
the constant-coefficient with the regime-shiftingahel. We regressed house prices in
Hawaii on the prices implied by the constant-ca&$fit model and on the prices implied
by the regime-shifting model. The implied prices #re fitted values from the
regressions that we report in column 1 of Tabled ia column 1 of Table 3. The fitted
values are constructed as the higher of the impli&l and Japanese demands for each
year. Table 4 suggests that the regime-shiftingehodtperformed the constant-

coefficient model by a wide margin. The estimatedfficient on the prices implied by
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the regime-shifting model was strongly significantd nearly one (0.97). In contrast, the
estimated coefficient on the prices implied by ¢bastant-coefficient model was not
close to being significant and was much smallé830.Thus, the regime-shifting
estimates much more closely tracked prices thaedhstant-coefficient estimates did.

Table 5 provides additional evidence about thegoerénce of the regime-shifting
model. In the auction-based model, the demand frmower-demand country would
not be expected to affect prices; only the demdnbeohigher bidders should affect
prices. Table 5 shows the results of our regressuge prices in Hawaii on two
variables. The first variable, labeled as demaathfthe higher-demand country in row 2
of Table 5, again consisted of the fitted valuesifthe regression that we report in
column 1 of Table 3. The second variable, labekdeanand from the lower-demand
country in row 3 of Table 5, was constructed addlesr of the implied U.S. and
Japanese demands for year. Row 2 shows that tiffeceod on the demand from the
higher demand country was 0.98 and was clearlyifgignt. In contrast, demand from
the lower demand country had no detectable effed¢tause prices; its coefficient was
near zero (0.02) and insignificant. Thus, the uggrerelope of demands strongly affected
prices, while the lower envelope did not.

The specifications in Tables 1 and 3 generally gassandard cointegration tests.
That suggests that those regression results wedékealy to be spurious. Using first-
differenced data is another way to allay concebmiaspurious regressions.
Differencing is typically appropriate for constardefficient models. Unfortunately,
using first-differenced data is not appropriatedar regime-shifting model, where

coefficients shift abruptly. Knowing which countngpd the larger difference in demand
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cannot alone tell us which country had the higkeeel of demand. And, it is the higher
level of demand that determines prices. Stateemifftly, at regime shifts it is not the
changes in demand from either country that detezmihe amounts that prices change,
but rather price changes at regime shifts are ohetexd by the difference between the
prices implied by the demand from the country wheggme is ending and the prices
implied by the demand from the country whose regsrtgeginning. Thus, when there
are regime shifts, first differences of prices wiidit be consistently related to first
differences of the demands from the two countries.

To make some progress in this area, however, weepded as follows. First, we
first-differenced the data for house prices in Hawathe U.S., and in Japan. Then, we
used the estimates in column 1 of Table 3 to géadna levels of fitted values of house
prices in Hawaii. The fitted values include vald@sthe years of regime shifts. We then
regressed the first-differences of house pricdsawaii on three variables: the first
differences of U.S. house prices, the first-differes of Japanese house prices, and the
first-differences of the fitted values that wersdéa on the regime-shift estimates. The
estimated coefficients (and standard errors ottedficients in parentheses below) of

that regression are:

AP =0.01+ 0.17@P"* - 0.146P* + 0.729 Fitted Vall
(0.02) (0.67) (0.16)  0.30)

(19)
Equation (19) shows that the first-difference$iofise prices in Hawaii were

significantly related to the first-differences hetfitted values from the regime-shifting

model, but not significantly related to the firstferences of house prices in the U.S. or

in Japan. The strong significance of the firsteliénced fitted values adds to our

confidence that the regime-shift results that weagsed on the undifferenced data were
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not spurious. In addition, the results in equafibd) can be regarded as a first-difference
variant of a Davidson-MacKinnon test in that it glsathat the regime-shift-based fitted

values outperformed the differenced indicators B3.lnd Japanese demand.

IX. Summary and Implications of Regime Shifts

We model house prices as the outcomes of auctiiites then reflect the
demands of the winning bidders and not the demahtle lower bidders. A sufficiently
large increase in the relative incomes or wealtthefgroup of lower bidders can raise
their demands enough that they become the higlaelifig group and, thus, determine
house prices. This is a regime shift. While ingimee, prices reflect the demand, and
thus the elasticities and volatilities of the measduand of the unmeasured sources of
demand, only of the higher-bidding group.

We present evidence that house prices in Hawaig Wwetter accounted for by a
regime-shifting model. Both the constant-coeffitiand the regime-shifting models
provided empirically plausible explanations of heysices in Hawaii. But, by various
metrics, the regime-shifting model significantlytperformed the constant-coefficient
model.

The estimates of our regime-shifting model implgttprices responded
significantly and only to U.S. demand for most yweimom 1975 through 2008. However,
from the middle of the 1980s into the latter 1998s,regime-shifting estimates imply
that the prices of houses Hawaii reflected onlyad@se demand.

Shifts from one regime to another imply that thes@tities of the price of houses

in Hawaii with respect to U.S. demand and to Japaudemand change dramatically then.
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Until the end of the regime, the elasticity of psowith respect to demand from the
“lower-demand” country is implied to be zero. Whehecomes the “higher-demand”
country, we are in a new regime and the effectprares of that country’s demand then
will have full force. Thus, regime shifting offeosie explanation for systematically time-

varying coefficients and volatilities.
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Figure 1
Skewed Distributions of Reservation Values for Houss
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Note: The figure plots two chi-square distributiaigeservation values for a particular
house. One distribution has a mean of 5 (solid lamel the other one has a mean of 7

(dashed line). The area that is under each disinib@and is to the right of the vertical
line drawn at a house price of 15 indicates theesbhpotential buyers whose reservation

values, and thus willingness to pay, exceed 15atr house.
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Figure 2
Probability of Winning Bidder Coming From Country B as Function of Country B
Wealth

o
©

o
o

o
(V)

Probability that winning bidder was from Country B
o
D

o

1 3 5 7 9 11
Mean of Country B's wealth distribution

Note: The figure shows the probabilities that a biddenfrCountry B wins an auction for
a house. We consider bidders from each of two cmstA and B. Each bidder from
each country is assumed to make a bid that is ptiopal to the bidder’'s wealth. Each
probability is based on 100 bids from Country A &@dbids from Country B. The bids
are based on random draws from the wealth distabwdf each country. We assumed
that wealth in Country A was distributed as chi-&guwith a mean of 5. Wealth in
Country B is also distributed as chi-square. Tiubabilities that the winning bidder was
from Country B rise as the mean of the chi-squastildution of Country B’s wealth

rises from 0.25 to 12.
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Figure 3
Indexes of Real House Prices in Hawaii, in the Uretl States, and in Japan, 1975-
2008
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Note: Indexes of real house prices in Hawalii, timitédl States, and Japan in U.S. dollars.
Each index was based to equal 100 in 1990.
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Figure 4

Indicators of U.S. Demand for Houses in Hawaii
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Note: Indexes of real stock prices (S&P500), re@PGGDP), and real household net

worth (Household Net Worth) for the United State$)iS. dollars. Each index was
based to equal 100 in 1990.
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Figure 5
Indicators of Japanese Demand for Houses in Hawaii
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100 in 1990.
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Figure 6

Prices of Houses in Hawaii: Actual Prices and Pricelmplied by the Regime-
Shifting Model

Actual Price of Houses in Hawaii

4.5 -

e, ——

47 . Regime-Shifting
/ Model-Implied
N House Prices in
/ Japanese Regime
. ]
/ . —
3.5+ Rl A
./ Regime-Shifting Model-
- Implied House Prices in
~ .,/ U.S. Regime
3 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
1975 1980 1985 1990 1995 2000 2005 2010

Note: All series are logs of real house pricesl@waii. The dashed line shows the house
prices that are implied by U.S. demand and thenadéis in column 1 of Table 3. The

dashed-dotted line shows the house prices thatgréeed by Japanese demand and the
estimates in column 1 of Table 3.

41



Figure 7
Estimated Probability that House Prices in Hawaii Were in a U.S. Regime
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Note: The solid line plots the probability thatSJdemand exceeds Japanese demand
and thus that house prices were determined byd&/@and. The probability is implied
by the regime-shifting specification estimatesatuen 1 of Table 3.
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Figure 8
The Ratio of Japanese Visitors to U.S. Visitors tblawaii, 1990-2008
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Price of Houses in Hawaii: Constant-Coefficient ModlIs

Table 1

1 2 3 4 5
1. Constant -2.88* 2.43%** 1.58** 0.57 4.36***
(0.74) (0.29) (0.37) (0.73) (0.11)
U.S. Demand Indicators
2. House Prices 1.27%**
(0.17)
3. Stock Prices 0.22*
(0.07)
4. Net Worth 0.44*
(0.13)
5. GDP 0.60
(0.26)
6. Net Worth x High Income Share -0.09
(0.09)
Japan Demand Indicators
7. House Prices 0.33***
(0.05)
8. Stock Prices 0.21
(0.08)
9. Net Worth 0.18
(0.09)
10. GDP 0.23
(0.13)
11. Net Worth x High Income Share 0.45**
(0.11)
R’ 0.84 0.59 0.71 0.71 0.76
Sum of squared residuals 0.48 1.19 .86 0.86 0.46
Log likelihood 24.2 8.79 14.4 14.3 21.4
Residual diagnostics
First-order autocorrelation coefficient 70+ 0.87*** 0.83*** 0.80*** 0.71**
(0.13) (0.11) (0.11) (0.11) (0.17)
p-value for Philips-Perron unit root test 0.02 0D. 0.04 0.04 0.05

All variables are annual and are expressed indbgsal, U.S. dollars. The sample period is 197680The
dependent variable in each column is the log dfftease prices in Hawaii. Each regression is extohby OLS.
Standard errors are in parentheses. Asteriskedtedratios of estimated coefficients to their dead errors: >3(*),

>4(*‘k), >5(***) .
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Table 2
Price of Houses in Hawaii: Constant-Coefficient Modls

(Subperiods)
1975-1986,
1975-2008 1975-1985 1986-1996 1997-2008 1987-20002001-2008
1 2 3 4 5 6
Constant -2.88* .52 15.0* -6.91 7.12 -5.24xxx
(0.74) (2.38) (4.79) (2.69) (4.22) (0.78)
U.S. Demand Indicator
House Prices 1.27%* 0.69 -3.03 1.94%** -1.25 2.05%*
(0.17) (0.55) (2.03) (0.29) (0.82) (0.23)
Japan Demand Indicator
House Prices 0.33*** 0.12 0.75** 0.53 0.70** 0.00
(0.05) (0.17) (0.09) (0.46) (0.16) (0.10)
R’ 0.84 0.27 0.91 0.90 0.79 0.95
Sum of squared residuals 0.48 0.05 0.03 0.08 0.07 0.12
Log likelihood 24.2 14.3 16.2 13.0 17.5 22.8

All variables are annual and are expressed indbgsal, U.S. dollars. . The dependent variabledoh column is the
log of real house prices in Hawaii. Each regresseestimated by OLS. Standard errors are in pagses. Asterisks

indicate ratios of estimated coefficients to tretamdard errors: >3(*), >4(**), >5(***).

45



Table 3
Price of Houses in Hawaii: Regime-Shifting Models

1 2 3 4 5
U.S. Demand Indicators
1. Constant -5. 2% 3.09 -8.11* -B6* 3.96%+*
(0.61) (2.00) (2.17) (3.38) (0.02)
2. House Prices 2.04%+*
(0.13)
3. Stock Prices 0.21
(0.49)
4. Net Worth 2.46%*
(0.42)
5. GDP 4, 23%x*
(0.68)
6. House Price x High Income Share 0.15%**
(0.03)
7.S.E.E(0) 0.08** 0.00 0.08 0.05 0.04*
(0.02) (0.15) (0.04) (0.02) (0.01)
Japan Demand Indicators
8. Constant 0.24 2.76** 2.83%* .GR*r* 4. 17
(0.92) (0.68) (0.26) (0.35) (0.05)
9. House Price 0.95**
(0.21)
10. Stock Prices 0.39
(0.15)
11. Net Worth 0.35***
(0.06)
12. GDP 0.38**
(0.08)
13. House Price x High Income Share 0.46***
(0.07)
14. S.E.E.(0) 0.08** 0.23*** 0.12%** 0.2+ 0.16**
(0.02) (0.03) (0.02) (0.02) (0.04)
R’ 0.93 0.46 0.87 0.86 0.77
Sum of squared residuals 0.20 1.58 0.39 0.41 0.44
Log likelihood 39.1 23.8 27.2 30.0 28.3
Residual diagnostics
First-order autocorrelation coefficient 0.41 0.91%** 0.59* 0.65** 0.73
(0.17) (0.11) (0.15) (0.14) (0.15)
p-value for Phillips-Perron unit root test 0.01 6D. 0.05 0.08 0.16

All variables are annual and are expressed inddgsal, U.S. dollars. The sample period is 1908& The
dependent variable in each column is the log dflrease prices in Hawaii. All regime-shifting regséons are
estimated by maximum likelihood. Standard erroesiamparentheses. Asterisks indicate ratios afesed
coefficients to their standard errors: >3(*), >4)*55(***).
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Table 4
Davidson-McKinnon Specification Tests

Explanatory Variable Estimated Coefficient
1. Constant 0.02
(0.23)
Fitted Values
2. Constant-coefficient moc 0.03
(0.16)
3. Regime-shifting model 0.97***
(0.15)
R 0.92
Sum of squared residuals 0.20
Log likelihood 39.0

The table contains the result of a regression®tdl of real house prices in Hawaii on the fittadues
from the constant-coefficient model (column (1}aifle 1) and the regime-shifting model (columndfL)
table 3). Both the constant-coefficient and thggme-shifting model estimates used the logs of keS8l
and Japanese house prices in U.S. dollars as exptgirvariables. Standard errors are in parentheses
Asterisks indicate ratios of estimated coefficigotsheir standard errors: >3(*), >4(**), and >5¢)*
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Table 5
Effects of Demand from the Higher-Demand Country
and from the Lower-demand Country on the Price of Hhuses in Hawalii

Explanatory Variable Estimated Coefficient
1. Constant 0.03
(0.212)
Sources of Demand
2. Higher-Demand Country 0.98***
(0.07)
3. Lower-Demand Country 0.02
(0.06)
R? 0.9¢
Sum of squared residuals 0.20
Log likelihood 39.0

The table contains the result of a regression®fdly of real house prices in Hawaii on the fittadues
from the regime-shifting model (column 1 of tab)ef@ the higher-demand country and for the lower-
demand country. The demand indicators used asmexjary variables in the regime-shifting model
estimates are the logs of real U.S. and Japanese lmoices in U.S. dollars. Standard errors are in

parentheses. Asterisks indicate ratios of estimetedficients to their standard errors: >3(*), >4(*and
>5(***).
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! See, for example, Lindsey (1988).

2 Our discussion, model, and empirical analysis icemonly two groups. In principle, regimes mighifs
among many groups. We considered but ruled oypaissibility of a Canadian regime because, through
the end of our sample period in 2008, Canadianseruady few visits to Hawaii relative to visitorom

the mainland U.S. or Japan.

% See Parker and Vissing-Jorgensen (2010).
“In practice, the selling process for houses magbee akin to ascending bid auctions.

® Based on their expectations for Pit, sellers mestate (nonbinding) listing prices for their houbesore
the auctions take place. Listing prices may typycahd deliberately be set above the prices thirse
expect to receive.

® We expect that would average zero over enough time periods. ftgaven timet, however, even
though it is averaged ovehouses sold, there is no reason to exgdotbe zero in each period.

4 Including idiosyncratic preferences for houses awtdii reduces the odds that only the wealthiest
households buy houses in Hawaii. Some of the wieatthouseholds, for example, may not much value a
house in Hawaii. Some of them also likely prefensuimption that does not require such high costs of
travel time.

8 We take the realized frequencies from 1000 refitina of 150 draws for each level of wealth in Coyn
B as estimates of the probabilities.

® Henceforth we will refer to the mainland Unitect®s as simply “the United States.”

10 According to Hintz (1999), 42 percent of the lamdwned by federal, state, or city governments, A
additional 47 percent is owned by a few individuals

" Based on population of a little over one milliamHawaii, its homeownership rate, and the number o
houses, we can estimate the share of houses éhawnaed by Hawaiian residents. Miller, Sklarz, and
Ordway (1988) estimated that, at the peak of Jeggademand, Japanese buyers accounted for about 30
percent of total sales of houses in Hawaii in 1989.

12 The U.S. and Hawaiian statistics are from Decer@b66, using the 2005 benchmark. The Japanese
labor statistics are from 200Bt{p://www.stat.go.jp/english/data/figures/indexa#p). The estimates for
employment in the Japanese leisure and hospit#itjor are from employment in the “eating and dnigk
places, and accommodations” sectors.

13 The linearity of the reduced form here does npiede on whether the variables are expressed itsleve
or logs or other transformations. Below we spehifyse prices and wealth in logs. A constant-cdefiic
reduced form here does require that the same tnamafion (e.g., linear, log, etc.) be applied tharity

of houses in the supply and demand functions.

14 We made one adjustment to the data for Hawaii, foz 1981. The year 1981 had unusually high
interest and unemployment rates. Neverthelessydgep the decline of over 50 percent in the nominal
price of houses in Hawaii in the FHFA'’s repeat-saddace index for 1981 to be too large. Therefoee w
raised the 1981 value to a level that was halfwetyben the recorded level (30) and the averageaf60)
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the values of the adjacent years 1980 (70) and (32 that is, we raised the nominal level fromt8@5.
In real terms, even this upward-adjusted pricelfglvell over 40 percent in 1981.

15 We used data for land prices by prefecture by frean Research on Land Prices by the Prefectural
Governments. The data are available onlinatat//www.stat.go.jp/english/data/nenkan/1431-im.h

15 We also estimated specifications that related épuises in Hawaii to house prices in California.
California easily accounts for the largest shareisifors to Hawaii from the U.S. The results thatre
based on California house prices were qualitatigetyilar to those that were based on U.S. housegri
However, California house prices did not explaingeprices in Hawaii as well as U.S. house prides d

" The data for income shares were calculated by ddetii and Saez (2008). We downloaded the data
from http://elsa.berkeley.edu/~saez/

18 See Goetzmann, Renneboog, and Spaeniers (2009).

19 We discuss our criteria for statistical significarin more detail below.

% This basic framework was originally used to estargupply and demand in markets that can be in
“disequilibrium,” where the observed quantity ig tlninimum of the amounts supplied and demanded. See

Fair and Jaffee (1972). Our summary of the estonatiethodology borrows extensively from Maddala
(1986).
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