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This paper studies the Swiss housing price determinants. The Swiss
housing economy is reproduced by employing a macro-series from the
last seventeen years and constructing a vector-autoregressive model.
Conditional on a comparatively broad set of fundamental determinants
considered, i.e. wealth, banking, demographic and real estate specific
variables, the following findings are made: 1) real house price growth
and construction activity dynamics are most sensitive to changes in
population and construction prices, whereas real GDP, in contrary to
common empirical findings in other countries, turns out to have only a
minor impact in the short-term, 2) exogenous house price shocks have
no long-term impacts on housing supply and vice versa, and 3) despite
the recent substantial price increases, worries of overvaluation are
unfounded. Furthermore, based on a self-constructed quality index,
evidence is provided for a positive impact of quality improvements in
supplied dwellings on house prices.
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1. Introduction

Consequences of the United States subprime crisiade 1.4 trillion USD
losses on American based loans and related sesyrtighly volatile and
dried up stock markets, founded fear of recessiod, distressed households
with burst dreams of home ownership. As well, taarfus horribilis” is not
over yet. Other equity and housing markets arech&imfected” and further
losses are expected. The very recent economis @isin unexpected global
dimension is probably the greatest in our histdrat thad its source in a
national real estate market. However, this is hetfirst property crisis in the
United States, and it is not the only country wheweh a crisis has occurred.
In fact, real estate crises are notoriously regleidents.

Switzerland has also experienced in the early @03g)otable real estate
economy crisis that led to historically high losseghe banking sector and
leveraged an economic downturn. Presently, afteteeade, there is still
comparatively little known about the price dynamafsthe Swiss housing
asset. Despite the immense value of Swiss propestibich, based on
authorised mortgages, is estimated to amount fragi8n to 2717bn USB,
empirical studies of the real estate market are Viemited. Properties are
traditionally regarded as a matter of course odpetion factor. The overall
importance and associated risks are usually negléct

The case of the Swiss real estate economy is platig interesting because
of its heavily constrained supply. Findings fromstand-alone study of a
country with excessively constrained supply mayfedifsignificantly from
panel studies with pooled regressions. There aeetmain reasons for the
constrained supply. First, the topography of thanty consists in over 70
percent of mountainous regions. Hence, developtiecomes very difficult.
Secondly, there are heavy regulations imposed ancoastructions, resulting
in time consuming zoning regulations or restricedlding authorisations.
Thirdly, the construction sector is heavily pro&stt by regulators.
Employment of foreign labour in this sector is gedig not possible and
contracting to foreign developers is very restdcte

1.1 The SwissHousing Market
The Swiss housing market exhibits several remaekatiharacteristics.

Switzerland’s home ownership rate of only 34.6 paetds the lowest among
developed countries by a significant margin. Iiniginly attributed to the fact

2 Based on Credit Suisse estimation for the year 200€dit Suisse 2000), the value
for the year 2007 was estimated wBNVX IAZI Investment and Private Real Estate
Price Indicesand the relative shares (fixed from year 2000awh real estate class.

% For an extensive study of risks associated withl estate investments refer to
Borowiecki (2006).
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that house prices are very high relative to renthtsisehold incomes and
wealth (Bourassa and Hoesli 2006). However, reguiatin favour of tenants
and discriminatory taxation of home owners shapghéu considerable
disincentives for house buyers.

A further characteristic of the Swiss real estatek®t is the very high degree
of protectionism. The so-called Lex Koller legighat from 1985 has a major
restrictive impact on acquisitions of properties firsons residing abroad.
Despite the recent loosening of Lex Koller (e.gprapal for purchases of
holiday flats), there are still significant barsefor foreigners who want to
invest in the Swiss housing market. A major futianpact on house prices can
be the abolishment of Lex Koller which was recemtBcided by the Swiss
Federal Council. Nevertheless, the relevant lawnid expected to be
abolished completely until 2010.

Despite Switzerland’s relative small land area,ehis a remarkably high
level of diversity. The Swiss four regions (i.e.r@an, French, Italian and
Rhaeto-Romanic) have huge differences in local eewes, distinct cultures,
and diverse climates and topographies. The sultatifferences lead to
heterogeneous demand and supply in the regionaimgumarkets. Thus, the
question is whether an analysis of Swiss housirap@my with a national
approach is reasonable. A justification can be mhygethe existence of
presumably coherent housing price responses tokshddoreover, some
recent research suggests that long-term diversgitgootential of housing
property investments in smaller countries do nastefe.g. Oikarinen (2007)
for Finnish housing market).

1.2 Historical Housing Price Development

An historical analysis of Swiss house prices, bazedtheSWX IAZ| Private
Real Estate Price Indeyprovides some indication for a 25-year housingeori
cycle with a clear upward trend (Figure 1).

The Swiss construction boom of the early 80s wadldd in 1987 by a

substantial money supply extension (i.e. introductdf the Swiss Interbank
Clearing System). Nevertheless, the bubble burgtnwthe speculative belief
of the market was confronted with an unexpectederic slowdown in the

early 90s. Moreover, in order to reduce speculdtiahe real estate economy,
the federal authorities introduced urgent sancfiomdding fuel to the flames
and causing huge price drops in commercial prop@&ittg measures resulted
in housing price stagnation, until the federal atities decided to subsidise
the housing market in order to counteract the caosbn sector crisis and

* Federal authorities introduced a 5-year blockingggefor selling of non-agricultural
land and buildings, more stringent mortgage undéngr criteria and stricter
regulations for pension fund investors.
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stimulate the national economy. The subsidies énetktent of over 6bn USD
resulted in a housing construction boom and leal meassive oversupply. The
vacancy rate more than quadrupled during the sgears and housing prices
deflated to over five percent per annum. Consedyerhe sluggish
responding supply began to gradually decline wrtlund 2002. During the
last three years, aside from a comparatively lowpsy there was a
substantial rise in immigration with a total pogida growth rate of over one
percent and an increase in household disposabtenies. Therefore, house
prices have reverted to significantly positive gtiowates.

Figurel Historical House Prices
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The appreciation of house prices may remain highhim future through
tentative suggestions via a computed quadratictmefigure 2. On the other
hand, the present global economic downturn andugdaidcrease in housing
supply will possibly have a negative impact on Swisuse prices.

How does the performance of Swiss residential pitegse compare

internationally? Two broad groups of countries alistinguished while

analysing risk-return profiles of seventeen devetbfhousing economies
(comparisons in Figure 3). The first group (i.elgdem, Ireland, Netherlands,
Spain and the United Kingdom) has significantlyHag variations in price
which is recompensed by capital growth rates ofaup percent per annum.
The second group is associated with lower variatiand returns, consisting
of almost all the remaining countries, including i@erland. Japan and
Germany are outliers and have negative growth iatesal house prices.

Interestingly, the Swiss housing market with regardisk profiles dominates
all remaining housing economies. This is presumadtlyibuted to the
numerous legislations that restrict speculation famdign capital inflow. At
first glance, the lowest volatility and fairly higtapital return of 2.56 percent
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per annum (geometric growth rate) suggest a relgtigood performance of
the Swiss residential property market. However, gae from house price
inflation is counterbalanced by heavy fiscal busidrurthermore, there is the
possibility of the existence of international diffaces in income returns,
which are not incorporated in the depicted indices.

Figure2 Real House Price Dynamics and Fitted Trend
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Figure3 Real HousePrice Growthand Volatility By Country,1981-2006°
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® An international comparison is conducted for thiéofving countries: Australia (AU),
Belgium(BE), CanadqCA), Denmark(DK), Finland(FI), FrancgFR), Germany(DE),
Ireland(IE), Italy (IT), Japar(JP),Netherland¢NL), New ZealandNZ), Norway(NO),
SpainES) SwederfSE) SwitzerlandCH),United Kingdom(GB) and United Stat¢dS).
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2. Literature Overview

2.1 CountriesAnalysed

Research in the early 90s focused on particulaurfes of the US housing
market® However, in very recent years, extensive studieseveral other
housing markets were conducted. Housing marketm@tants were analysed;
among others, for the Danish (Wagner 2005), Finr(iSikarinen 2005),
French (Bessone et al. 2005), Irish (McQuinn 2(Rde and van den Noord
2006), Japanese (Nagahata et al. 2004), Dutch (OEItI2a, Hofman 2005,
Verbruggen et al. 2005), Spanish (OECD 2004b),i®ritMeen 2002) and
American (Meen 2002, McCarthy and Peach 2004) eo@® The analysis
of these countries was complemented by panel studigroups in advanced
economies (e.g. lacoviello 2000, Sutton 2002, Bsatss and Zhu 2004).

Econometric studies are very limited for the Swissusing economy.
Presumably, the largest contributors to Swiss mgusiarket transparency are
Credit Suisse that publishes the “Swiss Issue Rs@te” annually and Wuest
& Partner, publisher of “Immo-Monitoring”. Both plitations provide an
overview of the most important property markets tttere affecting
developments. Further non-technical and descri@thadyses are provided by
Savioz and Bengui (2006) who examine the formatioh&ubbles on the
Swiss housing market. An econometric study is cotetliby Bourassa and
Hoesli (2006) who analyse the drivers for the uallgdow rates of Swiss
home ownership.

2.2 Study of Determinants

There is broad coherence among researchers witemis to distinguishing
the direction of impact of each house price deteami and the signs
corresponding to economic theory. However, wheaoihes to distinguishing
the explanatory power or size of parameters, theeens to be little agreement.
Elasticities of real house prices with respectdor®mic fundamentals differ
widely depending on the sample of countries, periexamined and
methodology used.

The majority of empirical studies analyse the intpat changes in real
disposable income on house prié&ome researchers provide evidence for
the substantial explanatory power of income (e.gllyHand Jones 1997),
whereas other studies claim that the importancen@dme as a real house

6 E.gPoterb§1991examineshe changesn the construction costiemographifactors
and real after-tax costs of homeownership as plesgéterminants of shifts of demand
andsupplyin the housingmarketCase and Shill¢i.989,1990)study auto-correlation
g)ropertiesCho(1996)anaIyses the speculative bubbles as property gricers.

Frequently, the real disposable income was suibstitby gross domestic product or
gross national product.
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price driver is minor (Tsatsaronis and Zhu 2004gca@ding to Tsatsaronis
and Zhu (2004), it is the change in inflation rdtat has a major impact and
accounts for 50 percent of the total variation ouse prices, whereas real
disposable incomes and interest rates accountrtamd 10 percent each.
These results correspond fairly with Sutton (20889 finds in a panel study
that gross national product dynamics explain omaye around 10 percent of
house price movements and interest rate changéairipss than 5 percent.
Moreover, Sutton (2002) claims that equity pricenayics account for

around 10 percent of house price changes.

Several other variables were proven to be sigmific&lowever, variance
decompositions are not included in every studys ttie relative explanatory
importance remains unidentified in some cases. antiqular, there are
analyses of labour market data (Schnure 2005), deapbhic dynamics (e.g.
OECD 2004b), changes in housing stock supply {ag and van den Noord
2006), and construction cost dynamics (e.g. Oileari2005). Moreover, Egert
and Mihaljek (2007) introduce determinants that apecific to housing
marketsn CentralandEastern Eurog€EE)indicatorsof security and reforms
in non-bank financial institutions, and indicatas§ banking reforms and
interest ratdiberalisationFurthermoreigert and Mihaljelstudytheimpact of
changesin housing quality, as it is plausible that the recent significant
improvement in housing quality in the CEE could éadheen a significant
driver for house price appreciatibteverthelesgecause of non-availability of
data seriethe authors decide to use real waggsbroad proxy fochanges in
housing quality. lacoviel@000) thoroughly studies the impacts of monetary
shocks on house prices and provides evidence afxisgence of a significant
negativampactonreal housepricesto anadversemonetaryshockFurthermore,
lacoviello claims that monetary and income relatletnand shocks are a
significant driver for short-run price fluctuatioimsthe housing market.

2.3 Econometric M odels and Time Periods

Single country research are based primarily onremorection models, while
research on a group of countries mainly adopt veatoregressive (VAR)
systems and dynamic OLS panel regressions. Frdgueuatnel studies are
preferred because it is possible to employ moremsions, thus enabling
more robust results. However, country specific dasions based on panel
parameter estimates may raise the problem of honsityeassumptions and
are quite risky.

The application of annual datasets allows studfes longer time series, for
example, Holly and Jones (1997) examine a periatl ith56 years in time.
However, shorter annual datasets are also emplagd,Jud and Winkler
(2002) cover only 15 years. Recent research usbailg on data that are 20
to 30 years in time and employ quarterly data sefleawing on monthly data
(e.g. Meese and Wallace 2003) is rather an exaeptio
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2.4 Problemsand Criticism

As for any econometric study, a number of validi@ems can be applied.
The estimated models can disclose a lack of stabiiouse price elasticities
of supply and demand can vary over time due tacsiral breaks caused, for
example, by changes in regulatory conditions, deaplyc dynamics or taxes
that cannot be controlled. In particular, studtest tover long periods of time
may be prone to bias caused by incorporation ofasrmaore structural breaks.
On the other hand, papers analysing particularbrtstime periods may not
cover a full house price cycle and therefore, ése biased.

Next, in house price studies, the relatively lovaitbility and high limitation
of data are notorious issues. In part, the lacldatasets does not allow
building of econometric models in accordance to tiieory and problems
with non-linearity and multicollinearity. This indity to build econometric
models results repeatedly in implausible signs aizés of the estimated
parameters.

The heterogeneous nature of housing provides ansipeificant problem to

the measurements of house price dynamics. Stuta¢slo not employ quality
adjusted time series can be strongly biased astower important changes in
the average quality standards may exist.

3. TheData
3.1 Data Sources

The selection of the dataset was aimed at providipgesentatives for various
housing demand drivers and housing supply detemtsna he house price
series is reflected by the annual CPI adjusted I8 X Private Real Estate
Price Index. Equity price, reflected by the SPhkaeturn index, was used to
approximate the wealth effect. The banking sectweflected by CPI adjusted
interest rates. Demographic changes were represbytpopulation growth at
household formation age, i.e. 20 to 64 age colrart.modelling of the supply
side and real estate specific determinants, thebeumwf completed dwellings
during a year and the CPI adjusted constructioregridex were incorporated.
Finally, this work pioneers the incorporation ofgaality index which is
computed and discussed in Appendix 1. Sources laorticsits of all employed
variables are provided in Table 1.

Extensive trials to incorporate total gross donegstoduct (GDP) or GDP per
capita could not deliver significant or plausibésults, therefore GDP macro-
series are not incorporated in the main model. Hewethe base model will

be extended by the GDP series in order to comratdnsistency.
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Tablel Data Sour ces

Variable Name Sour ce

h SWX IAZI Private Real
p Estate Price Index

SWX, IAZ]: 1981 to 1995

cpi Consumer Price Index SNB: 1921 to 2008
gdp Gross domestic product SNB:1981 to 2007
ir Interest rates SNB: 1989 to 2008
equity  SPI total return SWX: 1984 to 2007
pop Population BFS: 1980 to 2006 (For 2007 Encartanfzgton)
constr  Housing construction SNB: 1980 to 2007
cp Construction price SNB: 1989 to 2007

Own computation based on Wuest & Partner Real

q Swiss Quality Index Estate Price Indices (s. Appendix 1)

Source: Compiled by the author

The selected datasets cover the time period fro®1 18 2007 on an annual
basis. Hence, the number of observations is corbfgareth Jud and Winkler
(2002).

3.2 Unit Root Testing

The results from unit root testing of the underyirariables, which are based
on the Augmented Dickey-Fuller (ADF) and Phillipsrfon (PP) tests, are
presented in Table 2. The overall results areyfaidherent with previous
empirical findings (e.g. Oikarinen 2007, Sutton 2D0According to the ADF
test, the real interest rates seem to be statiomhifg all remaining variables
are integrated of order one. The results from tRad3t are slightly different.
The PP approach suggests that real interest regeimtagrated of order one
and the population seems to be integrated of aarayrkater than one. This
may be caused by the relatively low number of okméns. For instance,
when applying the PP test for a longer data serigsopulation, the results
correspond to the ADF test.

In summary, taking into consideration the resuhsnf unit root testing,
graphical analysis and recent empirical researgh &utton 2002, Oikarinen
2007), real interest rates are assumed to be atttyof order 0, i.e. stationary
at level, and all remaining variables to be intégpteof order 1, i.e. stationary
at their first differences.
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4. Methodology

4.1 Structuring the VAR Model

Joint endogenous dynamics among the selected \esiabay exist. Hence,
the choice of a VAR model seems appropriate. Ind 8bthe structure of the
restricted VAR model is summarised and in the feilg section, a
discussion is provided.

Table2 Augmented Dickey-Fuller and PhillipsPerron Unit Root Tests

; ADF Phillips-Perron
Variable Name Leve Difference Leve Difference
ho G Housing price 1.592 -2.783* -0.407 -2.949*
P (CPI adjusted) 1) 0) 2) 2)
constr | Housing construction 1(3)4 6 '3'(151)7** 'l('27)5 > '3'(123)6**
- Construction price 0.055 -4,105%** -0.541 -2.583*
P index (CPI adjusted) (3) 1) 2) 2)
fir ¢ Real interest rate | -2.954*  -3.409** -1.453  -6.858***
I (CPI adjusted) ) ) ) )
LIty c Equity prices -0.824  -3.956*** -0.911  -29.14%***
equity_ (CPI adjusted) 1) 1) ) )
o Population -0.679 -2.991** -1.472 -2.130
POP | (20 to 64 age coho @) @) @) @)
q Swiss Quality Index '0(-3)04 '2-(5(355* '0(-;92 '2-(82?6*

Note: The number of lags is denoted in parentheses.,****indicate the rejection of

a unit root at the 90%, 95% or 99% confidence leflehised on MacKinnon
approximate p-values). All tests are conducted wittonstant. The number of lags for
the ADF test is computed as proposed by Ng andR€i995) and for the PP test as
proposed by Newey-West: number of lags = int{4(T)02/9)}, where T is the
number of observations.

Source: Own computation

Table3 Endogenous and Exogenous Variables
Variables

Endogenous Ahp_c,Aconstr

Exogenous Acp_c, rir_cAequity_c,Apop,Aq,

Note: A implies the first difference of a variable.
Source: Compiled by the author

Deciding upon Akaike's information criteriofAIC), Hannan-Quinn
information criterion (HQIC) and Schwarz Bayesiarformation criterion
(SBIC), the real interest rates are excluded frbmn group of endogenous
variables, i.e. only an exogenous effect is allowaespite the rather high
degree of autocorrelation. An assumption from Suf{002) is adopted with
respect to equity prices, i.e. the growth ratefity prices is not predictable
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on the basis of other variables from the systerareflore, stock prices are
analysed as exogenous. Moreover, the quality ofieeial properties is
assumed to be exogenous, even though there mayaepisitive influence of
stock price inflation on the quality of dwellingsis reasonable to believe that
household demand for quality housing would be higliken their wealth
level rises. However, as the overall effect of guadn housing market turned
out to be minor, therefore, an assumption thattgquiices and quality of
dwellings do not interact should not contributelty significant biases.

Population dynamics and construction price chamgesllowed similarly, to
impact only exogenously the system. Does populatgmowth and
construction price inflation shift in conjunction® rise in population size
results in labour supply increase; hence, ceteagbps, the wages and
therefore, the construction costs would be expetiddll. On the other hand,
a rise in population size results in higher popatatdensity and may shift
constructions to farther locations or sites witlopaccess. Hence, a positive
impact on construction prices can result. In sunynahe long-term
correlation between population growth and consimactprice changes is
presumably close to zero and neglected in thisystud

Finally, a higher quality of supplied dwellings st be expected to impact
construction prices. However, as previously argukd,overall influence of
quality is minor. Therefore, allowing for no intetmn between the two
variables should not lead to any substantial biases

4.2 Cointegration Testing
Since there is a unit root in either of the endagsnvariables and they have
the same order of integration(1), cointegration tests may be conducted. The

results from Johansen’s cointegration tests arersmsed in Table 4.

Table4 Cointegration Testing

Ho H alter native Trace Statistic 55/:0”“03] Valulf;so
r=0 r=1 9.3138 1541 20.04
r<1 r>2 1.7975 3.76 6.65

Ho Haternative ~ Max.eigenvalue Statistic S%rltlcal Valtia
r=0 r=1 0.3413 14.07 18.63
r<1i r=2 0.0950 3.76 6.65

Note: Reported results for tests with no deterministiodrand intercep&imilar results
were found when linear or restricted trends aréughed and/or intercepts are allowed.
All tests investigated non-stationary data seliies (eal house prices and construction
activity at level).

Source: Own computation
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The likelihood ratio trace test fails to reject thell hypothesis of no
cointegration, i.er=0. Similarly, the maximum eigenvalue statistic canno
reject the null hypothesis of no cointegration. Boe underlying sample that
covers 1991 to 2007, both results are plausiblesummary, the employed
limited data series of the endogenous variableswsimd signs of a
cointegrating relationship. Therefore, constructidra vector error correction
model is abandoned and only a VAR model is estithate

4.3 Lag-Order Selection

The estimation of the lag ordds,in a VAR () system, is based on lag order
selection statistics. As it is improbable that inges of any of the variables

included in the VAR will significantly impact the/stem after more than three
years, the maximum lag-order is restricted to thiiexble 5 reports the three
information criteria, i.e. AIC, HQIC and SBIC, aadsequence of likelihood-

ratio (LR) test statistics for all of the full VAR order less than or equal to
three. In conclusion, the AIC, HQIC and LR statistsuggest incorporating

two lagged changes, and therefore, the estimatet®imdgll be a VAR (2).

Table5  Lag-order Selection for VAR

Lag LR AlC HQIC SBIC
0 - -5.979 -5.930 -5.489
1 14.659 -6.371 -6.303 -5.685*
2 9.515* -6.460* -6.372* -5.578
3 4.7119 -6.267 -6.159 -5.188

Note: * Indicates the suggested lag-order.
Source: Own computation

44 TheModel

Finally, all the collected information can be ga#tetogether to construct the
following VAR (2) system:

4hp_g=p14hp_gG.1+ pr4hp_g.,, + fzAconst, + 4 Aconsti, + fs ACp_Gq +

+ 7 Mir_Cu1 + fsdequity_g; + fg ApOpy + Po AQr + Uy (1a)
Aconstg=y; Ahp_g1+ y2 Ahp_Go+ yzAconsty + ys ACONStE,+ y5 4CP_G1 +
+ 7 Mr_Ceq + ys dequity_g; + yg ApOp.y + yo AQy + & (1b)

45 Post Testing

Table 6 summarizes the results from two tests faoeorrelation of the
disturbance terms. The Lagrange-multiplier tesisfdb reject the null
hypothesis of no autocorrelation of residuals. &irty, the Durbin-Watson
test does not provide any indication for positivenegative autocorrelation of
error terms at the 5 percent significance level.
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Tabler reports the Jarque-BeskewnesandkurtosisstatisticsAt the5percent
significance level, all tests fail to reject thellnhypothesis of normally
distributed disturbances. Therefore, white noiseesiduals can be concluded.

Table 6 Lagrange-multiplier and Durbin-Watson Tests

Lagrange-multiplier Test Durbin-Watson Test
Lag Chi? df Equation d-statistic
1 5.122 4 la 2.141
2 2.799 4 1b 2.577

Source: Own computation

Table7 Testsfor Normally Distributed Residuals

Jarque-Bera Test Skewness Test Kurtosis Test
Equation| Chi? df  |Skewness Chi? df  |Kurtosis Chi®  df
la 0.875 2 .04946 0.007 1 1.8932 0868 1
1b 4.039 2 1.0098 2.889 1 4.2743 1.150 1
Both 4914 4 2.896 2 2.018 2

Source: Own computation

Results from Granger causality tests and the gassdokfit parameters are
reported in Table 8. The null hypothesis of ho @ercausality is rejected at
the 1 percent significance level in both cases.

According to the adjusted coefficient of determimat(Table 8), as much as
58 percent of the house price variation is explhity the model. The
explanatory power of Equation (1b) is lowadjusted R = 0.36), but still
satisfactory. In comparison with recent house pstadies, the estimated
model does a good job. House price models typicdigloseadjusted R
values approximately between 35 and 70 percent (gagozza et al. 2002,
Messe and Wallace 2003, Riddel 2004, Harter-Drei2@®4). Changes in
construction are usually explained less adequatéty adjusted R values of
around 50 percent (e.g. Kenny 2003).

Table8 Granger Causality Test and Goodness-of-fit

Granger Causality Test Goodness-of -fit
Equation Excluded Chi? df R? Adjusted R?
la Aconstr 10.177 2 0.815 0.578
1b Ahp_c 10.272 2 0.720 0.361

Source: Own computation
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4.6 SomeWarnings

The VAR systems, as in almost every econometrichauktlogy, have their
weak points. First, as stated by Cochrane (1994)ptopagation mechanism
is a crucial issue. In order to understand a shdcks indispensable to
determine its influences on the system. Unfortugate many cases, there is
more than one propagation mechanism that resultiseirsame response and
controlling for some impulses is virtually impodsip because of the
complexity of real world. Secondly, economic agears policy makers who
possess substantial information advantages aretalidase their predictions
on more variables than those included in a VARewystOnN this account, one
must be aware that shock identification and evalnabased on simplified
stylized features have only limited explanatory gmdictive power. In
addition, there is the problem of linearity: shoggial in magnitude, but of
opposite signs may impact the endogenous varidlas asymmetrical way.
Kenny (2003), for instance, presents evidence $gmemetrical properties of
housing supply responses. Finally, the existendeubf exogenous shocks is
disputable. As pointed out by Cochrane (1994): “(the imperialistic march
of economics makes events truly outside the econ@ystem rarer every
day”. Traditionally believed to be true exogenoheaks, even the actions of
policy-makers are in fact, as described by the Fddeeserve System, only
responses to events and not randomised experiments.

5. Empirical Results
5.1 HousePriceand Construction Activity Drivers

The estimated parameters of the proposed modedfipgoach are reported in
the second and third columns of Table 9. Despiéeetmployment of rather
short datasets, plausible and significant resuésatained.

House price changes are most sensitive to popnolatid percent increase in
population growth at a specific household formatage, i.e. 20 to 64 age
cohort, results in 2 percent higher house pricevtiroThis is presumed to be
mainly caused by the heavily constrained housingplst the market can
adjust in the short run only by increasing houseest The second most
important house price driver is the change in aoisibn costs. An
appreciation of construction costs leads roughlggoal increases in prices of
dwellings. This may suggest the very high markewgroof Swiss property
developers; an increase in construction priceslig fransferred to the buyers.
This finding may be caused by relatively low conipmt in the Swiss real
estate economy, which is dominated by a few largeekbpers. Moreover,
contracting foreign developers is heavily restdctespecially with regard to
foreign labour employment in the construction sediext, a 10 percent rise
in equity prices is followed by a 1.4 percent hopsee appreciation. Rising
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supply, e.g. a 10 percent increase in the numbecoafpleted dwellings

during one year, results in house price deflatignaéto 1.2 percent during
the following year and 0.6 percent two years thiéeea Subject to the

sluggish supply responses to overall changes inhthesing economy, this

negative impact is notoriously important for thecligal shaping of house

prices. Interestingly, house prices drop only by Percent after real interest
rates increase by one percentage point. Posditdyexplanatory power of the
relatively stable and low Swiss interest ratesnmtéd. Finally, improvements

in quality of new constructed or modified dwellingave a highly significant

positive impact on residential property prices. téger, the influence is only

marginal. The quality index is possibly biased deards because it does not
incorporate quality improvements of surroundingsy.(@mprovements in

infrastructure).

Table9 Model Estimation
Bace Mo amocs  Dagodd EXaDy
(Equations (laand 1b))  Without Quality Index Restricted to First Lags
Ahp_c Aconstr¢ Ahp_c Aconstr¢ Ahp_c
Ahp_cix 0.504** 2.664*** 0.520* 2.634%** 0.319
- (0.234) (0.959) (0.274) (0.993) (0.229)
Ahp_G 0.456** 1.956** 0.462** 1.945* )
—2 (0.196) (0.804) (0.229) (0.833)
Aconstro, -0.116*** 0.401** -0.087* 0.349** -0.126***
- (0.042) (0.173) (0.047) (0.173) (0.047)
-0.065 -0.236 -0.077* -0.212
Aconstiez | 9042y (0.173) (0.049) (0.178) -
Acp_G 1.039*** -3.540%** 0.702** -2.918* 1.025***
— (0.312) (1.279) (0.329) (1.196) (0.312)
Hr cu -0.00745*** -0.01829** -0.00759*** -0.01829*** -0.00802***
= (0.001) (0.006) (0.002) (0.006) (0.002)
Aequity_cq 0.145** 0.268*** 0.123*** 0.310*** 0.102***
=1 (0.023) (0.094) (0.025) (0.090) (0.024)
Apop 2.055** 11.366*** 3.137*** 9.369** 2.225%
v (1.014) (4.160) (1.075) (3.904) (1.086)
A 0.00037*  -0.00068 0.00037**
G2 (0.00015)  (0.00060) (0.00016)
0.466
Agdp_Cea - - - - (0.321)

Note: Standard errors in parentheses. *, ** *** indicat@%, 5% or respectively 1%
significance levels.
Source: Own computation

The construction activity is mainly driven by poatibn growth, construction
price changes and house pritggmamicslncreased population growth rate by
percent is followed by a remarkable 11.4 percepteiase in construction
activity. This sharp rise cdme seemsacounterforceo the price increasegter
ahigher populatiogrowthrateis observedA 1 percentlecreasé construction
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costs results in a 3.5 percent rise in construcdictivity whereas increasing
house price by 1 percent stimulates the residentiabtruction activity and

leads to a 2.7 percent increase in completed netsédlelevelopment after one
year and 1.9 percent after two years. Worseningliions on capital markets,
for instance, a one percentage point increaseahiméerest rates lowers the
construction activity by 1.8 percent. Rise in eguitices by 10 percent
leverages housing development by 1.2 percent. Bs#iye impact of equity

price changes on residential development can bsuprably explained by a
higher capital transfer to the housing developmssttor, followed after

capital gains on the stock markets have been eehlikastly,the results

suggest a marginal negative impact of quality improents on residential
development. Presumably, the necessity of suppliigsing space of better
quality is a disincentive for construction activitilowever, the effect is
statistically not significant.

In order to test for robustness of the results séléconstructed quality index
has been excluded from the base model. The reffule restricted model are
depictedn the fourth andifth columnsof Table 9Theestimated parameters of
theamendednodel do not divergsignificantlyfromthebasemodelparameter
estimates. Hence, the quality variable has nottanbally biased the results.

According to recent empirical studies, real GDPwgfois an important house
price driver. Therefore, a further amendment tolthse model was made and
a CPI adjusted GDP growth series was inclUtiéde last column of Table 9
presents the estimated elasticities. In order verbge the significance, only
the first lag of the endogenous variables is inetlch the model. However,
the significance of real GDP growth is still qultav. The estimated house
price elasticity relative to real GDP growth istisiécally significant only at
the 15 percent significance level and suggestgla percent increase in real
house price after a 1 percent rise in real GDP tirod possible explanation
for the low size and significance may be the comfpaely very low Swiss
home owner occupancy rate which implies that risiagpmes lead mainly to
increases in the rents and the impact on housesisdagged and indirect.

5.2 Dynamicsof the Housing Market

Cyclical dynamics of growth rates in house pricad aonstruction activity
changes after unanticipated shocks are presentedndénns of impulse-
response functiofliRF) and cumulative impulse-response functi@ifF) in
Figurest and 5 respectivelifteran internal shock to either of the variables,
theautocorrelations positive during approximatefirst two yearsifterwards,

a negative effect can be observed for about foarsybefore a reversion to
positive growth rates takes place.

8 Unit root testéADF and PP) suggest that real GDP is integratemtaér one, i.el.(1).
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The explanation for this varying impact may be ttmntrarian interaction
between both variables. The CIRF illustrates thenarkable sinusoid
relationship and the long-term effect, i.e. eigbtirs after the shock, of an
approximate 0.9 percent increase in either variable

An interesting result is the lack of a long-ternpamt on housing stock output
after a house price shock and vice versa. Duriaditht four years, a positive
shock on house prices leads to growing constructictivity by up to 10
percent, until the effect reverts and a contractionresidential property
development takes place. Presumably, the incresssdential construction
growth leads to oversaturation on the market, angdizing of development
activity follows. The response of house price clengo a shock on
construction activity is similar, although lesstifist and with opposite sign.
The positive impact after four years can be presynaxplained by the
intertemporal reversion to negative growth of couctton activity that causes
house price appreciation.

5.3 Reéative Importance of Housing Market Drivers

The effects of a house price growth shock on canstm activity dynamics
and vice versa are lagged by one year (Figure f¢r Around three years, the
intervariable relationship explains up to half d&tdynamics of the other
variable. The other approximate halves of the mam@mare explained by
autocorrelation of either endogenous variable.

54 Investigation of Overvaluation

Figures 7 and 8 depict the predicted and actuaéldpment of house prices
and construction activities, respectively. Appaenthe fitted values are a
good prediction of the housing market, which sutgegppropriate model
specification. The only exception is the divergetiwd takes place in the time
period of 1992 to 1994 when the prediction of tlumstruction activity is

biased upwards. This is presumably caused by datinincorporate in the
model, the introduction of sanctions that negagiviehpacted the housing
economy in the early 90s.

The estimated prediction does not suggest any algtion of house prices.
However, in the most recent two years, house ptiga®g appreciated much
stronger than warranted by the fundamentals. Intiadd the construction

activity is slightly under supply. Do these finding/arrant reasons for worry
about future overvaluation?
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Determined by the conservative fiscal and regwatapproach of Swiss
authorities towards the housing market, the riskhofise price bubbles is
presumably a minor problem. Furthermore, during ldst three years, the
number of authorised residential developments @wvgrg faster than the
number of completed housing construction. Therefdte construction

projects that are presently in the pipelines wilbis arrive on the market and
possibly meet the suggested supply levels. Morgotrex present global
economic downturn is also impacting the Swiss eognoand may

foreshadow some downward pressure on house prices.

Figure8 Predicted and Actual Construction Activity Dynamics
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6. Conclusion

This paper mainly contributes as an econometridysaf the Swiss housing
economy. Based on observations from seventeen,yearsiuring 1991 to
2007, a VAR model is created in order to reprodie housing economy.
The selected data series explain the ways thatehpuises are affected
through wealth and the banking channel and by deapbic and real estate
changes. Conditional on a comparatively broad ebosidered fundamental
determinants, real house prices and constructitivitgcare shown to be most
sensitive to changes in population and construcfidnes. In contrary to
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recent empirical findings from other countries,|r&DP turns out to have
only limited explanatory power. In addition, based a self-constructed
quality index, evidence for a positive impact ofality improvements in

supplied dwellings on house prices is provided ialbiee effect is only

marginal. Furthermore, impulse-response functiomggest that exogenous
shocks on house prices have no long-term effectsomstruction activity.

Analogously, exogenous supply shocks do not impadhe long-run, house
prices. Hence, authorities that stimulate the maii@conomy by, for instance,
subsidising housing construction, should not waxbout long-term house
price increases. Lastly, the results do not prosgiges of any overvaluation
on the housing market.

It must be highlighted that the real estate econ@ gy very local issue and
each empirical study with a national approach mayiased because of the
remarkably heterogeneous nature of real estaten EBv@ comparatively small
country, such as Switzerland, substantial diffeesnenay exist between
various regions. Moreover, the estimated houseepeiasticities, especially
with respect to demographic changes, may be pmsealistantial differences
caused by a varying demand of various age cohortglifferent kinds of
residential property (e.g. family house, urban;flabtoliday home).
Furthermore, the results may be affected by futxgectations of housing
market participants or psychological biases. If deholds expect price
increases in the housing market, they may not béngvito sell at present,
thus only “lemons” would remain on the market. Thisuld lead to price
drops, despite an actual rise in value caused pgatations of future price
appreciation. In a different situation, when hogsprices are in a downturn,
households may not be willing to sell under the imainprice at which their
dwelling was purchased in the past. Consequertily,actual market price
would again be biased. Clearly, further researclmasessary for a better
understanding of the variations in demand for déffe kinds of properties and
of the differences between regional housing ecoasmiAlso, further
academic investigation of psychological biases @ideholds with regard to
real estate transactions is needed.
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Appendix 1 Computation and Discussion of Swiss Quality
Index

Computation of a quality index based on fundamenial an extremely
complex and ambiguous process, as it depends abjective selection of a
broad set of fundamentals. Therefore, instead sfriectural derivation, the
quality index is computed in an indirect way basedNew, Old and Total
Real Estate Price Indices from Wuest & Partner.

The hedonic Wuest & Partner price indices are basedeveral observed
characteristics, such as area and number of robmsiavelling or on a set of
dummy variables for the presence, for example, gdralen, a swimming pool
or air conditioning. Therefore, it does not incaigte numerous unobserved
criteria, such as design of the garden, dispatchthef swimming pool or
quality of the air conditioning. Such charactedstare presumably of higher
quality in new or modified dwellings and solely tanling for the year of
construction is not sufficient as the differenceduality between new or
modified and old dwellings may not be constant diree. Figure A.1 seems
to provide support for the made assumptions anédistevidence for a rising
difference over time between prices of new anddolellings.

FigureA.1 New, Old and Total Housing Price Developments
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In the following, it is assumed that the risingfeliEnce is due to a relative rise
in the quality of newly constructed or modifiedidestial properties. In other
words, the rising difference between both indicea measure of the “amount
of new housing quality” that arrives on the markiering a time period.
Based on that assumption, a proposition is madé \lie following
computation of the quality index:

g = (new_dwellings / total_dwellingg * (hpn:— hp o), (A1)

where quality at time periotl g, equals the weighted difference between new
housing pricéhpy andold housing pricénpo. Theweightingi.e.new_dwellings
/total_dwellinggis needed for considering the relative share of gletad
dwellingsthataccountgor the importance of price differences in a tinegiqd.

First, the weighting, i.e. the relative share ofvrgwellings in a time period,
will be estimated by using the following Wuest &rier formula for total
real estate prices:

hpr = (new_dw / total_dw) * hp+ (old_dw / total_dw) * hp, (A.2)

It is possible to depict the share of new dwellingghe housing market as
follows:

new_dw / total_dw = (hp- hp, * (old_dw / total_dw))/ hp, (A.3)
wherehp is the total housing pric&.Inputting EquatiofA.3)into(A.1)we get:
g = [(hpr — hp * (old_dw / total_dw)) / hid * (hpn — hpy). (A.4)

In the next steppld_dw / total_dwneeds to be computed. Obviously, old and
new dwellings sum up to total dwellings, irew_dw / total_dw =1 — old_dw
/ total_dw Hence, the following equation holds

a*hp+ (1 —-2a)*hp = hpy, (A.5)
wherea is the relative share of old dwellings and cambid as follows:
a =old_dw/total_dw = (hp—hp)/ (hp - hp). (A.6)

Finally, the quality index can be attained afteu&tipns (A.4) and (A.6) are
linked, i.e.:

q = [(hpr —hpy * (hpr —hpy) / (hpo — hpy) / by ] * (hpn —hRy). (A7)

Figure A.2 displays the development of the qualityex and its dynamics
since 1971. A long-term upward trend and a rathigh lvariation in the
supplied housing quality can be observed.

° Note that qualitative improvements of the surrdngd of dwellings, e.g. better
public transport system or less air pollution, whigresumably affect old and new
dwellings in the same way, are not taken into atersition.

0 Eor simplicity, time indices are abandoned.
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Figure A.2 SwissQuality Index and Quality Dynamics
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The depicted quality index suggests a clear ineréashe quality of supplied
dwellings until the early 90s, presumably caused ifmprovements and
innovations in the building sector. In the remaindeéthe 90s, the quality of
constructed or modified dwellings decreased. Ipdssible that during the
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difficult period of property price deflation, theuibding companies needed to
economise on construction costs and cut back ofitgstandards of the
supplied dwellings. In the years 2001 to 2004, afeer the real estate crisis,
the building industry became more attractive angpprty developers might
have experienced harsher competition. Presumablgrder to outcompete
competitors, construction firms supplied dwellingt significantly higher
quality. Hence, a substantial rise in the qualitgeix can be noticed. Since
around 2005, the newly constructed or modified dngt are characterised
by high quality standards.

Can the difference between new and old house pfees comparison in
Equation A.1) be attributed to differences in th&ative demands? New and
old dwellings are both normal goods. Thereforeirttedative demand curves
should devise similar elasticities with respectlichouse price determinants.
Rae and van den Noord (2006), however, argue kteae texist some minor
differences between new and old house price eigstielative to real
disposable income. On the other hand, Rae and earNdord (2006) do not
control for quality dynamics. Hence, the real caofthe different elasticities
remains a mystery.



