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Abstract

A housing market model for Sweden has been estthmtesemi-annual data for 1970-97 by separately
modelling the demand and the supply sides, seédifi error correction form . On the demand side i
the short run house prices adjust to the changi#eireal after tax long interest rate, finanaiahlth,

the employment rate, rents and, finally, popuolatiThere is an underlying long run relationship
between real house prices and the following satilebt to income, debt to financial wealth, prvat
housing stock to income, the stock of rental hagi§ilats) to the private housing stock, the réakraax

real long interest rate. The supply side, based Tobin’s g-index, the short interest rate andks
market returns, generates the investment flow whetermines the evolution in stock. The results
indicate that even in a turbulent period, Swetislise prices and housing investment are tracked qui
well with this specification. The importance of tienulations and their usefulness to Swedish policy
makers is discussed. According to our model, mantofs were instrumental in producing the house
price boom of the late-1980s. Initial debt levetsalow as were real house prices, giving scopesies

in both, and these became more important as & ddulancial liberalization, though partly offsiey
higher real interest rates. We also discuss the@eersy over the causes of the 1991-1993 recessio
the context of the 1991 Tax Reform. Tests of madeljuacy indicate that the housing price and Tobin
g housing investment models are stable and rolmassatisfy intuitive theoretical prerequisites.

Keywords: House prices, error correction, steddtesTobin=s ¢, simultaneous model
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1. Introduction

The objective of the paper is to develop a dynandlong run model for the Swedish housing market.
Demand and supply sides are modelled for the a@rmd forecasting and medium to long term
assessments. Housing markets are highly volatie], modelling both prices and investment
simultaneously has been a challenge for economust€conometricians. It is an important task, since
housing wealth constitutes about two thirds of peaswealth. The model developed in the papes® al
used as an analytical tool to discuss the contsynv@rer the causes of the 1990s recession, irothiext

of the 1991 tax reform (91TR). We also conduct salyeamic policy simulations to assess the
responsiveness of house prices and investmentatksHrom the long interest rate, income, and
household debt

The paper is structured as follows: Section 2 rgsiearlier studies. Section 3 presents a framefoork
analysing house prices, both the demand and thysodels. Section 4 describes the econometric
methodology used in this study. Sections 5 ane@8ent the empirical results on house price andigpus
investment equations. Section 7 discusses theaansy of the causes of crisis in the Swedish mgusi
market. In section 8 some policy simulations aréed out and their usefulness to the Swedistcgoli
maker discussed. Section 9 highlights the maintfaning of the model and explains the mechanism
underlying the simultaneous demand and supplyisalusection 10 outlines the house price forecast f
the year 1999 - 2000 and Section 11 concludesappendix defines the data used in this study.

2. Earlier studies

Since the seminal work by Hendry [1984] there masrged a flora of empirical macro estimates house
price functions. Fluctuations in house prices Haaen analysed in terms of an inverted demandiumct
for houses, conditional on last period's housinglstin the short term, the housing stock is taken
fixed and only house prices react disturbanceshbuse price changes induce changes in construction
activity in accordance with Tobins [1969] q.

In the long term construction achieves adjustnoéstock supplied to its long term demanded level.
Tobins [1969] g theory, is adopted in order to eldobusing investment and using a perpetual invgnto
relation, the long-term changes in the housingkstdouse prices are commonly derived as a reduced
form from separate housing demand and supply empgti Studies in this category are the those by
Mayes [1979], Nellis and Longbottom [1981], Brad|#981], Hendry [1984], Meen [1990], Tse [1999]
,and finally Meese and Wallace [1997].

Swedish house prices are studied by Heiborn [[1&®#hich she analyses how the quantity of hagisin
demand can be explained by the size of differeatcatports. Her study indicates that there is aipesi
effect of demographic demand on house prices. Anatudy on Sweden is by Hort [1997] using a
dynamic capital asset market model in which anr@warection model estimates real house prices as a
function of total income, user and constructionte€o$he results indicate that the volatility in Beu
prices can be traced back to fundamental demath@wgoply conditions.

3. A framework for analysis
3.1 The demand side

Households can be regarded as maximising théiyuiy consumption of housing and non housing
goods subject to their budget constraint. Thelityfunction is given by
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U=U(H,HF X)),

whereH andHF are housing services consumed from owner-occugiddental housing respectively
and X is non housing goods and spending is constraigedidgposable income. Maximising utility
subject to the budget constraint is interpretegielding:

HP . DE DE HF
7—1‘( R*(1-M )-(A— s ) WEH [1]
() ) # 0

where HP denotes the demand for housing services (std¥ck),disposable incom# is the marginal
tax rate on interest deductiofd / Pis real house pric&H is the nominal house price index dnts

the consumption deflatoklF is the stock of rental housing (flatB) is the household debWF is

the household financial wealtR,* ( 1 - M) - AP/P) is the after tax, after inflation, long-run govment
bond rate and inflationAP/P) is defined as the annual changeHn

Solving [1] for house prices, we get the invertiedhand function:

PH _ H HF . AP | DE DE
9(—- (R(ll\/l) )YWF) [2]
() () ) ) ©

The anticipated signs of the partial derivativesiadicated in the equations.

3.2 The supply side

Applying Tobins g theory to the housing market,ngtouction activity is determined by the profit
incentive represented by the ratio of the assetepriof existing structures, to the cost of new
construction. Average Tobins g is defined heraragdex (1991 = 1)

_ PH
9 pB
of market pricePH to PB, the construction price index. In long-equilibripthe value of Tobin=s g
converges to 1, implying that asset prices conviengards construction costs, but in the short rovag
vary from 1. Our g-index would however convergedme other constant where Tobins g = 1, since our
g = 1 merely signifies the base year (and also é&appo be the sample mean value of our
g index) approximately. In equilibrium, investmesquals depreciation of the capital stock (if net
investment is zero), see Jaffee [1994], or adjufsied constant growth rate. The augmented Tobin=s
model of housing investment can be written as:

IH
GDF =h(qRS). [3]

) )
wherelH is housing investment, GDP is the gross domestidyct, andRSis the short-term interest
rate, reflecting the cost of financing investmenthe construction industry.
In the long rurH® = H =HS® [4]

Equations [2] and [3] are the basic demand andig@pjpiations respectively. Finally, the housiragkt
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evolves over time with investment through the peraleinventory relation
H®=IH + (1-0) *H 1, [5]

whereH is the housing stock in hand ars the rate of depreciation of the stodK).(Equations [2]
and [3] are estimated separately and a reducedi$oderived by equating the identi#y = H® The full
model is finally simulated using equations [2],,[B]] and [5], where we want to determine the pad
the quantity. (See Section 10 on simultaneous nm&amlation, and Exhibits (14-17).

The house price function is expressed in ratio ftorhighlight the long term features of steadyestat
that is, all ratios are constant if numerator asaaminator expand at the same constant rate (fthr
inflation) and the income elasticity of demanddtwck is unity. The long-run relationship to beddss
in log linear form. In the error correction equaticeal house prices depends negatively on resiast
rates, household debt / financial wealth ratiand the stocks of both small homes and flatstgte
stockf, and positively on the debt / income ratio

In long run on the demand side, real housing pbegsn to diverge from their long run relationshipe
four ratios along with the level of the real longerest rate act in the error correcting mechrasi
driving house prices towards equilibrium. Thergsilar error correcting mechanism on the supplg si
i.e. when investment begins to diverge from itgl run relationship (e.g. in response to the price
deviation), Tobins qRH/PB) andRSact as error correcting mechanism driving housnvgstment
towards equilibrium. The two mechanisms thus irgiera

The short term dynamics on the demand side aresepted by the following variables: the yearly
change in after tax long term interest rate, tloekecation in financial wealth and the employmerté

the yearly change in total population and the yeahnbnge in rents (representing user cost). Liags i
housing investment together with yearly changéinins g, share prices and a moving average of the
short-term interest rate constitute the short tdymamic variables on the supply side. For a dsdail
description and sources of the data set, see dpemdix.

4. Econometric methodology

Simple dynamic models based on error correctionl fleecks are important in linking equations
formulated in levels and with those formulated iiifiediences of the orginal variables. Further, aorer
correction mechanism (denoted ecm) has many integetynamic and econometric properties

and appropriately specified, can ensure that amatgd equation reproduces as its steady-statiéolu
the economic theory from which it was derived, tfaglitating rigorous testing of theories.

As a preliminary step to co-integration analydig, drder of integration of the house price modtl dat

is to be tested. Several procedures are availabie@olado et al. [1990], for a survey); in thesent
analysis, the Augmented Dickey-Fuller (ADF) integra test is employed. The results of the ADF test

1 Anincrease in indebtedness or a drop in holdififi@ancial assets, would raise the risk of ficial distress, thus
prompting the consumer to shift his demand awaynfdurables and housing thus reducing house prides.

financial wealth income ratio could have been wdtinatively. This would merely change the sifjie coefficient

in a log model and hence provide us with a diffemeterpretation ie. we would expect different i@sges from liquid

and illiquid assets, see Miskin [1977]

2 Given the private housing stock, an increase afni the rental market induces substitution, ifigathe kind of
housing desired (e.g. single ownership dwellingg get replaced by rental apartments. This adjustie@mtinues
until both markets (stocks and flows) are agaijoint equilibrium, with new construction yieldingormal profits.

3 Usually increases in debt are considered to badioator of consumer optimism and strong demaadpk buy
houses with debt financing to large extent, whidls us that real house prices and debt could siéyay correlated.
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are presented in Exhibit 1.

[EXHIBIT 1 HERE]
Co-integration results, using the well known Jolearsnd Juselius [1988] procedure, are presented in
Exhibit 2. If the variables are found to be balah@ategrated and co-integrated) an error corractio
model can be formulated. An unrestricted autoragreslistributed lag model (ADL) is finally estinedit
in this study.

[EXHIBIT 2A AND 2B HERE]

5. The demand side results real house price

The estimated specific model, using the genergpéaific approach, is reported in Exhibit 3 onribgt
page. The standard error of the regression ishess2% and 95% of the total variance in theuahn
log change in real house prices is accounted fpakon [2] has a clear economic interpretatiore Th
adjustment coefficient for the level of real hopsees PH/P) indicates that in cases of departure from
equilibrium, 32% of the shock is corrected withiregrear. The signs of all of the long and the shart
dynamic variables are in agreement with prior teBoal expectations and significant. The changleen
long interest rate has a semi-elasticity of 3e3,an increase in long after tax interest rate didatrease
the real house prices by 3.3% in the short termiladb in the long run. The elasticities for chaimgbe
population is quite high. Demographics incorporatethe change in population definately has a gfron
effect on house prices. Generally the diagonosiststindicated that this model specification was
satisfactory to the unknown data generating process

The specific model is an annual change model, msay be of interest to forecast house prices on a
yearly basis at NIER. In Exhibit 4 and Exhibit Betpreferred equations are presented for the period
1970 - 1997 both in levels and in annual percentdgages. Exhibit 6 illustrates an out of sample
forecast for the period 1991 - 1997.

[EXHIBIT 4 HERE]
[EXHIBIT 5 HERE]
[EXHIBIT 6 HERE]

Exhibit 7 plots some evidence on parameter stglfit the long-run parameters. As shown all the
parameters become stable over time.

[EXHIBIT 7 HERE]
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Exhibit 3 The demand side results [1970 - 199T), In(PH/PC) =

Regressor Coefficient Student t - values
CONSTANT 0.76 3.74
D2In (PH/PC)1; 0.35 3.79
D, {avg(2,R*(1 - M)} -3.33 3.72
D2 (D2In (WF) [17) 0.12 3.73
D, (D2In(E)) 2.78 5.65
D2In (H) 4 -3.19 2.50
D2 In (HF) 11 -2.74 6.90
D2In (POP); 1] 7.07 2.90
D2In (RENTS/P) .15 0.51 3.22
IN(PH/P);- 2 -0.32 6.73
In (DE/Y) -2 0.76 8.03
In (DE/WF)|.2; -0.20 5.79
In (H/Y) [-2; -1.07 5.95
In (HF/H) (- 2; -0.65 7.03
DS (Seasonal) -0.07 2.80
{R*(1 — M)- AP/P )}(-2 -0.44 1.99
]

R 0.95

R? (adj) 0.93

Standard error 1.93

Durbin Watson, Durbin (1.90), (0.96)

H

MODEL CRITICAL

DIAGNOSTICS VALUES AT
5%

LM test X% (1) 0.03 3.84

LM test x 2 (2) 5.54 5.99

LM test X% (3) 6.85 7.81

LM test x? (4) 8.88 9.49

RESET 0.01 3.18

J-BERA NORMALITY 0.24 5.99

ARCH 0.96 9.49
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Note: In the table above special notation is used &ural logs and changes. The operatpsténds for

a | - period difference, with b= D for simplicity, and In(x) = log(x) for shofthus D' In(x) = Log (x /
Xj)is a j - period difference in the logs. For senmual data j = 2 in the dependent variable: and D
In(x) are annual rates of change. D;( d(x) ) then is the change in annual rate ofngea Items
indicated avg = are n period averages in the pdaticzariable. LM is the Breusch (1978) and Goglfre
(1978) Lagrange multiplier test. The equilibriulagticities are as follows: DE/Y = 2.4, DE/WF =60.
H/Y =-3.3, HF/H =-2.0, R*(1 - M) AP/P ) =-1.4. The F -Values for the Chow strudtbreaak test are

as follows 1985: = 2.5 and 1986 = 3.1. Possiblsaes for the indication of structural shifts istttie
Swedish economy was in a deregulation phase afdiahmarkets. Tests on exogeneity are not reported
here but available on request.

6. The supply side results - housing investment

The housing investment function with diagnosticeeggorted in Exhibit 8 on the following page. The
standard error of the regression is 6% and 88%eofdtal variance in the annual log change in hngusi
investment is accounted for, thus indicating pofitehan for the price equation, though this may b
characteristic of investment functions. The sigmmast of the short-run dynamic variables and ¢img |
run variables are in agreement with prior theoe¢gxpectations. The adjustment coefficient forifisb

g model indicates that in case of departure fromliégium, 23% of the shock is corrected within one
year. Both the change and the level of Tobin'se sagnificant playing an important role in the
investment function. Diagnostics indicate thatdpelied Tobins' g model is well specified.

The 91TR tax reform dummy plays a significaré ria the specification of the investment equation.
The supply-side of the housing market respondedpshto the scale of the downturn in demand.
According to Englund et al [1995], new constructielhdramatically from a peak of 70,000 dwellings
1991 to 12,000 in 1995. The share of single fahmluses out of all new construction fell from
cent in the 1980s to 25 per cent in 1993 and 3€gmein the first quarter of 1995. Fluctuationgho$
magnitude have important consequences for the Stvedtional economy in terms of the direct impact
on the house building industry and the knock-oeaf for investment and aggregate demand in general

Thus on theoretical grounds one would expect td firat low levels of real house prices, relative to
construction costs, would discourage investmenalbse of the unfavourable effect on builders=
expected profits. During this period of crisis (09B994) in the real estate market, this is what our
estimates imply, although the other variables m ittvestment function round out the picture ( see
further below).

According to the OECD Economic Survey [1998], thexent recovery in house prices has not been
sufficient to make up for the faster developmentsonstruction cost since 1990. The recent upsiming
housing investment can according to the reporintiedl to a temporary subsidy for the constructibn o
new houses and housing investment. This schenubsities were terminated in December 1996, which
consequently lead to a fall in housing investmerit997. The current recovery in housing investment
has occurred in concert with continued persisteetin real house prices.
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Exhibit 8. The supply side results [1970 - 1997D, In(IH) =

Regressor

Constant

D5 In(IH) (13

D2 In(IH) [ 2

D In(IH) - 3

D2 In(AKT / P)
D, In(PH /PB)
D, (avg,2(RG AP/P))
In(IH / GDP)(. 5
In (PH / PB)y
91TR

RG

RZ

R? —adj
Standard error

Durbin Watson

MODEL DIAGNOSTICS

LM test X% (1)

LM test x°(2)
LM test x*(3)

LM test X ?(4)

LM test  x2(5)

LM test x*(6)
NORMALITY x?(2)
ARCH ¥ (4)
RESET F (2,50)

Coefficient Student t — values
-0.64 3.65
0.62 5.64
-0.41 3.03
0.42 4.03
-0.20 3.24
0.38 2.32
-3.52 3.05
-0.23 5.65
0.24 2.00
-0.28 7.18
-1.14 2.09
0.88
0.85
0.06
2.07
CRITICAL VALUES AT 5%
0.18 3.84
2.53 5.99
3.42 7.81
8.62 9.49
7.46 11.07
12.17 12.59
1.17 5.99
3.58 9.49
0.06 3.18

Notes: From the diagnostic statistics, the residual efébtimated equation appears to be white noise.
The Breush-Godfrey [1978, 1978] Lagrange Multiptiest statistic for autocorrelation is obtained by
regressing the residuals on the explanatory vasabhd the lagged residuals up to lag (p) and is
distributedy? (p). ARCH, Engle [1982] is the Lagrange multipliest for heteroscedasticity, obtained
by regressing the squared residuals on the explgnedriables and the explanatory variables squared
and is distributed ag (q), where q is the number of regressors anddharsd regressors in the test
regression, Normality® (2) refers to the Barque-Bera [1980], test famnality of the residuals, with a
correction for degrees of freedom. Reset is Ranstst [1990] for correct specification performgd b
testing the relevance of adding the squared pestlighlues in the orginal model. The long-run

3rd AfRES Conference, Tanzania 7




Bharat Barot

equilibrium elasticities for g = 1.04 and the sesfasticity for interest rate is 4.9.

Exhibit 9 presents plots for housing investmenebasn the estimated investment function.
[EXHIBIT 9 HERE]

7. Controversy of the causes of the crisis in twedsh housing market

Prior to the 91TR tax reform Swedish housing heelhbamong the most subsidized in the world. Rent
allowances were paid directly to low income housghto lower their housing costs. These allowances
increase the demand for housing space, which argaéssure for higher rents and asset prices and
thereby greater production. Mortgage interessglids had (not among our model variables) been
provided to purchasers of newly produced homekerfdrm of mortgage interest rates that are below
market levels. Finally tax benefits were providgdatiowing mortgage interest payments to be tax
deductible. These tax benefits induce a largerkstosver rents and lower asset prices, just as with
mortgage interest subsidies. See Jaffe [1994].

In 1991 “The Tax Reform of the Century” was implertesl. One of the main goals of the 91TR was to
reduce the distortions in housing. Net capital meavas taxed separately from earnings at a flae80
centrate. In addition the property tax rate @fder cent was gradually increased to 1.5 pericd®93,
which replaced the tax on imputed rental incomewher-occupiers. Both for owners and renters
interest subsidies were reduced. The value adagd #&aI') on building material was increased by 12 pe
cent in uniformity with other goods and servidesorder to offset the increase in VAT a 10 pertcen
investment subsidy was implemented, which was gidreduced and eliminated in 1993. For details
on the 91TR reform see cf. Englund [1995]. Ourreierm dummy represents all of these

aspects crudely.

The volatility in the Swedish housing market and tontroversy over the causes of the recession are
diverse. According to Giavazzi et. al [1996], aspates tended to correlate inversely with the
government debt-GDP ratio, while the real interast featured a strong positive correlation with th
government debt-GDP ratio. These gyrations in gsgets are associated with dramatic developments i
monetary and exchange rate policy - the peak inmeaest rate coincides with the currency criaisg

so does the trough in real stock prices - but,¢ertain extent, they may also be determined loafis
policy. They argue that asset prices may be ortheothannels through which fiscal impulses have
affected private demand.

Agell et al. [1996] estimate that 12-15 percenfagiats of the 30% fall in house prices were duthéo
effect of 91TR, and 8% was caused by the fall ad @DP. The implementation of the 91TR was
accompanied by a severe economic downturn. Betvi®&1-1993, GDP fell by more than 5%,
unemployment (including those enrolled in varioosrket programs) rose by 12%, asset prices fell
dramatically and residential construction activime virtually to a standstill. (See Agell et 4096]

for details). Their simulations using Poterba's8@9erfect foresight model suggests a drop ingsric
around 10-15% with the announcement and implementat 91TR . They argue that the severity of the
recession is probably due to the fact that macmaoic policy was firmly devoted to
nonaccommodation. In addition they conclude thatitming of 91TR was unfortunate. However it is
difficult the disentangle the effects of 91TR fréinose of the severe economic recession.
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Berg et al. [1995], point out a positive relaticgtween capital gains on houses and consumption, and
this is the basis for their argument that a caga#ibn effect in the housing market through wHidi' R
affected consumption. In contrast Agell et al. [38P have another view that the after-tax reakege

rate cannot have had a large impact on consumpmtang to its small interest rate sensitivity.
According to them the 91TR affected consumptionitg@ampact on the price of assets.

According to the analysis of Soderstrom [1993]dbbt deflation process seems to have prevailidin
Swedish economy at least through 1993. The iddaagset market behaviour could have substantial
effects on real economic activity is not new: asyeas 1933, Irving Fisher claimed that debt dédiat
contributed importantly to the great depressiontdueal-financial linkages in the economy.

Our view is that the deregulation of the creditkefin 1985 was simultaneously followed by both a
stock market and house price boom. During thisogerthe construction industry undertook a fair
amount of investment. There were two peaks inlreate prices in Sweden, one in 1979 and the other
one 1990. There was an 38% increase in asset pet@sen 1986 - 1989. This was partly driven by the
financial deregulation of the credit market, begngrin 1985. As a result household demand foritred
increased as former liquidity constraints werexeth Borrowing against property for consumption
purposes became easier and homes could be bougta synaller down payment (this aspect is captured
by the debt to income ratio, is a major drivethe model). This eventually resulted in financigtieess
when the Swedish consumer could not readily paypitisin the downturn. When indebtedness was
high, the consumer had large contractual paymenthé debt service, and other financial obligagion
that increased the likelihood of financial distrgbsis decreasing the demand for tangible assetga)so
Mishkin [1977]. This aspect is captured by the deldtnancial wealth ratio (the solvency aspect).

According to Barot and Takala [1998], Swedish @ron began to slide into recession in the 1990s.
First, escalating interest rates due to a risirdgbtideficit, then rising unemployment signallimgajer
uncertainty about the future, brought a radicalidean housing demand. Since the 1990's real house
prices have dropped by an average of 15 per cemgsthe country. From our estimates (Exhibiwg),

get the following effects from the 91TR: the shiarm effects derived from the nominal long term
interest rate which accounts for 3.3 per ceniriaikal house prices, 2.8 per cent is due to ttrease in
unemployment. The long-term effect via after teed reterest rate is approximately 1.4%, the finaihc
distress captured by the debt to financial wealtiocaptures 0.1% of the fall in real house pri€e=al
rents for rental apartments increased by 20 partmdween 1990 - 1992, see Englund et al. [199% T
explosion in rents is partly due to reduction itemest subsidies that was embedded in 91TR, which
induced substitution from rental markets (flats3neall homes. This process accounts for 2 peredint f
in real house prices according to our model. Thalf8.3 per cent fall in house prices is explaibgd
decreased income which raised the housing stadktone ratio. The sum of the short and long-terms
results into approximately 13 per cent fall in fealise prices. The results are in line with Engletral.

In Sweden financial liberalization and the surgeborrowing came later than in the UK; but the
sharpness of the boom in house prices-and theigeokthe subsequent fall - was even greater than
the UK.

8. Simulations and housing policy issues

To address the sensitivity of housing prices wefoum scenarios for 1970 -1997.

[1] Permanent increase in disposable income fpgréentage points, with stock unchanged.
[2] Permanent increase in long nominal interets by 5 percentage points.

[3] Permanent increase in housing stock by 5 peage points.

[4] Permanent increase in household debt by &gpésige points.

[1] A permanent increase in disposable incom® pgrcentage points, (e.g. as a result of decraases
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taxes or increases in transfers) gives an incr@adeouse prices by 5 percentage points. The
interpretation is that high disposable incoms asta signal about the future higher income andd
about creditworthiness, thus stimulating demandhféarses and hence increasing house prices. Feom th
policy point of view the policy maker can stimul#te demand for owner occupied homes by decreasing
tax on income or increasing transfers.

[EXHIBIT 10 HERE]

[2] The effects of monetary policy on housing psiegise through Central Bank influence on the naimin
interest rate. An increase in the long governmeanmhinal interest rate by 5 percentage points, a
hypothetical policy measure of the Central bankreleses house prices by 5 percentage points as it
increases the borrowing costs and reduces the dkfoahousing on this account.

[EXIBIT 11 HERE]

The nominal interest rates reflect the effectsiohetary policy under various degrees of regulation
both the housing and money market. The after teexest rate incorporates the effects of 91TR \ea th
marginal tax rate. In the long term, the prospgmtthe housing market in terms of the volume tésa

the rate of new building and house prices are foregdally dependent on what happens to interes, rate
given the high sensitivity of the market to inténege changes. These changes impact upon both the
demand and supply sides of the market. As incomérages to grow ahead of house prices, a major
revival in the housing market depends upon aagoh of mortgage interest rates. The conclusion o
this simulation is that easy monetary policy canab important force behind excessive asset price
inflation and vice versa.

[3] An increase in the housing stock by 5 peragatpoints as a result of government investment
subsidies or (new housing construction respondingigh Tobins g) decreases house prices by 7
percentage points as expected. For future stintaltise construction sector investment subsidies can
increase the housing stock, whereas reductionagasstve subsidisation reduces it.

[EXHIBIT 12 HERE]

[4] Wealth effects are triggered by changes inrggerates. Lower interest rates facilitate borngwn
order to finance the booming purchases of housefer& 1985 mortgages were generally rationed, at
least in principle. A surge in new credit availépi(reflected by the debt to income ratio in thedal)
generated an increase in the demand for housinge $ie supply of housing is inelastic in the short

the increase in demand would lead to rise in hpuses.

The impact of liberalisation in the housing finamecarket strongly suggests that in the adjustmentdgbe
following an easing of credit restrictions we woelbect to see much lowered saving, higher house
prices, deterioration in the current account agdiBcant equity withdrawl. The adjustment periodym
prove to be very long-with forward-looking individis who may have bequest motives, the response to
the easing of credit restrictions can be drawnowetr decades. House prices will converge to a new
equilibrium slowly and non-monotonically, i.e. witiscillations.

Policy makers in Sweden should be aware of the &imalstabilities of adjustment which can resemble
those in the wake of financial liberalisation ahd time-frame of the transition to new steady state
Monetary policy affects the valuation of finanaakets in the economy. Looser monetary policy leads
an increase in debt stock and vice versa. Thisigrated by policy experiment of increasing hdoied
debt by 5 percentage points which would increasségrices by 10 percentage points.
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[EXHIBIT 13 HERE]

The natural policy conclusion is that without ficéal mortgage controls the interest rate instrtroan

be necessary to prevent any boom from recurrimgvé¥er it is difficult to speculate on the ways in
which housing finance may change within the Europgagle market.

The most important lessons for policy makers framanalysis are:

(1) The sharp rise in house price after 1985, adnid be followed by gradual declines over a proéul
period. This stems from the fact that supply resparto changes in the relative prices of houses are
likely to be very small in the very short run butlwuild up over time which ultimately dampen,eth
kind of overshooting in prices which results frohog-run stickiness in the stock of housing. The
demand for housing is sensitive to a large rangearo variables for many periods ahead, and hence
house prices are susceptible to large and sudd&psju

(2) For the Swedish policy makers the simulationedslight on responsiveness to both fiscal and
monetary measures. From the accuracy of the madieldecated by (Exhibits 5 and 9) it would be
roughly possible to draw qualitatively correct clusions for the Swedish housing market aboutéhe s
of measures necessary to aim at a set of poliggtin the future from the magnitude of the polic
responses illustrated.

9. Simultaneous model solution

The main purpose of this section is to analysetbperties of the real estate model for the househo
sector as revealed by full the dynamic respons#gdmg investment. The closed model has a demand
function, supply function and an identity as disadearlier. The equilibrium long-run impact of the
broader Swedish economy on the real estate mamk#itd household sector can be analysed within the
simple framework adopted, which is similiar to Dsgaale and Wheaton [1992].

In the short run it is often assumed that the uppstock is fixed and asset prices are deterthine
merely by demand factors. Let us assume that irStiredish economy there is a growth in income,
signalling increases in future income. This wolelald to an increase in employment and production.
Households would be willing to buy small homes aadk more rental housing flats and this would
mean that the household debt (effective demandujdMacrease. With the fixed supply this would
result in an increase in rents, boost demand forepv@ccupied homes further which would in turrdliea
to higher asset prices, which would generate aghilgivel of Tobin's g . This would give incentifes

the construction sector to expand, increasing tnvest. A higher level of investment would augment
the stock and would eventually lead to a fall icgs.

The estimated error correction adjustment coefitqi@dicating the speed of adjustment) on the daeina
side is -0.32 which is in line with other intenoaial studies. The speed of adjustment on thelgajue
-0.23 is slower due to lags and inertia in thiestruction sector. It is apparent that it takeeetfor the
guantity to adjust to equilibrium.

There are, however several reasons to expecthtdtdusing market will often be characterised by
significant lingering deviations from long-run maticlearing price. The large transactions costswhi
are typically involved in buying a home, will causignificant adjustment lags on the demand dide o
the market. As a result, economic agents will @djust slowly toward their desired stock of housing
following a change in exogenous demand-side vagal@n the supply side of the market, adjustment of
the stock of dwellings is also generally held tajbée slow. Over the very short term, since gwel of
housing completion is small relative to the totak& of housing, it is often argued that the symfl
housing is almost completely fixed. Against thigeiothe medium to long-run, firms in the constroiati
sector will make their production decision basedhenexpected profitability of house building attiv
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Over the medium to long-run, therefore, the sumgblgwellings is thought to be quite, although not
perfectly, elastic.

The results of the simultaneous model solutiorpagsented in the Exhibits 14 to 18. The overshgotin
in the early 1970s on the demand side, might hawdotwith our omissions in treatment of price
controls and the regulated market. During the destgulation period, with the exception of theldlig
deviation of the model solution for the historipariod, looks promising as it captures both thenbo
and the bust. This implies that the model outliaad the accuracy of it could be an important tdol o
guidance for the policy maker as illustrated bypbgcy simulations.

[EXHIBIT 14 HERE]
[EXHIBIT 15 HERE]

On the supply side there is both under and ovestsipin the early 1970s. However the model sotuti
converges to the actual investment figures from 1880s. This is mainly due to the regime of
regulations (1970-1985) which distorted the intecgcof demand and supply in the housing market. In
addition housing production requires relativelydglanning and construction periods.

[EXHIBIT 16 HERE]
[EXHIBIT 17 HERE]

The simulated stock derived from [5] follows tlotual stock promisingly well, indicating the acatya
of the model.

[EXHIBIT 18 HERE]

10. The house price forecast and projections 199920

This section house prices are forecasted fquehied 1999-2000 based on re-estimation througB.199
The assumptions behind the forecast are basedcedwlBER November forecast 1998 (Analysunderlag
and Konjunkturlaget, November 1998). The projectinmouse prices is conditional on the future aurs
of explanatory variables whose development is ptagned within the model. It is assumed that
disposable income grows at 2.5% for 1999 and 2&%€ year 2000. The consumption deflator grows
at 1.2% for the projection years. The long goveminbend interest rates are assumed to be at 4% leve

Given forecasts on consumptidd) @nd incomeY) for the period 1999 - 2000 we define total sasing
(S =Y - C. Having defined total savingave define financial savings for the period 192800, using

the identityWWVF = WF.4; + Y - C - SRL( real savings). Household debt and financial theadriable for

the period are projected by the financial modei®) at NIER. As debt is the end year stock thelyea
figures can be interpolated into half years. Tlseiagptions of a steady increase in demand factotisdo
period 1999 - 2000, indicate annual percentage troates in real house prices of the magnitude 8.3%
and 8.4% for the years 1999 and 2000.

[EXHIBIT 19 HERE]

[EXHIBIT 20 HERE]
11. Conclusions
House prices are commonly derived as a reduced fiom separate housing demand and supply
equations. This study specifies a full macro thecsemodel within a stock - flow context, i.e. the
system of equations describing the demand forkstand supply of investment. The model has
deliberately been kept as simple as possible ieraachighlight its salient features. The strategplied
is Hendry's general to specific modelling, applyangequential testing procedure. The fit of thessp
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demand and supply sides tracks well the actualldpreents in the respective variables and illussrate
how accurate a theoretical model corresponds tiststal data.

The direct real interest rate effects depends®mttome and substitution effects. Although theieog
evidence indicates that this effect is often sma!find significant effects both on the short #mellong
run of the real bond rate on Swedish house priCies.rise in interest rates should cause a paotfoli
switch by consumers into less liquid and so lessdpble assets. For details see Maclennan ef@0)2

There are several lessons for the conduct of mesnmenic policy from our analysis of the effectshe
housing markets. The reduction in the volatilityefv housing markets could be attempted eithecttiire
through targeted monetary and fiscal policies talwdromeownership, or, indirectly, through public
subsided new building, including the socially rehtector, being phased to operate with a counter-
cyclical bias.

This study has also sought to explain both theldapt the longevity of the recent downturn in the
Swedish housing market for the household sectardestusses the controversy over the causes of the
crisis, in context of the 1990-91 tax reform. Tlyaamic simulations illustrate the importance oftbot
fiscal and monetary policies for house prices, @ntlbe useful to the Swedish policy maker in the
future. The underlying mechanism behind the simelt&is model solution corresponds to the functioning
of the Swedish housing market. Given an expectedigpply of rented property (and cooperatives)and
steady increase in demand factors (and a reluctangeduce more single family houses) the model
forecasts 8.3% and 8.4% price increases for thesyE999 and 2000. Subsequently, the prices lenel o
This study indicates that the volatility in bothuse prices and housing investment can be soug in
fundamentals representing the demand and the sgp#yg in accordance with common theoretical
conceptions and experience of how the housing rarieks..
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Integration and cointegration

Exhibit 1 Integration tests using the ADF

Variable With Constant With Constant & Conclusion
Trend

In[AKT/P] -2.75 -3.01 I[1]
In [HF] -0.37 -3.28 I[1]
In [H] -2.67 -2.53 I[1]
In [WF] -0.28 -1.90 I[1]
In [E] -2.61 -1.27 I[1]
In [POP] -0.30 -2.27 I[1]
In [PH /P] -2.25 -3.20 I[1]
In [DE / Y] -2.19 -3.18 I[1]
In [DE / WF] -1.88 -1.38 I[1]
In[H /Y] -1.75 -0.87 I[1]
In [HF / H] -0.31 -2.86 I[1]
R -2.16 -3.04 I[1]
RS -2.00 -3.25 I[1]
In (RENTS / P) 0.96 -1.20 I[1]
In(IH) -1.24 -2.91 I[1]
In(IH / GDP) -0.95 -2.89 I[1]
In(PH / PB) -0.89 -2.19 I[1]
In(PH) -1.61 -3.08 I[1]
In(PC) -2.69 -0.02 I[1]
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In(DE) -2.05 -2.07 1]
IN(RENTS) -1.74 -1.50 [1]
IN(RENTS/PC) 0.33 -1.65 I[1]
In(PB) -1.69 -0.80 I[1]
Critical value 5% -2.92 -3.50

Notes: The ADF test has been carried out with maximuragadl The stock of dwellings (H) and the
employment rate (E) have 4-7 lags in the dependeiable to prewhiten the residuals, whereasttmero
variables have maximum 2 lags . The results indit@t all the variables are | (1). See varialsiedn
the definitions of variables.

Exhibit 2A Cointegration

Ho: rank = p using T-nm 95% Critical Eigen Values Trace Critical

Values Values
p==0 110.6** 39.4 273.5** 94.2
p<=1 81.4** 335 163** 68.5
p<=2 41.7** 27.1 81.6** 47.2
p<=3 24.1* 21.0 39.8** 29.7
p<=4 12.4 14.1 15.7* 154
p<=5 3.3 3.8 3.3 3.8

Note: The critical values are at 5% and 1% sigaifie level. The asterisks * and ** denote signifm

at 95% and 99% significance level. However on treigds of the low power of these tests VECM
(Vector error correction model) is not estimatede Dohansen method proceeds by first testing for no
cointegration. If this hypothesis cannot be rejgécthe procedure stops because the variables are no
cointegrated. If however, this hypothesis is regdctt is then possible to test the hypothesisttiet is

at most 1 cointegrating vectors. If this hypothésialso rejected then the hypothesis for two oremo
cointegrating vectorss until a hypothesis cannatefpected. It is expected that there is a cointegga
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vector, including all six variables, as mentionexdlier. According to the trace and the maximum

eigenvalue statistics, definitely one, and possisly cointegration vectors were identified. Thiest

cointegrating vector would be representing the Bbakl debt variable. One of the potential long-run

vector for the demand side can be formulated devist

In (PH/P)= C + 0.20*In(DE/Y)-0.58*(DE/WF)-2.94*I{/Y) - 0.12* In(HF/H)+
1.90*R*(1-M)-1P/P ; whereC is the constant.

Exhibit 2B

The supply side long run cointegrating vector cassbly represent Tobin=s g.

Null hypothesis Alternative
hypothesis
p==0 301.8**
p<=1 28.89 **
p<=2 1.85

Trace test

285.3**
27.31*
1.75

95% critical
value
14.1
3.8
3.8

Eigenvalue

314.4**
29.06 **
1.75

95% critical
value
29.7
15.4
3.8

The standardisefl eigenvectors Ind) =C + 1.00 * InPH/PB) ; where C is the constant. At least, the
Johansen test will provide a reasonably good itidicaf the variables in each equation have a long

term equilibrium relationship.

3rd AfRES Conference, Tanzania

16




Bharat Barot

Exhibit 4
House Price Model
130 Within sample forecast 130
1.20 - - 1.20
1.10 1 -1.10
1.00 - - 1.00
0.90 - - 0.90
0.80 - - 0.80
0.70 - - 0.70
PO TG 8w B s o1 94 97
- = = Forecast Actuals
Levels (1970 - 1997)
Exhibit 5
House Price Model

20 Within sample forecast 20

-20 1 1T 1T TrT1 171t 7r1T 17T 17 1T 1V 1T 7V P17 11 '20
73 76 79 82 8 8 91 94 97

=== Forecast Actuals
Annual percentage changes (1970 - 1997)
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Exhibit 6

Out of Sample House Price Forecast
1991 - 1997

-20 UL L L L L L L L L L L L L L L L L L L L L "20
70 73 76 79 82 8 88 91 94 97

= == Qut of sample forecast
=== House Prices (Actuals)

Exhibit 7
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—— Debt Income Ratio

-+« Debt Financial Wealth Ratio
=== Stock Income Ratio
Rental Stock Private Stock Ratio
= = = Real Interest rate

1981-1997

Equilibrium elasticities
30 Recursive Estimates 30
Realgnterest Rate
20 N ,.‘ fav ~ 20
o ‘Q' ‘Q mm.

10 g toclilncome ratio ‘e " * .$ ' o n - 10
0 1 Rental Stock PrivatesSmik Tuffo™ = = = 0
-10 --10
—20 T T T T T T T T T T T T T T T T T -20

81 83 85 87 89 91 93 95
—— ECM
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Exhibit 9
The Housing Investment equation
35000 The supply Side. 35000
30000 1 \ - 30000
25000 | - 25000
20000 - - 20000
15000 - 15000
10000 - - 10000
5000 - - 5000
7576 75 52 85 88 o1 94 97
- = = Fit of the Investment equation
— Actuals
1970-1997
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Exhibit 10
Increase in income by 5 percentage points

1.050 Deviations fiom the baseline solution - 1.050
1.040 - | - 1.040
1.030 - - 1.030
1.020 - - 1.020
1.010 - 1.010
1.000 - - 1.000
0990 T 7T 1T 1T 1T T 1T 1 rrrrrr— T 1rrrrrrrrrri 0,990

70 73 76 79 82 85 88 91 94 97

— phpc.s1/phpc.sO
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Exhibit 11
Increase in after tax long Gov’t Real Interest Rate

1.05 Effects on House Prices 1.05 |
1.037 -~ }F1.03
1.01 A - 1.01
0.99 A -0.99
0.97 1 - 0.97
0.95 A - 0.95
0,93 T T T T 17 11 | S S N L N S L L L I L D B 0.93

70 73 76 79 82 85 88 91 94 97

— phpc.s2/phpc.sO

Deviations from the baseline solution

Exhibit 12

Increase in Housing stock by 5 percentage points
1.000 - Effects on House Prices 1,000
0.9901 | - 0.990
0.980 - 0.980
0.970 - - 0.970
0.960 - - 0.960
0.950 - 0.950
0.940 1 | - 0.940
0.930 1 - 0.930
0920 T T T 7T 0.920

70 73 76 79 82 85 88 91 94 97

— phpc.s3/phpc.sO

Deviations from Baselline Solution
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Exhibit 13
Increase in Household Debt by 5 percentage points
1.12 - Effects on House Prices 1.12
1.104 | - 1.10
1.08 - - 1.08
1.06 - - 1.06
1.04 - | L 1.04
1.02 - | - 1.02
1.00 - ‘ - 1.00
8 1 T i I 1 1 1 1 | I 1 T T i 1 I 1 1 ¥ I | T ) 1 I ] 1 0.98
700 73 76 79 82 85 88 91 94 97
— phpc.s5/phpc.s0
Deviations from Baseline Solution
Exhibit 14
Simultaneous - Model Solution
130 Real Estate Market (Household Sector) 1.30
1.20 1 - 1.20
1.10 1 - 1.10
1.00 - - 1.00
0.90 - [ 0.90
0.80 - -0.80
0.70 A -0.70
0,60 LI B AN N N BN RN NN BN BN M NN N SN NN R BN ARG R R S SN A A N 0.60
70 73 76 79 82 85 88 91 94 97
—— Real House Prices [Actuals]
- - = Real House Prices [Model Solution]
Levels (1970 - 1997)
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Exhibit 15
Simultaneous - Model Solution
15 Real Estate Market (Household Sector) 15
- 10
-5
0
- -5
- -10
--15
-20 1 1 I ] 1 1 1 L I 1 I i LI 1 | 1 1 I 1 ] 1 i I 1 1 -20
70 73 76 79 82 85 88 91 94 97
—— Real House Prices [Actuals]
- = = Real House Prices [Model Solution]
Annual differences (1970 - 1997)
Exhibit 16
Simultaneous - Model Solution
40000 Real E‘state Market (Household Sector) 40000
35000 2 35000
30000 A - 30000
25000 A - 25000
20000 - - 20000
15000 - - 15000
10000 - - 10000
5000 A - 5000
O 17 V1 vy v b v v v LI L L L L 1 I | L] O
70 73 76 79 82 85 88 91 94 97
— Housing Investment [Actuals]
- == Housing Investment [Model Solution]
Levels (1970 - 1997)
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Exhibit 17

Simultaneous - Model Solution
Real Estate Market (Household Sector)

-40 1 T ] 1 ) 1 i 1 T T 1 ] T 1 1 1 1 1 I 4 1 ' 1 ] 1 i I ) -40
70 73 76 79 82 85 88 91 94 97
- Housing Investment [Actuals]

- = = Housing Investment [Model Solution]
Annual percentage changes (1970 - 1997)
Exhibit 18
Simultaneous - Model Solution
2200000 Real Estate Market (Household Sector) 2200000
2000000 - | 2000000
1800000 A - 1800000
1600000 - - 1600000
1400000 - - 1400000
- 1200000 - - 1200000
]_OOOOOO | S L S L L IO L B L L DL L L DL L 1000000
70 73 76 79 82 85 88 91 94 97
—— Housing Stocks [Actual]
- = = Housing Stock [Model Solution]
Levels (1970 1995)
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Exhibit 19
REAL HOUSE PRICE CONDITIONAL FORECAST [1999 - 2000]
1‘30 CONDITIONAL ON KI'S ASSUMPTIONS 1.3 O
1.20 - -1.20
- 1.10
- 1.00
- 0.90
- 0.80
- 0.70
0.60llIlIIIllIIIIVIlIlIIIIIlllllll0,60
73 76 79 82 85 88 91 94 97 00
- == FORECAST === ACTUALS
LEVELS '
Exhibit 20
REAL HOUSE PRICE CONDITIONAL FORECAST [1999 - 2000]
1 5 CONDITIONAL ON KI'S ASSUMPTIONS 1 5

"20IIIlllllllllllllllllllllllII"'
73 76 79 82 8 88 91 94 97 00

- == FORECAST == ACTUALS
ANNUAL PERCENTAGE CHANGES

20
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Data Appendix

1. PH: Nominal house prices. PH (1991 = 1) is the welgtean of (fastighetsprisindex) of primary
and leisure homes (fritidshus). The marketepiiedex covers only direct ownership including

second homes, not indirect ownership.

2. P: dnotes the consumption deflator (1991 = 1).

3. Y:is real disposable income.

4. WEF: is households net financial wealth defined asstima of notes, coins, bank deposits and the

National Saving Scheme (Allemanssparande),, bondstr@asury discount notes, private insurance

savings, listed and non-listed shares and othetsswinus total direct debt.

5. DE: is household debt. The annual stock figures farskbold financial assets and liabilities were

from Financial Accounts Sweden, (Financial Accaul®70 - 1997).

6. H: is the stock of private homes i.e. the sum o€lstaof primary and second homes computed

according to the perpetual inventory stock methpgreximately equal to Statistocs Sweden=s

gross stock. In the perpetual inventory stockgcalistruction of so called Asmall homes@ including

secondary homes are treated as owned by houseApaidments (or flats) are regarded as rental
Housing.

7. HF: is the stock of rental housing. The perpetuatists our measure interpolated from the bench

marks based on Statistics Sweden=s previous statksh have since been revised. For details of
of computations of the stocks, see Kanis amdg1993].

8. R Long government interest rate (5 years).

9. RS Short interest rate.

10. AKT: is the general price index for shares as repdyeStatistics Sweden.

11. M: Marginal tax rate on interest deductions leadingar.

12. RENTSRents on housing.

13. E: Employment rate (regular / labour force inclugpregrams), in thousands.

14. IH: gross investment in private (small) homes in 1p@des.

15. PB:is the building cost index in 1991 prices.

16. GDP: gross domestic product in 1991 prices.

17. 91 TR s the 91 Tax Reform Dummy.

18. DS: Dummy, 1 in the first half year and O for thesed half year.
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