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An Econometric Examination on the Share of Land Value of
Single-family Housing Prices in Helsinki
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This study brings empirical evidence on the importance of land value on housing prices in
Helsinki Metropolitan Area (HMA). Utilizing econometric analysis and a quarterly dataset
over 1988Q1-2008Q2, the results show that the value of land accounts for a significant fraction
of single-family housing prices in HMA. In 2000-2007 the share of the land value component
is estimated to be almost 50% of housing prices, on average. In line with prior expectations,
the results also suggest that the land value component of housing has increased over time.
The notable role and increase of the land value component has implications regarding housing
price volatility. Since land prices appear to be more volatile than construction costs, it is
anticipated that greater share of the land value component leads to more volatile housing
prices. Given the significant role that housing wealth appears to play in the overall economy,
this is of importance also for the economic policy makers.

Keywords: land price, housing price, construction costs

Introduction

The price of a house consists of the value of the physi-
cal structure together with the value of land upon which the
house is built'. The growth rate of the price of a house, in turn,
is the weighted average of growth rates of the value of the
structure and of the land upon which the house stands (Davis
& Heathcote, 2007). The price of the structure is typically
measured as the replacement cost of the physical building,
after accounting for depreciation. Land, in turn, is the factor
that makes a house worth more than the cost of putting up
a new structure of similar size and quality on a vacant lot.
In other words, land is the market value associated with the
location, size and attractiveness of the site.

Even though a structure and the plot of land the structure
stands upon are typically traded as a single bundle in the
housing market, structures and land are quite different goods,
whose prices should respond differently to shocks. Construc-
tion costs are generally relatively stable whereas land prices
are much more volatile. The value of urban land is expected
to be volatile, since land prices are typically driven by de-
mand factors due to the inelasticity of the supply of land
in desirable locations. Hence, the higher the land’s share
of the aggregate home value is, the more volatile housing
prices are likely to be. Empirical evidence for the relatively
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high volatility of the value of land is presented by Somerville
(1996) and Davis and Heathcote (2007) utilizing US data.

It is reasonable to believe that in large cities the share of
land value of the total housing price level is significant, in
general. Indeed, according to Rosenthal and Helsley (1999),
Davis and Heathcote (2007) and Davis and Palumbo (2008)
the value of land can account for over half of the price of
housing in large cities. Furthermore, it is expected that the
land value share increases as the population and real income
level of the city grow. In line with this argument, Davis and
Palumbo (2008) find the value of land to have accounted for
about 50% of the total market value of housing in large US
metro areas in 2004, while the share was only 32% in 1984.

Even though the relative share of the value of land of hous-
ing price level has implications regarding the magnitude of
the impact of demand shocks on housing prices and thereby
regarding housing price volatility, empirical research on the
value of developed land is still scarce. While numerous
studies such as Titman (1985), Capozza and Helsley (1989),
Keushnigg and Nielsen (1996), Guntermann (1997), Rosen-
thal (1999) and Cunningham (2006), just to name a few, have
analyzed price determination of land, only a few papers have
investigated the value of developed land empirically.

The aim of this study is to bring empirical evidence on
the share of the land value component of housing prices in
Helsinki Metropolitan Area (HMA), the largest urban area
in Finland. Utilizing econometric analysis and a quarterly
dataset over 1988Q1-2008Q2, it is shown that the value of
land accounts for a significant fraction of single-family hous-

'Due to weak demand for housing, in rapidly declining areas
the price of a house can be less than the joint value of land and the
replacement cost of the structure. At lowest the price can be the
value of the land subtracted by demolition cost of the structure. In
this study, however, it is only housing in non-declining metropolitan
area that is considered.
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ing prices in HMA. In 2000-2007 the share of the land value
component is estimated to be almost 50%, on average. In
line with prior expectations, the results also suggest that the
land value component of housing has increased over time.

As explained above, it is anticipated that greater role of
the land value component leads to more volatile housing
prices. This should be of interest not only to those in-
vestors and households that own housing or are planning
to buy housing but also to all the households that live in
rental dwellings, since the growth of the share of land value
component is likely to increase the volatility of rental prices
as well. Furthermore, given the significant role that hous-
ing wealth appears to play in the overall economy, changes
in the land value component are of importance also for the
economic policy makers.> In particular, the policy makers
should be aware of the fact that higher value of land is likely
to strengthen the effects of changes in various economic pol-
icy instruments, such as alterations in tax rules or changes in
the interest rates, on housing prices. Moreover, if expected
housing price fluctuations affect policy decisions, the policy
makers should understand that the influence of an economic
shock on housing prices depends on the value of land in the
area. That is, basing policy decisions on historical estimates
of housing price sensitivity with respect to fundamentals in
an area where real housing prices (and thereby land prices)
have grown rapidly may notably increase the probability of
misaligned policy decisions.

The paper proceeds as follows. The next section discusses
the linkage between housing prices and land prices theoret-
ically and sets the theoretical basis of the empirical exami-
nation. Furthermore, a review of the previous empirical lit-
erature on the value of urban developed land is presented.
In the third section the data used in the empirical analysis is
delineated. Then the findings from the econometric analysis
are reported. In the end, the paper is summarized and some
implications of the findings are discussed.

Theoretical considerations and
previous literature

Typically, there are no data on the value of developed land.
However, it is argued below that the price index of vacant
lots can be employed to estimate the share of land value of
the housing price level.

A simple way to look at the linkage between housing
prices and prices of lots zoned for housing is to consider the
price level for newly completed dwellings. The selling price
of newly built housing can be presented by (1), where H de-
notes price of a unit of newly built housing, L is the unit price
of land upon which the building is built and C signifies the
unit cost of constructing the structure (including developers
profit margin). Similarly, price of a unit of vacant land zoned
for housing can be expressed by (2). This way of presenting
the dependence between the prices of housing and of vacant
land zoned for housing corresponds to the residual value of
land view (see e.g. Somerville, 1996; Tse, 1998). Due to
the tight linkages between the markets for housing and ur-
ban land, housing prices and the price of vacant land zoned

for housing are dependent on each other and the prices are
simultaneously determined. 3

H=L+C (1)

L=H-C )

Equations (1) and (2) yield the following equations (where
w denotes the share of land value component of the price of
housing) for the housing and land price changes:

AH =wx* AL+ (1 —w)* AC 3)

AL =[AH = (1 —=w) = AC)] /w “4)

Equation (3) states that the growth rate of housing prices is
a simple weighted average of the growth rates of the land and
structure components of housing. Naturally, (3) and (4) apply
also for the old housing stock, H then being the unit price of
old dwellings, L the unit value of developed residential land
and C the value of the old structure. In empirical applications
the evolution of C is typically estimated by movements in the
construction costs.

As old dwellings and newly built homes within a
metropolitan area can generally be considered to be close
substitutes for each other, price growth of existing housing
stock implies that higher prices can be charged also for newly
built housing. In fact, substitutability between old and new
housing implies that in (3) and (4) H can stand for the price of
old housing while L can denote the price of vacant land zoned
for housing. This is useful, since direct data on the value
of developed land are not available, in general. Empirical
support for the hypothesis that the price level of old housing
stock is tightly linked to that of new housing construction in
Finland is reported by Suoniemi (1990). Rosenthal (1999), in
turn, finds different-vintage buildings to be close substitutes
in Vancouver, Canada.

The framework considered above is, of course, a simpli-
fication of the reality. However, it illustrates the basic idea
behind the linkage between housing prices and prices of lots.
The price of vacant lots can be examined more rigorously by
the real option pricing theory.

According to the real option pricing theory, owners of va-
cant land hold a call option that gives them the right, but
not obligation, to develop the land. Due to the real option
value, a lot can be more valuable as a potential site for devel-
opment in the future than it is as an actual construction site
at the present moment. It has been shown theoretically that
the real option value of land is increased by greater uncer-
tainty about future housing prices or rental prices (e.g. Tit-
man, 1985; Capozza & Schwann, 1989; Capozza & Helsley,

? Significant housing wealth effect on consumption is reported
e.g. by Case et al.(2005), Benjamin et al. (2004) and Campbell and
Cocco (2007).

* See, for instance, the paper by Potepan (1996) where a sim-
ple theoretical model addressing the simultaneous determination of
housing prices and undeveloped land prices is derived.
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1989; Capozza & Sick, 1994; Capozza & Li, 2002). Empir-
ical evidence by e.g. Quigg (1993) and Guntermann (1997)
supports the existence of a notable real option value com-
ponent of vacant land. Cunningham (2006), in turn, finds a
standard-deviation rise in uncertainty to increase the price of
vacant land by 1.6%.

The real option value capitalizes into the price of devel-
oped land and thereby into the price of housing. However,
the relative impact of an increase in uncertainty regarding
future rental price growth may not be the same on developed
land as on vacant land situated outside the boundary of the
city (see Capozza & Helsley, 1989). This may results in com-
plications in an empirical analysis, such as the one conducted
in this article. In general, a significant fraction of the vacant
lots that are transacted in the market are located outside the
boundary. Therefore, due to time variation in uncertainty,
the perceived growth rate of price of vacant land zoned for
housing may differ somewhat from the appreciation rate of
the developed land. Hence, changes in uncertainty may have
to catered for in an empirical analysis.

Previous published research on the share of land value of
housing price level is limited. In an early study, Rosenthal
and Helsley (1994) find the share of lot values of single-
family housing prices to be as high as three quarters in the
heavily developed areas adjacent to the downtown of Van-
couver, Canada, in 1987. The computation is based on a
comparison between the average selling prices of redevel-
oped properties and properties that were not redeveloped.

Also according to Davis and Heathcote (2008) and Davis
and Palumbo (2008) the value of land can account for over
half of the price of housing in large cities. Similarly to
Rosenthal and Helsley, Davis and Heathcote as well as Davis
and Palumbo infer the value of developed residential land in-
directly. Employing a perpetual inventory system and using
data on house prices and structure values, Davis and Heath-
cote construct quarterly time series for the aggregate value of
housing stock. Then, by utilizing equation (4), they estimate
quarterly time series for the value of aggregate stock of res-
idential land. For the value of structures they use a price in-
dex for gross investment in new residential structures. They
estimate that land accounted, on average, for 36% of the
value of aggregate housing stock in the US between 1975-
2006. Davis and Palumbo employ a methodology similar to
that used by Davis and Heathcote. Their housing price and
construction cost (structure value) variables differ somewhat
from those utilized in Davis and Heathcote, however.

The method used by Davis and Heathcote and Davis and
Palumbo requires time-series estimates of w. As Davis and
Palumbo state, deriving these weights requires a good deal of
work. This paper uses a different and more straightforward
method, i.e. econometric analysis and the utilization of price
index for vacant lots, to estimate the land value component.
Also this method is indirect, though. The relative shares of
the land and structure components are investigated by esti-
mating the following regression model where H, L and C are
in the natural log form::

Hy=¢+B1L +pC + 33U + & )

Due to the potential impact of uncertainty discussed
above, a measure of uncertainty concerning rental price de-
velopment (U) is included in the model. In (5) B, 5, and 33
are the estimated parameters on vacant lot price index (L),
constructions cost index (C) and U. Furthermore, H stands
for the price index of old housing stock. Since the housing
price level consists of the two components (land and struc-
ture), the theory suggests that8; > 0,8, > Oand B, +5, = 1.
Moreover, since the growth rate of housing price is a sim-
ple weighted average of the growth rates of land and struc-
tures, 31(B,) should equal the share of the land (structure)
value component of housing prices. The coefficient on U,
instead, is expected to be negative, since increase in uncer-
tainty should result in greater relative rise in the value of va-
cant lots outside the boundary than in the value of developed
land. The temporary deviation from the long-run relation is
signified by &. Finally, ¢ is a deterministic constant.

The relation in (5) is expected to be stationary* if the
growth rate of L equals the growth rate of C over time.
However, since desirable land is largely non-reproducible,
changes in the demand for housing are likely to have sub-
stantial influence on the price of the land component of hous-
ing. By contrast, changes in the demand side are not ex-
pected to have much impact on the real price of structures,
i.e. on construction costs, as noted by Davis and Heathcote
(2007). Since, according the urban economic theory, growth
in the demand factors such as population and income induce
rise in the value of land, the increase in housing demand in
a rapidly growing metropolitan area is expected to lead to
faster growth in the value of land than in construction costs.
That is, in a growing metropolitan area it is generally ex-
pected that L increases faster than C. Accordingly, in the
HMA case B is expected to be growing and 3, decreasing in
the long run. Therefore, recursive estimations are conducted
in the empirical section to examine the time-variation in the
parameters. As an additional specification check, model (6),
including a time trend (7), is also estimated in the empirical
analysis.

H, =¢+B1L +BC, + 53U, + 0t + & (6)

The trend may be needed to cater for the faster growth of
land value than of construction costs. Because the share of
the more rapidly growing component increases, 0 is expected
to be positive. In other words, housing appreciation is ex-
pected to be faster over the long horizon than implied by the
parameters 8; and 3, alone. To preview, the findings reported
in section 4 imply that relation (6) is, indeed, stationary over
1988Q1-2007Q4 whereas relation (5) is not. This supports
the hypothesis that there are long-term trends in the shares
of the land value and structure value components during the
sample period.

4 Covariance stationary, to be precise. Simply put, this means
that the error term (g,;) has a finite mean and variance and its mean
and all autocovariances are unaffected by a change of time origin.
For a more detailed discussion over stationarity and unit roots, see
e.g. Enders (2004).
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In line with the claim that the land price component of
housing price level is likely to increase in growing areas over
time, Davis and Heathcote (2007) find that land’s share of
aggregate home value has been trending upwards since the
1950s in the US. They show that the real price of residential
land in the US rose 270% between 1975 and 2006, while the
real price of housing structures increased only 33%. Based
on their computations, land accounted for 46% of the value
of housing stock in the US by the second quarter of 2006.
According to Davis and Palumbo (2008), in turn, the value
of land accounted for about 50% of the total market value of
housing in large US metro areas in 2004, while the share was
only 32% in 1984. Their analysis indicates that in 2004 Okla-
homa City was the only large metropolitan area in which the
share of land of housing price level was under one quarter.
In San Francisco, the city with the highest land share figure,
land accounted for nearly 90% of home value.

Finally, empirical evidence for the high volatility of the
value of land is presented by Somerville (1996) and Davis
and Heathcote (2007). Davis and Heathcote find land prices
to be more than three times as volatile as the price of struc-
tures at business cycle frequencies. They bring evidence also
for the demand driven nature of land prices and find the con-
temporaneous correlation between detrended real land and
housing prices to be as high as .92.

The purpose of this paper is to bring empirical evidence
on the magnitude of the land price component in HMA em-
ploying econometric analysis. The econometric analysis sug-
gests that the share of land of the housing price level has
increased over time and has been, on average, close to half
during 2000-2007. These results are in line with the previous
studies using US and Canadian data.

Data

The real housing price index (H) used in this study
describes the price development of single-family detached
houses in Helsinki Metropolitan Area.> The real land price
index (L), in turn, depicts the evolution of price level of va-
cant land zoned for one-family houses in HMA. Both price
indices are quality adjusted and published by Statistics Fin-
land. The price indices are based on transactions in the pri-
vately financed market where prices are determined freely
by demand and supply. Exceptional transactions have been
excluded from the data based on which the indices are esti-
mated.® The indices are quarterly and cover a period from
1985Q1 to 2008Q2. The quarterly values of the land price
index are based on 80 transactions per quarter, on average.
The corresponding figure for the housing price index is 101.

Since H relates to transactions taking place in the market
for existing single-family houses, whereas L relates to the
value of non-developed (but zoned) land, there is not perfect
match between the two series. This may somewhat distort
the empirical results. However, as noted in the theoretical
considerations, substitutability between old and new housing
implies that the prices of developed and non-developed land
are tightly related to each other. The close linkage between
developed and non-developed land prices should diminish

the potential complications arising from the less than perfect
match between the two price series.

Unlike typically in the empirical literature, the construc-
tion cost variable incorporates the developers’ profit margin.
Hence, C corresponds to the theoretical concept of construc-
tion costs in equations (1)-(4). The construction cost index is
based on tender prices of new housing construction in HMA.
The index is reported by Rapal Ltd and is available starting
from 1988Q1. C approximates the development of the value
of the physical structure.’

Furthermore, unemployment rate (U) reported by statis-
tics Finland is incorporated into the dataset to approximate
time variation in uncertainty regarding future housing (or
rental) price development. It is assumed that people per-
ceive the uncertainty regarding the future particularly high
in times of high unemployment. On the other hand, greater
uncertainty about the future development of demand side fac-
tors may induce higher unemployment rates (see Jellal et al.,
2005). Therefore, the unemployment rate is likely to give
information about the uncertainty concerning the future in
the economy. The results from the econometric analysis are
in line with this assumption. Obviously, unemployment is
only a proxy for the uncertainty regarding future housing (or
rental) price growth, however.?

Although hedonic indices are employed, there appear to
be substantial short-run measurement error in the house and
land price series. That is, the hedonic indices are probably

>HMA, as defined here, consists of Helsinki and the three near-
est surrounding municipalities Espoo, Kauniainen and Vantaa.

¢ Regarding both houses and land, Statistics Finland excludes
the transactions in which the size of the lot (empty or built) is excep-
tionally small or large or in which the transaction price per square
meter is unusually small or large and the transactions that have been
made between relatives. In the housing data, also transactions of
exceptionally small or large houses are excluded. Moreover, the
house price index is based on transactions where the structure and
the plot of land the structure stands upon are traded as a single
bundle. In other words, the index does not include the effect of
houses that stand in rental land. The exclusion of the “exceptional”
observations is conducted to diminish the heterogeneity complica-
tions regarding real estate units and to exclude potential errors in the
transaction data. The share of the excluded observations is typically
around one quarter of all the observations.

"The owner (instead of a construction company) is the “con-
structor” regarding a notable part of the new single-family housing
production in Finland. Naturally, the time the owner devotes to
building the structure is costly. If one would not build the house for
own housing needs but to sell the property in the market, the value
of the effort one devotes to building the house is the market value
subtracted by the cost of the inputs other than labor. If the construc-
tion companies can sell their output at a price that includes notable
profit margins, we can assume that the owner-builder could charge
the same price if he/she did not occupy the house himself/herself.
Therefore, even in the case where the owner is the “builder”, move-
ments in the index that includes profit margins work as a reasonable
proxy for the changes in the value of the structure.

8 Similar measures of housing price uncertainty to those em-
ployed by Cunningham (2006) were also tried in the analysis. Those
measures did not yield sensible results.
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Table 1

Descriptive statistics of differenced variables over 1988Q2-2007(QA4.

mean Standard deviation Jarque-Bera Ljung-box test for Seasonal variation
Variable (annualised) (annualised) (p-value) auto-correlation (p-value,
(p-values, 4 lags) F-test)

Housing price 0.021 0.078 0.00 0.00 0.57

Land price 0.030 0.127 0.00 0.00 0.02

Construction costs -0.011 0.067 0.03 0.00 0.66

Unemployment 0.001 0.012 0.00 0.00 0.63
not able to perfectly track the quality variation of the trans- Table 2

acted houses and lots. In particular, due to thin trading in
the markets the price series are likely to include “noise” in
the short-run, i.e. the short-run variation of the price series
may well be overly large. Due to the apparently substantial
noise especially in the land price series, the five-quarter cen-
tered moving averages of the H and L series are employed.
The use of the moving averages is reasonable even though
it reduces the number of observations by two, since the sub-
stantial noise in the “unsmoothed” price series might distort
the results of the econometric analysis. Because of the use
of moving averages and of the limits set by the construction
cost index, the effective sample period is 1988Q1-2007Q4.

In the econometric analysis the series, except for U, are
indexed and have the value of 100 in 1988Q1. Furthermore,
natural logarithms are taken from all the indexed series. Only
real values are employed in the study. Nominal values are de-
flated by the cost of living index to get real variables. Figure
1 exhibits the series included in the empirical analysis. Also
the unsmoothed housing and land price series are shown in
the Figure.

The dramatic rise since 1988 in housing and lot prices was
largely a consequence of the financial market liberalization in
the late 1980s that was followed by a boom in bank lending.
The housing and lot markets finally collapsed at the begin-
ning of the 1990s. The drop in housing and land prices as
well as in the other asset prices was deepened by the severe
recession in Finland in early and mid 1990s. Also C drasti-
cally decreased during 1990-1993. This was largely due to a
drop in the profit margins. After the mid 1990s housing and
lot prices have grown substantially faster than the general
price level.

Expectedly, vacant land prices have grown more during
the sample period than construction costs and housing prices.
Also in line with the prior expectations, land prices have been
more volatile than housing prices and construction costs.
Figure 1 cannot be used to estimate the relative magnitudes
of the land value and structure components of the total hous-
ing price level, however. Those magnitudes have to be eval-
uated by a proper econometric analysis. Note also that L
and C series are only approximations of the true underlying
factors (developed land value, structure value). This may be
a partial reason behind the fact that H is above both L and C
for several years during the late 1990s and in the early 21st

Contemporaneous quarterly correlations between differ-
enced series.

H L C U
H 1
L S9FE 1
C STHE 38%* 1
U -.58%* -.52%% -.50%%* 1

* and ** denote for statistical significance at the 5% and 1%
level, respectively. The reported correlations are based on a
sample period 1988Q2-2007QA4.

century. Another reason may be the influence of uncertainty.
Anyhow, it is reasonable to believe that in the long run the
employed data describe well the underlying fundamentals.

Table 1 reports some descriptive statistics of the differ-
enced series. All the variables are highly autocorrelated.

Unsurprisingly, all the contemporaneous quarterly cor-
relations between the differenced variables are statistically
highly significant (see Table 2). The figure between lot and
house appreciation is .59. The correlation between housing
price growth and construction cost movements is of similar
magnitude. The correlations based on the unsmoothed hous-
ing and land price series are considerably smaller than those
reported in Table 2 because of the substantial noise in the
original indices. The correlation between the unsmoothed
changes in H and L is as low as .16.

Econometric evaluation

In this section, an econometric analysis is conducted to
examine the magnitude of the shares of land and physical
structure components of the total price of single-family hous-
ing in HMA. As explained in the theoretical section, hous-
ing prices, lot prices and construction costs are expected to
form a stationary long-run relation towards which at least
one of the variables adjusts and in which 3; + 3, is approxi-
mately one. In other words, the three variables are expected
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Figure 1. Plot of the variables included in the empirical analysis.
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to be cointegrated.” Time variation in uncertainty may have
to be accounted for in order to find such a relation. Note
that in none of the estimated long-run models the restriction
B1 + B> = 1 is imposed. This is because the prices of vacant
lots are employed in the analysis, not the value of developed
residential land. After all, old and newly completed houses
might not be perfect substitutes. Besides, the data may well
exhibit some measurement error. Anyhow, in none of the
estimated regression models 5, + 3, differs from one statisti-
cally significantly.

In this analysis, the cointegration tests can be seen as tests
for model misspecification. The existence of a stationary re-
lationship is tested first by employing the Johansen (1996)
Trace test for cointegration. However, due to the substantial
difference between the growth rates of L and C, such stable
long-run relation may not exist. Therefore, a model including
a deterministic trend in the long-run relation (see equation 6
on page 9) is tested in addition to the conventionally used
model excluding deterministic trend (corresponds to equa-
tion 6 on page 9). The trend term might cater for the fact that
L has grown faster than C causing the actual coefficient on L
to grow over time and thereby leading to faster growth of the
equilibrium level for P than suggested by the time-invariant
parameter estimates.

Indeed, the Johansen Trace test is able to find a cointegrat-
ing relation between H, L and C only if a trend is included in
the long-term relation.!? Furthermore, detection of a reason-
able stationary relation requires the inclusion of unemploy-
ment rate as a proxy for uncertainty. The Trace test results
are reported in Table 3.!!

The theory indicates that if the relative shares of land and
structure of house price level are constant over the long run,
equation (5) should be stationary. The model based on equa-
tion (5) is misspecified, however, since it is not stationary.
This, together with the stationarity of equation (6), is in line
with the argument that the shares of land and structure are
trending over the long horizon. The origin of the compli-
cation of the cointegration analysis without a trend term is
further illustrated in Appendix A. In the model including the
trend in the long-term relation, the long-run coefficients on L
(.207) and C (.796) do not straightforwardly show the relative
shares of land value and structure components of the housing
price level during a particular time period. This is because
the estimated equilibrium housing price level has grown by
some .6% per quarter faster than implied by the coefficients
on the stochastic variables only. In any case, 8| + > = 1 as
anticipated. Furthermore, in line with the theory, increased
uncertainty (unemployment rate) has lowered housing prices,
i.e. the value of developed land, relative to vacant land prices.

The speed of adjustment of housing prices towards the re-
lation is estimated to be 9.1% per quarter. The corresponding
figures for L and C are 22% and 32%. The notable speed of
adjustment parameter of C suggests that a positive housing
price shock has a positive impact on the profit margins, i.e.
that competition among developers is not perfect. This ar-
gument follows from the fact that the (national level) real
construction costs without profit margins have been almost
stable during the sample period whereas the costs including

Table 3
Trace test statistics.

Hy (rank)  Trace test value (p-value)  Trace test value (p-value)
Model excluding trend Model including trend
r=0 42.3 (.15) 76.7 (.00)
r<l1 21.7 (.33) 46.9 (.02)
r<?2 11.3 (.20) 19.2 (.28)
r<3 13 (.72) 7.51 (.30)

P-value in the test for weak exogeneity of U in the
model including trend = .58

Estimated long-run relation based on the model
including trend (standard errors in parenthesis):
H =207+ L+.796 =« C —.023 = U + .006¢

The tested models include H, L, C and U, three lags in
differences, and three seasonal dummies. The number of
lags is selected based on the Hannan-Quinn information
criteria and the LM(1) and LM(4) tests for residual serial
correlation. The trace test values are based on the small-
sample correction by Johansen (2002) and weak exogeneity
is tested by the LR test by Johansen (1996). The parameter
estimates are based on a model in which U is restricted to be
weakly exogenous, i.e. U does not react to deviations from
the estimated long-run relation.

profit margins have varied substantially and simultaneously
with housing prices (see Appendix B).

The cointegration analysis shows that it is misleading to
assume the relative shares of L and C to be time invari-
ant. Therefore, recursive regression analyses are conducted.
Stationarity of the estimated recursive regressions is exam-
ined employing the Engle-Granger (1987) methodology'2.
The more sophisticated Johansen Trace test is not employed,
since the degrees of freedom in many of the tested models
would be extremely small due to the several lags required in
the tested models.

In the first recursive analysis the regression is run using
the first ten quarters and then observations are added to the
regression one at a time. Figure 2 exhibits the estimated

? Expectedly and in line with previous empirical evidence, the
ADF unit root test indicates that all the variables are non-stationary
in levels but stationary in differences. The unit root test results are
reported in Appendix C.

' The p-value of .15 indicates that there might be, at least, a close
to stationary relation between the variables in the model excluding
the trend. However, it appears that the relatively low p-value is due
to close to stationary C. The p-value in the test for exclusion of both
H and L from this potentially stationary relation is .87.

" The Trace test statistics regarding the model with a time trend
actually indicate that there are two stationary vectors between the
variables. It appears that this is because C is close to stationary.

2 The critical values are based on the response surface coeffi-
cients estimated by MacKinnon (1996). The detailed test results are
available from the author on request.
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coefficients together with their 10% confidence bands. As
the residuals of the estimated models seem to exhibit het-
eroscedasticity and autocorrelation, all the reported confi-
dence bands are based on heteroscedasticity and autocorre-
lation (allowing for one lag) consistent covariance matrices
(see e.g. RATS, version 6, user’s guide, 2006, 179-186). In
general, the coefficient on L trends upwards, while that on C
decreases over the sample period. The coefficient on L in-
creases from about 40% to almost 60% as the sample period
is extended. Occasionally, there is substantial deviation from
the “trend”, though, and the coefficient is at smallest (23%)
when the employed sample period is 1988Q1-2001Q1. In
Figures 2-3 the time period in the horizontal axis refers to
the last quarter of the employed sample period.

A problem with the recursive analysis above is that the
residual starts to trend upwards and the regressions are no
longer stationary as the utilized sample period gets longer.
Hence, the coefficient estimates and confidence bands shown
in Figure 2 should be studied cautiously. If, instead, a rolling
window of 30 observations is employed, the recursive regres-
sions appear to be stationary. The estimates from this recur-
sive analysis together with 10% confidence bands can be seen
in Figure 3.

Also according to Figure 3 there is substantial time vari-
ation in the relative shares of the two components of hous-
ing prices. As anticipated, the late sub-sample (2000Q3-
2007Q4) coefficient, 48%, on L is larger than the early sub-
sample (1988Q1-1995Q2) one (39%)."* The share of land
value of housing price level substantially decreased during
the recession and housing price bust of the 1990s. After
the mid 1990s the share of land value has increased rapidly
having more than doubled from the bottom of the bust. In
2007Q4 the land value share may well be somewhat greater
than 48%, since L has grown substantially faster than C after
2000Q3. The findings according to which the share of land
price component has grown over time and has accounted for
about half of the single-family housing price level during the
2000s is not surprising in light of the previous literature.

Note that the recursive estimates in Figure 3 are based on
regressions where U is incorporated in the model in the sub-
samples from 1991Q1-1998Q2 to 1997Q2-2004Q3. This is
because the regressions using sub-samples between 1991Q2-
1998Q3 and 1995Q3-2002Q4 would be non-stationary with-
out U in the model and the coefficient on U is significant and
negative even longer, i.e. in all the sub-samples in which the
starting date is between 1991Q1 and 1997Q2'#. The absolute
value of the coefficient on U is .04 at its greatest. Moreover,
the standard errors of the coefficient estimates get notably
smaller in the aforementioned sub-samples if U is present in
the model.

It appears that the increase in the share of the land value
component may have considerable effect on housing price
volatility. However, the impact may be rather small on rela-
tively short-run volatility. For instance, if the share of land
value is 25%, the annual standard deviation of housing price
growth is expected to be 11.7%, assuming that the annual
volatilities of and annual correlation between land prices and
construction costs remain the same as during the sample pe-

riod on average. The expected volatility of housing appre-
ciation would be only 17% larger, i.e. 13.8%, if the land
value component was 50%. At business cycle frequencies
the impact of the growth of the land value component is no-
tably greater due to the greater long-horizon correlation be-
tween land price and construction cost changes and because
of mean-averting land prices. At a ten-year horizon the cor-
responding expected (annualized) volatilities are 11.1% and
15.0%. That is, the increase of the share of land value from
25% to 50% would enlarge the expected volatility of housing
price growth by 35%. A rise of this magnitude in the housing
price volatility may have significant effects on the cyclicality
of the overall economy.

Summary and discussion

The price of a house consists of the value of the physi-
cal structure together with the value of land upon which the
house is built. The growth rate of the price of a house, in turn,
is the weighted average of growth rates of the value of the
structure and the land upon which the house stands. Previous
empirical evidence by Rosenthal and Helsley (1994), Davis
and Heathcote (2007) and Davis and Palumbo (2008) from
North America suggests that the value of land can account
for significant share of the price of housing in large cities.
Furthermore, it is expected that the share of land value of to-
tal price of housing increases in rapidly growing areas. This
follows from the scarcity of land in attractive locations.

The aim of this article is to estimate the share of the land
value component of the total housing price level in Helsinki
Metropolitan Area (HMA) employing econometric analysis.
It is argued that the price data on vacant lots can be utilized to
estimate the share of land value component of housing prices.
Employing a quarterly dataset over 1988Q1-2007Q4, it is
shown that the value of land accounts for a significant frac-
tion of single-family housing prices in HMA. During 2000-
2007 the share of the land value component is estimated to
be 48%, on average. In the end of the sample period the land
value share may well have been somewhat greater than 48%.
The analysis also suggests that, as expected, the land value
component of housing has increased over time. The recursive
estimation proposes that the land value share was less than
20% during the great depression and housing market bust in
the early and mid 1990s.

The impact of shocks in the demand factors (such as de-
mographics, interest rates, or tax treatment of housing) on
housing prices is likely to be the greater the larger is the land

" There is no readily available test to examine if the coefficients
differ statistically significantly.

“If U is not included in the regressions, the standard deviation
of the estimates is extremely large when the starting period of the
sub-sample is between 1991Q1-1994Q4. At the same time, the es-
timated coefficient on L first drops dramatically and then increases
rapidly. In fact, some of the point estimates for the coefficients on L
and on C get implausible values (below zero or over one). However,
in the early and late sub-samples U would be small and insignificant
and in many cased would have the wrong (positive) sign. Therefore
U is included only in the models that use the mentioned sub-periods.
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Figure 2.
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Coefficients on land price (black curve) and construction costs (grey curve) based on the recursive analysis.
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Figure 3. Coefficients on land price (black curve) and on construction costs (grey curve) based on the recursive analysis employing 30

quarter moving window.
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value component. On the other hand, in sparsely populated
areas where land is cheap housing price movements should
be determined to a substantially greater extent by construc-
tion costs. The high value of land in HMA suggests that the
demand side factors play a major role in the future evolu-
tion of housing prices in the area. Furthermore, as the value
of land appears to be considerably more volatile than con-
struction costs, greater land value component leads to higher
expected housing price volatility!®. This may have notable
consequences not only in HMA but in the whole of Finland.

Because of the migration from periphery to the central
cities, greater and greater share of dwellings is located in ar-
eas with relatively high value of land. Moreover, the value
of land further rises in the central cities due to the increasing
demand to housing (and thereby for developed land). That
is, centralization may cause the national level housing prices
to be more volatile in the future than in the past. For in-
stance, doubling of the land value component from 25% to

50% is expected to increase the standard deviation of HMA
single-family housing price growth by 35% at a ten-year
horizon, assuming that the volatilities of and correlation be-
tween land prices and construction costs remain the same
as during 1988-2007. This should be of interest not only
to those investors and households that own housing or are
planning to buy housing but also to all the households that
live in rental dwellings, since the growth in the share of land
value of housing prices is likely to increase the volatility of
rental prices as well. Furthermore, given the significant role
that housing wealth appears to play in the overall economy,
the value of land is of importance also for the economic pol-
icy makers. Basing policy decisions on historical estimates
of housing price sensitivity with respect to fundamentals in

5Tn other words, the fraction of home value that is accounted
for by the value of land is a critical determinant of the elasticity of
housing supply as emphasized by Glaeser and Gyourko (2005) and
Gyourko and Saiz (2004).
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an area where real housing prices (and thereby land prices)
have grown rapidly may notably increase the probability of
misaligned policy decisions.

One should also note that the increase in the value of land
in growing areas works as a natural counterforce for central-
ization. As the value of land increases, the costs of living
rise. Higher living costs lead to higher wage demands. This,
together with the higher rental prices for the production fa-
cilities, raises production costs thereby lowering profitability.
If the benefits from agglomeration are greater than the harms
caused by land price growth and by the other counterforces
for centralization, employment opportunities in the area are
likely to grow. An important question is, to what extent the
public sector (tax payers) should intervene this mechanism,
i.e. enhance centralization, by supplying housing or land at
lower than market prices.
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Appendix A

Plot of the residual from the whole sample OLS regression (u) and of the detrended residual.
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u is the residual series from a conventional Ordinary Least Squares (OLS) regression without a trend: H = .572 x L + .452 = C. Since
u trends clearly upwards, the model is misspecified. If u is regressed on a constant and trend, we get u = —.182 + .003¢ with both of
the estimated parameters being highly significant and the adjusted coefficient of determination being as large as .53. Residual from this
regression is presented as a dash curve in the Figure. U is not included in the model since its coefficient is insignificantly different from zero

and would have the wrong sign.

Appendix B

Housing price index and the construction cost indices both including profit margins and excluding profit margins.
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Appendix C

Augmented Dickey-Fuller test results.

Variable Level (lags)  Difference (lags)
House price -1.65 (6) ¢ -2.34* (5)
Land price -1.79 (6)** -2.60%** (5)°
Construction costs -2.04 (1)° -5.02** (0)
Unemployment rate -0.67 (5) -2.22% (4)

* and ** denote for statistical significance at the 5% and 1% level, respectively. Critical values at the 5% and 1% significance levels
are -1.95 and -2.60 if constant is not included and -2.89 and -3.51 in the case where constant is present. The number of lags
included in the ADF tests is decided based on the general-to-specific method. A constant term (c) is included in the tested

model if the series clearly seems to be trending or if the ADF test without the constant term suggests that the series is exploding.

In addition, three seasonal dummies (s) are added to the test if recommended by the F-test.



