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Leading indicators for the

real estate

economy

Real estate markets, construction activity,
macroeconomy, commodity prices

Real estate markets are similar to other markets and the economy in
general in that they undergo cycles. These cycles are irregular in terms
of their length and amplitude, however. It is always a challenge for insti-
tutional investors to align their real estate investments to new market
developments. The search for, negotiation, approval and execution of
transactions lead to considerable delays along the time line. The mar-
ket data received on a particular day is based on decisions which have
generally been taken months beforehand - and in the case of some
construction projects many years ago. With this information basis market
trends are often identified too late to bring about effective and efficient
reactions. As real estate markets do not exist in splendid isolation from
the general economic environment, leading indicators elsewhere in the
economy can possibly be useful, however. This study is dedicated to the
search for corresponding parameters which correlate with the real estate
market and precede it where possible, therefore. Thus a number of lea-
ding indicators with striking correlations can be identified, which when
taken alone do not allow for reliable conclusions to be drawn, but taken

as a whole could serve as early indicators for possible developments on
the real estate markets.
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1. Use of leading indicators for decisions on investment and disinvestment

For many years now private and institutional
investors have focused on real estate. In this
respect there is considerable interest in a
stable and economically sustainable capital
investment that can be easily planned. Since
the beginning of the new millennium there
has been a significant increase in real estate
values in virtually every European country.
In this respect, their underpinning with real
economic factors such as rents, incomes,
economic strength and construction costs
differs greatly. Time and again we see cyclical
movements with market values, therefore.

Timing of portfolio restructuring

The right timing of portfolio restructuring
can generate significant additional income
or avoid unnecessary losses. Especially with
exogenous shocks that impact on the market,
triggered for example by a financial crisis or
as of late by the coronavirus pandemic, there
is a high degree of uncertainty with regard to
future market developments. Even though it
is no longer possible to hedge earlier values
once a market decline has already commen-
ced, there is at least the question of the ideal
point in time for market re-entry.

The right timing for purchases and sales, as
well as for far-reaching decisions in asset and
portfolio management (e.g. a change of use,
new lease), is thus a parameter that is decisive
to success in the asset and portfolio manage-
ment of institutional real estate investors. The
precise implementation of this requirement is
always difficult in practice. Real estate portfo-
lios can only be amended with a major time
delay and with large transaction costs. Time
lags are typical for the fundamental decision-
making process and for the corresponding
search for, negotiation, approval and execut-

ion of real estate transactions. This means
the pronounced cyclic in many real estate
markets justifies the repeated purchase and
sale of real estate, as well as the associated
costs and workload, in arithmetical terms. Ho-
wever, a tactic that follows the cycle is often
unsuccessful due to unfavourable timing and
the corresponding loss of efficiency.

The main reason for this is the delay in the
provision of information on real estate market
developments. The ratios stated in the latest
real estate market reports are an assessment
of transactions which were initiated and
executed months ago and in the case of con-
struction projects often some years ago. New
market trends and turning points are thus
almost inevitably identified too late. In many
cases data-related analytics have to be re-
placed by subjective assessments, therefore.
In the case of larger portfolios and growing
requirements in terms of risk management
and compliance this is increasingly becoming
a problem.

Leading indicators in market forecast

The development of the value of real estate on
a specific market is a decisive parameter for
investors and owner-occupiers (profitability,
security), as well as for the remaining social
and economic environment (jobs, taxes, city).
A market prognosis is generally complicated
by the fact that real estate values do not
develop in a linear manner or in ideal cycles.
Real property cycles and crisis scenarios
follow a very irregular course (for European
house price indices see Fig. 1). Accordingly,
time series-based methods (e.g. chart-based
methods) on their own are only of limited
suitability for making market forecasts.
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Even with the progressive digitalisation and
transparency of the real estate industry the
delays in market observation cannot be eli-
minated completely. An appropriate reaction
time in portfolio management can only be at-
tained with other indicators that precede the
actual market development. In this respect it
is not individual factors which play a role but
rather a number of parameters with differing
levels of relevance. Accordingly, the search is
one for relevant leading indicators. These have
to be determined in an analytical manner.

As real estate markets do not exist in a world
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of their own, totally separate from other sub-
markets, the construction industry and the
general economic environment, the existence
of such leading indicators that allow for con-
clusions to be drawn on future developments
on the real estate market appears more than
probable. These indicators are to be sought
in parameters that are dependent on the
real estate markets or are at least closely
related to these, yet also in other segments
of the macroeconomy. The further away an
indicator is from the real estate market in the
narrower sense, the better the lead time can
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be, but at the same time the interpretation of
the correlation becomes more difficult. In the
following a broad-based test is conducted via
various data streams on the real estate mar-
ket, and also using economic indicators and
commodity prices. What is being sought are
indicators which correlate more strongly with
the real estate market and which precede

these in terms of time where possible. What
is not initially compulsory for this first ex-
plorative study is an actual direct causal link
between the respective markets (e.g. supply
chain in the construction industry, prices for
newly-built houses, rents). The effects can
also be indirect.

2. Indicator systems in economic and market research

The use of leading indicators is common
in general economic and market research.
Leading indicators for the real estate industry
can thus be based on experience gathered in
the course of many years and on existing mo-
dels. Various research results have also been
published for real estate markets in recent
years. These are often only applicable to very
specific sub-markets, situations or problems,
however. In the following, examples are pre-
sented from both areas so as to give an im-
pression of possible approaches and results in
the determination of leading indicators.

Indicator systems on real
estate market trends

Real estate market research on leading indi-
cators is often conducted in a guantitative
manner, databased therefore and using corre-
lation and/or regression analyses. One exam-
ple of this is the study by Miller and Sklarz “A
note on leading indicators of housing market
price trends” (1986), which examined the cor-
relation between various real estate market
parameters and the prices on the US housing
market. As a result it was possible to determi-
ne a number of indicators which preceded
the price development to a minor extent (by
up to twelve months). The authors conclude
that additional indicators from the financial
sector and the real economy are necessary to
predict price developments. The analysis of
additional indicators for price changes on the
US real estate market was the subject matter
of the study by Tsolacos, Brooks and Nneji,

“On the Predictive Content of Leading Indi-
cators: The Case of U.S. Real Estate Markets”
(2014). Among the aspects evaluated were
the “Conference Board leading economic
index” and the “OECD leading indicator” for
the development of rents. Tests were con-
ducted with various additional models which
also differentiate between market phases
(Probit and Markov switching approaches).
For certain indicators it was possible to see
that these preceded the real estate market
by as much as eight quarters. A number of
German studies on the housing market have a
more long-term approach. Thus Dick/Wester-
heide (ZEW) considered “Determinanten fur
die langfristige Wertentwicklung von Wohn-
immobilien” [Determinants for the long-term
value development of residential real estate]
(2010), whereby above all structural and
long-term factors such as demographics play
a role here. Short-term market developments
are not taken into account, therefore.

The analysis of indicators less closely related
to the market, such as commodity prices in
relation to real estate prices, can produce
leading indicators in certain macroeconomic
constellations. Thus in “Commodity House
Prices” (2013) Leung, Shi and Tang examined
the residential markets in Australia and New
Zealand. Two economies with a high pro-
portion of commodity exports and the cor-
responding price sensitivity were examined,
therefore. The authors noted a fundamental
relationship between commodity markets
and real estate markets. In the two economies
an increase in commodity prices led at least
indirectly to positive income shocks. Via va-
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rious macroeconomic parameters and causal
chains there are coupling effects to the local
real estate markets.

Other indicator systems are geared to esta-
blishing price bubbles and market risks. In his
study “Is the Housing Bubble Collapsing? 10
Economic Indicators to Watch” (2006) Baker
pointed out ten indicators which can signal
an overheating of the US residential real
estate market. Alongside transaction figures
(single-family homes), these also included
applications for mortgage loans, vacancies
and the employment levels in business sec-
tors closely related to the real estate markets.
Such indicator systems are also useful in
current observations of the economy and its
management by politicians and administra-
tors. Thus, DIW Berlin developed a correspon-
ding early-warning system for the Federal
Ministry of Finance (cf. Dreger/Kholodilin,
“Spekulative Preisentwicklung an den Im-

AUTHOR/SOURCE ‘ TITLE

Miller, Sklarz;
The Journal

of Real Estate
Research Vol. 1,
No. 1 (1986)

A Note On
Leading Indicators
of Housing Market
Price Trends

mobilienmarkten: Elemente eines Fruhwarn-
systems”, [Speculative price development
on the real estate markets: Elements of an
early-warning system] 2011). The parameters
used include various interest rates, price-in-
come ratios related to the real estate market,
credit and money supply growth, as well as
public indebtedness ratios. The system works
with various threshold values, which indicate
a critical status if surpassed and encourage
reactions at a political-fiscal level.

These and other real estate sector studies
(Fig. 2) display very interesting correlations.
Unfortunately the points of reference are very
specific and it is scarcely possible to make
any generalisations. Outside of the specific
models and designated uses there are hardly
any leading indicators that may be used in a
flexible manner and which are stable in the
medium term at least for real estate markets.

CONTENT/INDICATORS

Study of the relationship between various real
estate market parameters (incl. sales volume,
number of sold vs. listed properties in a specific
period) and the price trends on the US housing
market; determination of leading predictive
qualities for price developments for as much
as twelve months; observation and analysis of
other indicators from the financial sector and the
real economy noted as being significant for the
prediction of price developments

Baker; CEPR Is the Housing

Presentation of ten indicators to predict develop-
ments on the US residential housing market;

Issue Brief Bubble Collap- . L . .
. ) including time series on apartment construction,
(2006) sing? 10 Economic on employment levels in areas closely related to
Indicators to Watch the real estate sector, house price index
Dick, Determinanten fiir Demographic developments of particular sig-
Westerheide; langfristige Wert- nificance (incl. development of population and

ZEW-Gutachten entwicklung von

(2010) Wohnimmobilien

[Determinants for the
longterm value develop-
ment of residential real
estate]

household figures, increasing burden of taxes as
a consequence of society aging), other determin-
ants are the development of housing supply,
financing conditions etc.



E REAL EXPERTS.
REAL VALUES.




E

REAL EXPERTS.
REAL VALUES.

Fig. 2: Selected studies on real estate sector indicator systems.

Indicator systems for economic
development

In general economic research the models
and findings on leading indicators are, as is
to be expected, more diverse, more detailed
and often also more well-founded than in
the specific segment real estate. Here there
is verifiable research going back about one
hundred years. As long ago as at the begin-
ning of the 1920s the "Harvard Barometer”
was designed, an instrument to assess the
US economy and predict developments. A
number of leading, coincident and lagging
economic indicators were integrated here.
This system was not able to predict the global
economic depression of 1929, however. It did
initiate a number of global research projects
in the field of economic indicators and early-
warning systems (see Winker, “Empirische
Wirtschaftsforschung”, [Empirical Economic
Research], 1997). In the determination of
indicators - also - relevant to the real estate
market a number of studies offer interesting
models.

For Germany, for example, in the HWWA
paper from 2003 “Prognoseleistung von
Fruhindikatoren: Die Bedeutung von Frih-
indikatoren fur Konjunkturprognosen - Eine

Analyse fUr Deutschland” [Predictive ability
of leading indicators: The significance of lea-
ding indicators for economic forecasting - An
analysis for Germany] Hinze studied the sui-
tability of leading indicators and the quality
of indicator systems. In doing so quality yard-
sticks were developed for leading indicators
(incl. fundamental context, lead time, stability,
availability) and these were then compared
with well-established indicator systems (incl.
survey-based systems such as business cli-
mate, statistical analyses on incoming orders).
In this way leading indicator properties of the
regularly published ifo business expectations
vis-a-vis the gross domestic product and
industrial output could be shown. This lead
time amounts to a number of months at most,
a period that is too short to be transferred to
real estate market decisions. In general this is
probably also the case for other opinion- and
survey-based indicators as these sentiments
are usually based on economic changes that
are already clearly perceptible.

The results in a study by Santero and West-
erlund, “Confidence Indicators and Their Re-
lationship to Changes in Economic Activity”
(1996), are to be seen in a similar light. This
compares the predictive ability of consumer
and corporate surveys on the economic cycle
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in a number of economies. The predictive
ability differs from country to country. At the
same time it is established that it is generally
only possible to forecast significant changes
in a meaningful manner using survey techni-
ques. This classification is confirmed by Kho-
lodilin and Kooths in “Konjunkturelle Fruhin-
dikatoren in der Krise: Weiche Fakten starker
als harte” [Leading economic indicators in the
crisis: Soft facts are stronger than hard facts]
(2009). Accordingly, survey-based indicators
are above all of use in economically turbulent
times. Calmer economic phases, in contrast,
are better recorded with more complex and
quantitative prognosis models.

Concrete ratio prognoses are modelled
more frequently for aggregated economic
parameters such as GDP. Thus Grasmann and
Keereman looked at the topic “An indicator-
based short-term forecast for quarterly GDP
in the euro area” (2001). Using OLS estimates
(ordinary least squares) it was possible to
determine the quarterly development of GDP
relatively well. Indicators included exchange
rates, passenger vehicle sales, survey results
(retail trade, construction industry) as well as

AUTHOR/SOURCE ‘ TITLE

Confidence
Indicators and
Their Relationship
to Changes in
Economic Activity

Santero, West-
erlund; OECD
Economics
Department
Working Papers
No. 170 (1996)

key data for bonds (e.g. spread Germany and
USA with 10-year government bonds). In an
expanded observation in “Leading Indicators
in a Globalised World” (ECB Working Paper,
2009) Fichtner / Ruffer / Schnatz used not
only regional indicators but also international
parameters and thus optimised the prognosis
for the respective domestic industrial pro-
duction.

is the
evaluation of internet texts, publications and

An interesting research approach
other texts. A recent study by Kalamara et
al. "Making text count: economic forecasting
using newspaper text” (2020) searched ar-
ticles and keywords from three British daily
newspapers (The Guardian, The Daily Mirror,
The Daily Mail). Specific relevant words/word
groups (e.g. “uncertainty”) are counted and
processed using machine learning processes.
The objective is the forecasting of macroeco-
nomic key indicators such as GDP, inflation
and unemployment levels using text-based
predictions. This alternative form of forecas-
ting can attain good results in particular with
upcoming crises.

CONTENT/INDICATORS

Study of the predictive quality of consumer and
corporate surveys on trade cycles and output
in various economies, corporate surveys have
advantages over consumer surveys, degree of
predictive ability varies from country to country,
mostly only clear output changes can be antici-
pated in corresponding survey results

Fritsche, Leading Indicators
Stephan; DIW of German
Discussion Business Cycles:
Paper No. 207 An Assessment of
(2000) Properties

10

Test of a number of putative leading indicators
(e.g. ifo Business Climate Index, new orders in the
manufacturing industry, short- and long-term in-
terest rates, money supply) to a reference series
for industrial production; in particular ifo indica-
tors and series for new orders promising, others
only with little predictive ability; VAR model with
four best indicators only suitable with a lead time
of up to three months
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Fig. 3: Selected studies on economic indicator systems.
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3. Explorative approach to find leading indicators

From the experiences with and approaches
to economic and business research, and also
from various real estate market studies, it
is possible to derive potential indicators for
which one would assume there to be correla-
tions to the real estate market. The correspon-
ding tests are necessary to rank the relevance.
In the framework of this study numerous data
series have been gathered and analysed to
this end, not only on the real estate market in
the narrower sense, but also on the economic
environment, such as economic development,
the prices for raw materials, transportation,
the labour market and energy.

Derive leading indicators from extended
cause-effect chains

The studies and indicator systems presented
above show two largely independent re-
search areas to date: on the one hand there is
extensive real estate market-related research,

which is devoted intensively to parameters
such as rents, purchase prices, vacancies, let-
ting performance, absorption, transaction vo-
lume etc. and which explains the correspon-
ding correlations. On the other hand, there is
the large field of macro-economic research,
which is conducted by numerous institutes
and qualified economists and which considers
factors from all areas of the economy, and in
particular from the labour, financial and com-
modity markets. Interdependence and thus
also in part leading indicators are discussed
within the respective research fields. Above
all in the field of real estate research the lead
time is usually very short and thus scarcely
allows for any timely analysis, decision or re-
action on the part of the investor. What would
be interesting is a combination of the respec-
tive cause-effect chains which are the subject
of research in both fields. Based on the follo-
wing approach the two research areas are to
be considered holistically, and interlinked with
one another therefore (Fig. 4)

COMPACT CAUSAL CHAINS FROM ORIGINAL RESEARCH FIELDS
(DEDUCTIVE APPROACH)

REAL ESTATE RESEARCH ECONOMIC RESEARCH

Real estate value 4 Construction costs 4 Construction material costs Construction material costs { Commodity prices

Real estate value 4 Rent 4 Purchasing power Purchasing power 4 Income 4 Employment level 4 Production

EXTENDED CAUSAL CHAINS FROM COMBINED ECONOMIC AND MARKET RESEARCH
(DEDUCTIVE APPROACH)

Real estate value 4 Construction costs' 4 Construction material costs 4 Commodity prices

Real estate value 4 Rent 4 Purchasing power 4 Income 4/Employment level 4 Production

DIRECT TEST OF CORRELATIONS AND INDICATORS (INDUCTIVE APPROACH)

Real estate value- ¢ [???] 4 Commodity prices

Real estate value 4 [???] 4 Production

Fig. 4: Principle for the ascertainment of leading indicators using an inductive approach

13
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Typically there is a correlation between the
economic strength of a location and its real
estate market. Although the absolute price
levels for rents and purchase prices cannot
be computed directly from income and
purchasing power ratios, because numerous
location-specific factors such as commuter
flows, the attractiveness of the city/town,
and real estate offerings in the region likewise
have an effect. Above all the impact of the
regional economic strength as an individual
parameter is often strong enough to gene-
rate corresponding amendments in supply
and demand in the event of changes, and
thus affect real estate prices and rents at a
location. The interdependencies can in some
cases only partially be visible and/or with a
time lag. Nevertheless, a trend reversal, for
example in per capita GDP (an expression of
the economic strength of the location there-
fore), would also be an important signal for
the real estate market.

A fundamental benefit of the extension of the
real estate market analysis to the upstream
economic and socioeconomic environment is
that interesting ratios, prognosis systems and
publications are generally available there in
greater numbers, more frequently and earlier
than for the real estate market in the narrower
sense. Fundamentally the use of economic
forecasts or the components therein for the
real estate markets has an excellent outlook
for success. In detail, leading indicators which
are already used in these systems are interes-
ting. It may be possible to use these to draw

a direct inference on the real estate market
(shortening of the causal chains by “skipping”
the general economic model).

Test of various real estate and
macroeconomic time series

In an extensive indicator test various data se-
ries are compared using correlation analysis.
For the real estate market the house price
index (HPI) and construction costs index
(CCD from Eurostat and the rent index (RI) of
the OECD for 14 European real estate markets
were used.

The macroeconomic and socioeconomic
indicators are based on various data series
incl. on GDP in real terms, import/export of
goods, private consumption, unemployment
rates, number of working hours per person
employed, residential construction approvals,
haulage and transportation figures (e.g. con-
tainer transhipment), passenger vehicle regis-
trations, prices for raw materials and energy
(e.g. coal, diesel, natural gas, aluminium,
iron ore), as well as interest rates. Insofar as
possible country-specific series were utilised,
in all other cases the relevant world market
prices. The primary sources used were the
publicly-accessible databases of the OECD,
Eurostat and IndexMundi. The underlying
data were fundamentally available with just a
few exceptions from the year 2000 onwards.
An overview of the tested parameters is
shown in Fig. 5.

INDICATOR ‘ COUNTRIES ‘ YEARS ‘ SOURCE
House price index 14 of 14 2000-2019 Eurostat
Construction costs index residenti- 14 of 14 2000-2019 UeskEn:
al building

Rent index 14 of 14 2000-2019 OECD
Coneiueiion EERIONENS Celg s 14 of 14 2000-2016 Eurostat
ments in apartment buildings)

GDP (chain-linked volume) 14 of 14 2000-2019 Eurostat
Industrial production 14 of 14 2000-2019 OECD
Working hours per person 14 0f 14 2000-2019 OECD
employed

14
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Number of persons in employment
(15-64 years)

Eurostat

14 of 14 2000-2019

14 of 14 2000-2019
14 of 14 2000-2019

Overnight stays in accommodation | 1 ¢ 14 2000-2018 Eurostat
facilities for tourists

Number of construction companies | 13 of 14 2005-2018 Eurostat

!nvestment in domestic transport OECD

infrastructure

12-month Euribor Deutsche Bundesbank
Road haulage Eurostat

Rail passenger traffic Eurostat

Unemployment rate (15-74 years) Eurostat

Exports of goods OECD

Federal Ministry for
Primary energy consumption 9of 14 2000-2019 Economic Affairs and
Energy (BMWi)

Coal (price/t) IndexMundi
Diesel (price/gallon) IndexMundi
Crude oil (price/barrel) IndexMundi
Kerosene (price/gallon) IndexMundi
Iron ore (price/t) IndexMundi
Aluminium (price/t) IndexMundi
Nickel (price/t) IndexMundi
Tin (price/t) IndexMundi
Gold (price/troy ounce) IndexMundi

15
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Uranium (price per pound) 14 of 14 2000-2017 IndexMundi
Plywood (price/sheet) 14 of 14 2000-2019 IndexMundi
Standing timber (price/m?) 14 of 14 2000-2019 IndexMundi
Sawn timber (price/m?2) 14 of 14 2000-2017 IndexMundi

Fig. 5: Overview of reference values used and tested indicators.

In an automated test procedure all the rele-
vant combinations for the development of the
real estate market and the respective available
parameters are evaluated. Preference is given
to the use of national information, and alter-
natively to multi-country information. From
case to case the respective rates of change

are calculated from stock figures. Additional
scenarios and variants contain correction fac-
tors in the form of time lags (alongside con-
current series also preceding the parameter
by one and two years), exchange rates and
inflation.

4. Correlation of real estate prices among various countries

In the first segment correlations are tested
within 14 selected European real estate mar-
kets. A comparison is made of the respective
change in the house price index. International
economic interdependence and investment-
related arbitrage effects would lead one to
expect reciprocal effects and in particular
between similar and neighbouring locations.
Of interest are possible lead times, which can
also be portrayed with a time lag of one and
of two years.

In a comparison of the neighbouring states
Germany and Austria there is an arithmetical
correlation coefficient of 0.53. As the graphic
analysis shows (Fig. 6) the markets do not
fundamentally develop in parallel, there are
also phases in which there are significant di-
screpancies in the dynamism. Close economic
interdependence does not necessarily have
to be accompanied by uniform developments
on the real estate market, therefore.
Impressive is the much stronger correla-
tion between France and the neighbouring
Belgium. The house price indices appear to
develop almost concurrently, the correlation

16

coefficient amounts to 0.91. What can also be
seen is a certain lead on the part of France.
With a time lag of one year the correlation is
still high at 0.60. The market development in
France can thus definitely serve as a leading
indicator for Belgium.

A similar picture is seen in the comparison
between France and Spain, likewise also
closely linked markets located next to one
another. Here too the correlation is high at
c=0.78 in the concurrent consideration. With
a shift of the Spanish market by one or two
years ahead the correlations are ¢=0.77 and
c=0.63, respectively. It is to be assumed that
there is a regular lead of the real estate values
on the Iberian peninsula compared to those
in France.

In the combination of both market interrela-
tionships (Spain » France; France » Belgium)
the Spanish market development is thus also
a leading indicator for Belgium. The correla-
tion coefficients in all three national market
interrelationships are higher than 0.70 (see
correlation table Fig. 7).



E REAL EXPERTS.

REAL VALUES.

HPI DE & AT HPI FR & BE
corr(DE/AT): 0.53
corr(DE/AT,.): 0.47
corr(DE/AT,,): 0.46
corr(AT/DE,): 0.45
corr(AT/DE,,): 0.38

corr(FR/BE): 0.91
corr(FR/BE,): 0.60
corr(FR/BE,): 0.29
corr(BE/FR_): 0.87
corr(BE/FR ,): 0.65

HPI DE HPI FR
| HPI AT | HPI BE
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19
HPI FR & SP HPI UK & NL

corr(FR/SP): 078
corr(FR/SP,.): 077
corr(FR/SP,): 0.63
corr(SP/FR,)): 0.58
corr(SP/FR,,): 0.39

corr(UK/NL): 0.45
corr(UK/NL,)): 0.28
corr(UK/NL,,): 0.41
corr(NL /UK, ): 0.53
corr(NL /UK, ,): 0.47

HPI FR HPI UK
| HPI SP | HPI NL
HPLIT & GR HPI HU & PT

corr(IT/GR): - 0.85
corr(IT/GR,)):  0.87
corr(IT/GR_,):  0.81
corr(GR/IT, )i 0.72
corr(GR/IT,):  0.55

corr(HU /PT): 0.77
corr(HU /PT, ): 0.66
corr(HU/PT, ,): 0.47
corr(PT/HU, )i 0.72
corr(PT/HU_): 0.50

HPIIT

| HPI GR

00 01 02 0304 0506 07080910 1 12 13 14 15 16 17 18 19 00 01 02 03 04 0506 07 08 09 10 11:12 13 14 15 16 17 18 19
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Other strong correlations are displayed by the
markets of Great Britain and the Netherlands,
by Greece and lItaly, as well as by Hungary
and Portugal. The countries with strong
correlations do not always border on one
another. Real economy correlations may also
be derived from similar economic structures,
an analogous proneness to crises and also
distinctive trade relationships and labour
markets. Above all leading markets are of
interest for investors. For the phase of eco-
nomic recovery and the related recovery of
real estate markets Greece is conspicuous, for
example; here there was a certain lead time
over ltaly. When the comparisons are viewed

REGION/
COUNTRY
(PARAMETER)

as a whole we repeatedly see a faster reaction
by the markets in Spain and Great Britain. In
several but by no means in all country com-
binations these can provide early signals for
other markets.

All the other correlations are shown in Fig. 7
(correlations of |c| = 0.4 and greater highl-
ighted). The calculated values relate to the
study period between 2000 and 2018. The
overriding image is one of pronounced paral-
lelism of the market developments. Markets
with clear lead times are rare. Suitable leading
indicators have to be sought elsewhere,
therefore, e.g. in other segments of the real
estate industry and in upstream markets.

REGION/COUNTRY (VARIABLE)
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Time Lag -1 Year 025 Q15 0.20 0.37 0.55 0.72 0.59 -028 0.74 023 -007 032 0.42
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5. Correlation of other indicators for the real estate market (construction prices, rents)

Developments in other segments of the real
estate and construction industry regularly
have an impact on the house prices observed
here (HPI). This has to be assumed in particu-
lar in the case of rents and construction costs.
Various data series for construction activity
(approvals, completions, construction costs)
and the rental market are available so as draw
comparisons. The sources in this regard dif-
fer (e.g. official national statistics, Eurostat,
OECD, private data providers); the availability

00 01020304050607080910 11 12 13 14 15 16 17 18 19

00 01 0203040506 07080910 11 12 13 14 15 16 17 18 19
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and quality are not always the same for all
countries. Generally those markets in which
the cycle is clearly pronounced may be analy-
sed best of all. Correlations with parallel mar-
kets may be seen, for example, between the
house price index (HPI) and the construction
costs index (CCI) in Great Britain and Italy, the
rent indices (RI) in Germany and Belgium, as
well as the construction approvals in Spain
and ltaly (Fig. 8, respective rates of change
scaled on the left-hand and right-hand axes).

00 01 020304050607080910 11 12 13 14 15 16 17 18 19

00 01020304050607080910 11 12 13 14 15 16 17 18 19

HPIIT & CCIIT
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00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

01 01 02 03 04 05 06 07 08 .09 10 1 12 13 14 .15

REFERENCE
PARAMETER HPI DE | HPI UK | HPI FR

CCl [Land], Time Lag 0 008 051 058 079 046 018 072
CCl [Land], Time Lag -1 016 055 002 046 009 -023 -005
CCl [Land], Time Lag -2 013 052 002 010 -010 -008 -005
RI [Land], Time Lag O 054 009 055 060 061 -025 025
RI [Land], Time Lag -1 051 007 038 049 043 025 -028
RI [Land], Time Lag -2 053 015 012 040 024 063 -026
Fg::;’t‘:;;:?r': r:z‘l’_?;"‘(‘)'s 067 055 063 074 072 043 063
Fg::;’t‘:;;".’r':::?‘l’_?;’a:s 050 037 045 073 068 060 059
fg:j;’t‘:;;".’r': ;2'7_?;""_"25 069 002 015 068 060 004 -003

Fig. 8: Cc tate market (selection)

sources.

The table shows examples of some correlati-
ons of real estate market-related indicators to
the house price index of the respective coun-
try. In several countries CCl and HPI correlate,
in Germany and Sweden this is not the case,
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however. The respective rent indices likewise
display a correlation with the HPI in several
countries, in individual cases there is also a
lead time (e.g. in Germany, lItaly, Spain). In
Sweden the image lacks uniformity, the ab-

HPI &
CONSTRUCTION
APPROVALS IT

corr(HPI/CA): 0.74
corr(HPI/CA ): 0.73
corr(HPI/CA,,): 0.68

HPIIT
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normally high coefficient with a time lag for
rents of two years (c=0.63) cannot be mea-
ningfully interpreted in terms of real market
correlations. With the construction approvals
many countries display high correlations,
often also with a short lead time (time lag 1
year). ltaly and Spain are striking with coeffi-
cients of 0.6 and higher.

Although there are - as expected - correla-
tions in the respective market (country), the
parallelism of developments predominates,
however. In part the changes with rents,
construction costs and construction appro-
vals also take place with a slight delay. This is
particularly noticeable in the graphic analysis
of the time series. It is to be assumed that the
actors from the project development sector
react with a delay to the increase (or decrea-

se) in market prices. Accordingly, there is an
increase in construction approvals, construc-
tion services and construction prices at a later
date.

Although the computed correlations are thus
an initial selection criterion, they are some-
what less reliable due to the shorter data
series available for analysis (usually a single
market cycle). These additional key ratios for
the real estate market are thus scarcely suita-
ble as generally applicable leading indicators.
In the group of real estate market indicators
real estate values usually react in a timely
manner to changes in the environment, other
indicators tend to do so with a delay. In the
overall image there are no universally reliable
leading indicators which precede the HPI in
this segment across all markets.

6. Correlation of general economic indicators (GDP, income, consumption)

Alongside indicators that are related to the
real estate market to a large extent, a number
of macroeconomic, socioeconomic and other
parameters upstream of economies are to be
considered. Fundamentally, the causal chains
become longer the further they move away
from the real estate sector (see Fig. 4). Esta-
blished effects are thus indirect and have to
be explained across a number of effect levels.
Nevertheless, the analysis of such parameters
is important as, on the one hand, the largest
lead time is to be assumed and, on the other
hand, the data availability for macroeconomic
indicators is often better than that for data
relating to the real estate market. Which other
indicators not directly relating to the real es-
tate sector can serve to explain the develop-
ment of values on the residential markets is
examined below.

It would seem obvious for there to be a cor-
relation between parameters from the real
economy on the one hand and from the real
estate market on the other hand. According-
ly, a clear correlation is seen with the rate of

22

change for private consumption and the rate
of change for the HPI. This was to be obser-
ved (see table in 10) in virtually all countries
(12 of 14, ¢>=0.4). With regard to the search
for leading indicators it is particularly interes-
ting that higher correlation coefficients are
also seen with a lead time for consumption of
one or two years. In this respect particularly
high correlations were identified in Spain and
the Netherlands (Fig. 9).

Upstream of private consumption and hou-
sehold incomes in the financial consideration
are wage payments by companies. In turn
these are based on sales and production out-
put. A correlation with the real estate market
is likely to exist both in a time of crisis and
one of economic recovery. In this respect it
has to be assumed that there is a certain re-
action time on the real estate market. As the
two examples Spain and Greece - each with
a clear slump and a corresponding recovery
- show, industrial production precedes real
estate prices and in particular in the recovery
phase (Fig. 9).
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The correlations between industrial produc-
tion and HPI are generally only seen in those
economies whose HPI development is cha-
racterised by strong fluctuations or phases of
heavily declining or rising industrial produc-
tion output. In total, nine of the 14 countries
examined display such correlations (|c|>=0.4).
In contrast, twelve of the countries considered
in this analysis display a correlation of their
real estate price development with another
macroeconomic aggregate, one which repre-
sents the entire breadth of economic activity:
GDP (in real terms). This frequently also deli-
vers high correlation coefficients even when
considered with a lead time, thus in the Czech
Republic (¢c=0.50 and 0.53 with a lead time of
one and two years), for example, as well as in
the Netherlands (c=0.63 and 0.43 with a lead
time of one and two years).

Fig. 10 shows an overview of all the obser-
ved economic indicators by the number of
correlations to the HPI with the studied time

lags (concurrent, one year lead time, two ye-
ars lead time). In addition to the parameters

already presented private consumption,
industrial production and GDP in real terms
- it is above all labour market figures (in par-
ticular the unemployment rate, alongside the
numbers of persons in employment and the
number of employees) as well as data on re-
tail trade turnover (total: 22, with lead time: 11)
which have a strong impact. As labour market
figures typically lag behind GDP and industri-
al production, it may be assumed that GDP is
the stronger leading indicator for the real es-
tate economy. Labour market effects in turn
impact with a delay on incomes, consumption
and retail trade turnover. These thus tend to
correlate concurrently with the HPI; there
can be a certain lead time, however. Of less
relevance under this analysis, for example,
are the exports of goods, short-term interest
rates and the number of working hours for
employees.

CORRELATION TO HPI - CONCURRENT

Consumption
Retail trade turnover

GDP

Number of persons in employment

Unemployment rate
Imports of goods

12M Euribor

Industrial production
Number of employees
1M Euribor

Gross earnings

Exports of goods

Number of working hours per person employed
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The established economic indicators are
for the most part comprehensible in terms
of their content. Thanks to their excellent
reporting and early establishment, develop-
ments may be identified at an early stage

and integrated into more advanced prognosis

models for real estate market developments.
The relevant economic indicators may also be
used directly in transaction and portfolio ma-
nagement, for instance when differentiating
between markets and in the prioritisation of
investments.

7. Correlation of specific economic indicators (raw materials, transport, energy)

Usually upstream of the macroeconomic
parameters from the preceding section of the
analysis are various procurement markets,
and in particular for raw materials and ener-
gy. These are, in turn, predominantly traded
at uniform prices for the entire global market
and thus also reflect global developments in
terms of supply and demand. At the same
time an identification of correlations between
country-specific real estate market develop-
ments and changes in uniform prices for raw
materials makes the use of these as leading
indicators particularly interesting. If raw ma-
terials prove to be suitable indicators, this
would not make a consideration of national
macroeconomic data series and key ratios un-
necessary, but they could be supplemented
with an overlapping component. Alongside
various raw materials, a number of variables
from transport markets in the broader sense
(incl. freight traffic by road and rail, domestic
passenger transport) and the primary energy
consumption were tested in this segment.

A surprisingly frequent correlation seen on
many markets in the analysis - and one that
is admittedly difficult to interpret - is the re-
spective HPI to the price for uranium. With a
total of 15 higher correlations (based on the
threshold |c| >= 0.4) uranium thus occupies
second place of all the indicators in this sec-
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tion of the analysis. It is possible that this raw
material, whose price is very volatile, reacts
sensitively to short-term economic changes
and thus indicates the corresponding follo-
won effects on the real estate market. Parti-
cularly pronounced correlations are seen for
the development of HPI in France and Belgi-
um, whereby the uranium price here displays
coefficients of significantly more than 0.4
even with a lead time of one year (FR: 0.58/
BE: 0.75). In Germany only a small number of
raw material indicators correlate with the HPI,
yvet here too uranium is one of them alongside
a few others (nickel, sawn timber).

Other frequent correlations with the HPI of a
country are displayed by indicators such as
the number of construction companies (17),
new passenger vehicle registrations and the
number of rail passengers (both 13). Interes-
ting leads are shown by new passenger ve-
hicle registrations (9 of 13), the price of silver
(7 of 7), road freight (6 of 7) and the price of
diesel (5 of 6). Other indicators from the raw
materials, transport and energy sectors appe-
ar to play less of a role or concentrate on a
small number of countries. The prices for pro-
pane and lead are the only parameters which
do not display any notable correlation to the
respective HPI. Fig. 11 shows a corresponding
overview of the results.
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8. Results overview

An overview of all the computed correlations  other (already shown in Fig. 7) is shown in the
- with the exception of countries with one an-  following matrix (Fig. 13).

VARIABLES

Parameters

0.08 017 -029 018 0.34
3 016 002 0.09 000 -002 003 022 -023 -005 0.08 016
o
o
~
g -013 ( 0.02 010 -010 0.03 023 0.06 -014 -018 -008 -005 012 -001
S
o
Bl 054 0.09 0.55 0.60 0.61 013 0.70 0.32 -020 0.50 -025 025 0.07 0.25
o
z
=
H 0.51 0.07 0.38 0.49 0.43 -018 0.48 0.29 0.20 0.45 0.25 -028 -040 -020
3
o
Bl 053 015 012 040 0.24 -019 0.30 0.34 0.43 0.39 063 -026 -061 -029
o
w| o
T g -013|029|055 [-027 063|018 (004|074 [0.46|0.09|0.72 |0.09|0.07 | 0.72 0.34|-048|-015|-017|0.28 | -005| 0.36 | 0.28 | -010 -0.311 063 | 0.32 |-027 0.29
3
gl
3
s C 018 | 015 | 0.37 | 010 | 0.26 [ 051 |0.070.73 067 | 0.37|0.68|0.33 | 0.35 027 [-036 | 0.71 | 0.46 048(-007|0.37| 031 | 010 |-025| 0.35[0.40 | 0.21 |0.60| 015 |-040| 0.59 | 0.78 | 012 | 062 043020
ki
§ 069]026| 031002026 |026| 015 | 0.21|0.34]|0.68|0.56 ).60|0.46 058 013 | 012 -003| 013 |-034[0.23 | 0.27 [ O 0.26]0.39|0.23|0.04|0.42|-038|-003|0.27|0.37]|026|054|0.06|056| 0.21 | 0.27
045-028|0.08| 0.9 -0.31|-010 0.08|-0.31| 014 072 |-026 | 013 | 0.50| 012

. Corr. 0 | Corr. 2
[} o

029|005|053| 017 057|021 0.07 0.78 | 0.65 -018|-036 -036 -013|-009 |0.25|0.20 | -025 020|022
o
B 0-30|0.69|-016]0.53|0.02 037(032|025|0 ).62|0.79 016 | 0.05|0.09 1088 -029|-073| 023 -008 | 0.37|-029|0.08 | -022 | 009 | 0.03|0.30| 0.00|0.39 | 0.21 | 0.30| 0.37 0.59
o
°
g—' 0.09| 014 081|016 |0.26 064 | 0.01 029 0.211087|0.33|0.36 0.76 | 0.35|0.40 | -007 -023 )1 0.54(0.03 064|-045|0.22 022 0.37 [ -057 0.32
S
a T
S 019 | 0.210250.37 040 0.29]0.03 0.09 )72 1062 | 0. 46| 010 | 019 |0.80 [0.64 [0.59|-008|-038|0.20 018 0.09-010 | ¢ 053|022 -0.01
~
g 0.05| 0.21 [-037]0.39| 017 0.09(0.22|001|04410.39|0.26| 061 (074 | O 018 | 017 |0.08|0.80|0.85 -020|-033| ON [0.43-018 0J0 | 053 |-013|-003 [ -002 | 0.31 | -003
S
o
% Bl 038 |-039 0401 018 -053| 013 |-024|-054 | 012 |-006 |-064 | 0.04 | -027 | 060 | -003 -012|0.25|-037|-058 [ 0.43 0.07|0.37 -027| 0.71 [-029-039| 0.27 -024 |-060 | 0.07 [-018
elo
=
§
g 0.41-054 | -008 | -012 | -002 | 039 | <006 | 0.06 |-0.31 -022 |-017 -039 0.08|0.36|0.04 | -042 | 0.45 014 (025|010 |0.22|0.08|-016|-020 | 0.37 066 | -007
.
£
2
S -032|-058| 0.35|-042|0.39 |-034 | -014 | -025 | 0.27 -057 | -O. -055 [ -043 | -003 003 -015|-009|0.22 [-026 | 015 [-015[0.23 [ -017 | O. 0.20|-010| 018 [ -020 | 0.35 | -026 | -039 | -022 | -009 | -0.61 | 033 | -026
é 070] 031|038 012 [-047| 019 | 051 | -012 C on 0,93 1047|037 |C 0.87]060| 0.71 | 0.30|-003 | O. 0.81-037| 0. 054|021 0.37|-024| 031|070 | 017 -042 0.46
2
2
3 ( 0.421-001(0.08 [-002 | 0.37 | 018 | 0.27 0.7810.72 025|026 078 | 0.79 0.36|-010| 016 [0.48 [-0.41( O, 0.09|0.50| 014 |0.34|-018 0.471057 038 018 0.35|0.56
g
& 0.62|-007 | -007 | -010 017 [0.44|-0.01]| 0.31 | 0.55| 0.37 | 0.61 | 0.82 0.30|0.27 025 0.541-004|-019 | 013 [-015| 015 | -0.17 [ 0.40 | -039 | 017 | -002 -034 050 015 [0.40|0.49|0.07 | 0.24 | 0.65
E 0.30(0.09|0.25]|052| 014 | 016 | 0.41 | 015 [0.26 |0.64 |-002 | 0.39 | 0.90 0.6 -012|-004 | 0.59 [ 044 0.35-014 0.21|-058| 0.37]|0.36 |-029 0.46|-037| 010 |0.28 |-038|-017
3
o
§ 0.07|0.34| 015 [0.08| 016 [0.23|0.28 | 012 |0.29 0.36 C -010|-030 0.39|-027|0.39| 017 | 0.08 | 019 [-019 | -O11 | 019 | 0.24 | -028 062 015 | -005
2
2l
E B 010 | 0.42]-004]0.32 |-036| 018 [ 0.38| 0.39 |-013 0.43 0.700.79 0.22]0.07|0.20 0.78 016 [0.05| -011|0.29|0.06 | -008 | -003 | 0.39 [-0.01|-019| 015 |-005| 0.22 | 026 | 0.24 0.30| 019 0.32
o
o
IR 039 | 024|024 (047|015 |0.20|0.40| 013 | 0.30 -004|0.38 0.39]035 6]0.20|0.30 0.22 | 018 | 0.40 | -006 | -0.01| 0.55 | 043 0.32|-0m 0.20|-056 | 0.35]0.30|-035 0.30|-043| 018 | 0.24 | -036 | -013
HIE
-
% 017 [0.43| 014 |0.09|0.08|0.30]|0.22| 010 | 0.21 |0.58 | 0.37 [0.36 | 0.79 | 0.67 -011|-001[0.75 |0.56 | 0.41 | -003|-023| 0.37 | 0.39 | -025|0.32| 018 | 0.04 | 015 [-022 |-008 | 017 | 0.29 | -034 0.49]0.05|-017| 061 [-010 [ 0.34
5
HE
2 g 0.220.45|-003|0.36 |-038 | 0.27 | 0.38 | 0.38 | -0.18 | 0.54 | 0.37 | 0.39 0.31] 0.01|025 0.75]0.65| 016 |0.00| -011 | 0.33 | 010 | -011| 0.03|0.44 |-010|-0.18| 0.14 | -009| 0.27 [-023 | 0.32
S
o
B 005 | 0.22|-029 0.33 052 |-028|-010 -007 -035|-062 -026 | -008 0.51 014 1063|038 091006025
o

0.03|-015(-023| 014 |-028 -001| 032|026 069|067 on

017 [0.30 -0.311-004 | 017 [-018|0.09 [-023|-008| 016 |-006 | 0.08 | 0.34 017 075 -020| 0.51|0.09

nstruction companies

0.33|-015|-032|0.06 |-0.71| 0.37 0.31|-026 [0.56 | 0.75 -017|0.56 | 0.01|0.04 o.

0.07| 015 |-030|-023|0.22|0.24 | -010| 012 | -06

0.71|0.37|-005|0.54 | 018 [-0.51| 0.37 | -008 0.57
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VARIABLES

Parameters

0.25 | -003 | -020 | 030 |-0.31| 0.01 [-045 | -037| 0.40 | -035 | -026 | O

012 | 017 |0.30|-027|-015|-014| 0.41 | -002 | 015 [-030 [ 0.07| 0.22 | -0.12

026 |-034|-026 |0.58 |-028 | 019

corr.0
o
N
X
&
]
@
I}
N
S
=)
o
®

-025| 010 | 019 [-035|-003| 0.53 |-012 | 0.07 | 0.31 | -0.18 0.05(0.38| 0.31| 0.31| 013 |-052| 0.31| 015 | -010 0.03(-012| 017 | 011 | 0.21|0.22 -0.01|-024

corr.1
o
o
Q
o)
8
I}
R

021|016 0.31|-0M| 018 | 015 |-030 | 017 | 019 |[-004 |0.04| 0.41 |0.20|0.06|0.20|-0.31| -011 | 0.72 [0.47 | 0.32|0.20 | -0.21| 0.00 | 0.01 | 006 | 016 | 0.01| 0.02 |-004 | -019 [ 005 | 0.05|-042|0.02|-0.21) 0.27| 019 | 013 | 072 | 018 [ 0.38

Passenger vehicle registrations

Industrial production
Corr.2 | Corr.1 | Corr.0 | Corr.2
o
o
<

-01 | -006 -0.21|-016 | 0.48|-016 | 0.35 | 0.21 | 040 | 0.09| 0.60 | -0.12

0.37 |-013|0.03 | 004 | -028 0.36|-026| 014 | 053|000 [ O 040|-048| 0311038 |-024 | 016 | 015 [-059 0.39|-012|023

000|028 |-004| 018 | 0.21 | 015 |-012 |0.36 | 016 [-010|0.23| 0.47 | 0.24 | 0.23 | 0.33|-001| 015 | 0.55| 010 | 0.24 | -006 | 040 | 0.09 | 0.24 | -024 )] 031|027 -017|-0.01 045 013 | ¢ 0.38(-014|0.34037 [0.44

-012|0.04|-037|-001|0.00|0.39|-003|0.08 [-014 | 010 -032|0.07|-002| 010 | 0.24 ] 0.02| 0.36 [-022 | -004 | 002 0.53
°
PR 027 |-016 0.65| 0.35 015 0.29]0.02|0. -034-0.31 018 |-029|0.24|064| 0.21 0| 016 | -OM 0.380.05 -022 018 | 014 | 017
3|
8
o[~
° Bl 026 |-028|0.37|-006 |0.52| 019 | 0.21 | 032 0.29]0.36|056]024 053 |0 0.06|0.28|0.29]0.36 |0.42 -016|-010|0.36 [0.00 | -018 -02210.40 | ¢ 017 | 019 € 0.22| 017 | 051 |0.05|0.37
g£|o
|~
- g -030 |-027 [-029 | -005 | 0.46 | 0.20 | 0.04|0.50 [-015| 018 [0.50 | 0.26 | 0.21 |0.46 | 0.23|0.00|0.24 | 010 [0.42 [0.49 013 [-010|0.02|-0.21|0.06 | 0.04| 0.29|0.43 |-002 | 0.01 | 0.23 | 019 | -002 | -005|0.20| 013 | 0.36 | -002 | -011 | 0.31 | 0.29
)
°
B 017 | 033 0.39| 015 [-019| 0.41 [ 0.43 075 0. 0.280.85 1009|015 | 016 | 063|067 | -003|-0.21| 016 [0.33|0.03 029|036 o1 0.33| 019
2| o
£
=2
3 g 0.24|-003(-013] 022|039 015 | 019 0.79 0.05[0.70 [0.40[-010| 013 -023(-014 O 018 |000|0.26] 013 | 0.42 (-018-025|0.39 [0.06 | 0.01|0.40|0.25]|0.32|0.50| 010 [0.08 | 0.58 | 0.40
w| S
H
S|~
g -008 | -014 [-046]0.02 | 015 01 [ 0.51 |0.08)0.26 | 0.67 -004 |0.49 -012]0.43 -009|-017|0.07 [-006 [-010 | 012 | 0.08 0.37 |-013|-0.01| 0.24 | -016| 010 [0.30 [0.02|0.23 | 0.49 0.02(066 (034
)
°
Bl 006 | 0.01 ¢ 0.471-009|-003]|049|0.24 026 0.26 [-026| 018 | 0.41 |-004 | 0.03|-019|0.39]0.26 | -004 | 017 | 0.01|-023| 0.27 [ 0.39 | -002 0.27 | 0.41 [-037 0.08|0.06 [-063 | 0.24 | 0.28 | 040 | -002
)
5
s~
AR OO0 | -002 ¢ -006 | 0.41 | 016 | 013 [-002 | 059 | 010 |-006 | 0.23| 010 |0.22 |0.33| 017 | 01O | 0.31 | 0.26 |0.09|0.30|0.03|-032| 0.35|0.35 |-028 | 0.75 | 0.26 | 013 0.05-020 5510.53| 027 0.40|-014|0.33]10.34| 021 | 052
s|o
S

~
g -016|0.04|-015]-023|0.27 | 0.38|-029| 014 006 |0.09|0.23 |0.09|-004 | 0.27 | 004 | 0.07| 015 |0.22 | 018 | 012 | 017 | 0.01 [-043| 0.07 | 0.06 | -0.15|0.39 | -004 | 019 [-003[-0.12|0.08 | 0.27 | 010 | 0.41 | 0.32]| 0.27 | 0.46| 0.02|0.08 | 0.49
)
°
B 005|003 047|006 |-005|044| 018 022023 [-030| 013 | 0.35| -011 | 0.39|-002|-0.21{0.36 | 0.22 | -O11 | 011 |0.08|-020|0.26 | 0.40| 0.01 | 003 | 0.40| 0.01 -052|0.25]0.45 |-037 |0.06 | 0.01 [ 068 0.23 | 0.30 | 040 | 0.06
)
=
E ‘5: 0.05|0.07 [0.34|-003 | 0.43 | 0.20| 0.0 | 008 0.06 -012| 019 [0.09| 018 | 0.27 | 019 |0.08|0.30[0.25 | 0.01 | 0.26 | 0.02 | -037 | 0.29 | 0.36 | -0.21| O. 0.22(0.08 0. 0.03|-023 0511031 61]0.39(-017|0.280.35|0.22
=S
~
g -013| OMm [-023]-020|0.24 -033|0.09 (009 [0.07 | 017 [0.02|-002|0.23|-011| 011 |0.25| 018 | 018 | 0.07 [0.09-005 040 | 0.01 | 0.08|-005|0.39| -011| 0.25 [-008 |-0.12 | 0.07 | 0.17 | 0.03| 0.41 | 0.24 | 0.29|0.44|-0.01| 012 [0.49
)

0.22|-023|0.20|-0J6 [0.44 | -004 | 0.09 | -008 | 009 | 0.31 | -0.41|-003 | 0.26 |-037 | 0.21 | 0.39 [-025|0.08 | -023 | -0.21|-032| 0.42 | -029| 017 |-023|0.36 |-026|-0.21| -029 | 015

-0.2110.24 |-0.71{ 0.03| 014 | -055|-0.16 | 0.07 | -063 | -004

018 |-015|-023|-002 | 0.00 |-002 | 0.07 | 020 | 0.36 | 0.32 | -003 | 012 | 0.22 | 015 012 |-016 | -O11 | -004 | -010 | -008 | -012 | 0.38 | 0.27 | O

-023|-040 | 013 040 |-059| 024 016 |-014|0.32|0.03|-046| 013 [ 019 |-010 | 0.24

025|008 016 | 0.01 [-006|-019|-0.01|-002|0.36 | 016 | 017 | 0.27 [0.32 [-009 | 0.58 [ -012 [ 0.03 | -016 | 004 | -017 -002 | 018 |-018|-030 | -024 | -013| 0.02| 0.26 | 0.02 [ -057 | -0.01 | -005 | -022 | 0.00 | 0.37 | <007 | 0.12

5
2
£
g
2
£
2
9

018 |0.58|-001| 012 [0.33|0.07|0.32| 061 | 013 | 0.37 | -011 | 0.38| 0.73 | 0.74 019 | 0.09|-006 |-010 [ -024 | -022 | 075 | -037 | 0.38 | 0.33 | -010| 0.35 | -024| 0.02 [-025 | 006 [ 0.09 | 0.32| 0.39 | 0.02 0.33|-001|034 010 | 021|023

010 | 0.31|-004|0.24 [ 001 [ 0.01|0.22(039|0.35]| 0.31| 018 |0.29] 0.61 [0.80 |( -004 | -030 | -0.18 | -014 | -023 | 020 | -005 | 004 | 015 [0.02 | 0.35 [-019 | -015 | -016 | 050 | -039| 0.42| 0.09] 0.35 | 0.71 019 | 013 [-007]0.04|-014|-026

Corr.2 | Corr.1 | Corr.0 | Corr.2 | Corr.1 | Corr. 0
o
o
e

0.28 |-004|-015(0.08 | -015 | 016 |-005 [ 0.47 | 0.00 0.75 )|-0.31] 0.31| 013 | 012 [-010 [-013 018 |0.44 7] -0.01/0.04| 010 |0.04|0.25|0.03|-004| 0.31 | 018 | 0.20|0.08|0.30| 013 |-012|-014
o
B 013000 ¢ -022 000 |000|0.54 0.21 | 0. 0.42| 019 € 021035 6]-0.21|-004 037|047 012 |-018 610.37 [-047 (¢ 0]0.02|-034 0.30 | -004 0]0.04|-020 -001|0.37
)
S -007|-005|0.20|0.23| 011 |0.45]|0.37|-015[0.44 | 0.31 [-023| 018 [-012]0.22|0.36 | 0.38 | 0.31 | -020| 010 [-009 | -026 21020|0.25|0.32|-022|-014 0.05(0.38|0.38-018| 016 |0.08|-019|0.63
)
~
Bl 035|0.07|-039]-022|0.09|-036|-014 | 0.42 [-018 | 000 | 0.37 | 0.06 | -012| 0.25 | 0.00 | -0.18 | 0.54 | 018 [0.05]| 0.24 | 0.29] 0.35 | -014 | -012 [-038| 0.21 [ -003| 0.02 | 0.41 | 0.03 | -018| 016 | 019 | -013|0.28 | -013 | -003| 0.22 | -032 [ -030| 0.38 | 0.22
)
°
PR 037 |-018] 0.38|-002| 013 | 0.63|0.30 | O 036|012 |0 040|033 0]-002|-012|¢ 017 |0.32 [0 -038|-039| O 018 |-028|023|063|0.24 |0 omn |-010 030|017 |0.35(0.38|-022 014 |020]| 015
HE
H
o[~
o g -029(-028| 0.31 |-005| 0.41 | 012 | 019 | 0.33 | 0.37 | 013 [0.30 0.02(0.44(0.32|-016|0.24 |0.30]0.08|0.23|0.35]-024|-012|0.34 | -003 [ -016 | 0.33 | 0.44 | 0.41 | O. -022(0.43 014|029 0.25] 015 -002|0.35|0.39
HE
Elw
“ ‘a: -033|-040|-033| 0.01 |0.46| 012 | 0.05|0.48 |-015[0.00|0.39 |0.06|0.02 | 0.27 |0.09|-010| 0.23| 010 [-0.01| 015 | 017 |0.04|-012|0.07 |-023|0.08| 0.01|0.30|0.42 |-002|0.03 | 0.22 | 0.21 | 004 | 006 | 0.18 | 012 | 0.33|0.00|-019|0.29 | 0.27
)
o
B 000 |0.09 -013| 015 [-029| OJ1 | 012 | 0.22 | 0.04 | -043 | 004 | -020 |-0.13 |-029| 018 |0.06 | -002 | 013 |-002 | 0.06 | -019|-030|0.20|-0.21| 0.27 [-033| 0.01 | -028 | 0.47 | 013 | -005|0.04|0.02 [-0.01|-022| 012 |-009|0.08|0.09|-037 | -038
5|0
; B 012 |-001 6]-008| 014 | -009|-005|0.20 | 0.21 | 0.21 [-016 | 0.20 | -006 | -022 -008 1 0.04 | -009 | -016 | 009 | -0.21|0.20 | 008 | 0.01 | 0.00 | -005 | 0.33 | -006 | -0.18 | -017 [0.00 | 015 |-050 | -0.14
z |9
HE
BRIl O16 | 009 |-0.01|-006 | -009 | -016 | -032| 0.08 |-027 | 015 | 0.25 | 0.02| 012 |-016 | 005 | 0.07 | -018 | -024 [ 0.27 | -002 | 013 | 0.03| -011 | 0.00 [ 0.05|-025|0.09|-029| 016 -018|-0.31| 011 |[-029|-058|-022|-036|-008|0.08|0.37 | 0.01| 010
)
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g VARIABLES
E
g HPI | RI | ccl|HPI| RI [ccl|HPI| RI [cci|HPI| RI | ccl|HPI| RI | cCl|HPI HPI | RI | cCI | HPI
& UK | UK | UK | FR | FR [ FR | IT | 1T | IT [ sP | sP | sP | PT | PT | PT [ GR SE | SE | SE
°
[ 024 | 014 013 | 053|038 [-003 | -036 | 0.22 | -011| 0.01|-033|-002| 0.03 | 015 017 [040|038(0.02(-070 | 015 |0.50|-016 | 0.31
.| S
) g
3| T
S 022 (008|032 0341049026 |000|-015|0.25| 016 |-037 | 014 | -008| 0.00 | -006 006|030 | 018 | 0.72 | -043| 0.04 031
E [v)
=l
[ 028 | 013 |-024 055|0.46 -013 | 046 | 0.30 | -018 | -032| 0.26 | -006 | 014 |-008 -024|008[052| 021 |-019
S
_|e
[l 0 |005(034| 031 [048|-026]| 048 053 012|029 013 | 0.37 | 0.63 | -0.01| 0.09 009 | -043 060 | 017 | 0.33]0.02|-084 | 019 |-057 | -055 | -034
3|
A
FMIRl -0 | 020 | -007 | 039 0.76 | 016 | 023 | 0.42 032]050|0.35[0.45| 021 | 014 |0.46|-015| 010 [ 0.21 | 029 | 019 [-028|-017|-038 -022|0.23|022|030|053 0.43|-050| 0.38 | 003 |-0.31 0.04
IR
&
HIE
FREY 004 |0.08|-008|-004 | 0.33|0.06(-010| 045 | 010 | O11 | 054 016 | 0.54|0.36 | 017 | 071|000 | 024 [0.05|0.39| 001 [-027| 033 | 0.02 007 012 |-007| 014 | 055 0.06|-036| 0.21
S
002|-022|-017| 0.31 | 022 -012 | -0.51|-023 [ -008 | -030 | - 052 |0.46 | -001 028|061 039|044 001 -010| 018
010 [0.08|-015| 0.41 |-018| 0.35|0.09(-029 |0.00 | O |-0.31|-019[0.55|0.42| 0.31 023|0.43|-015|0.04-023|0.30| 039 | 0.32 0.44|-001 031
020-010|0.06 | 019 |-0.41| 0.21| 016 | -033 |-004 [ 0.31 [-008 [ 0.09[0.45| 051 | O 017 |0.50 [ -016 [-0.21 003 | 0.06 [ 012 | 018 | 018 |0.20| 014

% -028|-024 038 | oM 0.34 | -007 -0m 0.31| 019 -017| 010 | 0.09]0.25 | -0.01 | -0.01| 0.01 [ -023 | 030 | 0.27 | 048 | -013
E

; -007 [0.09 [-008 | 0.20 | 0.04 | O.€ 0.25| 016 | OM [0.53|0.20 0.53 (040 -035(-0.21|0.09]0.22 | -022 | 0.20|-002 | 006 | 012 |-002 | -011 | 0.02
g 0.05(023| 014 | 0.4 0.69|0.66 016 | 012 |0.24| 016 |-0.21| 0.37| 013 | 0.03 [-002 | -027 [ -0.01| 019

Corr.2 | Corr.1 | Cor.0 | Corr.2 | Corr.1 | Corr. 0
o
o
®

o
Bl -014|-025| 026 [ 012 |0.09|0.05| 017 |-008|0.34]| 039 |-015 030 018 |-024 -039 | -042 030|010 | oM 022 |-043| 017 [ -001|-008 | 000 | 0.05|-061| 007 | 013 | -0.01 | 0.04
S
£
20z
BRI 02| 014|034 014 [050 | 0.22|-0.31|-012| 0.02 | 0.42 | 0,03 | 05 -015 [ -om |-0.21| 021 | 051|038 | 057 | -019|-026| 021 | 012 | -013 -018[0.04| 027004009 015 [ 0.47 | -022| 018 | 014 | -011 | 0.09
=&
&
~
Bl -014|-007 | -008 | 017 [0.48| 0.32| 045 | -om 013|030 018 [ 027 | 0.01 |-018| 0.02| 014 | -012|0.29 | 0.57 | 0.32| 019 | -036 005 | 0.07 | 0.09 -013| 018 | 018 | 0.01|0.00 | 0.05[0.47 | 0.26 | -011|020| 021
S
<o
IR 0.09 | 020|006 | 0.25 | -038 0.20-020 002 | -001 | -028 | -009 | 040 | -010 [ -019 | -0.31 -034 | -007 | -034 | 0.36 | 0.62 | -035 | -018 | -005 | -067 | -023| -024 | -026 | 018 |-018|-046 | -018|-0.41 070 | -0.21|-039 | -024 | 054
5138
I 024|038 038006 |-0.21| 077|029 0.09|-029 004 |-036 037 [ -010 | -036 002|-015 | 038 | 031 |-022 013 | -024 -052 -015|-031|0.48 | 0.31|-006 | 0.26 | 0.02 [ -059 | 0.39 | 0.09 | -033 | 0.08
£18
8 [~
EAR 051 | 016 |-010|-055| 032 -037|-004 | 017 |-0.31{0.03 | 017 |-037 [-005 | -024 | -023 | 004 | -016 | -016 | -039 | -027| 0.29 | 030 | 040 [ -018 | 010 |0.40|-012| OM -053|0.40| 0.06 [ -029|0.05 | 017 | 013 |-050| 0.03 | 003 | 015 |0.40
£|8
o
Bl 056 |-051| 008|053 | 017 |020[073 | 061 |0.33]|0.39|0.35|0.40| 057 | 055 on |0.23| 017 |052| 051 -023 | -005 010 | 01 005 0.57 0.31[0.20 020|000 | 030 | 0.52 [0.05 | 016 | 0.04
S
R
s|5 -033 ) -016| 016 050 (0550 | 0,67 | -018| 065 o019 [-021|0.42] 0.75 | 0.47 0350010 0.36|-013 010 | o1 | 014
2|8
~
Bl -038|-042| 014 [-017|0554| 017 |0.09 | 0.58 015 | 0.55 002|059 |0.38| 011|026 |0.30 | 018 [0.50 | 0.58 | -005 | 038 -022|-029 038|051 | 031|005|028 0.20] 019 | 051|039 015 |-018|0.26 | 019
S
°
Bl -029|-051| 009 [-003 | -018|-014] 0.22| 0.37 |-007 | 022 | 0.47 | 0.09 [ 012 | 032 | 022 [ -011 | 010 | -027 | 015 [054 | 0.23| 0.07| 024 | 0.01 | -019|-025|-028| 0.23 | 0.31 |-008| 014 | 012 | 0.05 | -006 | -002 | -010 [ -024| 0.29| 0.00 [ -028 | 0.05 | 034
S
BN 020 | 028 008|007 |-024[0.43| 0.34 | 0.46 [ 0.23 | 0.30 000|021 -031|-037| 035 0.05| 0.39 0.08/-019 -0 {049 0.05 | ¢ 010 | 0.00 0.30 | -006 | 0.28 | 004|002 | 024 | -027 | -014 | 022
|38
~
=l -010| 005 -001[0.02|0.24 ¢ 003 | 0.34 -041 -014| 016 |0.35| 0.25|-025| 0.31 |-038|-037| 0.37| 015 | 0.20 049034029 [-004 | 0.05 002|016 | 012 003
S
o
Bl -013|-049| 002 (0.05|-029|-018] 0.27 | 016 |-017 | 0.43 013 [-010-020{-036 | 019 |0.42 | 014 | 0.31|0.06 | -015 | -004 | 043 | -015]| 0.29| -011 | -001| 0.06 [ 007 | 013 | 0.27 | 018 |-001[-020 | 012 | 0.02|-008|0.22 | -014
S
3| E
FAEl 010 | 038 002 |-001| 018 |063| on |068|028 010 009 [ 0.22 ¢ -004 | -009 007 | 019 | 066 | -006 | -033 004 -036 -001|0.34 | -037 | -007 021|031 039|019 | 0.04 -019 |-006 | 018
a|8
~
Bl -019| 010 | 004 [-066 | 019 | 0.22]-030 | 019 |0.06|-010| 034 | 0.36 | -0.41 | 0.42 | 016 [-033 | 015 | -030 [-006 | 0.05|0.03| 0.06 | 0.05 | -027 | -026 | 0.06 | 014 [-025 060| 018 |-029| 0.41 | 0.31 |-027| 024 010 -028| 019 | 018
S
°
Bl -033|-033| on [000|-012|0.08| 026 051 | 0.31] 022 |054|0.35|-004 | 027 | -009 [ 0.33 | 071 -008 | -004|0.08 | -008|-043 | 010 [ 0.34| 0.39 | 014 |0.03| 016 | 0.28| 013 | 0.22| 021|005 | 0.42 018 [-017 | 0.23|-017
S
3| %
I 03| o -008|0.06 |-017| 0.33 | 0.43 020|057 005 | 0.40 032|029 000|056 067 [0.02|-015 027|055 012 [0.40| 0.05|0.26 | -016 | 0.26 | 0.49| 0.09 | 0.02 | 0.35 | 0.21| 0.31| 0.27 [-036 | 0.04| -017
S
~
Bl -023|-026| 029 [-046| 0.22|-012| 005 | 039|030 | 0.01 |0.50 039|026 |039 [-047| 0.07|0.08 |-018| 0.27 | 0.31 | 01 |-014|0.20|-045|-027 | 004 | 015 | 015 | 025 [-047 [ 0.59 | 016 | -009 |-006 | 0.32|-015| 0.31 -016
S
o
Bl -016|-027| 045 | 0.35 |-006 | 018 | 060 | 038 040 0.20 0.45[0.05|-009| 052 0.37|0.47 | 0.50 [ 009 | -029 010 |-035|0.23 | 061|036 |0.60 [ 018 |-025 0,06 [-007 | 011 | 0.35|-027| 032 | 014 | 0,03 | -010
S
3=
A 0| o= 0.09[0.09| 012 |0.36| 0.41 | 033|033 |0.35|050] 0.23 | 0.41 -018|-014|026 | 021|037 000|-013 0.20|-038 0030.20 0.38|-001 009009033
23
~
Bl -029|-012| 016 [-025|0.33|0.26 | 012 | 0.25 009[0.34 | 0.31|-002| 043 on 037 022|026 -014 | -042 000|-012|0.39] 0.25|034| omn |-022| 019 016 | 0.31 |058| 014 | 035 -015|0.34
S

30



VARIABLES

ccl

Parameters

)
g -010 | 009 | -016 -022|0.00|0.06]0.25|0.06 | 0.03|-003|-010|-017 | 0.55 | 0.00 | -022| 0.16 | 0.00 |0.00| 012 | 013 | 0.06|-005 [-016 [-015|-005 | -0.12 [ -0.01] 013 |-005| 019
)
5 =
E B -015|-014|-019] 016 |0.08|0.32]0.30(-013 |0.24 | 016 | 010 |-002|0.30| 0.27 | 0.22| 026 | O |-012 [ 0.41| 019 [0.20|-038|0.02| 015 [0.30| 010 |0.30| 016 | 0.24 |-016 [ 015 | -013 | 0.22| 01 | 057 |0.08[-004|-008| 018 | 017 | 0.47
2|0
E
~
Bl 039 | 0.01|-007 ] 0.41 | 016 |« 0.26|0.20 005|043 -024|-038| 001|018 [0.09| 018 | 0.26 | 0.28 | 0.23| 013 |0.03|0.26| 017 [0.38 | 010 |-003|0.02|0.32| 015 | 0.39| 010
)
o
B 027 |-046|0.270.32 |-013|-007| 0.27 | 0.27 | 013 | 0.27 | 0.25|0.20| 0.34| 0.22 | 0.27 | 003 | -014 | 018 | 010 | 0.34 | 0.30 | -008 | -009| 0.40 | 013 | -024 -016|0.35| 040 [-010 | 010 [0.40 000 | 016 | 015 |0.06| -O1
)

-015| 010 [0.09[0.25 | 0.07 016 | 012 | O. 0.06|0.29 018 [-008 012|029 -023(-028 012 [-050 036 0.33|-014|0.27 |-022| 012 | ( 029 0.21 | 0¢ 0.24| 019 003|017 | 018

014 |-012| 015 [0.04|0.00|0.35| 010 [-020|0.26 | 015 |-005| O11 |-0J2|0.07 | 019 | 016 [ 0.25 | 0.04 | 004 |-022|-028|0.09]|0.03| 0.31 [0.05|-0.51| 0.22 | 010 [-0.31|0.08| 013 | -0.16| 0.39 | -006 [ -0.31| 0.04 | 004

Coal
Corr.2 | Corr.1
I}
{
@
8

-025(-037(0.03]0.25|-019| 013 | 0.34|0.39 [-012 | 0.43 | 0.34 | 0.31 [ 0.26 | 0.27 | 019 | -0.21|-0]0 | -008 | 0.20 | 0.41 | 0.20 | 0.03 | -002 [ 006 | 0.04 | -027|-027]| 0.37 | 0.08 | 01O [ OM | 016 | 010 [ 0.07 |-008 | -005|-013|0.05| 017 [-009 | 0.04 | -015

-0.21|-010| 0. 020(0.03|023|045|0.24 3]040| 021]037|025|0.28 -016 | -007|0.36 [ 0.29 | 0.26 541-012|-006

-025(0.23|0.33| 018 | 0.23]0.07|-004 | 0.38| 013 |0.08 | 0.27 | 0.06 [ -010 | 0.28 | -002 | -005 | 0.36

Kerosene

Corr.2 | Corr.1 | Cor.0 | Corr.2 | Corr.1 | Corr. 0
| 8

-032|-018|-006 |-014 | 0.41 | 0.23| 010 | 0.03 |0.25|0.09|0.33 | 0.22|-0.01|0.40 | 0.22 | 004 | 0.21 | 005 | 0.26 | 0.26 | 0.26 | -018 | -027 | OM |-007 | 0.01 |0.40| 013 {029 | 0.21 | -011 |0.20|0.36| 0.25 | 064 | 0.37 | -020| 013 | 0.34 | -007 | 0.57 | 0.33

-019|-025| 018 [-024 | 016 | 0.24 | 0.35 |-002 | 0.20|0.28 | 004 | 0.27 [0.25 | 016 | 000 | 0.21 [-022|0.25|0.30| 012 |-002| 013 | -007 |-009 |0.06 [-0.18| 0.20 | 0.58 | 004 | 016 | -009 | 004 | -026 | -008 | -034 | 0.00 | -0.01| -016 | -016 | -005 | 020

3
k] 0.39 -002 [-010|0.44 | 029 |0.27 | 0.34| 014 | 0.40| 0.36 | 0.21 -018(-014|0.37 | 018 | 0.29 -022|-009 0.34(-010|0.03|0.36 | 007 | 0.38 | 0.43 | 003 | ( 062]-002|0.35]10.20|-016 | O. 017 000 | 019
H
-007(-018|0.24|-0.21|0.53|0.24| 018 | 0.09 | ¢ 016 |0.24 | 0. -006 [0.37 |0.30| 0.01| 015 [0.38]| 019 | 0.27 -0.11|-044 0.27 | -002 | -030 0.29| 010 [0.34[-030|0.26 | ¢ 0.07 (040 | 0. 0.09| 016 |0.34|-007|0.39| 019
°
Bl 042 |-012|0.29] 018 | 016 | 018 0.63|0.370.22 | 0.37 ¢ 018 |0.43 | C -005| 019 021043 |C -016|-038 0.25]-010(0.02 | 017 | 0.03|0.02 | 0.4] | -029|0.04 |-0.18
5[
g -
‘z g -028|-026 | 017 |0.08| OM |-001|0.25|0.58 | 015 [ 027 | 0.32 | 0.35| 015 | 0.28 -040|0.07|0.02| 014 |0.25|0.26 | 0.03|0.02| 0.07 | 0.07 | -004 | -008| 0.31 | 0.33 |0.39| 013 | 0.25 | 0.25(0.08|-029| 015 | 015 |-002|0.00 [-018 | -0.31 | 007
|0
LA
g 041|046 | 017 |-012[0.49 |-004| 012 | 0.22 |0.39| 011 |0.34|0.24|-002|0.26 | 0.37 |-022| 017 | 0.28 | 010 | 0.27 | 0.36 | -013 | -022 | O, 0.07|-005|029]| 015 | 021 | 017 [0.29 | 016 | 0.41 | 0.40| 0.21 0.04| 019 |0.30|-008|0.30
)
°
Bl 024 |-034]|0.07]026 |-021| 013 | 0.31 | 0.36 |-012|0.44 | 0.30|0.30| 0.26 | 0.23 | 017 |-022 | 009 | -004 [ 019 | 0.38 | 018 | 0.03 | 004 | -005 [ 01 |-027 |-026]0.32|0.03| O1 [ 011 | 014 | O | 012 |-010|-003 [-008| 0.05 | 018 |-004 | 0.05| -0
)
3C
ol T
Ml 019 | -008 |« 016 |0.04|0.23]|044]| 016 0.36|020|0.36|0.22 | 0.27 -011|-008|0.32|0.28 | 0.25 1]-016|-004 0.431-025|0.2510.32| 013 | 015 | 0.01 [-0.01{ 0.37 | OM | 016 |0.29]0.06|-006|0.28 [-002 | 0.02 | 0.37
iﬁ )
~
g -032|-015(-008|-014|0.37|0.25|0.08|0.05| 0.21 | 010 |0.34 | 0.21 [ -0.01|0.39 | 0.20 | 006 | 0.24 | 006 | 0.25 | 0.25 | 0.23 | -016 | -025| 0.07 | 008 | 0.03|0.34| 012 | 0.32 | 0.21 |-014 | 0.22 | 0.32| 018 |0.60| 0.31 | -024| 014 | 0.31 | -009 [0.54 | 0.28
)

-040 61042 -015|-007 | 0.56 | 0.20 023|014 029|038 015 |C 000 |-016 0.09|0.26 | 0.35-0.21| 004 61012 [-009 |-010(0.40(0.08|0.27 | 0.33|-017|0.30]| 0.26 [ -012 |0.03 | 0.20 [ -0.31 010 | 000 |-010

Steel

Corr.1 | Corr. 0
] S
g | &
)
g
‘
o
o
g

0.28| 016 |0.36|0.22 |0.35]0.25 | 0.08 ¢ )| 013 |0.28 | O. <003 |-010|0.25(0.22 020 |0.33|000|-020| 019 | 014 |-030|0.26 | 0.50 | -006 | O. -011| 019 0.30| 010 0.03|-016 0.07|0.04| 014
~
Bl 012 |-005|-009|-018|0.28 | 0.30| 0.03| 0.30 | 0.27 | 0.08 | 0.28 | 011 | -003|0.28 | 0.23 | -003 | 0.28 | 018 [0.24| 015 | 0.27 | 0.22 | -022| 019 [-007|-008 | 0.32| 019 | 0.53 | 017 |-014|-0.01| 0.25]-015|0.06 | 017 | 012 | 015 | -003 [-014| 010 | 0.34
)
°
B 010 |-039|-030| O1 |-024]0.06| 017 | 026 [-032| 014 | 0.24|-009| 019 | 0T [0.03|-004 | 012 | O, 0.05|0.20 [-008|0.04 [0.46 | -019 | -009 | 0.07 013 |0.33|-024| 018 | O11 |-025|-027 |-020 |-040 | -025 | -0.01| 009 | -019 | -0.14 | -029
)
3
s[-
E g -018(-014 [ O 0.39 [-009 [-013| 052 | 016 {026 | 0.24 | -002| 0.25]0.34 [ 0.09 0.02|-034|0.32[0.23| 015 |0.36 | 0.00 | -002 0.32|-017|-002|C 036 0.44(-008| 017 [-002 |-035|0.30| 017 |-018 | 004
5|0
<
~
g 0.00|0.03|040|-016|0.35| 017 | 019 | 0.04 |« 014 |0.05|0.34|-001(0.29 |0.34|0.06| 016 |0.34]|0.25| 019 |0.34]| 0.01|-055| 018 [0.03 [-034 | O¢ 0.29| 016 (¢ -024 | -003 0.31]0.31 € 013 [-009|0.38|0.08|027| 018
)
o
Bl 023 |-040|-013]0.08 |-017|0.06| 019 | 0.36 [-025] 0.31 | 0.39 | 018 | 015 | 0.28 | 010 | -016 | 006 | -026 [ 016 | 0.42 [ 014 | 0.05|0.05|-019 [ -O11 | 025 [-029| 0.27 | 011 |-003 [0.06| 0.21 [ 0.03] 0.02 |-0.01|-007 [ -019| 018 | 0.06 |-017 | 0.10 | -020
)

-023 | -004 21022 (-004| 016 [0.42|0.260.39]|0.39| 019 |035|0.22 | 0.21 |O -018|-005| ¢ 024|025 2| -009 |-008 | O,

-026| 014 |0.29| 015 | 019 | 010 |-009 | 0.32] 012 [-003 | 019 | 0.05|-004 | 0.21 |-006 | -0.15| 0.25

Crude oil
Corr.1

-026|-018|0.04|-021|0.38 | 013 |0.08|-002 |0.28 |0.05| 0.31 | 0.22|-007 | 0.35 | 0.24 | <009 | 0.08 | 009 | 019 |0.24 | 0.24 | -017 [ -019| OM |-009|-006 | 0.37| 010 | 019 |0.22|-016|0.23 | 0.35|0.22 |0.60 | 0.37 | -020| 012 | 0.29 |-010 [0.49| 0.27

-0.21|-040| 0.00[0.20 [-004 | -011 | 0.20| 0.29 |-012]| 023|022 | 012 | 020 | 0.25 | 015 [0.03 | -002 [-010| 0.21 |0.34|0.23]| 0.21 | -O1

-001|0.03 [-027 [-003| 0.34 | -0.01| 016 | 0.31 |-010|0.30| 052 |0.03 | 0.25|0.05|0.05| 016 | 011 | 013 | -006

Corr.0 | Corr. 2

(=
g g -013| 012 € -012| 014 [ 013 [0.23| 019 013 | 011 [0.36|0.02|0.26 012 [0.02 014 | 0.25|0.56 | -022|-050 )] 0.02 [-042 ¢ 0.30|0.20|0.36 [-013 |-012|0.40| O |0.09 0.34| 016 | 0.27 [-012 000 | ON
2| ®
~
g -015 [ -005 -002|-026| 015 |-008|-003|0.36 | 013 | -023|0.23 | 012 |-025| 0.07 [-025|-008| 0.16 |0.08| 017 | 014 | -004 [-020 [-0.21| 0.07 [ -012| 019 | 010 |-036|0.36| 017 | 0.01 |0.08 | 0.22 [-0.010.44 | 004 | -026 | 0.01 | -0.01
)
°
B 024 |-0.51|-032|-003 | -020 | 0.00| 012 | 0.38 |-035| 016 | 0.46 | 000 | 012 | 0.26 | 0.08 | -015| 0.07 710.06|0.37|0.04|000| 0.41 |-016 |-019 | -002 | € 014 | 0.32|-029| 011 |0.30|-014|-024 |-012 |-028 |-024 | 0.24 | 009 | -0.31| -003 | -0.27
3§
5[ -
é Bl 028 |-021| 0 0.28 |-005|-0.21| 050|026 [0.34|0.20| 013 |0.30|0.20 | 015 -005|-017|0.34 | 014 |0.26 0.00 |-008 | ¢ 0.07 |-020 | -007 | 0.44| 0.00 | 0.27 | 0.30 | 020 | 0.35| 0.34 | -008 | 0.18 | -008 | -0.16| 0.28 | -010 | -016 | -0.17
g|o
~
B 000 [ -004 | O -027 (042004 016 | 018 | ¢ on | 017 -016 (024 | O -023|-001/ 026|010 | 0.21 |0.33]0.06|-038| 0.21 |-012 |-036 | O. 028 017 -024| 015 |0.39| 017 | 014 -002 | -003 | 0.24 [-018 | 0.03 | 0.01
)



VARIABLES

Rl | CCI [ HPI | RI | CCI | HPI
GR | GR | AT | AT | AT | NL

Parameters

-038|-032|-003 |-004 | 0.08| 01 | 0.32 [-017[0.070.25|-011| 011 | 013 |0.08]-005|0.04|-034[0.08 | 017 [-004| O1 | 0.21 [-017]-017|0.02|-033| 016 | 0.47 [-005| 019 [-0.01(-016 | -035|-025|-036 | -0.19 | -004 | -026 | -023 | -018 | 030

Corr. 0
&
R

-023|-010 0.34 |-008 |-024(0.30| 0.21 | 013 |0.09|-002| 011 | 0.24 |0.05 0.05(-019(0.22| 010 | 012 |0.29| O1 |-002 014 |-015| 0.01]| 0.33|-001| 0.31 061 1-013| 019 | 014 |-022| 0.21 | 014 |-022 |-002

Zinc

corr.1

0.07| 016 -0280.27 |0.050.06 | -002 0.05(-003|0.36-009| 019 | 0.39| 010 | 0.02 010 |0.09|0.37 | -005|-057| 0.39 | 0.07 | 043 017 | -003 -033 | -004 029|014 0.33]10.07|034(009| 010 | 013

-032 044 |-002|0.20|-018|-014| 018 | 0.40 [-002 | 013 | 040 | 0.07 | 015 | 0.21 | 015 | -015|0.06 | -004 [0.00 [0.34 | 0.21 | 012 |0.08 | 0.22 | -023|-008|-025| 018 | 0.32 [-002| 0.26 | 003 | 012 | 0.07 |-018|-016| 015 | 010 | -004 | -019 | 003 | -030

Corr.0 | Corr. 2

-0.21|-014 002|008 (-021] 0.31|0.24 010 |0.09 0.03] 015 009 | -020 004|021 -023|-022 -001|-027[0.06|0.34|-018|0.35[0.08| 013 | 0.33| 0.39 | -007 017 |-001 -010|-013 | 005

Tin
Corr.1
S

0.02 | -007

-011] 013 |0.32|-005|0.26 | 0.24|-033| 017 | 0.21 |-022| 015 | 0.06 [-008 0.09 | 017 | 0.26 | -004 | 012 |-023 | -026

015 [-023| 0.01|0.28 |-010| 0.25 | -0.01|-035 | -005 | 005

-013| 0.01 0.20(0.03| 018

040|014 0.25|0.31 -0.01|-004 0.31]0.42 -008(-048| 0.330.02|-044 | 0.28 | 0.49| 0.26 0.01|-016 | 0.33|-005 [-005| 016 | 0.22 | 004 | 015 | -004 | -007 | -026

Corr. 0 | Corr. 2

-017|-036|0.35[-014 | 0.02 [-001| 013 [0.30|0.26 | 019 |0.43|0.33|0.00|0.29 |0.32|-036 |-018 |-003]10.02|0.33| 0.31| O | 016 |0.28 | 0.01 [-039| 015 | 019 | 014 |0.26 |-013| 0.29|0.35] 014 [-005|0.26 | 0.31 | 0I5 | 012 |-012|-0.01| 018

Corr.1

Standing timber

-024 |-024 | 013 | -024 | 0.23 | -007 | -0.01| 015 | 019 [-015|0.34 | 018 [-022|0.24 |0.20|0.00| 014 | 0.32 [-010 | 016 [ 0.35|0.00 | -026 -032|-006 | OM | 010 | 0.02 |-008|-022|029|024| 019 |0.23 000|0.32|038|-025|0.33| 017

-026 |-038|-025|0.04 |-013|0.04| 011 |0.38 [-036|0.28 |0.42| 014 [0.09|0.26 | 0.03|-024 | -002|-038 | 013 [0.40 | 0.07 | 0.07 | 015 [-029|-015|-017|-036| 019 | 014 [-013|0.07 | 0.29 | 005 | 007 | -0.01 | -0.15 | -028 | 0.26 | -005 | -024 | 0.06 | -022

Corr. 0 | Corr. 2

-024| -0m 0.25-004|0.08[0.43|0.25|0.39]0.37 |0.20| 0.33 [ 0.20 | 017 -0211-009|0.37|0.20 | 0.25 -008|-007 0.34]-022(0.06|0.28| 013 | 014

-010]0.30|0.09(-005 | 010 | 0.02|-007 | 013 [ -011|-015 | 014

Benzene
Corr.1

-025(-019| OM |-020| 0.41| 011 | 010 | 000 [0.30[0.05|0.29|0.26-010| 0.31 | 0.24 | -015|0.04 | -007 | 013 [ 0.23 | 0.23|-017 [-018| 0.

2 |-013|-008|0.35| 011 | 017 |0.28-014|0.26 | 0.32| 0.22|0.54|0.35]-0.21{ 0.08 | 0.30 [-014 [ 0.43 | 0.2

-020 -027|-018| 017 |-017| 015 | 0.09| 0.31 [-037| 0.31 |0.26 | O [ 019 | 013 | 0.05|-023|-024|-022| 010 | 0.21 | 0.01|-0J10 | 0.03|-019] 0.0 |-010|-039| 012 | 0.04 [-016 | 0.21 | 015 | -005 | -006 | -0.15 | -024 | 009 | 013 | -015|-010 | 007 | 009

Corr. 0 | Corr. 2

-013|000|0.33|0.21|-010| 014 | 0.37 | 004 |0.39 | 0.25 |0.04 | 018 [ 0.25| 0I5 |¢ OM | 013 |0.20]0.22| 015 | 0.35]-015|0.06 0.39|-013| 019 | 017 | OM [-0.01|0.05|-017|0.27 | 016 | 018 | 017 |0.09|-004|0.24 |0.05|0.05| 0.21

Propane
Corr.1

-020 |-010|0.06 |-014 | 0.25| 018 | 010 | -003 | 017 | 014 | 0.21 | 0.25[0.03|0.30| 015 |-005 | -003 | 0.00 | 0.25 | 0.25 | 017 |-020|-0.21| 0.01 | 0.00 | -0O11 | 0.28| 015 | 0.08|0.29[-015|0.20 | 0.29| 016 |0.50 | 0.30 | -025|0.08|0.34 | 0.03 | 0.45 | 0.24

-030 [-054-0.33|-0.03|-0.08|-0.04| 0.02 | 0.36 |-033 | 0.10 [0.48 |-0.03| 010 | 0.29 |0.04 | -018 | 006 0.04|0.36 |0.04[-0.01| 0.36 | -013 | -0.21| 001 | -033|0.08| 0.35 [-0.22| 0.22 | 0.27 | 002 | 004 | -0.01| -018 | 007 | 0.25 | -012 |-0.22| 007 | 05

Corr. 0 | Corr. 2

Lead

-0.27|-017 | O 0.24]002|-017[037| 026 |0.34]| 014 | 012 | 0.33| 014 | 015 0.03|-0.06 004|025 -0.06(-0.25 -0.02|-0.20|-0.01| 0.36 [-0.06| 017 | 0.21 [-012|0.33| 0.31 |-0.06| 0.27 | O.

0 | 001 | 0.32 |-0.09|-0.06|-0.18

Corr.1

001 |-0.02| 0.35 |-0.40(0.24 | 0.01 | 0.05| OI7 |0.38|0.06| 017 |0.30|-0J8 | 019 [ 0.35[-020 [-006 | 0.06 | 0.03 | 017 | 0.20| -001 | -016 | 0.04 | -015 |-0.34| 0.22 | 0.6 | 0.16 -0.31/ 0.24 | 019 [-0.09|0.00| 0.29 |-006| 0.09| 0.05 |-0.27 | -013 | -014

Corr. 2

marked in blue,

’l marked in ye

own

The analysis of numerous potential leading and the unemployment rate. With the indi-
indicators with regard to their correlation to  cators from the raw materials, transport and
the real estate market (HPI for 14 countries)  energy sector - which are not directly related
resulted in the fundamental interrelationships  to the real estate market - the correlations
shownin Fig.12. In this respect a number of re-  are less clear. But they are also present in this
levant correlations can be established among  segment, for example with uranium prices,
the real estate-related and general economic  the number of construction companies, the
indicators. Here the interesting leading indi- number of new passenger vehicle registrati-
cators include private consumption, the GDP  ons and passenger transport numbers.

CORRELATIONS TO HPI
ECONOMIC INDICATORS

Total Number of
lead time | countries
Consumption 12 9 6 27 15 12
GDP n 9 6 26 15 12
Unemployment rate 9 8 6 23 14 10
32



E

REAL EXPERTS.
REAL VALUES.

Retail trade turnover n 7 4 22 n 12
Persons in employment 9 6 5 20 n 10
Number of employees 6 6 5 17 n 8
Industrial production 6 3 3 12 6 9
Imports of goods 7 1 1 9 2 7
Gross earnings 5 2 1 8 3 5
12M Euribor 6 1 0 7 1 6
™ Euribor 5 1 0 6 1 5
Exports of goods 2 1 0 3 1 2
Working hours per person employed ] 1 0 1 1 1

Total
lead time

Number of
countries

Number of construction companies

10

Uranium

o)

Passenger vehicle registrations

Passenger transport by rail

Passenger transport (domestic)

Silver

Road freight

Primary energy consumption
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REAL VALUES.

INDICATORS REAL ESTATE MARKET

Corr.0 | Corr.1 | Corr. 2 | Total Ie:gttziirlne T:ZTrl\)t?;e:f
Construction costs index 9 3 1 13 4 9
Rent index 6 5 5 16 10 9
Construction approvals 12 n 6 29 17 12

9. Conclusion

A fundamental result of the extensive indica-
tor test is a finding on parallel developments
on differing markets. Suitable as comparative
values are price developments such as those
for raw materials as well as other indicators
such as economic output, consumption, retail
trade turnover and traffic volume.

Above all, possible leading indicators in the
test have proven to be parameters which have
a delayed impact on purchasing power and in-
comes (e.g. industrial production towards the
end of recessions). Yet prices for various raw
materials correlate in part surprisingly strong-
ly with the real estate markets, something
which can only be explained in part by supply
relationships and the resulting construction
costs and real assets. These parameters often
provide general, i.e. across economies, econo-
mic information which also - but not exclu-
sively - correlates with real estate values. In
contrast, typical eRlrical parameters such as
rents, income, economic strength and cons-
truction costs are to be regarded in terms of
their size and development as specific for the
respective market. Accordingly, they can be
compared easily with the devel-opment of

34

the respective real estate markets, yet offer
only short lead times.

The usability of a catalogue of indicators ex-
panded to include additional eRlrical parame-
ters is dependent on its stability not least of
all. It should be possible to use the indicators
in a uniform manner for real estate market
decisions in a wide variety of markets and
economic phases where possible. Additional
tests are necessary for this. Established corre-
lations have to be backed up by a well-foun-
ded market analysis and causal relationships.
Suitable leading indicators allow for a time-
ly analysis, decision and reaction to market
changes for the real estate sector portfolio
management. The room for manoeuvre, and
above all in the tactical area, will then be signi-
ficantly greater. None of the observed indica-
tors dominates and when viewed in isolation
none can provide reliable statements on the
future development of real estate markets.
Nevertheless, several indicators with strong
correlations to the real estate market can as a
whole provide an overview of the situation on
the real estate market - and thus form an ear-
ly-warning system for the real estate market.
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