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Inflation Risk Analysis of
European Real Estate Securities

Summary

Real estate is an important asset, but as a direct investment subject to several difficulties. Shares of public
open end funds or of real estate stock corporations represent a possible way for an investor to avoid these
problems. The focus of this paper is the analysis of inflation risk of European real estate securities. An
overview of the institutionalrameworks regarding these companies is given. The returns of real estate
securities in France, Germany, Switzerland andJhieed Kingdom are examined for the perit@B0:1-

1998:12. Besides the classiEalma/Schwerapproachshortfall riskmeasurements have been usethi

context, transaction sts in particular have been taken intocard. (JEL G11, G15)
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1. Introduction

One of inventors' essential aims is to protect their assets against inflatienettiggpreciation in real terms.

In doing so, the investoages the problem of future changes of the general price leveliginftate) being
uncertain from an ex ante point of view. Thus, the real return of investments is uncertain, even for those
investments whose nominal cash-flows are contractually fixed, as for example zero bonds. Real estate is
traditionally regarded as investment vehicle with a low inflation risk. Intuitively, this can be justified by the
fact that all nominal returns of a real estate investment, such as rents or selling prices, can be negotiated anew.
Hence, the investor has the possibility of adjusting the returns of his investment to increases in the general
price level. Especially in times of drastic inflation, as occurred in Europe after both World Wars for example,
this inflation protection characteristic becomes apparent. This argumentation is supported by a whole string
of empirical studies. Although they differ in their conceptual as well as methodological approaches, most of
the studies come to the conclusion that real estate evinces good inflation protection features, even in times
of moderate inflation.

However, for an ordinary private investor a direct acquisition of property may be problematic due to the large
amounts of investmentenessary, as well as high transactioat€oAn alternative forveiding these
disadvantages of direct investments might be the acquisition of shares in investment companies specialized
in real estate investment. These investment companies appear at international finance centers as open or close
real estate investment stis (REIT) or as real estate stock corgoret The inflation protection
characteristics of shares in US-American Real Estate Investment Trusts (REITS) have been dealt with in many
empirical studie$.However, for the European market only a few studies focusing on inflation protection
features exist, although the existence of real estate companies has a long tradition in various European
countries. Moreover, inflation has been a significant problem in Europe in the past. Therefore, the focus of
this paper is the analysis of inflation risks of real estate companies in Germany, France, Switzerland and the
United Kingdom which are countries with highly developed financial markets for real estate securities.

The study is structured as follows: in section two the institutivaaleworks for real estate companies in

the countries considered are described as well as the importance of real estate companies in these countries.
Section three deals within the traditiofraima/Schwerapproach with the hedgingfettivity of real estate
companies against risks of inflation. In section four the inflation protdei@uares in the context of shortfall

risk measures is analyzed. The final section summarizes the main results of the paper.

2. Real Estate Companies in Europe

2.1. History

In Europe, real estate companies have a long tradition. kBthecentury théndustrial revolution created

a dramatic rise in demand for housing for the workers near the business locations. Furthermore, the
development of the stock exchanges in London and Paris helped to found listed residential building companies
as institutional investors. Many of the companies founded in those days are still listed today, e.g. the founding
of British Landdates back to 1856. Theunding of real estate companies in 2@h century, too, was

caused by an increased demand for housing. Especially in France, Germany and the Uniteddsithgitiem
devastation of World War Il and the repatriations as a consequence of the independence of former colonies
gave rise to the increased demand for housing.

Y For US-American real estates see for exarfipl®ma/Schwer(1977),Hoag (1980),Gyouko/Linnemar1988),
Hartzell/Hekman/Mile$1988),Hamelink/Hoesli/MacGregof1997) orMiles/Mahoney(1997).Felderer/Rippin
(1994) concentrate on inflation protection features of real estate direct investments in Germany.

2 See for exampl&yourko/Linnemar1988),Park/Mullineaux/Chew1990) orYobaccio/Rubens/Ketcha(t995).
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In the second half of this century, all countries considered in this paper (France, Germany, Switzerland and
United Kingdom) established specific supervisory and tax law regulations for real estate companies that
specialized in the investment of private capital. The objective of these regulations has been to protect
investors on the one hand and provide a fiscally equal treatment of direct investors and buyers of shares of
real estate companies on the other hand. Comparable to US-American REITs, these companies have the
possibility of distributing gains to their investors without corporate taxation. To do so, they masetto

specific requirements such as sources afiegs, structure of the assets and organization of the dividend
policy. Investment companies exist in open or closed-end structure, some have the possibility of applying for
official quotation.

In any of the examined countries, apart from these investment trasttaia number of stock corpdias

act as real estate investment companies. In general, they are not submitted to any special regulation or tax
treatment. Many of today's companies were not originally founded as real estate companies. Frequently, the
company's origin lies in mining or heavy industry. But since these industries were no longer able to achieve
sufficient yield with their core business, they concentrated on managing their considerable real estate
property? A further possibility for themergence of real estate companies was when companies or groups
spun off their real estate propemyd an independent compah$ome of these companies are listed on stock
markets and are in widespread share-holdings. Because of that, some shares have high liquidity given a
sufficient daily turnover at the stock markets. Since there are no special supervisory or tax law regulations
for these companies, they are subjected to the same taxes on income and property as all other stock
corporations. On the other hand, their investment and reareay advities are not limited.

2.2. Characteristics in France, Germany, Switzerland and the United Kingdom

In this section the essential supervisory and tax law regulations of real estate investment funds are outlined
for France, Germany, Switzerland and the United Kingdom. Here only open investment funds as well as listed
companies have been taken into consideration.

¢ France

In 1958 theSociété Immobiliere d'Investissméstl) was founded for residential building companies in
France to support the procurement of capital. Comparable to the US-American REITs the Sll were freed from
corporate income taxation, as long as they met particular conditions. Above all, these conditions regulated
the structure of the assets, the sources of taxable income and the dividend policy. For example, at least 75%
of the total floor space had to be housingiiance. The earliest possible date to sell real property was 10
years after the purchase, 75% of the sales revenues had to be re-invested into residential property.
Furthermore, 85% of the annual profit had to be distributed to the shareidfderaon-residential real

estate, a complementary institution to the SIl wastwétés Immobiliéres pour le Commerce et I'Industrie
(SICOMI). To attain special tax treatment, requirements ewafpe to the Slis had to be fliéd.° Both
institutions were designed as closed-end funds with the shares issued mainly as stocks. During the property
crises at the beginning of the90s the promotion of real estateestment was cut back substantially. Tax
privileges were reduced gradually in the period fi®81-1995. Today all companies haeen up their

status as tax privileged investment companies.

¥ In Germany for instance, téamborner AGemerged from thelamborner Bergbaun France todayBonciére
de Piemonemerged from the formédanufacture de Faiences du Moulin de Loups

4 seeScharpenack/Nack/Hau(1998), pp. 681-684.
5 SeeLaux/Ohl(1988), p. 132Chauchard(1993), p. 6/EIF (1996), pp. 4-7.
® SeeCohen(1990), p. 10.
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e German real estate trusts

In Germany, the open-ended real estate fuoftier{e Immobilienfondsre fiscally transparent investment

trusts. Their legal framework i®dified in the law about investment $tg, Kapitalanlagengesetz (KAGG).

For protection of the investors, the tax privilege is attached to restrictions concerning the busines’s activity.
For legal reasons, stock exchange trading of open-ended funds is not dsilthe investors can ask for
redemption of their investment fund shares at any timerefdre the investment companies have to publish

daily redemption prices, that are based on the market value of the underlying 88setA\GG). To
determine the market value, all financial assets (i.e. fixed-interest securities, money market papers) are valued
on the basis of their current market prices. The estimation of current market values of the real estates are
based on advisories' valuations (834 KAGG). To maintain the open-ended principle, the German real estate
funds continuously offer new shares to the public. The issue prices are calculated on the basis of the
redemption prices plus an offering premium at the rate of usually 5%. The offering premiums are primarily
raised to cover sales costs. For competitive reasons, secunity increasingly testain from offering
premiums. This is not the case wigal estate funds, mainly because these transaostslwuild an effective

barrier which makes frequent transaction with shares unattragtixeding permanent changes of the funds
capital is essential for real estate trust because they cannot buy and sell their asset cortinuously.
Additionally, to be able taneet the repurchaseayanty any time and to be ablengest money for short-

terms, German real estate trusts typically held 25-50% of the tiotég fassets in fixed-interest securities.

e German real estate companies

In Germany, as a matter of principle, there is no special tax treatment for real estate companies but the yields
of stock corporations which exclusively manage real estate, are not burdened with trade profit tax. Capital
gains on properties are taxed, but if the company replacesidhgreperty with another object in the same

fiscal year, taxation is deferrétiSince 1996, quoted real estate companies iriogiahave become the

focus of both investors and arstly. The capitalizain increased about 50% betweE®96 and 1998.
Nevertheless, the volume of real estate companies is still noticeably smaller than the volume of open-ended
real estate funds.

e Switzerland

The Swiss market for embodied real estate investment is especially characterized by so-called open-ended real
estate fundsoffene ImmobilienfondsThe investment restrictions are cargible to the correspding
regulations in Germany.Still, compared to the German investment products Swiss open-ended real estate
funds are different in terms of structure. First of all, Swiss real estate funds are not fiscally transparent, but
are subject to taxes on income and capit8kecondly, investment companies in Switzerland are not obliged

to redeem shares at any time. iAmestor has toneet a twelve months ped of notice to the end of a year

to call in his shares. Accordingly, an issue of new shares can only take place as an ordinary capital increase
with the consent of the majority of shareholders. To compensate for the disadvantage of the long period of
notice, the depository bank is obliged to act as a market maker, that is, to guarantee that the shares are traded

) §§ 27 - 28 KAGG require that e.g. the assets of a fund must consist of at least ten pieces of real estate; only 20% of
the real estate may be vacant lots.

®  SeelLaux/Ohl(1988), p. 28f.

9 Moreover, according to §36 KAGG the investment company is allowed to refuse a redemption for one or even two
years in situations of difficult market situations. But since the launching of the first open-ended real estate funds, the
iii Nr. 1 in 1959, no investment company has made use of this right. Furthermore, in order to stabilize capitalization,
the funds management do usually not sell high amounts to institutional investors.

19 SeeRosenberg/Sadd 975).

D 89 Nr.1 Gewerbesteuergesdfib Einkommensteuergesetz.

12 §36-37 Anlagefondsgesetz (AFG) in combination with §46-48 AFV (Anlagefondsverordnung).
13 SeeHess/Sigg1997), p.87.
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on a regular basis. This may be obtained by a quotation at a stock exchange (88 41,"42INRG)I, due

to their real shape, Swiss open-ended real estate funds are not open-ended facwsur®of their limited
possibilities of redemption, they are called "semi closed-ended fthd&in-open-ended real estate
corporations often show a very low market capitalization. By the eb@3&,only one company was listed
with an investment volume coragable to those of theifids®®

¢ United Kingdom

As in Germany, in the United Kingdom there are both open-ended real estat@fopésty unit trustsand

real estate corporations without any specific legal fqurogerty companigs Property unit trats are
specialized funds onlycaessible to institutional investors. Quoted property companies are subject to
corporation income taxes at a level between 23% and 31%, depending on their corporate structure and the
amount of profit. Realised profit due to increases in value are subject to tax, but reductions for inflation-losses
during the holding period are possibld@esides renting many companies act as developers and work with
leverage on a considerable scdle.

2.3. Construction of Index Portfolios

For the following analysis, it has beegcassary to determine the return of representative portfolios of real
estate investment companies. Since real estate investirsdathave clear legal forms due to supervisory
restrictions, these tstis wereonly examined with regard to sufficient market capitalization and liquidity
during the investigation period fro®80-1998. Other companies wemdy chosen if they qualified on
account of their main business activity being investment. Traders and developers were explicitly excluded.
To identify suitable investment companies in Germ&mgnce and Thénited Kingdom, the business
activities of more tha@00 companies were examined on the basis of whether or not their main nature of
business was rentals from royalties of real estate. For the study, the annual finaecrsnssabf the
potential companies were analyzed in the light of various criteria such as specification of the business activity,
proportion of the rental and tenancy income of the annual turnover, etc. In addition, the companies were
interviewed if they considered themselves real estate investment companies and for how long. Furthermore,
national analgts were interviewed.

For Switzerland, th&SB Bopplndex was used, which consists of the ten largest open-ended real estate funds.
For Germany, open-ended real estate funds and listed stock corporations were recardealysepcause

of their fundamentally differing characteristics. For the French companies it was not necessary to distinguish
between the legal forms of the companies. One reason for this was that the legal forms of SIl and SICOMI
no longer existed for a part of the investigation period. Secondly, all companies under consideration are listed
stock corporations. For the United Kingdom only property companies were examined since unit trusts are not
directly accessible for private investd?sReturn and capitalization data had been provided by
Bundesverband Deutscher Investment-Gesellsch&itgastreamandSociété de Bourse de Frandée

following table summarizes the institutional aspects above illustrated and shows the number and the market
capitalization of the European real estate investment companies selected by means of the said criteria.

14) SeeDen Otter(1996), pp. 79-81.

19 SeeHoesli(1993), pp. 27-32.

18 Intershop Holding AGseeGlobal Property Researct1998), pp. 198-199.

11 seeBarkham/Geltne¢1995), p. 28Global Property Researcf1998), p. 240.

18) SeeBarkham(1995), p. 377.

19 For a study of the inflation hedge characteristics of these companidsiétartzell/Hoesli(1997).
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Table 1: Portfolios of selected European real estate securitiesl @9&)

France Germany Switzerland United Kingddm
type of company closed-end open-end closed-eridemi closed-erd closed-end
listed yes no yes yes yes
fiscally transparent no yes no no yes
market capitalization 8.3 43.1 7.7 4.8 33
in billions of Euro
number of companies 20 16 22 10 39

SourceBundesverband Deutscher Investment Gesellsch&fastream, ISB Bopp AG

For each companythe dividend and capital measurement adjusted monthly réymuere determined for

each of thet =1, ..., 228 months of the investigation period¥880:1 to 1998:1Dividend tax burdens

were not taken into consideration. For each of the five types of real estate investment company a monthly
portfolio return was determined according to:

N
Rrt= ) Xit Rt (1)
Heren, stands for the number of companies within the portfolio in mpatitx ; for the portfolio weight
of companyi in montht (with Y x = 1). For each country considered we constructed one equal weighted
index portfolio & = 1/) and one capital weighted index portfdidlable 2 gives descriptive statistics of
the respective time series.

Table 2: Descriptive statistics of index portfolios for European real estate investment securities

capital weighted index portfolio equal weighted index portfolio

R | STD | p p2 | p2 | R | STD| p1 | p2 | pu
France 0.78 | 5.18| 028 | 025 | 0.00| 0.70| 462 034 020 | 0.00
Germany 059 | 0.22| 039|035 | 037 | 052 | 020 0.40 037 | 043
open-end funds
Germany 1.17 | 4.83| 024 000 | 000| 107 362 025 010 | 0.13
stock corporatlons
Switzerland 0.62 | 2.19| 025 | 0.10 | 000 | 0.69| 209 033 012 | 0.00
United Kingdom 1.14 | 600/ 0.06 000 -020 112 536 020 01 | -0.10

ﬁ is the arithmetic mean (in % p.m.), STD the standard derivatigny dmel autocorrelation of ldgof the 228 monthly
returns in the period 1980:1-1998:12. Values marked‘Witlare statistically significant at the 5% level according to
the Q-statistic ofLjung/Box(1979).

In comparison to all other index portfolios the extremely low volatility as well as the consistently high positive
autocorrelation of the returns of the open-ended German real estate funds are striking. The monthly volatility
of the capital-weighted Swiss index portfolio (2.19%) is nearly ten times higher than that of German real
estate funds (0.22%). This can be explained by the fact that, due to a lack of stock exchange trading, short-

20) To this end, we determined the portfolio weights in accordance with the relative free float shareholdings at the
beginning of each year.
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term volatility at the capital markets influence the share prices of open-ended real estate funds only to a very
small extent. Only financial investments (fixed-interest securities, money market instruments) are priced with
the current stock exchange price and thus depend on shortgital market volatility. By contrast, current

market values of real estate is based on expert opinions. Revaluations of real estate are made as a rule only
every twelve month. Thus, resulting monthly variations of shares, is caused by value changes of the financial
investments on the one hand and on the other hand by the reevaluation of singular real estate assets. It is
obvious that due to this asynchronous and temporally aggregated processing of relevant information, short-
term fluctuations in value at the real estate and capital markets do not influence the share prices of the funds
in the same extends as for quoted property companies.

3. Hedging effectivity of real estate companies against risks of inflation

3.1 Introduction

The inflation hedge capacity of real estate companies was analyzed in a large number of empirical studies
especially in the US-American real estate literattiFgom a conceptual point of view, most of these studies

are based on a causal petapof risk. Here the uncertainty of the future real rate of return of an investment

is traced back to different factors of risk - such as changing of the inflation rate. In this sense, the less an

investment is influenced by the changing of the inflation rate, the less risky the investm&htisneans

an investment is a perfect hedge against inflation when an (uncertain) change of the general price level leads
to a change of the (uncertain) nominal rate of return in the same amount and direction.

If we state that the general price level of a country in ticag be measured by an appropriate consumer price
index® (CPI), then the coimtuous compounded inflation rate for the petidsl

m, =In(CP1,)-In(CPI1,_,). (2)

The correlation between the nominal rate of return and the inflation rate is a ad hoc-measure fgintpe hed
effectivity of the examined real estate investment companies. The following table gives the coefficients of
correlation of the continuous nominal returns with the corresponding inflation rate for the index portfolios
in the different countries.

2D see for exampl&yourko/Linnemai1988),Park/Mullineaux/Chev{1990) orYobaccio/Rubens/Ketcha(t995).
22) For this argumentation s&adie(1976), p. 460.

) For France, Switzerland and the United Kingdom the inflation rates had been corrected for seasonality (see
Cleveland/Tiadl976). The following price indices have been used: France: Indice de Prix (ensemble de menages),
Institut Natbnal de la Statistique et des Etudes Economig@esmany: Saisonbereinigter Preisindex fiir die
Lebenshaltung aller Haushalte in Westdeutschl&tdfistisches Bundesan®witzerland: Landesindex der
Konsumentenpreise (Totalindeyundesamt fur Statistiknited Kingdom: UK Retail Price IndeXyffice for
National Statistics
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Table 3: Correlations of nominal returns and inflation ratelf®80:1-1998:12.

capital weighted portfolios

equal weighted portfolios

monthly returns

quarterly returns

monthly return

S

quarterly returns

France -0.01 0.01 0.03 0.06
Germany -0.04 -0.08 -0.07 -0.11
real estate trusts

Germany . 0.18* 0.24* 0.23* 0.27*
real estate companies

Switzerland -0.01 -0.02 -0.03 -0.05
United Kingdom 0.03 -0.01 0.01 -0.03

The values oPearsorts correlation coefficient marked witti” are according tAnderson(1984, p. 109) statistically
different from zero at the 5% level.

The results as given in table 3 show that the returns from some quoted companies are negatively correlated
with the inflation rate, although in no case are the results statistically different from zero at a 5% level. On
the contrary, the correlah parameters for nominal return of German real estate trustgyarécant and

positive. Therefore, the hedging effectivity of quoted real estate shares in this context will be rated as low,
whereas those of German open end real estate trilldie wated as high.

3.2 Analysis in the context of the Fama/Schwert-approach

Based on a modified version of the so-callesher equationFama/Schwer(1977) show that in efficient

capital markets, the equilibrium price of any risky asset will be determinated in such a way that the expected
nominal return will be equal to the expected real rate of return plus the expected rate of inflation (given a
certain level of information):

E(R) = E(R™) +E(M) (3)

The Fisher hypothesis means that the expected real rate of return of any available asset will be mainly
determinated by real economy factors and not by the expected ratetifrinffahis hypothesis is valid, the
anticipated inflation rate and the real rate of return will be independent values, without regards to the general
equilibrium model. Under this assumption, the hedgifectfity of an asset can be examined in the context

of the following regression model:

R =70 + 0Tk +Y, (T, —7¢) + U, (4)

whereR, is the nominal return on asset in peripd; the inflation rate,;;v’ the expected rate of inflation at

t-1 until t andU; is white noise with EY;) = 0. The regressiorapametery, gives information about the

hedging potential of an investment against changes in the expected rate of #flatior= 1, the nominal

rate of return changes (on average) in the same amount as the anticipated inflation, i.e. the investment is a
perfect hedge against anticipated inflation. If §, < 1, the hedging capabilities are less than proportional,

and if y, > 1 more than proportional. Furthermore, if the hypgithg < 0 can not be rejected the investment

will be rated as negative hedge against inflation risks. Then a short position will protect against inflation. The
second regressor of the model abave-1) is not based on thEisher hypothesis, but will show

2% Furthermore the regression model estimates the hypothesis that the examined capital market is efficient respectively
such that th&isherrelationship is valid. In this case the regression parameter v; should not be significantly different
from 1, sed~ama/Schwerf1977), pp. 116-117.
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informatiorf® about the sensitivity of the nominal rate of return of an investment against the unexpected part
of the inflation rate. If the related regressioargmetey,is not statistically different from 1, the
corresponding investment will not hedge perfectly against the unexpected inflation. Finally, if the hypothesis

Y, =Y, = 1 cannot be rejected, then the investment is a perfect inflation hedge. Thus, the real rate of return will
be uncorrelated with the inflation rate.

3.3 Empirical results

The regression model as mentioned above is now estimated for the 228 month of the period 1980:1-1998:12
with the one-month returns of a capital weighted portfolio of the different types of real estate investment
companies as dependent variable. As proxy of the unknown anticipated rate of return, a time series model was
used to determine the expected rate of retutrfriom the historical inflation rates of periot4, t-2, ..2°

Table 4 contains the estimation results for the different regression models.

Table 4: Results of regression analyzes of capital weighted index portfolios
Yo Y1 V2 R p1(U) p2(U) p12(V)
(to) (t) () (Qv) (Q2) (Q12)
France 0.002 0.622 -2.395* 0.011 0.287* 0.258* -0.501
(-0.658) | (-0.511) | (-2.006) | (-19.085) | (-34.539) | (-46.042)
Germany 0.004* 0.776* -0.025 016 0.264* 0,205* 0,271*
real estate trusts (-13.46) | (-5.829) | (-0.400) ' (-16.126) (-25.896) | (-118.100)
Germany 0.018* -3.074 -0.143 0.005 0.232* -0.022 0.002
realestateeompanies (-2.398) | (-1,175) | (-0,086) ' (-12.426) (-12.543) | (-20.719)
. 0.004 0.729 -0.190 0.244* 0.104 -0.051
Switzerland (-0.907) | (-0.485) | (-0475) | %002 (13700) | (-16.322) | (-23.853)
. . 0.008 0.840 0.106 0.059 -0.013 -0.187
United Kingdom 1 aggy | (-0515) | (-0.111) | 9% (0.807) | (-0.847) | (-13.639

The regression modeR =y, + T +Y,(T, —T¢) + U, was estimated for each of the five capital weighted index
portfolios using monthly returns in the period 1980:1-1998:12. Therefore, expected inffatias estimated with

ARIMA time series model. The results of table 4 are OLS estimates based on monthly data for 1980:1-1998:12 where
vj is the estimate for regression parameterg,2,3.Newey-West1987) procedure was used to corttestiatistics (in
parentheses) for heteroscedasticity and autocorrelatiompresents the autocorrelation of ka@ is theLjung-Box
(1979)Q-statistics. Estimates marked whtt are statistically different from zero at the 5% level.

Table 4 shows that securitized real estate in France, Switzerland and United Kingdom as well as German real
estate trusts represent flive hedges against anticipated inflation. Thus, the German real estate companies
seem to be a negative hedge. Therefore, all estimaith the exception of the Germandts are not
statistically significant on the usual 5% level.fAs as the unexpected infian rate is concerned, only the

British property companies show positive hedge characteristide, far all other types, is negative. But

only the @mrameter for the French index portfolio is significantly different from zero. Furthermore, the

%) Fama/Schwer1977, p. 117) note that the elimination(of— 1% ) from the regression model will not achieve better
results in the light of thBisher-Hypotheses, because the unexpected part of inflation is by definition uncorrelated
with the anticipated inflation.

26) Using theBox/Jenkingrocedure, the following model specifications proved to have the best in- and out-of-the-
sample characteristics: France: monthly : ARIMA (1,1,1), quarterly: ARIMA (2,1,1); Germany: monthly ARIMA
(1,0,1), quarterly ARIMA (2,1,0); Switzerland: monthly ARIMA (1,0,1), quarterly ARIMA (0,1,1).
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measure of goodness of & is very low for all corporation types, with the exception of German real estate
trusts. The auto-correlah of residuals becomes insignificant for higher lags, again with the exception of
German trusts where even the auto-correlation at lag twelve is significant and positive. Here we observe the
result of different pricing in the context of the institutioftamework as mentioned above.

In order to test the robustness of the results further regressions have been estimated. First, not only the period
1980-1998, but also the subsamples 1980-1984, 1985-1991 and 1992-1998 were examined. Furthermore,
capital and equally weighted portfolios have been used as independent variables. Finally, as elaborated in
Fama/Gibbong1984) three models have been constructed as proxy for the unexpected inflation: (i) a time-
series model (ii) a random-walk model (iii) a naive interest rate mbtietotal, the regression model as

defined above has been estimated for every type of securitized real estate with four time series of rates of
return as the independent variable and three time series of inflation rates as regressor. For the results of these
twelve regressions for each type and period, means and standard derivations as well as the number of
significant parameters have been calculated. These values, as well as mean and standard d&¥eaton of

given in table 5:

Table 5: Summary of regression analyzes

period v STD@) | vy, SID@) m| R STD(R)
1980-1998] 0483  0.353 0983 0.740 |1 0.005 0.p04
Erance 1980-1984| -3819 0880 § -0.704 1352 |- 0.57 0.104
1985-1991|  4.933 1.549 4074 2932 |- 0041 0.033
1992-1998] -0522 3451 1  1.319 1256 |- 0.021 0.p44
1980-1998] 0487 0130 12 -0051 0088 |- 0224 0196
Germany 1980-1984 0113 0131 | -0212 0093 |6 0.203 0.153
real estate trusts | 1985-1991 0514  0.177 9 -0.030  0.108 |- 0.190 0.1139
1992-1998] 1378 0266 12 0155 0124 |- 0.464 oL48
1980-1998] -0.139 2270 2 0178 2047 |1 0.023 01031
2322:‘&3;8 1980 - 1984 0.076 3273 1 1416 2776 |- 0.88 0.058
companiee 1985-1991| 0.129 1553 | 0414 2236 |- 0033 0.p47
1992-1998] 3797 8512 3 4043 2548 |- 0113 0153
1980-1998] -0.043  0.416 0.182 0143 |- 0.02 0.Jpo1
United Kingdom | 1980~ 1984} 1.025 1.077 0969 0871 |- 0041 0.p14
1985-1991| -3.674  2.174 1771 0415 |- 0.050 0.20
1992-1998| -11.066 6339 8  0.462 1192 |- 0171 olLos
1980-1998] 0483  0.353 0983 0.740 |- 0.005 0.p04
Switzerland 1980-1984| -3.819  0.880 s[ 0704 1352 |- 0157 0104
1985-1991|  4.933 1.549 4074 2932 |- 0041 0.033
1992 -1998| -0.522  3.451 1.329 1.256 |- 0.021 044

The regression modeR, =y, +1T¢ +Y,(T, -~ T¢) + U, was estimated for each of the five types of investment
companies in twelve different variations. The Table gives the means and the standard derivatiord CEA1D)
estimates for expected inflation (y1), unexpected inflation (y,), goodness of fitR2) and the number th of estimates
statistically different from zero at the 5% level.

") For the naive interest rate model the expected rate of inflation has been predicted as the difference between the actual
monthly (quarterly) interest rate and the arithmetic mean of ireceding real rates of return: France: monthly
= 4, quarterlyn = 4; Germany: monthlp = 11, quarterlyn = 11; Switzerland: monthlyg = 23, quarterlyr = 7;
United Kingdom: monthiy = 12, quarterlyn = 8. The estimation of the time series model to anticipate the real
interest rate with an ARIMA (0,0,1) determined the following coefficients for the MA-term: France: monthly 0.624,
quarterly 0.531; Germany: monthly 0.857, quarterly 0.792; Switzerland: monthly 0.920, quarterly 0.874; United
Kingdom: monthly 034, quarterly 0.804.
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For France, Switzerland and the United Kingdom 8 of 12 model estimates had significant results. In all cases
the means indicate perverse hedge characteristicstgaticipated inflation. But, especially for the United
Kingdom, the (average) value of tharametery, does not allow a reasonable economical interpretation.

Furthermore, the standard derivation accountsfoua60% of thenean, which additionally indicates a lack

of robustness for the result. For German real estate companies only 3 of 12 parameters in one subsample are
significant, so that here as well no inflation hedgearabteristics can be attributed. These results are
consistent with other comparable studies of quoted real estate securities in Europe andftide8aults

for German real estate trusts are significantly different. In the whole period as well as in the subsamples 1980-
1984 most or all of the regréss parameters have been positive and statistically significant. In the period
1980-1984, no grameter was ghificant either for the German 8is. Asfar as the unexpected infian is

concerned, almost no results have been significant for the quoted real estate companies. For German real
estate trusts, 6 of 12 regressions had significant parameters. Yet the mean of the parameters is negative, what
indicates a perverse hedge.

In summery, significant and robust results could only be shown for German real estate trusts indicating that
they may be a positive hedge against the anticipated part of inflation. For the unexpected inflation, no hedge
characteristicsauld be found. Very few results for quoted real estate securities are significant, and in
addition, the result showed a lack of robustness with regards to variations of examination design (i.e. method
of inflation forecast, period, portfolio weighting).

4. Inflation Protection Features of Real Estate Investment Companies

4.1 Basics

Besides the inflation rate, there regularly exist other risk factors such as the level interest rates, exchange
rates, economic conditions, etc, which influence the development of the return of an invédtimerthe

guestion is, if, in empirical decisions the average private investor is interested in one particular risk
component (e.g. inflation rate) or rather in the total risk of his investment. On the basis of a final
understanding of risReilly/Johnson/Smitfi1970, 1971)Bodie (1976) and as of latdamelink/Hoesli/
MacGregor(1997) siggest an alternative definition of inflation risk. According to this suggestion, the
inflation risk implies the risk that the real return of an investment

R=R-T (5)

is negative at the end of a specific investment peribet R define the nominal return of the investment and

m; the difference between the price level of today till the point of time t. Such an intuitive understanding of
risk as the danger of missing an exogenously determined target, is very common in decision-theoretical
literature. For examplglao (1970),Libby/Fishburn(1977),Kahneman/Tversk§i 979),Laughhuun/Payne/

Crum (1980) orMarch/Shapira(1987) proved that whenever it comes to an empirical ideeisaking
process, many individuals judge the risk of an alternative relative to a reference point. Edpshialiyn

(1977, 1982, 1984) created a theoretical basis for loss measurementmdardmce and banking literature
shortfall risk measurements play an important role, especially so called Value-at-Risk approaches as a means
of solvenceny control. In the investment literatdenesg1996),Bodie (1995),Butler/Domian(1991),
Leibowitz/Kraske(1988) orZimmermanr(1991, 1993) use shortfall approaches to judge the risks of stock
and bond investments over various investment horizons.

28) For the USA se&yourko/Linnemar1988) Park/Mullineaux/Chev(1990) androbaccio/Rubens/Ketchgt095);
for Europe seeHoesli/Bender(1992), Hoesli et al. (1996, 1997),Liu/Hartzell/Hoesli (1996, 1997) and
Maurer/Sebastiarf1999).

29 sSeeChen/Roll/Ros$1986).
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4.2. Quantification of inflation protection features in the context of shortfall risk measures

Regarding a particular investment horizon, the risk of a negative real return becomes smaller the better the
inflation protection features of the considered investment are. To be able to compare the inflation protection
features of various investments as described above on a quantitative basis, one has to specify an appropriate
risk measure. The focus of lower partial moments (LPM) as risk measures is the possibility of getting a return
that is below some critical target specified by the investor. Returns below the target (losses) are considered
to be undesirable or risky, while returns above the target (gains) are desirable or non-risky. In this sense, lower
partial moments are callétklative’ or “pure’ measures of risk. Le® denote the random dependent real

return of an investment, then the LPM is defined as:
LMP" (z) =E[max@ ~R/,0)"], (6)

wherez is the target return amtt> 0 determines the weights attached to negative deviations from the target.
Fishburn(1977) shows that by varying the degnes# the lower partial moments, the utility function defined

can accurately reflect the preferences of an individual towards risk for below-target returns. Additionally
Fishburnshows that there is a strong relationship between the LPM risk reeesiis and the concepts of
stochastic dominance.

For the special cage= 0 (real value maintenance) amg 0 we obtain the shortfall probability LFMhich

only takes into consideration the probability but not the amount of negative deviations from the targét return.

If the same investment strategy can be repeated many times, the shortfall probability answers the question
“how ofteri and not‘how badly a loss occurs. Therefore, the shortfall probability is an appropriate risk index

if even small negative deviations from the target lead to drastic consequences for the investor. However, if
small negative deviations from the target are relatively harmless, the shortfall probability is an incomplete
risk index due to neglect concerning the extent of the loss: If we obtain the shortfall expectation LEM

a measure of the average loss amount. Thus the following mathematical equation is valid:

LMP*(z)=TCE(z) LMP°(z,), (7)
with the Tail Conditional Expectation TCE)(

TCE(z)=E[z-R |R <z] (8)

indicating the average loss amount under the condition that a shortfall iS'givéhe sense of the formal
features (axioms) of a good risk measure developektrtaper et al.(1999) the TCE is in contrast to the
shortfall probability a coherent risk measure.

4.3 Results of the Shortfall Analysis

On the basis of the shortfall rigkeasures intlduced above, we compare inflation protection features of the

index portfolios for the different types of real estate companies for holding periods from 1 to $9Fmamns.

a methodological point of view an empirical approach was chosen that does not have any explicit assumptions
about the random patterns of the real return. On the other hantieaskires are obtained on an analytical

basis assuming that the real returns follow a geom#iBoerProcess. The starting point is a buy-and-hold
investment strategy for the corresponding index portfolios whose construction is presented in section 2. For
the open-ended real estate funds and the companies traded on a stock exchange respectively, we consider
transaction csts wvhile buying to the amount of 5% of the investment amount and 1% respectively.

30 Hoesli(1993, pp. 122-128Hoesli(1996) andHamelink/Hoesli/MacGrego§1997) used the shortfall probability
to examine inflation protection features of Swiss, American and British real estate investment companies.

31) seeAlbrecht/Maurer(2000), pp. 10-13.
%2) seeHamelink/Hoesli/MacGregof1997), pp. 66-69.
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eEmpirical Approach

We have first subdivided the total investigation period fi®80-1998 into 19 one-year s, 18 two-
year-peiods and so forth. Each of the (19 x 20) / 239 peiods can be interpreted as an individual
investment period. Then, for each of the possible investment periods the continuous real return was calculated.
As a proxy for the shortfall probability of a specific holding period the relative frequency of the periods with

a negative real return was used. Correspondingly, the average below target return in case of a negative real
return multiplied by the relative frequency of the loss periods was taken as a proxy for the shortfall
expectation. The following table contains the average real returns as well as the empirical shortfall risk
measures for the capital weighted index portféfiéar the different holding periods.

Table 6: real return and shortfall risk (in % p.a.) of capital weighted portfag#0-1998

length of investment (years 1 2 3 4 5 10 15 19

mean 2.2 4.1 8.6 13.0 16.8 27.5 52.5 6.2
Erance LPM° 42.1 38.9 47.1 37.5 26.7 20/0

LPm? 9.2 12.4 10.0 6.3 4.1 5.9 -

TCE 21.9 31.9 21.2 16.8 155 295 L .

mean -0.2 4.5 9.6 14.7 198 44.7 69.3 8.2
Germany LPM° 52.6 5.6 - - - - - -
real estate trusts| LPM* 0.7 0.1 - - - - - -

TCE 1.4 1.1 - - - i - -

mean 9.1 17.8 27.0 35.8 447 1152 136.2  190.7
Germany real LPM° 42.1 27.8 23.9 25.0 133 - - -
estate companies PM* 4.0 2.7 25 1.0 1.7

TCE 9.5 9.8 10.5 4.1 13.1 - - -

mean 5.2 12.0 19.0 26.3 32,7 58.8 100.0 116.0
United Kingdom LPM: 47.4 33.3 23.5 125 13.3 - -

LPM 6.6 7.6 5.4 4.4 2.7 L - -

TCE 13.8 22.7 23.0 35.3 202 -

mean 3.4 8.5 13.5 18.3 22,5 42.9 69.4 8p.8
Switzerland LPM° 36.8 22.2 17.6 6.3 6.7 - - ]

LPm? 3.1 2.1 1.1 0.6 0. L - -

TCE 8.3 9.4 6.5 9.8 0.5 L - -

The shortfall probability of one year holding periods is relatively high for all corporate forms. Out of all,
Swiss real estate stocks have the lowest shortfall probability (36.8%) whereas German open-ended real estate
funds have the highest (52.6%). The high shortfall frequency of the open-ended investment funds is a result
in particular of the comparabhlyigh transaction &is which arise with the purchase of the shares. The
corresponding figures for listed companies are due to their high return volatility. As soon as the amount of
loss is also taken into account, noticeable differences resudt, Berman open-ended real estate funds show
substantially lower risk values than listed real estate investment companies. Of all listed companies, the Swiss
funds show the lowest average loss with a ERMue of 3.1%. However, this is still 4.4 times higher than

the risk value of the German open-ended funds. Regarding the TCE-measure, listed companies have an
exposure to risk that is 6 times higher than the exposure of listed funds. If the empirical shortfall probability
and the shortfall average are taken as risk measures, the risk to miss real capital maintenance decreases with
an increasing investment period for all index portfolios. However, the rate and the extent of the risk reduction

) For the equally weighted index portfolios see appendix B.
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noticeably differ among the various company types. For example, for the German open-ended real estate
funds at an investment period of more than two years, no negative real returns can be seen. For Swiss
companies the same is true for investment periods of more than five ydamande, this effect does not

occur until an investment period of ten years. Regarding the development of the empirical TCE-measurement,
no systematic conclusions for listed companies can be drawn.

e Analytical Approach

However, the above empirical approach for quantifying shortfall risks results in the problem that the used
returns are derived from gradually overlapping periods, except the one-year returns. This implicates a high
autocorrelation of the rolling returns. Especially for long investment periods this can cause considerable
distortions. The use of independent periodargntees a much better quality for the esimnatBut the

existing return history ifar too short to obtain a sufficient data basis, especiallpfg-term investment
periods®*

It would be an alternative to specify an appropriate probability theoretical model for the development of prices
and returns with parameters determined from independent observations. Then, the respective risk measures
could be obtained analytically or by stochastic simulation respectively. Following the apprbeitiowiitz/

Krasker (1988) andZimmermann(1993) the standard model of mathematical finance implies that all
inflation-adjusted prices of the index portfolios considered follows a geonBetrignian motion with

constant drift and diffusion. This standard hypothesis implies a normal distribution of the (continuous) returns
so that an analytic study of the shortfall risk measurements is poSsibie following table contains the

relevant shortfall risk measurements adowy to the investment period:

34 seeNavon(1998, p. 67) who commentetiVe mere mortals live only one life. And we havérad sufficient ten-,
twenty- or thirty year periods that are independent of another to derive statistically significant conclusions from
history”

) For the mathematical derivations and the estimators for the relevant parameters see appendix A.
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Table 7:real return and shortfall risk (in % p.a.) of capital weighted portfolid980-1998

length of investment (years 1 2 3 4 5 10 15 19
mean 2.2 5.4 8.7 11.9 151 31.2 47.3 6.2
Erance LPM° 46.6 44.2 42.5 41.1 39.9 354 321 3().0
LPM! 9.4 12.3 14.2 15.6 16.7 199 214 21.9
TCE 20.2 27.8 33.4 38.0 4109 56.3 66.4 7R.9
mean -0.2 4.4 9.0 13.7 18/3 415 64.7 8B.2
Germany LPMP 56.2 2.3 0 0 0 - - -
real estate trusts| LPM?* 0.8 0 0 0 0 - - -
TCE 1.3 0.8 0.7 0.6 0.6 - - -
mean 9.1 19.2 29.3 394 49/5 99.9 1504  190.7
Germany LPM° 343 274 227 19.1 16.3 8.1 4,3 26
real estate LPM! 5.2 5.4 5.1 48 44 26 15 1lo
companies
TCE 15.1 19.6 22.6 24.9 267 324 35.6 3.4
mean 3.4 7.8 12.2 16.6 2111 431 65.2 8p.8
United Kingdom LPM: 39.6 335 29.3 26.1 23.4 14)7 9.7 1.2
LPM 3.6 4.1 4.1 4.1 4.Q 3.1 2.3 1f8
TCE 9.2 12.1 14.1 15.7 17.0 211 23.7 251
mean 5.2 11.3 17.5 236 29,8 60.6 914 116.0
Switzerland LPM° 40.8 36.0 32.6 29.8 275 195 145 11.6
LPm? 6.6 7.7 8.2 8.4 8.4 7.6 6.4 55
TCE 16.0 215 25.3 28.2 30,7 391 44 .4 4f .5

Per constructionem, the expected values are the same as in table 6 for all holding periods. Furthermore, for
short-term investment periods the analytical risk measurements do not significantly differ from their empirical
counterparts. Even, still, the course of both the shortfall probability and the shortfall expectation is a
monotonous decrease in the lapse of time. Nevertheless, the differences for listed real estate investment
companies become larger within an increasing investment period. At the same time, the level of the analytic
LPM° and LPM measures are substantially higher than those of the empirically derived values. For example,
the probability of a negative real return for the British index portfolio is 14.5% for an investment period of

15 years. For the same portfolio table 6 shows a value of zero for an investment period of only 8 years.
Consequently, the inflation protection features of listed real estate investment companies are positively.
Regarding the worst case risk measure TCE, this becomes extremely obvious. Given a shortfall, i.e. the real
capital maintenance missed, the average loss amounts of the listed real estate companies considerably
increased.
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5. Summery and Conclusions

In this study, portfolios of European real estate companies have been analyzed according to their inflation
risk. In accordance with a causal understanding of risk, we followed a regression approach and analyzed it
empirically in various forms. The German open-ended real estate funds showed significant and robust
inflation hedge characteristics against the anticipated inflation rate. For all other companies, no statistically
reliable results were obtained.

On the basis of a final understanding of risk, we analyzed portfolio returns in the context of a shortfall
approach. Therefore the shortfall probability, the shortfall expectation and the tale condition expectation were
both empirically calculated and theoretically derived on the basis of a normal distribution. In all, both the
empirical and the theoretical shortfall analyzes show a substantially lower shortfall risk for a negative real
return on German open-ended real estate funds than listed real estate investment companies. This is especially
true for middle- and long-term investment periods. Looking at the average real returns one can easily see that,
except for France, in accordance with the capital market tiégier inflation risks are compensated by

higher return potentials.
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Appendix A: Analytical Evaluation of Shortfall-Risk Measures
In this appendix we have developed analytical formulas which can be used to calculate the expected value,
the first two lower partial moments and the TCE according to shortfall inflation risk degedifinvestment
periods. For this purpose we assume that the real price process (i.e adjusted for inflation) of an investment
{ Py t> 0} with start valugy, follows a geometri®Vienerprocess with constant driftand constant diffusion
s. In this case the random price of the investrieat timet > 0 is lognormally distributed (sétull 1993,
p.210), i.eP, ~ LN(m, v), with parametersy = In (9o) + (U - $¥/2) t andv; = s/ t. If transaction costs in the
case of buying the investment aff, (a > 0) are taken into consideration, the continuous return of the
investment

R =In(R)-In(po) (A1)

is normally distributed® ~ N (w, o;) with expected returp, = (u - $2/2)t - In(1 +a) and volatilitys, = s/t.
Let z denote the target (benchmark) return, then we obtain for the shortfall-probability it time

PN (R 2)=P(R, < 2) =02 1t =o(m,). (A2)

wheremy =(z — 1)/ o, and © denotes the distribution function of the standard normal distribution. If ¢(x)

is the density function of the standard normal distribution we obtainMitkler/Roodman/Britnefd 972)
for the shortfall-expectation:

LPMY(R,, z)=E[max@ -R,0] (A3)
=(z ) P(My) + o0 (My).

Finally, combining (A1) and (A2) we have for the Tail Conditional Expectation

LMP'(R,, %) (Ad)

TCE(R.2)=El(z - R|R <2)]= LMP°(R, z)

Therefore (seelull 1993, p. 215).
— l T
U=x== A5
T2 %, (A5)
is a distribution free and unbiased sample estimator for the drdtyeter and

S B R
§=s = /T—_l;(xt X) (A6)

for the diffusion @rameter.
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The estimations of thegpameters for the corresponding real rates of return are given in the following table
(in% p.a.):

capital weighted portfolio capital weighted portfolio
G S G S

France 3.22 26.35 2.58 24.26
Germany 4.64 1.56 3.63 1.48
real estate trusts
Germany . 10.09 2255 9.44 16.79
real estate companies
Switzerland 441 12.98 5.33 12.97
United Kingdom 6.16 22.3 6.35 25.23
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Appendix B1: equally weighted portfolios - empirical approach

length of investment (years) L 2 3 4 5 10 15 19
mean 1.6 2.6 5.2 7.9 10.2 14,6 32.7 479
Erance LPM® | 52.6| 44.4 471 438 46] 30,0 - -
LPM? 8.9 12.0 102 7.6 9.7 11.2 - -
TCE 17.0 27.0 21.8 17.3 20.8 37,2 - -
mean -1.2 2.5 6.4 10.4 14,3 32.9 52.7 6.2
Germany LPM® | 895 111 @ - - -
real estate trusts LPM* 1.3 0.2 - - -
TCE 15 2.0 - - -
mean 8.4 18.2 28.5 40,1 51,8 125.9 157.3 178.3
Germany LPM° | 47.4| 278/ 1768 - - - -
real estate companies LPM* 1.7 1.5 1.1 - -
TCE 3.6 54 6.4 - - - -
mean 4.3 10.5 16.5 222 27.5 534 84.3 10p.3
Switzerland LPM® | 36.8| 167 11.8 6.3 - - -
LPM? 29 19/ 09 01 - - -
TCE 7.8 11.2 8.0 1.2 - - -
mean 54 12.0 19.1 26.4 33,2 57.3 101.6 1109.7
United Kingdom LPM: 47.4| 333 176 125 133 - - -
LPM 7.3 9.2 7.6 6.1 4.5 - -
TCE 154 27.6 42.8 49.1 34,0 - - -
Appendix B2: equally weighted portfolios - analytical approach
length of investment (years) 1 2 3 4 5 10 15 19
mean 1.6 4.2 6.7 9.3 11.9 24,8 37.6 479
France LPM° 47.4 45.2 43.6 42.4 418 37.3 34.4 33.5
LPMm! 8.9 11.7 13.6 15.1 16.2 198 216 24.5
TCE 18.8 25.9 31.2 356 39,2 53 62.8 69.1
mean -1.2 24 6.0 9.7 13.3 315 49.6 64.2
Germany LPM° 80.0, 127 0.9 0.1 0.0 0.0 - -
real estate trusts LPM? 14| 0.1 0.0 0.0 0.( 0.0 -
TCE 1.8 1.0 0.9 0.8 0.7 0.5 - -
mean 8.4 17.9 27.3 36.8 462 934 140.6 178.3
Germany LPM° 30.8 22.6 17.4 13.7 10.9 39 15 q.7
real estate companies LPMm! 3.3 3.1 2.7 2.3 2.Q 0.8 0.4 olp
TCE 10.8 13.7 15.6 17.0 18,1 214 23.1 24.1
mean 4.3 9.7 15.0 20.3 25(7 52.3 79.0 10p0.3
Switzerland LPM° 36.9 29.9 25.2 21.7 18.8 101 5.8 3.8
LPm? 3.3 35 34 3.2 3.Q 2.0 1.2 0]/¢)
TCE 8.9 11.6 134 14.8 15.9 19/5 215 2.7
mean 54 11.7 18.1 244 30.8 62.5 94.3 11p.7
United Kingdom LPM: 41.6 37.1 34.0 31.4 29.8 2117 16.7 13.8
LPM 7.6 9.1 9.9 10.2 10.4 9.0 8,7 e
TCE 18.3 24.6 29.1 32.6 355 45.6 52.0 55.9
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