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Abstract 
 
The weight of real estate in a multi-asset portfolio is a highly discussed matter and 
the main purpose for every investor is to reach an optimal diversification. The aim 
of the thesis is to apply a new allocation model, which considers market 
imperfections characterized by real estate. The most known and used method today 
is the mean-variance approach, founded in the modern portfolio theory. Modern 
portfolio theory is based on several assumptions, where one of these is the 
assumption of an efficient market. However, real estate is not considered the be a 
part of the efficient market due to several market imperfections, such as illiquidity, 
transaction cost etc. Market imperfection generate risk, which naturally should 
decrease the optimal weight of real estate in the portfolio. 
 
In order to assess optimal real estate allocation in a multi-asset portfolio when 
accounting for market imperfections an extended approach of the mean-variance 
model is applied. The extended model accounts for risk-aversion, transaction cost 
and time-on-market. The model is divided in two approaches, the benchmark- and 
normative approach, based on two different papers. The model is tested on the 
Swedish market with current market conditions in order to assess the models 
applicability. The result from the benchmark approach suggested an optimal real 
estate allocation of 0,72 –  5,84 %. The normative approach has been dismissed as 
inconclusive and unreliable due to abnormal weight of real estate. However, the 
value of risk-aversion is identified as the strongest determinant in both the models.  
 
The allocation from the benchmark approach is, as expected, lower than results of 
the standard mean-variance approach. The extended model is a useful and valid tool 
in the consideration of market imperfections characterized by real estate. 
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Sammanfattning 
 
Vikten av fastigheter i en portfölj med fler tillgångsslag är en omdiskuterad fråga där 
det huvudsakliga målet för en investerare är att uppnå en optimal diversifiering. 
Målet med uppsatsen är att testa en ny allokerings modell som tar hänsyn till 
fastigheters speciella attribut, marknadsimperfektioner. Den vanligast 
förekommande metoden för att beräkna allokeringen mot fastigheter härstammar 
från modern portfolio teori (MPT). MPT baserar på ett antal antaganden, varav ett 
är en effektiv marknad. Problematiken ligger i att fastigheter inte kvalificerar sig 
inom ramen för den effektiva marknaden då de delvis räknas som en illikvid tillgång, 
förenade med höga transaktionskostnader. Marknadsimperfektioner resulterar i 
risk vilket logiskt leder till en lägre vikt av fastigheter i portföljen. 
 
För att utvärdera den optimala allokeringen mot fastigheter i en portfölj med flera 
tillgångar används en modifierad version av den klassiska medelvariationsmodellen 
som tar hänsyn till vissa av marknadsimperfektioner. Den modifierade versionen tar 
hänsyn till risk aversion, transaktionskostnad och försäljningstid. Modellen är 
uppdelad i två tillvägagångsätt, den ena benämnd som benchmark- och den andra 
som normativa metoden, baserat på varsin vetenskaplig artikel. Modellen testas på 
den svenska marknaden under nuvarande marknadsförutsättningar för att bedöma 
dess tillämplighet. Resultatet från benchmarkmetoden visar på en optimal 
fastighetsallokering om 0,72 – 5,84 %. Resultaten för den normativa modellen är 
förkastade som ofullständiga och opålitliga. I vilket fall identifieras riskaversionen 
som den mest avgörande faktorn i båda modellerna. 
 
Benchmarkmetoden ger en lägre optimal allokering gentemot fastigheter, än den 
som räknas fram med den klassiska mean-variance metoden. Den utvidgade 
modellen anses vara en användbar och giltig metod som tar hänsyn till de 
marknadsimperfektioner som fastigheter karaktäriseras av. 



 

 

Förord 
 
Presenterad masteruppsats utgör den avslutande delen av marsterprogrammet i 
Fastigheter och Byggande på Kungliga Tekniska Högskolan.  
 
Allokeringen av fastigheter i portföljer med flera tillgångsslag är en aktuell fråga där 
institutionella investerar i sökandet efter alternativ avkastning stärkt sitt direkta 
ägande av fastigheter. Dock så skiljer sig den teoretiska och praktiska allokeringen 
av fastigheter. Något som till stor del förklaras genom fastigheters attribut och de 
marknadsimperfektioner det medför. Vi hoppas på att bidra till vetenskapen genom 
att applicera en ny modell som tar hänsyn till vissa av marknadsimperfektioner. Vi 
kommer att applicera modellen på den svenska marknaden och dessutom kommer 
vi att genomföra en känslighetsanalys av modellen för att se hur förändringen av en 
friktion påverkar den teoretiska allokeringen.  
 
Vi vill även passa på att tacka vår handledare Mats Wilhelmsson för vägledningen av 
uppsatsen. Dessutom vill vi tacka Fredrik Armerin som tog sig tid lösa och förklara 
matematiska problem som uppstod under arbetets gång.   
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1. Introduction 

1.1. Background 
Diversification is a commonly used method within risk management, which enables 
investors to reduce the overall risk of their portfolio without decreasing their 
expected return. By simplifying the concept of risk, one could say that there are 
mainly two types of risks; diversifiable (firm-specific) risk and undiversifiable 
(market-specific) risk (Berk & DeMarzo, 2014; Bodie, Kane & Marcus, 2011). When 
investors combine different types of assets creating large portfolios firm-specific risk 
becomes more negligible. This is possible due to that firm-specific risk refers to risk, 
which is associated only with attributes/events of a certain company. The smaller 
the correlation is between the companies within the portfolio the easier will it be to 
create a diversified portfolio. In theory, an investor would be able to create a perfectly 
efficient portfolio, which has eliminated all firm-specific risk and thus only contains 
the undiversifiable market risk (Berk & DeMarzo, 2014; Bodie, Kane & Marcus, 
2011).  
 
The creation of such an optimal portfolio has been thoroughly discussed within the 
academic world and especially by Harry Markowitz, the creator of the Markowitz 
portfolio selection model. Markowitz model is a theoretical concept, which considers 
all individual risky assets available on a market. Depending on an investors target 
expected return, an investor can combine different weights of the assets in a portfolio 
to create an optimal portfolio with the highest risk-return allocation, which is known 
as the minimum-variance portfolio. For any given expected return, there can only be 
one matching minimum-variance portfolio and together these different 
combinations of portfolios create a frontier known as the efficient frontier of risky 
assets (Bodie, Kane & Marcus, 2011). 

1.2. Problem Specification 
Achieving the optimal allocation of a portfolio is of great importance for any investor 
and particularly for the institutional investors. All things being equal, an investor 
could by rearranging their portfolio, create a more efficient one. This could either 
yield in a portfolio with consistent risk and higher profits or consistent profits and 
lower risk-exposure. Results from different academic studies have shown investors 
aren’t perfectly diversified. These studies have concluded that by changing the 
exposure towards various assets, as well as investing in new alternative ones, 
investors could decrease the risk exposure of their overall portfolio. Studies have also 
shown that institutional investors have started to change their exposure towards 
more alternative assets. During the period 1990 - 2010 institutional investors’ 
exposure towards real estate, private equity, hedge funds and commodities has 
increased from 9 – 16 % (Moss & Farrelly, 2015). According to academia, the 
exposure of 9 – 16 % towards these various assets aren’t enough. Focusing on the 
thesis main subject, real estate, studies have shown that the optimal exposure 
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towards real estate assets should be in the range between 15 – 25 % and some 
extreme studies also suggests allocations up to 40 % (Hoesli, Lekander & Witkiewicz, 
2004; Cheng, Lin & Liu, 2013). 
 
The calculations which has yielded in these suggested theoretical allocations 
between 15 – 40 % for investors could however be questioned. Firstly, dissecting the 
extreme suggested allocation of 40 %, one could ask whether it would be possible to 
diversify all systematic risk when the portfolio contains 40 % of the same asset class. 
Despite that the risk which can be diversified is firm-specific, one could expect that 
the correlation is much higher between assets within the same asset class, than it is 
between assets within different asset-classes. Having too high exposure towards a 
single asset class would therefore, most likely, decrease the chance of obtaining a 
perfectly diversified portfolio. 
 
Secondly, the studies, which has suggested the theoretical allocations of 15 – 40 %, 
has applied the classical assumptions of the modern portfolio theory (MPT) to 
estimate an efficient frontier. The classical model of MPT is based in certain 
assumptions, which assumes that the assets are available on a public market where 
assets are frequently traded. Apart from frequently traded assets such as stocks and 
bonds, real estate is assumed to be an illiquid asset. Since real estate is an illiquid 
asset it will mean that it will violate several of the classical assumptions of MPT. 
According to MPT, an asset used to conduct an efficient frontier needs to be 
independent and identically distributed (i.i.d.). An asset’s expected return could be 
calculated as the average historical return, assuming that the asset is i.i.d. However, 
if we cannot estimate the expected return of the asset, due to it not being i.i.d., we 
cannot use the classical method of calculating the efficient frontier (Cheng, Lin & 
Liu, 2010a). Therefore, earlier studies that haven’t taken this assumption into 
account when calculating optimal portfolio weight of real estate is therefore partly 
faulty. 
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Creating an efficient frontier with a portfolio that contains an illiquid asset such as 
real estate is, due to the reasons above, complicated. According to Cheng, Lin & Liu 
(2013) various researchers have also tried to solve this problem by tweaking the way 
that the theory is applied to the illiquid assets without reaching any optimal solution. 
To solve the problems between MPT and illiquid assets, the authors have therefore 
extended the classical assumptions of MPT in order to better interpret the 
characteristics of real estate. Their extended version of MPT, enables the model to 
assess three common attributes of a real estate asset, which cannot be made by the 
original model (Cheng, Lin & Liu, 2013); 
 

1. Real estate returns are not independently and identically distributed over 
time. 

2. Real estate bears liquidity risk. 
3. Real estate involves high transactions costs.  

 
The aim of the thesis is to apply a new allocation model, which considers market 
imperfections characterized by real estate. The thesis will analyze the applicability of 
Cheng, Lin & Liu’s re-developed/updated version of the classical mean-variance 
model. The model will be tested on the Swedish market, in order to assess its 
applicability. The results obtained by using the extended model will be compared to 
other studies made on the Swedish market. Furthermore, the model is more complex 
in the sense that it contains more input-variables than the classical mean-variance 
framework. Due to this reason, the input variables that affects the three assumptions 
presented above, will be varied in a sensitivity analysis in order to see how these 
affect the optimal real estate allocation.  

1.3. Hypothesis and Research Question 
To effectively evaluate the extended framework of MPT, the following hypothesis and 
research question will be used: 
 
Hypothesis:  

• Optimal allocation of real estate falls when the extended framework of MPT 
is applied, in comparison to the classical framework. 

 
Research questions: 

• Is the extended MPT a valid approach when assessing the allocation towards 
real estate? 

• What problems are associated with using the extended model? 
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2. Literature Review 

The allocation of real estate in a portfolio has been a discussed matter for a long 
time. Various studies have been done within the field and a selection of them will 
work as a foundation when assessing the research question. In section 2.1. models 
for allocation of real estate are advised. In section 2.2. a review of the 
characteristics of real estate as an asset class is declared for. Section 2.3. examines 
the relation to institutional investors and real estate in a multi-asset portfolio is 
advised. Lastly, section 2.4. presents a short summary. 

2.1. Models of Optimal Allocation and Appraisal Smoothing 
The application of MPT in relation to real estate as an asset is tested in a paper by 
Hoesli, Lekander and Witkiewicz (2004). The authors determine the optimal 
allocation towards real estate within the context of a multi-asset portfolio. The 
analysis of the result suggests an optimal weight of 5% to 20%, which will lead to a 
risk reduction of 5 – 20% for the multi-asset portfolio. It is concluded that real estate 
potentially has a significant risk reduction, which mainly is explained by the low 
correlation of real estate and bonds (Hoesli, Lekander & Witkiewicz, 2004).  
 
An additional paper by Lekander (2015) gave further strength to the presented 
research from 2004. The addition in this study is mainly the time horizon, which is 
expanded to cover the financial crisis and the selection of six types of properties 
instead of four in previous studies. Once again, the result shows the beneficial of 
including real estate in a multi-asset portfolio. However, the optimal weight is 
slightly lower than concluded in previous studies, which may be explained by the 
extraordinary climate during the financial crisis (Lekander, 2015). 
 
Campbell and Viceira (2005) published an article with an alternative approach to 
determine optimal allocation of assets. The model they use is based on a vector 
autoregressive (VAR) framework. The VAR-model derives from regression theory 
and typically threats all variables as prior endogenous. VAR-models are typically 
used in forecasts and economic analysis. The main advantage of the model is the 
ability to differentiate between short-term and long-term investments, which are not 
possible in traditional mean variance models. Luetkepohl (2011). MacKinnon and 
Zaman (2009) also applied this method on the allocation of real estate in a multi-
asset portfolio. The study assessed the optimal allocation to real estate when 
including the variable investment horizon. The result indicated that correlation 
between real estate-equity and real estate-bond decreases at a longer time-horizon. 
In other words, the diversify effect is greater over an extended time-period. In the 
end, the study showed that real estate allocation should be larger for investors with 
a longer time-horizon.  
 
Since indices of real estate are based on valuations, the term “appraisal smoothing” 
is a general concern. Geltner (1993) assessed this phenomenon, which is that 
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appraisers value properties too low in a good market and too high in a bad market; 
the effect will be a less mean variance in theory than the actual outcome. Geltner 
unsmoothed these indices, which will make the mean-variance of the indices more 
realistic. However, Rehring and Sebastian (2011) through a robustness test proved 
that unsmoothed appraisal-based return has a large effect on the short-term but not 
the long-term volatility of direct real estate returns. Therefore, a model, such as VAR, 
with application on medium and long-term investments does not need to account for 
the effects of smoothing.	

2.2. Characteristics of Real Estate 
The issues of integrating an illiquid asset, such as real estate, in a portfolio is 
investigated by Anglin and Gao (2011). Since illiquid assets does not hold the same 
benefits as liquid assets, it will change the risk profile of the specific asset, which 
means that the time horizon is important. An investor with a short-term investment 
horizon will rationally have a smaller amount of illiquid asset in the portfolio 
compared to an investor with a long-term investment horizon (Anglin and Gao 2011). 
 
Support is also given from Rehring (2012) when studying the role of investment 
horizon for real estate in a multi-asset portfolio. Rehring argue that traditional 
mean-variance analysis ignores the fundamentals of real estate by applying a model 
which is justifiable if the assets are traded in a frictionless market, investors has 
power utility and asset return are i.i.d. over time. Further on the author and that 
return predictability, transaction cost and marketing period risk and may be 
misleading in the allocation process. The conclusion drawn from the study is that 
mentioned characteristics are of less importance in a long-term investment horizon, 
hence the optimal weight of real estate in a multi-asset portfolio increase with the 
time horizon.  
 
Several studies have investigated the issue of transaction cost and reached similar 
results. The “round-trip” transaction cost is estimated to be about 7 – 8 % of the asset 
value (Colletti, Lizieri and Ward 2003; Jud, Wingler, Winkler 2006). The substantial 
transaction cost strongly effects the internal rate of return short-term. In order to 
narrow the spread in internal rate of return and official rate of return, an investor 
need to extend the holding period (Colletti, Lizieri and Ward 2003).  
 
In addition, Ang (2014) identify characteristics, which will affect the allocation 
puzzle. Ang argue that real estate is different from other asset classes in four ways; 
high degree of unsystematic risk, the heterogeneity across real estate, high degree of 
leverage and the management requirements. Mentioned characteristics will 
naturally decrease the suggested allocation towards real estate.   
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2.3. Institutional Investors’ Allocation Towards Real Estate  
Traditionally institutional investors invested stocks and bond in order to reach 
required return1. However, the allocation of alternative assets in portfolios have 
increased from 7% in 1989 to 19% in 2005 (Brown, Garlappi, and Tiu, 2010). Support 
is given in a detailed assessment of pension funds allocation towards real estate, 
private equity, hedge funds, infrastructure and commodities. The result indicates an 
allocation increase of mentioned assets from 9 % in 1990 to 16% in 2010 (Andonov, 
Bauer, and Cremers, 2012) Real estate has been identified as the third-largest asset 
class for institutional investors, which makes real estate the most important 
alternative asset class in institutional portfolios (Andonov, Eichholtz and Kok, 2013).  
 
Previous studies, such as Firstenberg, Ross, and Zisler (1988), Fogler (1984), and 
Ennis and Burk (1991) implies that institutional investors invest in real estate to a 
very limited degree. The actual allocation of real estate in institutional portfolios, 
where approximately 3 % in USA and in the UK, 4 % in Sweden and 15 % in 
Switzerland. As compared to previous mentioned results, Switzerland is therefore 
the only country with an allocation within the suggested interval (Hoesli, Lekander 
& Witkiewicz, 2003). A discrepancy mainly explained by management costs, the 
illiquidity of the asset class and high transaction cost. Hoesli, Lekander and 
Witkiewicz (2003). In 2015, Lekander, investigated the allocation issue once again 
but with the new market conditions and with the extension of six property types 
instead of previously used four property types. The results were in line with previous 
studies and the suggested allocation where found to be in the range of 5 – 20 % 
(Lekander, 2015). 
 
Lekander (2017) made a similar investigation but through a qualitative approach 
where institutional managers were interviewed. The aim of the paper was to 
investigate how institutional investors reasoned concerning real estate from an 
allocation perspective and a portfolio implementation perspective. Firstly, the study 
confirmed that the actual weigh of real estate in portfolios is significant lower than 
the theoretical suggested weight. The findings showed a gradual increase of real 
estate in institutional portfolios, an insight which is explained by the increase in 
relative attractiveness and the increased ability to overcome frictions. From an 
allocation perspective, real estate is expected to contribute with diversification, long-
term inflation hedging and a matching of long-term liabilities. The general 
conclusion from an implementation perspective is that frictional cost creates a risk, 
which is managed trough lower allocation of real estate in the institutional portfolios. 
The institution managers refer to frictional cost as segmentation, intermediation and 
illiquidity, which are specific for real estate assets. 

                                                   
1 The term institutional investor is widely used and the interpretation may differ dependent on the respondent. However, 
consensus is established in the mission as agents or representatives for the assets final owner. Institutional investors act as 
an intermediator usually on behalf a trust, state, government, equity fund or Pension Company. As a unit the institutional 
investors has reached a dominant position on the global capital market. Sweden is no exception and the institutional 
ownership on Stockholm Stock Exchange was 70% in 2013 (Nachemson-Ekwall, 2014).  
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2.4. Conclusions from Literature Review 
In previous literature models of allocation has mainly been analyzed from a mean 
variance framework. However, the application of a mean-variance model requires 
certain assumptions, such as an efficient market and a short investment horizon, 
which is not in line with the characteristics of real estate. The other model presented 
in the literature review is a VAR-model which account for the time horizon 
perspective however does not challenge other characteristic of real estate. 
Institutional investor’s practical allocation of real estate has proven to be significant 
lower than the theoretical allocation when using mean variance and VAR models. 
Frictions and market imperfections of real estate is believed to be the reason for this 
spread in theoretical and practical allocation of real estate in a multi-asset portfolio. 
The impact of each friction is difficult to assess, however essential in order to explain 
the theoretical and practical allocation gap.  
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3. Theory 

In order to understand the model and its dimensions it is necessary to present 
concepts and general theory. In this section, basic theory is mixed with specific 
knowledge, which both is fundamental when addressing the result and analysis. 
Section 3.1. – 3.4. presents the foundation of the modern portfolio theory and the 
concept of efficient frontier. Section 3.5. – 3.7. examines property specific 
characteristics in relation to modern portfolio theory. 

3.1. Modern Portfolio Theory 
Within the world of finance, one of the most notable published articles is Harry 
Markowitz (1952) article Portfolio selection. Markowitz article has established the 
foundation for modern portfolio management, where concepts of risk return trade-
off, portfolio selection and investment optimization where introduced. The 
framework of MPT describes how an investor should create an optimal portfolio by 
either maximizing the assets expected return for a given variance, or minimizing the 
expected variance for a given return (Kim & Francis, 2013; Beyhagi & Hawley, 2013). 
 
Markowitz framework for MPT is based on four behavioral assumptions regarding 
investors (Kim & Francis, 2013): 

1. All investors plan for the same identical (single) holding period. 
2. Investors’ risk estimates are proportional to the variability of the returns 

(measured as standard deviation or variance). 
3. Investors base their investment decisions on the expected return and risk 

statistics. In other words, an investors utility function (U(r)) is solely based 
on two variables; the standard deviation (𝜎) and the expected return [E(r)], 
or 𝑈 𝑟 = 𝑓[𝜎, 𝐸 𝑟 ]. 

4. Investors are mean-variance optimizers, in other words, for any given level of 
risk investors prefer the asset/portfolio, which yields in the highest expected 
return. Algebraically this could be stated as: 𝜕𝑈 𝑟 𝜕𝐸 𝑟 > 0. 

 
Markowitz assumptions therefore concludes that the most desirable investment is 
characterized as either having the minimum expected risk for any given expected 
rate of return, or the maximum expected return for any given level of risk (Kim & 
Francis, 2013). Furthermore, MPT is a single-period model assuming that a portfolio 
is only held for one period. An investor will therefore choose the portfolio that 
maximizes the investors profit over that single-period horizon (Cheng et al., 2011). 
 
Since the publication of Markowitz article, various academics have extended created 
other models based on MPT. One of the most important model that has developed 
and extended MPT is the efficient market hypothesis (EMH). The efficient market 
hypothesis states that since the market is efficient, security prices fully reflect all 
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available and relevant information of the market2. According to EMH asset prices 
follow a random walk model. The concept of a random walk states, that if all relevant 
available information is incorporated in the asset price, future price changes will be 
completely random. To complicate the problem even more, a random walk would 
mean that future prices cannot be predicted (Beyhagi & Hawley, 2013).  
 
According to Fama (1970) assets prices’ single period return, which follow a random 
walk model, are considered i.i.d. Even though future prices cannot be predicted, past 
information can be of value in assessing the distribution of the future returns, since 
prices are stationary through time (Fama, 1970). A variable that is stationary through 
time will be characterized as having a constant mean and variance over time 
(Studenmund, 2014). The historic returns are thus interesting since an investor will 
be able to predict the most probable outcome, i.e. the average historical return. Fama 
(1970) does also point out an important notion about the random walk model: “The 
random walk model does say, however, that the sequence (or the order) of the past 
returns is of no consequence in assessing distributions of future returns” (Fama, 
387, 1970).  

3.2. Diversification 
Creating an efficient frontier relies on the possibility of diversification. 
Diversification is the process where assets are combined to decrease the overall risk 
of the portfolio, while holding the expected return constant. Diversification can also 
be used in order to maximize the expected return and keeping the risk of the portfolio 
constant. If an investor would be able to perfectly diversify his/her portfolio, the only 
risk that would remain would be the market risk. Market risk or systematic risk is 
non-diversifiable risk. The risk that the investor is able to diversify is known as firm-
specific (unique) risk. A general assumption of the concept of diversification, is as 
stated by Bodie, Kane & Marcus (2011): … portfolios of less than perfectly correlated 
assets always offer better risk-return opportunities than the individual component 
securities on their own. The lower the correlation between the asset, the greater the 
gain in efficiency (Bodie, Kane & Marcus, 229; 2011). 

3.3. Minimum-Variance Portfolio 
In order to create a minimum-variance portfolio, the concept of diversification has 
to be examined. Before dissecting a multi-asset portfolio, a brief introduction to the 
subject will be made by considering a portfolio containing only two assets. Creating 
a portfolio with only two assets, simplifies the concepts of expected portfolio return, 
portfolio variance and covariance etc. 
  

                                                   
2 EMH is normally divided into three versions; weak-form, semi-strong-form and strong-form. In summary, the different 
versions of EMH assumes that different levels of available information mirror the asset prices. The weak-form assumes that 
asset prices reflect history of past prices, trading volumes or short interest. The semi-strong-form assumes that asset prices 
reflect all publicly available information. The strong-form assumes that asset prices reflect all publicly available information 
including information only available to company insiders (Bodie, Kane & Marcus, 2011). 
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The expected return of a portfolio containing two assets can be described as: 
 
𝐸 𝑟1 = 𝑤2𝐸(𝑟2) + 𝑤6𝐸(𝑟6) 
 
where 𝐸 𝑟1  is the expected portfolio return, 𝐸 𝑟7  is the expected return of asset A, 
𝐸(𝑟6) is the expected return of asset B, 𝑤2 is the proportion which the investor has 
invested in asset A and 𝑤6 is the proportion invested in asset B efficiency (Bodie, 
Kane & Marcus, 2011). 
 
The variance of the portfolio can be calculated as: 
 
𝜎18 = 𝑤28𝜎28 + 𝑤68𝜎68 + 2𝑤2𝑤6𝜎2𝜎6𝜌26 
 
where 𝜎18 is the portfolio variance, 𝜎28 is the variance of asset A, 𝜎68 is the variance of 
asset B and 𝜌26 is the correlation-coefficient between asset A and B (Bodie, Kane & 
Marcus, 2011). 
 
The correlation coefficient can, in turn, be calculated as: 
 

𝜌26 =
(𝐶𝑜𝑣 𝐴, 𝐵 )

𝜎2𝜎6
 

 
where 𝐶𝑜𝑣(𝐴, 𝐵), is the covariance between asset A and B calculated as (Berk & 
DeMarzo, 2014): 
 

𝐶𝑜𝑣 𝐴, 𝐵 =
1

𝑇 − 1 𝑟2,C − 𝑟2 𝑟6,C − 𝑟6
C

 

 
where T is the total number of periods (degrees of freedom), 𝑟2,C is the return of asset 
A in period t and 𝑟2 is the average return of asset A (Berk & DeMarzo, 2014). 
 
Consider an example where there are two 
stocks, A and B shown in table 1. Stock A has 
an expected return of 8 %, standard 
deviation of 12 % and stock B an expected 
return of 13 % and standard deviation 20 %. 
Measured as “Sharpe ratio” we can see that 
Stock A has a higher expected return in 
relation to its risk (0,67 compared to 0,65)3. Not considering diversification, a risk 
averse investor trying to minimize the risk of its portfolio an investor would be better 

                                                   
3 Sharpe ratio/reward-to-volatility is measured as: 𝑆2 =

E FG HFI
JG

, where 𝑟K is the return of a risk free asset. Sharpe ratio thus 
considers how excess return an investor gets in relation to the risk (Berk & DeMarzo, 2014). In our case, we have simplified 
the Sharp ratio, meaning that we consider the expected return in relation to the risk, i.e. we do not use the risk free rate in 
our calculation. 

Stock A Stock B
E(r) 8% 13%
σ 12% 20%
Cov(A,B) 72 72
ρ 0,3 0,3
E(r)/σ 0,67 0,65

Table 1: Relationships between stock A & B
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off by only investing in stock A4. However, if the 
same investor combines these to assets, creating a 
portfolio he/she could increase their expected 
“Sharpe ratio” by using diversification. If an 
investor chooses to invest in allocation 1 
presented in table 2, he/she would get a portfolio 
with an expected return of 10 % and standard 
deviation of 12,26. The return-to-volatility of this 
portfolio would be 0,82, which is better than only 
investing in Stock A or B. The same effect is 
obtained for allocation 2, where the return-to-volatility is lower than allocation 1, but 
still higher than for the single assets (Bodie, Kane & Marcus, 2011).  
 
The example above does however not include the minimum-variance portfolio of 
these two assets. The minimum-variance portfolio can be obtained, by as an 
example, using the solver-function of excel. Using our data from table 1, the 
minimum-variance portfolio of Stock A and B is obtained when we calculate which 
combinations of the two variables which yields in the lowest portfolio standard 
deviation. The minimum-variance portfolio is achieved when an investor invests  
82 % in stock A and 18 % in stock B. The expected return of this portfolio is 8,9 %, it 
has a standard deviation of 11,45 % and a return-to-volatility of 0,78. Assessing the 
results of this example, the benefits of diversification becomes obvious. By 
combining different combinations of the two assets, an investor could create 
portfolios, which either has, a higher expected return than the stocks or a portfolio 
with lower standard deviation than the stocks (Bodie, Kane & Marcus, 2011).  
 
However, as the assets within a portfolio starts to increase, it becomes more complex 
to calculate the expected return and variance of the portfolio. As an example, a 
portfolio manager whom has a portfolio of 50 securities, has to consider 1 225 
different estimates of the covariance. Mathematically, the expected return and 
variances of a multi-asset portfolio are calculated as (Bodie, Kane & Marcus, 2011): 
 

𝐸 𝑟1 = 𝑤L𝐸(𝑟L)
M

LNO

 

 

𝜎18 = 𝑤L

M

PNO

𝑤P𝐶𝑜𝑣(𝑟L, 𝑟P)
M

LNO

 

  

                                                   
4 The concept that investors rather have a safe income than a risky income of the same amount. In general, everyone is 
risk-averse however the preferences may differ. A highly risk-averse investor will require a higher risk-premium whenever 
exposed to risk compared to what a less risk averse (more risk neutral investor would for the same investment. To conclude, 
risk is managed through premiums.  

1 2
E(rp) 10% 11%
σP 12,26% 14,20%
wA 60% 40%
wB 40% 60%

E(rp)/σ P 0,82 0,77

Allocation

Table 2: Portfolio return, sharpe ratio 
& portfolio weights
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3.4. Markowitz Portfolio Selection Model and the Efficient Frontier  
As seen from the previous section, investing in both stock A and B is more beneficial 
than investing in one of the assets alone. Considering a world where an investor 
instead could choose between “all” risky assets, an investor would be able to create a 
large amount of different portfolios. The expected return of the portfolio would vary 
depending on the allocation of assets within the portfolio. Furthermore, the portfolio 
return would vary between the asset with the highest return and lowest return, while 
the volatility would vary between the asset with the lowest variance and the asset 
with the highest variance. Given these limitations, theoretically, there should be one 
allocation that is more superior than the others having the lowest variance for 
specific return (i.e. the minimum-variance portfolio). Combining all different 
minimum-variance portfolios for every possible expected return results in a 
minimum-variance frontier. Quoted from Bodie, Kane & Marcus (2011): This 
frontier is a graph with the lowest possible variance that can be attained for a given 
portfolio expected return (Bodie, Kane & Marcus, 239; 2011). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By analyzing figure 1, it becomes obvious that not all allocations on the minimum-
variance frontier is pareto efficient. In order to be a pareto efficient allocation, a 
portfolio has to either be the global minimum variance portfolio (GMVP) or be 
situated above the global minimum variance portfolio. Thus, for all portfolios below 
GMVP there is an allocation that can yield in a higher expected return, given that 
specific variance (Bodie, Kane & Marcus, 2011). 

Figure 1: Illustration of an efficient frontier where the vertical axis is expected return 
and the horizontal axis is standard deviation. 
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3.5. Real Estate as an Asset Class in an Efficient Portfolio 
Real estate is one of the major asset classes in the world and the European property 
market was valued to 626,2 billion GBP in December 2016 (MSCI, 2016). Many 
articles have also concluded that institutional investors could benefit from including 
a higher degree of real estate in their portfolios. Studies have shown that an 
institutional investor should include approximately 15 – 25 % real estate in their 
multi-asset portfolios (Hoesli, Lekander & Witkiewicz, 2004). However, apart from 
other financial assets that are traded frequently, real estate as an asset class will 
cause problems with the assumptions of MPT. In order to estimate the optimal 
portfolio weights of a multi-asset portfolio, these assumptions of MPT have to be 
followed. Real estate as an asset class is not considered efficient due to market 
imperfections also known as frictions. (Cheng et al., 2011; Rehring 2012). 

3.6. Characteristics of Real Estate  
Creating an optimal multi-asset portfolio within the framework of MPT implies that 
previously presented assumptions have to be followed. Apart from frequently traded 
assets, including real estate will violate several of attributes within the MPT 
framework. The attributes presented below are both characteristics of real estate and 
violations/issues of the MPT framework. (Worzala and Bajtelsmit 1997; Anglin	and	
Gao	2011;	Ang	2012;	Lekander	2017): 
 

• Independent and identically distributed 
• Real estate illiquidity  
• Time-on-market 
• Transaction cost  

3.7. The Importance of Assets Being i.i.d. when Using Markowitz Portfolio 
Selection Model 
The following section will give a brief summary of the problem associated with 
violating the assumption of an asset being i.i.d.  
 
As previously mentioned, Markowitz portfolio selection model is a single-period 
model, created to analyze single-period returns. However, managing a multi-asset 
portfolio is a multi-period “job” and is therefore a continuous process. At first glance, 
one may therefore think that using Markowitz portfolio selection model is useless. 
The multi-period problem could although be neglected as long as an asset is i.i.d.  
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Markowitz portfolio selection model considered that investors are risk averse and 
that they will try to minimize the risk for a given level of expected return. If the 
investor could choose between N number of asset classes, had an investment horizon 
equal to T periods, at a given periodic return U, had the objective to decide the 
optimal weight wi on asset i (where i=1,2,…,N). Mathematically this could be stated 
as (Cheng et al., 2011): 
 

min
TU,TV,…TX, TYNOX

YZU
𝑉𝑎𝑟 𝑤L𝑅L,]

^

LNO

 

 

𝑆𝑡. 𝐸 𝑤L𝑅L,]

^

LNO

= 𝑇𝑈 

 
where 𝑅L,] is the total return on the individual asset i over T periods, 𝐸 𝑤L𝑅L,]^

LNO  
is the expected total holding-period return of the portfolio. 
 
If the assumption of i.i.d. is partly relaxed, in the sense that an asset within the 
portfolio is independent but not identically distributed over time. The mean and 
variance of the asset (𝑟L,C) will then be non-stationary, i.e.  
𝐸 𝑟L,C = 𝑢L 𝑡 	𝑎𝑛𝑑	𝑉𝑎𝑟 𝑟L,C = 𝜎L8 𝑡 	 𝑡 = 1,2, … , 𝑇 . However, under the assumption 
of i.i.d. 𝑢L 𝑡 = 𝑢L	𝑎𝑛𝑑	𝜎L8 𝑡 = 𝜎L8 for all values of t. The advantage of being i.i.d. is 
that we can substitute T from the equations above leading to the following single-
period optimization (Cheng et al., 2011):  
 

min
TU,TV,…TX, TYNOX

YZU
𝑉𝑎𝑟 𝑤L𝑟L

^

LNO

 

 

𝑆𝑡. 𝐸 𝑤L𝑟L

^

LNO

= 𝑈 

 
Under the assumption that an asset is i.i.d., the holding period (T) is irrelevant, 
regarding the choice of the optimal portfolio. Thus, assuming that an asset is i.i.d. 
we can use the single-period model (Markowitz portfolio selection model) applied 
on a multi-period problem (Cheng et al., 2011)5. 

                                                   
5 The formulas presented is a very brief summary of a derivation presented in the article written by Cheng et al. (2011) 
presented on page 247.  
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4. Theoretical Framework 

Real estate differs from other frequently traded financial assets in three distinct 
ways. Real estate is considered to have a high degree of liquidity risk, they involve 
high transaction costs and they aren’t independently and identically distributed 
over time (Cheng, Lin & Liu, 2013). The following section will discuss how these 
three aspects affects MPT and how this could be managed to create an optimal 
portfolio. Firstly, section 4.1. will discuss real estate and the assumption of i.i.d. 
Secondly, section 4.2. will explain and dissect real estate illiquidity, transaction 
cost and time-on-market. Lastly, section 4.3. provides an alternative solution to 
calculate the optimal portfolio weight of real estate in a multi-asset portfolio. 

4.1. Does Real Estate Deviate from the Assumption of i.i.d.? 
Investing in real estate is a multi-period project. As concluded in the previous 
section, an asset needs to be i.i.d. if we should be able to simplify the multi-period 
problem in to a single-period problem. However, numerous studies have shown that 
real estate doesn’t follow a random walk and cannot be i.i.d. To prove that real estate 
isn’t i.i.d., Cheng et al. (2011) conducts a BDS-test on four different property indices 
to assess whether or not they follow a random walk6 7. Using the BDS-test, Cheng et 
al. (2011) are able to reject the null-hypothesis (that real estate is i.i.d.) on a 1 % 
significance level. The achieved test-statistics for the indices, far exceeded the 
threshold-value for which the null-hypothesis could be rejected (Cheng et al., 2011). 
 
Relying on this results, that real estate doesn’t fulfill the MPT assumption of being 
i.i.d. a few things should be highlighted. Firstly, and as previously mentioned, if 
properties aren’t i.i.d., one cannot use the “normal way” of estimating the expected 
return and variance, needed to create an efficient frontier8. Furthermore, this means 
that for real estate, the performance will be holding-period dependent. The 
performance of the asset will thus depend on how many periods the asset is held, 
where property risk-to-return decreases when holding period increases. Both 
expected return and variance will thus depend on the holding period which the real 
estate is held (Cheng et al., 2011). 

4.2. Real Estate Illiquidity, Holding Period and Transaction Costs 
Apart from real estate, liquid assets are assumed to be sold (almost) instantly. Liquid 
assets will therefore neither have any “time on market”, nor will they have any 
considerable transaction costs. For illiquid assets such as real estate, these 
characteristics becomes very significant. The optimal holding period for illiquid 
assets, will be a trade-off between the benefits of a longer holding period, lower 
                                                   
6 The BDS-test is developed by Brock, Dechert and Scheinkman (1987). The BDS-test is used on time-series data to test 
the null hypothesis whether a variable is i.i.d. 
7 Cheng et al. (2011) conducts the BDS-test on the NCREIF property index (national), OFHEO all-transaction index (national 
housing market), OFHEO purchase-only index (national housing market) and S&P/Case and Shiller Home Price index 
8 The “normal way” of estimating the expected return and variance, refers to estimating the expected return and variance as 
the mean historical- return and variance. 
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transaction costs, illiquidity risk and increasing the uncertainty of the future asset 
price, as well as the future income of the illiquid asset (Cheng, Lin & Liu, 2010b). 
 
The first component determining the optimal holding period is the expected return. 
If an investor buys a property at time 0 holds it for TH periods and then places it on 
the market for sale, expected return of the property will depend on two components: 
the random sale prices and the random marketing period. After a particular 
marketing period (𝑡) the property is sold and an investor can expect to get the 
expected single-period return u with transaction cost C (Cheng, Lin & Liu, 2010b). 
 
Furthermore, optimal holding period will also vary for different investors, where 
optimal holding period will depend on investors risk aversion (𝜆)9. Investors can 
either be risk averse (𝜆 > 0) or risk seeking (𝜆 < 0). Furthermore, the higher the 
value of 𝜆, the more risk averse investor. A more risk averse investor will not take the 
same risk as a less risk averse investor, for a specific level of return. Following Cheng, 
Lin & Lius’ (2010b) framework, for risk averse investors 𝜆 can take any positive 
number. Due to the competitive forces on the market, there is also only one investor 
with a certain value of 𝜆 which will be able to buy a property and it will only be their 
transaction costs which will be observable on the market. A too risk averse investor, 
i.e. an investor with higher value of 𝜆 than average, will not be able to attain the 
property since they will consider the asking price to be too high and thus, they will 
be out-bided. If an investor has a too low risk aversion in comparison to the average 
investor, their optimal strategy will yield in lower expected risk-adjusted returns, 
making the investor unwilling to offer the needed price in order to attain the 
property. In conclusion, the only investor which will be able to buy the property 
needs to have a certain value of 𝜆 which maximizes the value of the property’s 
expected risk-adjusted return. The optimal risk averse investor, which will be able to 
attain a certain property will have a risk aversion which can be denoted as 𝜆∗ (Cheng, 
Lin & Liu, 2010b). 
 
Considering the illiquidity, transaction cost and price volatility, optimal holding 
period (𝑇g∗) of real estate can be calculated as: 
 

𝑇g∗ + 𝑡]hi =
𝐶 + 𝜆∗(𝑢jE8 + 𝜎jE8 )𝜎]hi8

𝜆∗𝜎jE8
 

 
where C is the transaction cost, 𝜆∗ is the risk aversion of the optimal risk averse 
investor, u is the expected single-period return, 𝜎jE  is the expected single-period 
standard deviation, 𝜎]hi8  is the variance of the unspecified time-on-market, 𝑡]hi is 
the mean time on market. 

                                                   
9 Within their different article Cheng, Lin & Liu (2011a & 2013) uses two different mathematical symbols to express the risk 
aversion of the investor; 𝜃	&	𝜆. To be consistent and in order to not confuse the reader, 𝜆 be used to express investors risk 
aversion further on and troughout this thesis. 
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Transaction cost, can also be seen as a rather vague term, which can involve 
numerous amounts of cost. Cheng, Lin and Liu (2010b) states that transaction costs 
include: “… (1) the cost associated with the search for an asset when buying; (2) the 
cost when purchasing an asset; (3) the cost associated with the search for the buyer 
when selling; and (4) the cost when selling an asset.” Cheng, Lin & Liu, 113; 2010b). 
 
In summary, the following can be concluded from the formula above: 
 

• Less liquid markets (larger 𝜎]hi8 ) with higher transaction costs (higher C) will 
lead to a longer holding period. 

• A higher price volatility yields in a shorter holding period, since future price 
is uncertain. 

 
Investing in real estate is therefore a trade-off between holding real estate in the long 
run, which will increase price risk etc., as to holding it too short “risking” high 
transaction costs. 
 
A very important notion needed to make all the estimates is one regarding the 
distribution of the variables. According to the authors the variables time-on-market 
(𝑡]hi) and standard deviation of time-on-market (𝜎]hi8 ) is assumed to be negatively 
exponential distribution. Due to this advantageous assumption, the variance of time-
on-market is therefore equal to the square of the expected time-on-market, i.e. 
(Cheng, Lin & Liu, 2013): 
 
𝜎]hi8 = 𝑡]hi8  
 

4.3. Optimal Portfolio Weight of Real Estate 
Concluding from the last section, one could see that for real estate transaction costs, 
liquidity risk and future asset price plays a vital role in determining the optimal 
holding period of real estate as an asset. This knowledge is also important when 
determining the optimal portfolio weight for real estate.  
 
From Markowitz portfolio selection model presented earlier in section 3.4, we 
concluded that an investor could either create a portfolio which minimizes the 
expected variance or maximizes an expected return for a given variance. Apart from 
other liquid assets, we cannot neglect the importance of how the time-
period/investment horizon (T) will affect the expected return and variance. The 
expected return and variance will depend on the length of the investment horizon. 
Given these conditions, an investor acting on a market where there exists N number 
of assets, with investment horizon T, should choose the portfolio weight (wi) (where 
i=1,2,3,…,N) which fulfills the following (Cheng, Lin & Liu, 2013): 
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max
T,TV,…,TX, TYX

YZU

𝐸 𝑤L𝑅L,]

^

LNO

 

 

𝑆𝑡. 𝑉𝑎𝑟 𝑤L𝑅L,]

^

LNO

= ∑8 

 
where 𝑅L,] is the total return on the individual asset i over T periods, 𝐸 𝑤L𝑅L,]^

LNO  
is the expected holding-period return of the portfolio and ∑8 is the expected risk. 
 
However, the concept above needs to be further extended to fully grasp the 
characteristics of real estate as an investment class. The formula needs to be adapted 
to fit a multi-period maximization strategy and the special attributes of real estate 
(the horizon dependent performance, liquidity risk and transaction cost). From the 
last section, it was concluded that variables such as the investors risk aversion, the 
time-on-market will affect real estate return. Furthermore, one simplification will 
also be made, for simplicity correlation between other financial assets and real estate 
are assumed to be equal to 0 (Cheng, Lin & Liu, 2013)10.  
 
Including all the aspects which characterize real estate as an asset, the optimal 
portfolio real estate weight can be calculated as follows11: 
 

𝑤jE∗ =
𝑢jE − 𝑟K −

𝐶
𝑇∗ + 𝑡]hi

2𝜆 𝑇∗ + 𝑡]hi 𝜎jE8 + 𝜎]hi8

𝑇∗ + 𝑡]hi
𝑢jE8 + 𝜎jE8

 

 
where 𝑢jE  is the period return of the real estate asset, 𝜎jE  is the period risk of the 
real estate asset, 𝑟K is the period return of the risk-free asset, C is the transaction cost 
of real estate, 𝑇∗ + 𝑡]hi is the optimal holding period, 𝑡]hi is the mean time on 
market, 𝜎]hi8  is the variance of the unspecified time-on-market, 𝜆 is the risk aversion 
of the investor. 
 
As compared to the classical model of MPT, one could see that there are quite many 
differences between this model adjusted to fit the aspects of real estate and the 
classical selection model. As quoted from Cheng, Lin & Liu (2013): “the alternative 
model treats real estate differently from the financial assets in three aspects: 1) the 
model distinguishes the price behavior of real estate from that of financial assets 
                                                   
10 The assumption of correlation between other financial assets and real estate being zero isn’t as far of as it may seem. 
Previous studies have shown that correlation between financial assets and real estate is very low. As an example, the 
correlation between other financial assets and real estate is in the range between -0,1 – (-0,08). Furthermore, Cheng, Lin & 
Liu (2013) also concludes that there seems to be a trend where correlation declines as the holding period increases. 
11 The formula above is “created” from a long mathematical derivation made by Cheng, Lin & Liu (2013) extended from the 
classical model of MPT. The full nature of the mathematical derivation cannot be presented in this thesis, but could however 
be read in Cheng, Lin & Liu (2013) pages 65 – 69. The purpose of the model is to capture the aspects of real estate which 
the classical model of MPT cannot capture. 
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by recognizing the fact that real estate returns are not i.i.d.; 2) the real estate 
performance requires a different measure from that of financial assets – the ex-
ante measure, which integrates the price risk with real estate liquidity risk, is the 
appropriate real estate performance measure; and 3) the model explicitly 
incorporates the high transaction costs of real estate” (Cheng, Lin & Liu, 68; 2013). 
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5. Method 

This section aims to explain the framework of the study. How is it done? What data 
is used? How is the model constructed? Lastly, issues due to limitations, validity 
and reliability will be addressed. Section 5.1. specifies the methodology of the thesis. 
Section 5.2. – 5.3. describes the model and its variables. Section 5.4. – 5.6. presents 
the thesis limitations, reliability and validity. 

5.1. Methodology  
The thesis is based on a deductive approach where previous theory is tested on the 
Swedish market in order to either confirm or reject the hypothesis. A deductive 
approach where theory is tested in real life is mainly used to confirm the validity of 
the research (Saunders, Lewis & Thornhill, 2016). The strategy for data collection is 
to use secondary data in quantitative mono method. The accuracy of statistical data 
such as indices and historical returns is superior in a quantitative method (Saunders, 
Lewis & Thornhill, 2016).	

5.2. Operationalization 
This thesis will address the problems formulated in the research questions by 
examining Cheng, Lin & Liu’s (2010b & 2013) newly developed model. By using their 
model one could estimate the optimal portfolio weight for real estate in an asset 
portfolio. Apart from many other earlier studies, this thesis will consider important 
assumptions specific for illiquid assets such as real estate, which earlier has been 
omitted. One of the classical ways of creating an optimal multi-asset portfolio is to 
use Markowitz portfolio selection model (mean-variance analysis). As previously 
mentioned, Markowitz portfolio selection model is widely accepted for “normal” 
liquid financial assets, such as stocks and bonds etc. However, using a mean-
variance analysis, where one either maximizes the expected return for a given level 
of risk, or minimizes the expected risk for a given expected return, relies on plural 
number of assumptions.  
 
The theoretical framework of this thesis will mainly be based on four articles; Cheng, 
Lin & Liu (2010a) Illiquidity and Portfolio Risk of Thinly Traded Assets; Cheng, Lin 
& Liu (2010b) Illiquidity, transaction cost, and optimal holding period for real estate: 
Theory and application; Cheng, Lin & Liu (2010b) Is There a Real Estate Allocation 
Puzzle? and Cheng et al. (2011) Has Real Estate Come of Age?. Using their model, 
one will better be able to estimate the optimal portfolio weight of real estate in a 
multi-asset portfolio.  
 
In order to assess the applicability of Cheng, Lin & Liu (2010b & 2013) model, 
different approaches will be used. Firstly, the model will be applied on the Swedish 
real estate market, where an optimal real estate portfolio weight will be estimated. 
The optimal weight, will be presented as a range. Furthermore, two different 
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approaches will be used to attain values of the optimal risk averse investor. The first 
one will follow the approach described in Cheng, Lin & Liu (2013). Within this 
article, the optimal investor is found by using “benchmark-studies” to find the value 
of the risk averse investor. Secondly, 𝜆 will be estimated using the approach found in 
Cheng, Lin & Liu’s (2010b) article. Apart from the approach described above, this 
article estimates the optimal risk averse investor using Monte-Carlo simulations. 
This approach were simulations will be used, will further on be referred to as the 
normative approach. 
 
Secondly, the variables included in the model, representing three major market 
imperfections characterizing real estate as an asset class, will be tested using a 
sensitivity analysis. By using a sensitivity analysis, one will be able to see how 
changes of one variable, holding everything else equal, will affect the optimal 
portfolio weight.  
 
The procedure of estimating the optimal portfolio weight of real estate differs form 
a normal mean-variance analysis. Cheng, Lin & Liu’s (2010b & 2013) method can 
briefly be divided into two different calculations; (1) estimate the optimal holding 
period for an investor, (2) calculate the optimal weight of real estate. When analyzing 
the data, the obtained results will be discussed by presenting how not only 𝜆, 
transaction cost, and time-on-market affects 𝑤jE∗ , but it will also discuss how these 
variables affect the optimal holding period. 
 
In order to understand how the different procedures of estimating 𝜆 affects the 
results of estimating 𝑤jE∗  the following two sections will in detail describe how the 
procedure of calculating 𝑤jE∗  is carried out. 
 
5.2.1. Calculating 𝑤jE∗  when 𝜆 is Estimated Using Benchmark Approach 
Following the framework of Cheng, Lin & Liu (2013) 𝜆 can be estimated using 
benchmark-studies12. The reason of using this approach is due to the fact that there 
can only be one optimal risk averse investor. The optimal risk averse investor, will as 
previously mentioned, also have certain attributes which makes him/her the “best” 
investor (regarding his/hers values of transaction cost and time-on-market). Since 
the most commonly used method of calculating 𝑤jE∗  today is the mean-variance 
framework, the optimal risk averse investor should be able to be allocated from other 
studies which have estimated 𝑤jE∗  i.e. our benchmark-values. Having collected 
“benchmark-values” 𝑤jE∗  from other studies 𝜆 can be found by the following 
equation: 
 

𝜆 =
𝑢𝑅𝐸−𝑟𝑓
𝜎𝑅𝐸

−𝜌
𝑢𝐿−𝑟𝑓
𝜎𝐿

2𝑤𝑅𝐸
∗ (1−𝜌2)𝜎𝑅𝐸

                        (equation 5.1) 

 

                                                   
12 Further on, the approach where 𝜆 is found using equation 5.1. will be referred to as the benchmark approach. 
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Where, uRE and 𝜎jE  is the expected return and standard deviation of real estate, uL 

and 𝜎q is the expected return and standard deviation of the liquid asset, 𝜌 is the 
correlation between real estate and the liquid asset13. 
 
Since the purpose of this thesis partly is to assess the 𝑤jE∗  of the Swedish market, 
benchmark-values of 𝑤jE∗  will be collected from Lekander (2015) study. Lekander 
(2015) study calculates optimal portfolio weights for different countries, where one 
of them is Sweden. According to Lekander’s (2015) results, optimal real estate 
allocation of the Swedish market varies between 5 – 20 %, with an average optimal 
allocation of 12,5 %. Using equation 5.1, 𝜆 will be estimated when 𝑤jE∗  is equal to 5, 
12,5 and 20 %. 
 
Having attained values of the optimal risk averse investor, there are two formulas 
left to be calculated, the optimal holding period and the optimal real estate 
allocation; 
 

𝑇∗ + 𝑡]hi = rTst
∗ Juvw

V (xst
V yJst

V )yz
rTst

∗ Jst
V                     (equation 5.2) 

 

𝑤jE∗ =
xstHFIH

{
u∗|}uvw

8r ]∗yCuvw Jst
V y

~uvw
V

u∗|}uvw
xst
V yJst

V
                   (equation 5.3) 

 
However, since both two formulas contain two unknown variables (𝑇∗ + 𝑡]hi and 
𝑤jE∗ ), equation 5.2 has to be substituted into equation 5.3, resulting in: 
 

𝑤jE∗ =

xstHFIH
{
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               (equation 5.4) 

 
After achieving an equation only including one unknown variable, 𝑤jE∗  can be 
calculated using equation 5.4. As previously mentioned, multiple values of 𝑤jE∗  will 
be calculated, depending on different values/range the two variables transaction cost 
and time-on-market. The intervals which these variables will be allowed to vary 
within are presented in section 5.4. 
 
The last step within the benchmark-method, is to estimate optimal holding period, 
for every given value of 𝑤jE∗ . Optimal holding period is simply estimated using 
equation 5.2. 

                                                   
13 Following the framework of Cheng, Lin & Liu (2013), two vital assumptions are made; (1) 𝜌 between the liquid and illiquid 
asset is assumed to be 0, (2) there only exists three possible assets; one illiquid asset (real estate), one liquid asset and one 
risk-free asset. 
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5.2.2. Calculating 𝑤jE∗  when 𝜆 is Estimated Using Normative Approach 
Following the framework of Cheng, Lin & Liu (2010a) 𝜆 can be estimated using 
Monte-Carlo simulations14. It should be noted that this article should be viewed as a 
normative study, describing how 𝜆 could be estimated in a world, where investors 
already relies on this model when estimating 𝑤jE∗ . Without making any larger 
speculations, the chances are that if investors where to use another model when 
estimating 𝑤jE∗ , there is a chance that values of 𝑢jE  and 𝜎jE  would be different, which 
then, in turn, would affect 𝑤jE∗ .  
 
In order to estimate the optimal investors value of 𝜆, plural steps have to be made. 
Using simulations within excel, theoretical investors are firstly simulated. Each 
investor is given a specific value of risk aversion. Apart from the given risk aversion, 
the investors then are then randomly assigned the following variables: time-on-
market and transaction cost. Time-on-market and transaction cost are allowed to 
vary within a certain interval, presented and discussed in section 5.4. When all 
investors have been assigned their “characteristics” (i.e. the different values of the 
variables), the optimal holding period for all investors are calculated: 
 

𝑇 + 𝑡]hi = rJuvw
V (xst

V yJst
V )yz

rJst
V                     (equation 5.5) 

Where the investors optimal holding period depends on their (hypothetical): 
transaction cost (C), risk aversion (𝜆), expected single period return and risk of real 
estate (𝑢jE	&	𝜎jE), the standard deviation of time-on-market 𝜎]hi8 .15 
 
After the investors optimal holding periods have been estimated, the next step is to 
calculate the ex-ante standard deviation for the investors; 
 

𝜎��	�MC� = 𝑇g∗ + 𝑡]hi 𝜎jE8 + xst
V yJst

V Juvw
V

]�
∗yCuvw

                   (equation 5.6) 

 
The next step is to calculate the investors Sharpe ratio; 
 

𝑆ℎ𝑎𝑟𝑝𝑒	𝑟𝑎𝑡𝑖𝑜 =
xstHFIH

{
u�
∗ |}uvw

J��	��}�
                    (equation 5.7) 

 
Having estimated the Sharpe ratio of all investors, we can now determine the optimal 
investor (and thus the optimal holding period) for a given level of risk aversion. The 
optimal investor is the one fulfilling the following assumption: 
 

                                                   
14 Further on, the approach where optimal value of 𝜆 is found using Monte-Carlo simulations will be referred to as the 
normative approach. 
15 In comparison to equation 5.2. above, an observant reader can see that the formulas to calculate the optimal holding 
periods differ within the two different academic articles. Apart from equation 5.2., equation 5.5 doesn’t include 𝑤jE∗ . We are 
aware of this flaw, but have chosen to treat the variables as they are treated in their separate articles.  
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𝜆∗ = 𝑎𝑟𝑔max
r

𝑆 𝜆                      (equation 5.8) 

 
When all variables have been determined, the optimal portfolio weight of real estate 
can be calculated. The optimal portfolio weight can either be based solely on the 
optimal investor or a range of the most likely investors can be used to calculate a 
range of the optimal portfolio weights. Since we are interested to see how the 
different variables affects the optimal portfolio weight, we will firstly calculate the 
optimal portfolio weight based on the most optimal investor. Furthermore, since the 
values are based on simulations, we will also present a range in between where the 
optimal value can reasonably be expected to be found (based on the investors with 
the highest Sharpe ratios).  
 
In summary, the optimal investors optimal holding period can be found using 
equation 5.5. with one modification: 
 

𝑇g∗ + 𝑡]hi = zyr∗(xst
V yJst

V )Juvw
V

r∗Jst
V                     (equation 5.9) 

 
Where 𝜆∗ is the risk aversion of the optimal investor. 
 
When the optimal holding period is found, the optimal portfolio weight of real estate 
can be calculated using equation 5.3, i.e.: 
 

𝑤jE∗ =
xstHFIH

{
u∗|}uvw

8r ]∗yCuvw Jst
V y

~uvw
V

u∗|}uvw
xst
V yJst

V
                   (equation 5.3)  

 

5.3. Defining the Variables 
The data used within Cheng, Lin & Liu (2010b & 2013) model are purely quantitative 
numerical data, with a longitudinal time horizon, collected from various institutions. 
The variables needed to calculate the optimal portfolio weight of real estate in a 
multi-asset portfolio using Cheng, Lin & Liu (2010b & 2013) model are: 
 

• A real estate property index 
• Time-on-market (𝑡]hi) 
• Transaction cost (C) 
• Risk aversion (𝜆∗) 
• Risk free rate (rf) 

 
The property index used within the thesis is collected from MSCI/IPD. The used 
index, is an annual index which covers all property types in Sweden between 
December 1984 – December 2016. MSCI/IPD as a well-known company within the 



 

 25 

real estate world and can provide data such as various real estate indices, data of real 
estate performance etc. Data from MSCI/ IPD has, as an example, been used by 
published articles written by Hoesli, Lekander & Witkiewicz (2004), Marcato and 
Key (2005) and Lekander (2015). The MSCI index is appraisal based and therefore 
an object for de-smoothing or not. When Cheng, Lin & Liu (2010b & 2013) developed 
the model a smoothed appraisal index where used. From the literature review, it is 
clear that smoothing doesn’t seem to be an issue when indices is used in a model 
with a medium and long time-horizon.  
 
The variable time-on-market reflects, as previously mentioned, the time for which 
an unspecified property is marketed in order to be sold (Cheng, Lin & Liu, 2010b). 
The data regarding time-on-market of Swedish commercial properties is very 
limited, if not non-existent. According to data used by Cheng, Lin & Liu (2010b) the 
time-on-market of residential properties in US (between 1989 – 2006) is, on 
average, 6 months and normally takes approximately 4 – 12 months. According to 
their reasoning, commercial properties will take at least as long to sell as residential 
ones and therefore they use the interval 4 – 12 months.  
 
Considering the fact, that there is no Swedish data regarding time-on-market that 
has been found, we can only speculate in the time it takes to sell a commercial 
property. Furthermore, a commercial property is rather unspecified and could be a 
residential-, retail-, industrial property etc. Depending on the properties micro- and 
macro location, age, rental incomes, required maintenance etc. the properties selling 
time could vastly vary. The selling time of a property, further depends on the current 
market situation. Generally, one could expect that a property will sell more easily in 
a booming market environment where interest rates are low, there are a high number 
of potential buyers etc. (Case & Quigley, 2008). 
 
However, the calculations made of the optimal weight of real estate in the multi-asset 
portfolio is considered on an aggregated level, thus we are only interested in the 
average selling time ranging within an interval. Comparing the Swedish commercial 
property market and the US residential market is like comparing apples into pears. 
Although it gives a glitch of what the time-on-market could be. We believe that  
4 – 12 months is considered a reasonable estimation for time-on-market. 
 
As with the variable time-on-market, transaction cost is a rather un-researched area 
within the Swedish market. Studies have been made regarding transaction cost of 
commercial properties, however, they are often presented in an absolute value. Due 
to the nature of the model used within this thesis, the variable transaction cost needs 
to be presented as a percentage of the selling price. In their article, Cheng, Lin & Liu 
(2010b) present various previous made studies of transaction cost. According to 
previous findings, the “round-trip” transaction costs could be as low as 8 % and range 
up to 20 %. Furthermore, a “round-trip” transaction cost on the UK real estate 
market is approximately 7 – 8 %. In another study, presents similar results of the UK 
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market as the one above, according to their estimations transaction cost of the UK 
market is approximately 7,5 % (Marcato & Key; 2005).  
 
In similarity to time-on-market, the variable transaction cost will be country specific, 
depending on tax regulation, broker fees, lawyer fees etc. Regarding the Swedish real 
estate market, the lack of data makes it only possible to roughly estimate the value 
of Swedish real estate transaction costs. Using the presented the values of 
transaction costs presented above, we do believe that a Cheng, Lin & Liu (2010b) 
interval of 7 – 13 %, is realistic and therefore it will also be used within this thesis. 
 
Since one of the sections including the values transaction cost and time-on-market 
will be selected at random using a simulation, a short notion also has to be made 
about the variables distribution. For simplicity, these variable will be considered to 
be uniformly distributed. Meaning that each outcome within the interval are as likely 
as the others. As pointed out by Cheng, Lin & Liu (2010b) this considers a very 
simplistic view of these variables. The chances are that the variables follow another 
distribution such as a negative exponential, normal shaped etc.  
 
Within the normative approach, investors risk aversion, will be varied in two 
different stages. Since we are interested in the Sharpe maximizing investors, we will 
firstly make a “rough” simulation where risk aversion will be allowed to vary between  
0,1 – 10 222,2116. This first simulation will locate the interval where the Sharpe 
maximizing investors are located. Depending on the outcome of this simulation, the 
interval of the risk aversion will be decreased and focused on the area where we find 
the Sharpe maximizing investors. Using the result of Cheng, Lin & Liu (2010b), the 
Sharpe maximizing investors will most likely have a risk aversion between 0,1 – 2,4. 
 
The risk-free rate is a variable which should reassemble the rate one could earn by 
leaving the money in a “risk-free asset”. Such assets are represented by treasury bills, 
money market funds or a bank (Bodie, Kane & Marcus, 2011). Assessing the Swedish 
market situation, the repo rate of the Swedish market is currently at an all-time low. 
This has affected Swedish treasury bills and treasury bonds, which approximately 
averages between -0,7 – 0,7 % depending on their maturity17. In order to reassemble 
the risk-free rate, the 10-year treasury bill will be used. The treasury bill indicated a 
risk-free return of 0,65% in the end of January 2017.  
  

                                                   
16 The reason why the interval is varied between 0,1 – 10 222,21 depends on an inbuilt flaw in the macro. The purpose was 
to vary the interval up to 10 000 and not 10 222,21. However, this isn’t an issue, it rather increases the maximum interval in 
the first simulation. 
17 The statistics concerning the treasury bills and bonds of the Swedish market is collected from the Swedish Riksbanks 
webpage: http://www.riksbank.se/sv/Rantor-och-valutakurser/Sok-rantor-och-valutakurser/?g6-SETB1MBENCHC=on&g6-
SETB3MBENCH=on&g6-SETB6MBENCH=on&g6-SETB12MBENCH=on&g7-SEGVB2YC=on&g7-SEGVB5YC=on&g7-
SEGVB7YC=on&g7-SEGVB10YC=on&from=2016-01-01&to=2017-03-24&f=Year&cAverage=Average&s=Comma#search 
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5.4. Limitations 
This study will be limited to only assessing the Swedish market. All dataset used will 
therefore be limited to information from the Swedish market. The study or more 
precise the model is limited to assessing the impact of three market frictions which 
is the illiquidity, time on market and transaction cost.  
 
Furthermore, the study is limited to a world where there only exist three assets; one 
liquid asset, one illiquid asset and one risk-free asset. This limitation has to be made 
in order to cope with the authors model. 

5.5. Reliability 
Reliability concerns the quality of the study or more precise, to which extent data 
collection technics and analysis procedure will yield constant findings. In a 
quantitative research reliability is reflected in the ability to reproduce the study with 
similar results (Saunders, Lewis & Thornhill, 2016). The data consist of generally 
accepted indices used in numbers of academic and professional studies. Although 
the valuation index from MSCI is not free it is either possible to purchase or use 
trough universities such as KTH. The assumptions concerning transaction cost and 
time on market are in line with previous studies and clearly advised. The model is 
well described with step for step instructions. Overall and according to previous 
definition, the study is considered to have a high degree of reliability.  

5.6. Validity  
Validity is the extent to which a study is well founded and corresponds accurately to 
the real world. In practical terms validity refers to how well the data or method 
measure what it claims to measure. (Saunders, Lewis & Thornhill, 2016). The validity 
of the study is a crucial question and there will be arguments both for and against 
validity. The model applied in the thesis is published in a well-known journal, which 
give an indicator of validity. On the other hand, the authors themselves describe the 
model as a “first draft” and improvements is possible. The scientific research about 
frictions in real estate is endless and few, if nobody, denies the frictional impact in 
the allocation decision. However, the research where frictions are quantified or 
measured in the allocation process is much smaller and therefore not fully 
investigated. Our believes is that Cheng´s model to some extent is developed to 
capture the impact of frictions in the allocation process. It is not complete but it is a 
good start which is in line with Carl Hempel´s famous words “Science is a trade-off 
between having the utility of knowledge and the risk of being wrong”. 
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6. Empirical Findings 

This section is aiming to present the empirical findings in an objective manner. 
Both the use of input data and the result of the equations will be detailed advised 
for in order to ease comprehending and understanding for the reader18. Section 6.1. 
presents the results of the benchmark approach. Section 6.2. presents the results of 
the normative approach. 

6.1. Benchmark Approach 
6.1.1. Optimal Real Estate Weights 
Using equation 5.1. the following values of 𝜆 was attained: 𝜆 = 17,3, 𝜆 = 27,7 and 	
𝜆 = 69,3. Were 𝜆 = 17,3 corresponds to Lekander’s 𝑤jE∗ = 20 %, 𝜆 = 27,7 resulted 
from 𝑤jE∗ = 12,5	% and 𝜆 = 69,3 resulted from 𝑤jE∗ = 5 %. In summary, lower optimal 
benchmark allocations yield in higher values of 𝜆, holding everything else equal. 
 
The highest degree of risk-averse investor, 𝜆 =69,3, yields in an interval of 𝑤jE∗  
between 0,72 – 1,46 %. As seen in table 3, the highest allocation, 1.46 %, is found 
when transaction cost is 7 % and time on market is 4 months. By increasing the time-
on-market to12 months and keeping transaction cost constant, at 7 %, the 𝑤jE∗ is 
reduced to 1,07 %. By shifting transaction cost to 13 % and keeping time on market 
at 4 months the 𝑤jE∗  is 0,82 %. The lowest 𝑤jE∗  in a multi-asset portfolio, 0,72 %, is 
found at a transaction cost of 13 % and at a time on market of 12 months.  

 

                                                   
18 In order to increase the reliability of our study, we have crosschecked our calculations towards Cheng, Lin & Liu’s (2013) 
results. Meaning, that we have tested our formulas with the same input variables as they’ve used to see that we end up with 
the same results. However, the results we achieved using the controllable benchmark method doesn’t yield in exactly the 
same result as theirs. When calculating both optimal holding period and optimal portfolio weight, our results yields in similar 
results with a systematic deviation. The systematic deviation of optimal holding period is, as an example, approximately 0,3 
units larger than their results. Since the deviation is systematic, we do although consider that the different results may be 
due to some approximation error etc. and is small enough to continue our thesis. 

Transaction cost 4 6 8 10 12
7% 1,46% 1,36% 1,26% 1,16% 1,07%
8% 1,30% 1,23% 1,15% 1,07% 1,00%
9% 1,16% 1,11% 1,05% 0,99% 0,93%

10% 1,06% 1,02% 0,97% 0,92% 0,87%
11% 0,96% 0,93% 0,90% 0,86% 0,82%
12% 0,89% 0,86% 0,83% 0,80% 0,77%
13% 0,82% 0,80% 0,78% 0,75% 0,72%

Months
The optimal weight for Real estate λ=69,3

Table 3: Optimal real estate weight for λ=69,3
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As seen in table 4, the least risk-averse investor (𝜆 =17,3) has a 𝑤jE∗  interval of 5,84 
% to 2,89 %. The highest allocation, 5,84 %, is found when transaction cost is 7 % 
and time-on-market is 4 months. By increasing the time on market to 12 months and 
keeping transaction cost constant, at 7 %, the suggested allocation is reduced to 
4,30 %. By shifting transaction cost to 13 % and keeping time on market at 4 months 
the 𝑤jE∗ 	is 3,29 %. The minimal suggested weight of real estate in a multi-asset 
portfolio, 2,89 %, is found at a transaction cost of 13 % and at a time on market of 12 
months. 

As previously mentioned the average of theoretical findings from a MPT framework 
suggest an allocation of 12,5 % which result in a 𝜆 =27,7. An investor with 	
𝜆 =27,7 has a 𝑤jE∗  interval between 1,81 – 3,65 %, seen in table 5. The highest 
allocation, 3,65 % is found when transaction cost is 7 % and time on market is 4 
months. By increasing the time on market to 12 months and keeping transaction cost 
constant, at 7 %, the suggested allocation is reduced to 2,86 %. By shifting 
transaction cost to 13 % and keeping time on market at 4 months the suggested 
allocation is 2,06 %. The 𝑤jE∗ weight of real estate in a multi-asset portfolio, 1,81 %, 
is found at a transaction cost of 13 % and at a time on market of 12 months.  

  

Transaction cost 4 6 8 10 12
7% 5,84% 5,46% 5,05% 4,66% 4,30%
8% 5,18% 4,91% 4,60% 4,29% 3,99%
9% 4,66% 4,45% 4,21% 3,96% 3,72%

10% 4,22% 4,06% 3,88% 3,68% 3,48%
11% 3,86% 3,74% 3,59% 3,43% 3,26%
12% 3,55% 3,46% 3,34% 3,20% 3,07%
13% 3,29% 3,21% 3,12% 3,01% 2,89%

Table 4: Optimal real estate weight for λ=17,3

The optimal weight for Real estate λ=17,3
Months

Months
Transaction cost 4 6 8 10 12

7% 3,65% 3,41% 3,16% 2,91% 2,68%
8% 3,24% 3,07% 2,87% 2,68% 2,50%
9% 2,91% 2,78% 2,63% 2,48% 2,33%

10% 2,64% 2,54% 2,42% 2,30% 2,17%
11% 2,41% 2,34% 2,24% 2,14% 2,04%
12% 2,22% 2,16% 2,09% 2,00% 1,92%
13% 2,06% 2,01% 1,95% 1,88% 1,81%

The optimal weight for Real estate λ=27,7

Table 5: Optimal real estate weight for λ=27,7
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6.1.2. Optimal Holding Period 
Optimal holding period is determined through equation 5.2. Interestingly enough, 𝜆 
impact on optimal holding period is close to non-existent. This means that the 
calculated optimal holding periods for the three different values of 𝜆, doesn’t deviate 
from each other, when results are presented with two decimals. Table 6 down below 
therefore shows the optimal holding period for all values of 𝜆. The range of optimal 
holding period is between 3,21 to 6,32 years. The shortest optimal holding period, 
3,21 years, is found when time on market is 4 months and transaction cost is 7%. By 
increasing the time on market to 12 months and keeping transaction cost constant, 
at 7 %, the optimal holding period is extended to 3,98 years. By shifting transaction 
cost to 13 % and keeping time on market at 4 months the optimal holding period is 
5,77 years. The longest optimal holding period, 6,32 years, arises when transaction 

cost is 13 % and the time on market is 12 months. 

6.2. Normative Approach  
According to the findings, optimal allocation of real estate varies between  
55,73 – 166,06 %. Where 𝑤jE∗ = 55,73% is attained when 𝜆 = 2 and 𝑤jE∗ = 166,06% 
is attained when 𝜆 = 0,5. The highest value of Sharpe ratio is 0,3689, which was 
attained when 𝜆 = 1. Furthermore, this results in a an optimal holding period of 2,27 
years and 𝑤jE∗ = 101,00	%. The “lowest” value of Sharpe ratio is 0,3514 and it is 
attained when 𝜆 = 2. Furthermore, 𝜆 = 2 results in an optimal holding period of 1,63 
and 𝑤jE∗ = 55,73	%.  
 
  

Transaction cost 4 6 8 10 12
7% 3,21 3,36 3,55 3,76 3,98
8% 3,63 3,77 3,94 4,14 4,36
9% 4,05 4,18 4,34 4,53 4,74

10% 4,48 4,60 4,75 4,93 5,13
11% 4,91 5,02 5,16 5,33 5,52
12% 5,34 5,44 5,58 5,74 5,91
13% 5,77 5,87 5,99 6,14 6,32

Table 6: Optimal holding period for λ=17,3, 27,7 & 69,3

The optimal holding period for Real estate for λ=17,3, 27,7 & 69,3
Months
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An “optimal” allocation of 56 – 166 % cannot be seen as realistic. Firstly, suggesting 
an allocation interval of 110 percentage points is too large. Secondly, the results have 
no support in previous literature or in practical application. Previous findings do, by 
most, suggest real estate allocations up to 40 %. Hence, since the suggested 
allocation of the normative approach is so extreme and therefore have to be rejected 
as non-realistic. In order to deal with the validity concerns the normative approach 
has been excluded from the analysis and critical reflection. The normative approach 
is mentioned briefly in the conclusion as inconclusive and unreliable due to the 
unrealistic weights of real estate in a multi-asset portfolio. For whom it may interest 
a detailed result description and an analysis of the empirical result is found in the 
appendix.  
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7. Analysis and Critical Reflection  

Using the framework of Cheng, Lin and Liu’s (2013), one is able to assess the 
optimal real estate weight in a multi-asset portfolio, considering three “new” 
aspects; the optimal investors risk aversion, the transaction costs, the assumption 
of i.i.d. and real estate illiquidity. Section 7.1. – 7.2. analyses and discusses optimal 
real estate allocation and optimal holding period. Section 7.3. analyses and 
discusses optimal holding periods sensitivity towards risk-aversion. Section 7.4. 
analyses and discusses the results of the thesis in comparison to previous studies. 
Section 7.5. concludes and discusses the results on an aggregated level. 

7.1. Benchmark Approach and Optimal Real Estate Allocation 
As presented in section 6.1, using the framework of Cheng, Lin & Liu (2013) the 
optimal real estate weight has been calculated using three hypothetical risk-averse 
investors. The three different investors have values of 𝜆 corresponding to 17,3, 27,7 
and 69,3. Where the highest value of 𝜆 resembles Lekander’s (2015) real estate 
allocation of 5 % and the lowest value of 𝜆 resembles an allocation of 20 %. Holding 
everything else equal, a lower optimal real estate weight (𝑤jE∗ ) yields in a higher value 
of risk aversion, while a higher value of 𝑤jE∗  yields in a lower value of 𝜆. This effect 
can also be seen in equation 5.3, since 𝜆 is located in the denominator, a higher value 
of 𝜆 will also yield to a lower allocation towards real estate. 
 
Optimal real estate allocation depends on transaction cost, time-on-market and 𝜆. 
Depending on transaction cost and time-on-market, 𝑤jE∗  will vary between  
2,89 – 5,84 % when 𝜆=17,3, 1,81 – 3,65 % when 𝜆=27,7 and 0,72 – 1,46 % when 
𝜆=69,3. Decreasing 𝜆 from 69,3 to 17,3 will therefore, on average, increase the 
optimal real estate weight with approximately 300 %. It is accurate and easy to 
conclude that a change in 𝜆 will have a major impact on the suggested allocation. 𝜆 
impact on 𝑤jE∗  will be further discussed in section 7.3. 
 
Apart from 𝜆 both transaction cost and time-on-market has a much smaller impact 
on 𝑤jE∗ . Changing transaction cost from 7 to 8 % and keeping time-on-market 
constant at 4 months, will mean that 𝑤jE∗  changes from; 

• 1,46 to 1,30 % when λ=69,3 
• 3,65 to 3,24 % when λ=27,7 
• 5,84 to 5,18 when λ=17,3 

 
On average, the change by 1 percentage unit in transaction cost corresponds to 
changes of 𝑤jE∗  by approximately 11 %. Without considering any specific value of λ, 
increasing transaction cost from 7 to 13 % affects 𝑤jE∗  by 0,7 – 2,5 percentage points. 
Transaction cost effect on optimal allocation is therefore in line with previously 
presented theory. Hence, increasing transaction cost will decrease the optimal 
allocation towards real estate. Lastly, the sensitivity analysis, previously presented, 
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demonstrates that the change in transaction cost gives fairly the same percentage-
change on weight of real estate independent of the values of 𝜆 or time-on-market. 
 
Time-on-market is the other market imperfection accounted for in the model. 
Previous theory implies that the market imperfection, time-on-market, is considered 
a risk. An extended time-on-market is increasing the risk of having real estate in the 
portfolio. Naturally, an extended time-on-market will result in a lower optimal 
allocation of real estate in a multi-asset portfolio.  
 
Changing time-on-market from 4 to 6 months and keeping transaction cost constant 
at 7 %, will mean that 𝑤jE∗  changes from; 

• 1,46 to 1,36 % when 𝜆=69,3 
• 3,65 to 3,41 % when 𝜆=27,7 
• 5,84 to 5,46 % when 𝜆=17,3 

 
On average, increasing variable time-on-market by two months corresponds to 
changes of 𝑤jE∗  of approximately 6,7 %. Furthermore, without considering any 
specific value of 𝜆, increasing time-on-market from 4 to 12 months affect 𝑤jE∗  by  
0,4 – 1,5 percentage points. On average the percentage-change of real estate 
allocation is approximately 26%, which is not that dramatic since the time-on-
market has increased with 200% going from 4 to 12 months. The sensitivity analysis 
indicates a clear result, in comparison to time-on-market, transaction cost has a 
larger impact on optimal real estate allocation. Transaction costs impact on 𝑤jE∗  is 
larger even when controlling for “degrees of freedom”. Time-on-market only varies 
between five different values, while transaction cost varies between seven different 
values.  
 
In summary, the two variables transaction cost and time-on-market therefore seems 
to yield in realistic effects concerning the changes of 𝑤jE∗ . The market imperfections; 
transaction cost and time-on-market, is advised for in a clear approach where the 
shift in one variable results in a reasonable change of allocation. The change in 
transaction cost has a larger impact on the optimal allocation than the shift in time-
on-market, even when compered in percentage-change. This may be explained by 
the fact that transaction cost is a direct cost, which directly affect the profit of a real 
estate transaction. Meanwhile the time-on-market is an indirect cost arising from 
illiquidity risk.  
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But these two variables aren’t without their problems either. Academic research 
concerning transaction cost and time-on-market is very limited. As previously 
mentioned, there has been studies made which have tried to estimate transaction 
costs. However, these studies rarely state transaction cost as a ratio of the selling 
price, the studies rather state is as an average cost. Furthermore, the studies are often 
limited to “larger” countries such as the United States, and United Kingdom. 
According to our knowledge, studies regarding transaction costs of the Swedish 
commercial property market is very limited if not non-existent19.  
 
When it comes to time-on-market, the variable is more of a statistical issue. As far as 
we know, there isn’t any larger institution which keeps data of how long it takes to 
sell commercial properties.  

7.2. Benchmark Approach and Optimal Holding Period 
Optimal holding period is according to the literature review and theoretical 
framework extended when the asset is prone to market imperfections. Furthermore, 
it is a trade-off between the benefits of a longer holding period, lower transaction 
costs, illiquidity risk and increasing the uncertainty of the future asset price, as well 
as the future income of the illiquid asset (Cheng, Lin & Liu, 2010b). 
 
For all three values of 𝜆, optimal holding period varies between 3,21 – 6,32 years. 
Where a more liquid market with lower transaction costs results in shorter optimal 
holding periods. A less liquid market with higher transaction costs, on the other 
hand, corresponds to longer optimal holding periods. 
 
The empirical result corresponds to the theory where both extended time-on-market 
and higher transaction cost will yield a longer optimal holding period. Naturally, due 
to the explanation in previous section, the shift in transaction cost is more volatile 
on the optimal holding period than the shift in time-on-market. Although optimal 
holding period is secondary in this study it is interesting that the value of 𝜆 is 
extraneous for the result of optimal holding period. When studying the equation 5.3 
it is found to be that 𝜆 is accounted for both in the nominator and the numerator 
which basically eliminates the result of these values and therefore the 𝜆 has no 
principal impact on the equation.  
 
  

                                                   
19The research is non-existent in the sense that there are no studies of the Swedish market where the variable has been 
stated as a percentage of the selling price. Studies have although been made, where researchers have stated a lump sum 
transaction cost.  
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7.3. Optimal Real Estate Allocation and Sensitivity Towards Risk Aversion 
One interesting finding regarding the authors model concerns the models sensitivity 
to 𝜆. According to our findings, 𝜆 plays a vital role in determining the result of 𝑤jE∗ . 
As shown in diagram 1, the relationship between 𝜆 and 𝑤jE∗ 	can be described with a 
negative exponential distribution. This negative correlation does indeed match with 
the theory concerning risk aversion. A more risk averse investor should have a 
smaller allocation towards, risky assets and a larger allocation towards risk-free or 
less risky investments. 
 

A shift in 𝜆 from 0,1 to 10 will generate a drop in optimal allocation from 100 % to  
10 %, meaning that a small change in risk aversion will generate severe change in 
real estate weight. Meanwhile changes of 𝜆 from 10 to 70 will only generate a shift in 
𝑤jE∗  from 10 to 1,5 %. In summary, when 𝜆 is approximately between 0,1 – 20 the 
impact on 𝑤jE∗  will be very large, while increasing values of 𝜆 will have a much smaller 
impact on 𝑤jE∗ . It is important to clarify that diagram 1 is only created in order to 
illustrate risk-aversions effect on 𝑤jE∗ . Hence, the result from the benchmark 
approach is based on the optimal allocation Lekander (2015) which generate a 𝜆 of 
17,3 to 69,3. Nevertheless, actions to make the risk-aversion more reliable and stable 
appears to be a solid improvement of the model. 
 
According to our findings, 𝑤jE∗  sensitivity towards 𝜆 may be a concern. Lower values 
of 𝜆 than those used in the benchmark approach aren’t unlikely. Depending on the 
market situation, values of 𝜆 lower than 20 may occur. The lower the value of 𝜆 gets, 
the greater will the impact on 𝑤jE∗  be. The models sensitivity towards 𝜆 may be a 
result of a flaw. Due to our limited knowledge concerning mathematics, we do not 
have any concrete solution to this problem. As we see it, the problems can however 
be solved by either changing equation 5.4. sensitivity towards 𝜆 or another way of 
estimating 𝜆 which yields in less volatile results has to be used. The last suggestion 
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does although require further research in the field of 𝜆, what values of 𝜆 constitutes 
the characteristics of an optimal investor etc.  

7.4 Relation to Previous Studies  
Since the study and model is based on paper by Cheng, Lin & Liu (2013) a 
comparison of the results is interesting. However, it is essential to acknowledge two 
major differences which will impact the result. Firstly, their study was made in 
United States. Secondly, the market condition where different. When Cheng, Lin & 
Liu (2013) made their study following market conditions were applied:  
 

• NCREIF index 
o uRE 9,1% 
o 𝜎 8,3% 

• Time-on-market 4 – 12 months  
• Transaction cost 3 – 9 % 
• Risk-free rate 4,5 %  
• 𝜆=12 

 
When comparing the result from Cheng, Lin & Liu’s (2013) study the outcome with 
transaction cost of 7,5 % and 9 % is most relevant and possible to compare20. The 
authors use an optimal weight based on a theoretical average allocation of 27,5 % 
when calculating the 𝜆=12. For the empirical result a 𝜆 of 27,7 is used, arising from 
the optimal average allocation of 12,5 % from Lekander’s (2015) study. The 
differences in the attained values of 𝜆 has resulted from different market conditions. 
Not only is the two values of 𝜆 estimated from two different benchmark allocations, 
but also other factor such as differences in input of risk-free rate, expected return 
and standard deviation have affected the outcome of 𝜆 

 

                                                   
20 The study of Cheng, Lin & Liu (2013) account for a transactions cost of 3%, 4,5%, 6%, 7,5% and 9 %.  

Transaction cost 4 6 8 10 12
7,5% 3,74% 3,65% 3,55% 3,47% 3,31%

9% 3,15% 3,07% 3,01% 2,95% 2,86%

Transaction cost 4 6 8 10 12
7% 3,65% 3,41% 3,16% 2,91% 2,68%
8% 3,24% 3,07% 2,87% 2,68% 2,50%
9% 2,91% 2,78% 2,63% 2,48% 2,33%

Cheng, Lin & Liu's (2013) findings λ=12

Empirical findings λ=17,3

Table 7: Comparison between the empirical findings and Cheng, Lin & Liu's (2013) results

Months

Months
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As seen in table 7, both results show indication of the same trends. Increasing the 
market frictions transaction cost and time-on-market will yield in lower optimal 
allocations of real estate. In general, the results of Cheng, Lin & Liu’s (2013) results 
is slightly higher than the empirical findings from this thesis.  
 
According the Cheng, Lin & Liu’s (2013) results, a transaction cost of 7,5 % and  
time-on-market of 4 months yields in 𝑤jE∗ = 3,74	%. By adjusting the transaction 
cost to 9 % and keeping everything else constant the authors implies a value of 	
𝑤jE∗ = 3,15	%. In comparison to the empirical results, a transaction cost of 7 % and 
same time-on-market yields in 𝑤jE∗ = 3,65	%. Furthermore, taking the average value 
of 𝑤jE∗ , when transaction cost is 7 and 8 % would yield in approximately 𝑤jE∗ =
3,45	%. The allocation of the US market is therefore approximately 0,3 percentage 
units larger than the Swedish market. When transaction cost on the Swedish market 
increases to 9 %, 𝑤jE∗  decreases to 2,91 %. The gap in optimal allocation then falls to 
0,24 percentage units between the two countries.  
 
Adjusting time-on-market from 4 to 12 months Cheng, Lin & Liu’s (2013) result of 
𝑤jE∗  decline to 3,31 % (transaction cost=7,5 %) and 2,86 % (transaction cost= 9 %). 
Meanwhile, the empirical findings suggest and values of 𝑤jE∗ = 2,68	% (transaction 
cost=7 %) and 2,33 % (transaction cost=9 %). Assessing the average value of 
transaction cost equal to 7 and 8 % yields in 𝑤jE∗ = 2,59	%. When transaction cost is 
equal to 7,5 %, 𝑤jE∗  in the US is approximately 0,72 percentage units larger than the 
Swedish market. A transaction cost of 9 % yields in approximately 0,53 percentage 
unit higher allocations on the US market. The suggested optimal weights are 
surprisingly similar, which may sound strange due to the differences in the market. 
Once again, the value of 𝜆 has shown to be of significant importance for the allocation 
process.  
 
The optimal allocation 5 –  20 % presented by Lekander (2015) deviate strongly from 
the empirical results which suggest an optimal allocation of 0,72% – 5,84 %, The 
findings is in-line with the expectations and implies that the model account for 
market imperfections. The accuracy of assessed market imperfection is hard to 
validate. However, the model from Cheng, Lin & Liu (2013) implies that an 
increasing transaction cost and time-on-market will result in lower optimal 
allocation of real estate. Although market imperfection and time-on-market is 
interesting, the study has shown that risk-aversion is the major determinant of 
optimal allocation in the model presented by Cheng, Lin & Liu (2013). 
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7.5. Concluding Discussion 
The main purpose of this study has been plural, firstly it has been to assess the 
extended model which is grounded in the framework in MPT, and secondly, to use 
this model to estimate the optimal real estate allocation in a multi-asset portfolio. 
During the work, it has come to our knowledge that Cheng, Lin & Liu’s model (2010a 
& 2013) isn’t without its flaws. As previously mentioned the authors are also aware 
of this problem and they have also stated that: 
“… this work should be viewed as a first step in the search for a more general 
portfolio theory for mixed-asset portfolio analysis. Several important issues still 
remain.” (Cheng, Lin & Liu, 2013). 
 
Before commenting the calculated optimal weights, we will firstly start of by 
discussing our two research questions, i.e.: 

• Is the extended MPT a valid approach when assessing the allocation towards 
real estate? 

• What problems are associated with using the extended model? 
 
Assessing whether Cheng, Lin & Liu’s (2010a & 2013) model is valid or not could be 
seen as a matter of discussion. As previously mentioned, Cheng, Lin & Liu’s articles 
(and model) does consider important characteristics about real estate which has 
been discussed in other academic literature. However, other academic studies 
haven’t been able to include or solve the problems associated with real estate. Also 
discussed and mentioned before, is that the market imperfections which is included 
in the new model are real estate illiquidity, transaction cost and investors risk 
aversion. But what is it that determines that only these factors are the ones which 
should be included in a mathematical model which purpose is to estimate the 
optimal portfolio weight? 
 
Apart from the frequently traded assets, real estate also has problems with other 
“characteristics” not considered in Cheng, Lin and Liu’s (2010a & 2013) model. A 
few of these characteristics can be summarized as: a higher degree of heterogeneity, 
a higher degree of leverage and higher management costs (Cheng, Lin & Liu, 2013; 
Ang, 2014; Lekander, 2016).  
 
If we consider all factors, we can although conclude that the ones included in the 
model are in some way easy to grasp or measure. Risk aversion is a well-known 
concept within the finance literature, which has been discussed and modulated in 
various books and articles. Transaction cost is numerical data, which we can state in 
relative difference to the selling price. Time on market is also numerical data which 
easily could be measured. Apart from the included factors, both the higher degree of 
leverage and higher management cost are, somewhat possible to measure. However, 
according to our knowledge, these are costs that are in some sense personal and 
doesn’t directly related to “the market of owning real estate”.  
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An investor doesn’t have to buy a property with leverage, but can also borrow a large 
amount of money. To include this factor as a variable, we would therefore have to be 
able to determine the average loan amount. It should however be mentioned, that 
leverage is interesting. Increasing the amount of leverage does of course make an 
investment in real estate, as well as other investments, riskier and thus it should have 
an impact on the optimal allocation. 
 
In similarity to leverage, management cost is a cost which can be widely varied. An 
investor or property owner could choose to make large efforts of keeping his/her 
properties in a good condition, thus increasing the properties management costs. 
He/she could also neglect the properties which therefore would decrease the 
management costs to a minimum.  
 
As mentioned above, properties are seen as heterogeneous. However, quantifying 
this factor could be hard. 
 
To our best knowledge, the authors model therefore seems to include the variables 
that seem to replicate the characteristics which makes real estate deviate from other 
frequently traded assets. However, turning our attention to the first research 
question, we could therefore conclude that in the sense of including variables which 
describes the characteristics of real estate, the authors model is valid. 
 
One question, which often is discussed when it comes to optimal real estate 
allocation, is whether or not institutional investors are optimally diversified towards 
real estate? As previously mentioned, within the framework of the classical MPT 
model, optimal real estate allocation varies between 5 – 40 %. However, institutional 
investors do, in general, have allocation towards real estate which are lower than the 
suggested ones. The actual allocation of real estate in institutional portfolios, where 
approximately 3 % in USA and in the UK, 4 % in Sweden and 15 % in Switzerland. As 
compared to previous mentioned results, Switzerland is therefore the only country 
with an allocation within the suggested interval. In comparison to our benchmark 
approach, the suggested optimal allocation for Sweden of 0,72 – 5,84 % is much 
closer to institutional investors actual allocations. When considering the market 
imperfections of real estate, it thus seems that institutional investors actually are 
optimally diversified towards real estate. The model is also given further strength 
when assessing the US allocation in comparison to the results of Cheng, Lin & Liu 
(2013). The actual US allocation of 3 % lies within their optimal interval of 2,86 – 
8,71 %. 
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7.6. Further Research 
The research area concerning the application of market friction is still to improve. 
Through this study has primarily three subject for further studies been identified. 
Firstly, it would be interesting to develop the model into including a wider range of 
market frictions. Secondly, it would be interesting to study the normative approach 
in detail in order to modify and adapt the model into a useful tool. Lastly, the model 
is, as it is now, very sensitive towards changes in 𝜆. Further studies have to be 
conducted in order to determine whether these changes are valid or not.  



 

 41 

8. Conclusion 

The results of this thesis suggest a 𝑤jE∗  of 0,72 – 5,84 % for the Swedish market. The 
optimal holding period of real estate varies between 3,21 – 6,32 years for all values 
of 𝜆. As previously discussed, the variations of 𝑤jE∗  can partly be explained by the 
models sensitivity towards 𝜆. Low values of 𝜆 (where 𝜆 varies between 0,1 to 
approximately 20) yields in very large allocation towards real estate. Higher values 
of 𝜆 (𝜆>20) will have a much smaller impact on the outcome of 𝑤jE∗ . The normative 
approach has been dismissed as inconclusive and unreliable due to abnormal 
suggestion of 𝑤jE∗ . Therefore, result will not be further mentioned in the conclusion, 
whoever and for whom it may interest the detailed result and an analysis of the 
normative approach is found in the appendix.  
 
Apart from 𝜆, transaction cost and time-on-market’s effect on 𝑤jE∗  is much smaller. 
Increasing transaction cost from 7 % to 13 % will result in a decrease of 𝑤jE∗  by -43,7 
% for all three assessed values of 𝜆. Increasing time-on-market from 4 to 12 months 
will result in a decrease of 𝑤jE∗  by -26,5 %. 
 
One of the major problems associated with the model is also the lack of data 
regarding the models input variables. Statistical data regarding time-on-market is 
limited, if not non-existent for commercial properties. Hence, time-on-market can 
only be estimated/approximated without any strong empirical foundation. Apart 
from time-on-market, transaction cost has been assessed in the academic literature. 
According to our knowledge the subject is although discussed in a very limited 
manner. A majority of the published article that has dissected the transaction cost 
often present it in absolute terms. However, due to the nature of the model, 
transaction cost needs to be presented as a percentage of the selling price. 
 
The results obtained using the benchmark-approach results in an allocation of 𝑤jE∗  
that much lower than those of previous studies of the Swedish market. When 
considering market imperfections optimal real estate allocation is, as previously 
mentioned, 0,72 – 5,84 %. In comparison to Lekander (2015), our maximum value 
of 𝑤jE∗  is approximately equal to Lekander’s (2015) minimum value of 𝑤jE∗ . The 
hypothesis that optimal allocation will fall when market frictions are taken into 
consideration, can therefore be accepted21. 
 
As previously mentioned, Swedish institutional investors, on average, has a real 
estate allocation of 4 %. According to the extended MPT model, we can also conclude 
that institutional investors, actually are optimally diversified towards real estate.  
 

                                                   
21 The hypothesis can be accepted when we assess the benchmark-approach. 
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Appendix 

Although the result from the normative approach has been concluded as 
inconsistent and unreliable, it is still an empirical result. However, the study may 
be of scientific interest even if further studies is needed in order to make the model 
more suitable for real market applications. Therefore, this section is conducted to 
give the reader a possibility to briefly comprehend the information through result 
description and an analysis.  

Normative Approach  
Sharp Ratio 
In comparison, the execution of the normative approach differs from that of the 
benchmark approach. As previously mentioned, in order to calculate values of 
optimal real estate allocation, the risk averse investor(s) who fulfills the assumption 
in equation 5.8 has to be found. Due to limitations in data capacity, two broad 
simulations where firstly conducted.  
 
In the first simulation, investors risk aversion (𝜆) was allowed to vary between  
0 – 10 222,21. The result indicated that lower values of 𝜆 seemed to lead into higher 
values of Sharpe maximizing investors. The second simulation was therefore 
narrowed down, where 𝜆 was allowed to vary between 0,1 – 100. Once again, the 
results indicated that Sharpe maximizing investors seemed to be generated from 
investors with low values of 𝜆 (approximately from 𝜆= 0,1 – 10). After the two broad 
simulation had been conducted, the final simulation was made. The simulation was 
made for values of 𝜆 ranging between 0,1 – 10 and was tested with a 0,1 interval. The 
simulation generated 10 000 observations for each value of 𝜆. As with the benchmark 
approach, the simulations in the normative approach allowed the hypothetical 
investors to have characteristics allowing transaction cost to vary between 7 – 13 % 
and time-on-market between 4 – 12 months.  
 
From diagram 2, one can see that the empirical results indicate that the highest 
Sharpe maximizing investors were generated when 𝜆 varied between 0,5 – 2,0. 
Where higher/lower values of 𝜆 vastly decreased. With a risk-aversion of 0,5 the 
sharp ratio was 0,3557 and with a risk-aversion of 2 the sharp ratio was 0,3514. The 
highest value of the sharp ratio was 0,3689 which was identified when the risk-
aversion was 1. 
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In the next section optimal holding period and 𝑤jE∗  will be presented for the investors 
yielding in the highest Sharpe ratios (i.e. those where 𝜆= 0,5 – 2,0). 
 
Optimal holding period and optimal real estate weights 
As concluded in the last section, investors having values of 𝜆= 0,5 – 2,0 resulted in 
the highest values of Sharp ratio. Table 8 presented below, present the 
characteristics of the Sharpe maximizing investors, where the table is ranked from 
the highest value of Sharpe ratio to the lowest. All Sharpe maximizing investors also 
have the common characteristics of having the lowest possible values of transaction 
cost and time on market, i.e. C= 7 % and time-on-market equal to 4 months. 
 
According to the findings, optimal allocation of real estate varies between  
55,73 – 166,06 %. Where 𝑤jE∗ = 55,73% is attained when 𝜆 = 2 and 𝑤jE∗ = 166,06% 
is attained when 𝜆 = 0,5. The highest value of Sharpe ratio is 0,3689, which was 
attained when 𝜆 = 1. Furthermore, this results in a an optimal holding period of 2,27 
years and 𝑤jE∗ = 101,00	%. The “lowest” value of Sharpe ratio is 0,3514 and it is 
attained when 𝜆 = 2. Furthermore, 𝜆 = 2 results in an optimal holding period of 1,63 
and 𝑤jE∗ = 55,73	%.  
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Diagram 2: Sharpe maximizing investors 
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Analysis, Critical Reflection and Conclusion of the Normative Approach 
The empirical result of the normative approach is extraordinary. The suggested 
allocation of 56 – 166 % suggest values of 𝑤jE∗  higher than both the benchmark 
approach and any earlier presented allocations from the classical mean-variance 
framework. Since the model isn’t restricted regarding the maximum allocation, it can 
yield in values of 𝑤jE∗  larger than 100 %, which suggest that an investor should buy 
real estate with leverage. As previously mentioned in section 7.3., equation 5.4. is 
very sensitive towards changes in 𝜆 (when 𝜆 varies between 0,1 – 20). The reason of 
the high values of 𝑤jE∗  has partly resulted from the low values of 𝜆. As seen in  
diagram 2, Sharp maximizing investors fulfilling equation 5.8 has a risk aversion 
which varies between approximately 0,5 – 222. The Sharpe maximizing investors 
thus has values which yields in these very beneficial values of 𝑤jE∗ . 
 
Furthermore, all investors which has yielded in the optimal allocation of real estate 
presented in this approach, have two shared characteristics; they have a transaction 
cost equal to 7 % and a time-on-market of 4 months. Hence, these investors have the 
most favorable characteristics, available from the simulations. 
 
In comparison to the results of the benchmark approach, the investors of the 
normative approach also have much shorter optimal holding periods. As seen in 
table 7, investors of the normative have optimal holding periods ranging from  
                                                   
22 There can of course only be one investors that fulfills equation 5.8. However, there are a plural number of investors who 
are close to fulfilling equation 5.8. In the context of this thesis it is also more interesting to assess those who are in the range 
of fulfilling this equation, rather than only assessing one optimal investor.  

wRE
* T*  + tTOM Sharpe ratio λ

101,00% 2,27 0,3689 1
93,67% 2,17 0,3685 1,1

109,43% 2,39 0,3683 0,9
87,40% 2,08 0,3679 1,2

119,44% 2,53 0,3670 0,8
81,81% 2,00 0,3667 1,3
76,86% 1,93 0,3652 1,4

131,67% 2,69 0,3650 0,7
72,37% 1,87 0,3632 1,5

146,75% 2,90 0,3613 0,6
68,43% 1,81 0,3613 1,6
64,81% 1,76 0,3590 1,7
61,53% 1,72 0,3567 1,8

166,07% 3,18 0,3557 0,5
58,51% 1,67 0,3541 1,9
55,73% 1,63 0,3514 2

Table 7: Optimal holding period and real estate 
allocation for sharpe maximizing investors
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1,63 – 3,18 years. Regardless of the value of 𝜆, optimal holding period achieved by 
the benchmark approach ranges between 3,21 – 6,32. Without assessing the price 
volatility (𝜎jE), the normative approach seems to yield more “advantageous” 
investors, than those of the benchmark approach. The lower values of optimal 
holding period, is also in line with Cheng, Lin & Liu’s (2010a & 2013) presented 
theory. That is, a less liquid market with longer time-on-market and higher 
transaction costs will result in longer optimal holding periods. In summary, the 
investors of the normative approach have much more beneficial characteristics than 
those of the benchmark approach and furthermore having lower values of 𝜆. 
 
Although the simulation is to some extent abstract, it will give strength in the 
previous reasoning concerning the importance of a solid value of risk-aversion. 
  
Nevertheless, we would like to discuss the models sensitivity towards 𝜆. As seen from 
our findings, our benchmark method of finding 𝜆, yields in allocations of 𝑤jE∗  
approximately between 0,72 – 5,84 %, where 𝜆 varies between 17,3 - 69,3. Thus 𝜆 is 
in the zone where it doesn’t have such a large effect on 𝑤jE∗ . However, using the 
normative approach where 𝜆 is found using simulations, our results indicate that 𝜆 
should be approximately 0,5 – 2. When 𝜆 is ranging between 0,5 – 2 the model 
suggests that 𝑤jE∗  should be between 56 – 166 %. These last results is therefore higher 
than any other earlier indication of what 𝑤jE∗  should be, although this model includes 
the market imperfections. 
 
The model doesn’t include any limitations in the sense of affecting how small or large 
the allocation towards real estate can be. 𝑤jE∗ could therefore be both negative and 
larger than 100 % (replicating a short sale and as well including leverage when 
buying properties). However, such high values of 𝑤jE∗  seems unrealistic both when 
compared to our first results (from the benchmark-approach), Cheng, Lin & Liu’s 
(2013) results as well as other studies whom have used the classical mean-variance 
approach. Furthermore, having such high exposure towards an asset which is seen 
as heterogeneous may also violate the nature of diversification. Is the return-to-
volatility of properties so large that an allocation of 166 % is realistic? According to 
our knowledge and previous literature, such high exposure towards one asset class 
contradicts the main purpose of diversification, i.e. diversifying firm-specific risk. 
The suggested allocation presented form the normative approach, thus has to be 
rejected as inconclusive and unrealistic. 
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