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This thesis examined both domestic and international forest 
investment options for a Finnish non-industrial private forest 
investor. The focus was on forest-based investment instruments. 
The influence of movements of currency exchange rates on foreign 
returns were also taken into account. Annual data from 1995 to 
2011 was used. The main portfolio optimization model in this study 
was the Mean-Variance model but the results were also validated 
by using the Value at Risk and Expected Shortfall models. In 
addition, the exchange rate risk hedging was established by using 
one-week-maturity forward contracts. The results suggested that 
75 % of the total wealth should be invested in Finnish private 
forests and the rest, 25 %, to a US REIT, in this case Rayonier. 
With hedging, the total return on the portfolio was 7.21 % (NIPF 
5.3%) with the volatility of 6.63 % (NIPF 7.9%). Taxation supported 
US investments in this case. As a conclusion, a Finnish private 
forest investor may, as evidenced, benefit in diversifying a portfolio 
using REITs in the US.  
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Tämän tutkimuksen tavoitteena oli selvittää suomalaisen 
yksityismetsäsijoittajan portfolion hajautusmahdollisuudet 
metsäkeskeisiin koti- ja ulkomaisiin sijoituskohteisiin. Myös 
valuuttakurssimuutokset huomioitiin ulkomaalaisia tuottoja 
laskettaessa. Laskelmat perustuvat vuosituottoihin aikaväliltä 1995 - 
2011. Sijoitusvaihtoehtojen osuudet portfoliossa optimoitiin tuotto-
riski menetelmällä, jonka jälkeen tulosten validointi suoritettiin 
„Value at Risk‟ ja „Expected Shortfall‟ -menetelmillä. Lisäksi 
valuuttakurssiriskin suojaus toteutettiin viikon mittaisilla 
termiinisopimuksilla. Tulokset suosittelivat 75 % sijoittamista 
suomalaiseen yksityismetsään ja loppuja sijoitettavaksi 
yhdysvaltalaiseen REIT -rahastoon nimeltä Rayonier. 
Kokonaistuotoksi muodostui näin ollen 7.21 % (yksityismetsä 
5.3 %) volatiliteetin ollessa 6.63 % (yksityismetsä 7.9 %). 
Verotuskäytännöt tukivat sijoittamista yhdysvaltalaisiin REIT -
rahastoihin. Lopputuloksena voidaan todeta, että suomalainen 
yksityismetsäsijoittaja voi todistetusti hyötyä portfolion 
hajautuksesta yhdysvaltalaisiin REIT-rahastoihin.  
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1. INTRODUCTION 

1.1. Background 

The recent time period since late 2007 has given us an unusual 

level of uncertainty in the financial sector. At the moment, global 

financial markets are restless. As it has been since the beginning of 

the crisis, the future is unclear. Southern parts of Europe have 

suffered extraordinarily high levels of unemployment. Countries like 

Spain and Greece with unemployment rate of over 25 percent are in 

serious trouble trying to solve their problems of decreasing GDP. 

This has generated the idea of disintegration of the European 

Monetary Union, which directly impacts the currency exchange 

rates and efficiency of investments within the Euro group. Although 

yields in specific sectors have been relatively good lately, the 

volatility on those sectors has jumped up meaning increased risk 

factor for investments at any level. It is not surprising that 

expectations of future earnings on traditional financial assets are 

decreased. Investors are forced to reconsider their risk tolerance 

and return targets. A possible and quite interesting „safe haven‟ in 

this turbulent period of time is provided by timberland. 

It is already commonly known that timberland investments are a 

good option for portfolio diversification. The main reason for this is 

that timberland investments are usually weakly correlated with other 

financial assets such as equities or corporate bonds, commercial 

real estate or direct energy investments. Consequently, previous 

studies of timberland investment are posed from the perspective of 

a diversification tool for a private investor. The objective of this 

study was to investigate potential options for a Finnish non-

industrial private forest (NIPF) owner to benefit from diversifying an 

already existing private forest ownership. Such options may lie in 

either domestic forest-based asset classes or in international 
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alternatives. The first goal was to see how the returns on the NIPF 

ownership are determined. Afterwards, a few different optimization 

models were used to investigate the most efficient portfolio 

allocation and perform a validation process. While investing in 

foreign markets the effects of the movements of currency exchange 

rates were taken into account. The effects can be hedged in some 

cases. Therefore, hedging with forward contracts of different 

maturities is tested. Finally, a suggestion for portfolio diversification 

for a private forest investor in Finland is provided. 

1.2. Objectives and research methodology 

Despite the academic nature of this work, a practical approach was 

adopted to have these investigations benefit private investors. NIPF 

investments were studied from several different angles and 

including as much relevant information as possible in this study.  

Therefore, the research questions in this work are the following: 

Q1 What are the domestic forest-based portfolio diversification 

options for a NIPF owner? 

Q2  What are the international forest-based portfolio diversification 

options for a NIPF owner? 

Q3 If foreign assets are used, how do the taxation and currency 

risk affect the total return and the risk of the portfolio? 

These questions introduce the reader with the world of a private 

forest investor in Finland and cover some new aspects to give 

advice on which instruments can be used to increase stability of the 

portfolio.  
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1.3. Limitations 

The most significant limitation in this research was the lack of 

observations in the data. Even though the time coverage of the data 

was substantially good, starting from 1995 and ending in 2011, only 

annual observations were available. Consequently, the portfolio 

allocations produced by the models were not necessarily robust. To 

alleviate this problem other portfolio optimization models were used 

to validate the results. The other models do not use the variance of 

returns per se as a portfolio risk measure. Based on this validation 

process the portfolio allocation suggested in this study is believed to 

be optimal and robust.   

1.4. Structure 

The basic structure of this study is built upon four different sections: 

the introduction, the theoretical part, the empirical part and the 

conclusions. The theoretical part, starting from Section 2, is focused 

on covering the practical aspects of private forest investment in 

Finland. Different diversification options, domestic and international, 

are introduced. In addition different theories and models of portfolio 

optimization are discussed to evaluate how the currency exchange 

rate affects the returns and their volatilities. Finally, the 

methodology used in this study is presented in Section 3.  

The empirical part consists of studying how the different models of 

the portfolio optimization work with the data described in Section 4. 

Empirical results are presented in Section 5 along with the effects of 

currency risk. Hedging as a solution to this problem is introduced.  

The conclusions are presented in Section 6. A summary of actions 

resulting in favorable diversification effects is given.   
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2. THEORETICAL FRAMEWORK 

In this section findings and theories behind portfolio investment are 

introduced. Various available options of forest investments are 

covered. Later part of the section is dedicated to the modern 

portfolio theory and to its derivations.  

2.1. Forest investments 

For investors interested in an asset class, which provides relatively 

good and stable return and also low volatility, forest investments 

can be an option to consider. Also the low or even negative 

correlation with other financial assets which was first revealed by 

Mills & Hoover (1982) and Zinkhan (1988), which makes timberland 

investments an interesting asset class.  

The most recent statistics of the Finnish Forest Research Institute 

(2012) shows us that Finland hosts over 700,000 private forest 

owners. Distribution of the owner structure is a bit more skewed on 

the private investor side than averagely in Europe (Parviainen & 

Västilä 2012). In Finland two thirds of total timberland, which is 

roughly 12 million hectares, was under control of private owners in 

2010. The rest was owned by the government, by public 

corporations and by other party. The European average structure is 

approximately 50/50 owned between private and public sector.  

According to a recent study by Hänninen et al. (2011) the Finnish 

owners of non-industrial private forests (NIPF) are commonly 

already retired with an average age of approximately 60 years. 

Stable returns and a low volatility could be reasons attracting 

elderly people to invest in forests. It is also commonly known that 

Finland is a land of forests. Moreover, those forests have been in 

use by our ancestors for already centuries. It has been fairly natural 

to get them in a legacy from your grand or great grandfather. So 

there is going to be high possibility that the same scenario will 
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continue in future as well. Rämö et al. (2009) have suggested that 

in year 2030 the average private forest owner is between 45 - 50 

years old. He or she is a townsman who does not have much spare 

time. Because population is centered in cities the distance between 

owners and forests is increased. Future owners are, thus, probably 

not so concerned with the sentiments and soft values of forests. 

The bond between forests and owners is weaker so the possibility 

of selling them is higher. Rämö et al. (2009) suggest bigger 

individual timberlands will exist in future because of the focused 

ownership.  

In practice, the possibilities of forest investing for private investors 

are the following: non-industrial private forest ownership, domestic 

public companies focused on timberland, international timberland 

funds and, the most interesting one in this case, real estate 

investment trusts (REITs). 

2.1.1. Non-industrial private forest (NIPF) ownership 

As mentioned before, private forest investment is quite common in 

Finland. Buying own forestry is the most traditional way to invest in 

NIPF. The size of forestry can vary from just a couple of to many 

hundreds of hectares. The first thing, and maybe even the most 

important one, is to map the resources of a specific area meaning 

to do a forestry plan (Rantala 2009). In this plan, normally made by 

a local forest center or a forest management association, the 

distribution of trees located in that specific area, its topographic 

features and plans for the future fellings and treatment of the forest 

are covered. In private use this plan is normally the base of sales of 

certain forestry. In Finland forest can be owned alone, together with 

several other people or for example together with a spouse, which 

is actually the most common form of private ownership. Kärki 

(2007) has studied these forms in more detail. 
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Returns of NIPF investments derive from a few main factors. The 

most significant parameter is stumpage price. There are different 

categories of wood, logs and pulpwood, which have their own 

stumpage prices. Different species such as pines and spruce have 

their own prices as well. Factors influencing stumpage prices 

include demand, wood species, difficulty of the fellings, logging 

outturn of the area and its size. A difference exists in the stumpage 

price if the cutting is meant as just thinning or if it is meant as a total 

felling. The goal of the first is to cut the forest thinner and to ensure 

better possibilities for trees to grow tall under good conditions, 

meaning an individual tree has more space and nutrient to grow 

efficiently. The goal of the latter is to leave no trees standing. The 

felling is more in demand so the prices tend to be higher. The first 

thinning cut is normally done when it is possible to get at least 30m3 

of logwood per hectare. Altogether normally one to three thinning 

cuts are performed during the lifecycle of a forest. The final felling is 

usually carried out between 70 and 100 years for conifer or 

softwood and between 50 and 70 years in the case of broadleaves. 

(Rantala 2009) 

Halonen (2007) has studied the growth rate of a forest as a return-

affective factor. The geographical location, land features, tree 

species, treatment efforts and many other factors affect the growth 

rate of a forest. During the years of growth trees get heavier and 

larger in diameter. Before a certain point of growth the tree is said 

to be pulpwood once big enough it is said to be logwood. Logs are 

usually valued higher. Good forest management, plans and 

treatment are factors, which may multiply the roundwood stock 

increment in relative short time period. 

Another factor affecting the returns of NIPF are laws and decrees 

established by governments. Paananen et al. (2009) have studied 

the legislation set in 1970 by the Finnish parliament and the effects 

of that legislation. The regulation was aimed at ensuring that 
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timberland ownership would not fall into the hands of impolitic 

parties. The management and ownership of private forests was 

directed to local farmers because it was commonly thought that 

such a procedure was the most efficient way to put the timberlands 

in use. Since 1990 the government has started to decrease the 

regulation partly because many studies have pointed out that the 

market forces will do the job without extra regulation. Today the 

ownership and usage of private forests are regulated by acts and 

decrees set by the Ministry of Agriculture and Forestry. The forest 

law and decree, and the act on the financing of sustainable forestry 

are examples on what the legislation contains. More information 

can be found from the webpage of Ministry of Agriculture and 

Forestry.  

Also the Finnish government supports private forest investing by 

granting funding to owners wanting to do renovation and forest 

treatment for example forest roads. Funding is also provided for 

taking care of young forests and for construction work of drainage 

ditches. The funding varies locally and it increases when heading to 

the north. More information in Finnish is available on the webpage 

of „Metsä vastaa‟2. 

Risks caused by natural forces can be covered by insurances. 

Different fungi, raids of insects and damage caused by wildlife 

should be considered. Damage caused by mooses, however, 

cannot be covered by insurances but are covered by the 

government. 

Returns of NIPF ownership can be estimated in different ways. At 

the forestry specific level the estimation starts from the forestry 

plan. 

 
1
Internet: http://www.mmm.fi/en/index/frontpage/forests/legislation.html 8.2.2013 

2
Internet: http://www.metsavastaa.net/valtion_tuetyksitysmetsataloudelle 8.2.2013 
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An analyst, from for example a forestry center, evaluates the 

number of trees in the forest area. Based on the calculation and by 

using current stumpage prices the income from the area will be 

evaluated. The most accurate way to make the estimation would be 

to use bookkeeping-based data (Peltola 2003). Unfortunately, it is 

not possible at the country level. The reason is the lack of 

representative sample of the bookkeeping network of forest 

holdings for profitability studies in Finland. The data used in this 

study is collected by the Finnish Forest Research Institute (FFRI) 

and it provides valuable and accurate information of non-industrial 

private forests in Finland. The data of the FFRI is broken down to 

local Forestry Board District (FBD) levels. 

By using the data provided by the FFRI calculations of returns on 

NIPF ownership at national level are possible. The stumpage price 

based model has been used by for example Washburn & Binkley 

(1990) and by Heikkinen & Kanto (2000).  Stumpage prices and 

growth rate of the forest stock were used as explanatory variables.  

There is also another option available for calculation the return 

instead of using stumpage price series only. The calculation 

contains factors such as stumpage price change, silvicultural costs 

and change in the growing stock net increment components. The 

latter is divided into fellings and growing stock value change 

components. Due to the division of the data down to local regions, it 

is possible to study diversification of forest returns in distinct areas 

in Finland but in this research the focus is on the national level. A 

study on the returns at different FBDs was done by Lausti & 

Penttinen (1998). The research article is one of the main studies of 

NIPF ownership returns in Finland. Penttinen et al. (1996) have 

studied the return-risk approach but Lausti & Penttinen (2004, 

2009) are those who have together taken this study approach of 

finance basis even further in Finland. The model created by Lausti 

& Penttinen takes into consideration each of the six roundwood 
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types and is constructed of several terms where the first term 

concerns the cost component ry(c): 
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The net increment component can be divided further into fellings, 
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and the volume change in the growing stock, ry(v) 
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Thus, by combining equations (1), (2), (4) and (5) the annual return 

on non-industrial private forest ownership at the national level i.e. 

ry,NIPF = ry(c) + ry(p) + ry(f) + ry(v), can be obtained. The last 

decomposition of the net increment component into fellings and net 

increment is additive but not exact. However, the error term is 

negligible and because the relative volume change caused by the 

net increment Iy is small, the relative change caused by fellings Fy is 

typically even smaller. A relevant factor which impacts to the 

equation is the fact that the felling values of forest holdings have in 

most cases been locally approximately 10 - 20 percent higher than 

their actual market prices (Hannelius, 2000). This is taken into 

account by adding a parameter, 0 < s < 1, into the equation. By that 

parameter the sensitivity of the return on forest ownership, as 

increasing or decreasing the non-monetary items in the felling 

value, can be adjusted while leaving monetary transaction values 

such as sales revenues from commercial fellings and silvicultural 

costs untouched. To summarize, the felling values of forests and 

their market values are correlated. A complete equation of annual 

returns on the NIPF ownership is as follows: 

 
6 6
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 (6) 

At last, a bare land value is used. Some studies consider it in an 

equation (Thomson, 1997) but this inclusion has not actually 

confirmed by the empirical findings by Klemperer (1996), who found 

that at least in the case of large timberlands with mature timber, the 

price of forest land may well be lower than the felling value. 

Hannelius (2000) has found similar results in the Finnish forestry. 

The approach of Klemperer (1996) and Hannelius (2000) has been 

adopted here and the bare land value has been excluded from our 

calculations. 
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2.1.2. Domestic public companies and funds 

NASDAQ OMX Helsinki, the Finnish Stock Exchange, provides only 

three listed companies mainly focused on forest products. Those 

three are Stora Enso, UPM-Kymmene and Metsä Board (former M-

Real). There is also a lack of domestic funds and trusts focused in 

timber in Finland. One new fund1 was founded in late 2012 but due 

to its young age, it is not possible to have any performance data out 

of it. In future it is really interesting to see how the forest fund of 

Taaleritehdas will perform. A big issue in the traditional forest 

business has been the era of new technology, the internet age. Due 

to this new age of internet services and wireless communication the 

need for paper products has been declining. The common ideology 

behind the recent developments in ways to transfer and deliver data 

and information is to do it as green and as efficiently as possible. 

This green ideology directly affects the demand of office paper. At 

the moment we have oversupply situation in paper products in 

Europe, which means that paper machines will not be run at their 

highest capacity. Globalizing paper companies and the need of 

forest based companies to follow the paper demand to the other 

side of the world will also affect the private forest owners and the 

prices of the forests in Finland.  

2.1.3. International real estate investment trusts (REITs) 

In 1960 the US Congress approved the Internal Revenue Code 

thereby permitting real estate investment trusts (REITs) to exclude 

their distributed earnings from the corporate income tax. In practice, 

investments in REITs are taxed as if they were investments in real 

estate, real estate equities and mortgages. This legislation made 

possible that small investors could use them as on diversification 

tool for their investment portfolios. So far, such methods had only 

 
1
Internet: http://www.taaleritehdas.fi/fi/taaleritehtaan-metsa.html 30.4.2013 
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been available to wealthy investors such as institutional investors. 

The new tax treatment also secured collective projects at state level 

which benefited the whole economy. (Dawson 1961) 

Different types of REITs exist in international markets. An equity 

REIT builds or manages properties, such as apartment houses or 

shopping centers, and collects rent. In the other hand, mortgage 

REITs deal in investments and ownerships of property mortgages. 

The income is primarily based on the interest flows from mortgage 

loans. Basically REITs can invest in any type of real estate. In this 

case interest lies in the study of timber-based real estate 

investment trusts owning timberland and selling trees to acquire 

income. 

According to Sun (2012), although the idea of REIT was developed 

over 50 years ago, securing timberlands has received serious 

attention from the investment community only in the recent years. 

One of the motivations to be treated as a real estate investment 

trust is to achieve immunity from corporate taxes. This is a life-

evident for businesses where capital returns are relatively low. To 

obtain the permission to change from corporate to REIT several 

provisions have been laid out in the Internal Revenue Code. They 

all need to be fulfilled before the transformation can be done. These 

provisions fall under organization requirements, distribution 

requirements and income and asset tests. For example to qualify as 

a REIT, a corporation must distribute at least 90 percent of taxable 

income to shareholders through dividends. In addition, at least 75 

percent of the assets must be in the form of real estate. From an 

investor‟s point of view REIT is an interesting investment because 

private investors can also benefit in taxation through the use of 

capital taxation in returns of REITs. It is also much easier to buy a 

few shares of REIT than acquire own forestry itself. In addition, an 

investor can achieve portfolio diversification benefits by acquiring 

forest investments, which returns are not so strongly correlated with 
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the returns of other asset classes. Shares of REITs are also more 

liquid than real estate investments done in the practical way and 

owning them.  Even when real estate investment trusts specialized 

in timberlands are probably the best characterized as an alternative 

instrument, they have their disadvantages. Because REITs are 

publicly traded instruments, they may bring systematic risk into the 

investment portfolio and the diversification benefits might thus be 

smaller than that in NIPF ownership. Sun (2012) suggested that 

after the shift into becoming REITs the corporations have become 

more similar to typical stocks in the equity market which are 

influenced by market booms and recessions. Therefore, it may 

cause a loss of original diversification gains in timber.   

2.1.4. Taxation 

In Finland the income tax act (TVL 43§) states that in most cases 

income from NIPF is capital income. If the owner sells trees directly 

from the forest and does not personally perform the felling, all 

income is considered as capital income. The current tax rate (2013) 

of capital income is 30 percent up to 50 000 euros and 32 percent 

when exceeding that limit. If the felling is done personally, a 

proportion of the income is considered as an earned income. 

Salaries of loggers, forest management and treatment expenditures 

and costs caused for owning forest can also be deducted  from the 

income of the forest investment (TVL 56§). It is also possible to 

deduct a separate forest reduction (TVL 55§). Altogether the 

reduction is 60 percent of the total acquisition price. If implemented 

the reduction will lower the acquisition price and therefore increase 

the possible capital gain at the time of sale of certain forestry. In 

Finland all whose annual sales rise over 8.500 euros have to apply 

for a membership of value-added taxation (ALVL 3§).  

Returns on foreign investments are sometimes taxed as their 

domestic counterparts in Finland and sometimes tax structure may 
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differ quite dramatically. The basic idea behind the taxation is 

practically the same. Capital gains of sales of foreign stocks are 

taxed by using the capital income tax rate in Finland. In terms of 

dividends, taxation practices may differ slightly. From dividends of 

normal listed companies 70 percent of the returns are taxed by the 

30 or 32 percent capital income rate and the rest 30 percent of the 

returns on dividends are tax-free. Hence, the effective tax rate is 

then 21 percent of the returns, paid in dividends, for both foreign 

investments and Finnish investments. The calculation holds when 

the dividends are paid by a company located within the EU or in a 

country which Finland has a specific tax treaty with. Such a treaty 

exists for example between Finland and the United States of 

America. Commonly some tax is paid to the origin country where 

the company is located at and the rest is paid to the home country 

of the investor (e.g. in the case of the US where 15 percent goes to 

the US and 6 percent is paid to Finland). If dividends are paid by a 

company located in a country not in the EU or when a tax treaty 

does not exist, the dividends will be taxed according to the full 

capital income tax rate. (Finnish Foundation for Share Promotion 

2012) 

Tax treaties yield a wide taxation scale for countries wishing to tax 

foreign investments. The tax treaty between Finland and the US is 

favorable for the Finnish investors who want to invest in the REITs 

in the US. The tax treaty states that dividends from REITs are taxed 

by the withholding tax rate 15 percent if (Finnish law of the tax 

treaty between Finland and the United States of America 

893/2006): 

- The trust holder is an individual or a pension fund owning 

no more than 10 percent of the trust which is diversified 

- The dividends are paid with respect to a class of stock that 

is in public trade and the trust owner does not own more 

than 5 percent of any class of the REITs stock 



15 

 

In summary, a Finnish forest investor faces different tax rates while 

investing in Finnish non-industrial private forests and the timber 

REITs located in the US. From the domestic forest sales an investor 

pays capital income tax with rate of 30 percent and for the 

dividends of the REITs from the US the tax rate is effectively 21 

percent. Nevertheless, it is critical to remember that just some 

proportion of REIT income comes from dividends. The rest of the 

potential income materializes at the moment of sale of the trusts. 

2.2. Performance metrics 

This part describes how performance of an individual asset or 

whole portfolio can be measured. First is investigated how a basic 

capital asset pricing model works. Second the scope is changed to 

performance ratios derived from the CAPM. 

2.2.1. CAPM and Jensen’s alpha 

The Capital Asset Pricing Model (CAPM) was built on the work of 

Markowitz (1952) on a mean-variance efficient portfolio and 

developed further by Sharpe (1964) and Lintner (1965) with their 

economy-wide implications. The body of CAPM is the expected 

return on an asset or a portfolio which contains a risk free rate, Rf, 

plus a premium that depends on the asset‟s βi and the expected 

risk premium of the market portfolio, E[Rm] - Rf, i.e., 

                              f i m fE R R E R R                    (7) 

Risk-free return, Rf, is calculated on the basis of some riskless 

asset. This type of asset needs to be a fixed income security with 

the lowest likelihood of default. For example, US Treasury bills are 

commonly used as proxies for risk-free return (Sharpe et al. 1999). 

Beta coefficient, βi, is a constant that measures how sensitive the 

return of the asset is to the return of the market. If the coefficient is 

higher than one, the return of the asset will change more than the 
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benchmark index, i.e. the market portfolio. If the coefficient is 

negative, the return of the asset will be the opposite to the 

movement of return of the market portfolio. The beta coefficient can 

be calculated by using the following equation (Elton et al., 2003):  

                 
( , )

( )
i m

i

m

Cov r r

Var r
                      (8) 

where cov(ri,rm) is the covariance between the market return and 

the return on asset i and Var(rm) is the variance of the market 

return. Beta also measures the amount of systematic risk, i.e. the 

non-diversifiable risk of the asset i and can thus be seen as the 

index of systematic risk.  

The market portfolio choice and the construction of it are 

cornerstones of applying the capital asset pricing model. As Roll 

(1977) has argued, the CAPM model is very sensitive even to a 

small misspecification in the composition of the market portfolio 

proxy and can lead to the wrong conclusion. Furthermore, it is not 

possible to observe the exact composition of the true market 

portfolio. Nevertheless, the CAPM and typically a stocks-only 

market portfolio are generally used in studies of forestry, even 

though the market portfolio should include all individual asset 

classes in the sample. Lausti & Penttinen (2009) have expanded 

the market portfolio to contain other asset classes instead of 

containing only stocks in their research of the private forest 

investments. The new market wealth portfolio consisted of NIPFs, 

private housing, offices, stocks, bonds and debenture asset 

classes. The results revealed that a stocks-only portfolio proxy led 

to severe underestimation of the systematic risk, beta, and 

overestimation of the risk-adjusted return alpha. Also explanatory 

power of the model was lower for stocks-only market portfolio proxy 

compared to the all-inclusive proxy. 
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In empirical regression analysis, CAPM can be estimated in the 

excess return form where ex-post realized returns, Ri and Rm, rather 

than ex-ante expected returns, E[Ri] and E[Rm], are used. 

                  i f i m f iR R R R                         (9) 

New terms in the equation are the intercept, αi, which is called the 

Jensen‟s (1968) alpha and µi which is the error term also known as 

the random error or disturbance of the equation. Intercept αi tells if 

an asset outperform the market or not. If αi is positive, an individual 

asset outperforms the market and earns a higher than the expected 

risk-adjusted return and is said to have abnormal returns. For 

negative αi is the opposite true. Therefore, Jensen‟s alpha is widely 

used to evaluate mutual funds and portfolio managers‟ 

performance, often in conjunction with the Sharpe and the Treynor 

ratio. 

2.2.2. Treynor ratio 

Treynor (1965) developed the first metric for risk-adjusted portfolio 

performance. The ratio measures the returns earned in excess of 

what could have been earned over a riskless asset per each unit of 

market risk. The Treynor ratio (TR), also known as the „reward-to-

volatility-ratio‟, is calculated by deducting the risk free rate, Rf, from 

the rate of return for a portfolio Ri
 and dividing the result by the beta 

of the portfolio, i.e. 

                  i f

i

R R
TR




                  (10) 

2.2.3. Sharpe ratio 

Sharpe (1966) ratio (SR) is one of the widely used risk-adjusted 

portfolio performance measures and it is an extension of the 

Treynor ratio. The ratio tells whether returns of a fund or a portfolio 
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are due to smart investment decisions or as a result of extra risk. 

The higher Sharpe ratio for a portfolio, the better the risk-adjusted 

performance of it has been. If the ratio is negative, a risk-free asset 

has performed better than the portfolio under investigation. The 

ratio is calculated by deducting the risk free rate, Rf, from the rate of 

return for a portfolio, Ri,
 and dividing the result by the standard 

deviation of the portfolio return, i.e., 

i f

i

R R
SR




                  (11) 

Both ratios, Treynor and Sharpe, are commonly known and used for 

estimating the risk-adjusted returns of portfolios. The Treynor ratio 

tells how much excess returns a portfolio has generated relative to 

the market risk it is exposed to. In the other hand, the Sharpe ratio 

measures how much excess returns a portfolio has generated per 

unit of volatility of returns i.e. the total risk it is exposed to.  

2.3. The modern portfolio theory and optimization models 

Nobel-prized Markowitz (1952) invented the Modern Portfolio 

Theory (MPT) for supporting investment decisions and for giving aid 

to the investors‟ portfolio selection dilemma. The Modern Portfolio 

Theory aims to maximize the expected return of an investment 

portfolio relative to risk. Markowitz (1952) shifted the general view 

from individual securities towards a broader mind set of investment 

portfolios using several different securities and asset classes. An 

investor can thus make investment decisions and for a portfolio by 

using a mathematical formulation. MPT is based on normally 

distributed returns. The definition of risk is the variance or standard 

deviation of the return and a portfolio is merely a weighted 

combination of assets. Basic assumptions of MPT include that 

investors are rational and markets are efficient. 
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2.3.1. Mean-variance optimization 

Simultaneously with establishing the Modern Portfolio Theory, 

Markowitz (1952) formulated the portfolio problem as a choice 

between the mean and variance of a portfolio constructed from 

several assets. An investor can either (i) maximize the expected 

return by namely holding a constant variance or (ii) hold a constant 

expected return by minimizing the variance. Thus, the Mean-

Variance theory (MVT) and the efficient frontier were developed. 

This formulation provides an investor the possibility for choosing a 

preferred portfolio, depending on individual risk return preferences. 

The main message was that investors should not see securities or 

assets as unique investments but instead, they should focus on co-

movements between the assets to result in an ability to construct a 

portfolio that had the same expected return and less risk than a 

portfolio constructed by ignoring the interactions between securities. 

(Elton & Gruber 1997) 

Mills & Hoover (1982) have listed the assumptions of the Mean-

Variance theory needed for ensuring the comparability between 

investments and applicability of the portfolio analysis technique. 

These assumptions are the following: 

I. Investors want to maximize the quadratic utility function 

in expected return and variance/covariance 

II. First the investor does the liquidity decision and after that 

a decision of the investment composition (not related to 

preference stated in I.) 

III. Investors consider and make decisions on the basis of a 

single-period model 

IV. All prices and physical loss agents are free from 

manipulation of investors 

V. All investments are perfectly divisible 
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VI. Investors can estimate the expected annual rates of 

return and variance/covariance of all investments 

VII. All transactions are free from costs and taxes 

 

Mills & Hoover (1982) adopted the NIPF investment point of view. 

They disclose that the MV theory is based on three axioms: a) For 

any given level of risk, a higher level of return is preferred b) For 

any given level of return, a lower level of risk is preferred c) For any 

given combination of risk and return, a combination with higher 

return and lower risk is preferred. In the center of MV optimization 

stands the quadratic utility model: 

( )U R R V                  (12) 

where U(R) is the expected utility, R is the expected rate of return, λ 

is the coefficient of risk aversion and V marks the variance. One of 

the main assumptions of MVT was that an investor wants to 

maximize utility, i.e. function (12). In practice, an investor will have 

more securities or asset classes in where to invest, so the function 

needs to be modified with interactions between investments. This 

can be done by substituting the simple variance term into function 

(12) by a variance/covariance matrix of the investments: 

max ' ( ' )z w R w Vw                  (13) 

where w = (w1,w2…wn)’ is an n x 1 vector of portfolio proportions 

which must sum to 1 so w’e = 1 and let R=(R1,R2…Rn)’  be an n x 1 

vector of the expected returns of the n assets. Also assume that V 

is the n x n covariance matrix of the returns on the n assets. It gives 

that the expected return of the portfolio is: 

'pR w R ,                 (14) 

and the variance of the portfolio return is the following: 
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2 'p w Vw                    (15) 

In this research short sales are not used as an investing instrument 

creating the last constraint of w ≥ 0. Function (13) can be used as 

the basis of a quadratic programming model which describes an 

investor‟s investment selection.  

The coefficient of risk aversion λ represents how risk averse an 

investor is.  Simply, it shows the level of risk the investor would like 

to have in the portfolio. If the coefficient is 0, the investor does not 

require any compensation for risk-taking and maximizes expected 

return. When λ approaches positive infinity, the investor attempts to 

minimize the risk regardless of the expected return. When λ is 

solved in the quadratic programming model the efficient frontier is 

generated. Therefore, the efficient frontier resembles a map of the 

rate of return and the risk of the optimal portfolio for different levels 

of risk aversion in the return-risk space. In Figure 1 the horizontal 

axis shows the portfolio risk and the vertical axis shows the 

expected return of the portfolio. The graph describes the efficient 

frontier (EF) depending on the risk willingness of the investor. 
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Figure 1: An illustration of the result from the quadratic programming model of 

the efficient frontier (EF). The risk willingness of the investor is 

represented by λ. 

Portfolio diversification is important in explaining investor behavior. 

In function (13) the variance/covariance matrix of the investments 

includes the covariance term which is added to the risk term to 

incorporate the influence of investment correlation. When 

correlation between securities of the portfolio decreases, the risk of 

the portfolio, i.e. the variance of the portfolio, is reduced at any level 

of portfolio return. That is the reason why investments which are 

poorly correlated with the already existing investments of the 

portfolio could be attractive as diversification options for deducting 

the overall portfolio risk despite the low rates of return of the 

investments. 
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Figure 2:  Effect of different degrees of correlation on the risk and return of a 

portfolio. 

With a correlation coefficient value +1.0 the two assets, risk and 

return, in the portfolio are directly correlated with each other. When 

the correlation coefficient between two assets decreases, the total 

risk, i.e. the variance of return on the portfolio, drops as well as 

mentioned previously. 

Fama & French (2004) have shown how the efficient frontier is used 

in the context of portfolio selection. In Figure 3, the curve abc is the 

minimum variance frontier and it describes the opportunities of 

different portfolio combinations minimizing the variance of the return 

at different levels of expected return without the possibility to invest 

in risk-free assets. Bodie et al. (2006) have stated that if an investor 

has a risk-free asset to choose for a portfolio, it follows that capital 

allocation line (CAL) what connects R(f) and d consists all the 

possible risk-return combinations available to the investor without 

lending and borrowing. An interesting fact is that the slope of CAL 

measures the growth of the return of a portfolio per unit of additional 

standard deviation (risk). This ratio is known as the previously 

discussed Sharpe ratio. Point T expresses the most efficient 

combination of both risk-free and risky assets. Only portfolios above 
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b along abc are mean-variance-efficient. In addition, putting all the 

wealth of the investor into risk-free assets is represented by point 

R(f). If risk-free borrowing and lending are available movement on 

the line between R(f) and g is possible.  

 

Figure 3:   Investment opportunities with borrowing and lending (g). T is the most 

efficient set of assets combined of risk-free (d) and risky assets. The 

efficient frontier (EF) is the part a-b from the line abc. R(f) is the return 

rate of risk-free assets. 

Before expanding our scope to include the variance of a portfolio 

and the correlation features, it is necessary to summarize the basic 

characteristics of portfolios in general (Elton et al. 2003). Weighted 

averages of the return on the individual assets construct the return 

on a portfolio. The weight of the individual asset, wi, is the fraction 

of the portfolio invested in that asset. The expected return on a 

portfolio, E(Rp), is also a weighted average of the expected returns 

on the individual assets presented below: 

1

( )
N

P P i ij

i

R E R E w R


 
   

 
                (16) 

where Rij is the jth return on the asset i and N is the number of 

assets. To simplify, the expected value of the sum of various 
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weighted returns is the expected value of total portfolio therefore we 

have: 

1

( )
N

P i i

i

R w R


                   (17) 

The variance of a portfolio (15) is constructed next. The first part of 

the expression for the variance of a portfolio is the sum of the 

variances on the individual assets, σ2
i, multiplied by the square of 

the fraction, w2
i, invested in each of the assets: 

 2 2
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                  (18) 

The second set of terms is so called covariance terms: 
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                 (19) 

A new term in equation (19) is the covariance between two different 

assets, σjk. It is the expected value of the product of two deviations 

of the returns on security 1 and 2 in a two-security case and is 

similar to variance. The difference between the covariance and the 

variance is that the covariance is the product of two different 

deviations and it can be positive or negative. It can be represented 

as follows: 

12 1 1 2 2[( )( )]j jE R R R R                   (20) 

When these two sets of terms, (18) and (19), are combined, the 

variance of a portfolio is generated: 

   2 2 2

1 1 1
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P i i i j jk

i i j

w w w  
  

                       (21) 

After determining the variance of a portfolio it is important to see 

how the correlation coefficient is formed. The covariance between 
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two individual assets, σik, is a measure of how returns on assets 

vary together. The covariance is a large positive number and 

therefore, in this particular case, standardization is useful in order to 

compare the covariance with those of other assets and their co-

movements.  

Michaud (1989) has studied the criticism of Markowitz‟s Mean-

Variance optimization and found that equal weighting in proportions 

of assets may significantly outperform the unconstrained MV 

optimization in many cases. MV optimization heavily over-weights 

(under-weights) the securities, which have large (small) estimated 

returns, negative (positive) correlations and small (large) variances. 

Obviously, these securities are in many cases affected by 

estimation errors. Therefore, MV optimizers are sometimes called 

„estimation-error maximizers‟ because the model inputs require high 

attention while they are selected and formed. 

2.3.2. Geometric mean return 

One of the criticisms of the MV model has been that the model 

under-estimates the true long-term returns, even in the situation 

where the input data for the individual assets prove to be correct. 

Bernstein & Wilkinson (1997) have studied how to generate a 

modified MV optimization model by using geometric means of the 

returns. When this geometric mean return optimization is used the 

efficient frontier is called the Geometric Mean Frontier (GMF).  

The downside of the use of the geometric mean returns is the lower 

traceability and non-conformation to some sampling properties. In 

most advanced statistical studies the arithmetic mean is favored for 

the sake of its superior mathematical tractability and its application 

in sampling theory. Therefore, the use of the geometric mean 

should be carefully considered. (Galadima & Tsaku 2008)  
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The geometric return on an asset can be placed into an 

approximate equation:  

2
i

i i

V
G R                   (22) 

where G is the geometric mean of the return on the asset i, R is the 

arithmetic mean of the return on the asset i and V is the variance of 

the returns on the asset i. As a note, the geometric mean when n 

are nonnegative numbers can be calculated as follows: 

  1 2 ...n
nG x x x                 (23) 

The problem of negative returns on securities or on other 

investments can be solved by using the equation as follows: 

1 21 (1 )(1 )...(1 )T
s Tg r r r                         (24) 

This leads that gs, the geometric mean of the series, may 

sometimes also be referred to as the growth rate or internal rate of 

return of the series stated as following: 

0(1 )Tt sW W g                  (25) 

where Wt is the wealth of the investor at time t, W0 is the same 

wealth at t = 0 and gs is the internal growth rate.  By using the 

geometric mean in standard return calculations, robust results can 

be obtained. Nevertheless, the inputs of MV analysis must include 

estimated arithmetic rather than geometric means, since the 

arithmetic mean of a weighted sum (for example of the portfolio) is 

weighted by arithmetic means, not by geometric means. However, 

an investor should be concerned with the estimated geometric 

mean of a portfolio because the mean still represents the long-term 

return of the portfolio (Markowitz 2012). 
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2.3.3. Safety First 

Roy‟s Safety First (1952) portfolio optimization is one of the most 

popular models in portfolio selection. Consequently, it is quite 

similar to Sharpe portfolio rating model. Signer (2010) has studied 

the optimization model and tried to formulate an answer to the 

question as to how the Safety First (SF) portfolio optimization model 

performs under two different target assumptions: fixed target and 

random target. The mean ideology behind the model is to maximize 

the expected portfolio return under a safety-first constraint. This 

safety-first constraint is defined as the probability of failing to 

achieve a desired threshold return level. For Signer (2010), the 

fixed safety-first constraint meant a specific level of minimum return. 

The other constraint is the random target of the threshold return 

level, which describes the uncertain return of a benchmark and is 

commonly applied for managing institutional portfolios. 

Mathematically the SF portfolio optimization problem is the 

following: 
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                           (26) 

where xTR is the random portfolio return, T is the fixed or random 

target and α is the critical probability. The SF ratio of the portfolio i, 

which then needs to be compared with the other portfolio choices, is 

calculated as follows: 
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                    (27) 

where the portfolio achievement ratio in terms of the SF criterion is 

calculated by deriving the spread of the return on the portfolio and 

the level of the fixed or the random target return by the standard 

deviation of the return on the portfolio. 
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The main results of Signer (2010) were the following: 

I. The random target strategy outperforms the fixed target 

strategy if the portfolio return and the random target are 

positively correlated and riskless investing is prohibited 

II. The fixed target strategy outperforms the random target 

strategy if the portfolio return and the benchmark target 

are not positively correlated 

These results give some indication on when the strategy of fixed or 

random target should be used. Performance of institutional 

investment funds, which try to outperform a benchmark, should be 

evaluated by using the random target criterion. General uncertainty 

about the target and an inappropriate target choice should always 

be avoided.  

2.3.4. Value at Risk and Expected Shortfall 

The MV portfolio optimization model concerns the standard 

deviation as a risk measure of variation in returns on a portfolio. 

Investors weigh the probability of negative returns equally against 

positive returns although it is commonly known that returns on 

varying investment classes are non-normal with skewness and 

kurtosis pervasive. Campbell et al. (2001) have studied using the 

Value at Risk (VaR) method in portfolio optimization. The downside 

risk measure perspective is taken further. In essence, VaR is a 

widely used risk measure among banks and financial institutions. 

VaR is defined as the maximum expected loss on an investment 

over a specified time period under a specific confidence level. It is a 

shortfall constraint, which reflects the potential downside risk faced 

on an investment in terms of nominal losses.  

VaR is normally presented for example in the following form: a one-

day 1% VaR of €1 million. This stands as there is a 0.01 probability 

of losses bigger than 1 million € in a portfolio over a one day period 
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if there is no trading. In using VaR as a part of a portfolio 

construction model an optimal set of assets is derived so that the 

maximum expected loss does not exceed the selected VaR for a 

chosen investment period at a given confidence level. This type of 

portfolio selection criterion is also in accordance with banking 

regulations. In addition, the VaR optimization is also an easy and an 

accurate way to determine the desired risk-return trade-off with the 

required degree of borrowing and lending in portfolio optimization 

when borrowing and lending at risk-free rate is possible. 

The VaR-based portfolio optimization process starts with the 

selection of the VaR limit according to the individual risk aversion of 

the investor. The amount of wealth W(0) for the investment horizon 

T, with the given VaR limit, is also selected. B, in turn, represents 

borrowing (B > 0) or lending (B < 0). The interest rate at which the 

investor can borrow or lend for the period T is denoted with rf. The 

fraction invested in the risky asset i is expressed with x(i) and 

therefore the sum of x(i)s must be one. Let P(i,t) be the price of the 

asset i at time t and n be the number of available assets. 

Subsequently, the initial value of the portfolio may be represented 

with the budget constraint as follows: 

1
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The VaR approach in portfolio optimization has two goals. The first 

goal is to find the efficient allocation between assets that 

corresponds to the risk aversion of the investor. The second one is 

to find the proper level of wealth, which needs to be borrowed or 

lent to maximize the expected level of final wealth. The downside 

risk constraint is formulated as follows: 

Pr{ (0) ( , ) *} (1 )W W T p VaR c                        (29) 
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where VaR* is the desired level of VaR and c is the confidence 

level. Pr denotes the expected probability, conditioned on the 

information available at time zero, for portfolio p. By using the 

selected confidence level c, VaR is the minimum worst loss over the 

investment period T. The risk aversion of the investor is reflected in 

both the confidence level and the amount of the expected minimum 

loss. Equation (29) can thus be resettled: 

Pr{ ( , ) (0) *} (1 )W T p W VaR c                        (30) 

The utility function is then brought in assuming that an investor will 

maximize the invested wealth at the end of the investment period: 

( ( , )) ( (0) )(1 ) (1 )p fE W T p W B r B r               (31) 

where rp is the expected total return on the portfolio p in time period 

T. The final expected return on the wealth with given shortfall 

constraints from the investor risk aversion decisions, is maximized 

by maximizing the portfolio as p’: 

' : max ( )
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                (32) 

where q(c,p) is the quintile that corresponds to the probability (1-c) 

of occurrence, which can be read off the cumulative distribution 

function of the expected return for portfolio p. In equation (32) S(p) 

is equal to the ratio of the expected risk premium offered on 

portfolio p and the risk factor. It is also reflected by the maximum 

expected loss on portfolio p that occurs with probability 1 - c relative 

to the risk-free rate. Since: 

(0) ( , ) ( , )W q c p VaR c p                                   (33) 

An expression for the risk faced by the investor can be derived as 

φ: 
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c p W r VaR c p                  (34) 

A new denominator φ(c,p) has been created in equation (34), it can 

be written as follows: 

' : max ( )
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                          (35) 

which means that S(p) is a performance measure like the Sharpe 

ratio and can be used in the evaluation process of the most efficient 

portfolio. The second goal of estimating the proper amount 

borrowed or lent, mentioned before, is considered with the following 

equation: 

(0)( * ( , '))

'( , ')

W VaR VaR c p
B

c p


                (36) 

Therefore, investors will first allocate the risky assets and then the 

amount of borrowing and lending depends on how much the VaR of 

the portfolio differs from the selected VaR limit. As a consequence, 

two-fund separation holds like it do in the mean-variance 

framework. 

The optimal portfolio constructed by using VaR is independent of 

the distributional assumption of variation in returns. The model has 

been derived solely on the assumption that investors wish to 

maximize expected returns subjected to a downside risk constraint. 

The VaR-based portfolio optimization is not without downsides. 

Einhorn (2008) has criticized VaR for ignoring the distribution tails. 

Basically, no evaluation exist on what happens e.g. in the last 1 

percent tail. This is one of the reasons why Einhorn argues against 

VaR and believes that it is not a proper risk management tool. VaR 

may also encourage accepting relatively high risks and give a false 

sense of security. 
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As VaR is incapable of describing the severity of losses beyond the 

threshold level Acerbi & Tasche (2002a) have suggested using 

expected shortfall measures. This method evaluates what happens 

when the worst case scenario occurs and the loss exceeds the 

minimum amount of loss given by the VaR. The expected shortfall 

measure is defined based on the distribution of the returns as the 

mean of the left tail of the distribution at or below a given alpha. The 

expected shortfall estimation values related to portfolio returns can 

be used as a selection criterion in portfolio construction. 

Simultaneously, by maximizing the return on the portfolio and 

minimizing the expected shortfall on the whole portfolio an efficient 

set of assets can be formed. The allocation is not affected by the 

problems of the standard deviation usage.  

Let X be the payoff or loss of the portfolio in a specific time period T 

and let α = A% ϵ (0, 1) be the confidence level. The expected 

shortfall of the portfolio on a specific confidence level can be 

determined as follows: 
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    1            (37) 

where xα
 = inf {x ϵ R: P(X≤x) ≥ α is the lower left-hand side α-

quantile and 1A(x)=
1 if 

0   else

x



 is the indicator function, which 

determines if the calculated value is considered. This expression 

might seem quite cumbersome at first but by introducing the so-

called generalized inverse function of F(x) (Acerbi & Tasche 2002b) 

can be simplified: 

( ) inf{ | ( ) }F p x F x p                           (38) 

ES(α) can also be expressed as the negative mean of ( )F p
 at the 

confidence level interval p ϵ (0,α): 
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which can also be presented with the VaR component. Now this 

expression might looks slightly more familiar: 

1
( ) 1

( ) ( )
1

uES X VaR X du




                            (40) 

whenever X is a real random variable with E[max(0,-X)] < ∞. 

The VaR also lacks subadditivity meaning that under certain 

circumstances and measured by the VaR ratio splitting up a 

combination of assets might seem a better option. This kind of split 

would provide seemingly more efficient sets of assets in terms of 

the VaR measure. The expected shortfall does not have such a 

pitfall having a feature of subadditivity. Therefore, the expected 

shortfall method has become more popular in financial risk 

management and in indicating the performance of a company or a 

fund. (Tasche 2002) 

2.3.5. Uncertainty in optimization 

If traditional portfolio optimization models, such as the mean-

variance and the Value at Risk models, are used the interpretation 

is put on just a couple of classical single-number descriptors such 

as the mean, the variance, skewness and kurtosis. Whereas the 

mean describes the central tendency of the population, the variance 

describes the spread. Skewness measures the symmetry and 

kurtosis describes the peaking of the data. When using these 

traditional models, investors put their investments at risk. This risk 

arises from the assumption that the parameters are normally 

distributed. If the parameters are not normally distributed, for 

example due to outliers in the data, the estimation error in the mean 

and in the covariance can be significant. Thus, in cases where the 

assumption of normal distribution of returns or variances is not 
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valid, the resulting model, based on the descriptive parameters, is 

not robust. Robustness, in this case, means that small changes or 

errors in the data do not affect the descriptive parameters. Robust 

statistics aim at considering the data properly and simultaneously 

being insensitive to small errors in the data or in the assumptions. 

(Fabozzi 2007) 

DeMiguel & Nogales (2009) have discussed about the robust 

optimization as a part of the portfolio selection criteria. For example, 

a minimum-variance portfolio optimization model could help with the 

estimation problems of traditional models. It relies solely on the 

estimates of the covariance matrix and is thus not so sensitive to 

estimation error. The out-of-sample outperformance of the 

minimum-variance model against all other mean-variance portfolio 

models has been proven by several authors (DeMiguel et al. 2009). 

Nevertheless, DeMiguel and Nogales (2009) argue that the 

minimum-variance model is quite vulnerable to estimation errors, 

because the portfolios are based on the sample covariance matrix. 

Minimum-variance model is practically a maximum likelihood 

estimator (MLE) for normally distributed returns, which results in the 

minimum-variance model being very sensitive to differences in the 

normality of the returns. Hence, a class of policies, which are 

constructed using robust estimation techniques, is proposed. These 

techniques include the use of M- and S-estimators. These 

estimators are specifically formed by robust statistics with a 

preference for resistance against sensitivity for changes in the 

sample. More information and effects of utilization of the robust 

estimators can be found from literature (Fabozzi 2007).  

There are also a few other modeling systems to optimize portfolio 

weights when returns follow other distributions than Gaussian. One 

of them is stochastic dominance (SD), which makes no 

assumptions on the form of the probability distribution of returns. In 

addition, specific form of the utility function of the investors does not 
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have to be assumed. Three progressively stronger assumptions 

about investor behavior exist leading to first, second and third order 

stochastic dominance: 

1st order SD: investors prefer more to less 

2nd order SD: in addition investors are risk-averse 

3rd order SD: adds that investors have decreasing absolute 

risk aversion 

By using these assumptions investors can eliminate several 

portfolios from their consideration. Stochastic dominance leads to a 

definition of an optimal set of portfolios that is consistent with the 

efficient set resulting from the mean-variance analysis when the 

returns are normally distributed. The advantage of the SD is its 

applicability also when outliers distort the inputs of the model or 

when assuming specific utility functions are not desired. (Elton et al. 

2003) 

The decision whether or not to use an advanced and time-

consuming mathematical optimization technique, as a dynamic 

programming or robust optimization, must be done carefully. First of 

all, it is really important to investigate the data: are the returns 

normally distributed and are there signs of serial correlation in the 

time series. Fabozzi (2007) has shown that especially higher 

moments of returns, such as skewness and kurtosis, are sensitive 

when exposed to the effect of outliers. When returns are normally 

distributed and under some certain constraints, these advanced 

portfolio optimization techniques will give the same but less 

transparent results than simpler minimum variance models (Fabozzi 

2007). 

2.4. International diversification 

Solnik (1974) was one of the firsts to study international 

diversification in mutual funds and suggested that mutual funds 
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would diversify their investment portfolios to achieve benefits 

through reduced total risk of their portfolios. He has also mentioned 

the use of forward exchange contracts of foreign currencies to 

hedge the exchange risk.  

The Purchasing Power Parity (PPP) theorem is used to measure 

the relative value of currencies. The PPP theorem is also a critical 

part in explanation of international portfolio diversification. The need 

for adjustment of the exchange rate to match the purchasing power 

of different countries is indicated by the PPP theorem. Simply by 

using the PPP rate, a specified quantity of currency has the same 

purchasing power in different countries. Nevertheless, the PPP 

theorem does not exactly hold on neither short nor long run (Adler & 

Dumas 1983). Therefore, in many cases anomalies in price levels 

of different products, due to exchange rates, exist offering 

opportunities also to private forest investors for international 

portfolio diversification. 

When speaking of international investments the concept of home 

asset bias is important. Home asset bias argues that investors 

prefer to hold a substantially larger proportion of their equity in 

domestic assets than is suggested by the portfolio optimization 

models. This behavior is commonly due to greater knowledge of 

domestic assets, assumptions of difficulties in foreign trade and 

expectations of taxation issues in international trade (Glassman & 

Riddick 2001, French & Poterba 1991). Gorman & Jorgensen 

(2002) actually reported that in many countries it is wise to allocate 

funds to domestic assets instead of diversifying the portfolio 

internationally. This assumption was especially strong for investors 

in the US. 

Khoury (2003) has listed options for an individual investor wanting 

to invest internationally: 

- Shares of multinational companies (MNC) 
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- Equity-linked Eurobonds or other convertible bonds 

(sensitive to both interest-rates and changes in underlying 

value of the stock) 

- Country specialized mutual funds 

- Internationally diversified funds 

- International Exchange-Traded Funds (ETFs) 

- Shares of foreign companies listed in stock exchange 

abroad 

Fonseca (2008) points out that when foreign assets are used in 

portfolio construction, different kind of problems may be generated. 

Any positive movement in the price of an international asset may be 

completely offset by unfavorable exchange rate movement. 

Fonseca (2008) also believed that the primary concern for an 

individual investor in international trade is to protect the portfolio 

returns from depreciation in the foreign exchange rates, i.e. how to 

decrease the risk arising from international currencies.  

The basic idea of hedging the currency risk is to hold a specified 

amount of currency-forward contracts or other currency derivatives 

relative to the proportion of assets in that specific currency (Glen & 

Jorion 1993). The necessary hedge ratio has been under debate for 

past decades. Black (1989) was the first who derived the problem in 

a mathematical formula: 
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where λ is the ratio of the un-hedged foreign investment, µm is the 

expected excess return on the market portfolio, σ2
m is the variance 

of the previous return, and σ2
e is an average of the exchange rate 

volatility. The result derived through this formula is the percentage 

of the total portfolio that needs to be hedged due to the exchange 

rate risk, which appears among international portfolios. The concept 



39 

 

is called „universal hedging‟. On the basis of the formula three 

hedging rules have been derived: (I) foreign assets of investors 

should always be hedged, (II) equally for all countries, (III) but never 

covered totally. These rules are not dependent on the country the 

investor is situated in. 

De Roon et al. (2012) have suggested that if expected currency 

returns are positively correlated with the covariance between 

currency and equity returns, it leads to a negative weight of the 

currency in the hedging portfolio. If the expected currency returns 

exist as debated, the hedging portfolio will take short (long) 

positions in currencies with high (low) expected returns. This leads 

to the reduction in expected returns of the portfolio more than it 

offsets the decrease in variance. Hence, the hedging of the 

currency risk may decrease the portfolio performance in terms of 

the Sharpe ratio. In addition, hedging also causes negative 

skewness and significantly higher kurtosis in portfolio returns. This 

effect was especially crucial for euro-zone investors as the total 

returns dropped by more than half due to currency hedging. 

Larsen & Resnick (2000) changed the academic scope to the fact 

that all previous studies of exchange risk hedging were concerned 

from an ex-post in nature point of view. They also showed how 

hedging strategies perform when the input parameters are 

estimated from historical data. Dealing with historical market data 

was shown to produce such high degree of parameter uncertainty 

that it is not possible to base any sophisticated hedging strategies 

upon it. One possible solution for the problem is to use the robust 

optimization models (Fonseca & Rustem 2012). 
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3. METHODOLOGY 

The methodology used in this study has pointed in this section. First 

the Mean-Variance portfolio optimization model was used to 

calculate the allocation of the efficient portfolio. Then the results 

were validated and adjusted by using Value at Risk and Expected 

Shortfall optimization models. Finally, the currency risk was taken 

into account and hedged if possible. 

3.1. Mean-Variance optimization 

Markowitz‟s Mean-Variance optimization model was selected for 

this study. This selection was supported by the lack of observations 

of returns on non-industrial private forest ownership. More 

information on the challenges of the data can be found later in 

Section 4.  

To find the best proportion of assets in a portfolio annual returns 

and covariances between them were used in the optimization 

process. In terms of Mean-Variance (MV) optimization the total 

volatility of portfolio σp
2 subject to its total return µp was minimized:  
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When the investment portfolio is optimized in this way, a proportion 

of the weights between different assets, which should be used in 

diversifying the wealth, is generated. The portfolio formed in this 

way will be the most efficient in terms of the risk-adjusted 

performance, i.e. Sharpe ratio.  
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3.2. VaR and Expected Shortfall optimization 

The portfolio allocations given by the Mean-Variance portfolio 

optimization model were validated by a few different optimization 

models. The number of data observations limited the use of 

complex optimization models in the validation process. Finally, VaR 

and the expected shortfall risk measures were seen the most 

suitable for evaluating the robustness of the results of the MV 

optimization.  

At first glance, the VaR and expected shortfall methods might seem 

challenging to use in portfolio optimization but after analyzing the 

theories behind them, they become fairly easy to use. The normal 

VaR and Expected Shortfall (ES) values were calculated with a 

confidence level of 90 percent over the one year period. The most 

efficient set of assets for the portfolio was then calculated by 

maximizing the returns relative to the VaR and ES risk measures. 

The calculations were done with Microsoft Excel.  

When using VaR to calculate the threshold level of the loss in a 

specific time period with a pre-defined confidence level, the return 

on the asset or on the portfolio and the standard deviation were 

determined. Then by using the function NORMINV in Excel, the 

normal VaR was calculated. The function only requires the return 

rate, the standard deviation and the desired probability level, which 

is of course determined as 1-(the confidence level). 

The Expected Shortfall is constructed on the same basis as the 

VaR. The average return, if an unfavorable thing happens, is 

calculated. For this calculation the multifunctions, SMALL and 

AVERAGE, were used. The lowest return values of the sample 

were found in the same way as in calculating the normal VaR. The 

Expected Shortfall of the asset or the portfolio was then acquired by 

averaging the returns. 
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When all three risk measures, MV, VaR and ES, on every asset are 

obtained, the solver can be used to define the risk-measure-efficient 

portfolio by maximizing the total return on the different portfolios 

with the lowest possible loss levels.  

:
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3.3. Currency risk in international diversification 

As REITs in this study are all from the United States a Finnish 

investor possibly investing into international markets will be 

exposed to currency risk when doing so. The currency risk is faced 

when capital is exchanged into foreign currency and when someday 

the returns are exchanged back into euros. It is necessary to notice 

that also those exchanges have costs for example in Finland, 

Nordnet Bank will charge a translation fee of 7.5 basis points per 

currency sale or purchase1. Too high costs are not associated with 

the actual currency exchange and a more crucial impact can be 

caused by changes in the currency exchange rate between the euro 

and the U.S. dollar. 

First assumption regarding international diversified portfolio is that 

all returns of different assets are compatible. This was achieved by 

using a logarithmic version of the same formula for returns on 

assets in foreign currency than Chang et al. (2012) used in their 

survey: 
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where rt,i
uh describes the unhedged return on foreign investment  

 
1
Internet: https://www.nordnet.fi/mux/page/hjalp/hjalp.html?id=238 18.3.2013 
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especially in this case unhedged return on U.S. REIT i. P is the 

annual value of current REIT‟s total price index and S is the spot 

price of exchange rate between U.S. dollars and euro. By using this 

equation we consider currency exchange rate changes in 

calculations of returns on different assets. Following equations and 

formulas used in evaluating foreign currency returns are stated in 

paper of Chang et al. (2012) as well. 

Several different ways to avoid the negative movements of 

exchange rates exist. In this study, the most practical and easy-to-

use way of currency risk hedging was investigated. Many 

researchers have argued against long-term currency hedging by 

indicating that there is no benefit in currency hedging in long-term 

because expected returns on exchange rates are zero in the long 

run. Nevertheless, in short term the possibilities of currency hedging 

should at least be considered. 

Currency hedging can be evaluated by in-sample testing of the data 

where the rate of the return on currency hedging ft is measured as a 

natural logarithm of the final spot value of the exchange rate of the 

U.S. dollar to the euro, S, in time period t divided by the forward 

contract rate of the U.S. dollar to the euro, F, in time period t-1. 

Therefore, if the annual international returns want to be hedged 

against the depreciation of the U.S. dollar, a forward contract, which 

provides access to lock the exchange rate for a specific amount of 

capital for time period t, is purchased. The purchase must be done 

at time t-1. As the potential gain of long-term hedging is seen low, 

the capital invested in foreign currency is not hedged. Also other 

ways to hedge currency exposure, besides options and other 

derivatives, exist but here more simple forward contracts were 

focused on. If an average 60 year old private forest owner in 

Finland is considered, the first option for that investor would not be 

a complex currency derivative as the investor would most likely not 

want to spend too much time in thinking about currency movement. 
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Because of this assumption the return on one-year forward contract 

was firstly calculated. Secondly, the benefits from using three-

month forward contracts were tested. The annual return rate on 

using the forward contracts was then derived as follows: 
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One of the most important things in currency hedging is the 

derivation of the hedge ratio. Three different approximations of 

hedge ratios were calculated. The amount of return on foreign 

assets at time t-1 was used and evaluations were made on how 

well the three hedge ratios (33%, 50% and 80%) performed in 

evaluating the amount of return at time t. The annual amount of 

hedge would not go together with the amount of return in time t if 

full hedging was used. This inconsistency is due to the volatility of 

returns. Therefore, the main goal was to find an average ratio, 

which would provide a cover as close as possible to the amount of 

return in dollars in time t. The ideal situation would be the following: 

1

dollar dollar

t tr hr
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Where rt
dollar is the return on REITs and h is the optimal hedge ratio. 

In other words, the amount of money coming in during time t was 

estimated. The over-hedging, while using forward contracts, needed 

to be avoided because whatever has been bought in advance, must 

be submitted when the contract expires.  

After the selection of a proper hedge ratio, the mean return on 

forward contracts was calculated and the possibility of using 

currency hedging to provide diversification benefits in terms of 

portfolio optimization was evaluated. The total returns for the 

hedged portfolio were calculated as follows: 

h uh

t t t tR R h f                   (47) 
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where rt
h is the hedged total return on portfolio in time period t, rt

uh is 

the unhedged return on all assets time period t, ft is the return on 

forward contracts of US dollar to euro exchange rate in time period t 

and ht is the hedge ratio used in time period t. 
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4. DATA 

In this section the data of the study is presented. Sources of the 

data are revealed and the descriptive statistics are shown. Data 

adjustments used are also presented in this part of the study. All the 

returns used in this study are formed by using natural logarithm of 

Rt1 / Rt1-1. Rt1 is the total return index in the end of the year and Rt1-1 

is the starting value of the current year. The return series used are 

nominal and before taxes.  

4.1. NIPF 

All results of non-industrial private forest investments are based on 

data of the Finnish Forest Research Institute (FFRI). The data is 

available on the website of FFRI but may require user name and 

password information. The same data has been used by Penttinen 

& Lausti (1998, 2004 and 2009) and Uotila (2012). 

Calculating the monthly NIPF returns was not possible due to the 

challenges arising from the data. Even the attempt to evaluate the 

annual return series from the data of the FFRI was such a difficult 

task that finally the return series calculated by Uotila (2012) from 

the FFRI were used.  

First, due to lack of short interval data series on NIPF returns, a 

proxy on the returns was formed by using stumpage prices in 

Finland. This proxy should have more observations than original 

NIPF returns and describe them as well and as precisely as 

possible. As mentioned before, the most relevant determinants of 

NIPF returns are stumpage prices, net increment of the growing 

stock and volume of the growing stock. Annual NIPF returns from 

1996 to 2011 were used in this case. In addition, stumpage prices 

of logs and pulpwood, divided to pine, spruce and broadleaves, 

fellings and total timber acquisitions were available. All the data 
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were in monthly sequences leading to a more precise examination 

of these determinants. 

First, the annual changes in fellings and acquisitions were 

calculated. By using the ordinary least squares (OLS) linear 

regression model, the annual NIPF return in terms of the change in 

fellings and acquisitions were described. The correlations remained 

low and the coefficients of determination were relatively low 

meaning that the variables and the NIPF returns could not be linked 

through the analysis. Stumpage prices were then used as an 

indicator of NIPF returns by running a linear regression with the 

NIPF returns as a dependent variable and six different returns of 

roundwood species as explanatory variables. These species were 

pine, spruce and broadleaves divided into logs and pulpwood. This 

approach yielded encouraging results in terms of describing 

abilities. Good OLS estimations on NIPF returns were achieved 

when using annual price changes of four different tree species, 

measured every January. The species were pine and spruce logs 

and pine and spruce pulpwood. Adjusted coefficient of 

determination, adjusted R2, of 0.996 indicated how the returns on 

NIPF ownership and changes in stumpage prices were directly 

correlated. A factor from these four different tree return series was 

formulated. An examination between the new factor and the NIPF 

return series showed that the variance of the new factor was 7.7 

times lower than the variance of NIPF returns. The goal was to 

describe the NIPF returns as precisely as possible. The similarity of 

the annual return series including the weighted factor (F4_w), 

unweighted factor (F4) and the original NIPF returns can be seen in 

Figure 4. 
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Figure 4.  Relationship between NIPF returns and factor of stumpage price 

changes (weighted and unweighted). When the factor is weighted it 

describes really well the original NIPF returns in time. 

Thus, a proxy, which describes the NIPF returns almost perfectly at 

least at an annual level, was developed (F4). Next the same tree 

species were used and formed a factor at a monthly level. This 

monthly factor was also weighted with the same multiplier 7.7. Both 

factors were generated by using the method of maximum likelihood 

and in both formulations loadings only for one factor were obtained.  

Despite a promising start in creating the proxy a problem was 

encountered. Returns on this new monthly factor were significantly 

lower than they were at the annual level. Practically, the mean 

return of the factor created was zero with a standard deviation of 

7.57 percent. So even if the factor showed encouraging signs used 

at the annual level, it finally was unusable at the monthly level 

because of the zero mean return subject to annual NIPF returns of 

5.3 percent. The reason for this behavior remained unclear. 

Because of the observed effect the scope was shifted to include 

only the annual data series.  
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The range of data was restricted starting from the year 1995 and 

ending in 2011 with 17 observations. By using the mean-variance or 

the minimum-variance methods in portfolio optimization only 

accurate return rates on the assets with standard deviations and 

covariance calculations between the assets were needed to 

generate efficient portfolios. However, the lack of observations may 

have generated some bias in the estimations. Nevertheless, the 

horizon of forest investments is not quartile and assuming monthly 

returns on forests is not sensible in practice either.  

In summary, the calculations of this thesis are based on nominal 

and annual returns on non-industrial private forest ownership in 

Finland. Annual return rates are imported straightly from the study 

of Uotila (2012). The data series covers years between 1995 and 

2011 and they are calculated by using equation (6).  

4.2. Domestic public corporations 

In Finland only a few companies have focused around forest 

business. These three companies are Stora Enso (share R), UPM-

Kymmene and Metsä Board (share B, this is the former M-Real). 

The returns on these publicly traded companies were quite low and 

highly volatile during the time of this research. In addition, 

leptokurtosis and negative skewness were observed, which means 

that distribution tails are fat and a large amount of negative in the 

sample were measured. This is presented in Table 2. However, 

diversification benefits for a private forest investor were still 

investigated. The total return indices were acquired from 

Datastream and formulated to yield the annual total returns.  

4.3. REITs 

Real estate investment trusts (REITs) were recognized in the 

United States in the 1960s and since that time the variety of REITs 

has increased in the US. In this research, four of the biggest REITs 
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in the US were covered. These REITs were Plum Creek Timber 

(PCL), Potlatch (PCH), Rayonier (RYN) and Weyerhaeuser (WY). 

All the above mentioned REITs are publicly traded in the New York 

Stock Exchange (NYSE) and are thus accessible for a Finnish 

forest investor for example via the Nordnet bank or through other 

international trading instances. Brief presentations are given for the 

two REITs, Plum Creek and Rayonier, as they have the highest 

returns of all REITs. The returns on these trusts are approximately 

two times higher than they are for the other two studied trusts. 

Plum Creek Timber is one of the largest landowners in the US. The 

timberlands are geographically the most diverse with over 2.5 

million hectares of timberland located in major timber regions in the 

US. From late 1996 until today the quarterly-paid dividend has been 

$0.35 - $0.57 per share, which means an annual dividend of 

approximately 3.4 percent. The stock price at the time of this 

research was $49.77 (15.3.2013) with the market capitalization of 

8.08 billion US dollars. From outsider perspective Plum Creek 

seems to be a well-managed company, which also sells a variety of 

forest products to customers throughout the US and other 

countries. The product line includes logs, lumber, plywood, and 

other wood products. Plum Creek also seeks opportunities to 

benefit from the wealth underlying the timberland such as natural 

gas or other resources. More information can be found from the 

internet pages of Plum Creek1. 

Rayonier is a REIT specialized in international trade of performance 

fibers2. Rayonier operates over a million hectare of timberlands and 

produces two types of high-quality performance fibers, which are 

cellulose materials used in everything from filters and 

pharmaceuticals to LCD screens and adsorbent products like 

diapers. Rayonier also owns timberland in New Zealand and over  

 
1
Internet: http://www.plumcreek.com/ 17.3.2013 

2
Internet: http://www.rayonier.com/ 17.3.2013 
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60 percent of the sales come from international customer relations 

in almost 40 countries. Historically, the quarterly-paid dividend has 

ranged from $0.27 to $0.62 per share from 1997 up to date. At the 

time of this study the annual dividend was about three percent and 

the stock price was $57.36 (15.3.2013) with a market capitalization 

of 7.15 billion US dollars. More information is provided on the 

homepage of Rayonier. 

The total return indices ranging from 1995 to 2011 were acquired 

from Datastream. The annual returns for all trusts were calculated 

from the indices. 

4.4. Currency exchange rates and forward contracts 

The exchange rate between the US dollar and the euro was also 

taken from Datastream. The exchange rate is provided by Thomson 

Reuters. The prices for forward contracts of exchange rates were 

also acquired from Datastream. The annual return rates were 

calculated by taking the natural logarithm of the end-of-the-year 

price divided by the opening price for the same year. For a three-

month forward contract the annual rate was calculated the by taking 

the average of all the four quarterly split returns. The same 

treatment was done for a one-week contract but at a weekly level. 

4.5. Descriptive statistics 

As presented before, correlation between the stumpage price 

change in Finland and in the United States was investigated. The 

correlations are presented in Table 1. The stumpage prices from 

the US were for hardwood pulp (hw pulp), hardwood sawtimber (hw 

sawtimber), softwood pulp (sw pulp) and softwood sawtimber (sw 

sawtimber). The data were collected from the homepage of the US 

Research Center of Ecology and Management of Northern Forests.  
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Table 1. Correlations between the Finnish and the American changes in 
stumpage prices. HW stands for hardwood and SW for softwood. 

HW PULP HW SAWTIMBER SW PULP SW SAWTIMBER 

0.09 0.10 0.24 0.58 

 

First, domestic diversification possibilities were investigated. 

Diversification is generated through publicly traded forest-product-

focused companies. Table 2 describes how the companies differ in 

light of NIPF ownership: substantially low returns with very high 

volatilities caused partially because participating in the exchange.  

Table 2. Annual returns of non-industrial private forest (NIPF) ownership 
and three separate Finnish publicly traded forest-products-focused 
companies. The data was collected from 1995 to 2011 with 17 annual 

observations. 
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Mean (%) 5.3 -4.3 1.2 5.1 

Median (%) 6.2 -3.1 7.7 4.9 

Maximum (%) 18.3 70.5 75.4 51.4 

Minimum (%) -9.0 -76.8 -54.0 -42.5 

Std. Dev. (%) 7.9 51.5 33.3 26.0 

Skewness -0.17 -1.17 0.30 -0.20 

Kurtosis 2.38 2.62 0.37 -0.10 

Jarque-Bera 0.35 8.76 0.36 0.12 

Probability 0.84 0.01 0.84 0.94 

 

Non-industrial private forest (NIPF) ownership has produced 

approximately a five percent nominal return with a standard 

deviation of 7.9 percent annually. Differences between returns on 

NIPF ownership and returns on investments in REITs are easily 

seen from Table 3. The top-qualified REITs, Plum Creek and 

Rayonier have yielded annually twice as high returns as NIPF 
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ownership. Nevertheless, NIPF returns have lower variance and 

they thus present a suitable base for constructing a portfolio. Only 

the returns of Weyerhaeuser are non-normal, which is seen from 

the Jacque-Bera test. The normality of return distributions can also 

be seen from skewness and kurtosis ratios. For all others, except 

the return of Weyerhaeuser, kurtosis is around value three and 

skewness somewhere around zero. All the returns on REITs were 

calculated by using equation (44) and the movements of exchange 

rate between the US dollar and the euro were thus covered. In 

other words, all the returns have been presented in euros. 

Table 3. Annual returns of non-industrial private forest (NIPF) ownership 
and four separate real estate investment trusts. The data was collected 
from 1995 to 2011 with 17 annual observations. 

  

N
IP

F
 

P
L

U
M

 C
R

E
E

K
 

P
O

T
L
A

T
C

H
 

R
A

Y
O

N
IE

R
 

W
E

Y
E

R
H

A
E

U
S

E
R

 

Mean (%) 5.3 9.5 6.2 13.0 4.4 

Median(%) 6.2 12.5 11.5 20.1 6.9 

Maximum (%) 18.3 38.8 40.9 40.0 50.4 

Minimum (%) -9.0 -27.9 -29.4 -33.2 -70.9 

Std. Dev. (%) 7.9 17.4 20.6 21.3 26.4 

Skewness -0.17 -0.64 -0.20 -0.60 -1.15 

Kurtosis 2.38 2.91 2.15 2.51 5.23 

Jarque-Bera 0.35 1.17 0.62 1.19 7.25 

Probability 0.84 0.56 0.73 0.55 0.03 

 

While studying the forward contracts between the US dollar and the 

euro, the effect of maturities was considered. As seen from Table 4, 

a one-year contract provided an annual return of -1.7 percent with a 

substantially high standard deviation of 12.5 percent. When the 

maturity was decreased to the three-months or the one-week 

contract, the return rate improved significantly and also exhibited 

more stable volatility. The one-week contract was the most efficient 
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producing a slightly positive annual return with the lowest volatility. 

The effect of the maturity in forward contracts could be explained by 

the higher buyer premium for longer contract maturities. All the 

return series were normally distributed as indicated by the Jarque-

Bera test. 

Table 4. Annual returns on three separate US dollar - euro forward 
contracts for maturities of one year, three months and one week. The data 
was collected from 1995 to 2011 with 17 annual observations. 

 
DOL/EUR 1Y 

FWD 
DOL/EUR 3M 

FWD 
DOL/EUR 1W 

FWD 

Mean (%) -1.7 -0.5 0.3 

Median (%) -2.9 0.0 -0.2 

Maximum (%) 17.2 4.3 2.6 

Minimum (%) -28.8 -6.2 -1.6 

Std. Dev. (%) 12.5 3.2 1.3 

Skewness -0.33 -0.25 0.35 

Kurtosis -0.20 -0.96 -1.28 

Jarque-Bera 0.34 0.83 1.50 

Probability 0.84 0.66 0.47 

 

4.6. Potential bias 

The data used in this research may cause statistical bias to the 

results. The extent of the time period for the observations was seen 

sufficient enough. The data was collected from 1995 to 2011. 

Obviously, the annual returns, 17 observations, form quite a small 

sample. Nevertheless, both NIPF and REITs represent long-term 

investments and provide a relatively stable income.  The sales of 

private forests are also a bit difficult. NIPF owner cannot choose 

every week to sell just a partition of his cut-ready trees. The cutting 

has to be done by careful decision making and certain forest area 

as whole.  
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5. EMPIRICAL RESULTS 

The first goal was to ensure that the domestic market could not 

offer satisfying portfolio diversification possibilities. Domestic 

publicly traded companies were considered as a source of 

diversification benefits for a private forest investor. Returns on the 

Finnish forest-product companies were quite low and came with 

very high volatilities. Consequently, the attention was directed at the 

international possibilities. After necessary checks, an efficient 

portfolio was produced from assets of the Finnish non-industrial 

private forest ownership and four different REITs from the US.  The 

checks included correlations between the stumpage prices in 

Finland and in the US proving that diversification benefits could be 

obtained through foreign timber-focused real estate investment 

trusts. Those four REITs selected here were Plum Creek Timber 

(PCL), Potlatch (PCH), Rayonier (RYN), and Weyerhaeuser (WY). 

The results were validated with the Value at Risk and Expected 

Shortfall models. Afterwards, the currency risk was considered.  

5.1. Portfolio diversification to domestic public corporations 

The result of this test was obvious. Standard deviations of returns 

already were so high and yields so low, that it was highly 

expectable to find no benefits in diversifying private forest portfolio 

into this domestic asset class. Nevertheless, the Mean-Variance 

model was used to find the result out. The model suggested 

allocating 97.5 percent of the wealth to NIPF ownership and the rest 

to UPM-Kymmene. This portfolio combination produced Sharpe 

ratio of 0.70 with return of 5.3 percent. The return was same than 

NIPF ownership has itself but the diversification gave a little bit 

lower total volatility of 7.6 percent compared to the volatility of NIPF 

ownership 7.9 percent. 
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5.2. Portfolio diversification to REITs from the US 

First and probably the most important thing that is proved in the 

Figure 5 is that Finnish non-industrial private forest investment is a 

quite mean-variance efficient compared e.g. to REITs. If an investor 

has all of his wealth invested in the NIPF forests he will gain 

approximately five percent nominal return per annum with standard 

deviation of eight percent. It is the lowest volatility amount among 

these assets. In practice, this starting point also fits in our survey 

ideology where a Finnish forest investor wants to diversify 

internationally. When the amount of foreign assets in the portfolio is 

enhanced by all the time maximizing the portfolio return and 

simultaneously minimizing its variance the most optimal mean to 

volatility ratio starts get closer. When maximizing the Sharpe ratio 

the portfolio is divided to 72.2 percent invested in NIPF, 5.1 percent 

in Plum Creek Timber and 22.1 percent to Rayonier. This allocation 

gives a total return of 7.2 percent with volatility of 7.4 percent. Thus, 

from the original situation where the investor has wealth only in 

domestic private forest by using international diversifying he will 

gain over 30 percent higher return with slightly lower volatility than 

originally. If the investor wants to get still higher return on her 

portfolio she can do it by increasing the proportion of Rayonier in 

her portfolio. It is clear because Rayonier‟s annual return is the 

highest of all. This option will also increase the volatility of portfolio 

and the consequence is that Sharpe ratio will be lower than in the 

most optimal situation. 



57 

 

 

Figure 5.  The mean-variance efficient portfolio constructed by using six different 

forest investment related asset.   

In Figure 5 the horizontal axis shows the portfolio risk and the 

vertical axis shows the expected return on the portfolio. It describes 

a mean-variance efficient portfolio produced by using six different 

forest related assets. It is also easy-to-see that by diversifying a 

NIPF portfolio including also the REITs from the US it is possible to 

gain investment benefits. Therefore, the efficient frontier is 

impossible to achieve by using only one individual asset.  

5.3. Validation of the optimization results 

The portfolio optimization was carried out also by other optimization 

models, aside of the Mean-Variance model, to ensure the 

robustness of the results. The Value at Risk and the Expected 

Shortfall risk measures were used in optimization process for being 

sure that standard deviation, in describing the risk of the portfolio 

returns, would not be affecting so much. The other models were 

tested to ensure that the possible influence of a non-normal return 

distribution was as low as possible. The returns on one of the 

REITs were found non-normally distributed thus making the testing 
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of other models even more important. Table 5 shows the results of 

the validation process.  

Table 5. The portfolio allocations as suggested by the normal VaR and ES 
methods. 

 
Normal VaR Expected Shortfall 

  

NIPF (%) 75.2 75.2 
Plum Creek Timber 

(%) 
0.0 0.0 

Potlatch (%) 0.0 0.0 

Rayonier (%) 24.8 24.8 

Weyerhaeuser (%) 0.0 0.0 

Total portfolio (%) 100 100 

   Fixed total return (%) 7.2 7.2 

VaR and ES at 10% 
risk level (%) 

-7.2 -15.0 

  

 

Both of two different optimization models gave similar results. The 

results show really well the difference between the VaR and the ES 

models. The normal VaR suggests that if invested in this portfolio 

there is 10 percent likelihood to have losses of 7.2 percent or bigger 

in time period of one year. On the other hand, the ES model 

suggests that by using the same assumptions and allocation, the 

average annual losses will be 15 percent with likelihood of 10 

percent. If the VaR is only used, the results can be misleading. 

Therefore, the use of both models is evident.  

Approximately 75 % of the wealth should be invested in domestic 

private forests and roughly 25 % internationally to one of the REITs 

in the United States. Essentially the same result was obtained from 

the Mean-Variance optimization model described in the previous 

section. However, the validation models did not recommend 

investing 5 percent of the wealth to Plum Creek Timber as did the 

mean-variance model. The calculations also show how important it 

is to use also other measures besides the VaR. Thus the use of a 
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substantially reliable and robust validations model is recommended 

for portfolio optimization similar to this study. 

5.3.1. Adjustment to asset allocation 

Based on the results obtained from the validation process the 

allocation between the assets was adjusted. The MV model 

suggested investing with the following fractions: 

 72.8% in NIPF ownership 

 22.1% in Rayonier  

 5.1% in Plum Creek Timber 

This portfolio produced a total annual return of 7.20 percent with a 

standard deviation of 7.40 percent. The allocation gave a Sharpe 

ratio of 0.973. Regarding the validation, the division was changed 

to: 

 75% in NIPF ownership 

 25% in Rayonier 

The new allocation produced a total return of 7.20 percent with a 

standard deviation of 7.44 percent. The SR was 0.97 meaning that 

the decline was relatively small. This kind of asset allocation would 

provide lower acquisition expenditures because only one 

international asset would have to be invested in and followed.  

5.4. Hedge ratio and the impact of hedging on the total return 

and volatility 

A right hedge ratio needs to be determined to consider the 

exchange rate hedging. The basic assumption was that an investor 

would only know the past returns on international assets and would 

use that information in selecting the proper hedge ratio. 

Consequently, determining a proper hedging level by using past 

values of returns on foreign REITs was not possible due to high 
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volatility in those returns. The return rate of next period by using 

different proportions of current return rate was evaluated. Returns 

on NIPF ownership and on REITs differed so significantly in 1998 

that no evaluations were possible. Due to these difficulties a fixed 

hedge ratio of 50 percent of returns on REITs was decided upon.  

The annual total returns on the portfolio divided between NIPF 

ownership (75%) and Rayonier (25%) were calculated and are 

presented in table 5. At the same time when 50 percent hedge ratio 

was decided to use, separation of the returns into domestic and 

foreign ones was necessary. The diversification ratio suggested by 

the VaR and the ES models was 25 %, as described in the previous 

section. The hedging component was calculated to evaluate the 

total return on the hedged portfolio. Three different currency forward 

contract maturities were included to see how the returns are 

affected by the selection. First a one-year forward contract was 

evaluated after which a three-month contract was investigated. At 

the end, the same result was produced with the one-week contract. 

The results can be seen in Table 6. 
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Table 6. The total return on the portfolio with and without hedging. 
Allocation proportions were given by the VaR and the ES methods. 
Hedging was executed with one year (1Y), three months (3M) and one 
week (1W) forward contracts (FW). 

 

Total return w/o  
hedging (%) 

Total return with  
hedging (%) 

  
Portfolio 
(100%) 

NIPF 
(75%) 

REITs 
(25%) 

1Y FW 3M FW 1W FW 

1995 11.86 10.30 2.10 11.03 11.80 11.86 

1996 10.51 5.10 5.60 9.41 10.46 10.51 

1997 10.38 3.00 8.40 11.52 11.88 10.38 

1998 6.66 5.80 -0.10 7.62 5.68 6.66 

1999 8.22 3.00 5.50 8.01 9.10 8.22 

2000 2.46 4.70 -1.30 5.82 3.78 2.46 

2001 5.97 -2.50 9.00 7.81 6.68 5.97 

2002 0.44 5.50 -6.10 0.14 -1.25 0.44 

2003 0.27 -1.70 2.00 -2.31 -0.58 0.27 

2004 9.68 4.50 5.80 6.45 9.96 9.68 

2005 11.35 1.30 9.50 9.47 11.28 11.35 

2006 12.85 13.30 -0.60 14.69 12.37 12.85 

2007 14.36 12.30 1.80 12.94 13.75 14.36 

2008 -15.04 -6.60 -8.40 -16.21 -14.76 -15.04 

2009 3.17 -5.60 8.60 3.45 3.00 3.17 

2010 19.63 9.70 9.20 18.46 19.02 19.63 

2011 9.87 3.30 5.80 10.12 9.13 9.87 

Mean (%) 7.21 3.85 3.34 7.00 7.10 7.21 

Stn dev (%) 7.40 
  

6.80 6.60 6.63 

Sharpe (%) 0.97 
  

1.03 1.08 1.09 

 

The hedged total returns were calculated by using Equation (47) 

0and the portfolio total variances were calculated by using Equation 

(21). The use of shorter maturity forward contracts would have a 

lower impact on the total return. This observation was due to 

forward contracts with shorter maturity did produce less negative 

returns, which could be explained by the fact that when an investor 

wants to buy a forward contract of currency exchange rate a 

premium for longer safety must be paid. The time available for an 

investor and her competence to use hedging instruments are also 

needed to be taken into account. These calculations proved that by 

using a 50 percent hedge ratio and forward contracts of maturity of 
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one week, it is possible to reduce the portfolio risk without causing 

a reduction in returns. Compared to NIPF ownership in Finland, 

which produces an average return of 5.3 percent per annum with 

standard deviation of 7.9 percent, the portfolio constructed from 

NIPF ownership and shares of REIT named Rayonier is 

tremendous. The annual return on the unhedged portfolio is 7.2 

percent with the standard deviation of 7.4 percent. By using the 

currency hedge, the standard deviation of the portfolio is reduced 

even further. Finally volatility is decreased to the 6.6 percent with 

returns being the same, 7.2 percent per annum.  

Resulting from the diversification and hedging phases the original 

Sharpe ratio is quite well approved. Initially it was 0.67. After 

international allocation and currency hedging it jumped to 1.09. 

According to these findings, it is possible to say that a NIPF investor 

may benefit from international diversification and currency 

exchange rate hedging. 
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6. CONCLUSIONS 

In this research non-industrial private forest (NIPF) ownership in 

Finland and both domestic and international diversification 

opportunities were investigated. The purpose of this study was to 

evaluate how large the proportion of a portfolio should be invested 

in forest-based domestic or international assets and what those 

assets could be. In the case of international diversification, the 

effect of currency exchange rate movements was also accounted 

for and hedging as a means of protection was tested. 

In Finland diversification options are scarce. Only three publicly 

traded companies exist in the domestic market. Forest-based funds 

or trusts do not exist or they are too young to investigate. Globally, 

Real Estate Investment Trusts (REITs) have gained fairly wide 

attention among private investors. REITs are not double-taxed as 

are other funds. Taxation takes place at the investor level, not at the 

corporate level, but only if predetermined requirements are fulfilled. 

This feature makes REITs attractive for portfolio diversification for 

private investors. The taxation of the US-based REITs, from a 

Finnish private investor‟s point of view, is also tax-efficient. 

Therefore, one suggestion arising from this research is a 

recommendation of investigation on the possibilities of creating 

domestic REITs, focusing on timber, also in Finland.   

The NIPF return calculation model here was built on several 

different factors: stumpage price change, volume change in the 

growing stock and fellings leaving the bare land value out of the 

calculation. The result of the calculation formed the basic portfolio, 

on which diversification was tested. 

Diversification through the shares of domestic public corporations 

was not a success. The returns of three different public companies 

were low and the volatilities were so high that even the MV model 
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did not support diversification. Based on this study, the stumpage 

prices of Finnish and US markets were only slightly correlated 

which led to believe that diversification benefits could be achieved 

through international markets. The MV model suggested investing 

in two different REITs in addition to the NIPF ownership. A small 

proportion should be invested in Plum Creek Timber (5.1%), a 

larger part to Rayonier (22.1%) and the rest to NIPF ownership 

(72.2%). This allocation produced a total return of 7.2 percent with a 

volatility of 7.4 percent. Consequently, the Sharpe ratio was 0.97. 

All of the return distributions of the REITs were not normal, so the 

asset allocation proposed by the MV model had to be tested further. 

The results were validated by using the VaR and the ES based 

portfolio optimization models, which do not use the standard 

deviation of returns per se as the risk measure. When the return on 

the portfolio was fixed at 7.2 percent, both of the models suggested 

investing approximately 75 percent to the Finnish NIPF ownership 

and the rest 25 percent to Rayonier. The allocation was thus proven 

robust. As currency exchange rate movements were seen as a 

possible risk, hedging was done with one-week forward contracts 

and with a hedge ratio of 50 percent. The total return was 

maintained at the same level and the overall volatility of the portfolio 

was decreased by 10 percent.  

As a conclusion, timber-based REITs from the US could be used to 

obtain diversification benefits. In fact, just one REIT, in this study 

Rayonier, could offer these benefits. The proportion of the assets 

should be 75 percent to Finnish private forests and the rest, 25 

percent, to shares of Rayonier to achieve the most efficient and the 

safest portfolio. The currency exchange risk should be hedged by 

buying as short-term forward contracts between the US dollar and 

the euro as it is practically possible. 

For further studies, suggest is that it could be beneficial to try to 

obtain data containing a higher number of observations. If this kind 
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of data can be produced or found, it would be interesting to see the 

results of the portfolio optimization models produced on the basis of 

robust estimation.  

The situation with forest-based investments in Finland has 

improved recently. The Taaleritehdas fund was initiated in late 

2012. The future performance of the fund is yet to be seen. The 

correlation between the returns of the fund and NIPF is especially 

interesting. The emerging of such foundations could be the 

beginning of new domestic diversification opportunities for Finnish 

investors. The development could lead to formation of a proper 

forest-based Real Estate Investment Trust with tax benefits. 
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